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Summary: In theory, human capital exerts a strong and statistically significant impact on the level and speed of economic growth. However, an empirical verification of this impact, especially with the help of econometric models, provides no clear conclusions. With the aid of economic tools, this article underlines the fact that one of the more important factors determining a positive and significant impact of human capital on economic growth and the relative strength of this impact is the extent of inequality in the distribution of human capital and the quality of institutions.
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INTRODUCTION
According to the theory of endogenous growth and of human capital, especially the theory of economy stimulated by knowledge, when creating and developing a product, human capital is not just a separate factor of production, but one equal to, if nor more important than, traditional factors of production
. Therefore the conclusion is that no country will attain permanent growth without major investments in human capital. An empirical verification on a macroeconomic level, with the aid of econometric tools, of the stochastic interdependence between per capita production, the rate of increase in production and human capital – usually measured in terms of formal education – not always demonstrates the expected positive impact of human capital on economic achievements. The results of surveys by various research establishments do not always provide clear conclusions. The problem is, where does the error lie? In measurements, in modelling techniques, or in the research hypotheses? 

The analysis is based on the assumptions of the endogenous growth theory, where a special role in economy is attributed to human capital. Literature presents at least three approaches to the role of human capital in economic growth [Wolf 2000]. This means that, firstly, a general role of human capital and the principles of its contribution to economic growth are pointed out [Lucas 1988]. Secondly, the interaction between human capital and technological changes is described [Romer 1990]. Thirdly, the role of human capital in convergence processes is emphasised [Grossman, Helpman 1991]. According to Lucas [1988], and Romer [1990], the rate of economic growth is usually expected to increase monotonically together with the increase of the variables representing human capital. When searching for generally available symptomatic measures of human capital, researchers often focus on the average level of appropriate education achieved by populations of particular countries [Barro, Lee 2000]. 

When analysing the issues of the economy of knowledge, many authors often provide a rather imprecise definition of the term. The author of this paper understands the economy stimulated by knowledge as one of the two situations described below. Physical capital explains, in a statistically significant way, the variability of particular countries’ economic achievements, while knowledge influences, in a statistically non-significant way, the level and the dynamics of the product generated. The second, less demanding situation is taken into consideration, where both physical capital and knowledge explain, in a statistically significant way, the different levels or dynamics of economic achievements, while knowledge influences explaining the variability of the product and its dynamics, to a greater extent. Human capital is merely one of the elements of knowledge, the so-called acquired knowledge. Certain research hypotheses are proposed in the study. The first one is that the control of inequalities in human capital is a significant condition for observing human capital’s positive impact on economic growth, and the second is that ensuring high quality of institutions and openness in trade are some of the factors decisive for the controversy regarding the influence of human capital on economic growth. The hypotheses are verified with the use of economic growth models estimated from the cross-section data for the years 1990-2004. Besides the introduction and the summary, the study has two parts. The first part contains the discussion of the assumptions of the theory and the selected results of the research into the relations between human capital and economic growth; the second part presents the outcome of the author’s own research. 

human capital and economic growth - RESEARCH RESULTS IN THE CONTEXT OF THE ASSUMPTIONS OF THE THEORY
The authors of various studies tend to pay more and more attention to the influence of human capital on the level or growth of economic achievements in a macro scale. First of all, human capital and its role in economic growth are juxtaposed with the quality of work. Combined with physical capital, the quality of labour is co-decisive for increasing the productivity of the factors of production. This means that with a certain level of factors of production, higher production is achieved. Moreover, it is assumed that conditions are created for producing more goods and of higher quality, and this results in human capital being awarded with higher salaries than those of unskilled labourers [Weil 2005].
Human capital is defined and measured either as resource or as a flow. In various studies human capital, unlike unskilled a labour force, is identified with formal education, and formal education is introduced to econometric models as a symptomatic variable of the growth or level of education of the labour force. Most often it is measured in terms of years of formal education or with recruitment ratios. Education is considered to be the major component of human capital
 [Cohen, Soto 2001, p. 6]. 

