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Abstract: The main results regarding determined goals of the paper concern the analysis of
convergence in relation to the convergence processes from the point of view of physical
capital and human knowledge, as well as labour resources. They usually refer to Mankiw’s
model that is a generalisation of the neoclassical Solow model. The major goal of
deliberations conducted in the paper can lead to the conclusion that the phenomenon of
convergence raises several methodological controversies resulting from inclusion of the very
method of GDP per capita estimation, or firstly, the additional Mankiw’s variable, i.e. human
capital. Various sources, frequently different in the assessment of specific economic
indicators prove, that in the countries of significant underdevelopment, the share of human
capital followed what was not always positive in other regions of the world. The paper
indicates the emergence of knowledge capital that is an empirically weakly defined variable,
yet vital in convergence analyses. The measurements of knowledge capital applied in various
models are usually not the same or reliable, which causes poor identification of the model,
and the lack of possibility to compare obtained results. This leads to a distortion of the model
of evaluation of the level of cohesion in compared economies. It results from the fact that
such resources as human capital are not directly observable. The paper presents other possible
ways of measuring the knowledge capital proposed in the literature, and it especially indicates
that it requires the adoption of additional restrictive assumptions. In particular, it is assumed
that the pace of technological progress is constant over time and between countries. The paper
also evaluates the chances of convergence of countries with a lower degree of economic and
social development, while taking into account the economic context.
Keywords: global flows, convergence, endogenous model
JEL Classification: F02, F22

1. Introduction
The paper initiates the discussion on the issues of economic cohesion of countries or world
regions in conditions of various concepts of convergence and the ways in which it is defined.
The main goal of the paper is to refer the deliberations to previously functioning attitude
concerning regulations that aim at equalizing the level and quality of life of various groups of
European countries. Presentation of the way in which the difficult problem of human capital
measurement that is highly significant in the evaluation of endogenous models is
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circumvented is also vital. More broadly discussed method resulting from research de la
Fuente (2003) is explained against the background of studies conducted for EU and confirmed
by results of surveys restricted in the paper because of broad character of the issues of
theoretical resolutions applied in his studies for the assessment of the method of evaluation of
human capital in convergence models.
1.1

Classification of Convergences

In synthetic approach, the notion of economic convergence with reference to the countries
and regions can be interpreted in two ways: 1) as convergence of sigma type (σ) when
diversity in the level of incomes per capita is increasing (e.g. GDP per capita); 2) as
divergence of beta type (β), when economic systems of lower level of development show
higher pace of growth in comparison with more developed economic systems, i.e. when there
is an inverse relationship between the initial level of income (GDP per capita) and the growth
rate. In this case, conditional and absolute convergences are distinguished.
It is a fact that less developed countries can show higher growth rate, which does not
guarantee that diversification of income will decline. Barro & Sala-i-Martin (1990) It is stated
Friedman (2011) that β convergence is a necessary but not sufficient determinant to achieve σ
convergence. Absolute convergence (unconditional) of β type occurs when poor countries or
regions develop faster than wealthy countries independently of the initial conditions and the
level of development, whereas conditional convergence is observed when processes of
cohesion, or convergence in other words, concern a group of countries or regions that are
relatively homogenous (of similar income or structural parameters). Such a classification is
closely related to economic growth with additional factors taken into consideration. They
perform a control function in constructed models. In this aspect, absolute convergence is
associated with the occurrence of the so-called catch-up effect – through faster economic
development, poorer countries catch up with the countries that are initially wealthier. When
the phenomenon of beta-convergence is observed, sigma-convergence can also occur. It takes
place when income disparities between countries or regions are declining over time. (Barro &
Sala-and-Martin, 1990) We can also distinguish γ convergence. It is another type of
convergence that is less frequently analysed in the literature and refers to the change of place
in the ranking of prosperity of countries or regions. (Wędrowska, 2013)
Generally, quantitative identification of β convergence triggers some problems of
numerical nature. This aspect of the analysis of the phenomenon of cohesion will be more
comprehensibly discussed in further part of the paper. There is a problem of choosing the
right method for estimating the constructed model when there are implicit dependencies
between the control variables leading to the creation of large estimation errors. The problems
arising from proper measurement of human capital factor will also be emphasised in further
part. Such classification is closely correlated with economic growth that without doubt results
from research and development of countries on the one hand, and on the other is a result of
external supply from wealthy countries which they provide not only because of moral and
humanitarian reasons (Gariepy, 2018) or for the purpose of equalization of differences
between these countries and also entire world continents.
1.2

