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Abstract

The association between economic freedom and economic growth has been 
largely explored by researchers and the overall findings indicate a significant 
and positive relationship. The empirical literature, however, is subject to suffer 
from bias. In this paper we collect 16,070 estimates from 69 studies and using 
recently developed meta-analvtic techniques investigate the effect of publication 
and specification biases on the reported results. While our baseline analysis re
ports some evidence for publication bias, but not very strong and robust, and 
confirms the specification bias reported by previous reviews, we also find that 
these results are affected by the inclusion of three influential outliers in the 
data set. Once we trim these studies, there is no evidence of specification bias 
anymore and we find evidence of a robust and strong publication bias. Further, 
after controlling for the bias, we find that the true effect of economic freedom 
on growth is substantially smaller than the effect reported by the empirical 
literature.
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Author Be. Victor Sardinero
Supervisor doc. PhDr. Tomas Havranek, Ph.D.
Proposed topic Economic freedom and economic growth: A Meta-

Analvsis

Motivation The purpose of this thesis is to apply modern meta-analytic techniques 
to the empirical literature on the impact of economic freedom on economic growth 
to test whether the selected studies suffer from publication bias and heterogeneity or 
not, and how it may affect the effect size estimated by them.

Given the amount of empirical studies on this topic in the last two decades, it 
has been necessary to draw inferences from the available pool of studies. Therefore, 
there have been several reviews of the literature during this time, mostly qualitative 
but also quantitative. There are previous quantitative reviews (Doucouliagos, C. and 
Ali, .VI.. 2005) that focused on the specification bias of the selected studies, which 
is part of an examination of heterogeneity, while other reviews (Doucouliagos, C., 
2005) focused on the publication bias.

This work aims to do a quantitative review focusing on both, the publication 
bias and the heterogeneity between the studies. Furthermore, I will add the most 
recent literature on the topic to update the previous reviews. To do so, I will use 
a systematic method, called meta-analysis (Stanley, 2001), a methodology that con
sists in collecting all the empirical studies that estimate the effect of interest and 
summarizing them quantitatively by dissecting the research results with statistical 
procedures and modern econometric techniques. Thus, it may be possible to estab
lish conclusions regarding the bias (publication bias, specification bias...) existent in 
the selected studies and try to correct the effect estimated.

Hypotheses

Hypothesis #1: There is high heterogeneity between the selected studies, which 
leads to distortion in the overall effect estimated.
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Hypothesis ^2: The literature estimating the effect of economic freedom on 
economic growth suffers from specification bias.

Hypothesis ^3: The literature estimating the effect of economic freedom on 
economic growth suffers from publication bias.

Methodology The first step of meta-analysis is the collection of empirical litera
ture. I will examine all studies used by the reference paper (Doucouliagos, 2005) but, 
as the sample used in this study ends in 2005, I will additionally search the Google 
Scholar database for new studies published, updating thus the data set. From the 
search results, I will analyse the abstract of hundreds of studies to pick those that 
provide us with the necessary information for the subsequent analysis and include 
those suitable into the data set. From the estimates reported by the selected studies, 
I will calculate the partial correlation coefficient, which is the main data input for 
the subsequent meta-analysis, and its standard deviation.

Then, once the data set is completed, I will be able to conduct the meta-analysis 
in R, a computer program designed for statistical analyses. As the effect is going to 
be determined as a partial correlation between freedom and growth, I will perform a 
meta-analysis of correlations. Firstly, I will use the random-effects model to pool the 
effect sizes of the selected studies to get one overall effect size estimate. To do so, 
I will perform Fisher’s z-transformation, to obtain accurate weights for each study, 
and then I will use the generic inverse-variance pooling method to obtain one pooled 
correlation estimate. To present the data obtained I will produce a forest plot, using 
the meta-analysis output I just created and the meta:forest() function.

Once the effect of economic freedom on economic growth has been determined and 
presented, I will conduct the core part of my analysis, testing the three hypothesis:

Hypothesis 1 addresses the heterogeneity existent between the studies. To assess 
the degree of heterogeneity, I will use three measures: Cochran’s Q, Higgin’s & 
Thompson’s 12 and Tau-squared; and I will present the output through the Graphic 
Display of Heterogeneity (GOSH). Furthermore, I will also check the robustness 
of the pooled effect and the possible presence of outliers with the Leave-One-Out- 
method. Hypothesis 2 addresses the specification bias. Another possible explanation 
of heterogeneity is the existence of different subgroups in the data which would 
mean that there are slight differences in the study design or intervention components 
between the studies. Therefore, I will conduct a multiple meta-regression analysis 
(MRA). Then, a permutation test will be conducted to test the robustness of the 
model. Hypothesis 3 addresses the publication bias. I will use the small sample bias 
methods, which assume that publication bias is primarily driven by effect size, as 
small studies needs very large effect sizes to attain a statistically significant result. 
This method focuses on small studies with small effect sizes, and whether they are 
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missing; and the best way to present it is through funnel plots. I will thus be able 
to conduct the Egger’s test of the intercept to quantify the funnel plot asymmetry 
and perform a statistical test. If the asymmetry is significant, I will use the Duval 
& Tweedie’s trim-and-fill procedure to estimate what the actual effect size would be 
if the ’’missing” small studies had been published. An alternative way of estimating 
the publication bias is the P-curve Analysis. Finally, I will conduct a Bayesian 
Meta-Analysis, a model that uses a different statistical approach to check the results 
obtained regarding the bias and to estimate the ’’true” effect size of the economic 
freedom on economic growth.

Expected Contribution The expected contribution is to find specification bias in 
the studies since it is highly probable that differences in the way that the studies are 
constructed (heterogeneity) may affect the reported effect of the economic freedom 
on economic growth. To do so, I will use modern econometric techniques and update 
the data set of empirical studies by adding studies published over the last few years. 
In addition to specification bias, I expect to find publication bias as it has been shown 
to distort most areas of empirical economics. The ultimate goal of this research is to 
correct the effect estimated by the studies for the bias existent in the literature and 
estimate the true effect size that the studies would report if these bias were omitted.

Outline

1. Introduction: I briefly describe the topic, the purpose and the structure of the 
work.

2. Data used in the meta-analysis: I explain how I have collected the necessary 
information to conduct the analysis. Throughout this section, I also perform 
a literature review.

3. Methodology: I describe which modern meta-analytic methods are used and 
what do they tell us.

4. Empirical results: I present and interpret the results of the meta-analysis.

5. Concluding remarks: I will summarize my findings and their implications for 
future research.
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Chapter 1

Introduction

The thought that greater economic freedom leads to further growth of the 
economy is known as economic liberalism and falls within the political and 
philosophical stream known as liberalism, which dates back several centuries. 
Ever since Adam Smith began to lay the foundations for this modern economic 
thought in the seventeenth century, the economists have been interested in 
understanding the relationship between economic freedom and economic growth 
and it has been an important subject of debate among experts. Nevertheless, 
it has not been until the last three decades when the empirical literature on 
this topic has grown exponentially.

According to Smith, a country’s economic growth depends on production 
factors as well as institutional factors. In his work ’’The wealth of nations”, 
Smith explains that the state should only intervene in the economy to protect 
private property and contracts, leaving everything else in the hands of a com
petitive free market that would regulate itself. Nowadays, many researchers 
still explore the links between the role of institutions in the economy and the 
growth of the economy, since it is crucial for economic development to iden
tify which are the factors that drive economic growth, those that explain the 
cross-country economic differences.

To understand the links between institutions and growth and how they 
function, it is very important to determine the role of the pillars of these insti
tutions in its association with economic development, and economic freedom is 
one of those pillars. Economic freedom, however, is an ambiguous term that 
it is hard to define and quantify. The Heritage Foundation (2004) described 
economic freedom as:

’’...the absence of government coercion or constraint on the production, dis
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tribution, or consumption of goods and services beyond the extent necessary 
for citizens to protect and maintain liberty itself.”

Following Gwartney and Lawson (2003), the main elements of economic 
freedom are the freedom of exchange, the freedom of personal choice, the pro
tection of the private property and the freedom to compete. Hence, to quantify 
the subcomponents of economic freedom, experts have developed several sets of 
economic freedom measures that consider all the subcomponents of economic 
freedom and measure them creating a single index, allowing thus the researchers 
to easily measure and report economic freedom.

The economic freedom-economic growth association has been found to be 
positive and significant by many researchers, and the relationship between them 
seems to be unquestionable. However, a single study by itself is not enough to 
resolve theoretical debates, we need reviews that synthesize the research results 
to establish conclusions. Thus, along with the empirical studies on this topic 
that have been published in the past decades, and with the objective of drawing 
inferences from the available pool of studies, there have been several reviews of 
the empirical literature on the economic freedom-economic growth association. 
These reviews aim to do a synthesis of the empirical findings from the pool of 
studies and offer conclusive empirical evidence to the research questions that a 
single study can not resolve. Most of these reviews are qualitative, but there 
are quantitative synthesis too. While qualitative reviews might suffer from a 
subjective interpretation of evidence, quantitative ones usually provide a more 
objective synthesis of the literature. Quantitative reviews consist in dissect
ing the research results with statistical procedures and econometric techniques, 
through a method known as meta-analvsis (Stanley, 2001), to establish conclu
sions regarding the biases (publication bias, specification bias...) existent in the 
empirical literature and determine how those biases affect the effect estimated 
by the empirical studies.

The objective of this thesis is to update the previous meta-analvsis on the 
impact of economic freedom on economic growth by collecting recent empirical 
studies and using modern meta-analvtic methods. Our two reference papers 
are the studies by Doucouliagos, C. and Ali, M. (2005), which examines the 
specification bias caused by the heterogeneity between the studies, and the 
study by Doucouliagos, C. (2005), which examines the publication bias. These 
two quantitative reviews inspect the economic freedom-economic growth asso
ciation using the same data set, so we also use this data set, in addition to the 
new studies collected. Our aim is to inspect both the specification bias and the 
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publication bias, using a more sophisticated methodology on observations from 
a wider time span and thus, to establish conclusions on what is the true effect 
of economic freedom on economic growth.

Our baseline results indicate that there is evidence of a positive economic 
freedom-economic growth effect, but this effect is affected by bias. We conduct 
many rigorous tests for publication bias and, although we find some evidence 
for it, it is not very strong and robust (the BMA does not even report any 
evidence of the publication bias having an effect in the regression). On the 
other hand, our findings regarding the heterogeneity between the studies and 
the potential specification bias are mostly in line with the previous findings of 
Doucouliagos. The BMA analysis confirms that the variables Capital, Panel, 
Causality and Size have an effect in the estimation of the impact of economic 
freedom on growth. These results are important since they imply that differ
ences in study design have an effect on the estimates reported by the literature. 
Hence, there is evidence that studies that use a control variable for physical 
capital tend to report lower estimates of the effect and studies that use panel 
data instead of cross-sectional data tend to report lower estimates of the ef
fect too, which indicates that transitory effects are lower than long-run effects. 
There is also some evidence that studies that use a causality testing frame
work tend to report smaller effects than those using a growth regression, and 
that those studies with a larger sample size also tend to report lower estimates 
than smaller studies, since smaller studies need to report higher estimates to 
be statistically significant.

In addition to our baseline analysis, we perform an extension of the meta- 
analvsis by conducting it again with a trimmed data set, that is, excluding 
the influential cases that are detected through an influence analysis. In this 
extension, we aim to determine whether the extreme observations in our data 
set distort the results or not. Our findings suggest that our baseline results 
and the results reported by previous meta-analvsis using this data set might 
be affected by the inclusion of these observations in the analysis. With the 
trimmed data set, the results indicate that the heterogeneity between studies 
does not lead to specification bias, therefore the differences in study design are 
reported to have no effect on the results. On the other hand, the evidence for 
a positive publication bias is strong and robust (confirmed by both, the several 
publication bias estimation techniques and the BMA) and the true effect seems 
to be significantly smaller than the one reported by the empirical studies.

