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Abstract  
Infrastructure is the foundation for development of any country. Weak institutions and poor 

infrastructure can slow down economic growth. In establishing our base proxy variable for institutions, 

we follow the typical transition literature and focus on a broad aggregated indicator of institutional 

change in transition, as well as on world governance indicators. As state of institutions can foster 

infrastructure investment and by this could have impact on economic output. Therefore, in the present 

study, we empirically investigate the impact of infrastructure, institutions on economic growth in 

transition countries for the period 1990-2013.In order to investigate the relationship and causality 

between the variables we use panel cointegration analysis and panel causality analysis. The VECM 

results indicated the existence of bidirectional causality between economic output, infrastructure index, 

and WGI both in the short and long-run. There is a negative and statistically significant estimated 

coefficient for the physical output. Furthermore, the estimation of the basic model showed that the labor 

force coefficient is positive and statistically significant, while infrastructure index has negative 

coefficient and statistically significant.  
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1. Introduction  

The relationship between infrastructure capital and economic growth has been controversial 

(Esfahani and Ramirez 2003). A number of empirical studies have found high returns to 

infrastructure investment (Aschauer, 1989; Easterly and Rebelo, 1993). However, the 

robustness of the results has been questioned in other empirical studies and surveys (Munnell, 

1992). An important concern has been endogeneity and the direction of causality between 

infrastructure and aggregate output. 

 A number of papers based on state-level panel data for the United States have shown that 

introducing long-run fixed effects may spread out the positive effect of infrastructure on output 

growth (Holtz-Eakin, 1994). Similarly, using a cross-country panel data, Canning and Pedroni 

(1999) find that allowing for heterogeneity in the short-run infrastructure–GDP interactions 

yields two-way causality in most countries. These results suggest that taking account of both 

endogeneity and heterogeneity in the steady-state as well as the short-run relationships between 

infrastructure and output may be important for gaining better insights into the returns to 

infrastructure investment.  
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As state of institutions can foster infrastructure investment and by this could have impact on 

economic output. Therefore, in the present study, we empirically investigate the impact of 

infrastructure, institutions on economic growth in transition.  

Transition economies form an ideal set for study, as they have all been part of a natural 

experiment. Out of communism, they share a similar history. Moreover, they all faced the same 

shock as they abandoned communism and command economies; all inherited dysfunctional 

institutions. This shock and the following structural change cause a break between the levels of 

development (growth) and institutions (Paakkonen, J., 2010). 

The goal of this paper is to provide a comprehensive empirical evaluation of the relationship 

between infrastructure index, institutions and economic output in transition countries using 

trans-log production function. To do this, we form a large data set of infrastructure indicators 

covering 31transition countries (Appendix 1) and covering the years 1990-2013.  

The long and short run causality analyses are conducted by using vector error correction model 

(VECM). VECM, is based on different concepts of co-integration (Johansen, 1988; Pesaran et 

al., 2001), is an invention that helps to check the robustness. 

The paper is structured in the following way: Section 2 develops the literature review about the 

theoretical link between infrastructure, institutions, and economic growth. Section 3 is about 

infrastructure development in transition countries. Data, methodological framework, and 

empirical methods are provided in Section 4. The empirical findings are reported and discussed 

in Section 6. Concluding remarks are given in Section 7. 

 

2. The theoretical link between infrastructure, institutions, and economic growth 

(literature review) 

The linkage between infrastructure and economic growth is not a one-dimensional one, rather 

multiple and complex. Infrastructure not only affects production and consumption directly but 

also creates many direct and indirect externalities and involves large flows of expenditure 

thereby creating additional income and employment. Infrastructure promotes growth and 

economic growth. In the literature, there are several studies examining the relationship between 

different physical infrastructure services and per capita income/output. These studies suggest 

that infrastructure does contribute towards the growth of output, income and employment of 

the economy and ultimately the quality of life of the people in the concerned economy 

(Aschauer 1989). Sarkar (1994) adopts principal components method to compute the 

infrastructure index. Bhatia (1999) constructed an index of rural infrastructure and his study 

revealed that the index of infrastructure significantly influences the per hectare yield of food 

grains in the state.  

Aschauer (1989) initially developed a series of studies on this topic. His empirical works 

showed the essential importance of the investment on infrastructure to the development of 

economy. Munnell (1990) found high output elasticity of public infrastructure investment 

though comparatively lower than Aschauer (Pei Sun, 2009). Criticizing these earlier studies, 

there has been a spell of empirical tests on the link between infrastructure and economic growth 

using variety of data, empirical methods, and infrastructure measures (both quantity and 

quality) and controlling other variables affecting growth. Following Aschauer’s early work, 

there has been a great number of studies using different data to support the conclusion that 

infrastructure is important to economy.  