Processes of Economic Convergence in the Light of the Growth Theory

In the past and currently developing growth theory, two groups of models are
distinguished, i.e. neoclassical, represented by R.M. Solow’s model (1956) as well as its
further modifications consisting mainly in extending the notion of capital into physical and
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human capital, and endogenous models that emerged and were developing in 1980s and 1990s
as a result of critical analysis of neoclassical models. (Romer, 1986)
In the latest discussions concerning convergence, econometricians’ position is noticed.
Within economic growth, they identified numerous variables of control character that
individually or collectively affect the growth, which implies the fact that convergence
disparity has a significant impact on real economic growth. The list of these variables includes
investment rate, level of education or education, trade-to-GDP ratio, financial deepening and
public consumption. They are most generally applied indicators from the list. It is only stated
here that in a formal (model) dimension, estimated coefficient of initial income regression
model usually becomes negative and statistically significant if only any combination of these
variables on the right side of the equation of growth regression is considered. (Barro & Sala-iMartin, 1995). The assumption that is typical of convergence that there is a relatively high
level of investment, education, trade and other components even only indirectly affecting
growth is highly significant in this interpretation.
1.3

Negation of Recognised Characteristics of Convergence

At multitude of meanings of the phenomenon of convergence, economic convergence that
is the area of our interest is explained by the aspiration of less developed economies to reduce
the gaps in the estimation of development measured mainly by GDP per capita level, that are
also distant from the group of developed countries in terms of development in other areas of
existence. It is not possible to achieve such a model without considerable raw material
resources, intellectually high level of social development but also synergy of various, often
untypical processes not related to economy. Exceptions do not exist, and many examples can
be shown. (Klein, 2007) In this case complete negation of process convergence is appropriate.
Such an attitude, also shared in this paper, can raise some methodological controversies, but
finds confirmation in many studies and observations regarding currently observed processes.
However, complete existence of the basis for the phenomena broadly supporting cohesion
processes on the level of countries and regions (convergence) cannot be denied. BalDomanska (2013) Yet, possible convergence between economies in the meaning defined by
types of convergences described above do not always have logical justification resulting from
applied models. There are many reasons for this situation and the supporters of these opinions
find convincing explanations. Rodrik (2011) This attitude is definite but allows to present the
severity of operation of various mechanisms related to economies. While stimulating
processes that reactivate occurrence of the mechanisms of this law, large economic organisms
act only out of particular reasons. It must be clearly emphasised, which is stated by other
researchers, that diminishing income per capita results from unnecessarily stimulated
overemployment, which brings the wave of low incomes, while not causing decrease in
corporate income. Globalisation, which in a meaning is an accelerator of convergence
processes, in this context does not stand the test of positive example if social organisms
compete only due to existential reasons. (Rifkin, 2000, Van Ewijk & Ekins, 2018)
An interesting, empirically verified, yet too little exposed hypothesis that reduction of
differences between economies of EU countries is accompanied by strengthening or
enhancement of disparities on the level of regions is noticed here. In addition, the increase in
per capita income reacts to increase in the income inequality index to some extreme level
assessed as an average. This was already articulated several decades earlier in the 20 th
century. (Friedmann, 2011, Halkos & Tsionas, 2001)
Now, will be presented by Piketty (2014) a rather controversial opinion of ideological
ostracism towards current trends relating to economic diversification between countries.
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(Reisman, 2015) The way in which society, economy and the inequalities accompanying them
are perceived, are noticed here. Innovatively conducted analysis of empirical data, with a deep
substantive presentation of significant problems "waiting" for social determinants in the 21st
century, significantly determines new concepts in economics. Piketty is the first economist to
be successful while comprehensively proving his following statement: "Those who have, will
be given". Attacked world plutocracy can not stand the test of criticism in the light of his
statements. According to many reviews published in the most widely read American
magazines, Piketty‘s "Capital in the 21st Century" is written just to demolish the great
economic pedestals (sails) of our time. They write that Piketty’s work is economic history that
has not been assessed on such a scale. It is obvious, that this is an evaluation that
revolutionizes the way in which people have been thinking about economic history over the
last two centuries. What is important from the point of view of the issues of economic
convergence discussed in this paper, especially in the context of poverty, is the explicitness of
statements concerning data from 200 years regarding the distribution of wealth and income in
the prosperous world. It is this mass of data that allows Piketty to show, that in the language
of the laws of large numbers, you cannot ignore the evidence and arguments contained in it.