The thesis is structured as follows: Chapter 2 presents the data collection 
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procedure and discusses the studies included in the meta-analvsis; Chapter 3 
shows the results of the analysis of outliers and the overall effect estimation; 
Chapter 4 presents the methodology used to analyse the publication bias and 
the corresponding results; Chapter 5 presents the techniques and the explana
tory variables used to analyse the heterogeneity between the studies along with 
results of the analysis and its interpretation; Chapter 6 tests the results ob
tained in the previous chapters through some extensions that serve as robust
ness checks of the published findings; Chapter 6 concludes the paper summa
rizing and interpreting the main findings and contributions of the research.

1

'Data and source code are available upon request. Email: 11023037@fsv.cuni.cz

mailto:11023037@fsv.cuni.cz


Chapter 2

Data used in the meta-analysis

2.1 Data collection and literature review

A meta-analysis, whatever its area of study, follows very specific guidelines. 
The first step in performing a meta-analysis is the collection of data from the 
available pool of studies. Just as a regular regression analysis needs accurate 
data to perform its regressions and to report estimations, whether it is the 
GDP of a country, the market value of a company’s shares or any other specific 
information, the data generation process of a meta-analysis is based on the 
research results obtained from the empirical studies that investigate the effect 
in which we are interested.

The main reference paper in our research is ’Economic freedom and eco
nomic growth: Does specification make a difference?’ (Doucouliagos, 2005); 
that is why, to build our data set, the first step is to examine all the studies 
used by this paper and include those that we consider useful for our analysis in 
our data set. Then, since its sample is limited to studies published before 2005, 
we search for new studies published in the Google Scholar database. Thus, 
when the recently published studies are added, we have data from a wider time 
span. If we were only using the recent studies and excluding the old ones, we 
would not be updating the literature used in the previous meta-analysis; the 
new data set would just be replacing the old one.

Doucouliagos described in his paper the guidelines that he followed to collect 
the necessary information to conduct the meta-analysis: from the computer 
search of several databases to the exclusion process of those studies that did 
not report the necessary data or those that focused on other irrelevant effects 
of the economic freedom, such as its impact on income inequality.
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The requirements for the studies to be selected were very specific; the studies 
had to conduct a regression analysis and use a measure of economic freedom as 
one explanatory variable of a measure of economic growth, which had to be the 
dependent variable. The measure of economic freedom used by the studies could 
be any of the four main ones, which are: the Economic Freedom of the World 
of the Fraser Institute, the Heritage Foundation Index, the Freedom House 
Index, and the one by Scully and Slottje (1991), however most of the selected 
studies used the Fraser Institute index (EFW). Furthermore, the studies had to 
report coefficients and standard errors or test statistics (mainly t-statistic, but 
also valid were F-statistics and Chi-square tests), as it is the necessary data to 
compute partial correlations.

The partial correlation coefficient (PCC) was the measure of the effect of 
economic freedom on the economic growth selected because it controls for other 
economic growth’s determinants, allowing to compare two studies indepen
dently of the value of their underlying variables. Because of that, Doucouliagos 
calculated a partial calculation from each study and used the results as the data 
input for the subsequent meta-analysis. It should be noted that studies that 
used a measure of property rights as an explanatory variable were included 
too, since property rights are considered an integral component of economic 
freedom.

Once Doucouliagos determined which was the literature to be analysed, he 
assembled three different data sets from the 52 selected studies. For our anal
ysis, we take the one study-one estimate data set, in which he compiled the 
studies that he had found by computing an average in those studies that re
ported several estimates, following the criterion of Hunter and Schmidt (2004). 
This criterion consists on considering as statistically independent only those 
studies that involves different data sets or different authors, so that those pa
pers written by the same author and using the same data set should be regarded 
as a single one, and an average estimate should be computed from them, thus 
reducing the number of observations. Accordingly, studies such as Ali and 
Crain (2001, 2002) were averaged to obtain a single estimate from them. Fur
thermore, this data set only considers studies using an aggregate measure of 
economic freedom, therefore those studies on property rights were also excluded 
from it. So, after the elimination process, the one study-one estimate data set 
consisted of a sample of 45 studies, all of them using an aggregate measure of 
economic freedom.

Although Doucouliagos built different data sets according to whether the 
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studies used an aggregate measure of economic freedom or a disaggregate one, 
he also claimed that other groupings are possible. With that in mind, and 
considering that this research does not aim to focus on the aggregation of the 
measure of economic freedom used by the studies, we extend the one study-one 
estimate data set by including those studies that were excluded before because 
they used disaggregate measures of economic freedom: Aval and Karras (1998), 
Chong and Calderon (2000), Feld and Voigt (2003), Gould and Gruben (1996) 
and Leblang (1996). Studies by Chong and Calderon (2000) and Feld and Voigt 
(2003) report a single estimate so they are added directly, while the other three 
report several estimates, so their estimations must be averaged to be in line 
with the one study-one estimate method.

The resulting 50 studies now conform our baseline data set. Among these 
studies we find papers that explore the impact of economic freedom on economic 
growth in a single country, such as the one by Gounder (2002), while other 
studies explore it in many countries. The number of countries covered is not a 
sign of incompatibility between studies, as the key element is that they focus 
on the link between economic freedom on economic growth, so those possible 
differences in the data are irrelevant.

Now that the useful studies from Doucouliagos’ paper have been selected 
and we have a solid data set with estimates obtained several years ago, it is 
time to update it by adding new empirical studies published after our reference 
paper, that is to say, after 2005.

Our computer search is conducted in Google Scholar, which is the most 
comprehensive database since it includes all papers. After designing our search 
query with the main keywords of interest (’economic freedom’, ’economic growth’, 
’property rights’, ’patent protection’, ’GDP growth’), we obtain hundreds of 
results that must be carefully analysed to eliminate those that do not fit the 
requirements. Since we are interested in the most recent studies, we filter it to 
obtain the papers published after 2005, then those published in the last decade 
and finally those published in the last three years, giving more importance and 
attention to this last group of studies.

From the obtained results, those studies that do not report the necessary 
estimates of the effect of interest are the first to be omitted. Also omitted 
are those studies that report estimates of an effect that may be similar but 
cannot be comparable with the one that we are studying, such as those papers 
investigating the impact of economic freedom on financial development (Hafer, 
2013).
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After the elimination process, we are left with 19 new studies that fit the 
requirements and therefore are added to our data set. All of them use regres
sion analysis and report the statistics needed to compute the partial correlation 
coefficient. Some studies explore the link between economic freedom on eco
nomic growth using an aggregate measure of economic freedom, while others do 
it using disaggregate measures, such as the ones by Dadgar and Nazari (2014), 
Falvev et al. (2006), Liu (2016), Tejedor et al. (2016) and Odilova and Xiaomin 
(2016) that examine the link between property rights and economic growth.

But there are more disaggregate measures of economic freedom besides the 
property rights. Although most of the selected papers directly report a t- 
statistic (or at least a coefficient and a standard deviation) for an explanatory 
variable named Index of Economic Freedom or similar, there are also some 
studies that do not use an overall economic freedom index and report separate 
estimates for different subcomponents of an index. The components of a com
posite index are also considered a disaggregate measure of economic freedom.

For instance, papers by Cebula et al. (2012) and Peev and Mueller (2012) 
use the economic freedom index of The Heritage Foundation (2004), which 
consists of ten freedom subcomponent such as trade freedom, business freedom, 
property rights freedom... Cebula et al. use all of these indexes while Peev and 
Mueller consider that only seven of them are useful for their analysis. Their 
studies therefore report several estimates, one per each index used. Another 
example is the study by Kacprzyk (2016), which uses the five major areas of 
the Economic Freedom of the World (EFW) index of Gwartney, Block, and 
Lawson (1996), and reports the corresponding five estimates. Thus, to be in 
line with the one study-one estimate method, we averaged these estimates to 
get one t-statistic per study.

Again, the number of countries under study is not a cause of exclusion. 
Included are studies like the one by Hussain and Haque (2016), which explores 
the effect on 186 countries, but also others like the one by Ramzan et al. (2018) 
that focuses on only two countries (Pakistan and India) or even a study by Hall 
et al. (2015) that explores the effect of economic freedom on growth across the 
U.S. states. The research by Hall et al. (2015) is special because it accounts for 
the spatial effects in the model of economic freedom and growth, finding that 
an increase in economic freedom can have ’spillovers’ or indirect effects in other 
explanatory variables that may affect the GDP, and they therefore should also 
be included when calculating the impact of economic freedom on growth.
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2.2 Computing the Partial correlation coefficient

Once the data collection is finished, we proceed to standardize the estimates 
reported by the studies, since the studies may not be comparable as they differ 
in their use of proxies for both variables of the regression. So, as Doucouliagos 
(2005) did in his research and other researchers have also done before (e.g. 
Cazachevici et al., 2020), we compute the Partial correlation coefficient (PCC) 
to be able to compare the studies between them and with the old ones. For 
the calculation of the PCC of a study we use the t-statistic resulting from the 
study and the degrees of freedom of the regression conducted in the study.

The PCC always take a value within the interval [-1,1]. If the reported t- 
statistic was negative, the PCC will be also negative, and if it was positive, the 
PCC will be positive too. As a reference of how the PCC should be interpreted, 
we follow the guidelines by Doucouliagos (2011), who divides the possible re
sults according to their significance to the estimated effect size. According to 
him, a PCC lower than 0.07 means no effect at all, a PCC with a value between 
0.07 and 0.173 suggest that there is a little effect of the explanatory variable 
on the dependent variable, while a PCC between 0.173 and 0.327 corresponds 
to a medium effect, and a PCC higher than 0.327 indicates a strong effect.

Calculating the corresponding standard deviation for each PCC is also very 
important to be able to conduct our subsequent meta-analysis, so we calculate 
it by dividing the PCC by the reported t-statistic.

Thus, the 19 selected studies are compatible with the previously selected 
studies and they can be added to our data set. So, our data set now consists of 
a sample of 69 studies, which taken together use 16.070 observations. If we had 
considered the total number of equations used by these studies, the number 
of observations would increase to 194, instead of the 69 corresponding to our 
one study-one estimate data set. In the final data set, we find one negative 
statistically insignificant study and five positive but statistically insignificant 
studies.

