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THE USAGE OF SOFT MODELLING TO RESEARCH
THE RELATIONSHIP BETWEEN HUMAN CAPITAL
AND THE ECONOMIC DEVELOPMENT LEVEL

IN POLISH REGIONS'

Abstract: The aim of this article is to present research results of the relationship between
human capital and economic development level in Polish regions. The method which was
used in this study was soft modelling. Soft modelling enables to investigate the relationship
among unobserved variables (latent variables). Human capital and economic development
can be classified into these types of categories. The presented soft model contained four
latent variables: human capital, investments in human capital, physical capital and the level
of economic development. The results of the research allowed us to verify which of two
forms of capital: human or physical, had the stronger influence on the level of economic
development in Polish regions. Moreover they enabled to put regions into order in terms of
the human capital stock, human capital investments and the economic development level.
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1. Introduction

Human capital is defined as a stock variable that represents the capacity of an
individual (household, nation) to generate a sustained flow of earned income [Dagum
2004, p. 1]. Recent studies conclude that human capital is the key growth factor
[Préchniak 2006,; Cichy, Malaga 2007; Florczak 2007]. However, existing research,
focusing on cross-country growth performance, has produced contradictory results.
Several economists argue that it derived from poor quality data used in some of those
studies [de la Fuente, Domenech 2006, p. 1]. The choice of the human capital proxy
is barely reflected upon and depends on data availability very much in most
empirical growth research [Florczak 2007, p. 112].

Human capital should be considered as a complex, multifaceted concept with
various intangible dimensions that are not directly observable and that cannot be

! Research cost was covered by “Wiedza i praktyka — klucz do sukcesu w biznesie” project,
co-financed by the European Union from the European Social Fund and the state budget.
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measured with precision by a single attribute, a set of attributes, or their combined
sum [Le, Gibson, Oxley 2005, p. 4; Lukasiewicz 2009, p. 96].

The aim of this article is to present research results of the relationship between
human capital and economic development in Polish regions in 2008.> Human capital
is defined as an unobserved variable reflected by education, knowledge, skills, work
experience and health embodied in a region’s society [Domanski 1993, p. 19;
Marciniak 2000, pp. 157, 158]. The method which was used in this research is soft
modelling.

Soft modelling enables to investigate relationships among unobserved variables
(latent variables) [Wold 1980; Rogowski 1990; Mierzynska 1999; Perlo 2004].
Values of these variables cannot be measured because there is a lack of general
definition or measurement method. The soft model consists of two submodels:

— internal submodel which presents the system of relationships between latent
variables,
— external submodel which contains latent variables definitions [Rogowski 1990,

s. 33].

Latent variables can be defined on the basis of deductive or inductive approach.
Deductive approach assumes that indicators reflect latent variable. Inductive
approach assumes that indicators form latent variable. The choice of approach
depends on the theory or intuition of researcher [Rogowski 1990, pp. 25, 26].

The estimation of soft model parameters can be done based on the Partial Least
Square [Wold 1980, pp. 337, 338; Rogowski 1990, pp. 37—44]. Test Stone-Geisser
and “2s” rule are used to verify the model [Rogowski 1990, pp. 47-54].

2. Specification of the internal model

Estimated model consisted of two following equations
HC; = ap + ayINHC, ; + &, (1)
LED,= 4 + S HC, + /PC, + &, 2)

where: HC — human capital, INHC — investments in human capital, PC — physical
capital, LED — the level of economic development, o, a1, (), [ — structural
parameters, &, &— error terms, ¢ — 2008.

The aim of equation (1) was to investigate the relationship between human
capital investments and its stock. Equation (2) was used as the tool to identify the
relationship between human capital and the level of economic development in Polish
regions. It also enabled to verify which of two capital forms, human or physical, has
the stronger influence on the level of economic development. The scheme of internal
model relations was presented in Figure 1.

? Data availability influence on the year choice.
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Figure 1. Internal model scheme

Source: own elaboration.