2. Methodology – New Growth Theory in the Symbolism of Endogenous
Models
The formal basis for economic growth models has been evolving throughout the nineteenth
century until the present day Samuelson & Nordhaus (2010). In the development of
formalized thought - in science describing the real world in symbolism of models, the
translation of economic conditions led to models of economic growth. Generally, the
convention of division of models outlines the dichotomy of growth into endogenous and
neoclassical models classified as the new theory of growth. They form the basis for the
convergence methodology, that is focused on in our considerations.
Neoclassical growth models by Solow, Ramsey & Diamond (1956), coming from the
1950s, and later from the 20th century, deriving from the classical construction that applies
the main indicators of economic growth, create a class of contemporary models that try to
justify unexpectedly occurring economic effects not predicted by previously constructed
formal models.
2.1

Endogenous vs Neoclassical Models. Measurement of Convergence

The basic endogenous models include Romer‘s learning-by-doing model, the Lucas‘s
model, Rebelo‘s model (1986), models with an increasing number of goods, and models with
improving quality of goods. The new growth theory also includes the modification of the
Solow model, i.e. the Mankiwa-Romer-Weil model (1992), which is its extension, but already
included in the new theory of growth, because it introduces a new factor, i.e. human capital.
Neoclassical models with neoclassical production function are the basis for deriving the
law of diminishing returns. It is important that they explain what has still been functioning,
not only in Africa or other regions that are entering the technological and IT development
phase but are still underdeveloped, but also explains the economic behaviours of such
“giants“ as the USA or other Western countries. This is because so far, a power like the
United States uses quite prosaic methods of influence on other countries, that are often
contrary to the principles of free trade. (Paltan et al., 2018)
On the other hand, in endogenous models there are at least constant incomes from
reproducible production factors. What is more important, is the fact that in endogenous
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models - in contrast to neoclassical ones - determinants of long-term economic growth are
well explained. (Tokarski, 2007) However, this increase in individual models of this group
depends on many different factors. In the endogenous model describing the cohesion of
regions, control variables including the investment rate, as the share of investments in the
gross domestic product in the i-th region in the t period, real investment outlays per 1
employed aged over 15 in i -th region and in t year can be considered. Data on gross yit value
are the basis for determining σ convergence, which for a group of regions or countries is
determined by standard deviations of natural logarithms according to the formula
2
∑𝑁
̅̅̅)
𝑡
𝑖=1(𝑙𝑛𝑦𝑖𝑡 −𝑙𝑛𝑦

𝜎𝑡 = √

𝑁

(1)

where
N is the number of tested convergence agglomerate subjects.
Logarithms are a consequence of the construction of the Solow model having an
exponential form Tokarski (2007), which is logarithmic for importing variables into a linear
form. It is more clearly explained in further part.
Of course, the σ convergence process is noticeable in such an agglomerate if the value of
standard deviation σt decreases from period to period.
This property of the studied agglomerate of regions or countries is, as previously emphasized,
a prerequisite for the occurrence of β type convergence.
As has already been stated, absolute and conditional convergence is distinguished in
relation to beta type convergence. In absolute convergence, the measurement of the economic
growth rate of an i object in the final T period is referred to the initial value of the 𝑦𝑖0 product
(capital, income) for particular i objects of the whole agglomerate of economies (i = 1,...,N).
This is expressed by the hypothesis of unconditional convergence deriving from the
Solow-Swan model Dowrick & Rogers (2002), from which various empirical variants
explaining its meaning were implied. While examining absolute convergence, actually the
influence of the initial 𝑌𝑖0 capital of an i country from a certain group of countries (i =
0,1,...,N) on its value in the T period, which falls on one employee is considered. Capital to
work ratio, i.e. basically per capita income towards labor resources considered in the original
model, is marked by k1 and k2, which corresponds to a poorer and richer country. Other
growth determinants guarantee access to the same technology, the same population growth
rate (n) and the saving tendency (s). With these assumptions, all countries are expected to
converge to the same k* ratio (capital to work) in a determined state, production per capita
and per capita consumption what marked as (k*, y*, c*), assuming the same rate of population
growth (n). It results from the stability of the Solow-Swan model which predicts that both
poor and rich countries will approach the same k*.
In other words, in the corrective categories, as 𝑘1 < 𝑘2 the marginal product of capital in
relation to labour is higher in poor countries than in rich countries, therefore poor people will
accumulate more capital and increase their property status relatively more intensively.
(Dowrick & Rogers, 2002), Solow, 1980) Such model simplification can easily be subject to
absolute criticism, but proponents of the neoclassical theory perceive this scheme as relevant
and reasonably explaining such situation.
In contemporary thought of economic growth in the aspect of beta conditional
convergence, other additional factors (control variables) are considered. They primarily
include: capital K, labour L and human resources in science and technology Hit or 𝐻𝑅𝑆𝑇𝑖𝑡 ,
measured in a variety of ways, including the number of graduates of faculties included in the
“science and technology” category or employed in the professions desired in terms of their
education in the i country (region) in the t year. Due to its specific character, this variable is
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more oriented towards potential rather than authentic human resources of the country (region).
Still another type of variable marked by TETR is the share of professionally active population
with higher education in the total number of professionally active people with higher
education in a given age range in the total number of economically active population in the i
region (country) and in the t period.
In the further part of the paper, divergent methods of measuring control variables and
discrepancies in their determination will also be mentioned. They certainly do not facilitate
the assessment of the model and what affects the interpretation of results. Special attention is
focussed on it in the work. (de la Fuente & Domenech, 2000)
2.2