A more recent empirical literature, mostly in a cross-country panel data context, has confirmed 

the significant output contribution of infrastructure. Such result is reported, for example, by 
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Canning (1999) using panel data for a large number of countries and by Demetriades and 

Mamuneas (2000) using OECD data (Calderón and Servén, 2004). 

Hulten (1997) and Canning and Pedroni (2004) show that optimal and efficient use of 

infrastructure is important for growth (Sahoo et al., 2012). 

Calderón and Servén (2003a) presented empirical analysis with a focus on Latin America, using 

GMM estimates of a Cobb-Douglas production technology obtained from a large cross-country 

panel data set.  

Most of the studies find positive long-run effect of infrastructure on output, productivity, or 

their growth rate using physical indicators of infrastructure stocks, but results are mixed or even 

negative among the growth studies using measures of public capital stocks or infrastructure 

spending flows (Straub, 2007).  

Many authors agree that transition is largely a process of institutional change (North, 2005). 

However, the importance of institutions in transition is under investigation and it is still 

characterized with empirical gaps that need to be thoroughly investigated (Efendic et al., 2010). 

Institutions are a “complex” phenomenon and empirical research cannot capture all of this 

complexity; hence, simplified institutional indicators and proxies need to be used in applied 

research (Williamson, 2000;). A huge disparity in using institutional proxies in empirical 

research, without any consensus in the direction of “unification”, suggests that a single variable 

representing institutions is not available (Keefer and Knack, 1997). Consequently, the first 

methodological challenge for empirical research on institutions is to find an “adequate” 

quantitative proxy for the performance/quality/efficiency of institutions in transition (Efendic 

et al., 2010). Looking at previous transition research, most empirical investigations use the 

European Bank for Reconstruction and Development (EBRD) structural and institutional 

change indicators as proxy for institutions ( Havrylyshyn et al., 1998;)(Efendic et al., 2010). 

Recently, the role of institutions in influencing economic development has become one of the 

more dynamic areas of empirical work in economics North (1981).Numerous empirical studies 

have provided substantial evidence to support the view that differences in institutions can have 

a major effect on economic development. For example Knack and Keefer (1995) highlight that 

the quality of bureaucracy, property rights, and the political stability of a country all contribute 

to positive economic growth. Even though there has been increasing interest in the link between 

institutions and economic growth, far too little attention has been paid to the causality 

relationships between the two variables (Law et al., 2013).  

 

3. Infrastructure development in transition countries 

Whereas the literature on infrastructure and development abounds for Western industrial 

countries, little has been said on the topic on transition countries (Sugolov et al., 20113). The 

empirical research on economic growth in transition countries has thus taken into account 

mainly the conventional factors of the institutional infrastructure and the policy environment, 

such as initial conditions, privatization, and the legal environment (Sugolov et al., 20113). 

Havrylyshyn (1999) did studies related recovery and sustained growth in transition countries to 

the initial conditions of an economy at the outset of reforms, the speed of macro-stabilization, 

and the degree of structural reforms. Piazolo (1999) explicitly integrated a qualitative indicator 

of institutional change developed by EBRD (reflecting privatization and competition policy, 

amongst other policies) into cross-section estimations of an aggregate production function; he 

found institutional change to be a significant factor of growth in transition countries, suggesting 

that a more market-oriented approach would foster growth in the transition countries. In 

addition to the traditional institutional factors of growth, it has been argued that for transition 
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countries, the growth impact of material infrastructure investments and the liberalization of 

infrastructure sectors are particularly strong. Under socialism, infrastructure development was 

concentrated in few sectors, and the qualitative state was incompatible with the requirements 

of a market economy (EBRD, 1996). Estimates of the investment needed in transition countries 

to reach the average level of the European Union were above EUR 1,000 bn., or over 6% of 

annual GDP for at least 15 years; by contrast, real infrastructure investments during the 1990s 

covered not even 10% of the estimated requirements, pointing to a potential obstacle to 

sustained growth (Hirschhausen, 2002). Aghion and Schankerman (1999) suggest a particularly 

important role for infrastructure investments in transition countries; this is due to the extensive 

cost asymmetry between old, post-socialist firms (high-cost) and new, potentially more efficient 

firms (low-cost, e.g. unbundled parts of former combines, start-up firms). Infrastructure 

investments in transition countries then induce an expansion effect, leading to an increase in 

aggregate output, a selection effect whereby the low-cost firms increase their market share, and 

a market entry effect whereby new low-cost firms enter the market. According to this model, 

the dynamic effects of infrastructure investments increase with higher cost asymmetry between 

the firms, the initial market share of firms with high costs, the effort required for restructuring, 

and low costs of market entry for new firms; this constellation is exactly given in the transition 

countries. Apart from the absolute level of infrastructure equipment, the regulation of 

infrastructure sectors is also likely to affect the development of an economy (Sugolov et al., 

20113). 

