
 
Human Capital and Economic Growth: Evidence from 

Selected Developing Countries 

 
 
 
 
 
 
 

By 
Verda Zaka 

 
 

Supervisor 
Dr. Aliya H. Khan 

Professor 

 
 
 
 
 
 
 

Department of Economics 
Quaid-i-Azam University 

Islamabad, Pakistan 
July 2009 

 
 
 



 2

 
 

DEDICATION 
 
I would like to dedicate this work to my naughty kids, Mustafa, 
Zaina and Zoha, who have tried their level best to hamper its 
completion, whereas on the other hand, have been my greatest 
source of motivation to complete it. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 3

ACKNOWLEDGEMENTS 
 
Foremost, I would like to express my sincere gratitude to my 
supervisor Dr. Aliya Khan for her continuous support of my PhD 
study and research, Dr. Eatazaz Ahmed who gave many valuable 
suggestions and constructive advice and the entire Faculty of 
Economics department, Quaid-i-Azam University, for their technical 
and administrative support throughout this research. 
 I also wish to express my appreciation to Dr. Jeff Racine for 
helping me resolve the estimation issues regarding the semi 
parametric methodology. 
Sincere thanks are due to Dr.  Sohail Malik, for providing me the 
internship opportunity in his group at IDS (Innovative Development 
Strategies); for polishing my skills and enlightening my vision in the 
field of Applied Economics that later helped me coping with this 
research work also.  
 I am greatly indebted to my friend Madeeha Qureshi and her 
husband Junaid Arshad, without the support and valuable 
suggestions of whom, this research would have never been possible. 
Thank you so much Madeeha for always being a true friend, for 
believing in me and my capabilities and backing me up at times I was 
quite uncertain about my research proficiencies. 
Sincere thanks are extended to my fellow researchers, Bushra 
Yasmin and Hajira Ihsaan for sharing their research knowledge and 
providing guidance in certain areas. 
Also I am grateful to my colleagues Ayesha Malik, Haleema Saadia, 
Qurat-ul-Ain, Saba Anwar and  Saima Shafique for their insightful 
comments and stimulating discussions on this thesis.  
I can not end without thanking my family for supporting me 
emotionally and physically by sharing my responsibilities, my in-laws 
for being so much understanding and my husband for his endless 
patience and encouragement when it was most required.  
 

 



 4

Contents 
 
Dedications 
Acknowledgements 
Contents 
List of Tables 
Acronyms 
Abstract 
 

Chapter Title Page 
Numbers 

1 Introduction 9-15 
 1.1  Introduction  
 1.2  Background of the Link between Human Capital and   

       Economic Growth 
 

 1.3  Objectives of the Study  
 1.4  Plan of the Study  

2 Literature Review 16-36 
 2.1  Human Capital in Theoretical Growth Models  
       2.1.1  Exogenous Growth Models  
       2.1.2  Endogenous Growth Models  
 2.2  Human Capital and Growth in Empirical Literature  
       2.2.1  Studies Based on Convergence Equations  
       2.2.2  Studies Estimating an Aggregate Production 

                Function 
 

3 Issues in Empirical Literature Regarding 
Growth and Human Capital 

37-66 

 3.1  Issues Related to Convergence Hypothesis  
 3.2  Issues Related to Statistical Growth Models  
 3.3  Data Issues  
 3.4  Econometric Issues in Data Structures  

4 Model Specification  67-73 
 4.1  Impact of Human Capital on Output Growth  

 4.2  Impact of Human Capital on TFP Growth  
 4.3  Control Variables  
 4.4  Non Linearity in Human Capital-Growth Relationship  

5 Data Sources and Variable Construction 74-86 
 5.1  Selection of Countries  



 5

 5.2  Variable Construction  
 5.3  Summary Statistics of Key Variables  

6 Estimation Methods 87-101 

 6.1  Panel Data Models   

 6.2  Endogeneity and Instrumental Variable   

 6.3  Generalized Method of Moments  

 6.4  Semi-parametric Partially Linear Model  

7 Empirical Results and Interpretations 102-138 
 7.1  Panel Data Models  
 7.2  Endogeneity and Instrumental Variables  
 7.3  Generalized Method of Moments  
 7.4  Semi-parametric Model  
 7.5  Comparison With Literature  

8 Conclusion 139-142 
 8.1  Conclusion  
 8.2  Future Research Suggestions 

 
References 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 6

 
 
 

List of Tables 
 
 
 

Table 
Number 

Title Page 
Number 

5.1 Summary Statistics of Key Variables in Developing 
Countries Over 1971-2000 

82-83 

5.2 Summary Statistics of Key Variables in Developing 
Countries Per Year 

84-85 

7.1 Common Effects Model for Output Growth 103 

7.2 Common Effects Model for TFP Growth 108 

7.3 Fixed and Random Effects Models for Output Growth 112-116 

7.4 Fixed and Random Effects Models for TFP Growth 119-123 

7.5 Endogeneity and Two Stage Least Squares (Literacy Rate) 125 

7.6 Endogeneity and Two Stage Least Squares (Mean Years of 
Schooling) 

127 

7.7 Generalized Method of Moments for Output Growth 129 

7.8 Generalized Method of Moments for TFP Growth 130 

7.9 Semiparametric Model for Output Growth 132 

7.10 Semiparametric Model for TFP Growth 135 

7.11 Summary of Selected Related Studies 137 
 
 
 
 
 
 
 
 



 7

 

Acronyms 

 

Notation Variable 

Dem Democracy Index 

E Effective Labor 

Ed Education 

H Human Capital 

Hs Health Status 

K Physical Capital 

L Labor Force 

Lit Literacy Rate 

M Additive Term of Labor and Capital 

Open Trade Openness 

Sch Mean Years of Schooling 

TFP Total Factor Productivity 

Y Total Output 

 

 

 

 



 8

Human Capital and Economic Growth: Evidence from 

Selected Developing Countries 

Abstract 

     Despite the crucial role of human capital in the theoretical growth models, the 

empirical growth literature has yet to develop a consensus on the nature of relationship 

between human capital and economic growth. This study has been conducted to 

investigate whether human capital in terms of education and health indicators has a direct 

impact on output growth or indirect effect through total factor productivity growth. The 

study also attempts to explore the linear as well as non linear human capital-growth 

linkages and sensitivity of the human capital estimates to different econometric 

estimation techniques. The study has been conducted on a sample of selected countries 

covering all developing regions of the world. 

     Our findings reveal that human capital has a well established role in accelerating 

growth through both its ‘level effects’ and ‘rate effects’. The results are not sensitive to 

the definition of the education variable. The impact of human capital components on both 

output growth and TFP growth are positive regardless of the estimation technique 

employed. However, the significance of the coefficients of human capital components 

changes with the estimation technique. The parametric models in general do not give 

sufficient evidence for non linearity in the human capital-growth relationship. The semi 

parametric model, on the other hand, points out the existence of the non linear link, yet it 

does not indicate the exact form of the non linear connection. 

 



 9

Chapter 1 
 

Introduction 
 
 

1.1. Introduction  

     The phenomenon of “Economic Growth” has been a mystery ever since the evolution 

of Economic literature. Economists have presented a variety of theoretical explanations 

but are still unable to extract the full information from the black box of economic growth. 

The knowledge of the process of economic growth has captivated economists’ minds ever 

since the subject emerged, since it defines on which trajectory a country is developing. So 

in the context of empirical evidence the question that is of critical significance is; “what 

is the level and pattern of economic growth in a country and what are the factors that can 

be influenced from policy perspective to improve the current growth dynamics? 

     Growth theory has traditionally described output growth in the context of capital 

deepening, human capital accumulation and productivity growth that is in terms of 

resource endowments and allocative efficiency with which these resources are distributed 

among various economic activities. In exogenous growth models, there was no room to 

analyze the impact of policy intervention on output growth since the driving force behind 

growth was modeled through exogenous technical progress. However, development of 

endogenous growth models facilitated the understanding of the dynamics of growth 

generating factors playing their role endogenously within the model. This approach 

provides tools to the researchers to trace the effects of government’s policies on 

economic growth. 
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     From the perspective of economic growth the key variable is human capital in the 

form of investments in education and health. In this dissertation we will focus on whether 

human capital in form of education and health indicators directly affects output growth or 

indirectly through the total factor productivity growth. Also, to get the unbiased estimates 

of the effect of human capital we will try to explore whether the relationship between 

human capital variables and economic growth is linear or non-linear in nature and 

whether the results are sensitive across various econometric modeling techniques. 

 

1.2. Background of the Link between Human Capital and  

       Economic Growth 

     The preliminary work of Solow (1956) and Swan (1956) led to the inflow of a number 

of exogenous growth models. The exogenous growth models as the name indicates 

attributed long term economic growth to the exogenous technological progress and 

diminishing returns to capital. Mankiw et al. (1992) augmented the neo classical growth 

model by adding human capital as an additional factor of output growth where human 

capital was also subjected to diminishing returns just like physical capital.  

     The conceptual limitations and lack of empirical evidence regarding exogenous 

growth models motivated the researchers to look around for other possible theoretical 

linkages of growth. The pioneering work of Romer (1986) which attempted to 

endogenize the sources of growth opened a new debate regarding the self sustaining 

growth processes. The subsequently emerging endogenous growth literature introduced a 

new role for human capital. Instead of being just another input in the production function, 
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the human capital acts as the engine of technological progress via its positive spillovers 

and vital contribution in research and development. 

     The term “Human Capital” is normally defined as the potential in human beings to 

utilize the available resources or their ability to take part in economic activity. Human 

capital comprises of not only the educational attainment, but also includes health status, 

learning by doing and on the job training.  

Schultz (1961) in his pioneering paper on investment in human capital included 

the following categories in his broader definition of human capital. 

“Despite the difficulty of exact measurement at this stage of our understanding of human 

investment, many insights can be gained by examining some of the more important 

activities that improve human capabilities. I shall concentrate on five major categories: 

1) Health facilities and service, broadly conceived to include all expenditures that 

affect the life expectancy, strength and stamina, and the vigor and vitality of a 

people; 

2) On-the-job training, including old-style apprenticeship organized by firms; 

3) Formally organized education at the elementary, secondary and higher levels; 

4) Study program for adults that are not organized by firms, including extension 

programs notably in agriculture; 

5) Migration of individuals and families to adjust to changing opportunities”. 

      David and Lopez (2001) extended this definition of human capital and included the 

aspects of the entrepreneurial cognitive abilities and role of human capital in research and 

development sector. In words of David and Lopez (2001), 
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     “The economist’s notion of “human capital” refers to a particular set of acquired 

human capabilities. These generally are taken to be durable traits, persisting over some 

significant portion of the life of the person who acquires them, and yielding some positive 

effects upon the person’s performance in one or more among a wide variety of socially 

valued activities.  

     The concept of human capital is comprehensively defined, and thus embraces: 

 The capacity for interpreting flows of sensory data and structured information 

required for purposive individual actions and inter-personal transactions among 

economic agents; 

 The capacity for providing a variety of physical labor service-inputs in ordinary 

production processes; 

 The cognitive basis of entrepreneurial economic activities; 

 The key resource utilized for managing market and non-market production, as 

well as household consumption activities; 

 The creative agency in the generation of new knowledge underlying technological 

and organizational innovations.” 

     Given the profound role of human capital in the theoretical growth models the 

empirical growth literature, however, could not develop a consensus on the contribution 

of human capital in growth process. Studies like Barro (1989), Romer (1989) and 

Mankiw et al. (1992) postulated a positive and significant impact of human capital on 

growth. The influential papers of Benhabib and Spiegel (1994), Islam (1995) and 

Pritchett (2001) claimed a negative role of human capital. To explain the negative or 
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insignificant effect of human capital on growth, several arguments have been presented in 

the empirical studies: 

 The proxy employed for the human capital may not be appropriate. The literacy 

rate, enrollment ratios and the educational attainment data give only a limited 

definition of the human capital. Further more, these indicators only account for 

the educational quantity, ignoring the quality of education.1 

 Health status is a very crucial component of human capital especially in reference 

to the developing countries. A healthier workforce is better able to learn, invent 

and implement new technologies and this aspect is usually overlooked in the 

growth studies. 

 The unsatisfactory institutional environment in certain developing countries 

directs the produced human capital towards monetarily rewarding but socially 

non-productive activities [Pritchett (2001)]. 

 The transformation of variables in the panel data techniques bring in a substantial 

loss of variance in the independent variables and the resulting estimates are 

inconsistent. Also, the possible endogeneity in the human capital variable may 

lead to inaccurate estimates. 

     The empirical growth literature is also unable to detect the mechanisms through which 

human capital influences growth. Human capital can be included as an input factor in the 

production process. In this so called ‘level effect’, human capital directly impacts the 

output growth. Human Capital, on the other hand, can also influence the technological 

                                                 
1 See Wobmann (2000) for detail analysis of the human capital indicators. 
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progress by facilitating the adoption and generation of new technologies. Increased 

human capital can thus raise the productivity growth through its ‘rate effect’. 

     Recent literature has also shown its doubts on the linear relationship of human capital 

with growth. Studies like Krueger and Lindahl (2001) and Kalaitzidakis et al. (2001) 

claimed considerable non linearities in the human capital-growth relationship. The linear 

growth models are incapable to deal with the non linear aspects of human capital and, 

therefore, yield imprecise results. 

 

1.2. Objective of the Study 

     The present study aims to explore different dimensions of the human capital-growth 

relationships in the context of developing countries. We will try to investigate the 

channels through which human capital exert its influence on the growth process. 

Precisely we will focus on whether human capital directly affects output growth or 

indirectly through the total factor productivity growth. Also, we will look for the 

mechanisms through which human capital impacts growth. The study will specifically 

investigate the linear as well as non linear association between human capital and growth. 

     In order to have a more comprehensive picture, the human capital is decomposed in to 

the education and health status variables. The health status is a very important element of 

human capital especially in the perspective of developing countries where a majority of 

labor force is employed as manual labor on the daily wage basis.  

     The study has also conducted a sensitivity analysis. We will try to examine that how 

much are the estimates of the human capital components sensitive to the estimation 

technique employed in the analysis and to the proxy of the education variable. 
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1.3. Plan of the Study 

     The study is planned as follows. Section 2 gives an extensive review of the related 

theoretical and empirical literature. Section 3 highlights some of the critical issues that 

have emerged in the empirical growth literature. These include the issues related to the 

statistical growth models, data issues and the issues associated with the nature of data 

arrangement. Section 4 presents the empirical methodology and Section 5 provides the 

detailed description of data sources and construction of variables. Section 6 presents the 

estimation techniques employed in the study. These include the panel data techniques of 

common effects, fixed effects and random effects models. Then we discussed the two 

stage least squares and the generalized methods of moments techniques that deal with the 

possible endogenous variables in the model. We then move towards the semi parametric 

technique to reveal the true picture of the human capital components. Section 7 reports 

the results from all estimation techniques and looks for the possible interpretations. 

Section 8 concludes the study and provides future research suggestions. 
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Chapter 2 

Literature Review 

 

     In this section, we will present some basic theoretical growth models in brief. We will 

then examine the contribution of these models in the empirical literature. 

 

2.1. Human Capital in Theoretical Growth Models 

We will discuss the theoretical growth model starting with the neoclassical Solow (1956) 

model followed by a few other prominent models from the growth literature. 

 

2.1.1. Exogenous Growth Models 

The Neoclassical Solow Growth Model 

      In the original Solow model, production function is of the form: 

                                                       tttt KLAFY ,                                                   (2.1) 

 where LKY ,,  and A  denote output, physical capital, labor and technology respectively. 

The production function in this neoclassical model also exhibits constant returns to scale, 

a constant positive elasticity of substitution and decreasing returns to each input. The 

basic equation of the model signifies that the capital growth dynamics are associated with 

actual investments in physical capital per worker (at constant saving rate) that are 

subjected to constant rate of depreciation. 
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       The economy in this model finally converges to a steady state in the absence of 

technological progress assuming technology and population grow at exogenous rates. At 

the steady state the growth of both output per worker and the capital stock per worker are 

at the rate of technological progress. An increase in the saving rate or a decline in 

population growth both positively affects the long run growth patterns. The level of the 

long run growth path changes accordingly whereas the slope remains unaffected. 

 

 

The Human Capital Augmented Solow Model 

      Mankiw, Romer and Weil (1992) bring in the human capital component as a 

separate input in the Neoclassical Solow Model’s production function. The production 

function thus becomes: 

                                                      1
ttttt LAHKY                                           (2.2) 

 where A  represents technology, L  is the labor force and K and  H denotes the physical 

and human capital respectively. The exponents  ,  and  1  reflect the elasticity 

of output with respect to the individual inputs. The production function also reveals the 

existence of constant returns to scale and diminishing returns to each input, thus ensuring 

that the economy will reach a steady state eventually.  

      Apart from the standard assumptions of the original Solow model (labor and 

technology grow at exogenous rates), the model also assumes that the output can either 

be used for consumption or investment purposes. Also the method of investment in the 

human capital is the same as that of the physical capital (by allocating a fraction of 
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income for acquiring the human capital and giving up consumption for the reason) and 

both physical and human capital depreciates at the same constant rate. 

      The human capital augmented Solow model also reaches a steady state where the 

output per worker and the human and physical capital per worker grow at the exogenous 

rate of technological progress. An increase in the level of human capital accumulation in 

the economy will lead to an upward shift in the long run growth path but the slope or the 

rate of growth will remain the same. One distinct feature of this model is that the impact 

of increased saving rate on the income level is more dominant than in the original Solow 

model. It is because at the same rate of human capital accumulation, an upward shift in 

the saving rate leading to a higher steady state income level will eventually increase the 

level of human capital accumulation.  

 

2.1.2. Endogenous Growth Models 

      The main drawback of the exogenous growth models was the “exogeneity” of the 

long run growth rate. Taking the rate of productivity growth as given does not give a 

satisfactory explanation of the complex productivity growth mechanism. The New 

Growth Theory developed by Paul Romer addressed this problem by endogenizing the 

growth determinants. The researchers have since then, focused on two different 

approaches that include explanations of productivity change within the model. 

 

Growth Determined by Human Capital Accumulation   

    Lucas (1988) focuses on the acquisition of human capital as a key factor in 

determining the long run growth within an endogenous growth framework. The model is 
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based on the assumption that the economy is composed of the identical rational agents 

intending to maximize their lifetime utility. The economic agents are concerned with the 

level of consumption (which determines the amount of physical capital stock) and the 

time distribution between work and human capital acquirement (which affects the 

individual’s future productivity). Technology is assumed to be constant in this framework. 

The production function is defined as: 

                                                   
tattttt hLhuKAY ,

1                                          (2.3) 

where Y  denotes output, A  denotes technology, K  and L  are physical capital and labor, 

u  represents the fraction of time spend working, h  is the individual’s level of human 

capital and ah  is the economy’s average skill level.. 

      Lucas (1988)  postulates that the level of human capital is unrelated with the 

growth rate of human capital as the paper assumes a linear relationship between the 

allocation of time to skill acquisition  and the growth rate of human capital. Thus despite 

the level of human capital in the economy, any factor causing an increase in the human 

capital will generate the same proportionate increase. Further the absence of diminishing 

returns to human capital ensures that human capital can grow indefinitely and hence lead 

to self-sustaining growth. A rise in the equilibrium value of time allocated to skill 

acquisition will lead to an increase in the rate of economic growth as opposed to the 

exogenous growth models.  

      The existence of the human capital spillovers is crucial to the properties of the 

steady state. If the human capital has no external effects on the economy, then the output 

per worker, physical as well as human capital per worker follow a some what balanced 

growth path (i.e. they all grow at the same rate). In this case an increase in the level of 
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skill acquisition per worker will trigger a higher level of physical capital as well. While in 

case human capital has a positive externality, physical capital per worker will rise at a 

quicker pace than the human capital. The model also indicates that the coefficient of risk 

aversion and the discount rates are inversely related to the human capital growth where as 

the productivity of schooling positively channelizes the fraction of time allocated to skill 

acquisition.  

 

Human Capital in Research and Development Growth Models 

     The strand of R&D growth models signifies that the technological progress is 

vital in depicting long run growth patterns as argued by the Neoclassical Solow model. 

However, instead of relying on the assumption of exogenous technological change, the 

R&D models like the one presented in Romer (1990) explicitly model the source of the 

technological change i.e. the innovations resulting from the research activities conducted 

by the economic agents in response to market incentives. The model then highlights the 

crucial role of skilled human capital in the research and development sector.  

     The model in Romer (1990) is based on three principle strands.  

 The most pronounced effect on the productivity growth is that of technological 

progress and physical capital accumulation. 

 Technological progress is the outcome of the deliberate efforts of private 

economic agents carried out in reaction to market incentives. 

 Technological knowledge is non-rival in nature. 

      The economy comprises of three sectors. The final goods sector which is 

competitive in nature, the intermediate goods sector which constitutes monopolistic 
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competition and the research sector which is also competitive in nature. The research 

sector uses the human capital and the existing technological know-how to generate new 

sets of knowledge or specifically new designs of capital goods. The intermediate goods 

sector uses these designs with the foregone output to produce new intermediate capital 

goods. The final goods sector then, to produce final output, engages labor and human 

capital along with the intermediate capital goods.   

      The final goods sector’s production function is as follows: 

                                          1,1    ixLHY
i

iY
 to A                                    (2.4) 

where Y  is output, L  is labor, YH  denotes human capital involved in production and ix  

are the intermediate capital goods. The model assumes that the supply of labor and 

human capital stock is constant over time. Further it shows that the stock of knowledge 

affects the number of intermediate durables available in the economy. 

      The non-rival nature of technological knowledge together with the presence of 

monopolistic competition in the intermediate goods sector permits the firms in the 

intermediate sector to finance their R&D as the price of intermediate durables is higher 

than the marginal cost because of the monopoly rents. The non rival property of 

knowledge is also relevant for the production of new knowledge as it depends on the 

existing stock of knowledge and the allocation of human capital to the R&D. Thus the 

increasing number of intermediate durables generated through the stock of knowledge as 

well as the knowledge spillovers ensures that technological knowledge can grow without 

bound leading to self sustained growth. At the steady state; growth of output, capital and 

knowledge would be in coincidence with the constant rate of technological progress. 
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Thus an effort to increase the stock of human capital leads to permanent increases in the 

economic growth. 

 

2.2. Human Capital and Growth in Empirical Literature  

     The empirical work on the contributions of human capital in the growth process 

suggests that human capital in terms of education and health status has an overall positive 

impact on the growth. However the strength of the relationship relies on the model 

presentation and the data selection. The structure of the subsequent section follows Schütt 

(2003) in organizing studies with respect to their econometric specifications. 

 

2.2.1. Studies Based on Convergence Equations 

     The neo-classical Solow model predicts that income per capita should converge 

between the low income and high income countries due to the diminishing returns to 

capital. With a given ratio of investment to output and identical production function, the 

poorer countries with low ratios of capital to labor and capital to output will experience a 

faster growth in capital and output than the rich countries. This will lead the poor 

countries to catch up with the steady state output levels of the richer countries. This 

phenomenon is named as the convergence hypothesis. If the world wide differences in 

saving rates and population growth are acknowledged, then the conditional convergence 

can be analyzed by controlling the variables depicting the steady state in the Solow model. 

The approach can be presented as 

                                                   tyygy lnlnln                                       (2.5) 
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where yln  denote change in output per capita, ty  is the output per capita at time t, *y  

and g  depict steady state levels of output and growth respectively and   shows the 

speed of convergence. The studies following this approach can be distinguished on the 

basis of how the variables used to proxy for y  are chosen i-e whether the variables 

incorporated are based on the recommendations of a rigorous theoretical model or are 

selected in an ad-hoc manner. 

 

Studies Based on an Explicit Theoretical Model  

     As compared to the original neoclassical Solow model, most of the researchers base 

their analysis on the augmented Solow model which incorporates human capital as an 

additional input. Mankiw et al. (1992) initiated the use of structural convergence equation 

and base their analysis on the reduced form equation attained from the manipulations of 

the production function being used. 

     Mankiw et al. (1992) first attempted to estimate the original Solow model, according 

to which, the elasticity of physical capital with respect to the output came out to be 0.6, 

much higher than the observed capital shares that are around 0.3.In order to improve the 

fit of the data, Mankiw et al. included human capital as a separate input and estimated the 

reduced form equation with OLS on the cross country data. The paper used a sample of 

98 countries for the time period 1960-1985 and employed OLS estimation technique. 

Moreover, two separate sub-samples were employed in the regression. One was the 

OECD sample and the other was an intermediate sample that excluded the least 

developed countries. Enrollment in secondary education was used as a proxy to human 

capital. 
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     With the inclusion of human capital in the model, output elasticity of physical and 

human capital turn out to be 0.4 and 0.2 respectively which is in better collaboration with 

the observed capital shares. The model also now accounted for more than 70 percent 

variations in the growth rates. The impact of human capital on the growth was found to 

be positive and significant. However, for the OECD sample the impact was not found to 

be statistically significant. 

     Islam (1995) was of the view that the studies employing data on a simple cross section 

may lead to the omitted variable bias as the country specific fixed effects of aggregate 

production function (which are overlooked in single cross sectional estimation) could be 

correlated to the independent variables included in the model. In order to address this 

issue Islam (1995) adopted the panel data approach that caters for heterogeneity in the 

production function across the countries. The paper argued that the panel data approach 

controls for the effects of capital deepening as well as the technological and institutional 

differences in the process of convergence. 

      Instead of taking the school enrollment rates, the paper used educational attainment as 

a proxy for human capital. In the foot steps of Mankiw et al. (1992), the paper also 

considered three different sub samples. Employing panel data estimation technique and 

incorporating country specific fixed effects, Islam (1995) found a significant negative 

relation between human capital and growth in contradiction with the theoretical 

framework. However, the schooling coefficient was significant only for the broad sample 

and not for intermediate and OECD samples. Moreover, the paper found higher rates of 

conditional convergence as lower values of output elasticity of capital as compared to 

Mankiw et al. (1992). 
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     Following a growth model some what similar to that of Mankiw et al. (1992), Freire-

Seren (2001) uncovered the impact of human capital on output growth by looking in to 

the causal impact of growth on human capital accumulation. The paper stated that the 

puzzling results of the previous studies could be a consequence of the employment of 

different estimation techniques and consideration of alternative definitions of human 

capital. The proxies of human capital used in the regressions may actually be subject to 

the measurement error. Also the previous literature did not consider the endogeniety 

between the human capital and output growth.    

     Employing a five year interval data set for the period 1960-1990, the study split the 

sample among 78 non oil countries, 65 intermediate and 22 OECD countries. A dynamic 

system of simultaneous equations was estimated using two stage non linear least squares 

method to address the possible issues of endogeniety and measurement error. The results 

indicated a positive and significant impact of output growth on the accumulation of 

human capital and vice versa revealing a direct relation ship between economic growth 

and human capital when simultaneity between them is taken into account. If however, the 

simultaneity is ignored than an insignificant coefficient of human capital could be 

attained. Also the absence of simultaneity results in lower estimates of the contribution of 

human capital. This might be because the presence of measurement error in the proxy for 

human capital leads to underestimation of the coefficients. The paper also examined that 

whether the inclusion of simultaneity had any impact on the speed of convergence to the 

steady state and came up with the one similar to that of Mankiw et al. (1992). 

     Bassanini and Scarpetta (2001) used a panel of 21 OECD countries for the period 

1971-78. The human capital augmented Solow model by Mankiw et al. (1992) was taken 
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in to account to specify the structural convergence equations while mean years of 

schooling of the working age population was considered to proxy for the stock of human 

capital. The study employed Pooled Mean Group estimation technique to analyze the 

long run factor inputs-output relationships. The paper in particular, allowed the cross 

country variations in short term adjustments and convergence speeds and in fact imposes 

cross country homogeneity conditions only in the long run.  

     The study propagated a significant positive impact of human capital on growth. It 

found that the output per working age population elasticity with respect to the average 

years of schooling turns out to be 0.6 which is consistent with the microeconomic 

evidence of private returns to schooling. Also, the paper showed a profound impact of 

physical capital stock on the growth and the speed of convergence to the steady state was 

estimated to be around 15% annually. These  results could be apparently referred to the á 

la Uzawa-Lucas endogenous growth model with constant returns to scale to human and 

physical capital rather than the human capital augmented Solow model. The paper stated 

that the contradicting results of human capital in the growth regressions could possibly be 

due to the poor quality of data even for the OECD countries. The paper also pointed that 

the likelihood of a non linear trend affecting the data is considerably high. 

     On the lines similar to Islam (1995), Agiomirgianakis et al. (2002) used a panel of 93 

countries for the period 1960-87. The paper argued that education may not significantly 

impact the growth if long run dynamics of several relevant studies with the cross 

sectional characters are considered. The paper employed a dynamic panel data technique 

that not only considered country specific fixed effects but also allowed the countries to 

follow their own dynamic path. The study concluded that education has a significant 



 27

positive long run association with growth. This impact also becomes more profound as 

the level of education increases. The paper states that the governments that focus on 

spreading higher education would eventually experience higher gains in terms of 

increased levels of economic growth. 

 

Studies Based on Ad-hoc Specifications 

     Studies under this category normally include variables that stand in for y  in an 

improvised manner based on the researchers own view point about the factors important 

for the growth process. The equations used in such estimations are of the form: 

                      iijjiyi Zyy   00 lnln for 1j to n                      (2.6) 

where  iyln  denotes average growth rate of output per capita between initial period 0t  

to 1t , iy0  is the output per capita of country i  at 0t , i  is the error term and ijZ  denotes 

the different variables selected through the researcher’s own perspective and may include 

some measure of human capital as well. 

     Romer (1989) conducted one of the earliest research studies in this framework. He 

presented some theoretical linkages and in their light, tried to explore the empirical 

relationships. A sample of 112 countries was used for the time period 1960-1985. 

Literacy rate was employed as a proxy for human capital. The paper confirmed the role of 

human capital in accelerating economic growth and literacy was found to have an impact 

on the investment rate and indirectly on growth rates too. 

     The paper suggested that in the growth accounting frame work, where the purpose is 

to identify the respective contribution of physical investment and human capital, the 
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collinearity may not allow the human capital estimate to be significant. The initial level 

of literacy assisted in estimating physical investment but it may be correlated to life 

expectancy at birth, for example and thus no clear understanding is developed that 

whether higher literacy rate or higher life expectancy is responsible for higher physical 

investments or there may be some other variable determining all three variables. The 

paper also suggested that if we could cater for the measurement errors, then a remarkable 

change in the inferences made from the data could be observed.  

     Barro has made a significant contribution to the work being done in this field and 

produced a number of studies highlighting the human capital-growth nexus. Barro (1989) 

used a cross sectional sample of 98 countries for the period 1960-85 and found that the 

initial level of human capital is positively linked to per capita growth. School enrollment 

rates were used as a proxy for human capital while initial per capita real GDP was used to 

measure the starting value for physical capital. The paper also proposed that increases in 

initial GDP per capita that are typically linked with increases in human capital per person 

may not be systematically related to the resulting growth. On the other hand, increases in 

initial GDP per capita holding the level of human capital constant shows a significant 

inverse relation with subsequent growth.  

     Barro (1989) also states that an increase in human capital, keeping initial GDP per 

capita as fixed, has a positive impact on growth, suggesting that the poor countries will 

only catch up with the rich ones if they are endowed with high proportions of human 

capital and not otherwise. Also high human capital is normally accompanied by lower 

fertility rates and high ratios of investment to output. This might indicate that a part of 

positive impact of human capital on growth is observed through reduced fertility and high 
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investments in capital rather than through the increased productivity of labor. The paper 

also showed that the measurement errors or the business cycle effects have an impact on 

the growth analysis only if they continue in a substantial magnitude over a period of more 

than ten years. The paper also attempted to employ other proxies of human capital such 

as adult literacy rates and pupil teacher ratios, all of which confirmed the positive human 

capital-growth relationship. 

     Barro and Lee (1994) incorporated their own data set regarding the educational 

attainment measured in years of schooling at the primary, secondary and tertiary levels 

and their differentiation at these levels on a gender wise basis. The paper extended the 

earlier work done by Barro in the sense that it split the data in to two time sets i.e. 1965-

75 and 1975-85. The paper depicted a significant positive effect of the average years of 

male secondary schooling on the growth. Like wise the impact of change in male 

secondary attainment on growth was also significantly positive. The striking result of the 

paper was the negative coefficient of female secondary schooling and also that of the 

change in female secondary attainment. On the other hand male and female primary 

education as well as higher education was estimated to have no prominent effect on the 

subsequent growth. 

     Barro (1997) used a panel of 100 countries and extended the data up to the year 1990. 

The data is studied over three periods i.e. 1965-75, 1975-85 and 1985-90. Human capital 

was incorporated in three forms; average years of attainment for males in secondary and 

higher level, life expectancy at birth and an interaction between the log of initial GDP 

and years of male secondary and higher schooling.  
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     The paper found that growth is affected by male higher schooling attainment but not 

by male primary schooling attainment. However primary schooling is important for 

growth as it is a pre requisite for secondary and higher education. The coefficient of 

female primary education was found to be negative and insignificant. Starting from a 

position at the sample mean, an additional year of male higher level schooling increased 

the value of convergence coefficient, a fact consistent with the theories that emphasize 

the role of education in enhancing the economy’s ability to adapt to the new technologies. 

The significant positive effect of log of life expectancy may imply that improved health 

status is beneficial for growth as it also raises the quality of human capital. The paper 

stated that for a given level of real output per capita, the output growth is increased with 

higher initial schooling and life expectancy, lower fertility and government consumption, 

maintenance of rule of law and betterment in terms of trade. On the other hand, growth is 

inversely associated with the initial level of output per capita for these given variables.      

     Barro (2001) extended the panel data for 100 countries up to the year 1995. Apart 

from using the schooling attainment data, the paper also employed the data on the 

international test scores to capture the effect of quality of education on growth. Scores of 

science test were found to be significantly related to growth. Given the quality of 

education (measured by test scores), the quantity of education (measured as average years 

of schooling of males at secondary and tertiary level) still had a positive impact on 

growth. School drop out rates, pupil teacher ratios and proxy for parents’ education if 

used as instruments in the instrumental variable approach showed that the results of the 

test scores remain unaffected.  
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2.2.2. Studies Estimating an Aggregate Production Function 

     The studies in this category normally consider the production function of the 

following form:  

                                                         
tttt LHKAY                                               (2.7) 

Converting the function in per capita form, taking logs and applying time differentiation, 

the equation is expressed in growth rates for country i at time t: 

                                 itititit hkay lnlnlnln                                      (2.8) 

     The above equation resembles the growth accounting framework where the growth of 

output in a particular country is decomposed as growth of inputs and total factor 

productivity (expressed as residual). The above equation takes in to account the growth 

patterns across countries and thus could be referred as cross country growth accounting.  

     In growth accounting the fact that A0 is unobservable is very well accommodated by 

taking the growth rates and hence eliminating the A0 term. However, the cross country 

growth accounting still incorporates the term depicting technical efficiency. Some 

measure is therefore needed to tackle this term such that this term could be referred as the 

constant term in the regression equation if assumed to be constant across countries.  

     Benhabib and Spiegel (1994) presented one of the earliest research studies in this 

framework. The study estimated a variety of measures of physical capital by using 

different assumptions to generate capital stock series from the investment data. The 

results however were unaffected by the choice of the measured capital stock. On the other 

hand, estimates of the human capital stock were obtained by first assessing the 

relationship between educational attainment of labor force and the past values of human 

capital investments such as primary, secondary and tertiary enrollments for the sample of 
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countries for which both the enrollment rates and attainment data was available. The 

results obtained were then extrapolated to a larger sample of countries for which only 

enrollment rates were available.  

     The results showed a significant negative impact of the human capital growth on the 

output growth between 1965 and 1985 and were robust to a variety of specifications, 

inclusion of ancillary variables such as political instability and income inequality among 

the regressors, as well as to the possibility of a bias which occurs when per capita income 

growth is regressed on accumulated factors of production. The possible explanation for 

the negative coefficient of human capital could be that most African countries were 

endowed with very low stocks of human capital. Despite the fact that some countries 

expanded their educational levels considerably as compared to their initial levels, they 

experienced extremely low growth of output for the period considered in the estimation. 

These results remained unaffected with the inclusion of the regional dummy for Africa. 

The results were also insensitive to the exclusion of African countries from the sample.  

     The paper further argued that expressing human capital as an additional input in the 

growth accounting framework might misspecify its role. It thus employed an alternative 

model following Nelson and Phelps (1966) and Romer (1990) that related levels of 

human capital to aggregate factor productivity and included elements to capture the 

impact of human capital on the speed of technological catch up and diffusion. The catch 

up term was found to be positive for the broad sample as well as for the sample of poor 

countries. However, the innovation term was more profound in case of richest third of the 

sample. The human capital also had major implications for promoting other factors 

important for the growth process, mainly the physical capital. The study made a point that 
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the role of human capital is mainly facilitating in the adoption of new technologies and 

creating new ones rather than entering as a factor of production. 

     Pritchett (2001) accounted for the impact of human capital on growth through the 

construction of the “Mincerian” stocks of human capital. The educational capital was 

defined as the discounted value of the wage premia (with respect to unskilled wage) due 

to education. With some further assumptions the proportional growth rate of the human 

capital stock was manipulated so that it could be written as the growth rate of the 

expression H(t) = eθS(t) -1, where θ is the percentage increment in wages from an 

additional year of schooling (assumed to be 10%) and S(t) is the years of schooling at 

time t. The Barro and Lee (1993) data set for the educational attainment and the Nehru et 

al. (1995) data set for enrollment rates were used to construct a measure of growth of 

educational capital per worker which was then employed in the growth accounting 

framework. 

     The results showed a significant negative association between human capital and 

growth. The paper estimated the growth accounting regression coefficient on educational 

capital to be with in the range 0.2 to 0.4. However, the results were robust to the outliers, 

sample composition (such as exclusion of African countries and inclusion of regional 

dummies), nature of data and the estimation technique. The results presented in the paper 

were justified for not being the outcome of measurement error or the failure to capture 

the effects of schooling quality. 

     Pritchett argued that the positive spillovers of education should lead to the impact of 

education on the aggregate output to be higher than that of cumulative individual impacts. 

However, the microeconomic evidence of increased returns to education in the form of 
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higher wages did not seem to be consistent with the macro-economic studies that fail to 

estimate a positive impact of education on growth, thus creating a micro-macro paradox. 

The paper suggested three possible explanations for this paradox in the context of cross 

country data. 

 In some countries the educational attainment had produced cognitive skills but the 

unsatisfactory institutional environment in these countries had led the newly 

produced capital to be normally employed in privately remunerative but socially 

unproductive activities. 

 The different sectoral shifts, the respective policies and the exogenous differences 

in the technological progress had caused the growth rates of demand for educated 

labor to be varied across countries, so that the countries with the same initial level 

of returns and equal subsequent expansions in supply of labor might experience 

falling, rising or constant marginal returns to education. 

 In some countries the educational system had a profound role in skill development 

and transmittion of knowledge while in others it had been totally ineffective. 

 

        Söderbom and Teal (2001) checked whether higher levels of human capital or 

openness to trade stimulate income levels and their growth patterns. The paper argues 

that the cross section data when used in establishing causal links of education or openness 

to growth do not reveal much about the determinants unless valid instruments are 

employed. The paper used a panel of 54 countries for the time period 1965-1990 to cater 

for the problems of endogeneity, measurement error and to reduce the effects of 

differencing.    
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     System GMM estimation is employed in the paper that used lagged level values as 

instruments for contemporaneous differences and lagged differences as instruments for 

the contemporaneous levels. The estimation revealed no impact of human capital on the 

productivity growth. However, a small but insignificant impact of human capital was 

found on the output level. The study indicated that estimation of the production function 

could lead to misleading results as long as there are unnoticed differences in the 

underlying growth of technical efficiency across countries, which are correlated with the 

explanatory variables. The paper also claimed that the results obtained were not 

influenced by the choice of countries and that the results identical to those of large 

datasets could be attained by applying cross country growth regressions to the same data 

set used in the study.  

     Bloom et al. (2004) criticized that most cross country empirical studies consider only 

a limited aspect of human capital i.e. the education where as the health and work 

experience should also be embodied in the definition of human capital. The paper 

emphasized the importance of health in the sense that healthier workers are more 

productive as they are physically and mentally more energetic and hence earn higher 

wages. Healthier workers are also less likely to be absent from work which has a very 

strong implication for the developing countries where most of the workers are employed 

in manual labor rather than the industrial sector. The study pointed out that it is unclear 

whether health directly effects growth or was just used as a proxy for other missing 

factors in the earlier growth regressions who incorporated the life expectancy variable. 

     Bloom et al. employed an aggregate production function that incorporated health and 

experience as additional determinants of human capital along with education. A panel 
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data set for 1960-90 was used for a cross section of countries. Average years of schooling 

and life expectancy were used to analyze the impact of education and health on economic 

growth. Health was found to have a positive and statistically significant effect on 

economic growth. The paper estimated that a one-year increase in the population’s life 

expectancy leads to a four percent increase in output. No evidence was found for the 

macroeconomic effects of education and experience to be different from the 

corresponding effects in macroeconomic studies, thus implying that education and 

experience exhibits no externalities at the aggregate level. 
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Chapter 3 

Issues in Empirical Literature Regarding Growth and 

Human Capital 

 

     In this section, we will examine different conceptual and econometric issues that have 

emerged in the human capital-growth literature which suggest that the results of the 

empirical studies should be evaluated in accordance with these considerations. 

 

3.1. Issues Related to Convergence Hypothesis 

     Convergence hypothesis is the most addressed stance in the empirical growth 

literature. Many studies have attempted to explore that whether all poor countries 

eventually tend to catch up with the technologically advanced high income countries at 

the common steady state (absolute convergence) or different countries tend to move 

towards different steady states depending upon their own characteristics (conditional 

convergence) and if so, what are their respective speeds of convergence. 

     The natural question which arises points towards the role of initial conditions 

especially that of the level of physical and human capital in the economy. As pointed out 

by Galor (1996) if initial conditions matter for the long term outcomes and countries with 

similar starting points tend to follow similar long term growth paths then eventually 

different convergence clubs are formed. However, special consideration is required in 

distinguishing the initial conditions from the structural heterogeneity as steady state 
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impacts of the former leads to the formation of convergence clubs while that of the latter 

do not. 