Endogenous Models in Convergence

As is shown by their very name, endogenous models explain economic growth in the way
resulting from changes in the factors occurring in the model. This feature constitutes the
opposite of the neoclassical theory of growth, where long-term growth depended on the
exogenous technological progress introduced into the model along with other assumptions.
Islam (1995), Islam (2003), Jabłonski (2011) Achieving endogenous economic growth is
possible thanks to the departure from the assumptions of the neoclassical Cobb-Douglas
production function, that assumes decreasing revenues from reproducible production factors.
In the group of endogenous models there are at most constant revenues generated by these
factors.
The practice of experience from recent decades refers to the statements formulated earlier
in a severe form. There is always "something" that negates the assumptions of neoclassical as
well as endogenous and the Mankiw-Romer-Weil models, which contradicts the transition
from a non-competitive economy to a group of developed economies. (Johnson, 2017)
Despite the absolute increase, this "gap" is not a stimulant reducing the distance, in spite of
higher growth rate of weaker economies and due to the variability of the measurements that
evaluate "modernity" (Aghda et al., 2018, Kostakis et al., 2018). In addition, "catching up"
economies are intellectually "drained" by those developed, which, practically with only a few
exceptions, such as raw material powers, does not allow these economies to achieve authentic
convergence, outside their group. (Mankiw et al., 1992, Harari, 2017, 2018)
It should be noted that the above models are adapted to study the diminishing differences
between developed economies that at their basis have the roots of early capitalist
development. This refers for example to Poland, the Czech Republic, Slovenia, Slovakia,
Hungary and other countries of the present EU that were stopped in their development of
political processes caused by World War II. The situation is completely different in the group
of countries totally exploited, such as postcolonial countries or those having expansive
traditions dating back to the Latin and South American conquistador times. In the case of such
powers as the USA exploration of the intellectual strength of Asian and European countries is
also significant. (Horstmann et al., 2018) Already emphasized "brainwashing" and the
research and development base typical of North America can not be discounted in the
countries of Central and Eastern European countries with any outlays on this form of impact
on the reduction of the distance. In convergence models, knowledge-based resources are a
new dimension introduced into the Cobb-Douglas model. (King et al., 1988) The same occurs
in multiplied form in the countries of Africa, Asia or South America. (Koellner et al., 2018)
For the study of convergence, i.e. to state the increase in the level of unification between
social and economic differences in a sense, but not reduction of the distance, it is important to
indicate, with the model, the occurrence of this phenomenon with indication of convergence
coefficient or convergence to the long-term equilibrium. (Kraus & Feuerriegel, 2017)
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Attention is drawn to the ascertainment, by the model, of the state of (long-term) dynamic
inefficiency.