In the light of the assumptions of the endogenous growth theory it is emphasised that a significant scope of external effects generated by human capital is one of the principal features that distinguish it from physical capital. It is assumed that a higher level of an employee’s education yields better effects, not only of the work of that employee, but also of other persons that he or she cooperates with. It is also assumed that better educated labour force fosters the creation of new technologies, and the innovations, but imitations can be and are introduced by the staff possessing lower qualifications [Weil 2005, pp. 176-177]. In highly developed countries, where education is popular, it is postulated that the above effects are of lesser significance. Instead, other effects, associated with the participation of better educated labour force in economy, are observed. These effects are, among others: higher quality of institutions understood as the rules of the economical and political game, including a higher efficiency of government agencies. Expected positive external effects mean that the influence of education on aggregated product should be higher than the aggregated effects of an individual impact.
Generally, researchers start from the assumption that if the results of the microeconomic analyses confirm that in market economies, on average, a higher rate of return (measured as the salary increase) accompanies the rise in the years of education [Rogers 2008, p. 357], a growth of the product can be expected as a consequence of higher educational achievements. However, empirical verification of these issues with the use of econometric models construed both on cross-section and panel data, has not lead to any unambiguous conclusions yet. Certain researchers proved that the relation between the growth of human capital on a macro scale and the typical measures of economic achievements is relatively strong, but surprisingly – negative [Pritchett 2001; Temple 1999].
The lack of clear results of econometric modelling of relations between human capital and economic growth is attributed to at least five categories of causes. They are: low quality of human capital; formal and statistical errors in the process of econometric modelling; simplifying assumptions of the theory, being the basis for the model specification; inefficacy of market mechanisms; insufficient quality of social capital
 that human capital interacts with in economy. As regards the first two categories, the following causes are mentioned: low quality of the data being the measurements of symptomatic variables of human capital; poor selection of estimation methods; incorrect model specification; disregarding the influence of endogeneity between symptomatic human capital variables and the economic growth variable. Low quality of human capital measurements is not especially the result of the fact that in the modelling process it is limited to education capital only. It is also emphasised that the differences in the quality of education are disregarded. Pritchett (2001) points out that the quality of education can be so low that subsequent years of education do not generate human capital. Hanushek and Kim (1995) were among the few researchers into the influence of human capital on economic growth. Having adopted external examination tests as a symptomatic variable of human capital, the authors obtained positive and statistically significant assessments of regression coefficients, being the effect of the influence of this variable on economic growth. It is attempted to prove that the lack of clear empirical confirmation of the expected positive influence of human capital on economic growth does not result from the low quality data, from imperfect estimation methods or from researchers’ errors in the econometric modelling of relations between human capital and economic growth. In the context of the theory, the explanation of these issues is sought in simplifications adopted in the modelling process. The following are mentioned here: imperfections in the operations of certain markets, especially the credit market, and underdevelopment of the financial market in some countries; restrictions on the free movement of human capital; imperfect interchangeability between human capital and physical capital. Restrictions on the free movement of human capital have several causes, among others, a distribution of human capital accumulation in time, no access to tacit knowledge, the extent to which economy is open, and – in the context of the theory of social inequalities – poorer classes’ limited access to education, especially where the credit market is imperfect. According to Lopez, Thomas and Wang (1998, p.10), where factors of production are not perfectly interchangeable, the product in aggregate production function depends not only on the stock of the factors of production, but also on their distribution. This problem is confirmed by Checchi (2000, p. 6). This is particularly true for human capital, where market mechanisms have a limited role in its allocation. Econometric modelling yields a final effect – poor specification of functions of production. The above-mentioned authors suggested a correction to the problem of aggregation, by introducing an additional variable – a measure of inequality in access to human capital. It is frequently expressed with the Gini coefficient. Using a sample of twelve Asian and Latin American countries, Lopez, Thomas and Wang (1998) proved that human capital measured with average educational achievements influences economic growth in a statistically insignificant way. The situation changed, when the Gini coefficient was added to the set of variables controlling the influence of human capital, as a measurement of inequality in access to education, and an additional variable controlling the openness of trade was introduced. Unequal access to human capital negatively influenced the dynamics of economic growth by inefficient allocation of the resource, but it also indirectly reduced the rates of investment in physical capital [Castello and others, 2002, p. C189]. Using the cross-section data from 1960-1990 for the samples from 67 to 83 countries, and the data compounded in time, Castello and Domanech (2002) proved that inequality in access to human capital decrease the dynamics of economic growth both directly and indirectly, by reducing positive influence of human capital and physical capital on economic growth. 