In Table 2.1 we present our data set. The studies are listed in alphabetical 
order of the author, together with the publication date, the sample size, the 
averaged t-statistic, and the corresponding partial correlation coefficient.
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Table 2.1: Estimates of the economic freedom effect on economic 
growth

Author (s) n t — stat PCC Hall et al. (2015) 1200 8.81 0.25*
Abrams and Lewis (1995) 87 3.2 0.35*  Hanke and Walters (1997) 91 7.12 0.61*
Adkins et al. (2002) 292 1.05 0.06 Hanson (2003) 100 8.74 0.66*
Ali (2003) 73 2.70 0.32*  Haydaroglu (2016) 92 2.94 0.29*
Ali and Crain (2001.2002) 92 1.98 0.21*  Heckelman (2000) 188 1.99 0.15*
Asandului et al. (2016) 40 2.77 0.4*  Heckelman and Stroup (2000a,b) 49 6.28 0.68*
Assane and Grammv (2003) 86 5.23 0.51*  Hussain and Haque (2016) 615 3.52 0.14*
Aval and Karras (1998) 58 2.02 0.26*  Islam (1996) 94 2.45 0.25*
Azman-Saini et al. (2010) 507 2.76 0.12*  Johnson and Lenartowicz (1998) 38 6.01 0.71*
Bengoa and Sanchez-Robles (2003) 108 2.29 0.22*  Kacprzyk (2016) 126 2.47 0.21*
Berggren and Jordahl (2005) 81 4.87 0.49*  Karabegovic et al. (2003) 420 18.41 0.67*
Brkic et al. (2020) 829 2.19 0.08*  LaU ot al. (2002) 110 12.51 0.78*
Carlsson and Lundstrom (2002) 74 5.22 0.53*  Leblang (1996) 147 3.2 0.25*
Cebula et al. (2012) 116 2.49 0.22*  Leschke (2000) 80 3.37 0.37*
Chong and Calderon (2002) 330 2.44 0.13*  Liu (2016) 3052 4.25 0.08*
Cole (2003) 85 4.32 0.44*  Nadeem et al. (2019) 130 8.1 0.58*
Comeau (2003a) 82 2.49 0.29*  Nelson and Singh (1998) 167 2.28 0.18*
Dadgar and Nazari (2014) 540 2.78 0.12*  Norton (2003) 94 4.26 0.42*
Dawson (1998) 237 1.97 0.13*  Odilova and Xiaomin (2016) 88 2.18 0.23*
Dawson (2003) 262 1.93 0.12*  Park and Ginarte (1997) 60 2.43 0.32*
de Haan and Siermann (1998) 114 2.86 0.26*  I’1’1’' and Mueller (2012) 322 1.94 0.11*
de Vanssav and Spindler (1994) 100 7.06 0.59*  Pitlik (2002) 73 2.75 0.34*
de Vanssav and Spindler (1996) 109 1.94 0.19*  Ram (2000) 62 0.93 0.14
Easton and Walker (1997) 57 3.54 0.44*  Ramzan et al. (2018) 42 3.16 0.44*
Falvev et al. (2006) 316 1.65 0.09*  Scully (1988) 115 3.01 0.27*
Farhadi et al. (2015) 720 1.12 0.04 Scully (2002) 86 1.87 0.2*
Farr et al. (1998) 144 1.79 0.11*  Spindler (1991) 140 1.4 0.12
Feld and Voigt (2003) 35 11.99 0.91*  Sturm and de Haan (2001, 2000) 80 2.98 0.33*
Fidrmuc (2003) 275 2.12 0.13*  Sturm et al. (2002) 49 -0.08 -0.01
Goldsmith (1995) 59 3.04 0.38*  Tejedor et al. (2016) 65 2.92 0.34*
Goldsmith (1997) 70 3.3 0.37*  Torstensson (1994) 67 2.55 0.32*
Gould and Gruben (1996) 79 2.2 0.25*  Turedi (2016) 182 3.07 0.22*
Gounder (2002) 29 2.09 0.39*  Viet Tran (2019) 137 1.99 0.17*
Grammv and Assane (1996) 98 2 0.2*  Weede and Kampf (2002) 63 0.98 0.13
Gwartney et al. (1999) 82 2.43 0.29*  Wu and Davis (1999) 1380 2.57 0.07*

* Statistically significant at least at 10%



Chapter 3

Meta-analysis of economic freedom

The objective of this research is to determine if there is bias in the literature 
estimating the impact of economic freedom on economic growth and to calculate 
which is the effect size that the studies would report if the bias is omitted. For 
that purpose, we take the estimates reported by the selected studies to R and 
Stata, two computer programs specifically designed for statistical analyses, and 
we conduct recently developed meta-analvtic methods following previous meta
analysis that used these techniques (Cazachevici et al., 2020 , Zigraiova et al., 
2021).

Among the several sources of potential bias from which an empirical study 
can suffer, the specification bias and the publication bias are the ones in which 
our analysis focuses, since both of them has been shown to be the most common 
areas of distortion for the research results in empirical economics. But before we 
talk about these bias and the methodology used to assess whether the literature 
suffers or not from them, we have to pool the estimates of the effect reported 
by the selected studies to get one overall effect size estimate.

3.1 Pooling the overall effect

To calculate the overall effect size estimate of the selected studies, we first iden
tify which model fits better our data set. Since the impact of economic freedom 
on economic growth has been estimated as a partial correlation between both 
variables, we therefore are going to perform a meta-analysis of correlations. The 
preferred method to combine correlations from different studies into one pooled 
correlation estimate is the generic inverse-variance pooling method. But be
fore, we need accurate weights for each study to consider their sample sizes and 
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therefore the precision of the estimates, and account for the potential selection 
bias. That is why the simple mean of the coefficients of the individual studies 
is not an appropriate estimation. So, we conduct Fisher’s z-transformation to 
apply its corresponding weight to each study.

The approaches that do account for the accurate weights of the studies 
are the fixed-effects and the random-effects models, since both of them use 
the inverse-variance pooling method to correct the possible sampling error cor
responding to the potential selection bias. The difference between these two 
models is that the random-effects model additionally accounts for the potential 
between-studv heterogeneity. It assumes exchangeability of the studies, which 
means that the deviations in the effects estimated by the selected studies from 
the true intervention effect is not only due to sampling error. It is also due 
to another source of distortion and that is the fact that there is a multitude 
of populations, and therefore the studies are not picked from one single popu
lation (Schwarzer, Carpenter, and Rucker, 2015). So, this model accounts for 
two sources of errors, while the fixed-effects model just accounts for one.

We are most likely to use the random-effects model as our data set contains 
studies using different methods, different data, therefore it is highly probable 
that there is high between-studv heterogeneity in our data set. We are also 
assuming that there is a distribution of true effect sizes corresponding to the 
multiple populations (Borenstein et al., 2010), instead of a single true effect 
size, and that is what we aim to obtain. But this is just an assumption, since 
the results of the heterogeneity test will indicate us which model is better to 
use.

The variance of the distribution of true effect sizes is the between-studv 
heterogeneity and it is denoted by tau2. Among the several estimators for tau2 

, we will use the Hartung-Knapp-Sidik-Jonkman (HKSJ) method, since it has 
been shown to perform better than the other options, and it will produce robust 
estimates of the variance.

In Table 3.1 we present the results for the fixed-effects model and the ran
dom effects model, after performing the methods explained before. As we can 
see, the pooled correlation for the fixed-effect model is r=0.216 and for the 
random-effects model it is r=0.293, and in both cases the results are signifi
cant.

From the results, we first pay attention to the measures of heterogeneity, as 
they indicate which is the proper model to use. The measure of heterogeneity 
I2 of Higgins and Thompson (2002) is very high (89%). It represents the
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Number of studies combined: k = 69

Table 3.2: Quantifying heterogeneity

Table 3.1: Estimates of the pooled effect

Model COR 95% - CI z p — value.

Simple mean 0.2994
Fixed-effects model 0.216
Random-effects model 0.293

[0.2523; 0.3465]
[0.201; 0.231]
[0.245; 0.342]

28.28
11.76

< 0.0001
< 0.0001

Measure value

tau2 0.0344
I2 89.11%
Qtest 685.34

percentage of variation in the results that is due to heterogeneity between 
the studies and a percentage above 75% suggests a substantial heterogeneity, 
following the”rule of thum” of Higgins et al. (2003). On the other hand, the 
Cochran’s Q-statistic indicates the difference between the effect sizes estimated 
by the fixed-effects model and the observed effect sizes, squared, weighted, and 
summed. It also reports a substantial and highly significant number. And 
finally, the value of the between-studv variance is tau2 = 0.0344. All these 

statistics confirm that there is a substantial statistical heterogeneity in the 
fixed-effect model and therefore it supports the idea of using the random-effects 
model.

Thus, we can say that the overall effect estimated by the studies is 0.293, its 
confidence interval is [0.245; 0.342] and it is statistically significant. Following 
the guidelines by Doucouliaglos (2011) exposed before on how to interpret a 
partial correlation coefficient, 0.29 is a value that suggests a medium effect 
of the explanatory variable on the dependent variable, since it lies within the 
interval [0.173;0.327],

Nevertheless, this is not the final estimate that we are using in our meta
analysis as the overall effect. To determine which is the overall effect size of 
the selected studies we must examine the outliers that can influence the pooled 
overall effect size, and whether they should be excluded or we should winsorize 
the data set to mitigate the issue without excluding data.
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3.2 Detection of outliers and winsorization

Before starting with the meta-analysis, we inspect the data set to detect pos
sible outliers, or extreme effect sizes, that may heavily push the overall effect 
size into one direction. The outliers are those studies that report an effect that 
is far away from the overall effect size. To consider one study as an outlier, 
its confidence interval must not overlap the pooled effect’s confidence interval. 
To be certain about the robustness of the pooled effect estimated before, we 
must omit these outliers and estimate the pooled effect again to verify that the 
result does not depend heavily on a single study.

After inspecting the confidence intervals of the pooled effect size and the one 
of the single studies, we detect 22 outliers. In Table 3.3 we present the results 
for the random-effects model after removing those studies. This procedure of 
excluding data is called trimming.

Table 3.3: Estimates of the pooled effect after excluding outliers

Model COR 95% - CI z p — value.

Fixed-effects model 0.2580 [0.2329; 0.2826] 19.42 < 0.0001
Random-effects model 0.2719 [0.2337; 0.3093] 13.38 < 0.0001

Number of studies combined: k = 47

Table 3.4: Quantifying heterogeneity

Measure value

tau2 0.0091
I2 26.6%
Qtest 62.68

As can be seen from the output, after removing the 22 outliers from the 
analysis, the correlation and the confidence intervals resulting in the fixed- 
effects and in the random-effects models are much more similar, being the 
overall PCX3=0.272 in the random-effects model, which still indicates a medium 
effect on the dependent variable.

On the other hand, the measures of heterogeneity have decreased consid
erably. 12 has shrunk to 27%, which indicates low heterogeneity, and the 

Q-statistic has decreased 636.39 to 62.68. Further, these two tests are not 
significant anymore, at least at the 95% (p-value >0.05). The value of the 
between-studv variance is also substantially smaller (tau2 = 0.0091).
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Figure 3.1: Influence analysis

Now that we have detected the statistical outliers in our sample of stud
ies, we conduct an Influence analysis to find out which are the studies that 
distort our meta-analysis the most. To do so, we perform the Leave-One-Out- 
method by recalculating the results K-l times, each time leaving out one study. 
This method was proposed by Viechtbauer and Cheung (2010) and its output 
consists in several graphs corresponding to different influence measures and in
cluding each study of our data set. From these graphs, we can easily detect 
which are the studies known as influential cases, as they are the studies with 
very extreme values and are displayed in red.

The core plots to consider for our analysis are the DFFITS, the Cook’s 
distance and the covariance ratio. The DFFITS measures the change in the 
pooled effect after excluding that study, while the Cook’s distance measures 
the distance between the value with the study included and excluded and the 
covariance ratio indicates the effect on the heterogeneity of removing the study.

As we can observe in the graphs, there are two studies displayed in red, 
the studies by Feld and Voigt (2003) and Lail et al. (2002). Both have the 
higher values in the three core plots described before. Hence, these two studies
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Figure 3.2: Baujat Plot

are considered as influential cases. However, we must take a broad view of the 
graph and analyse the structure in general and not only focus on the colour of 
the studies. We can see that, although only the two mentioned studies meet 
the requirements to be considered influential cases, there are several studies 
that have high values in some plots too. It might correspond to the outliers 
detected before.

In conclusion, we can say that some of the 22 extreme effect sizes detected 
before are significant in several plots, but only two of them (Feld and Voigt 
(2003) and Lail et al. (2002)) are considered as influential cases. Therefore, it 
confirms that at least these two outliers might have distorted the overall pooled 
effect and might be an important cause of the high heterogeneity between 
studies that we found before that could lead to misspecification in the regression 
conducted by the studies.

Then, we also perform the Baujat Plot (Baujat et al. 2002) to have a look at 
the matrix comparing the single contribution of each study to the pooled effect 
and to the overall heterogeneity. The relevant part of this graph is its right 
side, since there it is where the studies that contribute the most to the overall 
heterogeneity appear. The contribution to the heterogeneity is measured by the 
Cochran’s Q-statistic. Furthermore, the lower part of the right side denotes the 
studies that contribute more to the heterogeneity, while at the same time has 
very little influence in the pooled result, probably due to a small sample size.