     The estimated equation in most of the growth literature is usually of the form: 

                                     iiiiti ZXyy   0,, lnln                              (3.1) 

where tiy ,ln is the growth rate of output per worker of country i  between time t  and 

initial time 0t , 0,ln iy is the log of output per worker at initial time period, iX  denote the 

determinants of growth incorporated in the Solow model and iZ represent the other 

determinants of growth that are not included in the original Solow model and their choice 

varies among different growth studies. Convergence studies have shown that the results 

are in fact, quite sensitive to the choice of the explanatory variables that lie outside the 

Solow model.  

     In the equation (3.1), the case of  < 0 implies convergence (also known as  -

convergence) as this signifies that a country with lower initial income tends to move 

faster towards steady state as compared to the rich country when both of them have 

common steady state determinants and tend to converge to the same balanced growth 

path. Normally  < 0 is evaluated as evidence against endogenous growth models but 

studies like Kelly (1992) have reported faster growth towards steady state for economies 

starting with lower stocks of capital in the self sustaining growth model. Also < 0 being 

a baseline implication of growth convergence models may not be inconsistent with the 

non converging alternatives. So  -convergence tests in the growth studies need to be 

dealt with special care. 
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     In the empirical growth literature, the measurement error tends to bias the regression 

results towards the existence of  -convergence as argued by Romer (1989). The study at 

first reported a significant negative impact of initial level of per capita income on growth 

using OLS estimation technique. To account for the possibility of measurement error in 

the initial level of income and the literacy rate which was used as a proxy for human 

capital, the study also employed the number of radios per thousand inhabitants and the 

log of consumption of newsprint per capita as instruments into the Instrumental Variable 

technique. As a result, the coefficients of both human capital and initial level of income 

became insignificant indicating that the regression estimates are sensitive to the 

measurement error. Barro (1989) on the other hand claimed that the measurement error 

had a very slight impact on the regression results. The paper further argued that 

measurement errors can only be a vital if they substantially persist for a period of more 

than ten years.  

     The validity of the estimates of  -convergence becomes implausible if there is 

endogeneity among the explanatory variables in the growth equations. So Cohen (1996) 

pointed out that the human capital accumulation equation normally employed in growth 

regressions that relate human capital accumulation proportionally to per capita income 

failed to account for the role of human capital stocks in the accumulation process. This 

role is important in the sense that the countries with lower initial levels of human capital 

stock did not gather human capital as fast as compared to the richer ones. The paper then 

made a point that proper acknowledgement of this relation between human capital 

accumulation and initial stock of capital assists in reconciling the conditional  -

convergence with unconditional -divergence. 
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     Finally empirical studies have established nonlinearities in the growth process while 

exploring the possibility of the existence of multiple steady states. Durlauf and Johnson 

(1995) claimed that statistical models consistent with multiple steady state better account 

for the diverse nature of cross country data than the linear Solow model. 

 

3.2. Issues Related to Statistical Growth Models 
 
 
3.2.1. Choice of Explanatory Variables 
 
     A question central to statistical growth models concerns the choice of variables to be 

included in the model as regressors as there isn’t any consensus on the determinants of 

the growth process. In the empirical literature, a large number of alternative variables 

have been incorporated in the regressions. A possible explanation can be that normally 

the growth theories are consistent with each other such as a theory that emphasizes the 

importance of one variable e.g. democratic environment may not be reasonably 

incompatible with another that determines the impact of fertility rate on growth. 

     Lavine and Renelt (1992) used different sets of explanatory variables in the growth 

equation to check the robustness of these variables. The paper found that the sign and 

significance of the coefficients of independent variables are highly sensitive to the 

inclusion of other control variables as these coefficients constantly change their sign and 

significance as the composition of the regressors in the growth equation is altered. The 

analysis included initial income, secondary school enrollment rates, the investment share 

of GDP and population growth rate to proxy for the variables incorporated in the Solow 
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model. The paper pointed out that along with the initial income and share of investment 

in GDP, human capital variable was also among the robust indicators of growth. 

 

3.2.2. Parameter Heterogeneity  

     The empirical growth studies often raise a question that whether it is appropriate to 

place countries with diverse characteristics on the same platform. Most of the empirical 

studies employ a constant parameter for education along with other variables due to 

availability of the limited time data particularly in large cross section of countries. To 

address the issue of parameter heterogeneity some studies split their samples in to 

different sub samples and estimate separate equations for each of them. The studies such 

as Mankiw et al. (1992) report the estimates for each sub sample and evaluate the 

differences. 

     Krueger and Lindahl (2001) allowed each country to have a separate schooling 

coefficient in a variable coefficient model and the results showed that the coefficients 

varied across countries. On the other hand the hypothesis of constant or homogeneous 

educational coefficient across countries was strongly rejected in the estimation. Also the 

average slope coefficient was found to be negative and insignificant. Likewise, for the 

average country a greater initial level of secondary and higher education had a 

significantly negative impact on growth. 

     The problem of parameter heterogeneity is often dealt with by considering more 

general functional forms to allow for greater flexibility in the estimation process. Liu and 

Stengos (1999) estimated semi parametrically the augmented Solow growth model and 
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found a threshold effect in secondary school enrollment rates indicating that human 

capital had a positive impact on growth only if it exceeds about 15 percent.  

     Mamuneas et al. (2006) used smooth coefficient methodology while evaluating the 

annual estimates of total factor productivity. The paper described the impact of human 

capital on TFP growth and considered the human capital component in two alternative 

specifications allowing it to depend on the level of outward orientation. Both 

specifications of human capital function confirmed the positive human capital-growth 

relationship.   

 

3.2.3. Non Linearity 

     The linear relationship between human capital and growth has been a debatable issue. 

Empirical studies have made several attempts to explore the nonlinearities in the human 

capital-growth relationship. Krueger and Lindahl (2001) investigated the impact of initial 

level of education on growth by dividing the data in three sub samples on the basis of the 

initial level of education lying in the bottom, middle or top third of the sample. Separate 

regressions were run for each sub sample and the results indicated that for the countries 

with lowest level of education, education had a significant positive impact on growth 

where as an inverse association between growth and education was found for the 

countries with middle and higher levels of education. The study proposed that the 

quadratic function of education gives more appropriate results as it demonstrated an 

inverted U-shaped association between growth and human capital with a peak at 7.5 years 

of education. This implied that the average OECD country with 8.4 years of schooling 

lied on the downward sloping side of the curve. 
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     Kalaitzidakis et al. (2001) also tried to find out the nonlinearities between different 

measures of human capital and economic growth in a partially linear semi parametric 

fashion on the conjecture that parametric estimates did not completely specify the 

association between the two variables. The paper concluded that the relationship between 

human capital and growth was quite complex and depended greatly on the definition of 

human capital employed in estimation. The most widely used proxy for human capital i.e. 

the average years of schooling provided the evidence for the nonlinear relationship. The 

impact of human capital on growth was negative for lower levels of human capital while 

it was positive for the middle level. A possible explanation for the negative effect of 

lower levels of human capital could be the channelizing of additional amounts of human 

capital towards rent seeking activities. The results of the paper were consistent with those 

of Krueger and Lindahl (2001) in depicting the existence of threshold levels of human 

capital and the human capital-growth relationship varied for each country depending on 

which side of the curve they lie on. 

     Kourtellos (2002) modeled the cross country growth data in a semi parametric 

formulation and investigated for any possible nonlinearity in the growth process. The 

paper found that the initial income and human capital had a nonlinear connection with 

growth. Evidence was also found on the interaction effects between human capital and 

initial income as well as between initial income and population growth rates depicting a 

clearer picture of cross country growth effects. 

     Mamuneas et al. (2006) while investigating the relationship between human capital 

and growth also accounted for the possibility of a nonlinear association. The semi 
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parametric estimation of the TFP growth equation provided sufficient evidence for the 

existence of nonlinearity in the model. 

 

3.2.4. Reverse Causation 

     Another issue that has emerged in the empirical literature is the channel through 

which human capital is associated with growth as apart from the role of human capital in 

stimulating growth; the income growth also encourages human capital positively. In case 

of a high income developed country, the larger service sector and the high tech 

production sector requires a highly skilled workforce. On one hand the increasingly 

available educated work force enhances the up grading process and on the other hand the 

structural changes in the economy motivate a larger fraction of population to acquire 

better education thus creating a bi-directional reverse causation between human capital 

and growth [Sianesi and Reenen (2000)].The endogeneity between the two variables thus 

leads to an upward bias in the estimated coefficients. 

     Bils and Klenow (2000) contributed to the debate and presented two channels that 

explained the linkage of schooling to growth. Firstly, an increase in the country’s income 

level positively impacts the demand of schooling based on the fact that schooling is also a 

consumption good along with being an investment good. The paper calibrated a model of 

growth based on Mincerian returns to schooling and experience and used the parametric 

estimated based on the microeconomic literature. The results indicated that not more than 

30 percent of the empirical correlation between school enrollment rates and economic 

growth could be related to the reverse impact of schooling on growth. The results held 

true when instead the impact of schooling on technology adoption was evaluated. 
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     Another channel inducing the reverse causation bias was that of the impact of 

expected output growth on schooling. Higher output could lead to an increase in wages 

and thus returns to education rise with an increase in potential income. In this regard 

demand for schooling ought to increase with an increase in expected output growth. The 

calibration exercise revealed that between 33 to 100 percent observed correlation 

between school enrollment and growth could be explained depending on the choice of 

parametric estimates. 

     Many empirical studies focus on the average schooling rather than enrollment rates. 

So de la Fuente and Ciccone (2002) made a point that average schooling being a stock 

variable evolves gradually over time and hence could be affected by changes in income 

level only under the condition that enrollment rates change with a considerable lag in 

time. Also reverse causation could seriously hamper the regression estimates if growth 

rates were taken over a long period of time. On the other hand, growth rates or changes in 

income over shorter periods could less likely be problematic.  

     Freire-Seren (2001) also looked in to the causal impact of growth on human capital 

accumulation. To address the issue of endogeniety, a dynamic system of simultaneous 

equations was estimated using two stage non linear least squares. The results indicated a 

positive and significant impact of human capital on output growth signifying a direct 

association between economic growth and human capital when simultaneity between 

them is taken into account. If however, the simultaneity is ignored then the coefficients of 

human capital became insignificant. Also, the absence of simultaneity results in lower 

estimates of the contribution of human capital that might be attributed to the presence of 

measurement error in the proxy for human capital.  
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3.3. Data Issues 

     Now we will look in to some data related issues that frequently arise in the human 

capital-growth empirical literature. First we will discuss some econometric issues related 

to data sets. Then we will present some issues related to the proxies for human capital 

that are normally employed in growth literature. 

 

3.3.1. Econometric Concerns Relating to Data 

     While working with the empirical data, certain econometric complications have been 

experienced by the researchers which put a question mark on the authenticity and liability 

of these data sets along with the inferences made from the regression estimates based on 

such data. 

Measurement Error 

     Measurement error has been a serious issue especially for the data related to 

developing countries. The problem can be better analyzed with respect to a bivariate 

model where the explanatory variable is subject to measurement error. The measurement 

error plugs in covariance between the observable form of the independent variable and 

the error term, in turn, biases the estimates of slope coefficient towards zero. This 

downwards bias is some times misinterpreted in terms that it conceals the actual effect. In 

case of multiple regressors in the model, if one variable is prone to measurement error 

then all parameters will be biased. Some estimates in this case will be biased even in the 

opposite direction. Hence several variables measured with error makes the assumption 

that measurement error only hides the true effects even more crucial [Durlauf et al. 

(2004)]. 
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     In the context of human capital-growth debate, the most widely used measure of 

human capital i.e the years of schooling is beset with a substantial noise arising from 

various inconsistencies of primary data used in their construction. This noise is likely to 

bring in an attenuated bias in the estimated coefficients of human capital. 

     Krueger and Lindahl (2001) presented a statistical method to calculate the amount of 

measurement error and the subsequent downward bias. The measured years of schooling 

 jS  were expressed in terms of true schooling  jS  and a measurement error term  je , 

i.e.                                                    jjj eSS                                                (3.2) 

     The measurement errors were assumed to be classical in nature which implied the 

measurement errors to be uncorrelated with S , other variables in the growth equation, 

and the equation error term. A bivariate model was taken in taken in to account where 1S  

and 2S denoted the two imperfect measures for the mean years of schooling for each 

country with measurement errors 1e and 2e respectively. In case of 1e and 2e being 

uncorrelated, the reliability ratio of 1S  could be expressed as  
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where 1R  showed the fraction of unobserved variability in 1S  due to measurement error 

with a probability limit of   
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. If however, 1e and 2e were found to 

be positively correlated, then the estimated reliability ratios would have an upward bias. 

     Krueger and Lindahl (2001) calculated the reliability ratios of the Barro and Lee (1993) 

data set and of the data employed by Benhabib and Spiegel (1994) which was taken from 

Kyriacou (1991). Since both of these data sets were based on the incorrectly measured 
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school enrollment ratios, the measurement errors of both data sets could be positively 

correlated and thus the estimates of reliability ratios could be upward biased. The data in 

levels turned out substantially well with the reliability ratio of the Barro and Lee (1993) 

data set ranging from 0.77 to 0.85 and exceeding 0.96 in the Kyriacou (1991) data. The 

reliability ratios decreased by 10 to 30 percent conditioned on the common covariate of 

log of 1965 GDP per capita. On the other hand, the reliability ratios of the Kyriacou 

(1991) data could amount for up to only 20 percent of variations in data when data in 

changes over the twenty year period was considered. 

      The paper further pointed that in a multivariate model, the estimated impact of 

schooling changes in the data used by Benhabib and Spiegel (1994) would be 80 percent 

downward biased. Also the Barro and Lee (1993) data set, when expressed in changes 

could account for 60 percent of the variability in observed years of schooling. The results 

implied that in order to estimate the effects of educational improvements, Barro and Lee 

(1993) data should be preferred. The paper made an argument similar to De la Fuente and 

Ciccone (2002) that data taken in log differences or growth rates accelerates the 

measurement error and shorter the interval between observations, larger would be the 

measurement error. The paper also estimated growth equations for the samples over 

varying time intervals i.e. five, ten and twenty year lengths. The results made it evident 

that the magnitude and significance of the schooling coefficient was negatively 

associated with the length of interval between the observations. At five-year intervals, the 

change in years of schooling was small and slightly significant. On the other hand, 

changes in schooling had a profound (positive and significant) effect on growth over the 

periods of ten or twenty years. The results could be attributed to the fact that the 



 49

country’s true mean schooling level do not change much over shorter periods leading to a 

large transitory component of measurement error relative to variability in actual change. 

However, education levels are expected to change over longer intervals of time, 

increasing the signal relative to noise in the measured changes.  

     When measurement error is likely to be in place, the coefficients are generally not 

identified unless other information is available. The most common practice is to employ 

instrumental variable approach, if instruments likely to be independent of the 

measurement error can be traced. 

 

Existence of Outliers 

     The growth studies normally employ small data sets in simple regressions. It, 

therefore, becomes important to check the sensitivity of the regression estimates to the 

presence of outliers or unrepresentative data. Certain observations in the data can be 

unrepresentative if they are measured with error for some countries or the choice of the 

empirical model over looks some important variables thereby inducing some observations 

to act as outliers.  

     To investigate the negative coefficients of human capital estimates found by Benhabib 

and Speigel (1994), Temple (1999) replicated the key results employing the data used by 

Benhabib and Speigel (1994). Temple (1999) attributed the results to the unrepresentative 

influential observations likely to be present in the data including large number of 

heterogeneous countries. In such circumstances, according to the paper, the most 

articulate part of the data should be characterized instead of the whole sample. So 

deleting a few observations would be necessary to reveal the pattern of most part of 
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cross-country data. Temple (1999) used Trimmed least squares to identify the sample 

countries with the largest errors as outliers and then estimated the remaining sample with 

Ordinary least squares. Deleting 14 observations from the data, the study came up 

showing positive correlation between human capital and growth for the sample of 64 

countries. 

     Lorgelly and Owen (1999) also questioned the positive and significant coefficient for 

the male years of schooling and insignificant negative coefficient of female schooling in 

the Barro and Lee (1994) paper. The study after extensive robust testing of the Barro and 

Lee (1994) data, postulated the fragile nature of the results. The coefficients of both male 

and female schooling turned insignificant when four Asian Tiger countries Hong Kong, 

Singapore, Taiwan and Korea were removed from the sample. Also, the magnitude of the 

coefficient of male schooling reduced substantially though remained significant when 

female schooling was dropped from the equation and lost significance after the removal 

of four Asian countries from the sample. 

 

The Case of Missing Data 

     The countries experiencing political unrest or other extreme issues are less likely to be 

included in the growth regressions. It is because collection of national accounts is not a 

priority in such circumstances. Thus countries like Afghanistan, Somalia and Ethiopia are 

hard to be part of cross sectional studies. 

     Most empirical cross country growth studies employ the data of developing or OECD 

countries. So the oil producing, transition economies and the ones with small populations 
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are difficult to logically share a common surface with the developing and OECD 

countries. 

     As Darlauf et al. (2004) pointed out that starting from the representative data and then 

removing countries at random would normally increase the standard errors but does not 

lead to biased estimates. On the contrary, if countries were to be missed in a systematic 

way, a potential bias could be caused in the parameter estimates. 

 

Heteroskedastic Errors 

     In most of the cross section growth equations, the error terms are beset with non-

constant variance. In such a case, the coefficient estimates are unbiased, and the standard 

errors turn biased as ordinary least square becomes inefficient. The remedy is then to 

apply White’s (1980) Heteroskedastic consistent standard errors whose estimates are 

consistent and unbiased. 

     The White’s heteroskedasticity correction when applied as the only response to 

heteroskedasticity raises certain issues as discussed by Zietz (2001). Firstly, efficiency 

gains could be attained by exploiting any structure in the variance of disturbances using 

weighted least square. Secondly, heteroskedasticity could be the consequence of a serious 

model misspecification such as parameter heterogeneity and omitted variable bias. 

Presence of heteroskedasticity should be dealt with the revision of the model for the 

conditional mean, rather than mechanical adjustments to standard errors.  
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3.3.2. Consistency of Human Capital Proxies 

 The most commonly employed proxy for human capital; the average years of schooling 

has some conceptual limitations. As Mulligan and Sala-i-Martin (2000) pointed out, 

while aggregating heterogeneous forms of workers, it assumed workers with a given 

attainment level to be perfect substitutes for workers with any other level of attainment. 

Also the elasticity of substitution across workers of different attainment levels was 

supposed to be constant implying that in principle sufficiently large group of university 

professors could substitute for an Olympic athlete. It was also assumed that productivity 

of a worker increases by a constant amount in spite of the worker’s schooling level with 

each successive year of schooling. This implied that an increase in mean years of 

schooling from 0.5 to 1 would result in doubling the stock of human capital as if years of 

schooling were raised from 5 to 10 years. Moreover, output would increase by the same 

amount in both cases; if the underlying production function was take to be of the Cobb-

Douglas form. Finally, similar increases in productivity were assumed to be generated by 

a year of schooling in all educational systems regardless of their quality.  

     Empirical studies suggest that in order to make the proxy for human capital more in 

line with the theoretical concept, the functional form relating years of schooling with the 

human capital variable should be selected with caution. Normally in the empirical 

literature, a log-log specification relating years of schooling to human capital is employed 

which implies that returns to an additional year of education are much higher at lower 

levels of education than the higher levels. Many studies now suggest that instead of a log-

log specification, the relationship between years of schooling and human capital should 

be analyzed in a Mincerian log-linear specification. The log-linear formulation on the 
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contrary, implies that an increase in the average years of schooling of a population from 1 

to 2 years will yield the same percentage increase in the amount of human capital as that 

of the increase in mean years of schooling from say 9 to 10 years.  

     Cohen and Soto (2001) pointed out the preference of log-linear specification on the 

conventional log-log specification. With the schooling variable appearing in a linear 

fashion in the growth equations, the absolute change in the years of schooling is more 

plausible than the change in its growth rates. This phenomenon is more important in case 

of developing countries that have caught up with the developed ones in relative terms but 

the differential is quite significant in the absolute terms. 

     Temple (2001b) postulated that the negative impact of human capital on growth in 

Pritchett (2001) could be a consequence of the log-log specification of the model. The 

paper re-estimated Pritchett’s data using a Mincerian human capital specification. The 

results indicated a significantly positive impact of human capital on growth. The paper 

then employed a robust estimation technique which gave a substantially low coefficient 

for the human capital which the paper claimed to be an outcome of the parameter 

heterogeneity problem.  

     Temple (2001a) highlighted another aspect of human capital-growth linkage. The 

paper made reference to the Lucas (1988) model in which growth is endogenously driven 

by the human capital accumulation as human capital could grow with out bounds. When 

the models like Lucas (1988) were attempted to be estimated empirically, the proxies 

employed for human capital did not seem plausible in the context as it is difficult to 

consider that average years of schooling could grow indefinitely.  
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3.3.3. Improvement in data sets 

     The most commonly employed proxy for human capital is educational attainment by 

Barro and Lee (1996). As De la Fuente and Domenech (2000) explained this data set was 

subject to a lot of noise mainly because of the inconsistencies in the primary data they 

were composed of, hence leading to a considerable amount of irregularities both in time 

series and cross section profiles of the data. The correlation between alternative data sets 

normally came up to be quite low with large divergences between the respective figures 

on educational attainment for certain countries. Also some doubtful sharp breaks and 

changes in attainment levels were noticed over some shorter periods that could possibly 

be attributed to the classification criteria. 

     In order to reduce the noise of the Barro and Lee (1996) data set, the paper attempted 

to construct a new version of the data for the period 1960-1990 for 21 OECD countries. 

The data was estimated for the fraction of population aged 25 and above for different 

schooling levels ranging from no schooling to higher levels of education. In order to 

construct plausible series of the data, national sources as well as other OECD sources 

were used. Missing observations were filled in by means of interpolation, backward 

projections by using the information available for age groups and other available 

resources. Although the methodology employed considerable amount of guess work, yet 

the series was found to be more reliable in terms of time trends. 

     De la Fuente and Domenech (2000) incorporated their own constructed data series in a 

variety of growth specifications to analyze the association between human capital and 

growth. The results confirmed a positive relationship between the two variables. 

Moreover in the specification preferred by the paper that incorporated technological 
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diffusion and country and time specific effects, 80 percent of the variations in the growth 

of TFP were explained with credible estimates for the production function parameters. 

The paper also postulated considerable TFP disparities among different economies that 

have increased over time explaining one half of the productivity differentials. 

     Bassanini and Scarpetta (2001) used OECD data to update the schooling series by De 

la Fuente and Domenech (2000) for the period 1971-78. The human capital augmented 

Solow model by Mankiw et al. (1992) was taken in to account to specify the structural 

convergence equations. The study employed Pooled Mean Group estimation technique to 

analyze the long run factor inputs-output relationships. The paper in particular, allowed 

the cross country variations in short term adjustments and convergence speeds and 

imposed only long run cross country homogeneity condition. 

     The study propagated a significant positive impact of human capital on growth and the 

output per working age population elasticity with respect to the average years of 

schooling turn out to be 0.6 which is consistent with the microeconomic evidence of 

private returns to schooling. Also, the paper showed a profound impact of physical 

capital stock on the growth and the speed of convergence to the steady state was 

estimated to be around 15% annually. These  results could be apparently referred to the á 

la Uzawa-Lucas endogenous growth model with constant returns to scale to human and 

physical capital rather than the human capital augmented Solow model. The paper stated 

that the contradicting results of human capital in the growth regressions could possibly be 

due to the poor quality of data even for the OECD countries. The paper also pointed that 

the likelihood of a non linear trend affecting the data was plausibly high. 
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     Cohen and Soto (2001) also developed a new dataset of educational attainment for a 

sample of 95 countries for the time period 1960-2000. The data was compiled for the 

population aged 15-64 at 10 years interval based on the OECD education data, 

UNESCO’s statistical year books and data from national statistical agencies. To fill in the 

missing observations, the data was extrapolated from a later (earlier) census base on the 

assumption that the schooling attainment of the population aged T be equal to that of the 

population T-10 (T+10) for the considered period. School enrollment data was used to 

evaluate the rest of the observations. 

     The newly constructed data was then employed into the Mankiw et al. (1992) version 

of neo-classical growth model that incorporated the Mincerian approach to human capital. 

The urbanization rate and continental dummies were also used in the regression to 

account for the TFP differentials. The regression of per capita growth rates on average 

annual change in years of education found a significantly positive impact of school 

attainment on growth. On the contrary, the estimated coefficient of school attainment 

became insignificant when Barro and Lee data set was used in the same equation. 

Moreover, when initial level of schooling was added to the equation, its explanatory 

power was not improved settling the debate that whether levels or changes of human 

capital impact growth. 

     Coulombe et al. (2004) also attempted to generate a new data set on the adult literacy 

scores in 14 OECD countries based on the results of International Adults Literacy Survey 

using the age distributions of test results on the assumption that the level of human 

capital remains constant through out the person’s life. The study tried to prove that better 
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quality data on literacy scores when used as a proxy for human capital, better accounted 

for the association between human capital and growth. 

     The results proved a positive and significant impact of human capital on growth. The 

paper claimed to achieve better results using adult literacy scores than the ones reported 

by De la Fuente and Domenech (2002) who used their own constructed improved data set 

of the educational attainment. The study also made a point that the productivity levels of 

a particular country increase rapidly with the improvement in skills and capabilities of the 

general labor force in a particular country rather than the impact of the accumulation of 

human capital on highly specialized employment. Also the growth effects 

of human capital indicators based on female literacy surpassed the effects measured from 

indicators based on male literacy when fertility and relative labor market participation 

rates of males and females were controlled. 

 

3.3.4. Quality of Education 

     The preceding discussion shows that average years of schooling is not the best proxy 

for human capital. Besides the short comings discussed earlier, it has another drawback 

i.e. it represents only the quantity of education. It is well known that educational systems 

among countries differ in their ability to polish the skills of their masses. Thus the 

potential among workers in terms of their contribution to the productive activities depend 

greatly on the quality of education they have received. The quality of education can either 

be measured through the input oriented factors such as educational spending per pupil, 

pupil teacher ratios, length of a school year etc. or through the output oriented indicators 

like the students’ performance in international test scores. 
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     Several studies have attempted to incorporate the quality of schooling in the growth 

regressions. Barro (2001) employed the data on the international test scores to capture the 

effect of quality of education on growth. Scores of science test were found to be 

significantly related to growth. Given the quality of education (measured by test scores), 

the quantity of education (measured as average years of schooling of males at secondary 

and tertiary level) still had a positive impact on growth. The estimated coefficient of the 

science scores was 0.13 while that of attainment variable was only 0.002 indicating the 

relative importance of educational quality as compared to quantity of education. 

Mathematics scores were also found to be significant but lesser in degree as compared to 

science scores while reading scores depicted a some what confusing negative impact. The 

reading scores however turned positive when regressed along with other test scores. 

School drop out rates, pupil teacher ratios and proxy for parents’ education when used as 

instruments in the instrumental variable approach, did not alter the results on the test 

scores.  

     Hanushek and Kimko (2000) developed an indicator of schooling quality by using the 

students’ cognitive performance in international tests of mathematics and science for the 

period conducted between 1965 and 1991. A total of 31 countries were considered in the 

analysis for which necessary data other than test scores was available. The test scores on 

mathematics and science were considered in justification with the theories that emphasize 

the role of research and development in stimulating growth process. All the information 

available for each country on the international mathematics and science scores was 

combined to generate a single index of educational quality. The formulation of the index 
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did not allow for the computation of changes in quality over time which restricted the 

paper to analyze only the impact of stock of human capital on growth. 

     Hanushek and Kimko (2000) firstly estimated a simple equation relating educational 

quantity to growth. The results were the quite expected ones i.e a significant positive 

impact of schooling on growth and explained about 40 percent of the variations in the 

growth rates. When schooling quality was incorporated in the equation, the explanatory 

power of the equation was increased by around 30 percent along with the significant 

positive impact of schooling quality. On the other hand, the magnitude of the coefficient 

of schooling quantity was substantially reduced and turned insignificant on the inclusion 

of quality variable. The results were robust to the inclusion of East Asian countries and to 

variations in the set of regressors. 

     The paper attempted several tests to explore the likelihood of a causal relationship 

between quality of schooling and growth. Growth could have an impact on schooling 

quality if increased spending on schools owing to the higher income translated in to better 

education. No evidence was found on this causal relationship. The paper looked into the 

possibility of the omitted variable bias which could have taken place in case the students’ 

cognitive ability as well as their origin country’s growth performance was affected by 

some cultural, racial or parental characteristics. The paper also examined the sources of 

wage structure of a group of people who had migrated to United States and concluded 

that the quality of education in their home country would be of concern if these people 

had completed their education before migration and not otherwise. 

     Neri (2003) tried to further investigate the results of Hanushek and Kimko (2000). The 

paper first did a robust analysis of the basic model by adding a proxy for the health of 
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labor force. The findings of Hanushek and Kimko (2000) were found to be sensitive to 

the inclusion of health indicator. The health variable was found to have a significant and 

positive impact on growth but the coefficients of both educational quantity as well as 

quality lost significance when health was incorporated in the model. Also, health was 

estimated to have a more profound impact on growth as compared to the educational 

quality. Neri (2003) was of the view that Hanushek and Kimko (2000) over looked an 

important variable that might assist in explaining the cross country variations in income. 

The paper then re-estimated the model for the later sample period. The results suggested 

that the quality of education had a significant negative association with growth while 

educational attainment and health coefficients acted in accordance with the established 

theories. 

 

3.4. Econometric Issues in Data Structures 

In this section, we will discuss the econometric issues that have emerged in the growth 

literature regarding the data structures. Data sets are normally arranged in cross section, 

time series and panel formats and each of them is subject to different kinds of merits and 

demerits. Also attributing a particular data series as endogenous or exogenous may be 

critical. In the subsequent section, the pros and cons of each of these data formats are 

discussed in detail. 

 

3.4.1. Time Series Approach 

     A robust examination of the growth empirics of different countries can be done by 

estimating separate regressions on the respective time series data for each country. 
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Countries differ in their growth experiences over time because of a variety of internal and 

external factors and it seems plausible to analyze the growth patterns of each country in 

isolation. 

     Time series approaches are also very important in the context of the convergence 

debate. Time series convergence tests are generally executed by the unit root tests. Unit 

root tests evaluate whether the difference between the changes in income levels of two 

countries are vital or not. If the case is affirmative, the two countries actually diverge 

over time. Also the unit root tests imply that these differences between the two countries 

tend to be indefinitely large at some point in time. Temporal trends can also be used to 

analyze the causality between two variables like human capital and growth. Granger’s 

causality test is normally employed in this case. 

     There are certain critical issues related to the time series approaches which are 

discussed below. 

 For many countries particularly the developing ones long time series data is not 

available especially there is hardly any data available before 1960. 

 The data for different variables is available only on annual basis and some others 

like educational attainment are based on the census data and often interpolation is 

done to fill in the gaps. Consequently the inferences that are made in accordance 

with the regression estimates employing such interpolated data can be misleading.  

 The limited size of the data often restricts the application of more sophisticated 

econometric techniques such as semi-parametric estimation. 
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 Some important growth determinants reveal little variation over time while others 

do exhibit considerable time variation but those may not be in accordance with 

the hypothesis being tested in the empirical study. 

 The business cycle trends of developing countries differ significantly from the 

high income developed countries. The developing countries are prone to different 

kinds of crises and instabilities which can possibly deviate output from their 

potential levels for a considerable period of time, so standard time series 

approaches should be applied with care.   

 The potential output is mostly proxied by the measured output which is a noisy 

indicator and the log of measured output is taken to be equal to log of potential 

output plus a disturbance term. Measurement problem arises if log of output 

exhibits stationarity and thus estimates can be inconsistent if lags or growth rate 

of output are employed as regressors.  Also in case the difference between 

potential and actual output is correlated with a more volatile variable such as 

inflation, it will be difficult to capture the effect of inflation on potential output in 

time series approaches. 

 

3.4.2. Panel Data Approach 

     The extent of the time series approaches are some what restricted mainly because of 

the small size of the time series data. To cope with such a constraint, research studies 

often employ the panel data in their analysis.  

     Panel data studies normally use data averages over a period of five or ten years. It is 

mainly because of the reason that some variables either show little variation over time or 
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are measured at irregular intervals. Also if the objective is to examine long run growth 

patterns, then the variations in annual growth rates are unable to reveal the true picture.  

     The equation estimated commonly (based on the conditional convergence hypothesis) 

is of the form:  

                             titititititi ZXyy ,,,1,, ln1ln                  (3.4) 

     The above equation essentially corresponds to the equation (3.1) being its panel 

format where i  and t represent country specific and time specific effects respectively. 

Normally growth studies use fixed effect estimation technique instead of one with 

random effects. It is because the random effect model is based on the assumption that 

random effects are distributed independent of the explanatory variables which does not 

seem plausible. 

     The combination of time and country specific effects eliminates the omitted variable 

bias arising from the unobserved variables that are constant over time and are 

unobservable across countries. However, fixed effect models also have some critical 

aspects. 

 Fixed effects models require estimation of N separate intercept coefficients and 

much of the variations in data are used in the estimation of these parameters. 

 The fixed effect model deals with unobserved heterogeneity by getting rid of the 

between country variation at the cost of losing all of the between variation. 

 The reduction in bias owing to the between country variation normally results in 

raising the magnitude of standard errors. 

 The within country transformations or first differencing of the equation in order to 

remove the country specific effects will tend to worsen the measurement error 
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problem. As a result, panel data estimations with small time period tend to give 

inaccurate parameter estimates. 

 Fixed effects models may not be useful in case some important variables are 

measured either at one point in time or are measured at regular intervals but are 

highly persistent.  

 Fixed effects models may also be inappropriate if dynamics of adjustments are 

overlooked in the analysis. For example the hypothesis testing of the immediate 

impact of change in income distribution on growth is quite implausible.  

     An alternative technique that has become quite popular in dynamic panel data is to 

difference the model to remove fixed effects i.e. 

                 1,,,,1,, ln1ln   titiititititi uZXyy          (3.5) 

 The Generalized method of moments or two stage least squares are then used to analyze 

the correlation between differenced lagged dependent variable and the newly entered 

error term. GMM technique is based on estimating lagged levels of the variables as 

instruments for lagged first differences. The 2, tiy  can be used as an instrument for 

1,ln  tiy if the error terms in the level equation are serially uncorrelated and so on. Thus 

a set of moment conditions are derived to estimate the first differenced equation by GMM. 

     GMM estimation has strong implications in dealing with the issues of measurement 

error bias and endogeneity among the explanatory variables. Lag instruments are also 

beneficial in the case the impact of certain variables like educational attainment on 

growth is observed after a certain period of time. However, like all other approaches, 

GMM is also subject to certain observant elements.  
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 Incase some independent variables are consistent over time, then lagged levels 

can be weak instruments for the first differences and in the short panels, GMM 

estimators can be severely biased. 

 The application of GMM is based on the absence of serial correlation in the 

disturbance terms of the growth equation, which is a restricted assumption in 

certain contexts. 

 Assumptions about the initial conditions can be used to construct a system GMM 

estimator where lagged levels are used as instruments for the first differences and 

lagged first differences are used as instruments for levels, generating an extra set 

of moment conditions. 

 

3.4.3. Endogeneity and Instrumental Variables 

     A commonly observed phenomenon in the growth literature is the existence of 

causality.  Unless the causality between two variables is correctly modeled, the estimates 

can be highly misleading. It is often seen in the growth literature that two variables are 

correlated with each other but are together determined by another variable. There are also 

many cases in growth studies when the independent variables are endogenously 

formulated in the economic sense and thus are most likely to be correlated with the error 

term in the structural growth equation.  

     Normally instrumental variables approach is employed for the structural growth 

equation to address the issue of endogeneity. A wide range of instruments have been 

incorporated in such studies and hence instruments can easily be found that are correlated 

with the explanatory variables in the specific growth equation. However, for these 
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instruments to be valid i.e. to be uncorrelated with the disturbance term in the growth 

equation is a serious issue. Incase the instruments are invalid; the results of the 

instrumental variables approach are incompatible.  

     Another limitation in this regard concerns the variables that are predetermined in 

nature and are thus most likely to be employed as instruments. However, the 

predetermined nature of such variables does not rule out the possibility of being 

correlated to the disturbance term in structural growth equations. On the other hand, such 

variables can themselves be among the determinants of growth. The choice of 

instruments is generally based on subjective judgments and thus the issue of the validity 

of these instruments remains unresolved.  
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Chapter 4 
 

Model Specification  
 
 
     In this chapter we will present the empirical model that is used in the analysis .The 

empirical model employed in the study to investigate the impact of human capital on 

growth is a modification of the model presented by Mamuneas et al. (2006). 

          Mamuneas et al. (2006) takes a general production function describing the state of 
technology of a country i  at time t : 
  
                                                            tHEKfY ,,,                                             (4.1) 
 
where Y = Total Output 

          K = Physical Capital  

          E = Effective (or human capital augmented) Labor 

         H = Human Capital 

           t = Technology Index measured by time trend 

 

Total differentiation of (4.1) with respect to time yields: 
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Division of equation (4.3) by Y implies: 
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, equation (4.4) becomes: 
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where “  ” denote growth rates and  HEKX
X

Y
X ,,

ln
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  denotes output 

elasticity. In an assumed competitive economy, the observed income shares of labor, YLs , 

and capital YKs  should correspond to the output elasticities of effective labor and capital. 

Since growth rate of effective labor is not observable, equation (4.7) can not be used for 

estimation purposes. 

The effective labor input is then assumed to be a function of the labor force and human 

capital, i.e.   

                                                HLgE ,                                                (4.8)     



E  also can be decomposed as: 

                                                        


 HLE HL                                                (4.9)     

where L  and H  are effective labor elasticities with respect to labor and human capital 

respectively. Substituting equation (4.9) in equation (4.7) yields: 

                                      








  HHLKAY HHLEK                          (4.10) 

                                


 HLKAY HHELEK                           (4.11) 
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Further assuming that human capital is a function of education and health status. i.e. 

                                                             HsEdhH ,                                                (4.12) 



H can also be decomposed as: 

                                                      


 HseEdeH HsEd                                             (4.13) 

where Ede  and Hse  are the elasticities of the human capital with respect to education and 

health status. Substituting (4.13) in (4.11) gives: 

                        



 



HseEdeLKAY HsEdHHELEK               (4.14) 

   


 HseeEdeeLKAY HsHHsHEEdHEdHELEK        (4.15) 

 

4.1. Impact of Human Capital on Output Growth  

     Equation (4.15) which is normally referred as the growth accounting methodology 

investigates the impact of human capital components; education and health on the output 

growth. The output elasticity of raw labor is LE  which is equal to the output elasticity 

of labor. The coefficients of the human capital components also represent their respective 

output elasticity.2 Equation (4.15) thus can be written as: 

                           


 HsEdLKAY HsEdLK                                       (4.16) 

 

4.2. Impact of Human Capital on TFP Growth 

                                                 
2 Proof is given in results section. 
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     As already discussed in the section 3, The problem of parameter homogeneity 

normally exists in the models like (4.16) as the estimated parameters signify the mean 

contribution of factor inputs, where as the contribution of inputs is assumed to be the 

same across time and countries. 

      To deal with this issue of parameter homogeneity, an index of TFP growth is 

constructed for the panel that contains only the traditional inputs so the parameters of 

factor inputs are allowed to vary not only across countries but also across time. An index 

of TFP growth for country i  in year t  is as follows: 

                                            


 itKititEititit KsLsYTFP                                        (4.17) 

where Eits  and Kits  are the weighted averages of the cost shares of the labor  and physical 

capital. This measure of TFP explains that element of output growth which is left 

inexplicable by the growth of labor and capital factors and is effected by the variations in 



H .  

      To estimate the impact of human capital on total factor productivity growth, we 

opt for the following methodology. Subscripting equation (4.16) by country and year  it , 

and adding (4.17) to it yields:  

          


 itHsititEdititEitLEititKitKititit HsEdLsKsATFP  ][            (4.18) 

where 





 

itA is the exogenous rate of technological change. The first order conditions of 

standard cost minimization with respect to physical capital and labor yield:                                

EKjs jitjit ,,                                                                                                 (4.19) 

Using the condition (4.19), equation (4.18) can be written as: 
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 itHsitEdititit HsEdMATFP                                   (4.20) 

where  1   and 


 itEititKitit LsKsM .  

Two control variables, Trade openness and Democracy are also introduced in the 

empirical model considering their relative importance in the economic uplift of a country . 

4.3. Control Variables 

Openness: 

      Trade policies that make a country more open towards international trade along 

with stimulating human capital accumulation foster greater economic growth. As pointed 

out by Miller and Upadhyay (2002) greater outward orientation enhances efficiency in 

the use of resources and following the principles of comparative advantage, promotes 

production specialization in certain industries. The increase in exports relaxes the foreign 

exchange constraint and a large inflow of important inputs in the production is facilitated 

through imports. The countries with increased trade openness as a result experience faster 

economic growth. The inclusion of ratio of sum of exports and imports to GDP in the 

estimation model accounts for the degree of openness of the economy and controls for the 

plausible impact of openness on growth process.  

Democracy: 

      The role of democratic institutions in a country’s economic growth is 

considerably emphasized in the recent growth literature. Democracy facilitates better 

building of economic, social and legal institutions which have a vital role in a country’s 

progress. Besides the direct role of democracy in the growth process, studies like Baun 
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and Lake (2003) have also explained the indirect impact of democracy on economic 

growth via secondary education and life expectancy. 

 

4.4. Non Linearity in Human Capital-Growth Relationship 

     The impact of human capital on economic growth can also be non-linear in style. To 

account for the possible nonlinearities in the human capital-output growth and human 

capital-TFP growth relationships, we can employ the square, cubic and quartic terms of 

the human capital components; education and health in the alternative specifications of 

the equations (4.16) and (4.20). The interaction terms relating human capital components 

to democracy and trade openness can also be employed in the alternative specifications to 

explore the indirect impact of human capital components on the growth of output as well 

as total factor productivity via democratic institutions and outward orientation in the 

economy. 
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Chapter 5 

Data Sources and Variable Construction 

 

     The study is based on a balanced panel data set over the time period 1970-2000 for 32 

developing countries i.e. thirty observations for each country in the sample adding up to a 

total of 960 observations.  