3. Results and Discussion - Globalization processes in endogenous model
format
Starting from the assumption of the rationality of actions taken on the basis of scientific
synthesis, it can be assumed that rapid civilizational progress that dramatically changes the
cultural behaviour of humanity known to the present times is possible. Such a process is
fulfilled, certainly with some limitations, and its origins date back to the Enlightenment
period, from which the processes of social and economic development had to experience
many regressions before they reached the current level. (Tavenner, 2018, Tobin & Grand,
2004) The development of information technologies enhances civilization progress, while
signaling at the same time unpredictable effects that can bring the entire civilization to total
destruction. This is because the decisive significance of these technologies may dominate the
reasonable and rational human decisions which, subordinated to algorithmically worked out
solutions for emerging processes, may negatively affect the environment and lead to the
tendency, not fully recognized yet, according to which masses of human beings would be
subordinated to a small group of people ruling over them through algorithmic knowledge
enhanced by the power of artificial intelligence and biotechnology. It is observed by many
authors (Harari, 2017, Mellis et al., 2018), among others. In their works, they look at the past
of the human species and assess their future while trying to outline the possible paths of
change in the near future. According to their observations, first of all, it is necessary to change
the political discourse that in many countries is currently focused on inappropriate issues.
Such issues as nuclear war, climate change and innovative technologies are a priority for
following the common sense while making local and current decisions that can only stimulate
them.
The above-mentioned aspect of the threat of the fall of civilization has already been
indicated not only in the scientological works. Processes of progress and global development
have a tendency to turn back from the path of development and to change its trajectory in the
opposite direction. (Wang Fenghui & Hong-Kun, 2017, Wooldridge, 2002). At the same time,
extremely negative phenomena that destroy the environment and threaten the destruction of
civilization in the anticipatory vision of the future occur. (Klein, 2007). There is a difficult
choice between social justice and economic efficiency. (Piketty, 2014)
3.1
Convergence in the Face of Market Inefficiency – the Mankiw-Romer-Weil
Methodology
In the context of the above criticism, it would be important to determine the significance of
the Solow model and its modifications, for verification of the thesis, whether they are useful
in examining their compliance with the international variability of the standard of living.
However, many studies referring to the construction of these models indicate that it is not
always like this. The models are not always adequate to changing conditions or certain size
variables in these models are inadequately measured. Most of the models created on the basis
of the Solow model were supposed to examine the convergence of living standards, i.e. to
determine whether poor countries grow faster than rich countries. Evidence shows that while
maintaining population growth and capital accumulation at a stable level, countries are
approaching a pace close to the level expected by the extended Solow model, i.e. the MankiwRomer-Weil model (M-R-W). The creation of this modified M-R-W model was to confirm
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that the neoclassical theory of growth explains well the differences in the level of income
between countries and the phenomenon of conditional convergence. Therefore, many studies
conducted in the following years present the results of conclusions that empirically verify the
reliability of the Solow models (basic and extended) expressed in the Mankiw-Romer-Weil
model (M-R-W). Human capital (H) is the third factor of production in the (M-R-W) model,
beside the physical capital (K) and the effective labor resource (A ∙ L).
An important contribution to clarifying the abiguity and incompatibility appearing in
various research results is brought by the de la Fuenta methodology. Based on the Mankiwa
model, it introduces a significantly new standard resulting from the method of examining the
Human Capital.
3.2

The Essence of M-R-W’s Model

The creation of the modified M-R-W model (Mankiw at all (1992)) was also caused by the
fact that the Solow model did not explain long-term balance in the study of convergence.
Human capital (H) appears in the M-R-W model for this purpose among others. Apart from
physical capital (K) and an effective labor resource (A∙L), human capital (H) was introduced
as previously mentioned as the third factor of production, directly to the Coobb-Douglas
function. The properties of this function are particularly useful in explanation of growths. It
also confirms some commonly used growth specifications, also known from other
publications, that result from many studies on growth determinants with the assumption of an
aggregated Cobb-Douglas production function, in the following form
𝑌𝑖𝑡 = 𝐴𝑖𝑡 ∙ 𝐾𝑖𝑡𝛼 ∙ 𝐿𝜃𝑖𝑡 ∙ 𝐻𝑖𝑡𝜇

(2)

where 𝐴𝑖𝑡

represents general efficiency of TFP factors (Total factor productivity
or index technical efficiency),
𝐾𝑖𝑡
represents physical capital resources,
𝜃
𝐿𝑖𝑡
represents employment level,
𝐻𝑖𝑡𝜇
represents educational capital (average resources of human capital per
employee), and i represents an object (country, region),
𝐴𝑖𝑡 coefficient summarizes the current state of technology and possibly omitted
factors such as geographical location, climate, institutions and raw
material resources.
The α, θ, μ coefficients measure the flexibility of performance in relation to the situation of
a range of factors. For example, an increase of 1% of the resources of human capital of
education per employee would increase production by μ%, while maintaining the status of
other factors and the level of Ait of technical efficiency.
For the purposes of estimation, it is common to work with equation (2) after its
logarithming and reformulation in terms of growth rate. The lowercase letters y, a, k, h are
applied for identification of logarithms of natural production quantities, capital, employment
and educational capital and the combination of italics and lowercase letters and the symbol
"Δ" for the determination of growth coefficients. (de la Fuente, 2003) This gives the following
two specifications of the model (2):
𝜇
𝛼
𝜃
𝑦𝑖𝑡 = 𝑎𝑖𝑡 + 𝑘𝑖𝑡
+ 𝑙𝑖𝑡
+ ℎ𝑖𝑡
+ 𝜀𝑖𝑡