In Figure 3.2 we present the Baujat Plot.
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The first item that attracts our attention is the point on the right side of 
the graph, far away from the rest of the studies. It is the study by Karabegovic 
et al. (2003), and it contributes a value of more than 150 to the overall Q- 
statistic, which is a very high value, and therefore its contribution to the overall 
heterogeneity is enormous. This study was significant in several graphs of 
the Influence analysis performed before, however it was not detected as an 
influential case because of its influence on the pooled result, which is also 
very high (around 4 points) due to its large sample size (n=420). If we keep 
looking from the right to the left, the next two points that we find are the ones 
corresponding to the studies by Lail et al. (2002) and Feld and Voigt (2003), 
the influential cases that we detected before. Both studies contribute to the 
overall Q-statistic with values between 50 and 100, which are still a very high 
contribution, but the difference in these cases with the study by Karabegovic 
et al. is their influence on the pooled result. These studies contribute poorly 
to the overall effect compared to their contribution to the heterogeneity so, 
besides being in the right part of the graph, they are also in the lower part of 
the graph, meaning that these are the studies that perform the worst in the 
influence on the result-contribution on heterogeneity matrix.

Finally, we conduct the Leave One Out Analyses, in which we recalculate 
the pooled result again, but omitting one study each time. The results are 
displayed in two plots. These two plots are very unintuitive and that is why we 
do not show them in the paper. Instead, we just briefly explain the implications 
of the results. The first plot orders the studies by the change in the overall effect 
size after removing each study and the second one orders them by the change 
in the measure of heterogeneity 12 after removing each study. In the first plot, 

the two studies that, once removed, the overall effect size change the most are 
the two influential cases: Feld and Voigt (2003) and Lail et al. (2002). And 
they are followed by the study by Karabegovic et al. (2003). Nonetheless, in 
the second plot, it is the study by Karabegovic et al. the one who ranks at the 
top of the graph, followed by the two influential cases.

In conclusion, the analyses of outliers and influential cases suggest that the 
studies by Feld and Voigt (2003), Lail et al. (2002) and Karabegovic et al. 
(2003) may significantly distort the overall effect estimated and its precision, 
and therefore it might be advisable to remove these three observations from 
the meta-analysis. But our attempt is to include all estimates, so we do not 
exclude these extreme estimates from our data set as the trimming procedure 
does. We prefer to winsorize the extreme values in our baseline estimation, 
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since winsorization has two main benefits relative to data trimming. Firstly, 
winsorization preserves the median and also the mean (in many cases) of the 
underlying data set, while data trimming often leads to significant changes in 
both statistics. Secondly, winsorization uses all the observations. Thus, a PCC 
that would hugely distort the mean and standard deviation and also any regres
sion result should not be used in a meta-analysis, but, through winsorization, 
we are able to preserve the information that the estimate exists and it is large.

In this case, we winsorize the PCC and the standard error at 2.5th and 
97.5th percentiles. The results are shown in the following table:

Table 3.5: Overall effect estimation after winsorization

Model COR 95% — CI z p — value

Random-effects model 0.292 [0.245; 0.339] 12.07 < 0.0001

Number of studies combined: k = 69

Table 3.6: Quantifying heterogeneity

Measure value,

tau2 0.0319
I2 87.58%
Qtest 626.53

The results of the winsorization indicate almost the same overall effect 
pooled before (from 0.293 to 0.292). This reduction therefore does not have 
any impact on our previous interpretation of the partial correlation coefficient; 
0.29 is a value that suggests a medium effect of the explanatory variable on the 
dependent variable, since it lies within the interval [0.173;0.327] specified by 
Doucouliagos. On the other hand, the results of the measures of heterogeneity 
are almost at the same level, so further analysis will be needed to explain the 
heterogeneity between studies, and to find which method might mitigate it, 
aiming to obtain the true overall effect.

Now that we have winsorized the data set and the overall effect size has 
been estimated, it is time to start with the meta-analysis techniques, aimed 
to determine whether the pooled overall effect suffers from various biases that 
are not corrected by the fixed-effects nor the random-effects model or not. On 
the one hand, they may suffer from publication bias and, on the other hand, 
they may be biased by the misspecification caused by the existing heterogene
ity between the selected studies. Although the random-effects model tries to
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correct the heterogeneity between the studies, it does so by taking the distribu
tion of the effects as random, when this may not be the case. In the following 
sections we develop in depth these possible biases not detected by the initial 
analysis, applying a more specific methodology, to correct the estimated effect 
and determine what the true effect is.



Chapter 4

Publication bias analysis

The publication selection bias is recognised as a major cause of distortion of the 
empirical literature in most areas of scientific research, and empirical economics 
is not an exception. It has been studied broadly since over a century ago, and 
therefore we can find references in this matter from a long span of time, from 
Sterling (1959) and Tullock (1959) to Ioannidis et al. (2017), for instance.

This bias consists in selecting and publishing only those studies that report a 
result that is consistent with the conventional theory on the held, or only those 
that report significant results in the ’right’ direction. (Card and Krueger, 1995). 
Thus, there might be missing studies in our meta-analvsis as those studies that 
reported low effect sizes or contradictory results to the conventional theory in 
the field (which is that the economic freedom has a positive effect on economic 
growth) may have been omitted, never got published and therefore they do not 
enter our data set, resulting in the pooled effect size estimated before to be 
significantly higher than the true effect size.

There are several causes of publication bias. One of them is the small 
samples bias. Whatever the sample size of the study, higher effect sizes mean 
higher statistical significance, and given that the publication of a study might 
depend on its significance, studies with higher effect sizes are most likely to get 
published. However, it particularly affects the small sample studies, as they 
need very large effect sizes to be considered as statistically significant. Other 
causes can be the selection in the publication-review process, the confusion 
of statistical significance with scientific importance and the p-value hacking. 
(Ioannidis et al., 2017)

Regarding the methods to assess the publication bias and the true effect be
hind our data, some linear (FAT-PET with weighted least squares along with
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different methods) and non-linear techniques (Top 10, WAAP, A&K, Stem
based bias correction model) have been developed to investigate the potential 
publication bias while others (P-curvc Analysis) have been developed to de
tect the p-value hacking (Simonsohn et al., 2014). Consequently, we use these 
methods to assess whether the pooled effect estimated before suffers from pub
lication bias. We use multiple conservative techniques to be sure about the 
findings’ robustness.

Firstly, we examine the funnel plot of the effect of economic freedom on 
growth because it is the easiest way to visualize whether there are studies 
reporting small effect sizes that are missing. In Figure 4.1 we can see the funnel 
plot that shows the relationship between the reported effect sizes (x-axis) and 
the studies’ precision, which is determined by their standard errors (y-axis). 
The studies estimating less precisely effects are supposed to be dispersed in the 
bottom of the figure while the most precise studies should be in the top of the 
figure.

As we can observe in the figure, the distribution of the points is not symmet
rical, and the line of the underlying effect is far away from the one representing 
the mean estimate. This asymmetrical distribution of the funnel plot indicates 
potential publication bias.

Then, we have Figure 4.2 which is a contour-enhanced funnel plot. It shows 
the significance levels for each study. The graph confirms the preference for
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Figure 4.2: Contour-enhanced Funnel Plot

studies reporting high effect sizes and therefore with a high statistically signif
icance. In the right side we find several small studies with their corresponding 
low precision but reporting high effect sizes that makes them significant stud
ies, while in the left-hand of the graph we just find a couple of observations 
with low precision and an insignificant and small effect size, so studies with low 
magnitudes and low precision seem to be underrepresented.

Nevertheless, just eyeballing a funnel plot is unreliable and subjective, we 
need to formally test the asymmetry of the funnel plot. As a preliminary test 
of the funnel plot asymmetry, we conduct the Egger’s test of the intercept.

Table 4.1: Regression-based Egger’s test for small-study effects

Model be t a 1 SEejJ'bctal z Prob> |z |

Random-effects model 1.75 0.730 2.39 0.0166

HO: betal = 0; no small-study effects

The Egger’s test indicates the presence of funnel plot asymmetry. However, 
this test only confirms that there are small-study effects, but it does not test 
the publication bias. To further analyse the funnel plot asymmetry and the 
publication bias we conduct more sophisticated methods.
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4.1 FAT-PET analysis.

We perform the funnel asymmetry test (FAT), which is a simple meta-regression 
model that uses the estimated effects and the corresponding standard errors and 
it is able to detect and quantify the publication bias. Further, the precision
effect test (PET) can provide us with the estimates of the genuine true effect 
beyond publication bias. Some references in conducting this method are Egger 
et al. (1997), Stanley et al. (2010), Stanley et al. (2015) and Cazachevici et 
al. (2020).

To perform the FAT-PET approach, we estimate the following regression: 
PCC= 0 0 + 01S Epcc + e,
where the first coefficient corresponds to the mean beyond bias, which is 

the true effect corrected for publication bias, and the second one denotes the 
magnitude and direction of publication bias, and the error term is e.

Nonetheless, this regression is heteroskedastic since the explanatory vari
able is the standard deviation of the dependent variable. We therefore must 
control for the heteroskedasticity if we want to obtain efficient estimates, so 
the weighted least squares (WLS) estimator is used instead of the simple OLS. 
Thus, to obtain the WLS of the previous regression we divide the equation 
by the standard deviation of this heteroscedasticitv (SEpcc), resulting in the 
following regression:

PCC/ SEpcc = 001SEpcc + 01 + e/SEpcc,
where PCC/ SEpcc is equal to the t-statistic.
For the sake of robustness, we apply several methods along with WLS, so 

we have different specifications of the model.
Specification (1) is estimated using WLS; specification (2) is estimated us

ing iteratively re-weighted least squares (robust WLS); specification (3) is a 
panel data regression with fixed-effects estimates; specification (4) is a panel 
data instrumental variables regression with fixed effects and the inverse of the 
square root of the number of observations used as an instrument; and speci
fication (5) is estimated using WLS, but it is weighted by the inverse of the 
number of equations per study, while the other specifications are weighted by 
inverse variance. Furthermore, all specifications but specification (2) are esti
mated with standard errors clustered at the study level; we do it to account for 
probable within-studv correlation of the reported results.

In Table 4.2 we present the results of the FAT-PET method corresponding 
to the different specifications that test the publication bias and the underlying
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Table 4.2: FAT-PET analysis

Specification Publication bias (,51) Mean beyond bias (,50)

(1) WLS, clustered
(2) TFLS, robust
(3) FE, clustered
(4) 7% clustered
(5) W LS, E quations

2.520*** (0.67)
2.617*** (0.32)
3.512 (.)
3.820*** (0.90)
1.598* (0.73)

0.075 (0.60)
-0.004 (0.27)
0.000 (.)
-0.023 (0.92)
0.166* (0.08)

Note: The dependent variable is the PCC of the effect of economic freedom on 
economic growth. The estimated equation is PCC = {30 + /31SEpcc + e.

Specifications (1) - (4) are weighted by inverse variance while Specification (6) is 
weighted by the inverse of the number of equations per study. Standard errors are 
reported in parenthesis. *, ** and *** denote significance at the 10%, 5% and 1% 

levels.

effect of economic freedom on economic growth corrected for this bias in the 
long term. The results suggest a relevant evidence for bias, since four of the five 
specifications indicate substantial selectivity, as the publication bias estimator 
is higher than 1, 2 and even 3 in these specifications, all of them denoting some 
level of significance (specifications (1), (2) and (4) denote significance at 1%; 
and specification (5) denotes significance at 10%). Nonetheless, specification 
(3) reports a publication bias estimator with a high value, but statistically 
insignificant; this is particularly relevant because the fixed effects model is 
considered the most appropriate method, since it controls for unobservable 
study-level differences.