 

5.1. Selection of Countries 

     The sample comprises of 32 developing economies. The term developing economies 

is referred mainly to a set of low and middle income economies as categorized by the 

World Development Indicators (2005). According to the World Bank (2005b), more than 

one third of the world’s population belongs to the low income group countries which 

contribute only about 3 percent to the world output. On the other hand, around half of the 

world’s population lives in the middle income countries and shares about 17 percent in 

the world GDP. The selection of countries is on the basis of data availability. Among the 

selected 32 countries, 4 belong to South Asia, 4 to Middle East and North Africa, 9 to 

Sub Saharan Africa, 11 to Latin America and 4 to East Asia and Pacific Region. List of 

countries included in the sample are given in the Table 5.1. 
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5.2. Construction of variables 

Output: Output in constant (2000) domestic prices  CY  is obtained from World 

Development Indicators. It is obtained through dividing the GDP in current local prices 

by the 2000 base adjusted GDP deflator  Yq . The output in constant (2000) US dollars 

 Y  is then obtained by dividing the output in constant (2000) domestic prices by the 

Purchasing Power Parity for output in the 2000 base year  YPPP which is taken from the 

Penn World Tables 6.1. The output price index  YP  is then calculated by multiplying 

this PPP for output in base year with the price of output i.e. the GDP deflator. 

 Physical Capital: The series of physical capital in constant (2000) domestic prices 

 CK  is not available for the selected developing countries. So the following method for 

measurement of physical capital stock is adopted. 

      The initial value of the capital stock series is estimated via steady state method. 

At the steady state, the capital output ratio is constant implying that the rate of change of 

physical capital and output is equal. Therefore 

                                                            tt KIdK                                                  (A1) 

where 
t

I and 
t

K are investment and capital stock in time period t respectively and δ is the 

depreciation rate of physical capital. Dividing both sides of the equation by output yields:    
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                                                             (A2) 

Divide and multiply the equation (A2) by 
t

K  to express it in terms of growth rate of 

capital, i.e. 
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At the steady state, physical capital and output grow at the same rate which implies 
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Denoting steady state growth rate of output as 
tg , we get  
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Multiplying the equation (A6) with output yields the estimate of capital stock for the 

initial period t, i.e. 

                                                      









 
tt

t
t g

I
K


                                                (A7) 

where 
t

I  is gross fixed capital formation constant (2000) local currency units calculated 

from World Development Indicators (2005), t  is the depreciation rate at 5% [Bosworth 

and Collin (1996)]  and 
tg  is the output growth rate at  steady state. Since the output 

growth rate at steady state is not equal to actual growth rate, following King and Lavine 

(1994) it is assumed that 

                                                          wggg   1                                            (A8) 

where g  = Average growth rate of output for the country 

          wg  = World growth rate assumed to be 4% 

           λ = Measure of mean reversion of output assumed to 0.25 [Easterly et al. (1993)] 
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      After obtaining the initial value for the capital stock, the perpetual inventory 

method is used to construct the series of capital stock at constant (2000) domestic prices 

with the assumption that capital stock is measured at the beginning of year t, i.e. 

                                                          11 1   ttt KIK                                          (A9)   

      This physical capital stock in constant (2000) domestic prices is then divided by 

the PPP for Investment  IPPP  in the base year (Penn World Tables 6.1) to obtain the 

series for capital in constant (2000) US dollars  K .  

       The price of capital  
K

q  is calculated on the assumption that value of capital and 

labor exhaust total output so that value of labor is subtracted from that of output and the 

resultant is divided by the amount of capital stock. This implies that 

                                                          
 

C

CLCK
K K

LqYq
q


                                        (A10) 

The price of capital  
K

q  is then multiplied with  KPPP  to generate the corresponding 

capital price index  
K

P . 

 Labor:  Output share of labor is defined as 

                                                                   
CYYq

Lq
s CL

YL
                                              (A11) 

where 
YL

s  is computed as the compensation of employees paid by resident producers as 

percentage of GDP from various issues of the National Accounts Main Aggregate 

Database of the United Nations. As shown by Mamuneas et al. (2006) this data does not 

account for self employment. However, data on self employment for our sample is not 
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completely available so interpolation was inevitable. The total labor compensation can 

then be obtained by multiplying 
YL

s  with
CY

Yq . 

                                                                 
CYCL

YqsLq YL                                      (A12) 

Dividing the labor compensation with the number of workers  N  and converting the 

series in (2000) base gives the price index of labor  
L

q . Now dividing the equation (A12) 

with the price index of labor  Lq  yields the estimates of the Labor quantity in constant 

(2000) domestic prices  CL  as shown below: 

                                                               
   

L

C
C q

Yqs
L YYL


                                       (A13) 

      Labor in constant (2000) US dollars  L  is computed by dividing 
C

L  by PPP for 

labor in the (2000) base year. The corresponding labor price index  LP  is then defined 

as 
LPPPqP

LL
 , where PPP for labor in (2000) base for country i  is estimated by 

dividing the labor cost per worker at the base year with that of the US, i.e. 
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                                     (A14) 

Cost Shares:  

The value of input factors add up to constitute the total cost as indicated below: 

                                                                LPKPC LK                                           (A15)       

This implies that 

Cost share of capital:                               
C

KP
S

K
K                                                   (A16) 
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Cost share of labor:                                  
C

LP
S

L
L                                                    (A17) 

 Education: Two measures of education  ED  have been employed in the study; 

1. Adult literacy rate defined as the percentage of people of the age 15 and above 

who can in their everyday life, read and write a short simple statement with 

understanding. Data on the adult literacy rate is taken from World Development 

Indicators. 

2. Average years of schooling of the population of the age 15 and above (as the age 

15 better corresponds to the labor force for many developing countries) from the 

Barro and Lee (2000) dataset. 

      We first opted for the literacy rate as the indicator of education because of the 

availability of the smoothest data among all possible indicators of education. But literacy 

rate is normally categorized as a poor proxy for education, as it ignores any further 

investments in education besides the acquisition of the basic literacy. So average years of 

schooling is also used as the educational indicator alternatively in the analysis which is 

the most widely used proxy for education in the recent studies. The data on the average 

years of schooling, however, is available at five year intervals. Since we are dealing with 

the annual data, some interpolation was necessary. We, therefore, implicitly assume that 

the growth in the mean years of education is constant across the five year interval. 

 Health Status: Life expectancy at birth from World Development Indicators is used 

as a proxy for the health status  HS as it indicates the “number of years a newborn infant 

would live if prevailing patterns of mortality at the time of its birth were to stay the same 

throughout its life”. 
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 Democracy: The strength of democratic institutions is measured using a democracy 

index  DEM  constructed from the Freedom House indices of political rights  PR  and 

civil liberties  CL . Freedom house defines political rights  PR as rights that enable 

people to participate freely in political process, including the right to vote, compete for 

the public office, and elect representatives who have decisive impact on public policies 

and are accountable to electorate. According to Freedom House civil liberties  CL  allow 

for the freedom of expression and organizational rights, rule of law, and personal 

autonomy without interference from the state. Both political rights and civil liberties 

indices ranges from 1 to 7, with higher values indicating more authoritarian regimes and 

lower value reflecting stronger democratic institutions. Following Bollen (1990), a 

combined index of political rights and civil liberties is constructed ranging from 0 to 1 as 

indicated below: 

                                             
 

12

14 CLPR
DEM


                                                (A18) 

 

                                                        = 0   for pure dictatorship (no PR and CL freedoms) 

                                                        = 1   for pure democracy (full PR and CL freedoms) 

 The political rights and civil liberties components of this democracy index are 

highly correlated with each other with a correlation coefficient equal to 0.91. Also as 

pointed out by Helliwell (1994) the results of these two components are difficult to tell 

apart, when used separately in regressions. 
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 Trade Openness: Trade openness from World Development Indicators is defined as 

the sum of exports and imports of goods and services expressed as a share of gross 

domestic product.  

 

5.3. Summary Statistics of Key Variables 

     Summary statistics of key variables are presented in table 5.1 for the 32 developing 

countries in our sample. Mean growth rates and the corresponding standard deviations of 

the important variables are reported in the table for the whole time period in our sample 

i.e. 1971-2000. 

     Table 5.1 reveals that among the selected developing countries Botswana has come up 

with the highest mean output growth which is about 9.79 percent. On the other hand 

Zambia has shown the weakest growth performance i.e. about 1.02 percent. The 

developing countries on the whole experienced an average 4 percent growth rate over the  

   Table 5.1     

Summary statistics of Key Varibles in Developing Countries over 1971-2000 
                  

   Growth Rates (in percentage)    
Country  Output Capital Labor Education Health TFP 

     (lit) (sch)   
Algeria Mean 3.409198 4.362725 3.631051 3.771655 4.120474 0.965691 -0.67442 

 St.Dev 5.6179 3.225943 0.433137 1.3039 1.376352 0.332643 5.44243 
Benin Mean 3.322842 2.228469 2.346839 4.100916 5.422266 0.691263 1.052152

 St.Dev 3.496249 2.700772 0.478185 0.711247 2.856364 0.258368 4.052311
Botswana Mean 9.797138 10.01525 3.129282 1.722129 3.898469 -1.11577 2.165299

 St.Dev 5.375821 3.179576 0.394991 0.464154 2.497167 3.634245 5.529672
Cameroon Mean 3.648387 4.663945 2.39571 2.901127 2.004796 0.397893 -0.28637 

 St.Dev 6.620219 4.395231 0.404123 0.717283 0.51639 1.09787 6.426656
Chile Mean 4.270398 3.788763 2.460889 0.295967 0.966307 0.683732 0.978556

 St.Dev 5.789315 3.047379 0.252427 0.101591 0.86329 0.340257 5.935028
Colombia Mean 3.78867 3.977299 3.289299 0.544221 1.822963 0.574713 0.072636

 St.Dev 2.413926 1.154437 0.537959 0.178922 2.398731 0.267502 2.5963 
Costa Rica Mean 4.31247 4.679753 3.545051 0.267204 1.429592 0.490082 0.15292 

 St.Dev 3.537052 1.7596 0.531266 0.094625 1.784375 0.371926 3.637379
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Dominican 
Republic Mean 4.981937 5.700642 2.938349 0.73055 1.238545 0.524159 1.321796

 St.Dev 3.602729 1.911215 0.396938 0.192865 0.365761 0.220506 3.546081
Ecuador Mean 4.113348 3.593118 3.068841 0.695227 1.988538 0.660612 0.772574

 St.Dev 60.07436 2.30182 0.368699 0.233014 2.585439 0.244914 59.81624
El Salvador Mean 2.119128 3.682439 2.714061 1.019476 2.103463 0.520103 -0.76424 

 St.Dev 4.849696 2.641465 0.677794 0.2139 0.729426 0.676474 4.494921
Fiji Mean 2.72969 2.574362 2.474909 0.852747 1.377758 0.522352 0.23409 

 St.Dev 4.908391 2.281629 0.529147 0.432802 0.782258 0.22433 4.917355
Honduras Mean 3.613134 3.990998 3.448656 1.308883 2.570362 0.793588 -0.15389 

 St.Dev 3.288791 1.770066 0.220463 0.317511 2.407681 0.482529 3.536265
India Mean 4.642527 4.790264 2.067114 1.825701 2.395809 0.852112 0.939975

 St.Dev 3.014783 0.920233 0.169549 0.289218 2.628095 0.107302 2.921737
Indonesia Mean 5.963081 8.659398 2.668717 1.457332 1.843746 1.121517 2.374502

 St.Dev 4.320287 2.172159 0.221471 0.527906 1.331344 0.28152 4.246725
Iran Mean 3.098287 4.617583 2.984486 2.652868 3.977859 0.916067 -1.01356 

 St.Dev 7.592897 4.623212 0.701604 0.844118 1.316226 0.161794 8.015889
Jordan Mean 4.718429 6.533193 4.419038 1.628577 2.514382 0.478932 -1.21266 

 St.Dev 7.240242 3.86797 2.654155 0.582889 0.889122 0.608084 6.749765
Kenya Mean 4.453908 2.350474 3.419004 2.358683 2.201191 0.063075 2.084424

 St.Dev 4.415601 1.263048 0.216504 0.747293 3.177305 1.152539 3.917081
Mauritius Mean 5.578912 5.393847 2.413517 0.76565 1.180989 0.461451 1.531312

 St.Dev 3.918912 2.844675 0.574421 0.248134 1.436375 0.219959 3.902142
Myanmar Mean 4.242673 4.834133 2.119427 0.644705 3.080176 0.526173 0.558375

 St.Dev 4.596582 2.932164 0.131512 0.137509 5.027232 0.210658 4.213548
Pakistan Mean 4.844624 4.177092 2.723147 2.377594 2.671955 0.837741 1.893051

 St.Dev 2.227012 0.818923 0.269388 0.471243 0.723437 0.246828 2.259403
Panama Mean 3.45033 3.306634 2.884456 0.492089 1.938302 0.45974 0.300876

 St.Dev 4.688363 2.661142 0.260575 0.161016 1.861394 0.185138 5.03649 
Paraguay Mean 4.395591 6.46982 2.94607 0.520471 1.938302 0.24025 -0.89648 

 St.Dev 4.105349 3.694783 0.366711 0.182429 1.861394 0.074697 4.000707
Philippines Mean 3.473821 4.782202 2.820725 0.412273 1.817018 0.649251 -0.68438 

 St.Dev 3.701258 2.377732 0.145989 0.516457 1.335913 0.042917 4.189582
South Africa Mean 2.141734 2.491074 2.742057 0.670445 0.9481 -0.45835 -0.44637 

 St.Dev 3.58686 1.520069 0.321035 0.172855 3.180312 2.368798 3.658006
Sri Lanka Mean 4.498835 6.180365 2.06231 0.433515 1.265339 0.390604 0.151738

 St.Dev 1.689362 2.777761 0.185104 0.116222 0.97405 0.075263 2.039522
Tanzania Mean 3.047237 3.503805 2.875721 2.480175 -0.13263 -0.13442 -0.37695 

 St.Dev 2.123945 1.232047 0.286515 0.630412 0.942961 1.614625 2.589706
Thailand Mean 6.182647 6.326818 2.371074 0.482157 1.544191 0.432808 0.88853 

 St.Dev 4.325007 2.921564 0.918073 0.650962 1.024791 0.646052 4.447502
Trinidad and 

Tobago Mean 1.996455 4.445046 1.93277 0.25578 1.277214 0.381416 -1.26881 
 St.Dev 4.74411 3.838671 0.817369 0.117812 1.871173 0.06812 3.971892

Tunisia Mean 5.079455 4.966396 3.07995 3.171415 4.071293 0.964227 1.60873 
 St.Dev 3.533232 2.043038 0.527296 1.4179 2.271327 0.547369 3.503384

Venezuela Mean 1.823992 1.970935 3.789589 0.644319 2.422803 0.414732 -0.74786 
 St.Dev 4.302064 2.131344 0.79017 0.241865 3.742337 0.122193 4.762309

Zambia Mean 1.019692 -1.42359 2.634029 1.650809 2.190574 -0.63786 0.567045
 St.Dev 4.055994 2.202343 0.479571 0.310992 2.065739 2.067653 4.18438 
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Zimbabwe Mean 2.986801 3.083567 2.89667 1.439444 3.29654 -0.44267 -0.06372 
 St.Dev 5.361165 2.166826 0.801797 0.45575 4.453782 1.900456 5.649357

All Countries Mean 3.992043 4.397401 2.8529 1.392941 2.230834 0.413288 0.34559 
 St.Dev 11.43017 3.301189 0.852369 1.18185 2.457529 1.133839 11.33444

         
 

period 1971-2000. The high performance of Botswana can be attributed to the growth of 

its physical capital stock as Botswana’s mean capital growth is around 10 percent which 

is also highest among the developing countries. Similarly Zambia’s poor performance 

might be contingent on its lowest and in fact negative mean growth of physical capital 

stock.  The mean labor growth in all developing countries range form 2 to 4 percent with 

an average of 2.85 percent for all countries. Regarding educational indicators, Benin has 

outperformed both in terms of increase in the average literacy rate as well as in average 

years of schooling. The most prominent gains in life expectancy are witnessed for 

Indonesia. The table provides a mix trend for the total factor productivity growth as some 

countries have experienced even negative mean TFP growth. Botswana in context of TFP 

growth has also shown the marked performance. 

 

   Table 5.2    

Summary statistics of Key Varibles in Developing Countries per Year 
                
   Growth Rates (in percentage)   
Year  Output  Capital Labor Education Health TFP 
                

1971 Mean 5.728379 3.919438 2.958247 2.1336572 0.826715 2.217738
 St.Dev 6.292755 0.385334 0.644245 1.6540413 0.322447 6.125428

1972 Mean 14.47385 4.564446 2.903117 2.0509989 0.838199 10.64986
 St.Dev 42.04592 1.683168 0.61944 1.6002403 0.324976 41.74726

1973 Mean -1.26106 4.999492 2.873497 1.9934378 0.785511 -5.23064 
 St.Dev 39.08967 2.736668 0.617279 1.5268847 0.423352 38.87701

1974 Mean 4.903425 4.869856 2.877628 1.9311813 0.793082 0.970903
 St.Dev 2.708182 2.791424 0.615603 1.4699736 0.391169 2.774563

1975 Mean 3.209664 5.328918 2.901718 1.8811868 0.793473 -1.00992 
 St.Dev 4.463444 2.887175 0.618109 1.4139681 0.395188 4.378399
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1976 Mean 5.864195 5.762741 2.907812 1.8727683 0.795938 1.457529
 St.Dev 4.813299 3.223755 0.634834 1.4563208 0.402995 4.034491

1977 Mean 5.290299 5.884954 2.915101 1.7768883 0.800578 0.760554
 St.Dev 4.507385 3.67463 0.660366 1.3739987 0.414331 5.043509

1978 Mean 6.129201 6.140259 2.92902 1.759506 0.802365 1.556872
 St.Dev 5.810418 3.599028 0.660871 1.3290433 0.341596 5.46682 

1979 Mean 4.429905 6.463781 2.92562 1.6889454 0.776899 -0.3211 
 St.Dev 4.479348 3.569936 0.653079 1.257506 0.341501 4.011839

1980 Mean 4.017911 6.169198 2.900251 1.6131789 0.761068 -0.65796 
 St.Dev 7.12329 3.726311 0.667811 1.2010826 0.332988 6.812226

1981 Mean 4.707575 6.402617 3.080864 1.5468871 0.747575 -0.18715 
 St.Dev 4.769044 4.212231 0.696998 1.2090671 0.330647 4.81477 

1982 Mean 1.765581 6.003451 3.044386 1.5001874 0.833123 -2.90709 
 St.Dev 5.366199 4.238413 0.717914 1.1526805 0.522401 5.206024

1983 Mean 1.603568 4.88474 3.015627 1.4407616 0.663593 -2.37272 
 St.Dev 5.129669 3.438505 0.734488 1.1184528 0.3897 5.00904 

1984 Mean 3.635713 3.971189 2.952087 1.406475 0.663117 0.328676
 St.Dev 3.858409 3.364086 0.754792 1.042147 0.373051 4.129432

1985 Mean 3.00623 3.600199 2.921292 1.3763051 0.634691 -0.12506 
 St.Dev 3.768145 3.088155 0.757671 1.0301321 0.368603 3.939959

1986 Mean 3.076548 3.068607 2.935852 1.2930539 0.640983 0.174567
 St.Dev 3.778244 2.897464 0.710261 1.0284919 0.390335 4.040853

1987 Mean 2.849995 2.870567 2.828364 1.247781 0.662883 0.066378
 St.Dev 4.546208 2.638985 0.727773 1.0014495 0.485939 4.52641 

1988 Mean 3.125363 2.948831 2.676163 1.2305586 0.619922 0.371577
 St.Dev 6.59443 2.767311 0.85809 0.956818 0.392745 6.424398

1989 Mean 3.121563 2.821729 2.679705 1.2023428 0.431801 0.354119
 St.Dev 5.26498 3.352436 0.757896 0.9251813 0.676433 4.779396

1990 Mean 3.868002 3.200931 2.693015 1.1920211 0.410679 0.888492
 St.Dev 3.894606 3.745702 0.720142 0.8915312 0.703101 3.946485

1991 Mean 3.343383 3.503673 3.190736 1.0782984 0.349002 -0.06052 
 St.Dev 3.64067 3.60033 2.23337 0.8751178 0.646734 3.995293

1992 Mean 4.316823 3.421522 2.965257 1.0669474 0.298247 1.107099
 St.Dev 5.011353 3.250357 1.228876 0.8613416 0.671814 5.063199

1993 Mean 3.311572 3.580385 2.87883 1.0603117 0.113177 0.103516
 St.Dev 2.924014 2.983088 1.118515 0.829027 0.71149 2.682511

1994 Mean 3.41862 4.078652 2.797239 1.0412484 0.0226 -0.01736 
 St.Dev 3.615757 2.818239 1.021663 0.8232461 0.869338 3.151364

1995 Mean 4.30044 4.018308 2.664689 1.029104 0.002873 0.995053
 St.Dev 2.446515 2.973855 0.9656 0.7828065 0.924179 2.006061

1996 Mean 4.497404 4.060307 2.771865 0.992986 -0.109219 1.126811
 St.Dev 2.243713 2.989984 0.830541 0.824933 1.033575 2.650792

1997 Mean 4.01677 3.863194 2.61982 0.907259 -0.209444 0.813733
 St.Dev 2.173201 3.000943 0.677755 0.7848915 1.284359 2.588977

1998 Mean 2.432311 3.915384 2.629009 0.891372 -0.407113 -0.78879 
 St.Dev 4.706745 2.761494 0.660945 0.7433666 1.625437 4.772345

1999 Mean 2.82589 4.01227 2.603351 0.8746703 -0.694928 -0.5406 
 St.Dev 4.034703 2.734252 0.633768 0.725218 2.354143 3.827434

2000 Mean 3.752159 3.592379 2.546844 0.707904 -1.248747 0.643135
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 St.Dev 3.093967 2.967163 0.639622 1.0716608 3.754665 2.664305
        

 

     Table 5.2 reveals the yearly performances of the developing countries for the key 

variables. A cursory look at the table depicts that capital growth accelerated in the 1970s, 

shows a declining trend in 1980s and again gained a positive momentum in the 1990s but 

lesser in magnitude as compared to the 1970s. Zagha and Nankani (2005) attributed the 

declining trends in 1980s to a series of negative shocks that included “decline in primary 

commodity prices, a collapse in oil prices, a sharp hike in US interest rates, debt crises, a 

sudden stop in capital inflows to developing countries and a collapse in import demand 

from developing countries”. They further claimed that trade and capital flows both 

radically expanded during the 1990s as global division of labor changed and larger 

amount of resources were shifted to labor intensive activities providing the developing 

countries with a comparative advantage and led to favorable trends for the developing 

countries.  

     Both education and health depicts declining growth patterns over the years indicating 

that public and private investments in education and health sectors were generally not 

enough for an increasing growth trend. The poor governance, unstable political 

environments and debt burdens on governments resulted in insufficient government 

investment in these sectors. On the other hand, lower returns on education (as supply of 

skilled workers exceed their demand) restricted the private investments in human capital. 

     The output and TFP growth hastened in the earlier period of the 1970s but declined 

afterwards and became some what stagnant. Easterly (2001) termed the periods of 1980s 

and 1990s as the lost decades and conjectured that the increase in world interest rates, 

increased debt burden of developing countries, productivity slowdown in industrial 
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economies and skill biased technical change might have contributed to the stagnation of 

developing countries. The paper also claimed that 1960-1979 was somewhat an unusual 

period for developing countries and the 1980-98 stagnation of developing countries 

reveals the return to historical patterns of divergence between the low and high income 

countries.  
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Chapter 6 
Estimation Techniques 

     We will now discuss different estimation techniques that are employed in the study to 

examine the impact of human capital components on the output growth as well as TFP 

growth and the extent to which the results are sensitive to the application of the different 

estimation techniques. 

 

6.1. Panel Data Models  

     The extent of the time series approaches are some what restricted mainly because of 

the small size of the time series data. The panel data can be used effectively to deal with 

this constraint. Besides providing a larger number of the degrees of freedom, the panel 

data approach also suppresses the collinearity among the regressors by increasing the data 

size and thus enhances the efficiency of the estimates. Panel data also accounts for a 

greater degree of heterogeneity among the country specific features over time. 

 

6.1.1. The Common Effects Model  

     Appending error terms in the equations (4.16) and (4.20) and adding control variables 

thus generates: 

aititDemitOpenitHsitEditLitKit uDemOpenHsEdLKaY 


0    (6.1) 

    bititDemitOpenitHsitEditit uDemOpenHsEdMbTFP 


0             (6.2)    

(6.1)  and (6.2) are the pooled regression models also known as the common effects 

models. These models are estimated by the Ordinary Least Square technique, where 0a  
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and 0b  represent the common intercept for the 32 developing countries over the period 

1971-2000. The slope coefficients are also assumed to be constant across all countries 

and through all time periods. 

      An important drawback of these models is that they ignore the country specific and 

time specific factors that play a vital role in the growth process.  Countries may have 

prominent structural and institutional differences and the assumption of a homogeneous 

parameter is likely to undermine this information. This problem can be dealt with by 

assuming uniform shifts across the cross sectional units with the common slope 

coefficients. The most appropriate models in this regard are the fixed and random effects 

models.   

 

6.1.2. Fixed Effects Model   

     The fixed effects model (FE) is based on the assumption that the omitted effects in the 

general model are correlated with the explanatory variables. The fixed effects formulation 

implies that differences across countries can be captured by differences in the constant 

term. Each intercept term is then treated as an unknown parameter to be estimated. The 

output growth equation under this model is written as: 

aititDemitOpenitHsitEditLitKiit uDemOpenHsEdLKaaY 


0    

                                                                                                                                   (6.3)  

     A major limitation of equation (6.3) is that any time invariant variables among the set 

of regressors tends to imitate the individual specific constant term. It is therefore more 

appropriate to include a time specific effect in the model by adding a set of T-1 time 

dummies in equation (6.3). i.e. 
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aititDemitOpenitHsitEditLitKtiit uDemOpenHsEdLKaaaY 


0             

                                                                                                                                   (6.4) 

where ia  and ta are the country specific and time specific effects respectively. There is, 

however, an asymmetry in the above formulation as each of the country effects is a 

country specific intercept while time effects are in comparison with a base period. The 

combination of the country and time specific effects in the model remove the omitted 

variable bias of the common effects model arising from the overlooked variables that are 

unobserved across countries but are constant over time. The Least Squares Dummy 

Variable (LSDV) approach is used to estimate the equation (6.4). 

     The equation relating TFP growth to human capital components is likewise written as: 

bititDemitOpenitHsitEdittiit uDemOpenHsEdMbbbTFP 


0  

                                                                                                                                   (6.5) 

     Equation (6.5) also allows the unobserved country effects to be correlated with the 

included variables. The differences between the cross sectional units is then modeled 

strictly as the parametric shifts of the regression function. The White’s (1980) 

heteroscedasticity consistent covariance matrix can also be attained for the fixed effects 

estimators. 

The fixed effects model has certain limitations also. 

   Fixed effects models require estimation of separate intercept coefficients for 

each country at the cost of significant reduction in the degrees of freedom. 

 The fixed effect model deals with unobserved heterogeneity by getting rid of the 

between country variation but ends up losing all of the between variation. 
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 Fixed effects models overlook the between country variation and hence the bias 

reduction is accompanied by higher magnitudes of standard errors. 

  Fixed effects models may not be useful in case some important variables are 

measured either at one point in time or are measured at regular intervals but are 

highly persistent.  

    

6.1.3. Random Effects Model 

     The random effects model (RE) arises from the assumption that the individual effects 

are strictly uncorrelated with the explanatory variables. Hence it is more appropriate to 

model the individual specific constant terms to be randomly distributed along the cross-

sectional units. The model can be specified as follows: 

aitiitDemitOpenitHsitEditLitKit uDemOpenHsEdLKaY 


0  

                                                                                                                                   (6.6) 

aititDemitOpenitHsitEditLitKit vDemOpenHsEdLKaY 


0        (6.7) 

where aitiait uv    is a one-way error component. The random effect model is also 

called the error component model. In the above formulation error variations across 

countries are present while that of time do not. When time specific effects are introduced 

in the model the equation (6.7) becomes: 

aittiitDemitOpenitHsitEditLitKit uaDemOpenHsEdLKaY 


0  

                                                                                                                                   (6.8)  

aititDemitOpenitHsitEditLitKit vDemOpenHsEdLKaY 


0   (6.9) 
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where aittiait uav    is a two-way error component term and all components of this 

error term are assumed to be random such that: 

    ,0,0  ti aEE    0aituE ; 

      0,0,0  itaitittiti XuEXaEXE  ; 

      222 ,, uaaitati uVaraVarVar     

     The TFP growth equation can also be specified under random effects model as follows: 

 bititDemitOpenitHsitEditit vDemOpenHsEdMbTFP 


0                (6.10) 

where bittibit ubv   . The estimation technique applied for the random effects model 

is Generalized Least Squares (GLS). 

     The RE model consumes fewer degrees of freedom than the FE model but the 

estimates of RE model become inappropriate if the assumption of randomly distributed 

errors does not hold true. 

 

6.1.4. Hausman Specification Test 

     The basic difference in the fixed and random effects models is that in the FE model 

the country specific effects are constant across time and time specific effects are constant 

across countries while both country specific effects and time specific effects are 

randomly distributed in the RE model. Keeping in view the benefits and shortcomings of 

both the models (as discussed above), the question arises that which model should be 

used for a given set of data. 

     The Hausman specification test can be used to check whether FE model or RE model 

is more appropriate for the given data. The test is based on the grounds that under the 
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hypothesis of no correlation between the regressors and the omitted effects, the FE 

estimators as well as the RE estimators are consistent. However, the FE estimators are 

inefficient in this case as compared to the RE estimators which are efficient under the 

null hypothesis. On the other hand, if the omitted effects are in fact correlated with the 

independent variables then the FE estimators turn out to be consistent and efficient while 

the RE estimators become inconsistent. The Hausman test can be described as follows: 

                                             
 
   ''

2''

varvar REFE

REFEH






  ~ K                                    (6.11) 

where ' denotes the computed value of the coefficient under the respective models. If 

the computed value of the statistics is greater than the critical value from the chi-square 

table than the null hypothesis of the random effects model is rejected in favor of the fixed 

effects model. 

 

6.2. Endogeneity and Instrumental Variables Approach 

     The OLS estimates could be inconsistent and biased if the explanatory variables are 

correlated with the error term. Such correlation can arise in case the dependent variable 

also cause any of the regressors, independent variables are beset with measurement errors 

or some related explanatory variables are absent from the model.  

     The growth of human capital components may respond to productivity shocks in the 

economy that could bring endogeneity in the human capital components. The human 

capital components; education and health are checked for the existence of endogeneity 

through Hausman Specification test for exogeneity. The endogenous variables, if proved 

to be present, in the model are then treated with the Instrumental variable approach and 
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Generalized Method of Moments. We are investigating the endogeneity primarily in the 

common effects model.  

 

6.2.1. Bench Mark Criterions for the Instrumental Variable Approach 

     The Instrumental Variable (IV) approach is based on finding suitable instruments for 

the endogenous variables. The instruments are the variables outside the model that are 

substantially correlated with the endogenous variable but uncorrelated with the error term. 

These instruments basically are used to isolate that part of the endogenous variable that is 

uncorrelated with the error term. The use of IV approach is thus contingent on three basic 

minimum criterions, two relating to the validity and exogeneity of the instruments and the 

third relating to the endogeneity of at least one explanatory variable in the model. 

 

i. Instrument Relevance 

     The main requirement for instrument relevance is:   0, itit XZCorr , i.e. whether the 

instruments are relevant so that the variations in the instruments can be related to the 

variations in itX . To check the relevance of the instruments, there is a ‘rule of thumb’ 

that requires testing for the joint statistical significance of the instruments in the first 

stage reduced form equation. The reduced form equation for education is as under: 

aititDemitOpenitHsitLitKitqqitit uDemOpenHsLKZZEd 


 ,,110 
                                                                                                                                   (6.12)  

where Z denote the instrumental variables. The following null hypothesis is tested using 

F-test. 
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0: 210  qH    

truenotisHH 01 :  

If F-test yields a value more than 10 then the set of instruments are relevant. For the value 

of F-test less than 10, the instruments are weak and irrelevant. 

 

ii. Instrument Exogeneity 

     For the instruments to be exogenous, they must be unrelated with the error term, i.e. 

  0, itit uZCorr . If the relevant instruments are in addition exogenous also, then the 

variations in itX  captured by the instrumental variables are also exogenous. Sargan test is 

mainly used to test for the over identifying restrictions and is computed as follows: 

Firstly, the errors of the structural equation are derived, i.e. 

)('
itDemitOpenitHsitEditLitKitait DemOpenHsEdLKYu  



            (6.13) 

     This residual series is then regressed on the set of instruments and the exogenous 

variables: 

aititDemitOpenitHsitLitKitqqitait uDemOpenHsLKZZu 


 ,,110
' 

                                                                                                                                (6.14) 

     2R  from the equation (6.14) is then used to compute the value of Sargan test, defined 

as: 

Sargan test =   22 ~ rqRkn    

where n = sample size, k = the number of parameters in the structural equation, q = 

number of instruments, r = number of endogenous variables on the right-hand side of the 

structural equation and rq  = number of over-identifying restrictions. The test assumes 
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that the instruments are highly relevant and the error term in the auxiliary equation is 

homoscedastic. The null hypothesis under Sargan test is as follows: 

0: 210  qH    

truenotisHH 01 :  

In case value of the Sargan test is statistically significant , then the null hypothesis of 

instrument exogeneity is rejected and the instruments are thus inappropriate with respect 

to the instrument exogeneity criterion.  

 

iii. The Relevance of IV Methodology 

     Incase of no endogeneity, the OLS estimators are more efficient than the IV. So it is 

important to check whether IV methodology is required in estimation or not. Most 

common method to check for endogeneity is through the Hausman specification test. To 

investigate endogeneity in the education variable, first the reduce form equation (6.12) is 

estimated and the residuals are retrieved and defined as i . The original structural 

equation is then augmented to include the reduce form residuals as follows: 

aitiitDemitOpenitHsitEditLitKit uDemOpenHsEdLKaY 


0  

                                                                                                                                   (6.15) 

The following null hypothesis is tested under the Hausman specification test: 

0:0 H  

0:1 H  
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     If the coefficient of the reduced-form residual term is significant, then the null 

hypothesis of exogeneity is rejected and the use of IV becomes valid. The power of this 

test is, however, dependent on the validity of the instruments. 

 

     The same procedure can be followed to find valid instruments and endogeneity in the 

health status. Likewise, the components of human capital can also be investigated for 

endogeneity under the TFP growth model. The evidence for endogeneity of the human 

capital components is likely to be the same in both models. 

 

6.2.2. Two Stage Least Squares 

     The parameters of the IV model are claimed to be exactly identified if the number of 

instruments, m, equals the number of endogenous variables, r, in the model. If, however, 

rm  , the parameters are said to be over-identified and under-identified for rm  . For 

an over-identified model, two stage least squares (2SLS) is the appropriate approach. 

The structural form equation to be used is written as: 

aititDemitOpenitHsitEditLitKit uDemOpenHsEdLKaY 


0        (6.16) 

where Ed is the problematic variable likely to be correlated with the error term. In the 

OLS estimation, the predictor variables are independent of the error term. When this 

assumption is violated, 2SLS provides the remedy by assuming that there is a secondary 

predictor that is correlated with the problematic variable but is not related to the error 

term. In the 2SLS procedure, first a reduced form equation is specified in which the 

problematic variable is regressed on the set of instruments and the exogenous variables in 
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the model. This equation is essentially the one previously defined as equation (6.12) and 

is re-written here: 

aititDemitOpenitHsitLitKitqqitit uDemOpenHsLKZZEd 


 ,,110 

 

The predicted value of education from this OLS-estimated reduce form equation is then 

used to replace the problematic education variable in the structural equation, i.e. 

aititDemitOpenitHsitEditLitKit uDemOpenHsEdLKaY 



'

0        (6.17) 

Equation (6.17) is then estimated using OLS technique. 

     In the same way, 2SLS procedure can be used assuming health status as the 

problematic variable. The 2SLS technique can also be applied on the TFP growth model 

assuming the human capital components to be the problematic endogenous variables 

respectively. The stage one and stage two equations for the TFP growth model with 

education as the endogenous variable are specified below: 

bititDemitOpenitHsitMitqqitit uDemOpenHsMZZEd 


 ,,110   

                                                                                                                                   (6.18) 

bititDemitOpenitHsitEditit uDemOpenHsEdMbTFP 



'

0           (6.19) 

     In this equation, the education variable is independent of the error term by 

construction and thus the OLS estimators are consistent and unbiased. The estimates for 

the equation (6.19) are termed as the two stage least square estimates. 
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6.3. Generalized Method of Moments 

For notational simplicity, the output growth equation can be written in the matrix form as 

follows: 

aititDemitOpenitHsitEditLitKit uDemOpenHsEdLKaY 



'

0  

uXy                 with each row iii uXy                                           (6.20) 

where ][
'

itititititit DemOpenHsEdLKX


 and 


 itYy .  

     The Generalized Method of Moments (GMM) estimation is based on the idea to 

choose the parameter estimates in such a way that the theoretical relation is satisfied as 

“closely” as possible. The theoretical relation is replaced by the corresponding sample 

and the estimates are chosen to minimize the weighted distance between the theoretical 

and actual values. GMM is a robust estimator in the sense that unlike Maximum 

likelihood (ML) estimation, it does not require information of the exact distribution of the 

disturbances. 

6.4. Semi-parametric Partially Linear Model 

     After analyzing the human capital-output growth and human capital-TFP growth 

relationships through different parametric models, we will now try to investigate these 

relationships in the context of a semi parametric model. 

     The functional form of the human capital components may be misspecified in the 

parametric models which could generate specification error in these models. To address 

this issue, the human capital components can be introduced in a non-parametric fashion 

in a Partially linear semi parametric model. For simplicity, we first assume that human 
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capital consists of a single component; education. The semi parametric model can be 

written as: 

uZhXy  )(               with each row   iiii uZhXy                 (6.25)   

where ][ itititit DemOpenLKX


 ,


 itYy ,   is a 1k vector of unknown parameters 

and Z is the indicator of human capital component. The functional form of  h  is not 

specified. The finite dimensional parameter   constitutes the parametric part of the 

model while the unknown function  h  represents the nonparametric part. The data is 

assumed to be i.i.d. with   0,/ iii ZXuE , and  a conditionally heteroskedastic error 

process    zxzxuE i ,,/ 22   of unknown form is considered. 

 An n -consistent estimator of  is first attained and then through the nonparametric 

regression of 


 ii Xy  on Z , an estimator of h(.) is acquired. 

     The analysis can be repeated considering health status as the indicator of human 

capital and also with both human capital components together representing the human 

capital. Likewise, we can also estimate the TFP growth model in the semi parametric 

formulation considering the single as well as both components of human capital as the 

non parametric part in the semi parametric specification. 
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Chapter 7 

Empirical Results and Interpretations 

 

     In this section, we will present the results obtained from the estimation of different 

econometric models and try to find possible explanations for them. Firstly we will discuss 

the results obtained from the estimation of panel data models; the common effects model, 

the fixed effects model and the random effects model. The estimates obtained for the 

endogeneity of human capital components are then discussed along with the estimation of 

the two stage least squares model. The section then discusses the results from the GMM 

estimation of the empirical model, moves on to the semi parametric model and aims to 

evaluate the findings of the partially linear estimation technique. At the end of this 

chapter, the findings from our analysis of the human capital-output growth and human 

capital-TFP growth relationships are compared with some of the prominent research 

findings in this area. 

7.1. The Panel Data Models 

     The discussion on the estimates of the panel data models is initiated with the common 

effects model. We will then move towards the interpretation of the results of the fixed 

and random effects models 

7.1.1. Common Effects Model 

     We will first discuss the estimates obtained from the OLS regression of the output 

growth equation. Table 7.1 presents the estimates of the linear relationship between 

human capital components and output growth. Explanation of the key results is as below: 
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Table 7.1 

Common Effects Model for Output Growth 

Dependent Variable 
Output 
Growth        

Output Growth         

Constant 
-0.001953       
(0.017087) 

0.003103               
(0.009903) 

Capital Growth 
0.385149*      
(0.07479) 

0.381844*              
(0.068985) 

Labor Growth 
0.204943       

(0.192339) 
0.20921                

(0.20279) 

Education Growth 
(literacy rate) 

0.431256       
(0.336731) 

- 

Education Growth 
(Mean yrs of schooling) 

- 
0.166458               

(0.158431) 

Growth in Health 
0.0894         

(0.123167) 
0.097597               

(0.098408) 

Openness 
0.000073       

(0.000071) 
0.000068               

(0.0000674) 

Democracy Index 
0.014509       

(0.015974) 
0.009304               

(0.008702) 

R square 0.116293 0.116021 

No of Observations 960 960 

 
            Notes:    1) The results are robust with respect to White Heteroscedasticity. 
                           2) Values in parenthesis are standard errors. 
                           3) *,**,*** denote significance at 1%, 5% and 10% levels respectively. 
 
Physical Capital Growth: 

     The coefficient of physical capital growth represents the output elasticity of physical 

capital. The coefficient is positive in sign as well as significant indicating that with 

percentage increase in the stock of physical capital in the economy, the output growth 
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rises. The higher value of the coefficient of capital growth depicts the importance of 

physical capital stock in the growth process. The result is in well accordance with the 

theoretical literature as in all the growth models starting from the neo classical Solow 

Model to the latest endogenous growth models, the physical capital is represented as one 

of the most dominant factors in the growth process. 