Practically, there is no perfect interchangeability between physical capital and human capital, where increasing the stock of physical capital would influence the increase of human capital’s productivity. With the shortage of physical capital and where market mechanisms do not operate perfectly, human capital is not used to its full productivity.
Thus, positive influence of human capital on economic growth is not unconditional. Quality of institutions and a government’s policy are among the factors that create conditions for the expected effect. 

HUMAN CAPITAL, THE QUALITY OF INSTITUTIONS AND ECONOMIC GROWTH – RESULTS OF THE AUTHOR’S OWN RESEARCH
The author conducted research into the influence of human capital on economic growth in the period of 1990-2004, using the cross-section data and heterogeneous samples comprising from 56 to 95 countries. The assumptions of the endogenous growth theory were adopted. The specification was prepared with the use of the standard model of economic growth regression. Among the research issues, the leading one was the role of inequality in human capital distribution as one of the main factors influencing positive, statistically significant influence of human capital on economic growth. Further, additional hypotheses were formulated, stating that the quality of institutions and openness in trade can be significant conditions for human capital’s positive influence on the dynamics of economic growth. The following model was adopted as the basis:
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where: β – vector of the model’s statistical structure parameters,
wzrost (growth) – average growth rate of real GDP per capita in the years 1990-2004, by 2000 purchasing power parity;
inw – average investment rate for the years 1990 - 2004 (as per cent of the GDP),
lnY0 – natural logarithm of the GDP per capita in the starting year of 1990,
lnedu0 – natural logarithm of the employees’ education level in the starting year of the research, as the variable approximating human capital. This variable is estimated as the product of years of education at a given level and the per cent of population with a given education level completed. The logarithm of the variable emphasises the declining influence – due to, among others, depreciation – of increasing human capital, on the growth of the per capita product.
Giniedut-1 – the Gini coefficient as the measurement of inequality in human capital distribution by formal education levels, t-1 – means a shift in time;
X – vector of other variables influencing the expected influence of human capital on economic growth.
GE (government effectiveness) – the index of governmental agencies’ effectiveness, used to measure the quality of public services, the quality of state administration work and the level of its independence from political pressures, the quality of the stated policy and the level of its implementation and the government’s credibility with regard to its commitments.
PI – the ratio of the relative level of prices of investment goods compared to the level of the prices of such goods in the US for the starting year of the research, introduced to control the government’s violations of the correctness of market mechanisms.
Open – it measures the external openness with regard to trade. It is estimated as the average share of turnover, i.e. imports and exports, in the GDP in the years 1990 -2004.
EduY0 – interactive variable between the level of education and the level of economic development.
IneduGE – interactive variable between the level of education and the quality of institutions.
ε – the model’s random variable,
R2 – determination coefficient, skor R2- corrected determination coefficient,
D-W – the Durbin-Watson empirical statistic. 
All the assessed models have been fully verified as to the subject, formally and statistically, and the resistance of the model’s structural parameters to the changes of its specification or changes to a statistical sample was tested with the use of Levene’s test. In order to limit the influence of endogeneity, the observations of the selected explanatory variables were either taken from the initial period of the research or they were shifted in time (the Giniedu variable). Further, an attempt was made to intrumentalise the selected variables. The models presented in the table - selected from several dozen of assessed models – meet the conditions for goodness of fit measure with the empirical data, random distribution of the model’s residuals, and their random variables have normal distribution.