On the other hand, the true effect estimator varies among the different 
specifications, congruent with the results obtained on the publication bias esti
mator. Thus, those specifications that report high selectivity in the literature 
also report a lower true effect of economic freedom on the economic growth 
(specification (2) and (4) even report negative true effects), while the fixed 
effects estimation, which suggests that there is no publication bias at all, it 
consequently indicates the highest true effect. The only significant estimate 
(at 10%) of the true effect is the one from specification (5), which is the only 
specification that report significant estimates for both, the publication bias 
estimator and the true effect estimator.

Nevertheless, we must take into consideration that the FAT-PET regressions 
are not totally reliable, since this method has a relevant drawback, and that 
is their assumption of a linear relation between selection effort and standard 
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errors, which is likely to be unrealistic. This linear approximation might be a 
problem because it can overdo the correction for publication bias, generating 
a downward bias in the opposite direction. It usually happens with estimates 
statistically significant at 5% or less, as these studies are unlikely to suffer from 
selection bias and the regressions overestimate the potential publication bias 
due to the assumption of a linear relation with the standard errors.

Hence, we employ several modern non-linear techniques, in which publica
tion bias is not a linear function of the standard error, to evaluate the robustness 
of the results regarding the true effect corrected for publication bias. We ad
dress these techniques individually to explain how we conduct them and what 
do the results indicate in terms of publication bias and true effect estimation.

4.2 Non-linear techniques.

The first non-linear method is the ’Top 10’ technique introduced by Stanley 
et al. (2010), which consists in removing the 90% of the results with the 
least precise estimates. This approach relies on the assumption that the 10% 
most precise estimates suffers less from bias since, when the standard errors 
are small, the researchers do not struggle to produce statistically significant 
estimates. This procedure is supposed to reduce publication bias considerably 
and to estimate the underlying effect more efficiently than other conventional 
methods. In table 4.3 the results are summarized, after using only the 10% of 
the total observations with the most precise estimates.

Table 4.3: Top 10

Mean StandardD eviation

Mean beyond bias 0.198 0.243

Number of observations = 6

The results of the Top 10 approach indicate that the mean effect beyond 
bias of the economic freedom on economic growth is 0.198, a lower effect com
pared to the 0.29 effect size reported with the random effects model. This 
outcome suggests the presence of publication bias, but the value of the PCC 
(true effect) still corresponds to a medium effect of the explanatory variable on 
the dependent variable, since it lies within the interval [0.173;0.327], following 
the guidelines of Doucouliagos (2011).
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The second non-linear technique that we apply is the ’Weighted average of 
the adequately powered estimates’ (WAAP) approach proposed by Ioannidis et 
al. (2017). It is a conservative assessment of bias, since it will be biased in the 
same direction as a single estimate but in less magnitude because it does not 
give power to the lower powered estimates that tend to have higher publication 
bias. This method employs only those estimates with power above 80% and it 
has been shown to outperform the commonly used meta-analvsis techniques.

Number of observations = 30

The results for our data set are presented in Table 4.4.

Table 4.4: WAAP

M ean StandardD eviation

Publication bias 3.416 1.002
Mean beyond bias 0.147 0.085

The results of the WAAP approach suggest that the true effect of the eco
nomic freedom on economic growth is 0,147, a PCC that indicates a little effect 
of the explanatory variable on the dependent variable.

The third technique is the ’A&K’ method, the selection model recently 
introduced by Andrews and Kasv (2019) that tests for publication bias through 
the conditional probability of publication, which is determined as a function of 
the p-value corresponding to the estimate reported by each study. This method 
is based on the association reported by several researchers between standard 
cut-offs in the p-value and the jumps in the distribution of reported estimates. 
The results of this method are the following:

Table 4.5: A&K

Mean StandardD eviation

Mean beyond bias 0.237 0.03

The outcome of this method also indicates the presence of publication bias. 
The mean beyond bias is estimated to decrease to 0.237, a PCC corresponding 
to a medium effect.

The fourth method is the ’endogenous kink’ technique by Bom and Rachinger 
(2019), which is an improved version of PEESE (precision-effect estimate with 
standard error). This approach searches for a particular precision threshold 
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beyond which estimates get reported and publication bias is unlikely. With 
this method, we are introducing an ’endogenous kink’ to extend the linear test 
of publication bias. In table 4.6 the results are presented:

Table 4.6: Kinked model

M ean StandardD eviation

Publication bias 2.356 0.727
Mean beyond bias 0.09 0.048

The results indicate high publication bias and therefore a larger downfall in 
the true effect estimate compared with the previous techniques. In this case, 
following Doucouliagos’ interpretation guidelines, the true effect size indicates 
a small effect of the explanatory variable on the dependent variable, since the 
value of the PCC (0.09) lies within the interval (0.07;0.173).

The fifth non-linear technique is the ’stem-based’ method, proposed by Fu
rukawa (2019), which provides a conservative estimate after alleviating publica
tion bias in a robust way under various publication selection processes. While 
the Top 10 approach focused on a fraction of the most precise estimates, this 
method develops a formal criterion based on the trade-off between bias and 
variance to choose the optimal number of most precise studies. These most 
precise studies are assumed to be less likely to suffer from publication selection 
bias, since they are more reliable and there are less reasons not to publish them. 
The results for our data set are the following:

Table 4.7: Stem-based model

Mean StandardD eviation

Mean beyond bias 0.11 0.114

Note: The estimation of the mean has used the most precise 4 estimates.

The stem-based bias corrected estimate of mean of true effects is 0.11, with 
standard error 0.114. This result is similar to the one obtained with the en
dogenous kink technique; it also suggests high publication bias and a little true 
effect of economic freedom on economic growth.

Finally, as a complementary test of publication bias, we conduct a P-curve 
analysis through the ’p-uniform’ method. This technique, described by van As
sen, van Aert, and Wicherts (2015), is an alternative way to assess publication
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Figure 4.3: P-curve Analysis

Note: The observed p-curve includes 59 statistically significant (p<0.05) results, of 
which 47 are p<0.025. There were 10 additional results entered but excluded form 

p-curve because they were p>0.05.

bias testing the null hypothesis of no effect. It is based on inspecting the po
tential p-hacking using only the statistically significant effect sizes of primary 
studies. The p-value hacking is the assumption that the researchers modify 
their data as they want to obtain a significant result from a non-significant 
one. They do it by removing outliers, controlling the variables etc., in a way 
that they finally get a significant finding that is compliant with the conventional 
theory on the field of study.

Figure 4.3 shows the P-curve for our data (in blue). In the analysis are 
included only those estimates that are statistically significant (p<0.05).

P-curve analysis
- Total number of provided studies: k = 69
- Total number of p<0.05 studies included into the analysis: k = 59 (85.51%)
- Total number of studies with p <0.025: k = 47 (68.12%)
Results
Right-skewness test 0.000
Flatness test 0.943
Power Estimate: 91% (85.6%-94.7%)
Evidential value
- Evidential value present: yes
- Evidential value absent/inadequate: no
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P-curve’s estimate of the true effect size: d=0.47
From the results of the Right-Skewness test and the Flatness test we can 

determine if our data is significantly right-skewed, which would indicate a true 
effect behind the data, and whether the p-curve is flat, which could mean that 
the power is insufficient, or that there is no true effect behind the data. We 
get estimates for both test for the full P-curve (p<0.05) and for the half P- 
curve (p<0.025). From the results of these two tests and the evidential value 
section (where we test the null hypothesis of no effect), we can conclude that 
evidential value is present, and that evidential value is not absent or inadequate. 
Therefore, it confirms that there is a true effect behind our results and our 
findings are not the product of publication bias and p -hacking alone. However, 
this method clearly overestimates the true effect size (d=0.47) of the P-curve 
due to between-studv variance in true effect sizes.

Then, we perform the ’p-uniform*’ method, described in van Aert and van 
Assen (2019), which is an extension that can provide us with an estimation of 
the average effect size and the between-studv variance using both the statisti
cally significant and non-significant effect sizes. It is a more efficient estimator 
than the p-uniform method since it eliminates overestimation of the effect size 
due to heterogeneity. It also allows us to test for the presence of the between- 
studv variance in true effect sizes.

Through the p-uniform* approach we recompute p-values for various po
tential values of the underlying effect and compare that distribution with the 
uniform one, with the goal of finding a coefficient at which the distribution of 
p-values is uniform.

Table 4.8: p-uniform*

Af ean

Mean beyond bias 0.273
k = 69; ksig = 0

The results suggest that there is no between-studv variance and the esti
mated effect size is 0.273, a more logical result than the one obtained with the 
p-uniform. This outcome indicates a moderate publication bias and a medium 
true effect of the explanatory variable on the dependent variable.

Nevertheless, these results are not robust since it has been shown that P- 
Curve’s effect estimate are not robust when the heterogeneity of a meta-analvsis 
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is high (/2 > 50%); so, to use this method in a robust way, we would need to 

remove the outliers to reduce the overall heterogeneity.
As a summary of the several performed non-linear techniques of publication 

bias estimation, Table 4.9 shows the results of these tests:

Table 4.9: Bias-corrected effect of economic freedom on economic 
growth.

Method Af ean

Top 10 0.198
WAAP 0.147
Selection model(A&K) 0.237
Kinked model 0.09
p-unifbrm* 0.273
Stem-based 0.11

Uncorrected overall effect=0.292

In conclusion, we obtain diverse results from the different publication bias 
non-linear techniques; some of them indicate high evidence of publication bias 
and a small bias corrected true effect, while other methods suggest that the 
mean effect beyond bias is still medium, following the guidelines by Doucou- 
liagos (2011) on how to interpret a partial correlation coefficient. However, all 
of them agree on the fact that there is positive and significant publication bias 
in the selected studies and the overall true effect of the economic freedom on 
economic growth is inferior to the uncorrected one pooled before.

On balance, we have found strong evidence of publication bias in the lit
erature on the effect of economic freedom on economic growth. Beyond the 
FAT-PET method computed with fixed-effects estimates, all the other linear 
and non-linear techniques of estimation of publication bias report the presence 
of publication bias to some extent. Some suggest a small true effect size cor
rected for publication bias, while others indicate that the true effect size remain 
at the medium level.

In the following section of the research, we investigate various sources of 
heterogeneity between the studies. That is, to consider the effects of differences 
in study design on the reported estimates, which is a factor that can also affect 
the publication bias estimation.



Chapter 5

Analysis of heterogeneity

In this section, we evaluate how heterogeneity among and within selected stud
ies affects the estimated effect of economic freedom on growth. To examine the 
heterogeneity among the primary studies we extend the regression expressed 
in the FAT-PET method by adding some new variables. To be useful, these 
variables should capture the features in which the selected studies vary. The 
studies may vary in many aspects: they may use different definitions of the 
dependent variable, different measures of the explanatory variable, different 
control variables, different samples... These differences can lead to a specifi
cation bias that may distort the pooled overall effect as the publication bias 
does.

The regression therefore takes the following form:
PCC = ,30 + /31(SEpcc) + 'EY k * Zkis + e,
where k is the number of moderator variables, Yk is the coefficient on the 

respective moderator variables, Zkis denotes the moderator variables that can 
have an effect on the reported estimates, and the error term is e.

We do not weight the equation by the inverse variance as we did with 
the regression used to perform the Funnel Asymmetry Test because some of 
the explanatory variables tend to vary little within studies, like the sample size 
variable, and weighting by the estimates’ precision would introduce an artificial 
variation into these variables. Hence, our baseline BMA is unweighted and, in 
the next section, we also perform a robustness check by weighting the regression 
by the inverse of the number of estimates reported per study, so that each study 
of our data set is given the same importance.