Labor Growth:   

     Table 7.1 depicts a positive elasticity of output with respect to labor showing that 

increase in the number of labor force increases the output growth in the economy but 

lesser in magnitude as compared to the capital growth. This result is in line with the 

exogenous growth models that consider the increase in the population size and 

equivalently in labor force boost the economic process. However, in our analysis this 

effect is not significant. This can be explained as although the labor growth has positive 

impact on growth in terms of the improvement in productivity through both the 

contribution of new ideas and learning by doing accordingly on the increased production 

volume; these positive effects are rendered in a fairly long period of time (may be in a 

century or so). So roughly in the nut shell, rate of labor growth may not contribute 

significantly to growth [Simon (1987)]. 

Education: 

     As we have already discussed in Section 4, the coefficients of the components of 

human capital actually represent their respective output elasticities. This can be shown as 

below: 
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     Table 7.1 also shows that this output elasticity of education is positive indicating an 

enhancing role of education as education leads to skill development and increase in 

productivity of the labor force which contributes affirmatively to the output growth. The 

common effects model, however, claims that this effect is insignificant. 

     The second column in table 7.1 reports the regression results using literacy rate as an 

indicator of education. We opted for the literacy rates as a proxy for education as the 

smoothest data for all countries in our sample was available for this indicator among all 

other possible educational indicators. Literacy rate, however, is considered as a poor 

proxy for education since it incorporates only the very first part of investment in 

education and neglects the larger part of it, which is above the attainment of the basic 

literacy. So we have repeated our analysis using the most commonly used proxy for 

education i.e. the mean years of schooling which is reported in the third column of table 

7.1. The regression results with both indicators are almost the same for all variables 

except for the education variable itself. Though remaining insignificant, the magnitude of 

the educational growth parameter reduces considerably with average years of schooling 

indicator. As discussed in the section 3, this measure is also beset with a substantial noise 

arising from various inconsistencies of primary data used in its construction, which is 

likely to bring in a downward bias in the estimated coefficient. Nevertheless, both 

indicators highlight a substantial role of education in economic growth. 
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Health: 

     It can be shown that like the educational component of human capital, the coefficient 

of the health status corresponds to the respective output elasticity: 
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                                                                      (7.2)      

     Like the educational component of human capital, the health component also has a 

substantial positive contribution in growth although lesser in magnitude as compared to 

the education. The health effect is very important in case of developing countries where a 

sufficiently large number of labor force is employed in the manual labor and thus better 

health status ensures less absenteeism from work. Better health in terms of higher life 

expectancy tends to encourage the growth process by providing incentives for investing 

in other forms of human capital. The household savings are likely to increase in view of 

greater life expectancy which also supplements the domestic and foreign investment; 

thereby accelerating the growth process.  

Openness: 

     The impact of openness on economic growth is positive in table 7.1 which is well in 

accordance with the theoretical and empirical literature. However, empirical literature 

often claims that conditional on the favorable development policies, trade openness is not 

the actual engine of growth but instead acts as a catalyst for the growth process. 
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Openness stimulates growth through different channels. It encourages the countries to 

specialize in most efficiently produced commodities and provides room for innovation. 

Increased openness also assists producers to reap the benefits of the economies of scale 

by competing in world wide large markets. Openness also has an indirect impact. It 

emphasizes the importance of sound institutions and policies to guard against any 

possible exploitation of the factors of production; the absence of which can mobilize the 

factors of production towards other countries. Since the developing countries in general 

lack in this area, they are unable to experience most of the benefits of openness. This 

indirect impact might explain the existence of the positive coefficient in our regression 

estimates with a considerably lower magnitude. 

Democracy: 

     Our initial results also provide evidence for a positive impact of democracy on growth. 

Democracy can exert its positive spillovers on the growth process in a number of ways. 

In the scope of re-elections, the democratic governments implement those policies that 

are beneficial for the majority of masses. The policies if proved unsuccessful can be 

rectified as the straight forward mechanism of change of power provides the capacity for 

a change. There is greater transparency of the policies and the policy making processes 

along with increased public awareness regarding the governmental policies [Siegal et al. 

( 2004)]. 

     The regression estimates in table 7.1 deny the significant impact of democracy. This 

result is of no surprise as most of the developing countries in our sample did not actually 

have the true democratic experience. There is a substantial amount of literature also that 

claims that democracy has no significant impact on growth. Studies like Kurzman et al. 
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(2002) are of the view that in the context of growth what is actually important is the 

governmental policies that speed up the growth process and the question that which 

regime outperformed the other is not crucial.  

 

Table 7.2 

Common Effects Model for TFP Growth 

Dependent Variable TFP Growth      TFP Growth         

Constant 
 -0.002005      
(0.015654) 

0.00361                
(0.006878) 

Additive Term of labor 
and capital :(skK + slL) 

  -0.334982**    
(0.145698) 

  -0.342023*            
(0.125747) 

Education Growth 
(Literacy rate) 

0.420248       
(0.342875) 

- 

Education Growth 
(Mean yrs of schooling) 

- 
0.146158               
(0.15226) 

Growth in Health 
0.133918       

(0.123368) 
0.147268               
(0.1002) 

Openness 
0.00006        

(0.0000738) 
0.0000549              

(0.0000704) 

Democracy Index 
0.01349        

(0.016285) 
0.008147               

(0.008933) 

R square 0.104561 0.104083 

No of Observations 960 960 

 
         Notes:    1) The results are robust to White Heteroscedasticity. 
                           2) Values in parenthesis are standard errors. 
                           3) *,**,*** denote significance at 1%, 5% and 10% levels respectively 
  
     Table 7.2 presents the results of the TFP growth equation. Like the previous table, 

Table 7.2 also gives the estimates of the linear relationship between human capital 
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components and TFP growth using two separate indicators of education. Explanation of 

the variables is stated as follows: 

Additive Term of Labor and Capital; M: )( LsKs LK   

     The coefficient of the variable M is used to test the hypothesis of the constant returns 

to scale to the physical capital and labor factors, i.e. 0:0 H . Since the coefficient of 

M is insignificant, therefore, we can not reject the null of constant returns to scale. 

Education: 

     Table 7.2 depicts a positive relationship between education and TFP growth. It is 

because education develops skills among the labor force; thereby increasing their 

productivity. Also, an educated labor force is better trained to innovate, use and adapt 

new technologies. The estimated parameter of the mean years of schooling education 

variable is again lower in magnitude as compared to the literacy rate educational 

indicator and is insignificant in both regressions. 

Health: 

     Health also has positive association with the TFP growth but under the common 

effects model this effect is insignificant. In general, better health status enhances the 

labor productivity for a variety of reasons as also pointed out by Howitt (2005): 

 Increased vigor, attentiveness and stamina make the healthier workers more 

energetic and productive.  

 Increased health status of the workers enhances their learning capacity and 

ensures the skill development. 
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 Healthier workers are more likely to generate new ideas. Thus an improvement in 

the economy’s health status contributes positively towards the research efficiency 

and innovative abilities of the country. 

 Healthier workers have a better capacity to handle stress and pressures. They can 

thus better manage the frequent disruptive and stressful effects of rapid 

technological change. 

Openness: 

     Openness is also exerting a positive impact on TFP growth in Table 7.2. Openness 

paves the way for different countries to learn the advanced technology from other 

countries which can then be adapted to be suitable for the local conditions. Openness thus 

encourages the spread of knowledge and facilitates the adoption of latest technological 

techniques, thereby accelerating the TFP growth. 

Democracy: 

     The coefficient of the democracy index is positive in table 7.2 depicting a positive 

association between democracy and TFP growth. Stronger democratic institutions in 

general, put a check on any sort of corruption, mismanagement and inappropriate 

utilization of a country’s assets. This in turn encourages the use of most efficient and 

appropriate technologies and boosts TFP growth.  

Non Linearities: 

     To investigate the possible non-linearities in the human capital-output growth and 

human capital-TFP growth relationships we incorporated the square, cubic and quartic 

terms of the human capital components in a variety of specification as shown in appendix 
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A, tables A.1 to A.4. We have also included the interaction terms of the human capital 

components with democracy and openness respectively. 

Interaction terms of human capital components with openness:  

     For human capital components to exert a positive impact on growth, it is necessary 

that the human capital endowment is the country is channelized towards the efficient use 

of the productive resources. Trade openness facilitates in this respect by giving access to 

the latest innovations and technologies that exist in other parts of the world. Openness 

also enhances the performance of the human capital components in the sense that the 

increase in extent of the potential markets provides incentives for the generation of better 

quality commodities, thereby providing room for innovation and improvement in 

technologies. This increases the technical progress and spurs economic growth. Our 

results points towards this positive association but finds it to be insignificant. This 

suggests that the human capital components in the developing countries lack the ability to 

take appropriate advantage of the opportunities provided by openness. 

Interaction terms of human capital components with democracy: 

     Human capital components may also indirectly influence growth through democracy. 

The level of public services provided for education and health in an economy depends on 

the nature and strength of the democratic institutions. A pure democratic government is 

more likely to invest in public programs for better education and health facilities which in 

turn raise the quality of the human capital in the economy. This effect is positive in our 

estimates of the common effect model but is insignificant; a quite obvious case for 

developing countries where the majority of countries have not reaped the fruits of 

democracy. 
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     On the whole, the common effects model does not depict a clear picture of the non 

linear relationship between human capital components and output as well as TFP growth. 

 

7.1.2. Fixed and Random Effects Models 

Table 7.3 presents the results of the output growth model with fixed and random effects 

estimation techniques. The estimated parameters of capital growth, labor growth, and the 

control variables of openness and democracy are very much similar to those reported 

under the common effects model. Since we have already talked about the possible 

explanations for these results; we will only discuss and interpret those results in all the 

upcoming estimation models that are different from the previous ones. 

 

Table 7.3 

Fixed and Random Effects Models for Output Growth 

   FE RE  FE  RE 

Dependent Variable 
Output 
Growth              

Output 
Growth              

Output 
Growth    

Output 
Growth    

Constant 
0.01132          

(0.046479) 
0.0179535  

(0.0219714) 
0.023893  

(0.020772) 
0.0227907***  
(0.0131073) 

Capital Growth 
0.27582***       
(0.162671) 

0.4451359*  
(0.0802244) 

0.28239**  
(0.140581) 

0.4407882*  
(0.0784934) 

Labor Growth 
0.459233         

(0.351415) 
0.2247373  

(0.2042151) 
0.395341  

(0.330909) 
0.218725  
(0.21025) 

Education Growth 
(Literacy Rate) 

0.486624         
(0.898637) 

0.271633  
(0.4925597) 

- - 

Education Growth 
(Mean yrs of schooling) 

- - 
0.105322  

(0.229484) 
0.1321265  

(0.1679666) 

Growth in Health 
0.071268         

(0.188014) 
0.0423024  
(0.092662) 

0.08768        
(0.21136) 

0.0443824  
(0.1052466) 
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Openness 
0.000382**       
(0.000174) 

0.0000843  
(0.0000645) 

0.000375**  
(0.000189) 

0.0000776  
(0.0000601) 

Democracy Index 
0.012812         
(0.05265) 

0.0086693  
(0.0171498) 

0.014793  
(0.052555) 

0.0054992  
(0.0077814) 

d72 
0.086477         

(0.074775) 
0.0849612  
(0.074576) 

0.085992  
(0.075433) 

0.0847584  
(0.0746848) 

d73 
 -0.072168       
(0.069644) 

-0.0741092  
(0.0693141) 

-0.072926  
(0.070535) 

-0.0744865  
(0.0701124) 

d74 
 -0.012052       
(0.011363) 

-0.0121929  
(0.0118719) 

-0.013055  
(0.011235) 

-0.0127145  
(0.0119202) 

d75 
  -0.028971**     

(0.013472) 
 -0.0306709**    
(0.0133217) 

 -0.030191**  
(0.012857) 

 -0.0314115**   
(0.0133485) 

d76 
-0.003058  
(0.01422) 

-0.0059267  
(0.0133796) 

-0.005534  
(0.014247) 

-0.0081602  
(0.0134884) 

d77 
-0.009343  
(0.014002) 

-0.0121692  
(0.0138193) 

 -0.0123          
(0.013653) 

-0.0146156  
(0.0138222) 

d78 
-0.001205  
(0.015325) 

-0.0048362  
(0.0149687) 

-0.004275  
(0.014934) 

-0.0073102  
(0.0149499) 

d79 
-0.019902  
(0.013951) 

 -0.0234584***   
(0.0135986) 

 -0.023364***  
(0.013382) 

 -0.0260199***   
(0.0136522) 

d80 
-0.023494  
(0.017003) 

-0.0261696  
(0.0166652) 

 -0.027303***  
(0.016515) 

 -0.0289372***  
(0.0167654) 

d81 
-0.017142  
(0.014765) 

-0.0203855  
(0.0140202) 

-0.019833  
(0.013172) 

-0.0216429  
(0.0138544) 

d82 
 -0.043424*  
(0.015142) 

 -0.0474805*  
(0.0143501) 

 -0.046387*  
(0.013604) 

 -0.0489158*    
(0.0142387) 

d83 
 -0.039836*  
(0.014191) 

 -0.0434744*  
(0.0140901) 

 -0.043035*  
(0.012604) 

 -0.0451458*  
(0.0138304) 

d84 
-0.017171  
(0.012797) 

-0.019065  
(0.0130217) 

 -0.020535***  
(0.011694) 

-0.0208251  
(0.0127973) 

d85 
 -0.022279***  

(0.012438) 
 -0.0236092***  

(0.012875) 
 -0.025789**  
(0.011595) 

 -0.0254492**   
(0.0127391) 

d86 
-0.018992  
(0.012585) 

-0.0201609  
(0.012972) 

-0.023117  
(0.011698) 

 -0.0225765***   
(0.0126861) 

d87 
-0.020197  
(0.013574) 

-0.0211237  
(0.0136473) 

-0.024558  
(0.012158) 

 -0.0237282***   
(0.0132831) 
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d88 
-0.018321  
(0.015653) 

-0.0187584  
(0.015759) 

-0.022878  
(0.014664) 

-0.021323  
(0.0155671) 

d89 
-0.019383  
(0.01379) 

-0.0185178  
(0.0142063) 

 -0.024033***  
(0.013162) 

-0.0210978  
(0.0139286) 

d90 
-0.015059  
(0.012736) 

-0.0134102  
(0.0131541) 

-0.019812  
(0.013125) 

-0.0158563  
(0.0130216) 

d91 
 -0.022522***  

(0.012255) 
-0.0209026  
(0.0127531) 

 -0.026665***  
(0.01386) 

 -0.0223581***  
(0.0126716) 

d92 
-0.011489  
(0.013258) 

-0.0102402  
(0.0139388) 

-0.01581  
(0.014704) 

-0.0117493  
(0.0138537) 

d93 
 -0.021662***  

(0.012561) 
 -0.0205197***   

(0.0121697) 
 -0.025953**  
(0.012126) 

 -0.0221597***   
(0.0118086) 

d94 
-0.021801  
(0.013512) 

 -0.0214442***   
(0.0126984) 

 -0.026236**  
(0.012341) 

 -0.0231262***  
(0.0123638) 

d95 
-0.013097  
(0.012495) 

-0.0123215  
(0.0118165) 

-0.017684  
(0.011906) 

-0.0139839  
(0.0115178) 

d96 
-0.010819  
(0.012695) 

-0.0105341  
(0.0120979) 

-0.01493  
(0.012535) 

-0.0115218  
(0.0119223) 

d97 
-0.015008  
(0.012933) 

-0.0141525  
(0.0120157) 

-0.019605  
(0.013039) 

-0.0153384  
(0.0118126) 

d98 
 -0.031552**  
(0.014554) 

 -0.0304064**   
(0.0142099) 

 -0.036224**  
(0.0155) 

 -0.0315543**    
(0.0142213) 

d99 
 -0.026335***  

(0.01449) 
 -0.0263942**  
(0.0132812) 

 -0.031074**  
(0.014004) 

 -0.0276143**   
(0.0130569) 

d00 
-0.015475  
(0.015009) 

-0.0146441  
(0.0126838) 

-0.020912  
(0.013143) 

-0.0163247  
(0.012054) 

India 
0.004527  
(0.01631) 

- 
0.001039  

(0.019393) 
- 

Myanmar 
0.016719  

(0.037299) 
- 

0.009121  
(0.023137) 

- 

Sri Lanka 
-0.012538  
(0.015526) 

- 
-0.020723  
(0.020064) 

- 

Algeria 
 -0.031603**  
(0.013713) 

- 
-0.024828  
(0.015679) 

- 

Jordan 
 -0.04349**  
(0.021001) 

- 
 -0.044775**  
(0.021269) 

- 
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Tunisia 
 -0.021208***  

(0.012836) 
- 

-0.017699  
(0.011592) 

- 

Iran 
-0.02187  

(0.018131) 
- 

-0.020942  
(0.019711) 

- 

Botswana 
0.000444  

(0.021219) 
- 

-0.003594  
(0.025559) 

- 

Cameroon 
-0.017204  
(0.016059) 

- 
-0.013209  
(0.016524) 

- 

Kenya 
-0.01031  

(0.012304) 
- 

-0.008379  
(0.012167) 

- 

Mauritius 
-0.022965  
(0.023377) 

- 
-0.029293  
(0.037963) 

- 

South Africa 
-0.020274  
(0.015946) 

- 
 -0.025998***  

(0.014961) 
- 

Benin 
-0.020714  
(0.018217) 

- 
-0.014631  
(0.012689) 

- 

Tanzania 
-0.019423  
(0.012149) 

- 
-0.014829  
(0.010254) 

- 

Zambia 
 -0.033387**  
(0.015306) 

- 
 -0.051972**  
(0.017383) 

- 

Zimbabwe 
-0.017821  
(0.016716) 

- 
-0.021973  
(0.014044) 

- 

Chile 
-0.001397  
(0.017604) 

- 
-0.009535  
(0.018417) 

- 

Colombia 
-0.006604  
(0.012997) 

- 
-0.014405  
(0.02078) 

- 

Costa Rica 
-0.023317  
(0.02364) 

- 
-0.032167  
(0.040326) 

- 

Dominican Republic 
-0.011315  
(0.015938) 

- 
-0.017823  
(0.027592) 

- 

Panama 
 -0.054235**  
(0.025239) 

- 
 -0.061115***  

(0.031861) 
- 

Paraguay 
-0.010242  
(0.019822) 

- 
-0.017924  
(0.012046) 

- 

Venezuela 
-0.031388  
(0.019554) 

- 
-0.038983  
(0.029826) 

- 
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Ecuador 
-0.01038  

(0.111024) 
- 

 -0.0175          
(0.126404) 

- 

El Salvador 
 -0.03119**  
(0.013832) 

- 
 -0.03696***  
(0.020372) 

- 

Honduras 
 -0.027672***  

(0.014928) 
- 

-0.032017  
(0.021516) 

- 

Trinidad and Tobago 
 -0.040671***  

(0.021058) 
- 

-0.050192  
(0.037083) 

- 

Fiji 
 -0.038464**  
(0.019469) 

- 
-0.044142  
(0.031244) 

- 

Thailand 
0.005033  

(0.017999) 
- 

-0.002934  
(0.017325) 

- 

Indonesia 
-0.001931  
(0.019742) 

- 
-0.005174  
(0.012531) 

- 

Philippines 
-0.018778  
(0.016113) 

- 
-0.027044  
(0.017606) 

- 

R square(within) 0.1524 - 0.1525 - 

R square(overall) 0.170515 0.1615 0.170653 0.1617 

No of Observations 960 960 960 960 

F-test for Fixed Effects 
(p-value) 

2.54 
(0.00) 

- 
2.61 

(0.00) 
- 

F test that all u_i=0 
(p-value) 

0.28 
(1.00) 

- 
0.28 

(1.00) 
- 

Wald chi^2 for Random 
Effects 

(p-value) 
- 

1193.92 
(0.00) 

- 
1196.09 
(0.00) 

Lagrange Multiplier test 
for RE 

(p-value) 
- 

9.99 
(0.0016) 

- 
9.96 

(0.0016) 

Hausman Random chi^2 
(p-value) 

- 
3.880932 
(0.6928) 

- 
3.807795 
(0.7027) 

 
Notes: 1) The results are robust to White Heteroscedasticity. 
 2) Values in parenthesis are standard errors. 
 3) *,**,*** denote significance at 1%, 5% and 10% levels respectively. 
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          The fixed effects model includes the time effects as well as the country specific 

effects which are effective in dealing with the omitted variable bias generated in the 

common effects model. The F-test is applied to check the overall significance of the FE 

model while Wald test is computed for RE models for the same purpose. The estimated 

coefficients in both the models are not only similar to each other but also to those 

reported under the common effects model with only one difference. The openness 

variable becomes significant under the FE model when the country specific and time 

specific effects are accounted for. The human capital components are positive but 

insignificant under both models.  

     The estimates of the majority of the time specific dummies in both models are 

negative and significant for the period 1972-2000 as compared to the base period. This 

indicates that the developing countries on the whole have experienced a declining trend 

in output growth over time. This result also seems to be consistent with the real world 

scenario as the unstable democratic environments, fragile government policies, political 

and social unrests, poor governance, insufficient investments in education and health 

sectors and issues like brain drain and many more in most of the developed countries 

have caused the slowdown in growth. 

     The overall significance of the country specific effects is checked through the F-test 

and is reported in Table 7.3. Similarly the Lagrange Multiplier test for random effects is 

applied to analyze the significance of the country specific random effects. The country 

fixed effects against the base country Pakistan reveals that except for India, Myanmar, 

Botswana and Thailand, all other developing countries in our sample experience a 

marginally lower level of output growth than Pakistan. On the other hand India, 



 115

Myanmar, Botswana and Thailand have a slightly better growth performance but this 

result is not significant. In a nut shell, the developing countries overall have some what 

similar growth performance. 

     The question that whether the FE model or RE model is valid may not be a big issue 

in our study as the signs and the significance of the coefficients are quite alike. However, 

Hausman Specification test is applied to check for the selection of the FE or RE model 

for our data sample. The null hypothesis of no correlation between the explanatory 

variables and the omitted effects is not rejected which implies that the RE model is more 

appropriate in our analysis. 

     Table 7.4 reveals the regression estimated for the FE and RE models for the TFP 

growth equation. The estimated coefficients are similar in signs and significance to those 

reported in Table 7.2 for common effects model except for the openness variable which 

turned out to be significant under FE formulation. Time specific dummies point towards 

the declining trend in TFP growth over the 30 year period in our sample of developing 

countries and the country specific dummies indicate the overall similar growth behavior 

of developing countries. Hausman specification test favors the selection of RE model. 
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Table 7.4 

Fixed and Random Effects Models for TFP Growth 

  FE RE FE RE 

Dependent Variable TFP Growth   TFP Growth   TFP Growth    TFP Growth   

Constant 
0.025764   

(0.041451) 
0.0166822   

(0.0210725) 
0.030188***   

(0.01735) 
0.0215694***   
(0.0117594) 

Additive Term of labor 
and capital :(skK + slL) 

-0.424094   
(0.271367) 

0.2489515***   
(0.1417596) 

 -0.425506***   
(0.229081) 

 -0.2573585***   
(0.1316689) 

Education Growth 
(Literacy Rate) 

0.248093   
(0.886595) 

0.2574645   
(0.4936478) 

- - 

Education Growth 
(Mean yrs of schooling) 

- - 
0.093385   

(0.225234) 
0.1133303   

(0.1641487) 

Growth in Health 
0.09977   

(0.201898) 
0.1112044   

(0.0949984) 
0.103872   

(0.220872) 
0.1135621   

(0.1099672) 

Openness 
0.000345**   
(0.000171) 

0.000068   
(0.0000665) 

0.00034***   
(0.000186) 

0.000062   
(0.0000619) 

Democracy Index 
0.01455   

(0.053846) 
0.0080183   

(0.0172985) 
0.01561   

(0.053347) 
0.0048594   

(0.0079754) 

d72 
0.085983   
(0.07482) 

0.0853288   
(0.074393) 

0.08578   
(0.075434) 

0.0851396   
(0.0745695) 

d73 
-0.072459   
(0.069556) 

-0.072915   
(0.069171) 

-0.072774   
(0.070394) 

-0.0732765   
(0.0699967) 

d74 
-0.012402   
(0.011323) 

-0.0112101   
(0.0119028) 

-0.01284   
(0.011244) 

-0.011709   
(0.0119358) 

d75 
 -0.029743**   
(0.013464) 

 -0.029806**    
(0.013414) 

 -0.030281**   
(0.012899) 

 -0.0305123**   
(0.0134071) 

d76 
-0.003757   
(0.013954) 

-0.0045485   
(0.0132775) 

-0.005367   
(0.014019) 

-0.0065385   
(0.0133655) 

d77 
-0.01058   

(0.013982) 
-0.0111435   
(0.0139648) 

-0.01243   
(0.013712) 

-0.0133293   
(0.0139365) 

d78 
-0.002018   
(0.015043) 

-0.0029842   
(0.0147332) 

-0.003923   
(0.014711) 

-0.0052027   
(0.0146944) 
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d79 
-0.020984   
(0.013427) 

-0.0214552   
(0.0132976) 

 -0.023073***   
(0.012981) 

 -0.0237517***   
(0.0133106) 

d80 
-0.025172   
(0.016736) 

-0.0249369   
(0.016593) 

 -0.02744***   
(0.016305) 

 -0.0274222***   
(0.0166295) 

d81 
-0.018812   
(0.014701) 

-0.0193774   
(0.0140681) 

-0.020053   
(0.013104) 

-0.0205846   
(0.0138141) 

d82 
 -0.045384*   
(0.015075) 

 -0.0468017*    
(0.0143511) 

 -0.04677*   
(0.013582) 

 -0.0481765*   
(0.0141609) 

d83 
 -0.041249*   
(0.014098) 

 -0.042569*     
(0.0142101) 

 -0.042806*   
(0.012648) 

 -0.044176*   
(0.0139264) 

d84 
-0.0176   

(0.012552) 
-0.0173201   
(0.0129898) 

-0.01926   
(0.011768) 

-0.0190232   
(0.0128132) 

d85 
 -0.022927***   

(0.01224) 
 -0.0222414***   

(0.0128585) 
 -0.024667**   
(0.011693) 

 -0.0240186***   
(0.0127629) 

d86 
-0.019987   
(0.012426) 

-0.0194543   
(0.0130167) 

 -0.02216***   
(0.011764) 

 -0.0217475***   
(0.0127707) 

d87 
-0.021592   
(0.013329) 

-0.0206667   
(0.0136683) 

 -0.023856***   
(0.012193) 

 -0.023138***   
(0.0133599) 

d88 
-0.019976   
(0.015327) 

-0.0179788   
(0.0158009) 

-0.022286   
(0.014758) 

-0.0204111   
(0.0156586) 

d89 
-0.021345   
(0.013415) 

-0.018202   
(0.0140789) 

 -0.023713***   
(0.013078) 

-0.0206374   
(0.013852) 

d90 
-0.01706   

(0.012402) 
-0.0128627   
(0.0129063) 

-0.019466   
(0.013075) 

-0.0151657   
(0.0128141) 

d91 
 -0.024223**   
(0.012211) 

-0.0210599   
(0.0128035) 

 -0.026119***   
(0.013674) 

 -0.0225285***   
(0.0127248) 

d92 
-0.013333   
(0.013293) 

-0.0097761   
(0.0139876) 

-0.015253   
(0.014845) 

-0.0112959   
(0.0139275) 

d93 
 -0.023271***   

(0.012313) 
-0.0193974   
(0.012122) 

 -0.025146**   
(0.01213) 

 -0.0210496***   
(0.0118214) 

d94 
 -0.023692***   

(0.013195) 
-0.0199244   
(0.0127034) 

 -0.025596**   
(0.012377) 

 -0.021614***   
(0.012394) 

d95 
-0.014987   
(0.011997) 

-0.0103328   
(0.0117927) 

-0.016928   
(0.012067) 

-0.0120029   
(0.0115555) 

d96 
-0.012618   
(0.012306) 

-0.0085626   
(0.0120717) 

-0.014131   
(0.012676) 

-0.0096608   
(0.0119461) 
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d97 
-0.017183   
(0.012454) 

-0.0120361   
(0.0119934) 

-0.018906   
(0.013279) 

-0.0133185   
(0.0118829) 

d98 
 -0.033618**   
(0.014183) 

 -0.0280054**    
(0.0139342) 

 -0.035388**   
(0.01567) 

 -0.0292494**   
(0.01402) 

d99 
 -0.029142**   
(0.014047) 

 -0.024565***    
(0.0132634) 

 -0.030947**   
(0.014131) 

 -0.0258664**   
(0.0130859) 

d00 
-0.018342   
(0.014451) 

-0.0124761   
(0.0126113) 

-0.020522   
(0.013242) 

-0.0142147   
(0.0120753) 

India 
-0.003646   
(0.016337) 

- 
-0.005055   
(0.019408) 

- 

Myanmar 
0.007227   

(0.037552) 

 
- 

0.003827   
(0.023449) 

- 

Sri Lanka 
-0.02165   

(0.015307) 

 
- 

-0.024783   
(0.019986) 

- 

Algeria 
 -0.029032**   

(0.01179) 

 
- 

-0.026221   
(0.016311) 

- 

Jordan 
 -0.044773**   
(0.020995) 

 
- 

 -0.045535**   
(0.018369) 

- 

Tunisia 
-0.016702   
(0.012194) 

 
- 

-0.01532   
(0.011466) 

- 

Iran 
-0.024916   
(0.018644) 

 
- 

-0.024831   
(0.020191) 

- 

Botswana 
-0.007282   
(0.019958) 

 
- 

-0.009535   
(0.024125) 

- 

Cameroon 
-0.020785   
(0.01659) 

 
- 

-0.018174   
(0.016982) 

- 

Kenya 
-0.00746   

(0.011677) 

 
- 

-0.006416   
(0.011222) 

- 

Mauritius 
-0.028871   
(0.023252) 

 
- 

-0.031119   
(0.037564) 

- 

South Africa 
-0.025949   
(0.016703) 

 
- 

 -0.028126**   
(0.014154) 

- 

Benin 
-0.019103   
(0.017356) 

 
- 

-0.016868   
(0.012666) 

- 

Tanzania 
 -0.022037***   

(0.01327) 

 
- 

 -0.018503***   
(0.010356) 

- 
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Zambia 
 -0.051972**   
(0.014161) 

 
- 

 -0.051972**   
(0.015806) 

- 

Zimbabwe 
-0.021664   
(0.017745) 

 
- 

 -0.023984***   
(0.014064) 

- 

Chile 
-0.010136   
(0.018106) 

 
- 

-0.01336   
(0.01804) 

- 

Colombia 
-0.013866   
(0.013636) 

 
- 

-0.017553   
(0.01977) 

- 

Costa Rica 
-0.029561   
(0.022835) 

 
- 

-0.033642   
(0.038931) 

- 

Dominican Republic 
-0.013632   
(0.016083) 

 
- 

-0.016223   
(0.027635) 

- 

Panama 
 -0.056649**   
(0.024977) 

 
- 

 -0.059629***   
(0.030412) 

- 

Paraguay 
-0.019997   
(0.021831) 

 
- 

 -0.023425**   
(0.011889) 

- 

Venezuela 
 -0.034619***   

(0.018565) 

 
- 

-0.038678   
(0.028316) 

- 

Ecuador 
-0.016299   
(0.109738) 

 
- 

-0.019616   
(0.125258) 

- 

El Salvador 
 -0.034854**   
(0.013868) 

 
- 

 -0.037416***   
(0.020087) 

- 

Honduras 
 -0.031056**   
(0.014024) 

 
- 

 -0.033263***   
(0.019986) 

- 

Trinidad and Tobago 
 -0.049352**   
(0.021528) 

 
- 

-0.053199   
(0.037371) 

- 

Fiji 
 -0.042865**   
(0.019212) 

 
- 

-0.045   
(0.030662) 

- 

Thailand 
-0.00768   

(0.019455) 

 
- 

-0.010898   
(0.016835) 

- 

Indonesia 
0.00502   

(0.016447) 

 
- 

0.004073   
(0.011508) 

- 

Philippines 
-0.027468   
(0.017185) 

 
- 

 -0.031155***   
(0.016812) 

- 

R square(within) 0.1487 - 0.1489 - 
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R square(overall) 0.15651 0.1467 0.156731 0.1467 

No of Observations 960 960 960 960 

F-test for Fixed Effects 
(p-value) 

3.08 
(0.00) 

- 
3.16 

(0.00) 
- 

F test that all u_i=0 
0.3 

(0.9999) 
- 

0.31 
(0.9999) 

- 

Wald chi^2 for Random 
Effects 

(p-value) 
- 

97.68 
(0.00) 

- 
96.91 
(0.00) 

Lagrange Multiplier test 
for RE 

(p-value) 
- 

8.8 
(0.003) 

- 
8.71 

(0.0032) 

Hausman Random chi^2 
(p-value) 

- 
1.85894 
(0.8683) 

- 
1.899748 
(0.8628) 

 
Notes: 1) The results are robust to White Heteroscedasticity. 
 2) Values in parenthesis are standard errors. 
 3) *,**,*** denote significance at 1%, 5% and 10% levels respectively. 
 
 

Non Linearity:        

     The nonlinearity in the human capital components in both output growth and TFP 

growth equations is analyzed through the regression on a large variety of non linear 

specifications. The equations are also re-estimated employing both indicators of literacy 

rate and average years of schooling. The results are reported in appendix A, tables A.5-

A.12. These results suggest that along with the common effects model, the fixed effects 

and random effects models are also unable to depict the non linear trends of the human 

capital components in connection with the output growth and TFP growth models. 
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7.2. Endogeneity and Instrumental Variables 

     Now we will discuss the endogeneity problem in reference to our key variables; 

education and health. As already discussed in chapter 4, some variables are prone to 

endogeneity if they are correlated with omitted effects, thus turning OLS estimates 

inconsistent .Instrumental variable approach is more appropriate in case of endogenous 

variables. 

     Table 7.5 and 7.6 present the estimates for the exogeneity test for the two indicators of 

education and health status respectively. These tables report the OLS estimates of the 

pooled regression and the corresponding 2SLS estimates for the comparison. The validity 

of the instrumental variable approach relies on three criteria as already discussed in 

chapter 4; the availability of relevant and exogenous instruments and the existence of 

endogeneity. 

      First we will check these criteria for the education variable when literacy rate is 

employed as the proxy. The F-test is computed to test for the joint significance of the 

instruments. The value of F-test exceeds the critical value of 10 for the education variable 

indicating that the instruments used in the analysis are relevant.  

     Sargan test [   22 ~ rqRkn   ] is conducted to check for the exogeneity of instruments. 

The value of Sargan test is 12.89 which is less than the critical value of 15.08 implying 

that the instruments are exogenous as well. To check for the exogeneity of education, 

Hausman specification test is applied. The residuals from the reduced form equation are 

incorporated in the structural equation. As shown in the third column of Table 7.5, the 

coefficient of this residual term is insignificant. Thus, we can not reject the null 

hypothesis of exogeneity. 
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Table 7.5 

Exogeneity Test and Two stage Least Squares 

 Exogeneity Test for Education: literacy rate Exogeneity Test for Health 

Dependent 
Variable 

OLS        
(Output 
Growth) 

2SLS          
(Output 
Growth) 

Exogeneity 
Test          

(Output 
Growth) 

OLS           
(Output 
Growth) 

2SLS          
(Output 
Growth) 

Exogeneity 
Test          

(Output 
Growth) 

Constant 
-0.001848    

(0.0164656) 
-0.0064885     
(0.0142155) 

-0.0064885     
(0.0142214) 

-0.001848     
(0.0164656) 

-0.0057337     
(0.014183) 

-0.0057337     
(0.0141812) 

Capital 
Growth 

0.4174935*   
(0.0721442) 

0.3670466*      
(0.0521716) 

0.3670466*    
(0.052194) 

0.4174935*     
(0.0721442) 

0.3601799*     
(0.0528332) 

0.3601799*    
(0.0528504) 

Labor 
Growth 

0.1776824    
(0.1923402) 

0.1166187     
(0.1917382) 

0.1166187     
(0.191762) 

0.1776824     
(0.1923402) 

0.090886     
(0.190417) 

0.090886     
(0.1909953) 

Education 
Growth 

0.4381423    
(0.3289448) 

0.4931321***    
(0.2671385) 

0.4931321***  
(0.2673357) 

0.4381423     
(0.3289448) 

0.4409085***   
(0.2661781) 

0.4409085***  
(0.2661981) 

Growth in 
Health 

0.083419     
(0.1217918) 

-0.0275781     
(0.1047083) 

-0.0275781     
(0.1047046) 

0.083419     
(0.1217918) 

0.1692617     
(0.1577864) 

0.1692617     
(0.1519835) 

Openness 
0.0000869    

(0.0000686) 
0.0000917***    
(0.0000521) 

0.0000917***  
(0.0000521) 

0.0000869     
(0.0000686) 

0.0000965***   
(0.0000517) 

0.0000965***  
(0.0000517) 

Democracy 
Index 

0.0126127    
(0.0144386) 

0.0201614     
(0.0126231) 

0.0201614     
(0.01263) 

0.0126127     
(0.0144386) 

0.0199995     
(0.0125023) 

0.0199995     
(0.0125031) 

Residual 
Term 

  
-0.6952627     
(0.5820437) 

  
-0.71012*     

(0.2351471) 

R square 0.1191 0.1305 0.1305 0.1191 0.1306 0.132 

No of 
Observations 

960 896 896 960 896 896 

F Test 
(p-value) 

10.33 
(0.00) 

10.53 
(0.00) 

9.12 
(0.00) 

10.33 
(0.00) 

12.71 
(0.00) 

13.64 
(0.00) 

F Test For 
Instruments 

 4023.17   21.29  

Sargan Test  12.8905   11.3792  

Critical 
value of chi-

square 
 15.0863   15.0863  

Notes: 1) The results are robust to White Heteroscedasticity. 
 2) Values in parenthesis are standard errors. 
 3) *,**,*** denote significance at 1%, 5% and 10% levels respectively. 
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     In Table 7.6, when mean years of schooling is used as an indicator of education, only 

one condition is satisfied. The F-test for instruments exceeds the critical value of 10 

indicating that instruments are relevant. However, the other two conditions of instrument 

exogeneity and the variable exogeneity are not satisfied. The application of instrumental 

variables is not feasible in this case. 

     These three criteria are then evaluated for the health variable. In this case first 

condition is satisfied as the value of F-test for instruments is greater than 10. The second 

requirement is also fulfilled as the value of Sargan test is less than the corresponding 

critical value of 15.08. So the null hypothesis of the validity of over identifying 

restrictions is not rejected which validates the set of instruments used in the analysis. 

Also the result of Hausman specification test points out that the residual term from the 

reduced form equation is statistically significant indicating endogeneity in the health 

variable. Since all the three conditions are satisfied so the use of instrumental variable 

approach is valid. 

     The two stage least squares approach to instrumental variables is then applied. In 

Table 7.5 with the literacy rate educational variable, when we account for the 

endogeneity of health variable, the coefficient of education turns out to be positive and 

significant.  

     On the other hand when mean years of schooling is used as the educational indicator 

in table 7.6, dealing with health endogeneity turns the positive health variable significant 

as well. These results indicate that while accounting for the endogeneity in human capital 

components, either of these human capital components is likely to have a significant  
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Table 7.6 

Exogeneity Test and Two stage Least Squares 

 
Exogeneity Test for Education: Average 

Years of schooling 
Exogeneity Test for Health 

Dependent 
Variable 

OLS        
(Output 
Growth) 

2SLS       
(Output 
Growth) 

Exogeneity 
Test     

(Output 
Growth) 

OLS         
(Output 
Growth) 

2SLS         
(Output 
Growth) 

Exogeneity 
Test     

(Output 
Growth) 

Constant 0.0043234   
(0.0094467) 

0.0032181   
(0.0088796) 

0.0032181   
(0.0088737) 

0.0043234   
(0.0094467) 

0.0023874   
(0.009223) 

0.0023874   
(0.0092152) 

Capital 
Growth 

0.4160741*   
(0.0675077) 

0.3813259*   
(0.0593429) 

 0.3813259*   
(0.0593527) 

0.4160741*   
(0.0675077) 

0.3689001*   
(0.0576747) 

  0.3689001*   
(0.0576907) 

Labor 
Growth 

0.1891708   
(0.2007197) 

0.1933877   
(0.2068404) 

0.1933877   
(0.2063519) 

0.1891708   
(0.2007197) 

0.1442877   
(0.1992715) 

0.1442877   
(0.2000891) 

Education 
Growth 

0.150437   
(0.1575943) 

-0.020445   
(0.1859643) 

-0.020445   
(0.1857439) 

0.150437   
(0.1575943) 

0.0104301   
(0.1232943) 

0.0104301   
(0.1232575) 

Growth in 
Health 

0.0976985   
(0.0964674) 

0.0226826   
(0.088307) 

0.0226826   
(0.0881103) 

0.0976985   
(0.0964674) 

 0.2466025**    
(0.1203831) 

0.2466025**   
(0.1102143) 

Open 
0.0000756   

(0.0000632) 
0.0000774   

(0.0000503) 
0.0000774   

(0.0000504) 
0.0000756   

(0.0000632) 

  
0.0000851***   
(0.0000501) 

 
0.0000851***  
(0.0000501) 

Democracy 
Index 

0.0065554   
(0.0076804) 

0.0107228   
(0.0070486) 

0.0107228   
(0.0070516) 

0.0065554   
(0.0076804) 

0.0121915   
(0.0075566) 

0.0121915   
(0.0075486) 

Residual 
Term 

   
0.0716372   

(0.1504887) 
  

    -0.84681*   
(0.1903884) 

R square 0.1185 0.0275 0.1277 0.1185 0.1283 0.1301 

No of 
Observations 

960 896 896 960 896 896 

F Test 
(p-value) 

10.38 
(0.00) 

10.89 
(0.00) 

10.17 
(0.00) 

10.38 
(0.00) 

13.36 
(0.00) 

14.05 
(0.00) 

F Test For 
Instruments 

  39.07    21.36  

Sargan Test   15.6464    13.9573  

Critical value 
of chi-square 

  15.0863     15.0863   

Notes: 1) The results are robust to White Heteroscedasticity. 
 2) Values in parenthesis are standard errors. 
 3) *,**,*** denote significance at 1%, 5% and 10% levels respectively. 
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  positive impact on growth and the result is sensitive to the definition of the educational 

measure used in the regression. 

        The same analysis was conducted to investigate the endogeneity of education and 

health variables in TFP growth equation, and the results are reported in Appendix B. 