Table 1. Influence of human capital on economic growth in the years 1990-2004.
	Explanatory variables
	MODELS

	
	I
	II
	III
	IV
	V
	VI

	LnY0
	-0.638***
	-0.187
	-0.658***
	-0.273
	-0.273
	-0.653***

	inw
	0.444***
	0.326***
	0.442***
	0.717***
	0.420***
	0.468***

	lnedu
	0.597**
	0.532**
	0.613**
	0.141
	0.182
	0.613**

	giniedu
	0.477*
	0.416**
	0.493*
	
	
	0.505*

	GE
	0.594***
	0.981***
	0.608***
	
	1.277***
	0.611***

	PI
	
	
	-0.024
	0.026
	
	

	open
	
	
	
	
	
	-0.062

	EduY0
	
	-0.927***
	
	
	-1.118***
	

	R2
	0.375
	0.714
	0.376
	0.376
	0.561
	0.385

	SkorR2
	0.337
	0.692
	0.330
	0.348
	0.536
	0.339

	N
	88
	88
	88
	95
	95
	88

	D-W
	1.831
	1.809
	1.825
	1.783
	1.746
	1.853


Source: own calculations. Assessments of the models’ structural parameters are statistically significant: * - at level of 0.1; **- at level of 0.05; ***- at level of 0.01. The data on the lnedu variable come from Barro, Lee (2000) base, the GE variable – after Kaufmann, Kraay and Mastruzzi (2006), the giniedu variable – after Castello (2002), the remaining data come from the Heston-Summers base (2006). The assessments of the regression coefficients are presented in the table in a standardised version in order to capture their direct comparability.
The majority of assessments of regression coefficients estimated with the use of the weighted least squares method, due to the models’heteroscedasticity, or with the generalised least squares method, due to the existence of autocorrelation, have the signs as expected. The exceptions are: estimated structural parameters before the variables: giniedu, open and the interactive variable. In numerous estimated models, the assessments of coefficients placed before the open variable turned out to be statistically insignificant according to the commonly accepted standards, and sensitive to the change of the base model specification. Thus, we failed to capture the influence of openness in trade on the dynamics of economic development, and the control of the level of this variable did not contribute to the change of the direction or strength of the influence of human capital on the average rate of economic growth. Despite the unexpected sign of the assessments of structural parameters placed before the giniedu variable, introducing it to the model resulted in statistically insignificant assessments becoming significant, when the variable measuring the inequality in human capital distribution was introduced to the model (for example, model II or V), or the strength of the observed relative influence of the symptomatic variable of human capital on the average rate of real GNP per capita growth was increasing. In several cases, only when the giniedu variable was introduced to the model, the distribution of the model residuals was random, and the distribution of the random variable became a normal distribution. The GE variable – from among several construed by Kaufmann, Kraaay and Mastruzzi (2006) – turned out to be the best symptomatic variable of the quality of institutions. It explains, to a statistically highly significant extent, the variability of the rate of economic growth and is not sensitive to the changes in the model specification. In numerous cases the control of the level of this variable results in statistically insignificant influence of inequalities in human capital becoming significant when the variable is introduced to the model. The influence of the PI variable on the changes of the rate of economic growth was not recorded, either. The variable is an element of the subset of variables not resistant to the changes in model specification. 
To confirm that the abovementioned dependencies are not spurious in nature - apart from a series test investigating the randomness of the distribution of residuals, a Kolmogorov-Smirnov test investigating the consistency of random variable distribution with normal distribution, and a Jargue-Bery test, a Ramsey’s RESET test of the specifications of individual models was also performed. Moreover, the statistical sample was altered by, among other things, assessing and eliminating outliers and influential observations. The second table contains the results of estimations of selected models after the abovementioned observations have been eliminated.