The empirical evidence on the transition countries is scattered and thus far without conclusive 

results. The only sectoral econometric study by Meissner (1999) is available to-date, which 

covers the relation between the amount of road infrastructure and the competitiveness of the 

East European transition countries. Meissner finds a positive relation between the network 

density of roads (expressed in km of roads/km2) and the inflow of net foreign direct investment 

(which is taken as an indicator for competitiveness). With respect to the European transition 

countries, some unreliable evidence on the structural effects of early infrastructure investment 

comes from Hungary, where the privatization of infrastructure proceeded particularly quickly, 

e.g. in banking, telecommunication, and the energy sectors, but where most private investors 

were granted temporary monopoly status. This infrastructure plus the boost in reputation that 

Hungary achieved may have spurred the market entry effect by attracting significant amounts 

of foreign direct investment (Armstrong and Vickers, 1999, Hirschhausen, 2002). 

 

4. Methodological framework and data   

4.1 Production function based models 

Two different forms of the production function approach are widely used. The first specification 

is the Cobb-Douglas specification. One issue with using the Cobb-Douglas approach is that the 

production function has the property of declining marginal productivity of input. As a result, 

regions that have low levels of capital per worker or low levels of road infrastructure per worker 

will automatically have higher rates of return (due to the higher marginal productivity of the 

respective inputs) than regions with higher input per worker levels (Lee, 2010). 

The second form is the trans-log production function. The trans-log production function is a 

generalized version of the Cobb-Douglas. Using the trans-log specification over the Cobb 

Douglas approach has the advantage in that it allows for the estimation of the relationship 

between inputs (whether inputs are complements or substitutes) in the aggregate production 

function. In addition, the specification allows for the possibility that the output elasticity with 

respect to infrastructure investment may ardiffer across states (Lee, 2010).  
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The following generalized form of trans-log production function, which takes into account a 

number of n inputs (production factors), is used in this study: 

 

𝑙𝑛 𝑌 = 𝑙𝑛𝐴𝛼𝑖,𝛽𝑖𝑗   
+ ∑ 𝛼𝑖  

3
𝑖=1 𝑙𝑛 𝑋𝑖   +  (

1

2
) ∑ ∑ 𝛽𝑖𝑗

3
𝑗=1 𝑙𝑛𝑋𝑖 

3
𝑖=1 𝑙𝑛 𝑋𝑗         (1) 

 

where Y is total output, A is total factor productivity, X is the set of explanatory variables.  

The translog function is a flexible function. This function has both linear and quadratic terms 

with the ability of using more than two factor inputs. The five-input translog production 

function can be written in terms of logarithms as follows: 

                                                                       

lnY = 𝜆 + 𝐵𝐿ln𝐿 + 𝐵𝐾ln𝐾 +  𝐵𝐼ln𝐼𝑛𝑓𝑟𝑎𝑖𝑛𝑑𝑒𝑥 + 𝐵𝐸ln𝐸𝐵𝑅𝐷𝐼 + 𝐵𝑊𝑙𝑛𝑊𝐺𝐼 + 1/
2𝐵𝐿𝐿 𝑙𝑛𝐿2 + 1/2𝐵𝐾𝐾 𝑙𝑛𝐾2  +  1/2𝐵𝐼𝐼 𝑙𝑛𝐼𝑛𝑓𝑟𝑎𝑖𝑛𝑑𝑒𝑥2 + 1/2𝐵𝐸𝐸  𝑙𝑛𝐸𝐵𝑅𝐷𝐼2  + 1/
2𝐵𝑊𝑊 𝑙𝑛𝑊𝐺𝐼2 + 𝐵𝐿𝐾ln𝐿𝑙𝑛𝐾 +  𝐵𝐿𝐼ln𝐿𝑙𝑛𝐼𝑛𝑓𝑟𝑎𝑖𝑛𝑑𝑒𝑥 + 𝐵𝐿𝐸ln𝐿𝑙𝑛𝐸𝐵𝑅𝐷𝐼 +
𝐵𝐿𝑊lnL𝑙𝑛𝑊𝐺𝐼 +𝐵𝐾𝐼ln𝐾𝑙𝑛𝐼𝑛𝑓𝑟𝑎𝑖𝑛𝑑𝑒𝑥 + 𝐵𝐾𝐸ln𝐾𝑙𝑛𝐸𝐵𝑅𝐷𝐼 + 𝐵𝐾𝑊ln𝐾𝑙𝑛𝑊𝐺𝐼 +
𝐵𝐼𝐸ln𝐼𝑛𝑓𝑟𝑎𝑖𝑛𝑑𝑒𝑥ln𝐸𝐵𝑅𝐷𝐼 + 𝐵𝐼𝑊ln𝐼𝑛𝑓𝑟𝑎𝑖𝑛𝑑𝑒𝑥𝑙𝑛𝑊𝐺𝐼 + 𝐵𝐸𝑊lnEBRDI𝑙𝑛𝑊𝐺𝐼   