 

7.3. The Generalized Method of Moments 

     The generalized method of moments is a theoretically better technique to deal with 

endogenous variables in the case of over identifying restrictions. GMM technique is thus 

also applied to the output growth and TFP growth equations. 

     Table 7.7 presents the GMM estimates for the output growth equation. Column two 

gives the GMM results with the literacy rate educational indicator. The results indicate 

that along with the coefficient of capital growth which remains significant in all 

approaches, the coefficient of the openness and democracy variables also become 

significant under this approach.  

     Also as compared to the 2SLS technique which accounts for only the significantly 

positive impact of education, the GMM approach states that both components of human 

capital exert a significant positive impact on growth. The J test is computed to test the 

validity of over identifying restriction: 

                        J test = 2~ rmnstatJ     

where n  is the number of observations and rm   stands for the number of over 

identifying restrictions.  The computed value of J-test is 5.653 which is less than the 

corresponding critical value of 2 i.e. 15.5073. Hence the null hypothesis is accepted 

indicating that the over identifying restrictions are valid. 
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Table 7.7 
Generalized Method of Moments for 

Output Growth 

Dependent Variable 
Output 
Growth   

Output Growth   

Constant 
-0.011465   
(0.013886) 

0.00765           
(0.011543) 

Capital Growth 
0.119265***   
(0.069464) 

0.197082**    
(0.082765) 

Labor Growth 
0.193315   

(0.313364) 
0.251657       

(0.300793) 

Education Growth 
(Literacy Rate) 

0.661969*   
(0.241684) 

- 

Education Growth 
(Mean yrs of schooling) 

- 
0.196411***   
(0.118687) 

Growth in Health 
0.287386**   
(0.142818) 

0.250049***   
(0.140984) 

Open 
0.000179*   

(0.0000628) 
0.000119***   
(0.0000706) 

Democracy Index 
0.026289**   
(0.010968) 

0.005275       
(0.008337) 

R square 
0.123625 0.114129 

No of Observations 
838 865 

Chi-square value for      
J Test 5.653 6.516 

Critical value of chi-
square 15.5073 15.5073 

 
                 Notes:  1) Values in parenthesis are standard errors. 
                          2) *,**,*** denote significance at 1%, 5% and 10% levels respectively. 
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Table 7.8 
Generalized Method of Moments for 

TFP Growth 

Dependent Variable      TFP Growth  TFP Growth       

Constant 
-0.0084      

(0.010665) 
0.013621**   
(0.006382) 

Additive Term of labor 
and capital :(skK + slL) 

-0.769932*   
(0.125491) 

-0.58069*    
(0.104419) 

Education Growth 
(Literacy Rate) 

0.659898*   
(0.220658) 

- 

Education Growth 
(Mean yrs of schooling) 

- 
0.151848***   
(0.086675) 

Growth in Health 
0.318187**   
(0.144222) 

0.345319**    
(0.15962) 

Open 
0.000173*   

(0.0000623) 
0.0000312   

(0.0000501) 

Democracy Index 
0.025738**   
(0.010267) 

0.007216     
(0.007457) 

R square 0.109767 0.101735 

No of Observations 832 896 

Chi-square value for J 
Test 

5.544 13.02 

Critical value of chi-
square 

15.5073 18.307 

 
                 Notes:  1) Values in parenthesis are standard errors. 
                          2) *,**,*** denote significance at 1%, 5% and 10% levels respectively. 
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     The third column in Table 7.7 gives the results of GMM technique when mean years 

of schooling is used as the proxy for education. In this case too, both the education and 

health components of human capital indicate a positive significant contribution to growth. 

The J-test value is 6.516 which is less than the critical value implying that the instruments 

used are exogenous and valid. 

     Table 7.8 present the results when GMM is applied to the TFP growth equation. With 

both proxies of education variable, the regression estimates give evidence of the strong 

determinate impact of education and health status on the TFP growth. The J test value for 

both cases validates the use of the particular set of instruments. 

 

Non Linearity: 

The non linearity in the human capital components is analyzed through a variety of 

specifications as reported in appendix C, tables C1 to C4. The nonlinearity is checked 

using both indicators of education in the output growth and TFP growth equations. The 

results reveal no clear indication of the non linearity between human capital components 

and growth. Table C4 may suggest the existence of a quadratic health relationship with 

TFP growth but overall the results are ambiguous. 
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7.4. The Semi parametric Model 

Table 7.9 
Semiparametric Model for Output Growth 

Dependent Variable   Output Growth  Output Growth  Output Growth  

Nonparametric estimator Literacy Rate 
Mean Years of 

Schooling 
Health status 

Capital Growth 
0.393732**   
(0.114917) 

0.069046   
(0.241287) 

0.389928**   
(0.128424) 

Labor Growth 
0.151675   

(0.457766) 
-0.410534   
(1.328010) 

0.127393   
(0.441064) 

Open 
0.000098   

(0.000115) 
0.000364   

(0.000505) 
0.000114   

(0.000123) 

Democracy Index 
0.012284   

(0.016442) 
0.1020009***   

(0.051499) 
0.014162   

(0.016004) 

Country Dummies included Included included 

Time Dummies included Included included 

R square 0.120137 0.106874 0.12031 

No of Observations 960 960 960 

Model Specification Test 
(p-value) 

-0.92629 
(0.47619) 

-0.931316 
(0.5589) 

-0.93656 
(0.45363) 

 
                 Notes:  1) Values in parenthesis are standard errors. 
                          2) *,**,*** denote significance at 1%, 5% and 10% levels respectively. 
   

 

     The parametric models discussed above may lead to specification bias in case the 

functional form of the variables is not correctly modeled. So far we have not been able to 
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specify the correct functional form of the human capital components in both the output 

growth and TFP growth models. An appropriate approach, in this case, would be to use a 

semi parametric formulation in which we estimate the human capital components in a 

data driven non parametric way. A partially linear semi parametric model is used for 

estimation where capital growth, labor growth, democracy and openness variables 

constitute the linear parametric part while human capital is essentially employed as the 

non parametric element in the model 

     We first assume that the human capital variable comprises of only one component. 

Table 7.9 reports the results of the parametric components when literacy rate, mean years 

of schooling and health status is used as an indicator of human capital respectively. The 

second order Gaussian kernel is used as the multivariate kernel estimator and cross 

validation method is used for the band width selection.  When literacy rate and health 

status are used as the human capital indicators respectively, the results point out that 

capital growth has a significant impact on growth while labor growth does not. The 

estimates of the human capital variable are analyzed through the graphs reported in 

Appendix D. The graphs under the label specification 3 and specification 11 refer to the 

cases when literacy rates and health status are used as single components of human 

capital respectively. When literacy rate is employed as the only indicator of human 

capital, the corresponding graph depicts a slightly downward sloping curve which 

indicates that the studies that consider only the educational component of human capital 

are likely to attain the negative coefficients of human capital variable. On the other hand, 

the health component when employed as the single indicator of human capital reveals a 

non linear relationship with growth. 
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     We then modeled both the education and health variables together as the non 

parametric components and the results are reported in appendix D, Table D1 columns 4-6, 

and Table D2 columns 4-6. The corresponding graphs are also reported in appendix D 

under specification 4 to specification 6 indicating when both education and health 

components of human capital are included in the estimation model, the education 

component which initially suggested a negative and some what linear relationship with 

growth, exhibit non linear trends along with the health component. The coefficients of the 

parametric variables do not change their signs or significance in this case. 

     We have also conducted a model specification test as proposed by Li and Wang 

(1998). The general linear model is tested against the semi parametric formulation. The 

value of this test is insignificant in all cases implying that the null hypothesis of linear 

parametric model can not be rejected. 

     The partially linear semi parametric model is also applied to the TFP growth equation 

and the results are reported in table 7.10. When education variable is used as the non 

parametric variable, the coefficient of the variable M becomes significant. Thus the null 

hypothesis of constant returns to scale to capital and labor inputs is rejected. The impact 

of all other variables on TFP growth is insignificant. The results do not change when both 

education and health are together treated in the nonparametric fashion as reported in 

Appendix D, tables D3 and D4, columns 4-6. The results of the model specification test 

states that the null hypothesis of linear parametric model can not be rejected against the 

semi parametric formulations in all cases. 
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Table 7.10 
Semiparametric Model for TFP Growth 

Dependent Variable   Output Growth  Output Growth  Output Growth  

Nonparametric estimator Literacy Rate 
Mean Years of 

Schooling 
Health status 

Additive Term of labor 
and capital :(skK + slL) 

 -0.3237962***  
(0.1897705) 

 -0.701345***   
(0.372014) 

-0.330179   
(0.2109356) 

Open 
0.000078   

(0.000115) 
0.000352   
(0.0005) 

0.000099   
(0.000123) 

Democracy Index 
0.011058  

(0.016339) 
0.100392   

(0.050972) 
0.01332   

(0.0160005) 

Country Dummies included Included included 

Time Dummies included Included included 

R square 0.104259 0.109160 0.104229 

No of Observations 960 960 960 

Model Specification 
Test 

(p-value) 

-0.87487 
(0.71429) 

-0.87480 
(0.71429) 

-0.87480 
(0.71429) 

               
              Notes:  1) Values in parenthesis are standard errors. 
                          2) *,**,*** denote significance at 1%, 5% and 10% levels respectively. 
   
 

Non linearity: 

     The interaction terms of the human capital components with democracy and openness 

are used in the semi parametric formulations which allow for the impact of human capital 

components on growth to be nonlinear. The results are reported in Appendix D, Tables 

D1-D4. The graphs of the corresponding specifications are also reported in appendix D. 
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These graphs clearly depict that the human capital components affect output growth and 

TFP growth in a non linear way. However, the exact nature of the non linear relationship 

is not evident. 

 

7.5. Comparison with Literature 

     The estimates of the output growth equation and TFP growth equation from different 

estimation techniques are reported in Appendix E, tables E1 to E4. These results show 

that the estimates tend to be better as we move on to theoretically better techniques that 

deal with more issues raised by the empirical literature.  

Table 7.11 presents the summary of some prominent studies in the empirical literature 

regarding human capital and growth. These studies suggest a mixed trend in the human 

capital-growth relationship. The earlier studies that employed data in the single cross-

sectional form depicted a significant positive impact of human capital on growth except 

for Benhabib and Spiegel (1994) who found a significant negative contribution of human 

capital in the growth process. 

          Studies that have employed the instrumental variable, 2SLS and 3SLS signify the 

positive effect of human capital on growth. Our results coincide with these results as the 

coefficients of our human capital components turn out to be positive and significant when 

2SLS approach is applied. 

     Islam (1995) applied LSDV approach on the panel data and claimed a significantly 

negative impact of human capital on growth. Our findings are contrary to this paper as 

LSDV approach when applied to our panel of countries revealed a positive but 

insignificant impact on growth. 
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Table 7.11 
Summary of Selected Related Studies 

Author Specification & 
Time period 

Estimation 
Technique 

Human Capital 
Indicator 

Coefficient of 
Human Capital 

Barro 
(1989) 

Single cross-
section;  
98 countries  
1960-1985 

Ordinary Least 
Squares 

School 
enrollment, 
Adult literacy 
rate, Pupil 
teacher ratio 

Positive 
Significant 

Mankiw et 
al. (1992) 

Single cross-
section; 
 98 countries  
1960-1985 

Ordinary Least 
Squares  

Enrollment in 
secondary 
education 

Positive 
Significant 

Benhabib 
and Spiegel 
(1994) 

Single cross-
section; 
29 countries 
1960-1985 

Ordinary Least 
Squares  

Kyriaco (1991) 
human capital 
indices 

Negative 
Significant 
 

Romer 
(1989) 

Single cross-
section;  
112 countries  
1960-1985 

Instrumental 
Variable 

Literacy rate Positive 
Significant 

Freire-Seren 
(2001) 

Pooled data; 
149 countries 
1960-1990; 5 
year interval 

Two Stage Non 
Linear Least 
Squares 

Educational 
attainment 

Positive 
Significant 
 

Barro 
(1997) 

Pooled data; 
100 countries 
1965-1975, 
1975-1985, 
1985-1990 

Three Stage 
Least Squares  

Educational 
attainment 

Positive and 
significant for 
males, Negative 
and insignificant 
for females 

Barro 
(2001) 

Pooled data; 
100 countries 
1965-1975, 
1975-1985, 
1985-1990 

Three Stage 
Least Squares  

Educational 
attainment, 
International test 
scores 

Positive  
Significant 

Islam 
(1995) 

Panel data; 
96 countries 
1960-1985; 5 
year interval 

Least Squares 
Dummy 
Variable 

Educational 
attainment 

Negative 
Significant 
 

Bassanini 
and 
Scarpetta 
(2001) 

Panel data; 
21 OECD 
countries 
1971-1978 

Pooled Mean 
Group 
estimation 
technique 

Average years of 
schooling 

Positive  
Significant 

Soderbom 
and Teal 
(2001) 

Panel data; 
54 countries 
1960-1990 

System GMM Educational 
attainment 

Negative 
Insignificant 
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     The studies that used further advanced techniques of panel data give mixed evidence 

about the coefficient of the human capital. In our analysis, application of GMM 

essentially turned all human capital components significant.  

     Surprisingly, we notice that except for Benhabib and Spiegel (1994), all other studies 

that declare a negative association of human capital with growth have used educational 

attainment as the proxy for human capital. This may suggest that may be educational 

attainment did not turn out to be an appropriate indicator of human capital in the 

empirical literature. 

     On the whole we can claim that as compared to the prominent empirical literature on 

human capital and growth that provide a mixed evidence of the human capital-growth 

relationship, the evidence in our study differs with them only regarding the significance 

of the human capital components; which essentially remained positive through out our 

analysis, for all estimation techniques employed. The positive impact of human capital 

components on growth in our analysis matches the findings of Krueger and Lindahl 

(2001) who claimed that the initial level of human capital in a country mainly in terms of 

education has a substantial role in establishing the human capital-growth linkage. The 

study proposed that in countries that are characterized with lower human capital 

endowments, human capital is likely to have a positive impact on growth, which is quite 

the case for our sample of developing countries. 
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Chapter 8 

Conclusion 

 

8.1. Conclusion 

     Since the last few decades, researchers have contributed tremendously to the field of 

economic growth. There has been a continuous inflow of research papers right from the 

theoretical models of growth to their implications for the real world data. Among the 

different variables that gained the researchers’ attention towards their impact on growth, 

human capital is undeniably the most significant one. 

     The empirical literature provides mixed evidence on the contribution of human capital 

to the growth process. This study highlights some issues regarding the empirical human 

capital-growth literature and takes up some of these in the analysis. Keeping in view the 

importance of health status in the context of developing countries, the human capital is 

decomposed in to education and health measures.  

     The study investigates the direct impact of human capital on growth as well as the 

indirect impact through the TFP growth. The study also focuses on the linear and non 

linear associations of human capital with growth. A sensitivity analysis is then conducted 

regarding the estimation techniques frequently employed in human capital-growth 

literature. 

     Our findings reveal that the human capital has a well established role in accelerating 

growth through both its ‘level effects’ and ‘rate effects’. All the estimation techniques 

used in our analysis confirm the positive impact of human capital components on growth. 
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However, the significance of the coefficients of human capital components varies with 

the estimation technique. In the panel data models of common effects, fixed effects and 

random effects, the coefficients of both components of human capital are insignificant. 

The two stage least squares was applied in response to the endogeneity detected in the 

health variable, which turned the coefficient of one of the human capital components 

significant, depending upon the indicator of the educational variable. The application of 

the generalized method of moments turned the coefficients of both human capital 

components significant. Thus the estimates of human capital components become 

accurate and sound with the incorporation of more theoretically sound estimation 

techniques that could deal with the more complex empirical growth issues. 

     Regarding the linear and non linear connections of human capital with growth; our 

findings reveal that the parametric models perform well in case of linear relationship 

between human capital and growth. Parametric models considered in our study are unable 

to reveal the non linearities in the human capital-growth associations. The semi-

parametric model, on the other hand, does indicate the existence of non linear linkages 

between human capital and growth, though it does not depict the true non linear 

functional form. 

In view of the important role of human capital in the growth process which is also evident 

from our study, it is recommended that the governments in respective developing 

countries should focus on the policies driving investments in the education and health 

sectors to boost the economic growth process. 
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8.2. Future Research Suggestions 

     In the light of our study on the relation between human capital and growth, some 

suggestions for the advancement in this research are as below: 

 This study incorporates only the quantitative impact of education on growth. The 

developing countries differ in their quality of schooling which, in turn, has a great 

impact on the quality of skills generated in the workforce. The education indicator, 

thus used in such studies, should also account for the qualitative aspects of 

education. Also instead of decomposing human capital in to the education and 

health components, another approach could be to define a comprehensive index of 

human capital that incorporates quantity as well as quality of schooling along with 

the health status and experience of the labor force. 

 This study is based on a sample of 32 developing countries. The same analysis 

can be repeated on the sample of developed countries for comparison. Likewise, a 

mixed sample can also be used for the analysis. Most of the prominent studies on 

human capital and growth employ a mix sample of countries. So by using a mixed 

sample, the issues and problems existing in these studies can be better examined. 

 The empirical literature also shows its concerns about the channel through which 

human capital is associated with growth as apart from the role of human capital in 

stimulating growth; the income growth also encourages human capital positively. 

The present study can be augmented to incorporate the causality issue which 

could lead to a better understanding of the human capital-growth linkages. 

 The parametric models in our study are unable to account for the non linearities in 

human capital. A step forward could be to employ the fully non parametric 
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models that are driven by data, so that the true picture of the characteristics of 

human capital can be revealed. 

 Our study also indicates that the results of human capital coefficients are 

contingent on the use of estimation technique. The partially linear model is a 

simpler version of the semi parametric models. The more advanced smoothing 

semi parametric techniques may even take us a step ahead so that we may become 

aware of the actual non linear functional formation of human capital in the growth 

context. 

 Besides focusing on the empirics of human capital in a macro-economy, the 

literature also focuses on the returns to human capital in the micro-economic 

framework. An attempt can be made to link the macro evidence with the micro-

economic rate of earnings to human capital so that a complete picture of the role 

of human capital in the individual as well as cumulative perspectives of a nation 

could be attained. 
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(0.072568)

0.385149*  
(0.07479)

0.385138*  
(0.074811)

0.37555*  
(0.074327)

0.385826*  
(0.074506)

0.389221*  
(0.074917)

0.376227*  
(0.074359)

0.345253*  
(0.077112)

0.351905*  
(0.07732)

0.376745*  
(0.074071)

0.343357*  
(0.077825)

0.3496*  
(0.078129)

0.3802*  
(0.0748)

0.3454*  
(0.0781)

0.3505*  
(0.0781)

0.3755*  
(0.0743)

0.3718*  
(0.0743)

0.3703*  
(0.0755)

0.3818*  
(0.0749)

0.3822*  
(0.0749)

0.3775*  
(0.0744)

0.3782*  
(0.0750)

0.3804*  
(0.0751)

0.3757*  
(0.0745)

0.3768*  
(0.0762)

0.3785*  
(0.0762)

0.3738*  
(0.0756)

Labor Growth
0.259096  
(0.195358)

0.260672  
(0.197941)

0.281037  
(0.201435)

0.232814  
(0.195777)

0.204943  
(0.192339)

0.197189  
(0.19584)

0.189623  
(0.195622)

0.201193  
(0.195475)

0.152933  
(0.19454)

0.21699  
(0.197312)

0.109634  
(0.202435)

0.085143  
(0.202339)

0.219741  
(0.196611)

0.107691  
(0.201721)

0.083718  
(0.20128)

0.184944  
(0.196686)

0.05133  
(0.1996)

0.015816  
(0.198423)

0.1978  
(0.1918)

0.1919  
(0.1914)

0.1900  
(0.1915oo)

0.200919  
(0.192038)

0.166446  
(0.191619)

0.162031  
(0.191288)

0.194878  
(0.191632)

0.167733  
(0.191943)

0.16287  
(0.191566)

0.193209  
(0.19184)

0.164706  
(0.192208)

0.159656  
(0.191822)

Education Growth (lit): Ed
0.259359  
(0.178034)

0.248283  
(0.187402)

0.281187  
(0.210673)

0.431256  
(0.336731)

0.508827  
(0.436044)

0.468121  
(0.439194)

0.398434  
(0.418864)

0.98891  
(0.679026)

-0.794005  
(0.69572)

 -1.942127**  
(0.899021)

-0.783309  
(0.658853)

 -0.8670***  
(0.4927)

 -2.4599*  
(0.8823)

-1.40405  
(0.89024)

-0.301353  
(0.783392)

 -1.8234***  
(1.0696)

-0.85082  
(1.012785)

0.3858  
(0.3551)

0.347534  
(0.366896)

0.339089  
(0.361648)

0.403308  
(0.365511)

0.393981  
(0.365655)

0.380205  
(0.355084)

0.364224  
(0.376142)

0.375966  
(0.377625)

0.364309  
(0.369616)

0.356717  
(0.371196)

0.365565  
(0.373045)

0.353116  
(0.364625)

Growth in Health: Hs
0.05776  
(0.1389)

0.10519  
(0.130464)

0.08094  
(0.130946)

0.0894  
(0.123167)

0.092168  
(0.129247)

0.324522  
(0.254131)

0.088879  
(0.135079)

0.120282  
(0.147432)

0.093182  
(0.129007)

0.112947  
(0.13045)

0.113085  
(0.131049)

0.090859  
(0.135037)

0.104493  
(0.134296)

0.103539  
(0.13458)

0.111609  
(0.146089)

0.133741  
(0.145669)

0.142431  
(0.147148)

0.321202  
(0.246983)

0.467768  
(0.320513)

0.457395  
(0.325307)

0.043654  
(0.471144)

-0.502949  
(0.538881)

-0.325979  
(0.368916)

0.183502  
(0.519088)

-0.367002  
(0.650263)

-0.202014  
(0.514855)

0.177563  
(0.524476)

-0.388644  
(0.666044)

-0.230759  
(0.5351)

Open
0.0001  
(0.00008)

0.00007  
(0.00007)

0.00007  
(0.00007)

0.00008  
(0.00007)

0.00007  
(0.00007)

0.00007  
(0.00007

0.00009  
(0.00007)

-0.0000934  
(0.0000909)

-0.000116  
(0.0000947)

0.00009  
(0.00007)

-0.000123  
(0.0000947)

-0.000149  
(0.0000954)

0.00009  
(0.00007)

-0.000141  
(0.0000956)

 -0.0002***  
(0.0001)

0.00008  
(0.00007)

0.00008  
(0.00007)

0.00008  
(0.00007)

0.00008  
(0.00007)

0.00003  
(0.00006)

0.00002  
(0.00006)

0.00008  
(0.00007)

0.00003  
(0.00006)

0.00003  
(0.00006)

0.00008  
(0.00007)

0.00003  
(0.00006)

0.00003  
(0.00006)

Democracy Index
0.014509  
(0.015974)

0.014636  
(0.015686)

0.014231  
(0.015878)

0.014788  
(0.016072)

0.016185  
(0.015537)

-0.007006  
(0.020646)

-0.00395  
(0.020659)

0.01652  
(0.015738)

-0.00682  
(0.021375)

-0.002611  
(0.021755)

0.01739  
(0.016339)

-0.002972  
(0.01959)

0.00295  
(0.019834)

0.019288  
(0.015738)

0.014096  
(0.016168)

0.014005  
(0.016212)

0.014126  
(0.016329)

0.012146  
(0.014946)

0.012809  
(0.014944)

0.014328  
(0.016193)

0.011962  
(0.015014)

0.012638  
(0.015068)

0.014267  
(0.01626)

0.012089  
(0.01514)

0.012834  
(0.015209)

0.014437  
(0.016386)

Ed^2
-1.722288  
(10.91806)

-1.827784  
(10.92311)

5.854424  
(30.98383)

20.43046  
(20.383)

13.32539  
(11.41983)

17.45593  
(12.11271)

3.568404  
(11.27018)

18.61282  
(26.96284)

43.68843  
(32.50378)

33.60863  
(36.18199)

26.64828  
(20.31092)

56.63606**  
(25.36602)

53.4553**  
(25.39539)

Ed^3
-112.3563  
(454.3787)

 -1892.481**  
(889.8038)

-79.22488  
(440.4884)

-384.2465  
(508.3234)

-433.6515  
(520.3856)

-1275.026  
(899.8596)

 -2030.489**  
(896.74)

 -2594.586*  
(895.9727)

Ed^4
25068.54  
(17233.34)

16776.94  
(16934.97)

22746.2  
(16584.55)

30043.63***  
(17036.85)

Hs^2
3.517327  
(2.218115)

3.51154  
(2.206109)

11.72099  
(7.160096)

15.61284  
(12.71398)

4.880238  
(1.807528)

6.729103*  
(2.199193)

5.804829**  
(2.485295)

13.48052**  
(6.661201)

10.7184  
(6.869178)

9.106627  
(7.494531)

16.83834  
(12.60707)

15.43029  
(13.88034)

14.37604  
(14.29975)

Hs^3
51.02805  
(33.71646)

140.0733  
(223.1102)

53.07155  
(32.7964)

26.02383  
(36.702)

21.87003  
(38.01648)

130.3098  
(216.7286)

135.2832  
(247.5374)

143.0997  
(255.361)

Hs^4
408.8167  
(964.0985)

354.7104  
(926.5027)

504.7415  
(1083.287)

559.4869  
(1123.469)

Dem * Ed
1.926*  
(0.700685)

1.81288*  
(0.680557)

1.91895*  
(0.721299)

1.762583**  
(0.704272)

1.660334**  
(0.669786)

1.399148**  
(0.63381)

Open * Ed
0.017447**  
(0.007863)

0.018409**  
(0.008271)

0.019931**  
(0.008915)

0.021182**  
(0.009091)

0.021563**  
(0.008647)

0.022997*  
(0.008787)

Dem * Hs
0.577912*  
(0.564859)

0.445848  
(0.555842)

0.604121  
(0.563087)

0.474977  
(0.54813)

0.597616  
(0.560668)

0.462626  
(0.544936)

Open * Hs
0.01014**  
(0.00491)

0.010758**  
(0.00505)

0.008891***  
(0.005317)

0.009742***  
(0.005507)

0.009104  
(0.005555)

0.009953***  
(0.005747)

R square 0.117559 0.115939 0.115307 0.115441 0.116293 0.116302 0.116649 0.116327 0.117069 0.117724 0.119145 0.117889 0.117736 0.119407 0.118225 0.118043 0.11996 0.119277 0.116639 0.116826 0.116843 0.116804 0.117271 0.117175 0.117006 0.117313 0.117205 0.117018 0.117338 0.117236
No of Observations 960 960 960 960 960 960 960 960 960 960 960 960 960 960 960 960 960 960 960 960 960 960 960 960 960 960 960 960 960 960

Notes:            1) The results are robust to White Heteroscedasticity.
                           2) Values in parenthesis are standard errors.
                           3) *,**,*** denote significance at 1%, 5% and 10% levels respectively

Common Effects Model 
Dependent Variable: Output Growth

Table A1

Appendix A



specific 1 specific 2 specific 3 specific 4 specific 5 specific 6 specific 7 specific 8 specific 9 specific 10 specific 11 specific 12 specific 13 specific 14 specific 15specific 16 specific 17 specific 18 specific 19specific 20 specific 21 specific 22 specific 23 specific 24 specific 25specific 26 specific 27 specific 28 specific 29 specific 30

constant
0.022475  
(0.03888)

0.022409  
(0.038888)

0.040495*  
(0.016455)

0.013115  
(0.040075)

0.01132  
(0.046479)

0.005163  
(0.033865)

0.005605  
(0.033512)

0.00026  
(0.031838)

-0.015828  
(0.032624)

0.00602  
(0.039741)

0.065973**  
(0.027965)

0.065643**  
(0.027736)

0.001091  
(0.037312)

0.058476**  
(0.028417)

0.05833**  
(0.028766)

-0.015638  
(0.035418)

0.035504  
(0.039307)

0.037091  
(0.043797)

0.011281  
(0.046528)

0.011293  
(0.04656)

0.011404  
(0.046628)

0.009949  
(0.048391)

0.022537  
(0.05145)

0.023818  
(0.048189)

0.009956  
(0.048423)

0.02321  
(0.051826)

0.024542  
(0.048268)

0.010073  
(0.048447)

0.023261  
(0.051851)

0.024617  
(0.048328)

capital 
growth

0.31172**  
(0.148291)

0.311004**  
(0.148552)

0.32662*  
(0.131364)

0.27985***  
(0.153775)

0.27582***  
(0.162671)

0.273462***  
(0.1592)

0.275585***  
(0.158135)

0.273288***  
(0.159134)

0.274587***  
(0.160279)

0.273522***  
(0.159552)

0.249114  
(0.166485)

0.249069  
(0.165869)

0.273343***  
(0.159492)

0.247577  
(0.166101)

0.247556  
(0.165426)

0.274587***  
(0.160353)

0.248667  
(0.166521)

0.248738  
(0.166099)

0.277898***  
(0.161896)

0.280809***  
(0.162138)

0.280936***  
(0.162286)

0.279499***  
(0.160721)

0.272097***  
(0.159528)

0.270875***  
(0.161172)

0.282437***  
(0.160924)

0.270467***  
(0.159102)

0.269035***  
(0.161149)

0.282634***  
(0.161058)

0.270656***  
(0.159213)

0.269155***  
(0.161287)

labor 
growth

0.467104  
(0.458493)

0.442077  
(0.44781)

0.394548  
(0.38792)

0.516379  
(0.470651)

0.459233  
(0.351415)

0.449959  
(0.358731)

0.443313  
(0.356105)

0.465749  
(0.354079)

0.461404  
(0.355109)

0.446303  
(0.369486)

0.495115  
(0.381806)

0.496759  
(0.368662)

0.462276  
(0.363886)

0.530982  
(0.379649)

0.531709  
(0.366521)

0.461006  
(0.363652)

0.531087  
(0.378557)

0.527248  
(0.366712)

0.451342  
(0.349201)

0.442381  
(0.348865)

0.441717  
(0.349165)

0.46139  
(0.354603)

0.370281  
(0.354903)

0.360771  
(0.345268)

0.452403  
(0.354282)

0.369159  
(0.355247)

0.359911  
(0.345204)

0.451744  
(0.354374)

0.368901  
(0.355324)

0.359468  
(0.345477)

edu 
growth 
(sch): Ed

0.596213  
(1.09858)

0.563154  
(1.081504)

0.537772  
(1.077174)

0.486624  
(0.898637)

0.876766  
(0.690747)

0.804329  
(0.715098)

0.912031  
(0.711337)

1.73058  
(2.073551)

0.787083  
(0.8994)

-2.75942  
(1.737571)

-2.722752  
(2.275403)

0.831818  
(0.885009)

-2.834326  
(1.681069)

-2.819491  
(2.215132)

1.716292  
(1.738622)

-1.637919  
(2.714568)

-1.758571  
(3.375012)

0.441511  
(0.879745)

0.373376  
(0.89655)

0.380345  
(0.894732)

0.529728  
(0.995095)

0.459143  
(1.012348)

0.405799  
(0.884467)

0.461444  
(1.010763)

0.484007  
(1.00585)

0.437234  
(0.889068)

0.472256  
(1.01176)

0.492317  
(1.007094)

0.442924  
(0.887447)

growth in 
health: Hs

0.146361  
(0.15081)

0.165678  
(0.17293)

0.054118  
(0.14178)

0.071268  
(0.188014)

0.068157  
(0.193774)

0.184303  
(0.339427)

0.051651  
(0.213752)

0.045215  
(0.222346)

0.065351  
(0.212944)

0.084086  
(0.221071)

0.085333  
(0.200663)

0.049391  
(0.231222)

0.051462  
(0.232153)

0.051919  
(0.213939)

0.044976  
(0.235937)

0.045023  
(0.236282)

0.042839  
(0.22184)

0.195424  
(0.317388)

0.343369  
(0.344906)

0.354357  
(0.344659)

-0.168059  
(0.495941)

  -1.103612**  
(0.437574)

 -0.934519***  
(0.515101)

-0.020442  
(0.536724)

 -1.215803**  
(0.545948)

 -1.07301***  
(0.623387)

-0.013553  
(0.537462)

 -1.206843**  
(0.53956)

 -1.062065***  
(0.615794)

open
0.000373  
(0.000164)

0.000382**  
(0.000174)

0.000394*  
(0.000167)

0.000392*  
(0.000167)

0.00038**  
(0.000177)

0.000393**  
(0.000171)

0.000395*  
(0.000166)

 -8.67E-06      
(0.000257)

 -9.62E-06      
(0.000244)

0.000382**  
(0.000175)

-0.0000569  
(0.000258)

 -5.73E-05    
(0.000244)

0.000393  
(0.00017)

 -5.29E-05        
(0.000259)

 -5.06E-05      
(0.000247)

0.000381**  
(0.000174)

0.000384**  
(0.000174)

0.000383**  
(0.000174)

0.00037**  
(0.000168)

0.000264  
(0.000171)

0.000266  
(0.000173)

0.000373**  
(0.000168)

0.000257  
(0.000173)

0.000257  
(0.000174)

0.000371**  
(0.000168)

0.000256  
(0.000173)

0.000257  
(0.000174)

democrac
y index

0.012812  
(0.05265)

0.012565  
(0.053288)

0.012746  
(0.053476)

0.011541  
(0.054711)

0.011416  
(0.054942)

0.010457  
(0.070816)

0.017274  
(0.074164)

0.018205  
(0.055917)

0.009682  
(0.071802)

0.015972  
(0.074653)

0.01635  
(0.056756)

0.01119  
(0.070058)

0.018372  
(0.073068)

0.016295  
(0.056845)

0.012986  
(0.052789)

0.012625  
(0.052895)

0.012614  
(0.052929)

0.010799  
(0.049614)

0.009911  
(0.049862)

0.011124  
(0.053091)

0.010428  
(0.049714)

0.010019  
(0.049839)

0.011193  
(0.05312)

0.010369  
(0.049735)

0.009974  
(0.049858)

0.011185  
(0.053152)

Ed^2
-6.012351  
(17.98875)

-5.545054  
(18.30814)

5.715924  
(18.86255)

14.10826  
(23.51957)

-5.056573  
(13.16465)

16.75172  
(21.51242)

16.34858  
(27.8913)

6.399608  
(20.30683)

41.8471***  
(23.78892)

41.72222  
(26.56466)

14.14495  
(24.96454)

54.26568**  
(22.54483)

54.48415**  
(22.79682)

Ed^3
-199.9868  
(479.4818)

-1305.28  
(2499.018)

-197.1588  
(466.7222)

-414.0183  
(440.7691)

-414.6702  
(449.7122)

-1298.817  
(2244.913)

-2041.688  
(2084.088)

-1980.556  
(2326.287)

Ed^4
14194.14  
(29726.86)

14115.55  
(26995.45)

20775.48  
(25700.34)

20039.08  
(28349.29)

Hs^2
1.513433  
(2.244842)

1.621191  
(2.092113)

8.860747  
(7.031386)

5.343024  
(11.90778)

3.309389  
(4.091833)

6.308697**  
(3.472502)

5.467703**  
(2.12951)

10.60647  
(7.197658)

3.407572  
(8.348276)

2.130607  
(7.173867)

6.082855  
(12.45016)

-0.076069  
(12.91757)

-0.774287  
(12.58574)

Hs^3
43.34089  
(36.84254)

-35.79988  
(203.3148)

43.64711  
(35.2227)

-18.31641  
(41.22032)

-21.31752  
(39.94179)

-58.91137  
(202.2809)

-97.60364  
(195.3469)

-86.78389  
(202.6045)

Hs^4
-360.6863  
(881.0659)

-467.4414  
(844.5615)

-362.2315  
(796.4648)

-298.7484  
(831.0992)

Dem * Ed
0.159179  
(1.450254)

0.070018  
(1.488493)

0.141486  
(1.43203)

0.028618  
(1.476465)

0.017209  
(1.328229)

-0.157538  
(1.387932)

open * Ed
0.03253***  
(0.0186)

0.032555***  
(0.018167)

0.034079***  
(0.018362)

0.034092***  
(0.017839)

0.035059**  
(0.017812)

0.034957**  
(0.017126)

Dem * Hs
0.748284  
(1.245276)

0.440456  
(1.309296)

0.75111  
(1.240665)

0.422739  
(1.318277)

0.766287  
(1.239567)

0.435495  
(1.319204)

open * Hs
0.017671***  
(0.00666)

0.018402*  
(0.005471)

0.01862**  
(0.007533)

0.019472*  
(0.006087)

0.018564*  
(0.007494)

0.019447*  
(0.006035)

India 
0.002422  
(0.014014)

0.002059  
(0.013903)

-0.001459  
(0.011269)

0.00912  
(0.014714)

0.004527  
(0.01631)

0.005442  
(0.017809)

0.00499  
(0.018109)

0.007033  
(0.019542)

0.00827  
(0.021129)

0.005256  
(0.016784)

-0.000901  
(0.018777)

-0.000825  
(0.019912)

0.006846  
(0.01832)

0.002143  
(0.019698)

0.002179  
(0.021014)

0.00824  
(0.019693)

0.004061  
(0.020862)

0.003802  
(0.022421)

0.004118  
(0.016495)

0.003837  
(0.016471)

0.003835  
(0.016477)

0.003017  
(0.01765)

0.004073  
(0.017792)

0.004747  
(0.016494)

0.00273  
(0.017623)

0.004251  
(0.017874)

0.004921  
(0.016513)

0.002704  
(0.017632)

0.004226  
(0.017886)

0.004918  
(0.01652)

Myanmar 
0.005084  
(0.02444)

0.004821  
(0.02431)

-0.005267  
(0.011643)

0.01334  
(0.025547)

0.016719  
(0.037299)

0.020349  
(0.029452)

0.019731  
(0.029004)

0.023794  
(0.026754)

0.032064  
(0.021887)

0.02001  
(0.031812)

-0.013643  
(0.021549)

-0.01352  
(0.020486)

0.023444  
(0.029242)

-0.008034  
(0.020882)

-0.007975  
(0.019862)

0.031975  
(0.025075)

0.003617  
(0.022325)

0.002894  
(0.022221)

0.01636  
(0.037121)

0.015862  
(0.037249)

0.01578  
(0.037297)

0.017946  
(0.039302)

0.013603  
(0.040317)

0.012517  
(0.037585)

0.017451  
(0.039424)

0.013578  
(0.040344)

0.012538  
(0.037598)

0.017377  
(0.039442)

0.013532  
(0.040361)

0.012475  
(0.037644)

Sri Lanka
0.004975  
(0.027088)

0.004836  
(0.027022)

-0.006653  
(0.01087)

-0.008237  
(0.026187)

-0.012538  
(0.015526)

-0.008752  
(0.015464)

-0.00933  
(0.015637)

-0.003637  
(0.022115)

0.005654  
(0.035255)

-0.00856  
(0.016001)

-0.035713  
(0.025606)

-0.035819  
(0.024072)

-0.003539  
(0.022578)

-0.026462  
(0.029579)

-0.02649  
(0.028571)

0.005615  
(0.033698)

-0.013648  
(0.039878)

-0.013953  
(0.041544)

-0.012843  
(0.015508)

-0.013196  
(0.015545)

-0.013238  
(0.015567)

-0.011258  
(0.016336)

-0.01314  
(0.016536)

-0.014124  
(0.015527)

-0.011607  
(0.016377)

-0.013095  
(0.016537)

-0.014025  
(0.01554)

-0.011631  
(0.016391)

-0.013108  
(0.016552)

-0.014059  
(0.015563)

Algeria
-0.027485  
(0.020548)

-0.026983  
(0.020309)

-0.018755  
(0.012052)

-0.035069  
(0.021437)

 -0.031603**  
(0.013713)

 -0.031233**  
(0.013918)

 -0.030742**  
(0.013797)

 -0.031964**  
(0.014014)

 -0.032617**  
(0.013652)

 -0.030975**  
(0.014559)

 -0.03787*  
(0.016236)

 -0.037989**  
(0.015112)

 -0.031725**  
(0.014541)

 -0.039773**  
(0.01624)

 -0.039824*  
(0.015156)

 -0.032584**  
(0.013986)

 -0.041269*  
(0.015579)

 -0.040946*  
(0.014603)

 -0.031047**  
(0.013625)

 -0.03057**  
(0.013645)

 -0.030513**  
(0.013663)

 -0.031198**  
(0.013715)

 -0.030957**  
(0.013591)

 -0.030861**  
(0.013506)

 -0.030718**  
(0.013732)

 -0.031146**  
(0.013518)

 -0.031085**  
(0.013447)

 -0.030647**  
(0.013742)

 -0.031089**  
(0.013534)

 -0.031037**  
(0.013469)

Jordan
-0.012062  
(0.017312)

-0.011343  
(0.017431)

-0.015054  
(0.016474)

 -0.044256**  
(0.02052)

 -0.04349**  
(0.021001)

 -0.043117**  
(0.020866)

 -0.042816**  
(0.020868)

 -0.040473***  
(0.02177)

-0.039185  
(0.022306)

 -0.042966**  
(0.020644)

   -0.065931*  
(0.022719)

 -0.066015*   
(0.02217)

 -0.040377***   
(0.021745)

 -0.061587**   
(0.024009)

 -0.061615 *   
(0.023518)

 -0.03918***   
(0.022311)

 -0.060436**   
(0.024628)

 -0.060332**   
(0.024327)

 -0.043137**   
(0.021004)

 -0.043227**   
(0.021043)

 -0.043033**   
(0.021104)

 -0.042143**   
(0.021403)

 -0.041219***   
(0.021241)

 -0.041749**   
(0.020836)

 -0.04223**   
(0.021438)

 -0.041133***   
(0.021255)

 -0.041624**   
(0.020867)

 -0.041958***   
(0.021521)

 -0.040926***   
(0.021349)

 -0.041466**   
(0.020932)

Tunisia
-0.006512  
(0.012588)

-0.006339  
(0.012522)

-0.001847  
(0.008625)

-0.022676  
(0.01548)

 -0.021208***  
(0.012836)

-0.021108  
(0.012936)

-0.020911  
(0.012888)

-0.020627  
(0.013295)

 -0.021582***   
(0.012705)

 -0.021177***    
(0.01285)

 -0.037641 *   
(0.017125)