In table 5.1 we present the potential explanatory variables that are included 
in our meta-analvsis. Since we have used the data set from the research of 
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Doucouliagos (2005), we also use the same moderator variables to be consistent 
with our reference paper. Given the relatively small number of primary studies, 
Doucouliagos restricted the moderator variables to 15 key variables that capture 
the differences in the studies. These variables correspond to 4 different groups 
according to their characteristics. The groups and variables are the following:

-Journal variables: We control for differences in the publication outlet us
ing the main journals where researchers published their results as moderator 
variables.

• PUBLIC: a dummy variable taking a value of 1 if the study was published 
in Public Choice, 0 otherwise.

• EJPE: a dummy variable taking a value of 1 if the study was published 
in the European Journal of Political Economy, 0 otherwise.

• KYKLOS: a dummy variable taking a value of 1 if the study was published 
in Kvklos, 0 otherwise.

• CATO: a dummy variable taking a value of 1 if the study was published 
in the Cato Journal, 0 otherwise.

-Specification variables: We control for the impact on the results of the main 
control variables that were used by the researchers to produce their reported 
estimations. We can find these moderator variables directly in the regressions 
of the studies or they can be proxied through other variables. Human capital 
can be measured through several proxies such as the effective labor force, the 
life expectancy or, most commonly, the proportion of the population which 
has completed secondary education (Barro and Lee, 2001). Physical capital is 
usually proxied by investment’s share in GDP. And Causality variable captures 
the differences between a causality testing framework and a growth regression.

• DEMOCRACY : a dummy variable equal to 1 if a study included political 
freedom as a control variable and 0 otherwise.

• HKPK: a dummy variable equal to 1 if a study included both human and 
physical capital as control variables and 0 otherwise.

• CAPITAL: a dummy variable equal to 1 if a study included physical 
capital as a control variable and 0 otherwise.
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• CAUSALITY: a dummy variable taking a value of 1 if the analysis was 
based on causality testing (typically a Granger causality test), 0 other
wise.

-Data variables: We control for additional data used to produce the reported 
estimates. We collect information on different aspects of the studies: Fraser 
variable indicates whether the measure of economic freedom affects the reported 
economic freedom effects; Size variable explores the differences between large 
and small sample studies in terms of the reported estimates; Year variable 
detects the change in the reported results over time; Panel variable explores 
the differences in the type of data used.

• FRASER: a dummy variable equal to 1 if the Fraser Institute measure of 
economic freedom (EFW) was used and 0 otherwise.

• SIZE1000: the sample size of a study (scaled by 1000).

• YE ARI 000: the publication year of the study normalized by the year of 
the earliest publication in our sample.

• PANEL: a dummy variable taking a value of 1 if the study used panel 
data and 0 if cross-sectional data was used.

-Measurement variables: We control for these variables to test whether 
aggregate measures of economic freedom lead to different estimates of the eco
nomic freedom-economic growth association. Aggregate variable explores the 
impact of data aggregation, while Property variable explores the impact of the 
use of a disaggregate measure of economic freedom (the property rights) as the 
explanatory variable; Change variable captures the potential differences that 
may arise when a study report estimates based on the change in the level of 
economic freedom instead of reporting them based on the level of economic 
freedom. We use the Change variable because some studies such as the ones 
by Gwartnev et al. (1999), de Haan and Sturm (2000) and Pitlik (2002) found 
strong evidence that the change in economic freedom, rather than its level, was 
robustly related to economic growth.

• AGGREGATE: a dummy variable taking a value of 1 if an aggregate 
measure of economic freedom was used and 0 if a disaggregate measure 
was used.
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• CHANGE: a dummy variable taking a value of 1 if the change in economic 
freedom was used, and 0 if the level was used.

• PROPERTY: a dummy variable taking a value of 1 if a measure of prop
erty rights was used, 0 otherwise.

Table 5.1: Variables and summary statistics

Variable Description Mean Std.error

PCCW Partial correlation coefficient (winsorized) 0.298 0.189
SEpccw Standard error of the PCC (winsorized) 0.090 0.032
Journal variables
CATO Dummy, 1 if published in the Cato Journal, 0 otherwise 0.058 0.235
KYKLOS Dummy, 1 if published in Kyldos, 0 otherwise 0.087 0.283
EJPE Dummy, 1 if published in the European Journal of Political Economy, 0 otherwise 0.072 0.261
PUBLIC Dummy, 1 if published in Public Choice, 0 otherwise 0.116 0.322
Specification variables
HKPK Dummy, 1 if a study included both human and physical capital as controls, 0 otherwise 0.391 0.491
CAPITAL Dummy, 1 if a study included physical capital as a control variable, 0 otlierwise 0.551 0.501
DEMOCRACY Dummy, 1 if a study included political freedom as a control variable, 0 otherwise 0.29 0.457
CAUSALITY Dummv, 1 if the analysis was based on causality testing, 0 otherwise 0.058 0.235
Data variables
FRASER Dummy 1 if the Fraser Institute measure of economic freedom was used, 0 otlierwise 0.551 0.501
PANEL Dummy, 1 if the study used panel data and 0 if cross-sectional data was used. 0.391 0.491
SIZE1000 The sample size of a study (scaled by 1000) 0.233 0.426
YEAR1000 The publication year of the study normalized by the year of the earliest publication. 15.74 7.91
Measurement variables
AGGREGATE Dummy, 1 if an aggregate measure of economic freedom was used, 0 otherwise. 0.812 0.394
PROPERTY Dummy, 1 if a measure of property rights was used, 0 otlierwise 0.145 0.355
CHANGE Dummy, 1 if the change in economic freedom was used, 0 if the level was used 0.043 0.205

Now that we have described the potential explanatory variables that have 
been included in our regression and we have presented in the table the summary 
statistics of these variables, it is time to conduct the heterogeneity analysis. 
The regression expressed before can not be addressed through a simple OLS 
regression because it would suffer from over-specification bias due to model 
uncertainty; and it would negatively affect the precision of the coefficient esti
mates due to a large number of variables. To address this model uncertainty 
we apply Bayesian model averaging (BMA; Hoeting et al., 1999). Recent ap
plications of BMA in meta-analvsis include Havranek et al. (2017, 2018a,b,c) 
and Havranek et al. (2020).

5.1 Bayesian model averaging

The Bayesian model averaging estimates multiple regressions using different 
subsets of the variables from the model space and then it takes the resulting 
coefficients and estimate a weighted average. Thus, we obtain the posterior 
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mean coefficient and posterior standard deviation of the coefficient. BMA ap
plies weights based on the posterior model probability (PMP), which measures 
how well a model fits the data. Highest PMPs correspond to models that fit 
best relative to model size. Posterior inclusion probability (PIP) is also cal
culated for each of the explanatory variables and it consists of the sum of the 
PMPs for all the models which include a certain variable. The PIP is therefore 
the probability that a variable belongs to the true regression model.

To estimate the BMA we use the uniform model prior and the unit informa
tion g-prior with the bms package developed by Feldkircher and Zeugner (2009) 
available in R. The resulting graphic is reported in Figure 5.1. This graphical 
result displays the explanatory variables on the vertical axis and in descending 
order according to their PIPs. The columns show specific regression models 
sorted according to the PMP. The color of the cells suggests the sign of the re
gression coefficient. A red color indicates that the variable is included, and the 
effect is negative; while a blue color indicates that the variable is included, and 
the effect is positive. A white cell suggests that the variable is not included in 
the regression model. A positive effect would mean that the reported effect of 
the economic freedom on economic growth is larger than the true effect, caused 
by the inclusion of the variable; a negative effect would mean the opposite.

In Figure 5.1 we present the graphical display of the baseline BMA.
In Table 5.2 we present the numerical results of the BMA: the posterior 

mean, the standard deviation, and the PIP for the explanatory variables.
We follow the rule of thumb by Kass & Raftery (1995), on how to interpret 

the size of the PIPs. This rule of thumb says that only the variables that 
have PIPs above 0.5 matter for the estimated effect. It also specifies that 
PIPs between 0.5 and 0.75 indicate a weak evidence of an effect, PIPs between 
0.75 and 0.95 denote a positive effect, PIPs between 0.95 and 0.99 denote a 
strong effect and PIPs above 0.99 indicate a decisive effect. Thus, through 
our BMA estimation, we find that 4 out of the 15 explanatory variables have 
PIPs with values above 0.5 and therefore do matter for the estimated effect of 
economic freedom on economic growth in the primary studies. However, none 
of these variables have a PIP with a value above 0.75, therefore it suggests 
a weak evidence of an effect. These explanatory variables are the following: 
CAPITAL, PANEL, SIZE and CAUSALITY.

In addition to the BMA we provide a Frequentist analysis as a robustness 
check; we estimate ordinary least squares using only the variables with PIPs 
above 0.5. The results of this check are reported in Table 5.3 and they indicate
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Model Inclusion Based on Best 5000 Models

SEpcc_w

Figure 5.1: Unweighted BMA

Cumulative Model Probabilities

Note: The response variable is the PCC of the effect of economic freedom on 
economic growth. The estimated equation is

PCC = 90 + dKjSEpcc) + EYk * Zkis + e, unweighted. The explanatory variables 
are listed and explained in Table 5.1. 5000 models with the highest PMP are 

presented for ease of exposition.

Table 5.2: Unweighted BMA

Variable JT j p Post Al ean PosLS D

SEpccw 0.166 0.122 0.54
CATO 0.108 0.005 0.034
KYKLOS 0.126 -0.007 0.032
EJPE 0.201 0.021 0.055
PUBLIC 0.099 -0.002 0.023
HKPK 0.173 0.008 0.037
CAPITAL 0.728 -0.085 0.068
DEMOCRACY 0.095 -0.001 0.015
FRASER 0.205 0.011 0.03
PANEL 0.623 -0.075 0.072
CAUSALITY 0.517 -0.108 0.126
SIZE1000 0.55 -0.065 0.071
YEAR1000 0.137 0.000 0.001
AGGREGATE 0.106 0.003 0.024
PROPERTY 0.099 0.000 0.024
CHANGE 0.106 -0.005 0.037
(Intercept) 1.000 0.367
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that only the variables CAPITAL and CAUSALITY are significant, contrary 
to the findings of the BMA.

Table 5.3: Frequentist check

Variable Coef. St.error

CAPITAL -0.116* 0.05
SIZE1000 -0.104 0.06
CAUSALITY -0.196*** 0.05
PANEL -0.082 0.05
-constant 0.430*** 0.04

Note: The frequentist check includes variables that have a PIP of above 50%, 
according to the BMA.

The results of the BMA support the ones obtained with the MRA done by 
Doucouliagos in his research. In our baseline BMA, the explanatory variable 
with the highest PIP is the variable CAPITAL, which has a PIP with a value 
of 0.73, that means a weak evidence of an effect but it is close to 0.75, which 
would mean a positive evidence of an effect. The reported Post mean is -0.085, 
a negative estimate that suggests that if we include the variable CAPITAL in 
the regression, the estimated effect of economic freedom on growth tends to 
be lower. This implication is in line with Doucouliagos (2006) since he says 
that ’’regardless of the data set, controlling for capital in the growth equation 
produces a smaller partial correlation between economic freedom and economic 
growth”, and omitting this variable in the equation leads to misspecification. In 
his research, Doucouliagos develops further the growth effects of the economic 
freedom through the physical capital and finds evidence for a significant indirect 
effect.

The variable PANEL is the one with the second highest value of PIP, with 
0.62 and a Post mean of -0.074. This negative coefficient indicates that the 
inclusion of the variable PANEL in the regression leads to lower estimates of 
the economic freedom effect on growth. This result is in line with Doucouliagos’ 
findings too, since it is the only variable, besides CAPITAL, that is consistently 
significant in all the meta-regressions of the MRA conducted by him. The 
implications of this result are that transitory effects (captured by panel data) 
seem to be lower than long-run effects (captured by cross-sectional data).