3. Specification of the external model

The model shown in Figure 1 contained four latent variables. Three of them: “human
capital”, “investments in human capital” and “the level of economic development”
were not directly observed. The fourth — “physical capital” was quasi-unobserved.
Unobserved variables were defined by the group of indicators. A deductive approach
was used to define the above variables. In this approach, it is assumed that the latent
variable is a theoretical category and it is necessary to investigate empirical data
(observed variables) reflecting this variable [Rogowski 1990, p. 33; Mierzynska
1999, p. 34].

Data used to specify the model were obtained from Local Data Bank® and they
refer to 2008. Many indicators were covered in the GUS statistics database. Analysis
of all indicators would be unclear and difficult to interpret, hence a selection was
necessary. The criteria were the following:

— universality (commonly respected indicators),
— comparability (indicators as coefficients of intensity),
— variety (coefficient of variation higher than 10%).

The internal model of HC latent variable contains observed variables which
reflect education, knowledge, skills and health in the region. Fifty four indicators
were considered but finally thirteen of them were qualified to the model. They are
presented in Table 1.

Most of the HC indicators are stimulants (their high value indicates the high
stock of human capital). Only three indicators: HC11, HC12, HC13 are destimulants

? http://www.stat.gov.pl/bdlen/app/strona.html?p_name=indeks (12.12.2011).
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(their high value reflects the low stock of human capital). They represent the health
component.

Table 1. Human capital indicators

Ing:')(?etor Indicator name
HCO01 Percentage of population with tertiary education level.
HCO02 Percentage of employed with tertiary education level.
HCO03 Life-long learning of persons aged 25-64 (%).
HC04 Students of post-graduate studies per 1 thousand population.
HCO05 Students of doctoral studies per 10 thousand population.
HCO06 Students per 1 thousand population.
HCO07 Graduates per 1 thousand population.
HCO08 Percentage employed in R&D sector.
HC09 Employed in R&D in enterprises sector per 10 thousand employee.
HC10 Percentage of employed using computer with Internet access at least once a week.
HC11 Deaths because of diseases of nervous system and sense organs per 100 thousand
population.
HCI12 Infant deaths perl thousand live births.
Persons receiving retirement pay and pension from non-agricultural social security
HCI13 system per
1 thousand population, pension due to an inability to work.

Source: own elaboration.

The internal model of the INHC latent variable contains six observed variables
which refer to investments in education, health and knowledge (see Table 2). All of
them are stimulants.

Table 2. Investments in human capital indicators

Indicator code Indicator name
INHCO1 Public and private expenditures on education per capita.
INHCO02 Households expenditures on education per capita.
INHCO03 Public and private expenditures on health care per capita.
INHC04 Households expenditures on health care per capita.
INHCO05 Expenditures on R&D per capita.

INHCO06 Enterprises expenditures on R&D per capita.

Source: own elaboration.
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The internal model of the LED latent variable contains ten indicators (see Table 3).
They reflect the economic potential of the region, structure of employment, investment
potential, entrepreneurship and society well-being. Only one indicator (LEDO03) is
a destimulant.

Table 3. Level of economic development indicators

Indicator code Indicator name

LEDO1 Gross domestic product per capita.

LEDO02 Gross value addend per employee.

LEDO3 Percentage of employed in agriculture.

LEDO04 Percentage of employed in services.

LEDO5 Investment outlays per capita.

LEDO06 Investment outlays in enterprises per capita.

LEDO7 Entities entered in the REGON register per 10 thousand population.

LEDOS New entities of the natiqnal economy recorded in the REGON register
per 10 thousand population.

LED09 Retail sales per capita.

LEDI10 Average monthly income per capita (disposable).

Source: own elaboration.

PHYSICAL
CAPITAL

INVESTMETNS
IN HUMAN

CAPITAL

4

———- the relation of external submodel

- the relation of internal submodel

Figure 2. Internal and external relations scheme of soft model

Source: own elaboration.
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Figure 2 presents internal and external relations scheme of the soft model. The
model contains four latent variables and thirty observed variables. Four indicators:
HCI11, HC12, HC13, LEDO3 are destimulants, the rest of them are stimulants.

4. Estimation results

The soft model was estimated with the aid of PLS software created by J. Rogowski.”