 -0.037623 **   
(0.017324)

-0.020696  
(0.013177)

 -0.037415 **   
(0.017244)

 -0.037407 **  
(0.017451)

 -0.021585***   
(0.012694)

 -0.039204**   
(0.01625)

 -0.03918 **   
(0.016142)

-0.020989  
(0.012803)

 -0.021181***   
(0.012817)

-0.020948  
(0.012885)

-0.020904  
(0.012799)

 -0.022181***   
(0.012628)

 -0.022282***   
(0.012674)

-0.021097  
(0.012816)

 -0.022169***   
(0.012625)

 -0.022263***   
(0.01267)

-0.020793  
(0.012856)

-0.02193  
(0.012666)

 -0.022069***   
(0.012739)

Iran
-0.021698  
(0.016921)

-0.021653  
(0.016911)

-0.020063  
(0.016634)

-0.024369  
(0.016756)

-0.02187  
(0.018131)

-0.021921  
(0.018181)

-0.021858  
(0.018208)

-0.022377  
(0.018427)

 -0.022046***   
(0.018222)

-0.021681  
(0.017637)

-0.025139  
(0.016942)

-0.025247  
(0.017359)

-0.022158  
(0.017814)

-0.026304  
(0.017111)

-0.02635  
(0.017588)

-0.022021  
(0.017734)

-0.026222  
(0.017012)

-0.025983  
(0.017422)

-0.021807  
(0.018152)

-0.021892  
(0.018179)

-0.021866  
(0.018185)

-0.021288  
(0.018547)

-0.021523  
(0.018452)

-0.02183  
(0.018047)

-0.021372  
(0.018573)

-0.021501  
(0.018454)

-0.021789  
(0.018055)

-0.021328  
(0.018585)

-0.021466  
(0.018469)

-0.021768  
(0.018063)

Botswana
0.033337***  
(0.017616)

0.036123***  
(0.019058)

0.032091**   
(0.015059)

0.005844  
(0.018402)

0.000444  
(0.021219)

0.000661  
(0.021554)

0.000584  
(0.021559)

0.003451  
(0.024675)

0.004012  
(0.025389)

0.000371  
(0.020315)

-0.025713  
(0.029622)

-0.025606  
(0.031243)

0.003154  
(0.023069)

-0.02111  
(0.031095)

-0.021059  
(0.032987)

0.003973  
(0.023907)

-0.020603  
(0.031432)

-0.020889  
(0.033129)

0.000381  
(0.021202)

-0.0000321  
(0.021156)

0.000489  
(0.021255)

0.003014  
(0.019021)

0.006846  
(0.019454)

0.005499  
(0.02156)

0.002608  
(0.018965)

0.007222  
(0.019585)

0.006  
(0.021613)

0.003336  
(0.018922)

0.007772  
(0.019536)

0.006423  
(0.021732)

Cameroon
-0.015072  
(0.014971)

-0.014334  
(0.014962)

-0.011532  
(0.014712)

-0.019658  
(0.015029)

-0.017204  
(0.016059)

-0.017665  
(0.016558)

-0.016968  
(0.016993)

-0.018667  
(0.017248)

-0.018649  
(0.017265)

-0.017412  
(0.015712)

-0.018677  
(0.015291)

-0.018789  
(0.016104)

-0.018428  
(0.016235)

-0.020869  
(0.015598)

-0.020918  
(0.01655)

-0.01862  
(0.016379)

-0.021222  
(0.015788)

-0.020951  
(0.016631)

-0.016496  
(0.016392)

-0.015996  
(0.016401)

-0.015864  
(0.016422)

-0.017411  
(0.016013)

-0.019482  
(0.016228)

-0.019045  
(0.016594)

-0.016912  
(0.016027)

-0.019803  
(0.016398)

-0.019439  
(0.016721)

-0.016759  
(0.016068)

-0.019676  
(0.01644)

-0.019325  
(0.01674)

Kenya
-0.001351  
(0.011004)

-0.0000622  
(0.010863)

0.000597  
(0.010677)

-0.011814  
(0.012457)

-0.01031  
(0.012304)

-0.010434  
(0.012357)

-0.009475  
(0.012622)

-0.010263  
(0.012331)

-0.009934  
(0.012269)

-0.010409  
(0.012321)

 -0.021535**    
(0.012738)

 -0.021554***   
(0.012652)

-0.010243  
(0.012303)

 -0.021716***   
(0.012648)

 -0.021724***  
(0.012562)

-0.009934  
(0.012269)

 -0.02159***   
(0.012683)

 -0.021551***   
(0.012618)

-0.009293  
(0.0125)

-0.00846  
(0.012438)

-0.008299  
(0.012478)

-0.010531  
(0.012366)

-0.010902  
(0.012283)

-0.01021  
(0.012503)

-0.009696  
(0.012322)

-0.011273  
(0.012319)

-0.010673  
(0.012531)

-0.009513  
(0.012365)

-0.011126  
(0.012365)

-0.010538  
(0.012565)

Mauritius
0.014607  
(0.022565)

0.014556  
(0.022551)

0.005214  
(0.011501)

-0.015636  
(0.023469)

-0.022965  
(0.023377)

-0.02066  
(0.027024)

-0.021017  
(0.027283)

-0.015276  
(0.035068)

-0.009119  
(0.044303)

-0.020336  
(0.02902)

 -0.038322***   
(0.036518)

 -0.038478**   
(0.033946)

-0.015065  
(0.03655)

-0.028108  
(0.041189)

-0.028156  
(0.039326)

-0.009127  
(0.043914)

-0.019744  
(0.047579)

-0.01979  
(0.047831)

-0.023157  
(0.023481)

-0.023474  
(0.02346)

-0.023441  
(0.023476)

-0.021676  
(0.022189)

-0.021495  
(0.022121)

-0.022334  
(0.023414)

-0.02199  
(0.022172)

-0.021354  
(0.022175)

-0.02213  
(0.023436)

-0.021918  
(0.022175)

-0.0213  
(0.022181)

-0.022105  
(0.023456)

South 
Africa

-0.011683  
(0.020109)

-0.010358  
(0.0209)

-0.019449  
(0.011836)

-0.018624  
(0.020348)

-0.020274  
(0.015946)

-0.017109  
(0.013385)

-0.017263  
(0.013361)

-0.013027  
(0.016855)

-0.005405  
(0.025815)

-0.017021  
(0.013375)

 -0.045745 **   
(0.021174)

-0.045806  
(0.020395)

-0.013007  
(0.016917)

-0.038683  
(0.023666)

 -0.038696***  
(0.023216)

-0.005444  
(0.024555)

-0.02829  
(0.031439)

-0.028587  
(0.033002)

-0.020176  
(0.016017)

-0.021484  
(0.01635)

-0.021267  
(0.016374)

-0.0161  
(0.020585)

-0.023712  
(0.022402)

-0.026357  
(0.016804)

-0.017402  
(0.020895)

-0.023575  
(0.022367)

-0.026073  
(0.016831)

-0.017038  
(0.020993)

-0.023274  
(0.02247)

-0.025888  
(0.016858)

Benin
-0.01766  
(0.022071)

-0.016985  
(0.021758)

-0.007126  
(0.010529)

-0.022154  
(0.022356)

-0.020714  
(0.018217)

-0.020825  
(0.018049)

-0.019848  
(0.0176)

-0.022634  
(0.017026)

-0.0222  
(0.017484)

-0.020887  
(0.017819)

-0.016367  
(0.016666)

-0.016337  
(0.01688)

-0.022663  
(0.016936)

-0.019883  
(0.016205)

-0.019876  
(0.016295)

-0.022206  
(0.017366)

-0.019129  
(0.016584)

-0.019192  
(0.016711)

-0.019676  
(0.017887)

-0.018164  
(0.01815)

-0.018351  
(0.018102)

-0.020426  
(0.018636)

-0.021146  
(0.018478)

-0.020748  
(0.017766)

-0.018905  
(0.018888)

-0.021823  
(0.018355)

-0.021554  
(0.01785)

-0.019163  
(0.018896)

-0.022014  
(0.018367)

-0.021704  
(0.01781)

Tanzania
 -0.017199***  
(0.009257)

 -0.015709***  
(0.00929)

-0.014766  
(0.009169)

 -0.021608**   
(0.009764)

-0.019423  
(0.012149)

-0.01964  
(0.012481)

-0.018655  
(0.013165)

-0.019989  
(0.012826)

-0.019989  
(0.0128)

 -0.019338***   
(0.011058)

 -0.022421**   
(0.01038)

 -0.022556***   
(0.011626)

 -0.019716***   
(0.011343)

 -0.023362**   
(0.010553)

 -0.023418**   
(0.011867)

 -0.019956***   
(0.011445)

 -0.023819**    
(0.01065)

 -0.023505**   
(0.011909)

-0.018386  
(0.012687)

-0.017664  
(0.012618)

-0.017653  
(0.012626)

-0.019002  
(0.012196)

 -0.022786***   
(0.012742)

 -0.02259***   
(0.01304)

-0.018277  
(0.012136)

 -0.023294***   
(0.012965)

 -0.02319***   
(0.013118)

-0.018275  
(0.012147)

 -0.023277***   
(0.012976)

 -0.023174***   
(0.013124)

Zambia
-0.016041  
(0.012441)

-0.014184  
(0.012894)

-0.01716  
(0.012412)

 -0.032596**   
(0.015523)

 -0.033387**   
(0.015306)

 -0.033047**   
(0.015355)

 -0.032085**   
(0.015379)

 -0.030877***   
(0.016869)

 -0.02967***   
(0.017645)

 -0.03303**   
(0.015375)

 -0.05195***   
(0.01947)

 -0.051972*   
(0.01924)

 -0.051972***   
(0.016856)

 -0.051972**   
(0.020587)

 -0.051972**   
(0.020491)

 -0.051972***   
(0.017525)

 -0.051972**   
(0.021253)

 -0.051972**   
(0.021364)

 -0.051972**   
(0.015369)

 -0.051972 **   
(0.015334)

 -0.051972 **   
(0.015359)

 -0.051972 **   
(0.015325)

 -0.051972 **   
(0.015343)

 -0.051972 **   
(0.015358)

 -0.051972 **   
(0.015305)

 -0.051972 **   
(0.015336)

 -0.051972 **   
(0.015349)

 -0.051972 **   
(0.015331)

 -0.051972 **   
(0.015368)

 -0.051972 **   
(0.015376)

Fixed Effects Model
Dependent Variable: Output Growth

Table A5



Zimbabwe
-0.010387  
(0.015583)

-0.008787  
(0.016255)

-0.01357  
(0.013292)

-0.018064  
(0.016192)

-0.017821  
(0.016716)

-0.016616  
(0.015267)

-0.015995  
(0.015548)

-0.014292  
(0.015131)

-0.011597  
(0.015587)

-0.016568  
(0.015126)

-0.031946  
(0.014674)

  -0.031979**   
(0.014595)

-0.014283  
(0.015125)

 -0.027879***   
(0.015261)

 -0.027886***  
(0.015187)

-0.011611  
(0.015634)

-0.024338  
(0.016612)

-0.024426  
(0.016811)

-0.017056  
(0.017045)

-0.017307  
(0.017129)

-0.01699  
(0.017169)

-0.018035  
(0.0164)

-0.01723  
(0.016313)

-0.016637  
(0.017051)

-0.018292  
(0.016478)

-0.017079  
(0.016317)

-0.016489  
(0.01708)

-0.017901  
(0.016577)

-0.016779  
(0.016427)

-0.016227  
(0.017116)

Chile
0.009104  
(0.0262)

0.008573  
(0.025967)

-0.003184  
(0.012973)

0.001575  
(0.025366)

-0.001397  
(0.017604)

0.003047  
(0.015684)

0.002022  
(0.015901)

0.007954  
(0.021322)

0.018682  
(0.035886)

0.003209  
(0.016012)

 -0.031478**  
(0.027714)

-0.031576  
(0.026252)

0.008029  
(0.021637)

-0.023008  
(0.030999)

-0.023035  
(0.03002)

0.018632  
(0.033916)

-0.008295  
(0.042608)

-0.008676  
(0.044771)

-0.002126  
(0.017468)

-0.003199  
(0.017621)

-0.003095  
(0.017603)

-0.0000849  
(0.019114)

-0.00218  
(0.01943)

-0.003433  
(0.017521)

-0.001158  
(0.019274)

-0.001842  
(0.019351)

-0.002981  
(0.017542)

-0.000982  
(0.01928)

-0.001704  
(0.01936)

-0.002895  
(0.017527)

Colombia
-0.00165  
(0.02027)

-0.001731  
(0.020258)

-0.011705  
(0.009269)

-0.002133  
(0.020113)

-0.006604  
(0.012997)

-0.002643  
(0.017803)

-0.00337  
(0.018284)

0.001713  
(0.024327)

0.010686  
(0.038448)

-0.002257  
(0.020163)

-0.038609  
(0.036852)

-0.038807  
(0.033366)

0.001994  
(0.026281)

-0.031413  
(0.039614)

-0.031482  
(0.036673)

0.010671  
(0.037711)

-0.019603  
(0.049017)

-0.019656  
(0.049329)

-0.007054  
(0.013131)

-0.007461  
(0.01318)

-0.007461  
(0.013185)

-0.006404  
(0.013011)

-0.007558  
(0.012928)

-0.007977  
(0.013062)

-0.006811  
(0.013066)

-0.007449  
(0.012959)

-0.00783  
(0.013091)

-0.006799  
(0.013072)

-0.007437  
(0.012967)

-0.00783  
(0.013099)

Costa 
Rica

0.001855  
(0.023497)

0.001875  
(0.023519)

-0.00963  
(0.010713)

-0.014772  
(0.022678)

-0.023317  
(0.02364)

-0.018819  
(0.032869)

-0.019588  
(0.033507)

-0.013273  
(0.041689)

-0.002526  
(0.059495)

-0.017902  
(0.039696)

-0.048972  
(0.054646)

-0.049399  
(0.046814)

-0.012536  
(0.047602)

-0.039183  
(0.058747)

-0.039342  
(0.05182)

-0.002495  
(0.061178)

-0.025171  
(0.070013)

-0.02483  
(0.067687)

-0.023766  
(0.023918)

-0.024247  
(0.023896)

-0.024175  
(0.023927)

-0.022789  
(0.022891)

-0.022617  
(0.022889)

-0.023167  
(0.02394)

-0.02327  
(0.022878)

-0.022405  
(0.022995)

-0.022896  
(0.023979)

-0.023157  
(0.022885)

-0.02232  
(0.022999)

-0.022838  
(0.02401)

Dominican 
Republic

0.005439  
(0.021544)

0.005418  
(0.021535)

-0.003933  
(0.010784)

-0.005664  
(0.020779)

-0.011315  
(0.015938)

-0.008272  
(0.020375)

-0.008808  
(0.020728)

-0.003671  
(0.027191)

0.003399  
(0.038159)

-0.007918  
(0.022567)

-0.033927  
(0.034158)

-0.034103  
(0.031141)

-0.003422  
(0.028943)

-0.025723  
(0.037533)

-0.025782  
(0.035119)

0.003391  
(0.03774)

-0.016338  
(0.044939)

-0.016361  
(0.045061)

-0.011637  
(0.016063)

-0.011938  
(0.016052)

-0.011946  
(0.016061)

-0.010808  
(0.015559)

-0.011359  
(0.015496)

-0.011856  
(0.016031)

-0.011108  
(0.015553)

-0.011263  
(0.015523)

-0.01172  
(0.016043)

-0.011102  
(0.015562)

-0.011257  
(0.015534)

-0.011727  
(0.016053)

Panama
-0.000741  
(0.022843)

-0.000777  
(0.022832)

-0.01111  
(0.012142)

 -0.051289***  
(0.028575)

 -0.054235**   
(0.025239)

 -0.051791**   
(0.025342)

 -0.052066**   
(0.025393)

-0.045705  
(0.032231)

-0.038054  
(0.040775)

 -0.051839**   
(0.025309)

 -0.055465**   
(0.025684)

 -0.055447**   
(0.025749)

-0.045834  
(0.031874)

-0.043027  
(0.031391)

-0.043  
(0.031753)

-0.038112  
(0.039072)

-0.031581  
(0.037953)

-0.03213  
(0.03966)

 -0.054326**   
(0.025237)

 -0.055014**   
(0.025291)

 -0.054902**   
(0.025295)

 -0.051367**   
(0.025917)

 -0.051252**   
(0.025642)

 -0.052938**   
(0.024789)

 -0.052049**   
(0.025984)

 -0.050959**   
(0.02564)

 -0.052519**   
(0.024834)

 -0.051845**   
(0.02599)

 -0.050804**   
(0.025661)

 -0.052429**   
(0.024851)

Paraguay
-0.001606  
(0.024065)

-0.001273  
(0.02426)

-0.011868  
(0.010657)

-0.008894  
(0.023698)

-0.010242  
(0.019822)

-0.006499  
(0.015065)

-0.006783  
(0.015005)

-0.002083  
(0.01775)

0.006714  
(0.027022)

-0.00644  
(0.014949)

 -0.035046***   
(0.019421)

 -0.035093***   
(0.018922)

-0.002094  
(0.017753)

-0.02728  
(0.022185)

-0.027287  
(0.021973)

0.006664  
(0.02572)

-0.015114  
(0.031333)

-0.015507  
(0.033198)

-0.010235  
(0.019851)

-0.010173  
(0.019862)

-0.01026  
(0.019897)

-0.008941  
(0.021225)

-0.011294  
(0.021664)

-0.012131  
(0.020012)

-0.008874  
(0.021234)

-0.011449  
(0.02171)

-0.012272  
(0.020005)

-0.00896  
(0.021245)

-0.011508  
(0.021721)

-0.012341  
(0.020041)

Venezuela
-0.017977  
(0.018447)

-0.017679  
(0.018566)

 -0.026507**   
(0.012918)

-0.025402  
(0.018207)

-0.031388  
(0.019554)

-0.027899  
(0.026256)

-0.028252  
(0.026533)

-0.023462  
(0.033146)

-0.015425  
(0.046034)

-0.027416  
(0.029634)

-0.059843  
(0.04489)

-0.06008  
(0.04062)

-0.023096  
(0.035949)

-0.052315  
(0.04796)

-0.0524  
(0.044302)

-0.015425  
(0.046064)

-0.041865  
(0.056167)

-0.041787  
(0.055616)

-0.031476  
(0.019615)

-0.031319  
(0.019636)

-0.031374  
(0.019631)

-0.030642  
(0.018856)

 -0.03143***   
(0.01871)

-0.031939  
(0.019554)

-0.03048  
(0.018873)

 -0.03154***   
(0.018673)

-0.032043  
(0.019553)

-0.030535  
(0.018884)

 -0.031579***   
(0.018688)

-0.032088  
(0.019551)

Ecuador
0.002923  
(0.092836)

0.002709  
(0.093011)

-0.006476  
(0.108594)

-0.006105  
(0.093858)

-0.01038  
(0.111024)

-0.007187  
(0.119053)

-0.007877  
(0.119717)

-0.002756  
(0.125591)

0.004735  
(0.137988)

-0.006852  
(0.121794)

-0.035458  
(0.135929)

-0.035628  
(0.13266)

-0.002521  
(0.127724)

-0.027726  
(0.139032)

-0.027782  
(0.136371)

0.004723  
(0.13727)

-0.017789  
(0.146632)

-0.017841  
(0.146927)

-0.010853  
(0.111385)

-0.011453  
(0.111327)

-0.011406  
(0.111406)

-0.010039  
(0.110239)

-0.01112  
(0.110025)

-0.01163  
(0.11134)

-0.01064  
(0.110187)

-0.010926  
(0.110176)

-0.01138  
(0.111402)

-0.010563  
(0.110244)

-0.010865  
(0.110229)

-0.011341  
(0.11148)

El 
Salvador

-0.017573  
(0.018229)

-0.017563  
(0.018219)

 -0.025077**   
(0.011423)

-0.027371  
(0.017797)

 -0.03119**   
(0.013832)

 -0.029016**   
(0.015878)

 -0.029378***   
(0.016076)

-0.025153  
(0.020981)

-0.020157  
(0.028013)

 -0.028869***   
(0.016599)

 -0.052403**   
(0.02605)

 -0.052487**   
(0.024706)

-0.025076  
(0.021458)

-0.04556  
(0.028699)

-0.045583  
(0.027788)

-0.020175  
(0.027197)

-0.038935  
(0.033634)

-0.039048  
(0.034313)

 -0.031396**   
(0.013869)

 -0.031805**   
(0.013854)

 -0.031646**   
(0.013922)

 -0.030752**   
(0.013646)

 -0.031376**   
(0.013628)

 -0.031771**   
(0.01385)

 -0.031161**   
(0.013641)

 -0.031238**   
(0.013743)

 -0.031591**   
(0.013964)

 -0.030941**   
(0.013699)

 -0.031067**   
(0.013794)

 -0.031459**   
(0.01403)

Honduras
-0.008752  
(0.013875)

-0.00886  
(0.013844)

-0.014496  
(0.010508)

 -0.02421***  
(0.014369)

 -0.027672***  
(0.014928)

-0.026276  
(0.016882)

-0.026727  
(0.017182)

-0.022947  
(0.021493)

-0.019854  
(0.025882)

-0.026146  
(0.017566)

 -0.045977***  
(0.025669)

 -0.04605***  
(0.024501)

-0.022879  
(0.02193)

-0.04006  
(0.028097)

-0.040081  
(0.027306)

-0.019863  
(0.025501)

-0.036116  
(0.031025)

-0.036149  
(0.031211)

 -0.028039***  
(0.015094)

 -0.028752***  
(0.015081)

 -0.028561***  
(0.015138)

 -0.027467***  
(0.014685)

 -0.027751***  
(0.014568)

 -0.02809***  
(0.014992)

 -0.028183***  
(0.014684)

 -0.027466***  
(0.014692)

 -0.027742***  
(0.015058)

 -0.027923***  
(0.014701)

 -0.027267***  
(0.014701)

 -0.027585***  
(0.015115)

Trinidad 
and 
Tobago

-0.012975  
(0.028063)

-0.013204  
(0.027947)

 -0.025482**  
(0.011209)

-0.032118  
(0.027121)

 -0.040671***  
(0.021058)

-0.036411  
(0.028468)

-0.037095  
(0.028982)

-0.03058  
(0.037796)

-0.019932  
(0.05497)

-0.035679  
(0.033582)

-0.062971  
(0.046382)

-0.063314  
(0.040298)

-0.030013  
(0.042097)

-0.052371  
(0.051047)

-0.052494  
(0.04588)

-0.019922  
(0.055529)

-0.038161  
(0.062466)

-0.038016  
(0.061492)

 -0.04105***  
(0.02125)

 -0.041402***  
(0.021234)

 -0.041412***  
(0.021244)

 -0.039269**  
(0.019798)

 -0.040357**  
(0.019681)

 -0.04142***  
(0.021211)

 -0.039617**  
(0.019788)

 -0.04027**  
(0.019711)

 -0.041269***  
(0.021225)

 -0.039593**  
(0.019795)

 -0.040249**  
(0.019719)

 -0.041277***  
(0.021238)

Fiji 
-0.005902  
(0.019953)

-0.006019  
(0.019915)

-0.014413  
(0.012156)

-0.033114  
(0.021178)

 -0.038464**  
(0.019469)

-0.036312  
(0.022372)

-0.036632  
(0.02257)

-0.031461  
(0.029426)

-0.025622  
(0.037993)

-0.036222  
(0.02285)

 -0.056261***  
(0.030787)

 -0.056316***  
(0.029929)

-0.03145  
(0.029521)

-0.047193  
(0.034875)

-0.047201  
(0.034555)

-0.025652  
(0.036636)

-0.039114  
(0.041146)

-0.039356  
(0.042525)

 -0.038627**  
(0.019538)

 -0.038953**  
(0.019525)

 -0.03892**  
(0.01954)

 -0.037426**  
(0.018754)

 -0.038186**  
(0.018598)

 -0.038903**  
(0.019391)

 -0.03775**  
(0.018747)

 -0.03809**  
(0.018632)

 -0.038759**  
(0.019412)

 -0.037683**  
(0.018753)

 -0.038037**  
(0.018641)

 -0.038731**  
(0.019431)

Thailand 
0.019624  
(0.026942)

0.019518  
(0.026904)

0.008419  
(0.012229)

0.008231  
(0.026)

0.005033  
(0.017999)

0.008972  
(0.017075)

0.008312  
(0.017202)

0.013283  
(0.021155)

0.021099  
(0.030761)

0.00906  
(0.017194)

-0.016064  
(0.023919)

-0.016122  
(0.023205)

0.0133  
(0.021226)

-0.008357  
(0.026727)

-0.008369  
(0.02636)

0.021057  
(0.029384)

0.002438  
(0.034812)

0.002116  
(0.036437)

0.004654  
(0.017949)

0.003959  
(0.018068)

0.004085  
(0.01806)

0.005988  
(0.018873)

0.005753  
(0.018801)

0.004981  
(0.017794)

0.005294  
(0.018995)

0.006032  
(0.018782)

0.005342  
(0.01785)

0.005483  
(0.019012)

0.006177  
(0.018803)

0.005444  
(0.017844)

Indonesia 
0.002953  
(0.0188)

0.002252  
(0.018505)

-0.003711  
(0.012425)

-0.002572  
(0.017889)

-0.001931  
(0.019742)

-0.00054  
(0.01722)

-0.001505  
(0.01673)

0.001942  
(0.015571)

0.004737  
(0.014399)

-0.000483  
(0.016945)

-0.014453  
(0.014285)

-0.014488  
(0.014455)

0.001958  
(0.015515)

-0.009992  
(0.01383)

-0.01  
(0.013877)

0.004723  
(0.014692)

-0.006265  
(0.014159)

-0.006357  
(0.014168)

-0.002849  
(0.019372)

-0.004574  
(0.019771)

-0.004247  
(0.019766)

-0.00139  
(0.021025)

-0.002283  
(0.021188)

-0.003154  
(0.019393)

-0.003122  
(0.021406)

-0.001604  
(0.021132)

-0.002323  
(0.019605)

-0.002668  
(0.021513)

-0.001257  
(0.021249)

-0.002055  
(0.019614)

Philippine
s

-0.004333  
(0.024261)

-0.004678  
(0.024114)

-0.015757  
(0.010882)

-0.015691  
(0.023522)

-0.018778  
(0.016113)

-0.014654  
(0.015667)

-0.015525  
(0.016)

-0.010105  
(0.021298)

-0.001105  
(0.033735)

-0.014439  
(0.016266)

-0.04296  
(0.026215)

 -0.043077***  
(0.024483)

-0.009978  
(0.021883)

-0.034949  
(0.029525)

-0.034984  
(0.028256)

-0.001139  
(0.03238)

-0.022658  
(0.039271)

-0.02291  
(0.040671)

-0.019367  
(0.016086)

-0.020208  
(0.016245)

-0.020171  
(0.016248)

-0.017933  
(0.016984)

-0.019727  
(0.017216)

-0.020622  
(0.016138)

-0.018774  
(0.017149)

-0.019471  
(0.017208)

-0.020281  
(0.016198)

-0.018697  
(0.01716)

-0.019408  
(0.017219)

-0.02025  
(0.016202)

d72
0.086194  
(0.07448)

0.074547  
(1.155524)

0.085547  
(0.075356)

0.086523  
(0.074485)

0.086477  
(0.074775)

0.086505  
(0.074852)

0.086434  
(0.074941)

0.086513  
(0.074891)

0.086915  
(0.075331)

0.086533  
(0.075028)

0.086769  
(0.075054)

0.086757  
(0.07487)

0.086538  
(0.075064)

0.08679  
(0.075092)

0.086785  
(0.074908)

0.086916  
(0.075406)

0.08736  
(0.075374)

0.08736  
(0.075294)

0.086404  
(0.074852)

0.086292  
(0.074877)

0.086304  
(0.074922)

0.086447  
(0.07489)

0.086449  
(0.074843)

0.086424  
(0.074818)

0.086334  
(0.074916)

0.086496  
(0.074895)

0.086481  
(0.074856)

0.086351  
(0.074958)

0.086508  
(0.074936)

0.08649  
(0.074901)

d73
-0.072029  
(0.070062)

 0.070085      
(-1.027738)

-0.073019  
(0.071016)

-0.072284  
(0.070068)

-0.072168  
(0.069644)

-0.07221  
(0.069612)

-0.072242  
(0.06966)

-0.072229  
(0.069632)

-0.071631  
(0.070342)

-0.072201  
(0.069706)

-0.071971  
(0.069477)

-0.071975  
(0.069387)

-0.07222  
(0.069726)

-0.072001  
(0.069493)

-0.072002  
(0.069404)

-0.071633  
(0.070283)

0.075294  
(0.069982)

-0.071152  
(0.07006)

-0.072205  
(0.069688)

-0.072294  
(0.069707)

-0.072279  
(0.069748)

-0.071911  
(0.069385)

-0.072174  
(0.069376)

-0.072353  
(0.069692)

-0.071999  
(0.069405)

-0.072152  
(0.069422)

-0.072319  
(0.069729)

-0.071974  
(0.069439)

-0.072132  
(0.069455)

-0.072306  
(0.069769)

d74
-0.009628  
(0.011617)

0.011569      
(-0.834931)

-0.01098  
(0.011411)

-0.012109  
(0.011297)

-0.012052  
(0.011363)

-0.012168  
(0.011366)

-0.012216  
(0.011343)

-0.012101  
(0.011308)

-0.011365  
(0.011118)

-0.012143  
(0.011297)

-0.013561  
(0.010685)

-0.013573  
(0.010745)

-0.01208  
(0.011245)

-0.013496  
(0.010566)

-0.013501  
(0.010624)

-0.011367  
(0.011151)

-0.071152  
(0.010537)

-0.012497  
(0.010504)

-0.012113  
(0.011335)

-0.012261  
(0.011325)

-0.012239  
(0.011326)

-0.011702  
(0.011529)

-0.012208  
(0.011445)

-0.012464  
(0.01121)

-0.01185  
(0.011519)

-0.012174  
(0.011441)

-0.012412  
(0.011211)

-0.011813  
(0.011523)

-0.012144  
(0.011446)

-0.012393  
(0.011213)

d75
 -0.027811**  
(0.013116)

 0.013091**  
(-2.127522)

 -0.029513**  
(0.012791)

 -0.029422**  
(0.012899)

 -0.028971**  
(0.013472)

 -0.029071**  
(0.013519)

 -0.029147**  
(0.013488)

 -0.029123**  
(0.013494)

 -0.028086**  
(0.012938)

 -0.02896**  
(0.013148)

 -0.030262**  
(0.012639)

 -0.030312**  
(0.012986)

 -0.029024**  
(0.013121)

 -0.030459**  
(0.012538)

 -0.030479**  
(0.012891)

 -0.028079**  
(0.012804)

0.07006  
(0.012319)

 -0.029049**  
(0.012434)

 -0.029061**  
(0.01344)

 -0.029262**  
(0.013433)

 -0.029238**  
(0.013435)

 -0.028499**  
(0.013767)

 -0.02905**  
(0.013739)

 -0.029395**  
(0.013349)

 -0.028698**  
(0.013761)

 -0.028996**  
(0.013726)

 -0.029315**  
(0.013343)

 -0.028656**  
(0.013766)

 -0.028962**  
(0.013732)

 -0.029295**  
(0.013345)

d76
-0.002597  
(0.0137)

0.013692    
(-0.192618)

-0.004412  
(0.01318)

-0.003539  
(0.013471)

-0.003058  
(0.01422)

-0.003045  
(0.014151)

-0.003148  
(0.014138)

-0.003004  
(0.014087)

-0.00191  
(0.013531)

-0.002933  
(0.013734)

-0.003718  
(0.013086)

-0.003768  
(0.0135)

-0.002905  
(0.013678)

-0.003696  
(0.012946)

-0.003717  
(0.013359)

-0.001904  
(0.013382)

-0.012497  
(0.012696)

-0.002191  
(0.012846)

-0.003168  
(0.014209)

-0.003393  
(0.014248)

-0.003365  
(0.014249)

-0.002636  
(0.014542)

-0.003094  
(0.014512)

-0.003417  
(0.014114)

-0.002861  
(0.01458)

-0.003024  
(0.014496)

-0.003321  
(0.014112)

-0.002814  
(0.014586)

-0.002988  
(0.014505)

-0.003298  
(0.014115)

d77
-0.008179  
(0.013748)

0.013728    
(-0.601373)

-0.010587  
(0.012878)

-0.009637  
(0.013483)

-0.009343  
(0.014002)

-0.009311  
(0.013932)

-0.009466  
(0.013874)

-0.009221  
(0.013866)

-0.00778  
(0.013185)

-0.009199  
(0.013528)

-0.010384  
(0.012929)

-0.010434  
(0.013318)

-0.009122  
(0.013476)

-0.010279  
(0.012835)

-0.0103  
(0.013217)

-0.007776  
(0.013102)

0.010504  
(0.012557)

-0.008294  
(0.012632)

-0.009506  
(0.013951)

-0.00982  
(0.013957)

-0.009776  
(0.013957)

-0.00897  
(0.014301)

-0.009475  
(0.014231)

-0.009802  
(0.013819)

-0.009285  
(0.014308)

-0.00937  
(0.014203)

-0.009665  
(0.013813)

-0.009216  
(0.014316)

-0.009317  
(0.014213)

-0.009628  
(0.013813)

d78
-0.000547  
(0.015155)

0.015119    
(-0.041455)

-0.00309  
(0.014175)

-0.001453  
(0.014854)

-0.001205  
(0.015325)

-0.001189  
(0.015272)

-0.00135  
(0.015224)

-0.001139  
(0.015229)

0.000292  
(0.014511)

-0.001066  
(0.014885)

-0.001914  
(0.014332)

-0.001969  
(0.014718)

-0.001031  
(0.01485)

-0.00188  
(0.014248)

-0.001902  
(0.014631)

0.000297  
(0.014417)

 -0.029049**  
(0.013873)

0.0000988  
(0.013968)

-0.001376  
(0.015283)

-0.001665  
(0.015298)

-0.001646  
(0.015303)

-0.000889  
(0.015611)

-0.001312  
(0.015535)

-0.001608  
(0.015158)

-0.001178  
(0.015626)

-0.001213  
(0.015518)

-0.00148  
(0.015163)

-0.001144  
(0.015635)

-0.001187  
(0.015529)

-0.001464  
(0.015168)

d79
-0.018112  
(0.014299)

0.014247    
(-1.275793)

-0.021084  
(0.012887)

-0.019808  
(0.014056)

-0.019902  
(0.013951)

-0.01988  
(0.013899)

-0.020043  
(0.013837)

-0.019715  
(0.013799)

-0.018193  
(0.013193)

-0.01977  
(0.013541)

-0.021135  
(0.012844)

-0.021184  
(0.013187)

-0.01962  
(0.013465)

-0.020884  
(0.012742)

-0.020903  
(0.01307)

-0.01819  
(0.01314)

0.012434  
(0.012517)

-0.018785  
(0.01257)

-0.020075  
(0.013896)

-0.020352  
(0.013896)

-0.020342  
(0.013902)

-0.019616  
(0.014209)

-0.020019  
(0.014104)

-0.020298  
(0.013742)

-0.019893  
(0.014209)

-0.019925  
(0.014092)

-0.020175  
(0.013752)

-0.019871  
(0.014217)

-0.019908  
(0.0141)

-0.020168  
(0.013758)

d80
-0.020744  
(0.017498)

0.017439    
(-1.193736)

-0.024115  
(0.016155)

-0.023317  
(0.017227)

-0.023494  
(0.017003)

-0.023441  
(0.016921)

-0.023609  
(0.016879)

-0.023123  
(0.016801)

-0.02147  
(0.016327)

-0.023292  
(0.016556)

-0.024808  
(0.015997)

-0.024875  
(0.016329)

-0.022995  
(0.016477)

-0.024257  
(0.015906)

-0.024283  
(0.01621)

-0.021463  
(0.016257)

-0.002191  
(0.015729)

-0.021979  
(0.015796)

-0.023669  
(0.016965)

-0.02395  
(0.016999)

-0.023946  
(0.017005)

-0.023133  
(0.017277)

-0.023624  
(0.017263)

-0.023951  
(0.016904)

-0.023414  
(0.01731)

-0.023533  
(0.01727)

-0.023829  
(0.016932)

-0.023397  
(0.017318)

-0.023519  
(0.017279)

-0.023825  
(0.016939)

d81
-0.015023  
(0.015127)

0.015071    
(-0.998758)

-0.018671  
(0.013311)

-0.017094  
(0.014809)

-0.017142  
(0.014765)

-0.016907  
(0.014505)

-0.017091  
(0.014418)

-0.01651  
(0.014305)

-0.014533  
(0.013603)

-0.016742  
(0.013937)

-0.019322  
(0.013187)

-0.019396  
(0.013676)

-0.016369  
(0.013802)

-0.018662  
(0.013061)

-0.018691  
(0.013508)

-0.014527  
(0.013502)

0.012846  
(0.012944)

-0.015955  
(0.013029)

-0.01732  
(0.01469)

-0.017595  
(0.014697)

-0.017596  
(0.014705)

-0.016749  
(0.01512)

-0.017024  
(0.015045)

-0.017361  
(0.014581)

-0.017025  
(0.015127)

-0.016923  
(0.015037)

-0.017228  
(0.014599)

-0.017014  
(0.015137)

-0.016915  
(0.015046)

-0.017229  
(0.014607)

d82
 -0.04275*  
(0.015513)

0.015442*  (-
2.780152)

 -0.046785*  
(0.013752)

 -0.043344*  
(0.015258)

 -0.043424*  
(0.015142)

 -0.043128*  
(0.014819)

 -0.043481*  
(0.014709)

 -0.042723*  
(0.01461)

 -0.040617***  
(0.013936)

 -0.042955*  
(0.014276)

 -0.04614*  
(0.013625)

 -0.046219*  
(0.014059)

 -0.042575*  
(0.014132)

 -0.045493*  
(0.013495)

 -0.045524*  
(0.01389)

 -0.040611*  
(0.013853)

-0.008294  
(0.01344)

 -0.042623*  
(0.013503)

 -0.043778*  
(0.015051)

 -0.044443*  
(0.015136)

 -0.044265*  
(0.015126)

 -0.043032*  
(0.015611)

 -0.044702*  
(0.015756)

 -0.045197*  
(0.015054)

 -0.043699*  
(0.015693)

 -0.044512*  
(0.015714)

 -0.044953*  
(0.015058)

 -0.043454*  
(0.015719)

 -0.044319*  
(0.015748)

-0.044805  
(0.015049)

d83
 -0.040394*  
(0.014651)

 0.014628*  
(-2.759254)

 -0.044357*  
(0.012909)

 -0.039733*  
(0.014374)

 -0.039836*  
(0.014191)

 -0.039444*  
(0.013759)

 -0.039563*  
(0.013714)

 -0.039006*  
(0.013556)

 -0.036673***  
(0.012898)

 -0.039251*  
(0.013102)

 -0.042522*  
(0.012512)

 -0.042609*  
(0.013021)

 -0.038841*  
(0.012981)

 -0.041816*  
(0.012416)

 -0.041851*  
(0.012876)

 -0.036666*  
(0.012804)

0.012632  
(0.012513)

 -0.038629*  
(0.012569)

 -0.03993*  
(0.014158)

 -0.040026*  
(0.014156)

 -0.040057*  
(0.014172)

 -0.039378*  
(0.014603)

 -0.039905*  
(0.014511)

 -0.040242*  
(0.014006)

 -0.039473*  
(0.014601)

 -0.039893*  
(0.014513)

 -0.040213*  
(0.014009)

 -0.039502*  
(0.014609)

 -0.039914*  
(0.014522)

-0.040239  
(0.014026)

d84
-0.016724  
(0.013775)

0.013741    
(-1.217201)

 -0.0208***  
(0.012032)

-0.016799  
(0.013471)

-0.017171  
(0.012797)

-0.016839  
(0.012476)

-0.016952  
(0.012431)

-0.016335  
(0.012306)

-0.014074  
(0.011923)

-0.016625  
(0.011884)

 -0.020461***   
(0.011234)

 -0.020557***  
(0.011584)

-0.016152  
(0.011819)

 -0.01965***  
(0.011155)

 -0.019688***  
(0.011447)

-0.014064  
(0.011864)

9.88E-05         
(0.011492)

-0.016581  
(0.011471)

 -0.017265***  
(0.012761)

-0.017353  
(0.012746)

-0.017383  
(0.012764)

-0.016586  
(0.013245)

-0.017361  
(0.013226)

-0.017781  
(0.012649)

-0.016672  
(0.013231)

-0.017366  
(0.013239)

-0.017767  
(0.012661)

-0.016698  
(0.013243)

-0.017384  
(0.01325)

-0.017792  
(0.012678)

d85
-0.021538  
(0.013618)

0.013598        
(-1.58256)

 -0.025715**  
(0.011797)

-0.021795  
(0.013328)

 -0.022279***  
(0.012438)

 -0.021908***  
(0.012105)

 -0.021994***  
(0.012074)

 -0.021343***  
(0.011963)

 -0.018968***  
(0.011759)

-0.021703  
(0.011563)

 -0.025448**  
(0.010946)

 -0.025541**  
(0.011246)

 -0.021169**  
(0.011536)

 -0.024505**  
(0.010899)

 -0.024541**  
(0.011135)

-0.01896  
(0.011732)

0.013968  
(0.011378)

 -0.021269***  
(0.011336)

-0.02234  
(0.012415)

 -0.022367***  
(0.012404)

 -0.022409***  
(0.012421)

 -0.021655***  
(0.012932)

 -0.022181***  
(0.012842)

 -0.022595***  
(0.012263)

 -0.021679***  
(0.012921)

 -0.0222***  
(0.012855)

 -0.022597***  
(0.012271)

 -0.021719***  
(0.012929)

 -0.02223***  
(0.012864)

 -0.022632***  
(0.012288)

d86
-0.01875  
(0.01381)

0.01378      
(-1.361889)

 -
0.023343**  
(0.011956)

-0.018504  
(0.013586)

-0.018992  
(0.012585)

-0.01842  
(0.012094)

-0.018559  
(0.012047)

-0.017718  
(0.012025)

-0.014878  
(0.012203)

-0.018204  
(0.011553)