∆𝑦𝑖𝑡 = ∆𝑎𝑖𝑡 + +𝜃 ∙ 𝛼 ∙ ∆𝑘𝑖𝑡 + ∆𝑙𝑖𝑡 + 𝜇 ∙ ∆ℎ𝑖𝑡 + ∆𝜀𝑖𝑡

(3)
(4)

where 𝜀𝑖𝑡 and ∆𝜀𝑖𝑡 are stochastic disturbances in the models (3) and (4).
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The equation which is not new in economic thought, obtained from the extended Solow
model indicates that the factors determining the level of income are classical values: work L
and capital K and other rates additionally introduced into the model, including the human
capital factor H, in similarly developed form Jabłonski (2011). This did not change the
features of production functions assumed in the neoclassical approach of Coob-Douglas, i.e.
the decreasing marginal productivity of each factor, constant income from the scale, and the
compliance with Inada's terms. The production goals also did not change and according to the
developed form of the model it can be used in consumption, in the accumulation of physical
capital or in the accumulation of human capital. The time concerning only the occurring
technological changes that determine the value of production and the time dimension of its
perception in a short or extended period is vital in the application of production function and
in the process analysis. (Mankiw et al., 1992)
3.3

Issues of Econometric Evaluation in Models of Socio-Economic Convergence

The least problematic is the aspect of the study of the coherence diversity among the
studied objects. It is accomplished by a simple method of examining σ convergence in period
t (t = 1, 2, ..., T). The standard deviation of the natural logarithms of the product level is
applied for mean values in period t according to formula (1) where: N represents the number
of studied objects (regions) i = 1, 2, ..., N. We can speak about the occurrence of sigma
convergence processes when the value of standard deviation 𝑦𝑖𝑡 decreases from period to
period.
On the other hand, endogenous models describing absolute convergence and conditional
convergence have the form derived from logarithming from the equation (2).
In convergence studies, the nature of the variables which is hard to determine, and the way
in which they are connected constitute the problem that is often encountered. (de la Fuente,
2000). For many factors of growth, the theory does not explicitly determine whether a given
variable has endogenous or exogenous character. In econometric studies, the variable 𝑥𝑖 is
endogenous whereas 𝐸 (𝑥𝑖𝑡 , 𝜉𝑖𝑠 ) ≠ 0 for all t, s = 1, 2, ..., T. However, if 𝐸 (𝑥𝑖𝑡 , 𝜉𝑖𝑠 ) = 0 for all
t, s = 1, 2, ..., T, then the variable is strictly exogenous. Endogeneity may occur when we deal
(Wooldridge J.M., (2002)) with omitted variables that should be included in the model, but
due to their inaccessibility or large errors in their measurement are not introduced into the
model. In such a situation, studies should be performed with the use of panel data, since the
introduction of such a variable would be detrimental to the properties of the random
component which "absorbs" the related errors of the lack of variable or imperfect observation
of the introduced variable, just like in the case of explaining the variable 𝑥𝑖 by the variable y
and vice versa (simultaneity).
The face of convergence becomes a challenge for research and methods, which is the result
of estimating the GDP of individual economies in the analysed period. The results of
literature studies presented here relate to the model measurement of real convergence on the
basis of research with the use of the Mankiw model (1992), in terms of variables considering
the knowledge capital.
In the model of β type conditional convergence, regression is an extended Solow model
with physical and human capital included, as well as the time effect. From numerous studies
known from the literature (Islam, 2003) and from what is confirmed by the results obtained
here, it can be concluded that small groups of countries develop according to the convergence
hypothesis, as proved by both absolute and conditional convergence type. It has already been
mentioned many problems of numerical nature and those referring to the estimation of
knowledge capital (the scholarisation factor) arise in the estimation of the degree of
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convergence. Data panels are used for the convergence analysis then. Many researchers work
in this way and apply data concerning regions of the NUTS-2 level of the European Union
countries. The use of panel data together with appropriate estimation techniques enables the
resolution of many of the above-mentioned problems. Today, panel models are the basic tool
for empirical verification of the theory of growth. Pooled model, fixed effects model (LSDV Squares Dummy Variable Model), as well as a dynamic model estimated with the use of the
UMM System Estimator are applied. (Wędrowska, 2013)
In research de la Fuente (2003), he pays special attention to econometric problems
resulting from the introduction of the method of measuring the knowledge factor as capital in
the Mankiw model. He also ascertains some commonly used growth specification that result
from many studies on growth determinants at the assumption of an aggregated Cobb-Douglas
production function in (2) form, that are also known from other publications.
One of the difficulties that arises at this moment is that both equations (3) and (4) contain
variable quantities that are not directly observable (in particular the natural logarithm 𝑎𝑖𝑡 of
the TFP level, and its growth rate, Δ𝑎𝑖𝑡 ). To continue the estimation, further assumptions
about the behaviour of these quantities should be made. Different assumptions will generate
different econometric specifications. The simplest option is to assume that the pace of
technological progress is constant over time and between countries, i.e
∆𝑎𝑖𝑡 = g
for all i elements and t elements. In this case, g can be estimated as the regression constant in
the equation (3), and 𝑎𝑖𝑡 is replaced in the equation (2) by 𝑎𝑖𝑡 + g∙t, where 𝑎𝑖𝑡 results in the
formation of specific constants for a given i country and a common trend.
Determination of 𝑎𝑖𝑡 in the equation (3) as a function of other variables is an alternative
and more sophisticated approach. The relatively general specification of this technological
progress function (reflecting those applied in the studies analysed in the supplement to the
report. (de la Fuente, 2003) and considering the impact on the rate of human capital is given
as the following:
∆𝑎𝑖𝑡 = 𝛾𝑖0 + 𝛾𝑏 ∙ 𝑏𝑖𝑡 +ℎ 𝐻𝑖𝑡 + 𝛾𝑏∙ℎ𝐻𝑖𝑡 ∙ 𝑏𝑖𝑡 +𝛾∙𝑟 𝑅𝐷𝑖𝑡