Table 4 contains weight and loadings estimates with regard to the HC latent
variable external model. The errors calculated based on the Tukey cut method are
given in brackets. The results are consistent with expectations. Stimulants have
positive weights and loadings and destimulants have negative ones. Moreover all
parameters are statistically significant.’

Table 4. Estimates of HC variable external model

Indicator code gf;(%}l})t IEijoi;l)g
o0 s
HCO02 ?0101081% ?(’),8065? )
HCO03 ?(},1302250) ?(’),75315 7)
HCO04 ?5,13337) ?&,93(?(?2)
HCO05 ?5}0103027) ?(’)?083?4)
HCO06 ?5}3538) ?(’)?(?07(;8)
HC07 ?5?33?1 ) ?&,73336)
HCO08 ?(3}0107?2 ) ?5?(?06;3)
HCO09 ?&,133088 ) ?5?3335 )
0% e,
HC11 ;5’ 3318;‘) (_ggg; 3)
s Qe
2t 2zt

Source: own elaboration based on soft model results.

* PLS software is available at Faculty of Economics and Management University of Bialystok.
5 Parameter is statistically significant when value of double error is higher than value of estima-
tor (“2s” rule).
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Indicators: “students of post-graduate studies per 1 thousand population” (HC04)
and “percentage of employed using computer with Internet access at least once
a week” (HC10) are the most strongly correlated with the HC variable. The indicators:
“percentage employed in R&D sector” (HCO8), “students of doctoral studies per 10
thousand population” (HCO05), “students per 1 thousand population” (HCO6),
“percentage of employed with tertiary education level” (HC02) and “employed in
R&D in enterprises sector per 10 thousand employees” (HC09) have a strong influence
on the HC variable. Indicators which represent the health component (HC11, HC12,
HC13) reflect the HC variable poorly. To sum up, education and knowledge are the
most significant components of human capital in Polish regions.
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HC0O2 |
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HC:13 T T T T T T T T T T 1
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Figure 3. Loadings of HC variable (the absolute value)”
* Darker shade relates to destimulants.

Source: own elaboration based on the results of soft model.

Table 5. Estimates of INHC variable external model

Indicator code ?Zf;f?)t Izszoi?)g
INHCO! (60006 (o000
INHCO2 (60002 (00001
INHCO03 ?5,10205093) ?6?05333)
INHC04 ?{3,201332) ?(’),83531 )
IntCos (,000) (o000
INHC06 ?{3,230131) ?(’)?09(?050)

Source: own elaboration based on the results of soft model.
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The weights and loadings estimates with regard to INHC latent variable external
model are presented in Table 5. The results are consistent with expectations. All
stimulants received positive weights and loadings. Furthermore all parameters are
statistically significant.

The indicator “expenditures on R&D per capita” (INHCO05) has the strongest
influence on the INHC variable. The indicator “public and private expenditures on
health care per capita” (INHCO3) is poorly correlated with the INHC variable.
Hence, expenditures on the R&D sector are the most significant form of investments
in human capital in Polish regions.
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Figure 4. Loadings of INHC variable

Source: own elaboration based on the results of soft model.

Table 6 contains estimates of weights and loadings with regard to the LED latent
variable external model. The results are consistent with expectations. Stimulants have
positive weights and loadings, destimulants have negatives ones. All parameters are
statistically significant (“2s” rule).

Most indicators reflect the LED variable strongly. The indicator “gross value
added per employee” (LEDO02) has the strongest influence on the variable and
indicator “percentage of employed in agriculture” (LEDO3) has the weakest influence
on the variable LED.

Equations (3) and (4) present estimations of internal relations. Standard
deviations calculated basing on the Tukey cut method are given in brackets.