 -0.021366**  
(0.010843)

 -0.021464***  
(0.011173)

-0.017535  
(0.01163)

 -0.020113***  
(0.010889)

 -0.02015***  
(0.011131)

-0.014871  
(0.012213)

-0.018785  
(0.011694)

-0.016203  
(0.011639)

-0.019093  
(0.012552)

-0.019182  
(0.012554)

-0.019209  
(0.012565)

-0.01836  
(0.013096)

-0.018679  
(0.012943)

-0.01911  
(0.012329)

-0.018448  
(0.013099)

-0.018659  
(0.012937)

-0.019067  
(0.012324)

-0.018467  
(0.013103)

-0.018673  
(0.012943)

-0.019089  
(0.012337)

d87
-0.019626  
(0.014699)

0.014642    
(-1.346733)

 -
0.024574**  
(0.012516)

-0.019835  
(0.014369)

-0.020197  
(0.013574)

-0.019581  
(0.012947)

-0.019783  
(0.012877)

-0.018782  
(0.012814)

-0.015795  
(0.012624)

-0.01937  
(0.012326)

 -0.022181***  
(0.011663)

 -0.022276***  
(0.012128)

-0.018605  
(0.012353)

 -0.020709***  
(0.011725)

 -0.020745***  
(0.012087)

-0.01579  
(0.012618)

0.01257  
(0.01221)

-0.016579  
(0.012189)

-0.020363  
(0.013521)

-0.020622  
(0.013551)

-0.020582  
(0.013546)

-0.019574  
(0.014132)

-0.019945  
(0.014046)

-0.020411  
(0.01335)

-0.019832  
(0.014162)

-0.019857  
(0.01402)

-0.020287  
(0.013345)

-0.019765  
(0.014165)

-0.019805  
(0.014028)

-0.020255  
(0.013343)

d88
-0.016303  
(0.017386)

0.017332     
(-0.944856)

-0.021404  
(0.014999)

-0.017576  
(0.016995)

-0.018321  
(0.015653)

-0.01776  
(0.015224)

-0.017907  
(0.015192)

-0.016844  
(0.015261)

-0.01396  
(0.015493)

-0.017573  
(0.014854)

-0.020317  
(0.014346)

-0.020401  
(0.014591)

-0.016691  
(0.015024)

-0.018595  
(0.014563)

-0.018627  
(0.014725)

-0.013958  
(0.015505)

-0.021979  
(0.01519)

-0.014601  
(0.015166)

-0.018432  
(0.015631)

-0.018548  
(0.01565)

-0.018572  
(0.015658)

-0.017676  
(0.016081)

-0.018395  
(0.016009)

-0.018857  
(0.015463)

-0.01779  
(0.0161)

-0.018386  
(0.016007)

-0.018825  
(0.01546)

-0.017805  
(0.016102)

-0.018396  
(0.016013)

-0.018844  
(0.015469)

d89
-0.015793  
(0.015839)

0.015884    
(-0.982102)

-0.02073  
(0.013204)

-0.018449  
(0.015641)

-0.019383  
(0.01379)

-0.018838  
(0.0134)

-0.018786  
(0.013425)

-0.017832  
(0.01335)

-0.014948  
(0.013855)

-0.018683  
(0.013061)

 -0.021405***  
(0.012585)

 -0.021475***  
(0.012799)

-0.017709  
(0.013151)

-0.019488  
(0.012677)

-0.019513  
(0.012802)

-0.014949  
(0.013859)

0.015796  
(0.013517)

-0.015485  
(0.013506)

-0.019283  
(0.013831)

-0.019192  
(0.013834)

-0.019189  
(0.013841)

-0.018377  
(0.014392)

-0.018955  
(0.01439)

-0.019496  
(0.013753)

-0.018282  
(0.014393)

-0.019025  
(0.014426)

-0.019553  
(0.013768)

-0.01826  
(0.0144)

-0.019006  
(0.014435)

-0.01955  
(0.013777)

d90
-0.009511  
(0.015556)

0.015604    
(-0.595045)

-0.014521  
(0.012584)

-0.013638  
(0.015363)

-0.015059  
(0.012736)

-0.014555  
(0.012485)

-0.01449  
(0.012489)

-0.013422  
(0.01273)

-0.010642  
(0.013775)

-0.014401  
(0.012265)

-0.017678  
(0.011795)

-0.017749  
(0.011838)

-0.013301  
(0.012659)

-0.015525  
(0.012129)

-0.01555  
(0.012092)

-0.010642  
(0.013776)

-0.015955  
(0.013368)

-0.011678  
(0.013358)

-0.014947  
(0.01275)

-0.014861  
(0.012729)

-0.014833  
(0.012732)

-0.014054  
(0.013172)

-0.014484  
(0.013001)

-0.015012  
(0.012488)

-0.013963  
(0.01315)

-0.014545  
(0.013027)

-0.015059  
(0.012498)

-0.013909  
(0.013156)

-0.014501  
(0.013036)

-0.015035  
(0.012502)



d91
-0.017348  
(0.015292)

0.015391     
(-1.100779)

 -0.022618***  
(0.012226)

-0.020968  
(0.015049)

 -0.022522***  
(0.012255)

 -0.021666***  
(0.012065)

 -0.021563***  
(0.01206)

-0.020379  
(0.012688)

-0.016926  
(0.015008)

 -0.021517***  
(0.012006)

 -0.025775**  
(0.012004)

 -0.025844**  
(0.011823)

-0.020265  
(0.012765)

 -0.023349***  
(0.012624)

 -0.023373***  
(0.012401)

-0.016932  
(0.014915)

0.013029  
(0.014873)

-0.018574  
(0.014976)

 -0.022341***  
(0.012276)

 -0.022087***  
(0.01225)

 -0.022112***  
(0.01226)

 -0.021343***  
(0.012721)

 -0.021261***  
(0.012467)

 -0.021828***  
(0.011963)

 -0.021084***  
(0.012693)

 -0.021366***  
(0.012505)

 -0.021923***  
(0.011979)

 -0.021095***  
(0.012699)

 -0.021374***  
(0.012513)

 -0.021944***  
(0.011991)

d92
-0.006236  
(0.016548)

0.016673    
(-0.348899)

-0.011641  
(0.013359)

-0.009836  
(0.016257)

-0.011489  
(0.013258)

-0.010644  
(0.012941)

-0.0105  
(0.012936)

-0.0093  
(0.013366)

-0.005839  
(0.015255)

-0.010489  
(0.012846)

-0.014883  
(0.012821)

-0.014955  
(0.012677)

-0.009181  
(0.013418)

-0.012345  
(0.013259)

-0.012371  
(0.01306)

-0.005844  
(0.015179)

 -0.042623*  
(0.015133)

-0.007562  
(0.015219)

-0.011264  
(0.013278)

-0.010959  
(0.013215)

-0.010984  
(0.013228)

-0.009975  
(0.013846)

-0.009909  
(0.013657)

-0.010643  
(0.013014)

-0.009663  
(0.013781)

-0.010037  
(0.013701)

-0.010757  
(0.013035)

-0.009669  
(0.01379)

-0.01004  
(0.013712)

-0.010778  
(0.013049)

d93
-0.016341  
(0.01537)

0.015584       
(-1.005727)

 -0.021565***  
(0.011352)

-0.020509  
(0.015291)

 -0.021662***  
(0.012561)

 -0.020877***  
(0.011873)

 -0.020513***  
(0.011963)

-0.019538  
(0.012068)

-0.016175  
(0.013136)

 -0.020745***  
(0.011521)

 -0.024821**  
(0.010893)

 -0.024882**  
(0.011069)

-0.01944  
(0.011901)

 -0.022275**  
(0.011302)

 -0.022296***  
(0.011366)

-0.016182  
(0.013102)

0.013503  
(0.012806)

-0.017618  
(0.012862)

 -0.021208***  
(0.012685)

-0.020642  
(0.012615)

-0.020668  
(0.012628)

-0.020147  
(0.013513)

-0.020132  
(0.013353)

 -0.020737***  
(0.012449)

-0.019574  
(0.013437)

-0.020372  
(0.013473)

 -0.020988***  
(0.012501)

-0.019586  
(0.013443)

-0.020379  
(0.01348)

 -0.021009***  
(0.012515)

d94
-0.016329  
(0.016293)

0.016578    
(-0.938102)

 -0.02165***  
(0.011716)

-0.020683  
(0.016246)

-0.021801  
(0.013512)

 -
0.020984***  
(0.012681)

-0.020574  
(0.012818)

-0.019596  
(0.012716)

-0.016159  
(0.013392)

-0.02085  
(0.012269)

 -0.025031**  
(0.011442)

 -0.025093**  
(0.011696)

-0.019496  
(0.0125)

-0.022386  
(0.011761)

 -
0.022408**  
(0.011889)

-0.016166  
(0.01338)

 -0.038629*  
(0.013002)

-0.017628  
(0.013036)

-0.021294  
(0.013681)

-0.02077  
(0.013596)

-0.020754  
(0.013598)

-0.020028  
(0.014743)

-0.020426  
(0.014598)

-0.021166  
(0.013399)

-0.019496  
(0.014656)

-0.020671  
(0.014719)

-0.021416  
(0.013445)

-0.019449  
(0.01466)

-0.02063  
(0.014726)

-0.021401  
(0.013447)

d95
-0.006631  
(0.016122)

0.016415    
(-0.357179)

-0.012079  
(0.010957)

-0.011678  
(0.016066)

-0.013097  
(0.012495)

-0.012319  
(0.01175)

-0.01191  
(0.01188)

-0.010845  
(0.011955)

-0.007473  
(0.012961)

-0.012193  
(0.011379)

-0.016246  
(0.010609)

-0.016304  
(0.01082)

-0.010754  
(0.011788)

-0.013417  
(0.011089)

-0.013436  
(0.011171)

-0.007481  
(0.012928)

0.012569  
(0.012535)

-0.008742  
(0.012599)

-0.012595  
(0.012659)

-0.01212  
(0.0126)

-0.012081  
(0.012587)

-0.011291  
(0.013733)

-0.011604  
(0.013553)

-0.012362  
(0.012338)

-0.010808  
(0.013669)

-0.011823  
(0.013676)

-0.012582  
(0.012391)

-0.01073  
(0.013662)

-0.01176  
(0.013674)

-0.012549  
(0.01238)

d96
-0.005077  
(0.016315)

0.016701    
(-0.247313)

-0.010484  
(0.011158)

-0.009382  
(0.016323)

-0.010819  
(0.012695)

-0.009872  
(0.01184)

-0.009392  
(0.012005)

-0.008385  
(0.012125)

-0.004654  
(0.013599)

-0.009761  
(0.011544)

-0.014934  
(0.010839)

-0.014987  
(0.010943)

-0.008307  
(0.012007)

-0.012129  
(0.011428)

-0.012146  
(0.011436)

-0.004665  
(0.013507)

-0.016581  
(0.013472)

-0.006975  
(0.013623)

-0.010226  
(0.012915)

-0.009719  
(0.012879)

-0.009641  
(0.012858)

-0.009087  
(0.013844)

-0.009258  
(0.013699)

-0.009917  
(0.012662)

-0.008572  
(0.013802)

-0.009484  
(0.013815)

-0.010148  
(0.012707)

-0.008448  
(0.013798)

-0.009385  
(0.013815)

-0.010083  
(0.012686)

d97
-0.008048  
(0.017317)

0.017749    
(-0.395641)

-0.01388  
(0.011316)

-0.013292  
(0.01736)

-0.015008  
(0.012933)

-0.013911  
(0.012015)

-0.013459  
(0.012154)

-0.012204  
(0.012515)

-0.008041  
(0.014644)

-0.013778  
(0.01171)

-0.017869  
(0.011192)

-0.01793  
(0.011317)

-0.01211  
(0.012426)

-0.014561  
(0.01192)

-0.014581  
(0.011922)

-0.008052  
(0.014493)

0.011471  
(0.014237)

-0.008764  
(0.01442)

-0.014432  
(0.013144)

-0.014161  
(0.013111)

-0.014026  
(0.013078)

-0.013397  
(0.013975)

-0.013451  
(0.013802)

-0.014045  
(0.012887)

-0.013121  
(0.013943)

-0.01357  
(0.013865)

-0.014156  
(0.012912)

-0.012925  
(0.013937)

-0.013417  
(0.013868)

-0.014044  
(0.012881)

d98
-0.024003  
(0.019081)

0.019657      
(-1.154319)

 -0.029604**  
(0.013907)

-0.029591  
(0.019003)

 -0.031552**  
(0.014554)

 -0.030461**  
(0.013913)

 -0.029952**  
(0.01404)

 -0.028698**  
(0.014098)

-0.024545  
(0.015895)

  -0.030329**  
(0.013741)

 -0.034642**  
(0.013459)

 -0.034703**  
(0.013455)

 -0.028605**  
(0.014096)

 -0.031228**  
(0.013741)

 -0.031248**  
(0.013655)

-0.024557  
(0.015686)

 -0.021269***  
(0.015442)

-0.02545  
(0.01569)

 -0.030916**  
(0.014757)

 -0.030899**  
(0.014743)

 -0.030707**  
(0.014777)

 -0.029773***  
(0.015492)

 -0.029643***  
(0.015327)

 -0.030291**  
(0.014532)

 -0.029752***  
(0.015476)

 -0.029645***  
(0.015342)

 -0.030263**  
(0.014546)

 -0.02948***  
(0.015546)

 -0.029434***  
(0.015417)

 -0.030104**  
(0.01458)

d99
-0.02015  
(0.018621)

0.019451      
(-0.947406)

 -0.025407**  
(0.012729)

-0.024497  
(0.019035)

 -0.026335***  
(0.01449)

 -0.025189***  
(0.013539)

 -0.024837***  
(0.013666)

 -0.023469***  
(0.014057)

-0.019228  
(0.015902)

 -0.025047***  
(0.013225)

 -0.030294**  
(0.012916)

 -0.03036**  
(0.01301)

 -0.023368***  
(0.013953)

 -0.027017**  
(0.013692)

 -0.027039**  
(0.013678)

-0.019239  
(0.015784)

0.011336  
(0.015815)

-0.021141  
(0.015978)

 -0.025863***  
(0.014681)

 -0.026542***  
(0.01475)

 -0.026525***  
(0.014758)

-0.024961  
(0.015344)

 -0.025814***  
(0.015297)

 -0.026365***  
(0.014517)

 -0.025641***  
(0.015413)

 -0.025574***  
(0.015247)

 -0.02606***  
(0.014535)

 -0.025601***  
(0.015422)

 -0.025543***  
(0.015259)

 -0.026046***  
(0.014541)

d00
-0.00832  
(0.019277)

0.020467    
(-0.286285)

-0.013632  
(0.011893)

-0.013637  
(0.020084)

-0.015475  
(0.015009)

-0.013541  
(0.013354)

-0.014088  
(0.013223)

-0.01245  
(0.013615)

-0.008692  
(0.015029)

-0.013452  
(0.01315)

-0.018347  
(0.012541)

-0.01839  
(0.012615)

-0.012387  
(0.013513)

-0.016342  
(0.0129)

-0.016356  
(0.012919)

-0.008705  
(0.014952)

-0.016203  
(0.014773)

-0.011149  
(0.014913)

-0.015899  
(0.014858)

-0.016604  
(0.014931)

-0.016713  
(0.014986)

-0.015759  
(0.014984)

-0.019945  
(0.015596)

-0.020198  
(0.015144)

-0.016468  
(0.015057)

-0.019872  
(0.01556)

-0.020101  
(0.015127)

-0.016607  
(0.01508)

-0.019969  
(0.015582)

-0.020187  
(0.015182)

R 
square(wit
hin)

0.1505 0.1506 0.1503 0.1521 0.1524 0.1524 0.1525 0.1525 0.1526 0.1524 0.1545 0.1545 0.1525 0.1547 0.1547 0.1526 0.1549 0.1549 0.1524 0.1525 0.1525 0.1526 0.1539 0.1538 0.1528 0.1539 0.1538 0.1528 0.1539 0.1538

R 
square(ove
rall)

0.168664 0.16879 0.168506 0.17026 0.170515 0.170566 0.170617 0.170612 0.170712 0.170572 0.172651 0.17265 0.170617 0.172845 0.172844 0.170712 0.173048 0.173042 0.170574 0.170688 0.1707 0.170788 0.172009 0.171937 0.170904 0.172026 0.17196 0.170924 0.172038 0.171968

No of 
Observatio
ns

960 960 960 960 960 960 960 960 960 960 960 960 960 960 960 960 960 960 960 960 960 960 960 960 960 960 960 960 960 960

F-test for 
Fixed 
Effects

2.28 2.33 2.3 2.58 2.54 2.48 2.41 2.45 2.39 2.41 2.86 2.94 2.39 2.83 2.91 2.33 2.74 2.82 2.47 2.46 2.44 2.44 2.77 2.89 2.42 2.69 2.77 2.4 2.66 2.72

prob>F 0.0001 0 0.0001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
F test that 
all u_i=0

0.25 0.26 0.25 0.28 0.28 0.28 0.27 0.27 0.27 0.25 0.26 0.29 0.24 0.25 0.28 0.25 0.26 0.28 0.27 0.27 0.27 0.28 0.29 0.29 0.27 0.29 0.29 0.27 0.29 0.29

prob > F 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Notes:            1) The results are robust to White Heteroscedasticity.
                           2) Values in parenthesis are standard errors.
                           3) *,**,*** denote significance at 1%, 5% and 10% levels respectively







































Specific       
1

Specific       
2

Specific       
3

Specific        
4

Specific       
5

Specific       
6

Specific      
7

Specific      
8

Specific       
9

Specific      
10

Specific      
11

Specific       
12

Specific      
13

Specific        
14

Specific       
15

Specific      
16

Specific       
17

Specific        
18

Specific       
19

Specific      
20

Specific       
21

Specific       
22

Specific       
23

Specific       
24

Specific       
25

Specific       
26

Specific      
27

Constant
0.0277345**  
(0.0124394)

0.0269933**  
(0.0122882)

0.0289532**  
(0.011632)

0.02353**  
(0.0116056)

0.0215694***  
(0.0117594)

0.0218275***  
(0.0118566)

0.0195372***  
(0.0116469)

0.0223382***  
(0.0120156)

0.0224421***  
(0.012723)

0.0239474***  
(0.012608)

0.0231329***  
(0.0140295)

0.0215385  
(0.0133689)

0.0243942***  
(0.012938)

0.0241242  
(0.0152699)

0.0227421  
(0.0145652)

0.0247287***  
(0.014916)

0.0244206  
(0.017237)

0.0228313  
(0.0157684)

0.0192445***  
(0.011646)

0.0162295  
(0.011778)

0.0159419  
(0.011923)

0.0198175***  
(0.0115603)

0.0233165**  
(0.0114867)

0.023001**  
(0.0115223)

0.0166541  
(0.0116872)

0.0208793***  
(0.0118476)

0.0208965***  
(0.0118436)

M :(skK + 
slL)

 -0.2298122***  
(0.1264814)

 -0.2299575***  
(0.1265003)

 -0.2186356***  
(0.1291686)

 -0.2517495***  
(0.1305187)

 -0.2573585***  
(0.1316689)

 -0.2549892***  
(0.1299681)

 -0.2622998**  
(0.1309981)

 -0.2565554**  
(0.1304484)

 -0.2563657**  
(0.1299253)

 -0.2601516**  
(0.1301536)

 -0.2574389**  
(0.135088)

 -0.2540747***  
(0.1351487)

 -0.2615551**  
(0.1307316)

 -0.2606579***  
(0.1374542)

 -0.2578317***  
(0.1374743)

 -0.2613092**  
(0.130287)

 -0.2602351***  
(0.1364713)

 -0.2576169***  
(0.1363299)

 -0.2653094**  
(0.1329723)

 -0.2661255**  
(0.133227)

 -0.2683392**  
(0.1352523)

 -0.2557238***  
(0.1346169)

 -0.2499452***  
(0.1348713)

 -0.2572127***  
(0.1333457)

 -0.2550762***  
(0.1345922)

 -0.250517***  
(0.1351813)

 -0.258698***  
(0.1340857)

Education 
Growth 
(sch): Ed

0.1036318  
(0.1734217)

0.1014359  
(0.1743736)

0.1042263  
(0.1732062)

0.1133303  
(0.1641487)

0.0707428  
(0.4027522)

0.0502447  
(0.4107816)

0.1717554  
(0.2791162)

0.1680896  
(0.3462066)

-0.0225271  
(0.5563249)

0.0194757  
(0.6767315)

0.0852397  
(0.5983235)

0.0786415  
(0.41683)

0.0894089  
(0.5488713)

0.1552525  
(0.4773838)

0.065976  
(0.5405221)

0.0782854  
(0.6528461)

0.1521622  
(0.5421991)

0.1079042  
(0.1658068)

0.1028031  
(0.1682721)

0.1015995  
(0.1709714)

0.1127928  
(0.1651111)

0.1118661  
(0.1651837)

0.1080136  
(0.1658328)

0.1080655  
(0.1672934)

0.1092389  
(0.1675039)

0.1052608  
(0.1685505)

Growth in 
Health: Hs

0.0967057  
(0.1037324)

0.108833  
(0.0990046)

0.1071939  
(0.106836)

0.1135621  
(0.1099672)

0.1172019  
(0.1207612)

0.3862886  
(0.2566629)

0.1183395  
(0.1220978)

0.1192438  
(0.13577)

0.1242812  
(0.1286034)

0.122945  
(0.1310545)

0.1166365  
(0.1253091)

0.1252175  
(0.1297856)

0.1247693  
(0.1338775)

0.1191338  
(0.1289063)

0.1276707  
(0.1486516)

0.1272301  
(0.1519317)

0.1199806  
(0.1427398)

0.3750889***  
(0.2269748)

0.5745622***  
(0.3389435)

0.5547917***  
(0.3038742)

0.1038361  
(0.3164357)

-0.6031829  
(0.4154967)

-0.41803  
(0.3256899)

0.2759188  
(0.3737472)

-0.3854281  
(0.5505498)

-0.2083595  
(0.5271705)

Open
0.0000696  
(0.0000643)

0.000062  
(0.0000619)

0.0000637  
(0.0000659)

0.0000678  
(0.0000669)

0.000064  
(0.0000663)

0.0000641  
(0.0000674)

0.0000658  
(0.0000677)

0.0000821  
(0.000072)

0.0000683  
(0.0000731)

0.0000661  
(0.000068)

0.0000713  
(0.0000782)

0.0000578  
(0.000083)

0.0000664  
(0.0000699)

0.0000726  
(0.0000745)

0.000058  
(0.0000799)

0.0000655  
(0.0000625)

0.000071  
(0.0000639)

0.000071  
(0.000064)

0.0000649  
(0.0000624)

-0.000000335  
(0.00006)

-0.00000231  
(0.0000601)

0.0000707  
(0.0000638)

0.0000138  
(0.000067)

0.0000094  
(0.0000665)

Democracy 
Index

0.0048594  
(0.0079754)

0.0047021  
(0.0074318)

0.0047893  
(0.0074534)

0.0043796  
(0.0071362)

0.0043266  
(0.0065411)

0.0003056  
(0.0079237)

-0.0001825  
(0.0079729)

0.0046726  
(0.0076665)

0.0000998  
(0.0080675)

-0.0000499  
(0.0079452)

0.0044098  
(0.0073586)

-0.0002055  
(0.0098895)

-0.0003947  
(0.0092517)

0.0043582  
(0.0067161)

0.0049984  
(0.0080048)

0.0055179  
(0.0081894)

0.0057598  
(0.008617)

0.0027266  
(0.0076057)

0.0035273  
(0.0076137)

0.0053315  
(0.0080296)

0.0029251  
(0.0076734)

0.0035121  
(0.0076181)

0.0055674  
(0.0081928)

Ed^2
0.5135512  
(2.996535)

0.6937267  
(3.064347)

-3.424793  
(6.14455)

-3.891274  
(16.31462)

0.602244  
(3.127233)

0.5038367  
(3.39503)

0.482877  
(3.370479)

-3.253521  
(5.979985)

-3.18676  
(6.626603)

-3.500346  
(6.860082)

-4.364004  
(17.20527)

-4.326131  
(17.54083)

-3.945819  
(16.95861)

Ed^3
27.74028  
(55.17417)

39.63304  
(344.1394)

27.14302  
(54.40562)

26.45305  
(62.88181)

28.56306  
(64.91618)

55.61148  
(375.2028)

55.85314  
(373.3247)

39.94868  
(348.0645)

Ed^4
-64.15685  
(1599.833)

-153.7108  
(1773.208)

-159.4377  
(1726.15)

-61.53556  
(1570.28)

Hs^2
3.95549  
(2.45227)

3.862691***  
(2.218155)

15.2294  
(9.437677)

19.68035  
(21.26045)

5.397511**  
(2.509207)

7.911462*  
(2.776177)

6.807742*  
(2.562984)

17.9131***  
(9.997999)

14.85728  
(10.48738)

12.52944  
(9.84745)

Hs^3
70.71343  
(48.13774)

176.6094  
(346.4895)

76.33805  
(49.19299)

44.89341  
(55.25983)

37.96485  
(53.32)

Hs^4
490.8961  
(1412.665)

Dem * Ed
0.1961028  
(0.3938519)

0.2133083  
(0.3714316)

0.1912023  
(0.3870233)

0.196791  
(0.3480723)

0.1991752  
(0.4622963)

0.2061062  
(0.4232091)

Open * Ed
-0.0007688  
(0.0034298)

-0.0002221  
(0.0037538)

-0.0002441  
(0.0042738)

0.0002987  
(0.0046464)

-0.0002898  
(0.0039581)

0.000291  
(0.0044999)

Dem * Hs
0.5852157  
(0.4440409)

0.4616598  
(0.4276213)

0.6785407  
(0.4580982)

0.5369117  
(0.4561607)

Open * Hs
0.0126636**  
(0.0050064)

0.0131413**  
(0.0051215)

0.0105759***  
(0.0055482)

0.0114417**  
(0.0055633)

d72
0.0850413  
(0.0744833)

0.0850307  
(0.0745284)

0.0849938  
(0.0745469)

0.0851258  
(0.0745153)

0.0851396  
(0.0745695)

0.0851325  
(0.0746472)

0.0851179  
(0.0747037)

0.0851374  
(0.0747218)

0.0851367  
(0.0747772)

0.0851487  
(0.0746968)

0.085137  
(0.0746968)

0.0851287  
(0.0746424)

0.0851531  
(0.0747707)

0.0851493  
(0.0747603)

0.0851426  
(0.0747095)

0.0851522  
(0.074829)

0.0851476  
(0.074823)

0.0851419  
(0.0747666)

0.0851279  
(0.0746199)

0.0850846  
(0.0746846)

0.085082  
(0.0747347)

0.0850793  
(0.074661)

0.0851064  
(0.0746531)

0.0851454  
(0.0746106)

0.0850247  
(0.0747295)

0.0850699  
(0.0747318)

0.0851199  
(0.074682)

d73
-0.0734291  
(0.0700676)

-0.0733885  
(0.0700919)

-0.0734355  
(0.069897)

-0.0733926  
(0.0700923)

-0.0732765  
(0.0699967)

-0.0732909  
(0.0700699)

-0.0731542  
(0.0700563)

-0.0732889  
(0.0700694)

-0.0732904  
(0.0701246)

-0.0733685  
(0.0701738)

-0.0733825  
(0.0702058)

-0.073293  
(0.070099)

-0.0733646  
(0.0701729)

-0.0733691  
(0.0701916)

-0.073286  
(0.0700869)

-0.0733712  
(0.0702459)

-0.0733769  
(0.0702695)

-0.0732875  
(0.0701432)

-0.073138  
(0.0699967)

-0.0730585  
(0.0699794)

-0.0730535  
(0.0700025)

-0.0730576  
(0.0699992)

-0.0731685  
(0.0699916)

-0.0732355  
(0.0699835)

-0.0729589  
(0.0699715)

-0.0730921  
(0.069976)

-0.0731802  
(0.0699804)

d74
-0.0114988  
(0.0119651)

-0.0114657  
(0.0119526)

-0.0115094  
(0.0118906)

-0.0118788  
(0.0119088)

-0.011709  
(0.0119358)

-0.0117327  
(0.0119222)

-0.0116373  
(0.011858)

-0.0117343  
(0.0119168)

-0.0117364  
(0.0119164)

-0.0117996  
(0.0119025)

-0.0117917  
(0.0119237)

-0.0117287  
(0.0119327)

-0.0117996  
(0.0118981)

-0.011797  
(0.0119097)

-0.0117397  
(0.0119169)

-0.0118074  
(0.0118881)

-0.0118047  
(0.0119002)

-0.0117416  
(0.0119172)

-0.0116077  
(0.0118786)

-0.0115591  
(0.0118162)

-0.0115481  
(0.0118111)

-0.0115239  
(0.0118883)

-0.0118301  
(0.0117457)

-0.0119071  
(0.0117278)

-0.011458  
(0.0118207)

-0.0117409  
(0.0117369)

-0.0118423  
(0.0117196)

d75
 -0.0306473**  
(0.0134612)

 -0.0306142**  
(0.0134521)

 -0.0306904**  
(0.0133843)

 -0.0308218**  
(0.0134123)

 -0.0305123**  
(0.0134071)

 -0.0305439**  
(0.0133983)

 -0.030419**  
(0.0133469)

 -0.0305495**  
(0.0133854)

 -0.0305535**  
(0.013388)

 -0.0305279**  
(0.0133793)

 -0.0305389**  
(0.0133964)

 -0.0305475**  
(0.0134103)

 -0.0305337**  
(0.0133681)

 -0.0305371**  
(0.0133797)

 -0.0305448**  
(0.0133903)

 -0.0305427**  
(0.0133688)

 -0.030547**  
(0.0133803)

 -0.0305488**  
(0.0133925)

 -0.0303795**  
(0.0133587)

 -0.0303082**  
(0.0133001)

 -0.0302867**  
(0.0132954)

 -0.0302313**  
(0.0133391)

 -0.030512**  
(0.0132305)

 -0.0306382**  
(0.0132373)

 -0.0301307**  
(0.0132709)

 -0.0304065**  
(0.0132199)

 -0.0305665**  
(0.0132309)

d76
-0.0067034  
(0.0134424)

-0.0066478  
(0.013448)

-0.0056096  
(0.0131778)

-0.0067455  
(0.0133154)

-0.0065385  
(0.0133655)

-0.006479  
(0.013444)

-0.00625  
(0.013455)

-0.0059227  
(0.0136527)

-0.0058517  
(0.0142158)

-0.0063505  
(0.0134596)

-0.006172  
(0.0133961)

-0.0064307  
(0.0133609)

-0.0058094  
(0.0136761)

-0.0057665  
(0.0135522)

-0.0059712  
(0.0135132)

-0.0056347  
(0.0143546)

-0.0055772  
(0.0141754)

-0.0059018  
(0.0140084)

-0.0063354  
(0.0133671)

-0.0062154  
(0.0133614)

-0.0061829  
(0.0133761)

-0.0062733  
(0.0133373)

-0.0064968  
(0.0132423)

-0.0065537  
(0.0132573)

-0.0061338  
(0.0133244)

-0.006378  
(0.0132695)

-0.0064611  
(0.0132848)

d77
-0.0133903  
(0.014037)

-0.013339  
(0.0140378)

-0.0123153  
(0.0138391)

-0.0135023  
(0.0139425)

-0.0133293  
(0.0139365)

-0.0132733  
(0.014011)

-0.0130607  
(0.0139935)

-0.0127123  
(0.014167)

-0.0126412  
(0.0146866)

-0.0132636  
(0.0140128)

-0.0130723  
(0.0139565)

-0.0132183  
(0.0139254)

-0.0127149  
(0.0141619)

-0.0126681  
(0.0140474)

-0.0127697  
(0.0140195)

-0.0125446  
(0.0147449)

-0.0124827  
(0.014573)

-0.0127  
(0.014462)

-0.0131409  
(0.0139098)

-0.013063  
(0.0138766)

-0.0130411  
(0.0138804)

-0.0131569  
(0.0138891)

-0.013429  
(0.0137805)

-0.0134267  
(0.0137901)

-0.0130755  
(0.0138469)

-0.0133363  
(0.0137906)

-0.0133479  
(0.0138039)

d78
-0.0053293  
(0.0147966)

-0.0052796  
(0.0147956)

-0.0042609  
(0.0145658)

-0.0053426  
(0.0146374)

-0.0052027  
(0.0146944)

-0.0051448  
(0.0147503)

-0.004909  
(0.0147281)

-0.004581  
(0.0149471)

-0.0045096  
(0.0154586)

-0.0051679  
(0.014738)

-0.0050103  
(0.0147432)

-0.0050987  
(0.0147125)

-0.0046156  
(0.014926)

-0.0045796  
(0.0148666)

-0.0046263  
(0.014843)

-0.004446  
(0.0154981)

-0.0043969  
(0.015397)

-0.0045566  
(0.0152952)

-0.0049922  
(0.0146667)

-0.0048499  
(0.0146276)

-0.0047959  
(0.0146433)

-0.0050436  
(0.0146553)

-0.0052732  
(0.0145333)

-0.0052417  
(0.0145356)

-0.0048982  
(0.014608)

-0.0051499  
(0.0145461)

-0.005133  
(0.0145518)

d79
 -0.0236983***  
(0.0134232)

 -0.0236238***  
(0.0134155)

 -0.0226223***  
(0.0131659)

 -0.0238071***  
(0.013264)

 -0.0237517***  
(0.0133106)

 -0.0236973***  
(0.0133446)

 -0.0233756*** 
(0.0133018)

 -
0.0231237***  
(0.0135775)

-0.0230514  
(0.0141277)

 -
0.0238504***  
(0.0133237)

 -
0.0237027***  
(0.0133235)

 -0.0236507***  
(0.013289)

 -
0.0232853***  
(0.0135318)

 -0.0232528***  
(0.0134717)

 -0.0231693***  
(0.0134574)

-0.0231187  
(0.014099)

 -0.0230739***  
(0.0139959)

 -0.0230987***  
(0.0139416)

 -0.0234562***  
(0.0132679)

 -
0.0232361***  
(0.0132156)

 -0.0231635***  
(0.01324)

 -0.0235928***  
(0.0132637)

 -0.0238741***  
(0.0131001)

 -0.0237781***  
(0.0130967)

 -0.023377***  
(0.013203)

 -0.0237008***  
(0.0131178)

 -
0.0236183***  
(0.0131174)

d80
-0.0272396  
(0.0166441)

-0.0271499  
(0.0166373)

-0.0261379  
(0.0163915)

 -0.0274899***  
(0.0165744)

 -0.0274222***  
(0.0166295)

-0.0273689  
(0.0166499)

-0.0270067  
(0.0166104)

-0.026797  
(0.0168775)

-0.0267246  
(0.0172822)

 -
0.0274826***  
(0.0166411)

-0.0273092  
(0.016665)

-0.0273159  
(0.016632)

-0.0269203  
(0.0168518)

-0.0268795  
(0.0168151)

-0.0268513  
(0.0167983)

-0.0267518  
(0.0172924)

-0.0266972  
(0.0172147)

-0.0267804  
(0.0171377)

-0.0270869  
(0.0165927)

-0.0268097  
(0.016552)

-0.0267232  
(0.016574)

-0.0272274  
(0.0165954)

 -0.0275197***  
(0.0165203)

 -0.027421***  
(0.0165143)

-0.0269505  
(0.0165492)

 -0.0273086***  
(0.0165283)

 -
0.0272289***  
(0.0165251)

d81
-0.0207053  
(0.0139025)

-0.0206302  
(0.0138823)

-0.0209367  
(0.0138781)

-0.0207832  
(0.0137636)

-0.0205846  
(0.0138141)

-0.0205879  
(0.0138139)

-0.0202484  
(0.0137297)

-0.0207407  
(0.0138141)

-0.0207319  
(0.0138192)

-0.0200957  
(0.0138654)

-0.0201398  
(0.0138794)

-0.0206131  
(0.0138383)

-0.0202575  
(0.0138513)

-0.0202674  
(0.0138657)

-0.0207113  
(0.0138345)

-0.0202162  
(0.013884)

-0.0202264  
(0.0138989)

-0.0207036  
(0.0138444)

-0.0202519  
(0.0137341)

-0.0199747  
(0.0136471)

-0.0198875  
(0.0136467)

-0.0203403  
(0.0137548)

-0.0205745  
(0.0136229)

-0.0205144  
(0.0136)

-0.0200551  
(0.0136628)

-0.0203682  
(0.0136005)

-0.0203316  
(0.01358)

d82
 -0.048415*  
(0.014257)

 -0.048423*  
(0.0142498)

 -0.0487147*  
(0.0142509)

 -0.0483233*  
(0.0141223)

 -0.0481765*  
(0.0141609)

 -0.0481703*  
(0.0141645)

 -0.0481749*  
(0.0141218)

 -0.0483258*  
(0.0141648)

 -0.0483169*  
(0.0141762)

 -0.0476859*  
(0.0142508)

 -0.0477355*  
(0.0142657)

 -0.0481968*  
(0.0141893)

 -0.0478502*  
(0.0142364)

 -0.0478618*  
(0.0142522)

 -0.0482946*  
(0.0141885)

 -0.0478092*  
(0.0142828)

-0.0478214  
(0.0142993)

-0.048287  
(0.0142044)

-0.0481831  
(0.0141208)

-0.0484549  
(0.0141115)

-0.0486016  
(0.0141538)

-0.0481358  
(0.0141255)

-0.0492311  
(0.0141334)

-0.0493094  
(0.0141269)

-0.0484217  
(0.0141108)

-0.0492187  
(0.0141354)

-0.0493097  
(0.0141309)

d83
 -0.0446717*  
(0.0140246)

 -0.0445167*  
(0.014006)

 -0.044709*  
(0.0139955)

 -0.0442632*  
(0.0139047)

 -0.044176*  
(0.0139264)

 -0.0441403*  
(0.0139497)

 -0.0435758*  
(0.013887)

 -0.0443033*  
(0.0139062)

 -0.0442912*  
(0.0139236)

 -0.043671*  
(0.0139714)

 -0.0437149*  
(0.0139913)

 -0.0441649*  
(0.0139753)

 -0.0438422*  
(0.0139161)

 -0.0438518*  
(0.0139326)

 -0.0442751*  
(0.0139205)

 -0.043794*  
(0.0139757)

-0.0438036  
(0.0139936)

-0.0442642  
(0.0139437)

-0.043637  
(0.0138566)

-0.0430556  
(0.0137769)

-0.0429561  
(0.0137803)

-0.0436691  
(0.0138569)

-0.0437569  
(0.0137293)

-0.0437352  
(0.0137225)

-0.0430465  
(0.0137694)

-0.0433763  
(0.0137204)

-0.0434103  
(0.0137172)

d84
-0.0191957  
(0.0129718)

-0.0190413  
(0.0129537)

-0.0191577  
(0.0129653)

-0.0190189  
(0.012789)

-0.0190232  
(0.0128132)

-0.0189716  
(0.0128285)

-0.0184558  
(0.0127582)

-0.0191413  
(0.0128243)

-0.0191274  
(0.0128397)

-0.0185491  
(0.012864)

-0.0185769  
(0.0128854)

-0.0189903  
(0.0128466)

-0.0187257  
(0.0128464)

-0.0187301  
(0.0128584)

-0.0191211  
(0.0128277)

-0.018675  
(0.0129006)

-0.0186783  
(0.0129134)

-0.0191083  
(0.0128487)

-0.0185372  
(0.012739)

-0.0179589  
(0.0126557)

-0.0178716  
(0.0126515)

-0.0184483  
(0.012741)

-0.0185952  
(0.0125905)

-0.0186701  
(0.0125798)

-0.0178099  
(0.0126519)

-0.0181955  
(0.0125765)

-0.0183425  
(0.0125656)

d85
 -0.024137***  
(0.012863)

 -0.0239553***  
(0.0128502)

 -0.0240484***  
(0.0128025)

 -0.0239826***  
(0.0127194)

 -0.0240186***  
(0.0127629)

 -0.0239614***  
(0.0127683)

 -0.0233674*** 
(0.0127195)

 -
0.0241319***  
(0.0127566)

 -0.0241171***  
(0.0127705)

 -
0.0235343***  
(0.0127896)

 -
0.0235568***  
(0.0128032)

 -0.0239787***  
(0.0127844)

 -
0.0237118***  
(0.0127651)

 -0.0237145***  
(0.0127743)

 -0.0241137***  
(0.0127613)

 -
0.0236589***  
(0.0128178)

 -0.02366***  
(0.0128269)

 -0.0241***  
(0.0127807)

 -0.0234582***  
(0.0127113)

 -
0.0227803***  
(0.0126535)

 -0.0226818***  
(0.0126546)

 -0.023369***  
(127103)

 -0.0232849***  
(0.0125698)

 -0.0233514***  
(0.0125626)

 -0.022623***  
(0.0126484)

 -0.0228601***  
(0.0125687)

 -
0.0230013***  
(0.0125598)

d86
 -0.0219074***  
(0.0130013)

 -0.0217271***  
(0.0130025)

 -0.0215603***  
(0.0129142)

 -0.0216748***  
(0.0128047)

 -0.0217475***  
(0.0127707)

 -0.0219382***  
(0.0127993)

 -0.021456***  
(0.0127594)

 -
0.0226252***  
(0.0129686)

 -0.0225695***  
(0.0128463)

 -
0.0216856***  
(0.0127965)

 -
0.0215635***  
(0.0128768)

 -0.0219093***  
(0.0128632)

 -
0.0223641***  
(0.0129314)

 -0.0223081***  
(0.0131207)

 -0.0226844***  
(0.0131474)

 -
0.0222197***  
(0.0128506)

 -0.0221478***  
(0.0129609)

 -0.0226294***  
(0.0129528)

 -0.0212112***  
(0.0127523)

-0.0205545  
(0.0127425)

-0.0204725  
(0.0127582)

 -0.0211255***  
(0.012736)

 -0.0207923***  
(0.0125267)

 -0.0208467***  
(0.0125296)

-0.0204028  
(0.0127215)

-0.0204223  
(0.0125739)

-0.0205413  
(0.0125726)

d87
 -0.0232613***  
(0.0135429)

 -0.0231023***  
(0.0135419)

 -0.0229248***  
(0.0134922)