                                                                                                                                     (2) 

 

Where Y is the output level of the country, L is the labor force, K is the physical output, 

Infraindex is the comprised index of six infrastructure variables, EBRDI is the EBRD indicator 

and finally WGI is the worldwide governance indicators. 𝜆 is the intercept or the constant term. 

𝐵𝐿 𝐵𝐾 𝐵𝐼 𝐵𝐸  and 𝐵𝑊  are the first derivatives. 𝐵𝐾𝐾𝐵𝐿𝐿𝐵𝐸𝐸𝐵𝑊𝑊 are own second derivatives. 

𝐵𝐿𝐾 𝐵𝐿𝐼 𝐵𝐿𝐸  𝐵𝐿𝑊 𝐵𝐾𝐼 𝐵𝐾𝐸  𝐵𝐾𝑊 𝐵𝐼𝐸  𝐵𝐼𝑊 and 𝐵𝐸𝑊 are cross second derivatives. 

 

4.2 Data sources 

In order to evaluate the effect of infrastructure development on economic growth, we have 

gathered a panel data set for 31 transition countries over 1990-2013 period. We use annual data 

for these transition countries. Our panel data set is unbalanced since we do not have complete 

information for all countries over the sample period (Calderón, 2009). 

Annual data of the dependent variable; the output level of the country (Y), was measured by 

Purchasing Power Parity of Real Gross Domestic Product (chain index) at 2005 constant 

prices. The physical output K; the proxy of the investment to GDP ratio, at 2005 constant prices 

are taken from Penn World Tables 7.0. The labor force (L) figures are taken from International 

Labor Organization (ILO). Six Infrastructure variables used for constructing infrastructure 

index are taken from World Development Indicators CD-ROM, World Bank, 2014.  

 The institutional quality variables are represented through the European Bank for 

Reconstruction and Development (EBRD) indicator and the Worldwide Governance Indicators 

(WGI). The transition indicator scores reflect the judgment of the EBRD’s Office of the Chief 

Economist about country-specific progress in transition. The scores are based on the following 

classification system, which was originally developed in the 1994 Transition Report, but has 

been refined and amended in subsequent reports. EBRD Indicator is scored from 1.0 

(minimum) to 4.3 (maximum). WGI consist of six composite indicators of broad dimensions 

of governance: Voice and Accountability, Political Stability and Absence of 

Violence/Terrorism, Government Effectiveness, Regulatory Quality, Rule of Law, and Control 

of Corruption. WGI are measured in the standard normal units of the governance indicator 

ranging from around -2.5 to 2.5. The study period is 1990-2013. 

 

4.3 Determination of infrastructure index 

We follow the strategy pursued in Calderón and Servén (2009) and previously in Alesina and 
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Perotti (1996) and apply principal component analysis to develop a composite index of major 

infrastructure indicators; our synthetic indices are given by the first principal component of the 

underlying variables.  

Principal components analysis (PCA): As above mentioned the aggregate index of 

infrastructure stock was created constructed using the PCA method. This method involves a 

mathematical procedure that transforms a number of correlated variables into a smaller number 

of uncorrelated variables called principal components. The first principal component accounts 

for as much of the variability in the data as possible, and each succeeding component accounts 

for as much of the remaining variability as possible. That is, the method generates those linear 

combinations of object measures (called eigenvectors), which express the greatest statistical 

variance over all of the objects under consideration. This is particularly useful when there are 

hidden dependencies between different object measures. 

Implementation of the Principal component analysis (PCA) was done using STATISTICA 7 

software package. The first principal component of the PCA was then used to derive weights 

(scores) for the infrastructure index (See Appendix 2 (Badalyan et al., 2015), for details). 