The variable with the third highest value of PIP is the variable SIZE, with 
a PIP of 0.55 and a Post mean of -0.065. Again, the outcome suggests that 
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the omission of the variable in the regression can lead to misspecification, be
cause when we include it into the equation, the effect estimated tends to be 
lower. This result is consistent with the findings of Doucouliagos too, since 
he reported that the variable SIZE was statistically significant when using the 
large data set. The interpretation of this outcome is very simple: when the 
sample size increases, the effect estimated tend to fall. This reasoning is in line 
with the small sample bias hypothesis explained before as one of the causes for 
publication bias. Those studies that use a low number of observations need to 
report high estimates to be statistically significant and get published, so they 
tend to report higher estimates than larger studies.

The fourth and last variable that we have found that matter for the estima
tion of the effect of economic freedom on growth is the variable CAUSALITY. 
With a PIP of 0.52 and a Post mean of -0.107, there is a weak evidence that 
studies that use a Granger causality test report smaller effects of the economic 
freedom on economic growth. This is also in line with Doucouliagos’ research 
and it is due to the fact that studies using a Granger causality test also use 
panel data and, as we have already seen, panel data leads to lower estimates.

Now that we have analysed individually the four explanatory variables that 
have been shown to be relevant in the estimation of the effects in the economic 
freedom-economic growth association, it is time to make some observations 
about the irrelevant variables.

Regarding the Journal variables (CATO, KYKLOS, EJPE and PUBLIC), 
none of them show any evidence of an effect in the regression. We therefore do 
not find any difference in the publication outlet, an outcome that differs from 
the one obtained by Doucouliagos, who reported in his paper a statistically sig
nificant negative impact for KYKLOS and a positive one for CATO. However, 
we must mention that those results were obtained with the larger data set, 
which includes several estimates that have not been considered in our research.

Then, we have the other two specification variables included in the BMA 
(HKPK and DEMOCRACY) that are shown to be irrelevant. The BMA re
ports no evidence of an effect of the inclusion of the variables HKPK and 
DEMOCRACY in the regression, supporting the results reported by the MRA 
conducted by Doucouliagos, which suggested a weak and statistically insignifi
cant negative impact of the variables in the estimated effect. We can conclude 
that the impact of the inclusion of the variables of political freedom and both 
human and physical capital are not strong enough to be statistically significant 
in the regression, and therefore the omission of these variables does not lead to
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a misspecification bias.
Regarding the other two data variables included in the BMA (FRASER 

and YEAR), both of them report PIPs under 0.5 and are therefore considered 
as irrelevant for the estimation of the effect. Thus, we do not find evidence 
of an effect in the estimation of the index of economic freedom used by the 
primary studies and neither of the differences in the year of publication. This 
is in line with Doucouliagos’ findings too, who establish these two variables as 
statistically insignificant in the MRA.

Finally, we have not reported any measurement variable as relevant for 
the estimation of the effect. The three explanatory variables (AGGREGATE, 
PROPERTY and CHANGE) have PIPs under 0.5. Here we find some differ
ences with the findings of Doucouliagos: he reported as statistically significant 
the variables AGGREGATE and CHANGE, concluding that the level of ag
gregation of the measure of economic freedom used matters for the estimation 
of the effect, and that studies using the change in economic freedom as an ex
planatory variable for the economic growth reports larger effects than studies 
using the level of economic freedom. However, we do not find evidence for that 
effect. Again, we must take into account that Doucouliagos obtained those re
sults with a larger data set, and that may be the explanation for the differences 
in the results. On the other hand, the variable PROPERTY was reported as 
statistically insignificant in the MRA, so we can say that the use of property 
right measures as a proxy for economic freedom produces partial correlations 
similar to the aggregate measures.

On the other hand, our baseline BMA reports that the standard error 
(SEpcc_w), which is the publication bias estimator, is irrelevant in the esti
mation of the effect of economic freedom on growth; there is no evidence of 
publication bias in the regression. Its PIP is 0.12 and the Post mean is 0.16. It 
contradicts the several tests of publication bias that we have done before, since 
all the previous analysis suggested that publication bias estimator was signif
icant and therefore publication bias seemed to affect the regression. However, 
the results obtained in the BMA indicates that the distortion of the pooled 
result would be caused by the heterogeneity between the studies and the pub
lication bias would not affect it.

To further inspect the origin of the bias, in the next section, we conduct 
several robustness checks that may help us to interpret the results.
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Extensions and robustness checks

6.1 Weighted BMA

In this section we present some extensions to our baseline regression that might 
be useful robustness checks of the results obtained before. We start by con
ducting the BMA again, but this time we do not use the regression unweighted; 
we weight the regression by the inverse of the number of estimates reported per 
study. This way, each study of our data set is given the same importance. The 
following graph (Figure 6.1) shows the results of the BMA of the regression 
weighted by the inverse of the number of equations per study.

Table 6.1 presents the corresponding numerical results of the BMA and 
Table 6.2 presents the frequentist check.

The outcome shows some important differences with our baseline BMA 
results. In this case, there are two new variables that report PIPs over 0.5 and 
therefore suggest some evidence of an effect in the regression of the economic 
freedom-economic growth association. These variables are AGGREGATE and 
PROPERTY. Furthermore, these two variables report PIPs over 0.95; thus, it 
denotes a strong effect. CAPITAL and SIZE variables’ PIP values have also 
increased, and now they are over 0.75, which denotes positive effect, instead of 
the weak effect that indicate the results obtained with the baseline regression. 
CAUSALITY’S PIP value remains in the interval (0.5-0.75). On the other hand, 
the variable SIZE, which is relevant in the baseline BMA, now has a PIP with 
a value under 0.5, turning thus into irrelevant. These findings are confirmed 
by the frequentist check, since they suggest that the five relevant variables are 
significant.
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Figure 6.1: Weighted BMA

Model Inclusion Based on Best 5000 Models

Cumulative Model Probabilities

Note: The response variable is the PCC of the effect of economic freedom on 
economic growth. The estimated equation is

PCC = 00 + 01(SEpcc) + EYk * Zkis + e, weighted by the inverse of the number of 
estimates reported per study. The explanatory variables are listed and explained in 
Table 5.1. 5000 models with the highest PMP are presented for ease of exposition.

Table 6.1: Weighted BMA

Variable JT j p PostAl ean PosLS D

SEpccw 0.238 -0.063 1.018
CATO 0.178 0.019 0.059
KYKLOS 0.151 -0.010 0.038
EJPE 0.183 0.015 0.047
PUBLIC 0.108 -0.001 0.022
HKPK 0.214 0.015 0.046
CAPITAL 0.908 -0.132 0.067
DEMOCRACY 0.105 -0.000 0.015
FRASER 0.173 0.008 0.025
PANEL 0.465 -0.053 0.071
CAUSALITY 0.715 -0.175 0.137
SIZE1000 0.852 -0.221 0.127
YEAR1000 0.127 0.000 0.001
AGGREGATE 0.957 0.427 0.001
PROPERTY 0.954 0.452 0.159
CHANGE 0.12 -0.007 0.041
(Intercept) 1.000 0.02
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Note: The frequentist check includes variables that have a PIP of above 50%, 
according to BMA.

Table 6.2: Frequentist check

Variable Coef. St.error

AGGREGATE 0.130*** 0.04
PROPERTY 0.143* 0.06
CAPITAL -0.115* 0.05
SIZE1000 -0.142* 0.06
CAUSALITY -0.256*** 0.04
-constant 0.283*** 0.04

This BMA also finds no evidence of publication bias in the primary studies. 
As in the baseline BMA, the standard error is found to be irrelevant.

Comparing these findings with the ones of Doucouliagos, this BMA supports 
that the aggregation level of the measure of economic freedom is a significant 
factor in the estimation of the effect of economic freedom on growth. However, 
the results contrast with the previous meta-analvsis in pointing at the use of 
property rights as a measure of economic freedom as a differential factor in 
the estimation of the partial correlation. Furthermore, Panel variable was also 
found to be significant in Doucouliagos’ research, while this BMA indicates 
that it is irrelevant.

6.2 Trimmed data set

Given the differences between the outcomes of the two BMA, we review the 
treatment of outliers. We decided to winsorize our data set, so that all the 
estimates were included in the analysis, even the extreme ones, relying on the 
benefits of winsorization over data trimming. Nonetheless, winsorization has 
some drawbacks too: First, winsorization may not be enough to redress the 
distortion that the most extreme outliers can cause in the data set and second, 
stacking data at pre-defined percentiles could create problems when conducting 
the BMA and other statistical tests.

To assess whether the most extreme outliers have distorted the results re
garding publication bias of our analysis, we proceed to conduct the analysis of 
publication bias and heterogeneity again, but this time we rely on trimming 
the most extreme outliers instead of winsorization.
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6.2.1 Trimming procedure

The first step of trimming data is to determine which studies should be ex
cluded from our data set following the principle that we used when we chose 
to winsorize: to achieve the stabilization of the results by trimming as few ob
servations as possible. We find very useful the analysis of outliers conducted 
before. From the total of 22 outliers detected in the data set, there are only 
two observations that are considered as influential cases: the studies by Feld 
and Voigt (2003) and Lail et al. (2002). Additionally, we found that the study 
by Karabegovic et al. (2003), which is the third most influential observation, 
does a great contribution to the overall heterogeneity. Hence, we decide to 
trim these three outliers, since they have been shown to be the most influential 
cases.

Firstly, we estimate the overall effect with the trimmed data set. The results 
are presented in Table 6.3.

Table 6.3: Estimates of the pooled effect

Model COR 95% -CI z p — value

Random-effects model 0.264 [0.222; 0.306] 12.32 < 0.0001

Number of studies combined: k = 66

Table 6.4: Quantifying heterogeneity

Measure value,

tau2 0.0218
I2 83.38%
Qtest 341.52

As can be seen from the output, the pooled overall effect estimated with the 
random-effects model decrease from 0.292 to 0.264 when we trim the studies 
by Feld and Voigt (2003), Lail et al. (2002) and Karabegovic et al. (2003), 
so these observations are shown to have a considerable impact on the overall 
effect, which makes sense since they all are outliers. On the other hand, the 
heterogeneity has decreased considerably but it is still high (/2 = 83.38%)

6.2.2 Publication bias analysis

Then, we replicate our analysis of publication bias using the linear and non
linear techniques that we used with the winsorized data set, but this time we use 
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the trimmed data set to determine whether the presence of the three excluded 
observations has distorted the results or not. Our findings are shown in Tables 
6.5 and 6.6.

Table 6.5: FAT-PET analysis

Specification Publication bias (Al) Mean beyond bias (AO)

(fiWLS, clustered 2.711*** (0.41) 0.029 (0.03)
(2)WLS, robust 2.420*** (0.24) 0.008 (0.02)
(3)F£, clustered 3.095 (.) 0.000 (.)
(4)/U, clustered 3.193*** (0.52) -0.007 (0.04)
(5)IU LS, Equations 2.280*** (0.49) 0.075 (0.05)

Note: The dependent variable is the PCC of the effect of economic freedom on 
economic growth. The estimated equation is PCC = {30 + /31SEpcc + e.

Specifications (1) - (4) are weighted by inverse variance while Specification (6) is 
weighted by the inverse of the number of equations per study. Standard errors are 
reported in parenthesis. *, ** and *** denote significance at the 10%, 5% and 1% 

levels.

Table 6.6: Non-linear publication bias techniques.