 -0.0231541***  
(0.0133897)

 -0.023138***  
(0.0133599)

 -0.0233314***  
(0.0133828)

 -0.0229631*** 
(0.0133518)

 -
0.0240267***  
(0.0135304)

 -0.0239721***  
(0.0134479)

 -
0.0230688***  
(0.0133559)

 -
0.0229546***  
(0.0134168)

 -0.023305***  
(0.013429)

 -
0.0237557***  
(0.0134689)

 -0.023702***  
(0.0136246)

 -0.0240828***  
(0.0136727)

 -
0.0236134***  
(0.0134327)

 -0.0235443***  
(0.0135188)

 -0.0240289***  
(0.0135255)

 -0.0227121***  
(0.0133426)

 -
0.0222419***  
(0.013328)

 -0.0222369***  
(0.0133372)

 -0.0226369***  
(0.0133184)

 -0.022217***  
(0.0131296)

 -0.0222598***  
(0.0131401)

 -0.0221174***  
(0.0132994)

 -0.0219807***  
(0.0131531)

 -
0.0220659***  
(0.0131613)

Random Effects Model
Dependent Variable TFP Growth

Table A12



d88
-0.0202779  
(0.0158037)

-0.0200774  
(0.0157992)

-0.0198913  
(0.0157834)

-0.0203511  
(0.0157147)

-0.0204111  
(0.0156586)

-0.0206042  
(0.0157069)

-0.0200843  
(0.0156559)

-0.021294  
(0.0158853)

-0.0212381  
(0.0157854)

-0.0204689  
(0.0156894)

-0.0203846  
(0.0156942)

-0.0205833  
(0.0157091)

-0.0211472  
(0.0158552)

-0.0211032  
(0.0159105)

-0.0213426  
(0.0159411)

-0.0210071  
(0.0157682)

-0.0209496  
(0.0157676)

-0.0212877  
(0.0157889)

-0.0198372  
(0.0156333)

-0.0191369  
(0.0155957)

-0.0190535  
(0.0155946)

-0.0198119  
(0.0155972)

-0.0196122  
(0.015429)

-0.0196245  
(0.0154498)

-0.0190518  
(0.0155521)

-0.0191982  
(0.0154407)

-0.019276  
(0.0154614)

d89
-0.0204211  
(0.0138989)

-0.0200386  
(0.0139062)

-0.0198313  
(0.0138703)

-0.0205559  
(0.013863)

-0.0206374  
(0.013852)

-0.0208283  
(0.0138888)

-0.0198561  
(0.0138528)

-0.0215129  
(0.0140396)

-0.021455  
(0.0138886)

-0.0208924  
(0.0138398)

-0.0208556  
(0.0138571)

-0.020816  
(0.013911)

-0.0215608  
(0.013996)

-0.0215321  
(0.0140839)

-0.0215497  
(0.0141354)

-0.0214239  
(0.0138187)

-0.0213848  
(0.0138703)

-0.0214932  
(0.0139416)

-0.0196227  
(0.013844)

-0.0186507  
(0.0138368)

-0.0186036  
(0.01384)

-0.0195027  
(0.0138388)

-0.0192189  
(0.0137787)

-0.0193018  
(0.0137759)

-0.0184343  
(0.0138302)

-0.0186373  
(0.0138023)

-0.0188215  
(0.0137979)

d90
-0.01459  
(0.0128755)

-0.0141868  
(0.0128488)

-0.0140009  
(0.0127887)

-0.0149526  
(0.0128035)

-0.0151657  
(0.0128141)

-0.0153621  
(0.0128818)

-0.0143455  
(0.012752)

-0.0160331  
(0.0130864)

-0.0159738  
(0.012923)

-0.0154175  
(0.0128896)

-0.0153671  
(0.0129264)

-0.0153461  
(0.0129158)

-0.0160727  
(0.0131013)

-0.01604  
(0.013216)

-0.0160744  
(0.0132099)

-0.0159323  
(0.0129263)

-0.0158883  
(0.0129967)

-0.0160165  
(0.0129936)

-0.0141057  
(0.0127264)

-0.0131601  
(0.0126517)

-0.0131426  
(0.0126502)

-0.0140274  
(0.0127028)

-0.0137888  
(0.0125204)

-0.0138409  
(0.0125262)

-0.0129942  
(0.0126204)

-0.0132205  
(0.0125255)

-0.0133675  
(0.0125323)

d91
 -0.0221883***  
(0.0128586)

 -0.0217443***  
(0.0128243)

 -0.0224961***  
(0.0127734)

 -0.0222578***  
(0.0127242)

 -0.0225285***  
(0.0127248)

 -0.0224462***  
(0.012679)

 -0.0211314*** 
(0.0125802)

 -0.023057***  
(0.0128645)

 -0.0230242***  
(0.0127748)

 -
0.0224235***  
(0.0126588)

 -
0.0225119***  
(0.0126389)

 -0.0224723***  
(0.0126571)

 -
0.0230217***  
(0.0128385)

 -0.0230346***  
(0.0128117)

 -0.02304***  
(0.0128302)

 -
0.0229416***  
(0.0127433)

 -0.0229539***  
(0.0127331)

 -0.0230089***  
(0.012756)

 -0.0212727***  
(0.0126244)

-0.0200933  
(0.0125178)

-0.0200087  
(0.0125066)

 -0.0211033***  
(0.0126208)

 -0.0208294***  
(0.0124729)

 -0.0209513***  
(0.0124634)

-0.0198031  
(0.0125099)

-0.0201099  
(0.0124423)

-0.0203597  
(0.0124329)

d92
-0.0109583  
(0.0140894)

-0.0104655  
(0.0140057)

-0.0111892  
(0.0139492)

-0.011032  
(0.0139069)

-0.0112959  
(0.0139275)

-0.0112079  
(0.0138904)

-0.0097712  
(0.0136978)

-0.0118222  
(0.0140281)

-0.0117887  
(0.0139565)

-0.0111119  
(0.0138838)

-0.0111906  
(0.0138748)

-0.0112331  
(0.0138753)

-0.0117153  
(0.0140089)

-0.011725  
(0.0139965)

-0.0118065  
(0.0140023)

-0.0116306  
(0.0139383)

-0.0116389  
(0.013938)

-0.0117748  
(0.0139439)

-0.009923  
(0.013733)

-0.008638  
(0.0135657)

-0.0085601  
(0.0135653)

-0.0095307  
(0.013724)

-0.0090589  
(0.013545)

-0.0093474  
(0.0135352)

-0.008081  
(0.0135474)

-0.0082841  
(0.0134599)

-0.0087319  
(0.0134553)

d93
 -0.020998***  
(0.0119369)

 -0.0203262***  
(0.0118561)

 -0.0210272***  
(0.0117791)

 -0.0210152***  
(0.011827)

 -0.0210496***  
(0.0118214)

 -0.0209647***  
(0.0117806)

-0.0190258  
(0.011637)

 -
0.0215911***  
(0.0119294)

 -0.0215583***  
(0.0118471)

 -
0.0208378***  
(0.0117668)

 -0.020945***  
(0.0117633)

 -0.0209989***  
(0.0117693)

 -
0.0214539***  
(0.0118975)

 -0.0214723***  
(0.0118685)

 -0.0215637***  
(0.0118788)

 -
0.0213696***  
(0.0118209)

 -0.0213883***  
(0.0118136)

 -0.0215329***  
(0.0118207)

-0.0191852  
(0.0116639)

-0.0174804  
(0.0115526)

-0.017398  
(0.011562)

-0.0189957  
(0.0116542)

-0.0184733  
(0.0114819)

-0.0186015  
(0.011479)

-0.0171251  
(0.0115351)

-0.0174593  
(0.0114694)

-0.0177617  
(0.0114672)

d94
 -0.021683***  
(0.012429)

 -0.0209233***  
(0.0123473)

 -0.0216391***  
(0.0122004)

 -0.0216321***  
(0.0123785)

 -0.021614***  
(0.012394)

 -0.0215339***  
(0.0123501)

-0.0194296  
(0.0122117)

 -
0.0221578***  
(0.0124703)

 -0.022125***  
(0.0123924)

 -
0.0214265***  
(0.012351)

 -
0.0215454***  
(0.0123562)

 -0.021571***  
(0.0123509)

 -
0.0220396***  
(0.0124575)

 -0.0220618***  
(0.0124292)

 -0.0221264***  
(0.0124232)

 -
0.0219561***  
(0.0123818)

 -0.0219793***  
(0.0123768)

 -0.0220958***  
(0.0123713)

-0.0195864  
(0.012243)

-0.0179136  
(0.0121241)

-0.0178797  
(0.0121271)

-0.0192763  
(0.0122249)

-0.0190011  
(0.0120372)

-0.0192329  
(0.0120401)

-0.0174209  
(0.0120993)

-0.0179554  
(0.0120292)

-0.0183806  
(0.01203)

d95
-0.0118589  
(0.0115428)

-0.0110803  
(0.011459)

-0.011779  
(0.0113776)

-0.0119541  
(0.0115416)

-0.0120029  
(0.0115555)

-0.0119199  
(0.0115129)

-0.0098191  
(0.011375)

-0.0125413  
(0.0116639)

-0.0125074  
(0.0115768)

-0.0117963  
(0.0114916)

-0.0119258  
(0.0114857)

-0.0119604  
(0.0114944)

-0.0124074  
(0.0116247)

-0.012433  
(0.0115795)

-0.0125052  
(0.0115905)

-0.0123207  
(0.0115424)

-0.0123478  
(0.0115276)

-0.0124736  
(0.0115364)

-0.0099799  
(0.0114008)

-0.0083802  
(0.0112979)

-0.0083782  
(0.0113047)

-0.0096531  
(0.0113844)

-0.009263  
(0.0111478)

-0.0095034  
(0.0111499)

-0.0078742  
(0.0112759)

-0.0082811  
(0.0111613)

-0.0087062  
(0.0111578)

d96
-0.0098026  
(0.0119518)

-0.008928  
(0.0118694)

-0.0101969  
(0.0117104)

-0.0096215  
(0.0119073)

-0.0096608  
(0.0119461)

-0.0096589  
(0.0119425)

-0.0073934  
(0.0117835)

-0.0104922  
(0.0123131)

-0.010497  
(0.0123491)

-0.0094295  
(0.0118703)

-0.0095676  
(0.0118315)

-0.0097046  
(0.0118695)

-0.0102506  
(0.0121994)

-0.0102736  
(0.0121276)

-0.0104554  
(0.0121851)

-0.0102522  
(0.0122034)

-0.0102795  
(0.0121407)

-0.010461  
(0.012222)

-0.0074492  
(0.0118131)

-0.0058444  
(0.0116876)

-0.0059005  
(0.0116819)

-0.0072158  
(0.0117859)

-0.0067916  
(0.0115958)

-0.0069579  
(0.0116081)

-0.0054462  
(0.0116511)

-0.0058208  
(0.0115626)

-0.0061598  
(0.0115756)

d97
-0.0133185  
(0.0119255)

-0.0123472  
(0.0118359)

-0.0135849  
(0.0116719)

-0.0132451  
(0.0118806)

-0.0133185  
(0.0118829)

-0.0133116  
(0.0118725)

-0.0110356  
(0.0116756)

-0.014144  
(0.0122587)

-0.0141473  
(0.0122851)

-0.0130706  
(0.0118168)

-0.0132201  
(0.0117665)

-0.0133609  
(0.0117845)

-0.0138911  
(0.0121585)

-0.0139177  
(0.0120695)

-0.0141024  
(0.0121093)

-0.0138885  
(0.0121517)

-0.01392  
(0.0120747)

-0.0141066  
(0.0121385)

-0.0110984  
(0.0117141)

-0.0097997  
(0.0115713)

-0.0099179  
(0.0116041)

-0.0110182  
(0.0117094)

-0.0104203  
(0.0114992)

-0.0104604  
(0.0114973)

-0.0096034  
(0.0115601)

-0.0096869  
(0.0114425)

-0.0098456  
(0.0114439)

d98
 -0.0293022**  
(0.0139457)

 -0.0281397**  
(0.0139751)

 -0.0293555**  
(0.0138282)

 -0.0290975**  
(0.0140076)

 -0.0292494**  
(0.01402)

 -0.0292344**  
(0.0140057)

 -0.0268606*** 
(0.0139129)

 -0.030058**  
(0.0143209)

 -0.0300586**  
(0.0143299)

 -0.0289539**  
(0.0139662)

 -0.0290998**  
(0.0139163)

 -0.0292836**  
(0.0139259)

 -0.0297668**  
(0.0142375)

 -0.0297924**  
(0.0141629)

 -0.0300162**  
(0.0141938)

 -0.029756**  
(0.0142151)

 -0.0297861**  
(0.0141527)

 -0.0300178**  
(0.0142078)

 -0.0269364***  
(0.0139502)

 -
0.0260909***  
(0.0138515)

 -0.0262707***  
(0.013931)

 -0.0267781***  
(0.0139336)

 -0.0260831***  
(0.0137798)

 -0.0261805***  
(0.0137895)

 -0.02584***  
(0.0138235)

 -0.025646***  
(0.0137391)

 -
0.0258243***  
(0.0137563)

d99
 -0.0264862**  
(0.0130065)

 -0.0250451***  
(0.0130755)

 -0.0262425**  
(0.0129704)

 -0.0257449**  
(0.0130414)

 -0.0258664**  
(0.0130859)

 -0.0258405**  
(0.0130656)

 -0.0239061*** 
(0.0129722)

 -0.0266592**  
(0.0133694)

 -0.0266574**  
(0.0133661)

 -0.0255652**  
(0.0130071)

 -0.025696**  
(0.0129807)

 -0.0258852**  
(0.0130196)

 -0.0263732**  
(0.0132657)

 -0.0263942**  
(0.0132154)

 -0.0266232**  
(0.0132772)

 -0.0263571**  
(0.0132359)

 -0.0263814**  
(0.0131959)

 -0.0266225**  
(0.0132796)

 -0.0239862***  
(0.0130061)

 -
0.0242233***  
(0.0129941)

 -0.0241213***  
(0.0129556)

 -0.0240533***  
(0.0129849)

 -0.0240561***  
(0.0128204)

 -0.0240039***  
(0.0128353)

 -0.0243199***  
(0.012961)

 -0.0242125***  
(0.012836)

 -
0.0241289***  
(0.012855)

d00
-0.0152405  
(0.0120882)

-0.0132643  
(0.0119331)

-0.0143653  
(0.0118291)

-0.014161  
(0.0120367)

-0.0142147  
(0.0120753)

-0.0141681  
(0.0120391)

-0.0144779  
(0.012027)

-0.0149873  
(0.0123381)

-0.0149806  
(0.0123086)

-0.0138996  
(0.0119903)

-0.0140445  
(0.0119695)

-0.0142168  
(0.0119881)

-0.0147079  
(0.0122418)

-0.0147333  
(0.0121779)

-0.0149461  
(0.0122172)

-0.0146802  
(0.0121898)

-0.0147094  
(0.0121425)

-0.0149408  
(0.0121991)

-0.0145332  
(0.0120663)

-0.0144497  
(0.0120395)

-0.014124  
(0.0119562)

-0.0154501  
(0.0120704)

-0.0179061  
(0.0121121)

-0.0172826  
(0.0121067)

-0.0155063  
(0.0120556)

-0.0175342  
(0.0120874)

-0.0168823  
(0.0120695)

R 
square(over
all)

0.1461 0.1462 0.1458 0.1466 0.1467 0.1467 0.1472 0.1469 0.1469 0.1469 0.1469 0.1468 0.147 0.147 0.1469 0.147 0.147 0.1469 0.1471 0.1475 0.1475 0.1473 0.148 0.1479 0.1477 0.1482 0.148

No. of 
Observation
s

960 960 960 960 960 960 960 960 960 960 960 960 960 960 960 960 960 960 960 960 960 960 960 960 960 960 960

Wald chi^2 
for Random 
Effects

86.25 90.23 89.43 94 96.91 100.69 106.71 114.69 116.88 102.11 101.86 100.56 115.72 115.55 114.64 118.23 118.11 116.9 102.37 120.95 362.4 105.6 111.5 111.56 139.85 123.27 118.61

prob > chi^2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Langrange 
Multiplier 
test for RE

8.85 8.81 8.71 8.72 8.71 8.74 9.02 8.88 8.9 8.89 8.83 8.72 9.01 8.99 8.91 9.06 9.04 8.93 8.96 9.11 9.18 8.91 8.52 8.51 9.09 8.7 8.67

prob > chi^2 0.0029 0.003 0.0032 0.0031 0.0032 0.0031 0.0027 0.0029 0.0029 0.0029 0.003 0.0031 0.0027 0.0027 0.0028 0.0026 0.0026 0.0028 0.0028 0.0025 0.0024 0.0028 0.0035 0.0035 0.0026 0.0032 0.0032

Hausman 
Random 
chi^2

0.804829 0.899078 0.84723 1.622269 1.899748 2.130389 3.482124 2.381441 3.020333 2.37316 2.761356 2.76786 2.49251 3.255686 3.360648 3.403847 3.818712 3.868784 3.182887 3.255688 3.907777 3.033104 3.245572 3.389545 3.087845 3.404107 3.568668

0.6687 0.8257 0.6547 0.8048 0.8628 0.9073 0.8371 0.9358 0.9331 0.9363 0.9484 0.9056 0.9621 0.9533 0.9097 0.9461 0.9552 0.9198 0.7856 0.8604 0.8653 0.8819 0.918 0.8468 0.9387 0.9461 0.8938

Notes:        1) The results are robust to White Heteroscedasticity.
                           2) Values in parenthesis are standard errors.
                           3) *,**,*** denote significance at 1%, 5% and 10% levels respectively



Specific       
28

Specific        
29

Specific      
30

0.016391  
(0.0118244)

0.0206124***  
(0.011978)

0.0206069***  
(0.0119804)

 -0.2571783***  
(0.1366294)

 -0.2532956***  
(0.1370398)

 -0.261505***  
(0.1359177)

0.10693  
(0.1700885)

0.1077094  
(0.1702273)

0.1037026  
(0.1711525)

0.2610617  
(0.3570315)

-0.4204045  
(0.528893)

-0.250639  
(0.492245)

0.0000707  
(0.0000639)

0.0000127  
(0.0000661)

0.00000823  
(0.0000657)

0.0031685  
(0.0081256)

0.0038584  
(0.0080778)

0.0058915  
(0.0086168)

21.89409  
(21.71446)

20.24289  
(22.59181)

18.4211  
(22.28921)

171.6268  
(344.582)

174.725  
(364.3965)

178.776  
(367.9448)

441.9819  
(1394.933)

605.429  
(1489.451)

655.8273  
(1512.468)

0.6718529  
(0.4537457)

0.5246188  
(0.4466915)

0.0108098***  
(0.0056385)

0.0116736**  
(0.0056755)

0.085023  
(0.074778)

0.0850685  
(0.0747795)

0.0851171  
(0.0747319)

-0.0729554  
(0.0699972)

-0.0730903  
(0.0700016)

-0.073176  
(0.0700025)

-0.0114491  
(0.0118169)

-0.011735  
(0.0117264)

-0.0118334  
(0.0117076)

 -0.0301132**  
(0.0132679)

 -0.0303886**  
(0.0132098)

 -0.0305431**  
(0.0132188)

-0.0061054  
(0.0133394)

-0.0063445  
(0.0132794)

-0.0064227  
(0.0132941)

-0.0130556  
(0.013852)

-0.0133148  
(0.0137881)

-0.0133245  
(0.0138)

-0.0048491  
(0.0146247)

-0.0050882  
(0.014555)

-0.0050666  
(0.0145595)

 -0.0233103***  
(0.0132286)

 -0.0236166***  
(0.0131335)

 -0.023529***  
(0.0131322)

-0.0268713  
(0.016572)

-0.027208  
(0.0165439)

-0.0271219  
(0.01654)

-0.0199758  
(0.0136636)

-0.0202665  
(0.0135941)

-0.0202223  
(0.0135727)

-0.0485541  
(0.0141525)

-0.0494177  
(0.0141757)

-0.049523  
(0.0141716)

-0.042957  
(0.0137744)

-0.0432611  
(0.013718)

-0.0432846  
(0.0137134)

-0.0177327  
(0.0126491)

-0.0180984  
(0.012568)

-0.0182336  
(0.0125556)

 -0.0225359***  
(0.0126506)

 -0.022746***  
(0.0125669)

 -
0.0228742***  
(0.0125572)

-0.0203305  
(0.0127376)

-0.0203236  
(0.0125854)

-0.0204314  
(0.012584)

 -0.0221142***  
(0.0133091)

 -0.0219732***  
(0.0131584)

 -
0.0220557***  
(0.0131654)



-0.0189775  
(0.0155521)

-0.0190997  
(0.0154364)

-0.0191674  
(0.0154557)

-0.0183941  
(0.0138342)

-0.0185867  
(0.0138034)

-0.0187621  
(0.0137982)

-0.0129801  
(0.0126196)

-0.0132062  
(0.0125193)

-0.0133483  
(0.0125252)

-0.0197298  
(0.0125001)

-0.0200162  
(0.0124297)

-0.020252  
(0.0124189)

-0.0080163  
(0.0135478)

-0.0082  
(0.0134592)

-0.0086297  
(0.0134541)

-0.0170545  
(0.0115447)

-0.0173699  
(0.0114788)

-0.0176574  
(0.0114772)

-0.0173952  
(0.0121024)

-0.017932  
(0.0120286)

-0.0183447  
(0.0120302)

-0.0078773  
(0.0112813)

-0.0082944  
(0.0111636)

-0.0087101  
(0.0111624)

-0.0055006  
(0.0116462)

-0.0059037  
(0.0115473)

-0.0062411  
(0.0115596)

-0.0097118  
(0.0115929)

-0.0098371  
(0.0114662)

-0.0100045  
(0.0114665)

 -0.0260044***  
(0.0139035)

 -0.0258669***  
(0.0138074)

 -
0.0260592***  
(0.013823)

 -0.0242271***  
(0.0129259)

 -0.024083***  
(0.0127983)

 -
0.0239907***  
(0.0128158)

-0.0152027  
(0.0119591)

-0.0171631  
(0.0120086)

-0.0164964  
(0.0120008)

0.1477 0.1482 0.1481

960 960 960

725.21 282.77 239.25

0 0 0

9.15 8.78 8.75

0.0025 0.003 0.0031

3.856772 4.408987 4.521517

0.9206 0.927 0.8739



OLS 2SLS
Exogeneity 

Test
OLS 2SLS

Exogeneity 
Test

TFP Growth TFP Growth TFP Growth TFP Growth TFP Growth TFP Growth

Constant -0.0029185  
(0.0152017)

-0.0076204  
(0.013317)

-0.0076204  
(0.0133214)

-0.0029185  
(0.0152017)

-0.0074441  
(0.0131538)

-0.0074441  
(0.0131523)

M :(skK + slL)  -0.2840415**  
(0.1384526)

 -0.4062251*  
(0.0803942)

 -0.4062251*  
(0.0804227)

 -0.2840415**  
(0.1384526)

 -0.4136965*  
(0.0806418)

 -0.4136965*  
(0.0807307)

Education Growth 0.4152356  
(0.3344875)

   0.48393***    
(0.2679482)

     0.48393***  
(0.268144)

0.4152356  
(0.3344875)

0.4237604  
(0.2676516)

0.4237604  
(0.2676581)

Growth in Health 0.1308249  
(0.1233602)

0.0163208  
(0.1046494)

0.0163208  
(0.104616)

0.1308249  
(0.1233602)

0.220124  
(0.154663)

0.220124  
(0.1486563)

Open 0.0000707  
(0.0000718)

0.0000796  
(0.0000524)

0.0000796  
(0.0000524)

0.0000707  
(0.0000718)

0.0000837  
(0.0000521)

0.0000837  
(0.0000521)

Democracy Index 0.0117306  
(0.0146567)

0.0196323  
(0.0127171)

0.0196323  
(0.012724)

0.0117306  
(0.0146567)

0.0193461  
(0.012609)

0.0193461  
(0.0126103)

Residual Term -0.7784281  
(0.5814707)

  -0.7450681*  
(0.2313463)

R square 0.1039 0.1129 0.1129 0.1039 0.1133 0.1146

No of Observations 960 896 896 960 896 896

F Test 1.89 5.98 5.07 1.89 6.8 7.79

(p-value) 0.0943 0 0 0.0943 0 0

F Test For Instruments 4993.3 25.91

Sargan Test 12.2682 10.5791

Critical value of chi-square 15.0863 15.0863

Notes:      1) The results are robust to White Heteroscedasticity.
                           2) Values in parenthesis are standard errors.

Dependent Variable

Table B1

Exogeneity Test and Two stage Least Squares

Exogeneity Test for Education: literacy rate Exogeneity Test for Health



                           3) *,**,*** denote significance at 1%, 5% and 10% levels respectively



Specific    
1

Specific    
2

Specific   
3

Specific   
4

Specific    
5

Specific    
6

Specific     
7

Constant 0.02011*  
(0.003731)

0.018825*  
(0.004063)

0.020793*  
(0.005217)

0.015935*  
(0.004433)

0.013621**  
(0.006382)

0.009592  
(0.008486)

0.006744  
(0.007781)

M :(skK + 
slL)

 -0.556254*  
(0.10016)

 -0.555219*  
(0.110121)

 -0.59664*  
(0.159751)

 -
0.579406*  
(0.097855)

 -0.58069*  
(0.104419)

-0.694082*  
(0.157283)

 -0.755101*  
(0.145754)

Education 
Growth 

(sch): Ed

0.109253***  
(0.062623)

0.114863*** 
(0.065553)

0.13366**  
(0.066844)

0.151848***  
(0.086675)

0.071571  
(0.738612)

0.030905  
(0.914973)

Growth in 
Health: Hs

0.326391**  
(0.134457)

0.369161*
*  

(0.158031)

0.333525*
*  

(0.134365)

0.345319**  
(0.15962)

0.130632  
(0.095443)

0.930864**  
(0.392251)

Open
0.0000533  
(0.0000465

)

0.0000312  
(0.0000501)

0.000102***  
(0.000057)

0.000116***  
(0.0000663)

Democracy 
Index

0.007216  
(0.007457)

0.012761  
(0.009144)

0.01118  
(0.008719)

Ed^2 0.947018  
(9.019714)

1.217983  
(11.18911)

Ed^3

Ed^4

Hs^2 16.69325**  
(8.463112)

Hs^3

Hs^4

Dem * Ed

Open * Ed

Dem * Hs

Open * Hs

R square 0.102908 0.100776 0.10386 0.101137 0.101735 0.105868 0.1037

No of 
Observations 867 867 867 896 896 867 867

Depen



Chi-square 
value for J 

Test
17.92 8.96 9.45 16.128 13.02 17.34 11.271

Critical 
value of chi-

square
18.307 16.919 11.0705 18.307 18.307 23.6848 19.6751

Notes: 1) The results are robust to White Heteroscedasticity.
2) Values in parenthesis are standard errors.
3) *,**,*** denote significance at 1%, 5% and 10% levels respectively.



Specific   
8

Specific   
9

Specific   
10

Specific     
11

Specific   
12

Specific    
13

Specific   
14

Specific   
15

Specific    
16

0.006956  
(0.009834)

0.008252  
(0.012566)

0.018055  
(0.006055)

0.021602**  
(0.011101)

0.011059  
(0.018601)

0.006004  
(0.005823)

0.015634*
*  

(0.007118)

0.010979  
(0.007039)

0.008945  
(0.005458)

 -0.78804*  
(0.138832)

 -
0.768179*  
(0.183282)

 -
0.773893*  
(0.135126)

 -0.795689*  
(0.142093)

 -
0.722807*  
(0.14991)

-0.763665*  
(0.125884)

 -
0.902971*  
(0.16087)

 -
0.605793*  
(0.122402)

 -0.736139*  
(0.126329)

2.456143  
(1.973257)

2.385027  
(2.171079)

0.794434  
(0.560594)

0.001336  
(0.980933)

0.307134  
(1.781747)

0.129259***  
(0.074683)

0.226006*
*  

(0.098822)

0.201009*  
(0.073792)

0.142339*** 
(0.075273)

0.033809  
(0.08861)

-0.017731  
(0.139191)

0.021887  
(0.086732)

0.066202  
(0.103003)

0.097648  
(0.131479)

0.911396**  
(0.369304)

0.807491*
*  

(0.314075)

1.149203*  
(0.414061)

0.576447  
(0.353432)

0.0000161  
(0.0000636

)

0.0000217  
(0.0000816

)

0.0000052
6  

(0.0000539

0.0000548  
(0.0000845)

0.0000563  
(0.00011)

0.000113**  
(0.0000568)

0.0000697  
(0.0000611

)

0.0000283  
(0.0000507

)

0.000103  
(0.0000521)

0.008556  
(0.007572)

0.00262  
(0.009913)

0.003866  
(0.007871)

-0.003767  
(0.010302)

0.011403  
(0.009605)

0.012018***  
(0.006746)

0.008504  
(0.008243)

0.00414  
(0.006877)

0.008958**  
(0.00683)

-51.30853  
(45.87461)

-25.10185  
(87.58675)

-7.998307  
(6.559386)

-3.88547  
(9.460141)

-3.203863  
(17.31269)

232.5822  
(233.3314)

-474.5594  
(1347.421)
4248.259  
(6465.59)

16.36207**  
(8.248758)

12.79954  
(34.6656)

8.120183  
(54.5242)

10.53673*** 
(5.766623)

-48.02402  
(448.0001)

-458.6943  
(1218.093)
-2908.515  
(5720.695)

0.150324  
(0.267308)

0.629224***  
(0.288421)

0.00247  
(0.003991)

0.001656  
(0.006599)

0.365254  
(0.565957)

0.106719 0.106426 0.1015398 0.102031 0.102055 0.103164 0.108222 0.106865 0.100679

896 896 867 838 867 867 867 896 867

ndent Variable: TFP Growth
GMM

Table C4



17.92 14.336 25.143 22.626 17.34 11.307 10.501 17.92 18.207

24.9958 24.9958 26.2692 27.5871 12.0261 18.307 24.9958 23.6848 19.6751



Specific    
17

Specific    
18

0.005418  
(0.006393)

0.005602  
(0.00642)

 -0.708565*  
(0.127063)

 -0.720692*  
(0.117482)

0.146963**  
(0.07295)

0.173655**  
(0.073014)

0.215845  
(0.620514)

1.358669**  
(0.688452)

0.000116***  
(0.0000707)

0.00012***  
(0.0000713)

0.005717  
(0.006952)

0.009049  
(0.006955)

29.05653**  
(11.67183)

16.94184**  
(8.221551)

1.609439**  
(0.754149)
0.000945  

(0.007261)
-0.006428  
(0.007231)

0.100284 0.101269

867 838



14.185 12.669

24.9958 22.3621



Specific        
1

Specific         
2

Specific       
3

Specific       
4

Specific        
5

M :(skK + slL)  -0.285675  
(0.185404)

 -0.313975***  
(0.189161)

 -0.323796***  
(0.189771)

 -0.311703  
(0.280646)

 -0.320706  
(0.276535)

Open 0.000087  
(0.000115)

0.000078  
(0.000116)

0.000060  
(0.000147)

Democracy Index 0.011059  
(0.016339)

Country Dummies included included included included included
Time Dummies included included included included included

Non Parametric Estimators

Education Growth (lit): Ed included included included included included
Growth in Health: Hs included included
Dem * Ed
Open * Ed
Dem * Hs
Open * Hs
Model Specification Test -0.873608 -0.874659 -0.874875 -0.873735 -0.874696
p-value 0.71429 0.71429 0.71429 0.71429 0.71429
R square 0.103182 0.103782 0.104260 0.101573 0.101792
No. of observations 960 960 960 960 960

              Notes:  1) Values in parenthesis are standard errors.
                          2) *,**,*** denote significance at 1%, 5% and 10% level



Specific       
6

Specific        
7

Specific         
8

Specific       
9

Specific       
10

Specific        
11

Specific         
12

 -0.335782  
(0.277138)

 -0.321261***   
(0.193815)

 -0.371155***  
(0.202816)

 -0.274820  
(0.205605)

 -0.312172  
(0.209790)

 -0.330190  
(0.210936)

 -0.323195  
(0.205845)

0.000049  
(0.000148)

0.000090  
(0.000120)

 -0.000013  
(0.000143)

0.000110  
(0.000123)

0.000099  
(0.000123)

0.000098  
(0.000120)

0.019942  
(0.023436)

0.006254  
(0.016688)

0.013814  
(0.016910)

0.013329  
(0.016001)

 -0.008197  
(0.020859)

included included included included included included included
included included included included included included included

included
included included included included

included
included

included

-0.874923 -0.955940 -0.950684 -0.873558 -0.874552 -0.874802 -0.874818
0.71429 0.32832 0.37093 0.71429 0.71429 0.71429 0.71429
0.102537 0.106456 0.106596 0.102664 0.103506 0.104229 0.103757
960 960 960 960 960 960 960

ls respectively.

Dependent Variable: TFP Growth
Semiparametric model

Table D3



Specific        
13

Specific         
14

Specific        
15

 -0.329076  
(0.201228)

 -0.316119  
(0.281385)

 -0.389179***  
(0.225119)

 -0.000012  
(0.000151)

0.000118  
(0.000144)

0.000014  
(0.000202)

0.006807  
(0.016345)

 -0.01319256  
(0.026865)

0.012265  
(0.021474)

included included included
included included included

included
included

included
included included
-0.874971 -0.984539 -0.875756
0.71429 0.32331 0.71429
0.103553 0.106256 0.103722
960 960 960



  
Graphs Related to Table 3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 



Graphs Related to Table 4 

 

 



 

 

 



 

 



 

 

 



 

 

  



 
Appendix E 

 
 

Table E1 

Comparison of Output Growth Model with Different Estimation 
Techniques 

 Dependent 
Variable 

CE             
(Output 
Growth) 

FE             
(Output 
Growth) 

RE             
(Output 
Growth) 

2SLS           
(Output 
Growth) 

GMM           
(Output 
Growth) 

PLR            
(Output 
Growth) 

Constant  -0.001953       
(0.017087) 

0.01132         
(0.046479) 

0.0179535  
(0.0219714) 

-0.0057337  
(0.014183) 

 -0.011465       
(0.013886)   

Capital Growth 0.385149*       
(0.07479) 

0.27582***  
(0.162671) 

0.4451359*  
(0.0802244) 

0.3601799*  
(0.0528332) 

0.119265***  
(0.069464) 

0.393732**  
(0.114917) 

Labor Growth 0.204943        
(0.192339) 

0.459233        
(0.351415) 

0.2247373  
(0.2042151) 

0.090886       
(0.190417) 

0.193315        
(0.313364) 

0.151675  
(0.4577663) 

Education 
Growth (lit) 

0.431256        
(0.336731) 

0.486624        
(0.898637) 

0.271633        
(0.4925597) 

 0.4409085***  
(0.2661781) 

0.661969*  
(0.241684)   

Growth in 
Health 

0.0894          
(0.123167) 

0.071268        
(0.188014) 

0.0423024       
(0.092662) 

0.1692617  
(0.1577864) 

0.287386**  
(0.142818)   

Openness 0.0000732  
(0.0000707) 

0.000382**  
(0.000174) 

0.0000843  
(0.0000645) 

0.0000965***  
(0.0000517) 

0.000179*  
(0.0000628) 

0.000098 
(0.000119)  

Democracy 
Index 

0.014509        
(0.015974) 

0.012812        
(0.05265) 

0.0086693  
(0.0171498) 

0.0199995  
(0.0125023) 

0.026289**  
(0.010968) 

0.012284 
(0.016224)  

R square 0.116293 0.1524 0.1615 0.1306 0.123625 0.120137 

No of 
Observations 960 960 960 896 838 960 

 
Notes: 1) The results are robust to White Heteroscedasticity. 
 2) Values in parenthesis are standard errors. 
 3) *,**,*** denote significance at 1%, 5% and 10% levels respectively. 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 

Table E2 

Comparison of Output Growth Model with Different Estimation 
Techniques 

  Dependent 
Variable 

CE             
(Output 
Growth) 

FE             
(Output 
Growth) 

RE             
(Output 
Growth) 

2SLS           
(Output 
Growth) 

GMM           
(Output 
Growth) 

PLR            
(Output 
Growth) 

Constant 0.003103  
(0.009903) 

0.023893  
(0.020772) 

0.0227907***  
(0.0131073) 

0.0023874  
(0.009223) 

0.00765  
(0.011543)   

Capital Growth 0.381844*  
(0.068985) 

0.28239**  
(0.140581) 

0.4407882*  
(0.0784934) 

0.3689001*  
(0.0576747) 

0.197082**  
(0.082765) 

0.069206 
(0.241287)  

Labor Growth 0.20921  
(0.20279) 

0.395341  
(0.330909) 

0.218725  
(0.21025) 

0.1442877  
(0.1992715) 

0.251657  
(0.300793) 

-0.410534 
(1.32801)  

Education 
Growth (sch) 

0.166458  
(0.158431) 

0.105322  
(0.229484) 

0.1321265  
(0.1679666) 

0.0104301  
(0.1232943) 

0.196411***  
(0.118687)   

Growth in 
Health 

0.097597  
(0.098408) 

0.08768  
(0.21136) 

0.0443824  
(0.1052466) 

 0.2466025**   
(0.1203831) 

0.250049***  
(0.140984)   

Openness 0.0000676  
(0.0000674) 

0.000375**  
(0.000189) 

0.0000776  
(0.0000601) 

  0.0000851***  
(0.0000501) 

0.000119***  
(0.0000706) 

0.000364 
(0.000506)  

Democracy 
Index 

0.009304  
(0.008702) 

0.014793  
(0.052555) 

0.0054992  
(0.0077814) 

0.0121915  
(0.0075566) 

0.005275  
(0.008337) 

0.1020009*** 
(0.051499)  

R square 0.116021 0.1525 0.1617 0.1283 0.114129 0.1068774 

No of 
Observations 960 960 960 896 865 960 

 
Notes: 1) The results are robust to White Heteroscedasticity. 
 2) Values in parenthesis are standard errors. 
 3) *,**,*** denote significance at 1%, 5% and 10% levels respectively. 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 

Table E3 

Comparison of TFP Growth Model with Different Estimation 
Techniques 

Dependent 
Variable 

CE             
(TFP Growth) 

FE             
(TFP Growth) 

RE             
(TFP Growth) 

2SLS           
(TFP Growth) 

GMM           
(TFP Growth) 

PLR            
(TFP Growth) 

Constant  -0.002005       
(0.015654) 

0.025764        
(0.041451) 

0.0166822  
(0.0210725) 

-0.0074441  
(0.0131538) 

-0.0084  
(0.010665)   

Additive Term 
of labor and 
capital : 
(skK + slL) 

 -0.334982**  
(0.145698) 

 -0.424094       
(0.271367) 

   0.2489515***  
(0.1417596) 

 -0.4136965*  
(0.0806418) 

 -0.769932*  
(0.125491) 

 -0.323796***  
(0.189770) 

Education 
Growth (lit) 

0.420248        
(0.342875) 

0.248093        
(0.886595) 

0.2574645  
(0.4936478) 

0.4237604  
(0.2676516) 

0.659898*  
(0.220658)   

Growth in 
Health 

0.133918        
(0.123368) 

0.09977         
(0.201898) 

0.1112044  
(0.0949984) 

0.220124        
(0.154663) 

0.318187**  
(0.144222)   

Openness 0.00006         
(0.0000738) 

0.000345**  
(0.000171) 

0.000068        
(0.0000665) 

0.0000837  
(0.0000521) 

0.000173*  
(0.0000623) 

0.000078  
(0.000115) 

Democracy 
Index 

0.01349  
(0.016285) 

0.01455  
(0.053846) 

0.0080183  
(0.0172985) 

0.0193461  
(0.012609) 

0.025738**  
(0.010267) 

0.011058  
(0.016339) 

R square 0.104561 0.1487 0.1467 0.1133 0.109767 0.104259 

No of 
Observations 960 960 960 896 832 960 

 
 
Notes: 1) The results are robust to White Heteroscedasticity. 
 2) Values in parenthesis are standard errors. 
 3) *,**,*** denote significance at 1%, 5% and 10% levels respectively. 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 

Table E4 

Comparison of TFP Growth Model with Different Estimation 
Techniques 

Dependent 
Variable 

CE             
(TFP Growth) 

FE             
(TFP Growth) 

RE             
(TFP Growth) 

2SLS           
(TFP Growth) 

GMM           
(TFP Growth) 

PLR            
(TFP Growth) 

Constant 0.00361         
(0.006878) 

0.030188***  
(0.01735) 

0.0215694***  
(0.0117594) 

0.0018505  
(0.0065424) 

0.013621**  
(0.006382)   

Additive Term 
of labor and 
capital : 
(skK + slL) 

 -0.342023*  
(0.125747) 

 -0.425506***  
(0.229081) 

 -0.2573585***  
(0.1316689) 

  -0.3937059*   
(0.087435) 

 -0.58069*  
(0.104419) 

-0.330179  
(0.210935) 

Education 
Growth (lit) 

0.146158        
(0.15226) 

0.093385        
(0.225234) 

0.1133303  
(0.1641487) 

-0.0065759  
(0.1223719) 

0.151848***  
(0.086675)   

Growth in 
Health 

0.147268        
(0.1002) 

0.103872        
(0.220872) 

0.1135621  
(0.1099672) 

     0.309495*  
(0.1182353) 

0.345319**  
(0.15962)   

Openness 0.0000549  
(0.0000704) 

0.00034***  
(0.000186) 

0.000062        
(0.0000619) 

0.0000734  
(0.0000503) 

0.0000312  
(0.0000501) 

0.000099  
(0.000123) 

Democracy 
Index 

0.008147        
(0.008933) 

0.01561         
(0.053347) 

0.0048594  
(0.0079754) 

0.0116085       
(0.007645) 

0.007216        
(0.007457) 

0.013320 
(0.0160005) 

R square 0.104083 0.1489 0.1467 0.1111 0.101735 0.104229 

No of 
Observations 960 960 960 896 896 960 

 
 
Notes: 1) The results are robust to White Heteroscedasticity. 
 2) Values in parenthesis are standard errors. 
 3) *,**,*** denote significance at 1%, 5% and 10% levels respectively. 
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