Log (InfraIndex) = 0.230556*(Log(PCEPC) + 0.319373*(Log(PCEU)) + 0.154109*(Log 

(TL))+0.308260*(Log(RD))+0.143461*(Log(AT))+0.194273*(Log(PR))                          (3)                                                                                                                                                                                

Where InfraIndex is the value of the aggregate infrastructure measure and the score coefficients 

being regarded as weights (Theil 1970). Based on equation 3, we created the infrastructure 

index for each observation. 

The infrastructure index was created by taking six major infrastructure indicators such as (1) 

Per capita Electricity Power consumption (PCEPC); (2) Per capita Energy use (kg of oil 

equivalent) (PCEU); (3) Telephone line (both fixed and mobiles) per 100 persons (TL); (4) 

Rail Density per 100 persons (RD); (5) Air Transport, freight million tons per kilometer (AT); 

(6) Paved road as percentage of total road (PR). Our infrastructure index is mixed of both 

quality and quantity. All variables are expressed in logs. 

The eigenvalues and respective variance of these factors are given in Appendix 2 Table 2.2 

(Badalyan et al., 2015). The first principal component has an Eigen value larger than one and 

explains over one half of the total variance. There is a large difference between the eigenvalues 

and variance clarified by the first and the further principal components (Sahoo et al., 2012). 

Therefore, we have chosen the first principal component for making composite index 

representing the combined variance of infrastructure captured by the six variables. 

 

5. Econometric analysis (methods) 
Panel unit root test: Panel unit root tests are used to examine the degree of integration between 

the variables. To assess the stationarity properties of the variables used. In this study we have 

used five different panel unit root tests including  LLC test proposed by Levin, Lin and Chu 

(2002); IPS test proposed by Im, Pesaran and Shin (2003), Breitung (Breitung , 2000)  and 

Hadri (Hadri, 2000).  

Panel co-integration test: We test for co-integration using the panel co-integration test 

developed by Pedroni (1999, 2004). This test allows for heterogeneity in the panel by permitting 

heterogenous slope coefficients, fixed effects, and individual specific deterministic trends. 

Pedroni (1999, 2004) proposed two types of co-integration tests: panel tests and group tests. 

The first group of tests is termed “within dimension”. It includes the panel-v, panel rho(r), panel 

non-parametric (PP) and panel parametric (ADF) statistics. Second, the group tests based on 

the between dimension method (i.e. group mean panel co-integration statistics test) which 

includes three statistics: group rho-statistic, group PP-statistic, and group ADF-statistic. These 
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seven statistics are asymptotically distributed as standard normal and the detailed description 

of panel co-integration test statistics can be found in Pedroni (1999, 2004). The seven of 

Pedroni’s tests are based on the estimated residuals from the following long run model: 

it

m

j

jitjiiit xy   
1

                        (4) 

where i= 1; . . . ;N for each country in the panel and t= 1, .., T refers to the time period. The 

parameter αi allows for the possibility of country-specific fixed effects. The estimated residuals, 

denoted by εit; represent deviations from the long-run relationship. The null hypothesis of no 

co-integration, i =1, is tested by conducting a unit root test on the residuals as follows:  

ittiiit w  )1(                                           (5) 

In our empirical analysis, we used two cointegration test methods. The first set of tests is 

Pedroni (2004). The second set of test is Kao (1999).  

All the tests involve the null hypothesis of no cointegration and use the residuals derived from 

a panel regression to construct the test statistics and determine the distributions. After 

appropriate standardization, all the test statistics have an asymptotic distribution.  

 

Vector Error Correction Model (VECM): The standard error-correction procedure is a two-

step method. First estimating the long-run model to obtain the estimated residuals. Next, 

defining the lagged residuals from co-integration as the error correction term, the following 

dynamic error correction model is estimated: 

 
ΔYit = ξ1j + ∑ ψ11ik

𝑞
𝑘=1 ΔYit−k + ∑ ψ12ik

𝑞
𝑘=1 ΔLit−k + ∑ ψ13ik

𝑞
𝑘=1 ΔKit−k + ∑ ψ14ik

𝑞
𝑘=1 ΔIit−k +

∑ ψ15ik
𝑞
𝑘=1 ΔEBRDIit−k + ∑ ψ16ik

𝑞
𝑘=1 ΔWGIit−k + λ1iεit−1 + u1it(5a) 