Table 2. Influence of human capital on economic growth in 1990-2004 – after eliminating outliers and influential observations

	Explanatory variables
	MODELS

	
	I
	II
	III
	IV

	LnY0
	-0.693***
	-0.414**
	-0.809***
	-0.770***

	inw
	0.396**
	0.347**
	0.251*
	0.289**

	lnedu
	0.577*
	0.137
	0.635**
	0.194

	giniedu
	0.368
	
	0.343
	

	GE
	0.599***
	0.547***
	3.073***
	3.063***

	ineduGE
	
	
	-2.429***
	-2.388***

	R2
	0.374
	0.468
	0.530
	0.515

	SkorR2
	0.332
	0.379
	0.492
	0.485

	N
	81
	87
	81
	87

	D-W
	1.930
	1.890
	1.888
	1.890


Source: own calculations.  Dependent variable – the average growth rate of GDP per capita  in real terms, remaining symbols as above. The heteroskedasticity of the model was tested using White’s test.
When the observations which the assessment had shown to be outliers and influential had been removed from the set, it was reaffirmed that human capital has a positive and statistically significant impact on economic growth, but on condition that we control the inequalities in the distribution of human capital (table 2, models I-IV).  An interaction was also disclosed between human capital and the quality of institutions, and its impact on economic growth. This latter factor proved to be negative. One can assume that at a given level of human capital, the quality of (government) institutions is insufficient for human capital to exert a positive impact on economic growth, or these institutions disrupt a proper functioning of the market mechanism.
When analysing a relative share of the variables in explaining the variability of the average rate of growth of the real GNP per capita, one can conclude that, firstly, it is explained with the quality of institutions, secondly, with the investment in physical capital, and thirdly – conditionally, with human capital, if the level of inequalities in human capital is controlled. The role of the interactive variable in explaining the variability of economic growth rates turned out to be significant, but the assessments of the regression coefficients have negative signs, which requires a further deeper analysis in order to determine, to what extent the influence of human capital on the dynamics of changes of economic achievements is conditional on the starting level of development, and to what extent it is conditional on the regional features. In the context of the paradigm of economy stimulated by knowledge it should be stated that according to, for example, the World Bank Institute employees, human capital is merely one of the elements, or pillars, of the broadly defined knowledge [Chen and others 2005]. It is acquired knowledge. Besides, there is also created and used knowledge, represented by the pillar of innovation. Disseminated knowledge is represented by the pillar of information and communication infrastructure. The estimated models show a likelihood that on the turn of the 20th and 21st centuries economy of knowledge was built by the countries possessing large human capital, ensuring high quality of institutions and controlling inequalities in human capital. 

To summarise, it should be stated that not only the countries following the recommendations of the Washington Consensus [Soszyńska 2008], i.e. economic stability, privatisation and liberalisation of economy, are successful in building economy of knowledge. What is equally important, or perhaps even more important, is the quality of institutions, control of inequalities in human capital and the accumulation and use of human capital in economy.
SUMMARY
On a macro scale, human capital on its own does not generate economic growth. For the contribution of human capital to the growth of economic development dynamics to be observed, adequate initial conditions must be met. Apart from the issue of utilising this factor in economy, ensuring high quality of institutions and control of inequalities in human capital are equally important. Using cross-section data and differentiated heterogeneous statistical samples, the author confirmed that the lack of control of inequalities in human capital is likely to be one of the basis causes of the controversy on the role of human capital in economic growth on a macro scale. This applies both to econometric modelling of relations between human capital and economic growth, and to economic reality. Ensuring high quality of institutions is another equally significant factor. The influence of openness of economy and its interactions with human capital on economic growth was not observed. It is still uncertain whether this is primarily the effect of significant reduction of trade barriers in the 21st century. 
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Human capital, quality of institutions and economic growth 

While theories suggested a strong causal link from education to growth on the macroeconomic level, the empirical evidence has not been conclusive. Using cross-country models author proves that controversy concerning the human capital influence on the economic growth may be removed if one controls among others human capital inequality and quality of institutions. This study analyses a samples from 56 to 95 countries in 1990-2004. 
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� I.e. physical capital, labour force and land.


� Next, the following are listed: health of labour force, level of life, access to basic services, social stability, etc.


� It is assumed, after Hall and Jones (1999) that social capital is shaped under the influence of economic and social policies and the quality of the existing institutions.
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