(5)

where H is the average state of human capital, RD is a measure of R & D expenditures; it is a
circumvention of a technological gap between the country i and the best global economy.
When data about the factor stocks or their growth rates are not available (or are not
considered reliable), the observed investment rates can be used to construct the approximation
of variables introduced into equations (2) and (3). These approximations are usually obtained
with the use of the generalized Mankiw model. In such a model, long-term values of balance
factor coefficients are simple functions of investment rates, and maintenance of these
indicators far from such an equilibrium can be approximated as a function of investment rates
and initial income per employee. If we want to assume that most countries are reasonably
close to their long-term equilibrium, equation (2) can be replaced by the equation regarding
the ratio of production per employee to the rates of investments in physical and human
capital. Otherwise, the equation will also include output data per worker as an additional
regressor to capture temporary dynamics along the adjustment to long-term equilibrium. Two,
rather standard, specifications of the resultant equilibrium and convergence equations are
obtained, which, however, do not allow to determine the effects of frequency. (de la Fuente,
2003) There are investments in physical and human capital measured as a fraction of GDP,
the rate of growth in employment or labour resources and the depreciation rate (which is equal
for both types of capital). In addition, there is a β parameter measuring the speed of
approaching to long-term equilibrium and it can be shown here that this is a function of the
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degree of return to scale in both types of capital considered together and the length of the
period in which observations are performed.
Until now, it has been assumed that human capital resources per employee, H, are directly
observable. In practice, however, average years of learning, Y∙S are usually observed, and
estimation of the empirical model requires some assumption as to the form of function
regarding these two variables, H = g (Y∙S). The use of this function in equation (2), determines
the production of a simplified function related to the change of Y to Y∙S. To avoid
misunderstandings, we will refer to the flexibility of this production function of reduced form
with respect to school years as α∙Y∙S (it should be noted that this parameter will generally
differ from α∙h). Similarly, when Y replaces H in the function of technological progress (5),
the γ∙YS designation for the parameters of the rate of effects will be used. It measures the
contribution of an additional year of school in TFP growth rate. It is quite common in the
literature to assume about the nature g (∙) that H = Y∙S. In this case, all of the above equations
remain valid, and H is replaced by Y∙S, and ah is replaced by α∙Y∙S. Secondly, the following
can be assumed here
H = exp (θ∙Y∙S).
(6)
It is often called the Mincer specification, because it is compatible with the functional form
commonly used in microeconomic pay equations. (Mincer & Polachek, 1974) In this case the
exponential equation (6) reverses the logarithm in the Cobb-Douglas function and the
equations above must be changed accordingly. In in particular, H values should be replaced
with Y∙S levels and growth rates H by mean YS variations. It should be noted that if the
expression in the equation (6) is considered in the Cobb-Douglas function given in equation
(2), the Y∙S factor in the obtained equation,
𝜌 = 𝛼ℎ ∙ 𝜃,
measures the percentage increase in production, which results from the increase in the average
school period by one year. The ρ value is an aggregate or macroeconomically defining the
value of the assessment of a return to learning. As explained in the literature, this variable
must be distinguished from the "proper" rate of return to learning, which is defined and
calculated in literature. (de la Fuente, 2003)
As it has already been mentioned, measurement error is always a problem in the review
literature because the years of the school variable used in most empirical applications are
certainly an imperfect measure of human capital. Therefore, many estimated models show a
low level of explanation of the status of dependent variable by the used variables the
convergence models. It can be added that poor data quality can be an important problem
because most of the existing sets of data concerning education in international dimension
seem to contain a significant amount of noise resulting from various inconsistencies in the
primary data used to create them. Noise, which is generally expected, will bring a downward
deviation of the estimated human capital coefficients (i.e. a tendency to underestimate their
value), because it generates an apparent changeability of the measured human capital
resource, which will not be compared with changes in the performance.
3.4