   ΔLit = ξ2j + ∑ ψ21ik
𝑞
𝑘=1 ΔYit−k + ∑ ψ22ik

𝑞
𝑘=1 ΔLit−k + ∑ ψ23ik

𝑞
𝑘=1 ΔKit−k + ∑ ψ24ik

𝑞
𝑘=1 ΔIit−k +

∑ ψ25ik
𝑞
𝑘=1 ΔEBRDIit−k + ∑ ψ26ik

𝑞
𝑘=1 ΔWGIit−k + λ2iεit−1 + u2it (5b) 

 

ΔKit = ξ3j + ∑ ψ31ik
𝑞
𝑘=1 ΔYit−k + ∑ ψ32ik

𝑞
𝑘=1 ΔLit−k + ∑ ψ33ik

𝑞
𝑘=1 ΔKit−k + ∑ ψ34ik

𝑞
𝑘=1 ΔIit−k +

∑ ψ35ik
𝑞
𝑘=1 ΔEBRDIit−k + ∑ ψ36ik

𝑞
𝑘=1 ΔWGIit−k + λ3iεit−1 + u3it (5c) 

 

ΔIit = ξ4j + ∑ ψ41ik
𝑞
𝑘=1 ΔYit−k + ∑ ψ42ik

𝑞
𝑘=1 ΔLit−k + ∑ ψ43ik

𝑞
𝑘=1 ΔKit−k + ∑ ψ44ik

𝑞
𝑘=1 ΔIit−k +

∑ ψ45ik
𝑞
𝑘=1 ΔEBRDIit−k + ∑ ψ46ik

𝑞
𝑘=1 ΔWGIit−k + λ4iεit−1 + u4it (5d) 

 

ΔEBRDIit = ξ5j + ∑ ψ51ik
𝑞
𝑘=1 ΔYit−k + ∑ ψ52ik

𝑞
𝑘=1 ΔLit−k + ∑ ψ53ik

𝑞
𝑘=1 ΔKit−k + ∑ ψ54ik

𝑞
𝑘=1 ΔIit−k +

∑ ψ55ik
𝑞
𝑘=1 ΔEBRDIit−k + ∑ ψ56ik

𝑞
𝑘=1 ΔWGIit−k + λ5iεit−1 + u5it (5e) 

 

ΔWGIit = ξ6j + ∑ ψ61ik
𝑞
𝑘=1 ΔYit−k + ∑ ψ62ik

𝑞
𝑘=1 ΔLit−k + ∑ ψ63ik

𝑞
𝑘=1 ΔKit−k + ∑ ψ64ik

𝑞
𝑘=1 ΔIit−k +

∑ ψ65ik
𝑞
𝑘=1 ΔEBRDIit−k + ∑ ψ66ik

𝑞
𝑘=1 ΔWGIit−k + λ6iεit−1 + u6it (5f) 

where Δ is the first-difference, k is the lag length set at one based on likelihood ratio tests, and 

u is the serially uncorrelated error term. From (5a) to (5f), short-run causality is determined by 

the statistical significance of the partial F-statistic associated with the corresponding right hand 

side variables. Long-run causality is revealed by the statistical significance of the respective 

error correction terms using a t-test. Short-run causality is determined by the statistical 

significance of the F-statistic. The presence (or absence) of long-run causality can be 

established by examining the significance using a t-statistic on the coefficient λ, of the error 

correction term, εit-1 in 5(a)-5(f) equations (Badalyan et al., 2014). 

 

6. Empirical results 
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Table 1 shows the descriptive statistics of economic output, physical output, labor force, EBRD 

indicator, infrastructure index, WGI. 

Table 1: Descriptive Statistics 

 

6.1 Panel unit root tests results 
In Table 2 the results of the LLC, IPS, Breitung and Hadri panel unit root tests for each of the 

variable are presented. We have performed each test for the level and first difference for all 

variables. 

Table 2: Panel unit root test results 

 

 

In Table 2 For the variables in level form, the null hypothesis is  rejected for the IPS LLC, , 

Breitung tests, while the Hadri test rejects the null hypothesis at the 1% significance level for 

all variables. After taking the first difference, the first three tests reject the null hypothesis 

almost at the 1% significance level. So, we can conclude that all variables (in first differences) 

are stationary and integrated of order one or I(1).  

The null hypothesis is that the variable follows a unit root process, except for the Hadri Z-stat 

and the Heteroscedastic All other tests assume asymptotic normality. 