Model Af can

Top 10 0.112
WAAP 0.044
Selection model(A&K) 0.203
Kinked model 0.029
p-uniform* 0.253
Stem-based 0.11

Uncorrected overall effect=0.264

The results consistently show a significant presence of publication bias in 
the primary studies. All of the non-linear publication bias techniques report 
lower estimates of the mean effect beyond bias than the ones reported when 
using the winsorized data set. Regarding the linear methodology (the FAT
PET approach), specifications (1) and (5), which were the only ones reporting 
a positive true effect in our initial analysis, are also significantly lower with the 
trimmed data set. The p-uniform* estimate, which report the highest mean 
beyond bias and a very little evidence of publication bias, is still not robust 
since the heterogeneity of the meta-analvsis is high.
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Model Inclusion Based on Best 5000 Models

Figure 6.2: Unweighted BMA with trimmed data set

Cumulative Model Probabilities

Note: The response variable is the PCC of the effect of economic freedom on 
economic growth. The estimated equation is

PCC = d0 + dKjSEpcc) + EYk * Zkis + e, unweighted. The explanatory variables 
are listed and explained in Table 5.1. 5000 models with the highest PMP are 

presented for ease of exposition.

In conclusion, while the results obtained with the winsorized data set re
ported a little-medium effect beyond bias, the results with the trimmed data 
set are closer to a little effect and some of them even suggest that there is no 
effect at all, since the PCC beyond bias in several approaches is lower than 0.07, 
which is the limit to be considered as a relevant effect, following the guidelines 
of Doucouliagos (2011) on how to interpret a partial correlation coefficient.

6.2.3 Heterogeneity analysis

Finally, we conduct the BMA with the trimmed data set to see the differences 
with the BMAs performed before after the exclusion of the three outliers.

The following plots show the graphical display of the BMA with the trimmed 
data set. Figure 6.2 presents the BMA using an unweighted regression and 
Figure 6.3 presents the BMA using a regression weighted by the inverse of the 
number of estimates reported by per study.

The numerical results corresponding to these graphs along with the frequen- 
tist check are presented in the Tables 6.7, 6.8 and 6.9:

The outcomes of both BMAs are similar and both significantly differ from
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Model Inclusion Based on Best 5000 Models

Figure 6.3: Weighted BMA with trimmed data set

0 0.05 0.1 0.14 0.19 0.23 0.27 0.32 0.36 0.4 0.44 0.48 0.52 0.56 0.6 0.64 0.68 0.72 0.77 0.8 0.84 0.88 0.93

Cumulative Model Probabilities

Note: The response variable is the PCC of the effect of economic freedom on 
economic growth. The estimated equation is

PCC = 00 + 01(SEpcc) + EYk * Zkis + e, weighted by the inverse of the number of 
estimates reported per study. The explanatory variables are listed and explained in 
Table 5.1. 5000 models with the highest PMP are presented for ease of exposition.

Table 6.7: Unweighted BMA

Variable JT j p PostAl ean PosLS D

SEpccw 0.686 1.289 1.05
CATO 0.138 0.010 0.039
KYKLOS 0.143 -0.009 0.033
EJPE 0.164 -0.016 0.051
PUBLIC 0.123 0.005 0.026
HKPK 0.144 0.005 0.028
CAPITAL 0.374 -0.029 0.048
DEMOCRACY 0.096 -0.001 0.013
FRASER 0.165 0.007 0.022
PANEL 0.346 -0.032 0.054
CAUSALITY 0.278 -0.037 0.075
SIZE1000 0.318 -0.03 0.054
YEAR1000 0.112 0.000 0.001
AGGREGATE 0.182 0.011 0.034
PROPERTY 0.138 -0.006 0.03
CHANGE 0.096 -0.002 0.03
(Intercept) 1.000 0.181
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Table 6.8: Weighted BMA

Variable JT J p PostM ean P ostS D

SEpccw 0.915 2.429 0.949
CATO 0.395 0.066 0.099
KYKLOS 0.203 -0.017 0.046
EJPE 0.167 -0.015 0.048
PUBLIC 0.214 0.016 0.041
HKPK 0.16 0.007 0.033
CAPITAL 0.422 -0.035 0.053
DEMOCRACY 0.097 -0.000 0.014
FRASER 0.167 0.007 0.023
PANEL 0.161 -0.008 0.031
CAUSALITY 0.196 -0.020 0.057
SIZE1000 0.186 -0.022 0.072
YEAR1000 0.105 0.000 0.001
AGGREGATE 0.325 0.053 0.11
PROPERTY 0.197 0.026 0.096
CHANGE 0.106 -0.004 0.035
(Intercept) 1.000 0.024

Table 6.9: Frequentist check

Variable Coef. St.error

SEpcc 2.157*** 0.46
-constant 0.078 0.04

Note: The frequentist check includes variables that have a PIP of above 50%, 
according to the BMA
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the ones obtained with the winsorized data set BMAs. This time, none of the 
explanatory variables that were reported as relevant in the estimation of the 
effect by the previous BMAs are found to matter, since their PIPs are under 
0.5. Furthermore, there is not evidence that any other explanatory variable 
has an effect in the regression, since all of them are found to be irrelevant 
(PIP under 0.5). The only variable that has a PIP value over 0.5 in both 
analysis is the standard error, which is the publication bias estimator. In the 
unweighted BMA, the SEpcc variable has a PIP value of 0.68, which suggests 
a weak evidence of an effect of the variable in the regression, and a Post mean 
of 1.29, which indicates the presence of publication bias, since the estimator is 
higher than 1. Further, in the weighted BMA, the standard error has a PIP 
value of 0.91 that denotes a positive effect, and the Post mean is 2.48, which a 
higher estimator of publication bias and therefore suggests a more significant 
presence of the bias in the literature. The frequentist check supports the BMA 
findings and reports the standard error as significant in the regression at 1%. 
The publication bias estimator is 2.157, which is also in line with the majority 
of the previous publication bias tests. In addition, it also indicates that the 
true effect once we control for the bias is 0.078, a PCC that suggests a little 
effect of the explanatory variable on the dependent variable.

We interpret these results as the evidence of the distortion of the analysis 
done by the three trimmed observations. The heterogeneity between studies 
that were reported in the baseline BMA was enhanced by these extreme out
liers and, once we exclude them, there is no evidence of specification bias. In 
addition, the BMAs conducted with the tirmmed data set confirms the results 
regarding publication bias that we obtained through the linear and non-linear 
methodology of publication bias estimation.



Chapter 7

Conclusion

In our research, we focus on extending the work done by Doucouliagos (2005), 
to further inspect the impact of economic freedom on growth. To do so, we 
add several empirical studies that have been published in the last decade into 
the original data set of Doucouliagos, increasing thus the time span of the 
observations used in the meta-analvsis. The new collected studies are in line 
with the ones that already were in the original data set: the vast majority re
port positive and statistically significant partial correlation coefficients, which 
therefore indicates a robust positive association between economic freedom and 
growth. The estimated overall effect of our data set is 0.292, which indicates ev
idence for a medium effect of economic freedom on economic growth, following 
the guidelines on how to interpret partial correlations of Doucouliagos (2011). 
This association is crucially important since it confirms the determinant role of 
economic freedom on economic performance and social welfare. Nevertheless, 
this is not a final finding since, as Doucouliagos did in his research, we then 
conduct several meta-analvtic techniques to determine whether the collected 
studies and the corresponding overall effect pooled from them are affected by 
bias or not.

In addition to the collection of new empirical studies on the association be
tween economic freedom and growth, we also introduce several modern meta- 
analvtic techniques that test the biases from which the empirical literature can 
suffer. Given that the original paper of Doucouliagos was published a long 
time ago (2005), meta-analvsis have evolved drastically since then and we can 
say that our approach is totally different from the original. The techniques 
used to test the publication bias and the heterogeneity among the studies are 
significantly different; Doucouliagos (2006) used Meta-significance testing and 
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a simple Funnel Asymmetry Test to test for publication bias, while we con
duct a more sophisticated FAT-PET approach along with WLS and different 
specifications of the model. Additionally, we also perform several recently de
veloped non-linear techniques to evaluate the robustness of the results. On the 
other hand, to explore the specification bias, Doucouliagos (2005) used a meta
regression model (MBA), and we have performed two modern techniques, the 
Bayesian model averaging approach and the Frequentist model. Our analysis 
therefore does not test just the biases in the literature that conforms our data 
set, it also tests whether the findings of the original paper were accurate or not.

The first step in our meta-analvsis is to do an analysis of outliers to detect 
which observations distort the overall effect the most. This approach was not 
done by Doucouliagos in his research. Although we detect three extreme values 
that are considered as influential cases, we decide to winsorize the data set and 
we do not exclude those observations.

We then proceed to conduct the meta-analvsis with the winsorized data set. 
The results of the publication bias analysis show that the economic freedom- 
economic growth association is affected by publication bias to such extent that 
it is no clear what the true effect is. What it is clear is that the effect of 
publication bias in the estimate is positive, therefore when we eliminate the 
selection bias, the reported effect of economic freedom on growth decreases. 
Some approaches suggest that the true effect drops to a level that denotes a lit
tle effect following Doucouliagos guidelines, while others suggest that the effect 
remains at the medium effect interval. Nevertheless, our analysis of heterogene
ity reports some contradictory results regarding publication bias. Our baseline 
BMA reports as statistically insignificant the publication bias estimator (the 
standard error variable) and therefore contradicts the publication bias analysis 
since it presents no evidence of an effect of selection bias in the regression. 
Hence, while we find some evidence for publication bias, it is not very strong 
and robust.

With regards to the analysis of heterogeneity and how the differences in 
study design can affect the effect estimated, our BMA results are mostly in line 
with the original research of Doucouliagos (2005); BMA reports as statistically 
significant most of the explanatory variables that the MRA of our reference 
paper reports as significant in the estimation of the effect, with similar coeffi
cients. These variables are Capital, Causality, Size and Panel. These results 
imply that there are some factors (the inclusion of physical capital as a control 
variable , the use of causality testing, the use of panel data and a large sample
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size) in the composition of the empirical studies that leads the reported effect 
to be smaller, in this case, than the effect reported by other studies that differ 
in their study design (those that do not include physical capital as a control 
variable, use cross-sectional data or a growth regression, or have a smaller sam
ple size). In conclusion, we do find evidence of specification bias within the 
winsorized data set.

Furthermore, in addition to our baseline research, we perform an extension 
of the meta-analvsis to determine what is the explanation for the controversial 
results of publication bias obtained before. In this extension, we aim to deter
mine whether the extreme observations in our data set distort the results or 
not. Thus, we trim the data set by excluding those 3 studies that were found 
to distort the overall effect before. It must be stressed that these 3 observa
tions were already in the original paper, so this trimming procedure and the 
corresponding findings are also relevant for the original research.

With the trimmed data set, we conduct again the same methodology that 
we used with the winsorized data set. The results are: a lower overall effect es
timate (but still a medium effect), lower heterogeneity between the studies (but 
still high), a more significant and robust publication bias estimator and there
fore a lower estimate of the true effect beyond bias; this time the approaches 
indicate estimates closer to a little effect (or even no effect at all) than to a 
medium effect. Regarding the analysis of heterogeneity, we conduct the same 
two BMA approaches (weighted and unweighted) and both suggest that there 
is no significant specification bias anymore, since all the explanatory variables 
that were found before (PIPs over 0.5) to have an effect on the regression, now 
are reported as statistically insignificant; and the only variable with a PIP over 
0.5 and therefore the only one that seems to have an effect on the estimation 
of the economic freedom-economic growth association is the publication bias 
estimator (the standard error), supporting thus the findings of the publication 
bias estimation techniques conducted before.

To conclude, we have found that the specification bias reported in our refer
ence paper is mainly driven by three outliers that should be excluded from the 
data set, since they are shown to be the cause of distortion of the results. Once 
trimmed, there is still high heterogeneity between the studies, but there is no 
evidence of specification bias, since none of the explanatory variables seem to 
have an effect on the regression. On the other hand, our findings support the 
argument that the empirical literature suffers from a significant and positive 
publication bias that distorts the overall effect estimation, and increases the 
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estimation of the economic freedom-growth association. Thus, the true effect 
of economic freedom on economic growth beyond bias seems to be in the in
terval (0.07;0.173), which denotes a little effect of the explanatory variable on 
the dependent variable, rather than the medium effect that is reported by the 
empirical literature.
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