Selected Results of the Convergence Estimation

Numerous estimates of endogenous models derived from the modification of the Solow
model show that convergence is frequent. However, the estimated models are also often
characterized by low explanatory power measured by the coefficient of determination.
Nevertheless, references to the procedures of convergence analysis by many authors are
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important. They differently assess the usefulness of model results. The arguments given above
that refer to the study of the indicator assessing the impact of human capital measured by
various scholarisation indicators can radically change the obtained convergence assessment.
The results explicitly depend on the method of the model estimation, i.e. whether it is done on
the basis of panel or cross-sectional data. The following reliable matched results were
obtained in selected models estimated by A. Fuente i N.Islam:
1. Investigating the convergence of 19 OECD countries in the period 1965-1995 (de la
Fuente, 2003), i.e. for an increased period and the number of countries expanded by one
country, he stated that there was a conditional convergence at: β = -0,034 and adjustment of
the 𝑅2 = 0,78. model. This regression was examined on the basis of the Solow model with
physical, human and technological capital as well as trend, technological gap, professional
activity, unemployment and state expenditure variables.
2. Investigating the convergence of 18 OECD countries in the period 1970-1995 (de la
Fuente, 2003), stated absolute convergence on the basis of the value of the determined
convergence parameter: β = -0.16. The negative value of this parameter determining the
convergence rate proves that the parameter 𝜃 = − [

(1−𝑒𝑥𝑝(−𝛽∙𝑇))
𝑇

] appearing in the

convergence model with the initial level of capital 𝑦𝑖𝑜 , where i represents the country
number, is always negative, which means that the deviation of the regression line is slightly
declining. However, the value 𝑅2 = 0,52 of the absolute convergence was not very high.
3. Explicitly well-estimated models were obtained also by Islam (1995), who investigated
the conditional β convergence of groups of different countries in the years 1960-1985. He
recognised conditional convergence, i.e. convergence of less developed and more developed
countries to the state of long-term equilibrium in each of the models studied on the basis of
panel data. In these models, on the basis of estimated model, and at 𝑅2 = 0,75 he stated the
occurrence of β-convergence, β = 4.34% and 5.07% for a group of 96 countries. He included
in this model only physical capital (without human capital) based on panel data. It was
therefore a typical neo-classical Solow model. In contrast, for the group of 79 countries on the
basis of panel data including human capital, i.e. the "school" variable, he stated the same
convergence 𝛽, (𝛽 = 3,75% ).
4. In the Solow model for the group of 22 OECD countries, N. Islam stated the conditional
convergence 𝛽, (𝛽 = 6,70% oraz 10,75%) on the basis of explanatory models with 𝑅2 =
0,96 oraz 0,97, respectively (Islam (1995)). Using the panel data and the model with human
and physical capital, he found conditional convergence β with the value of 9.13% (he does not
provide here the explanatory power of the model).
The main conclusions found in the literature on convergence models overlap with already
formulated objections. In general, the world as a whole does not develop in accordance with
the hypothesis of the absolute convergence of the β type. Countries less developed in the
average sense do not show faster growth than developed countries. This is confirmed by
extensive research performed on diverse groups of countries. (Mankiw et al., 1992) mainly
due to the reasons that we have paid attention to in the paper. Nevertheless, in the groups of
relatively homogenous countries, the phenomenon of convergence can be confirmed.

4. Conclusion
The main results regarding the objectives of the paper are related to the analysis of
similarities in terms of convergence processes in the countries, including physical and human
capital, and labour resources. References concerning the main objective of the considerations
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may lead to the conclusion that the phenomenon of convergence raises some methodological
controversies resulting from the approach to the very method of estimation of GDP per capita,
but mainly from an additional scholarisation variable. Various sources, often diverging in the
estimation of specific economic indicators, prove that the contribution of human capital in
countries with a strong underdevelopment was following what was not always positive in
other regions of the world. Studies on the convergence of EU countries are widely commented
in the literature. For this reason, too little attention has been devoted to this subject. It can
only be stated with a high degree of probability that as a result of transformation processes
Central and Eastern European countries gained the most in the context of convergence
processes in other parts of the world.
In the context of presented results of De la Fuente’s research on the analysed convergence
of groups of countries, regions of the world that need special attention due to their overall
neglect and, at the same time, huge opportunities for potential development are presented in
the model. In terms of the methodology used in the article, the attention was focused on the
model very close to the Solow model. This is a justified approach, but due to the problems
with the estimation of such models, special attention has been paid to De la Fuente’s research
(2003).
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