 

6.2 Panel cointegration test results 

Mean Sd Min Max

Y 7887.60 5321.01 770.13 27611.42

K 20.41 7.61 3.33 47.43

L 7191.51 14365.59 254.18 76650.03

EBRDI 3.10 0.62 1.17 4.06

INFRA_INDEX 1.16 0.77 0.00 3.55

WGI -0.19 0.72 -1.66 1.13

Source: Own elaboration
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For the robustness check, this paper used two kinds of panel cointegration tests, i.e. Pedroni’s 

(2004), Kao’s (1999) panel cointegration tests. Table 3 reports the within and between 

dimension results of the panel cointegration tests. As shown in Table 3, the results of Pedroni’s 

(2004) heterogeneous panel tests indicate that the null of no cointegration can be rejected at the 

1% and 5% significance levels except for the panel rho-statistic and the group rho-statistic. 

Table 3: Pedroni residual cointegration test results (Y as dependent variable) 

 
Table 4 reports the results of Kao’s (1999) residual panel cointegration tests, which reject the 

null of no cointegration at the 5% significance level. We conclude that there is a panel long-run 

equilibrium relationship among variables, meaning that institutional variables, infrastructure, 

and economic productivity move together in the long run 

Table 4 : Kao’s residual cointegration test results (Y as dependent variable) 

 

6.3 Panel causality results 
 

Taking into consideration the basis of cointegration results, VECM was used to estimate the 

direction of causality. The results of the VECM with six simultaneous equations for the analysis 

of the causal relationships between explanatory variables are presented in Table 5. We report 

the results of the short-run and long-run Granger-causality tests for panel. The optimal lag 

structure of one year is chosen using the Akaike and the Schwarz Information Criterions. 

Table 5. Panel causality test results 

Statistics Probability

Within dimension

Panel v-Statistic -2.238** 0.040

Panel rho-Statistic 3.497 1.000

Panel PP-Statistic -2.885*** 0.002

Panel ADF-Statistic -3.053*** 0.001

Between dimension

Group rho-Statistic 6.379 1.000

Group PP-Statistic -7.441*** 0.000

Group ADF-Statistic -5.786*** 0.000

Source: Own elaboration

Notes: The null hypothesisis that the variables are not cointegrated.Under the 

null tests,all  the statistics are distributed as normal(0,1).

*** Indicate that the parameters are significant at the 1% level.

* Indicate that the parameters are significant at the 10 % level

t-statistic  Probability

ADF -1.583** 0.05

Note: The ADF is the residual-based ADF statistic (Kao, 1999).

** Indicates that the parameters are significant at the 5% level.
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The significance of causality tests are determined by the Wald F-test. According to Table 5 Eq. 

(5a) shows that labor force, infrastructure index and WGI have a positive and statistically 

significant impact in the short- run on economic output. On the other hand, the impact of 

physical output, EBRD indicator, are positive and statistically insignificant in the short-run. 

This highlights the importance of WGI components and infrastructure on economic output in 

transition countries. Furthermore, the error correction term is negative and statistically 

significant at 1% and denotes the speed of adjustment to long-run equilibrium.  

From Eq. (5b), it appears that economic growth has positive and statistically significant impact 

in the short- run on physical output, while the impact of other variables is statistically 

insignificant. The error correction term is statistically significant at 1% and assumes that 

physical output variable responds to deviations from long-run equilibrium.  

With regard to Eq. (5c), the impact of variables is not significant, but there is evidence for long- 

run adjustment, because the error correction term is statistically significant at 10%. With respect 

to Eq. (5d), economic output and WGI have a negative and statistically significant impact on 

infrastructure index in the short-run. The impact of other variables is not statistically significant. 

In Eq. (5e), economic output and labor force have negative and significant impact on EBRD 

indicator, whereas other three variables are statistically insignificant. Finally, in Eq. (5f) 

economic output and EBRD indicator have positive and statistically significant impact on WGI, 

while other variables are not significant. 

Regarding long-run dynamics, based on the statistical significance of the error correction terms 

for Eq. (5d), (5e) and (5f), infrastructure index and EBRD indicator are statistically significant 

at 1% and denotes the speed of adjustment to long-run equilibrium, but WGI is significant at 5 

%. Overall, the existence of bidirectional causality between economic output, infrastructure 

index, and WGI was indicated in both the short and long-run. 

 

7. Conclusion 

We have also investigated the causal relationships between the studied variables such as 

economic output, physical output, labor force, infrastructure and institutional variables in 

transition courtiers. For this purpose, unit root tests for panel, panel cointegration and causality 

techniques have been applied. Using panel unit root tests we found out that all variables are 

                               Source of causation(independent variable)

        Short run        Long run

Δ Y ΔK ΔL ΔINFRA_INDEX ΔEBRDI ΔWGI ECT1 ECT2 ECT3

Δ Y -

0.968           

(0.38)      

[1.27]

1.386*  

(0.09) 

[1.77]

5.739**                   

(0.05)                    

[3.31]       

0.089       

(0.79) 

[0.42]

3.093** 

(0.05) 

[2.14]

-0.061*** 

(0.00)         

[-2.75]

-3.057** 

(0.05)         

[-0.65]

2.745        

(0.13)                   

[1.49]

ΔK

19.738***     

(0.00)     

[4.44] -

0.227     

(0.79)          

[-0.66]

0.981                      

(0.37)                     

[-0.96]

0.250           

(0.61) 

[0.50]

0.186           

(0.82)           

[-0.59]

-3.035***        

(0.00)         

[-4.36]

-0.211***   

(0.00)           

[-5.63]

-1.37        

(0.99)          

[-0.06]

ΔL

0.230            

(0.63)          

[-0.47]

2.289           

(0.59)          

[-0.53] -

0.049                      

(0.82)                  

[0.21]

0.467            

(0.49)                 

[0.68]

0.087           

(0.76)              

[-0.30]

-0.018*    

(0.002)          

[2.93]

3.874           

(0.32)           

[0.97]

0.012*** 

(0.00) 

[7.86]

ΔINFRA_INDEX

6.164*** 

(0.00)           

[-2.48]

0.157           

(0.94)          

[-1.98]

0.280           

(0.59)       

[0.52] -

0.148           

(0.69) 

[0.38]

2.785** 

(0.05)         

[-1.68]

-1.945***    

(0.00)            

[2.27]

0.008           

(0.55) 

[0.58]

-1.416  

(0.55)            

[-0.56]

ΔEBRDI

5.551*** 

(0.00)           

[-2.35]

0.278           

(0.59) 

[0.53]

2.252*       

(0.10)           

[-1.50]

0.374                     

(0.54)                       

[-0.61] -

0.128           

(0.72)         

[-0.35]

-4.876*** 

(0.00)          

[-4.56]

-0.163* 

(0.05)         

[-1.68]

-1.657 

(0.59)           

[-0.52]

ΔWGI

1.977*          

(0.10)            

[1.46]

0.010         

(0.91)           

[0.10]

1.355           

(0.24)            

[-1.16]

0.921                     

(0.33)            

[0.95]

1.783* 

(0.09)          

[-1.48] -

-3.1060**    

(0.04)           

[-2.83]

0.027          

(0.84)         

[-0.20]

0.013           

(0.77)      

[0.29]

Source: Onw elaboration

Notes : Figures   denote F-s tatis tic va lues . p-va lues  are in parentheses , t-s tatis tics  are in brackest . ECT indicates  the estimated error-correction term.

* Indicate that the parameters  are s igni ficant at the 10% level .

** Indicate that the parameters  are s igni ficant at the 5% level .

***  Indicate that the parameters  are s igni ficant at the 1% level .
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non-stationary in level but when taking first difference became stationary and integrated of 

order one or I(1). For the robustness check, this paper used two kinds of panel cointegration 

tests, i.e. Pedroni’s (2004) and Kao’s (1999) panel cointegration tests. The tests proved the 

existence of cointegration. This means that the  long-run relationship exist between variables. 

So  they move together over time and  that short-term disturbances will be corrected in the long-

term.  The VECM results indicated the existence of bidirectional causality between economic 

output, infrastructure index, and WGI both in the short and long-run. There is a negative and 

statistically significant estimated coefficient for the physical output. Furthermore, the 

estimation of the basic model showed that the labor force coefficient is positive and statistically 

significant, while infrastructure index has negative coefficient and statistically significant. 

The initial estimates of the model verify the importance of infrastructure investment for 

economic growth and state of institutions on economic output and infrastructure in the long-run 

growth. 
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Appendices 

Appendix 1: List of Transition Countries  

 

Table 1.1 List of countries 

 

 
 

 
 

Country Country

1 Albania 19 Moldova

2 Armenia 20 Mongolia

3 Azerbaj 21 Montenegro 

4 Belarus 22 Poland

5 BH 23 Romania

6 Bulgaria 24 Russia

7 China 25 Serbia

8 Croatia 26 Slovak Republic

9 Czech republic 27 Slovenia

10 Estonia 28 Tajikstan

11 Georgia 29 Turkmenistan

12 Hungary 30 Ukraine

13 Kazakhstan 31 Uzbekistan

14 Kosovo

15 Kyrgizstan

16 Latvia

17 Luthiania

18 Macedonia