HC,=0,6515 + 0,9525INHC,, 3)
0,0661)  (0,0003)

LED, = 1,0385 + 0,1448HC,+ 0,7798PC,, (4)
0,9770)  (0,0552)  (0,0318)
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Table 6. Estimates of LED variable external model

Indicator code Z:;(%;l})t Izzra;i;?)g
LEDO1 ?{3,1356;‘7) ?&925?811 )
LEDO02 ?(},1371354) ?6?5:39)
o et
LEDO04 ?00093 gg) ?070667 75 9)
LEDO5 ?5,13 56; 7) ?6?;32579)
LEDO6 ?5,13 793 7) ?(’)?202;0)
LEDO7 ?(3,1367188) ?(3?;28374)
LEDOS ?{3?(?3;3) ?(’),7129921)
LED09 (00356 (01972
LED10 ?{3,137653) ?5,9;9956 6)

Source: own elaboration based on the results of soft model.
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Figure 5. Loadings of LED variable (the absolute value)”
* Darker shade relates to destimulants.

Source: own elaboration based on the results of soft model.

Signs of estimations are consistent with expectations. The relationship between
investments in human capital and the stock of human capital is positive. Moreover
the correlations between human capital as well as physical capital and the level of
economic development are positive. All parameters are statistically significant (“2s”
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rule). Coefficient of determination (R*) have value 0.9 for the equation (3) and value
0.81 for the equation (4). The general Stone-Geisser test is equal to 0.1527°.

In conclusion, it is possible to claim that investments in human capital borne by
regions in 2007 have a very strong and positive influence on the stock of human
capital in 2008. The regions which invested more in human capital in 2007 had
a higher stock of human capital in 2008.

Equation (4) points out the strong, positive correlation between physical capital
and the level of economic development and the weak, positive correlation between
human capital and the level of economic development. Hence, regions which had the
higher stock of physical capital, had also the higher level of economic development
in 2008 and regions which had the higher stock of human capital, also had the higher
level of economic development in 2008. The significant conclusion is that the
influence of physical capital on the economic development level was much stronger
than the influence of human capital.

5. Analysis of latent variables synthetic measures

The Partial Least Square method used to soft model estimation provides calculations
of latent variable values. These values can be treated as a synthetic measure and used
for comparative analysis.

One of the most important advantages of soft modelling is that the construction
of synthetic measure is based not only on latent variable definition but also on
relationships among other categories within the model.

Figure 6 presents Polish regions ranked according to the stock of human capital
in 2008. The regions were divided into four groups which were constructed based on

parameters of synthetic measure(z;): average (2) and standard deviation (s . )
[Nowak 1990, pp. 92, 93]:

I group — very high stock of human capital: z, 2z +s,,

IT group — high stock of human capital: Z<z, <z+s,,

III group — low stock of human capital: z—s, <z, <Z,

IV group — very low stock of human capital: z, <z-s,.

The highest stock of human capital is concentrated in the mazowieckie
voivodeship. All stimulants reached the highest values for this region. Matopolskie,
dolnoslaskie, pomorskie, wielkopolskie, zachodniopomorskie, todzkie and lubelskie
are placed in the second group. These regions have achieved high positions in terms
of indicators such as: “students of post-graduate studies per 1 thousand population”
(HCO04), “percentage of employed using computer with Internet access at least once
a week” (HC10). The above indicators are strongly correlated with the HC variable.

® Stone-Geisser test measures prognostic property of soft model. Positive (negative) value of this
test indicates high (poor) quality of model.
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Slaskie, podlaskie, kujawsko-pomorskie, opolskie, $wietokrzyskie, warminsko-
-mazurskie and podkarpackie make up the third group. Lubuskie is in the last
position.
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Figure 6. Polish regions ranking in terms of the human capital stock in 2008

Source: own elaboration based on the results of soft model.

The Polish regions ranked in terms of human capital investments in 2007 is
shown in Figure 7. The regions were divided into three groups:

I group — very high investments in human capital,

II group — high investments in human capital,

I group — low investments in human capital.

Mazowieckie and dolno$laskie were the biggest investors in human capital in
2007. The indicators which had a strong correlation with the INHC variable achieved
the highest value for these regions (INHCO0S5, INHCO06). The second group is
composed of: malopolskie, pomorskie, todzkie, wielkopolskie. The rest of the
voivodeships was classified to the last group with low investments in human capital.

Figure 8 presents Polish regions ranked in terms of the level of economic
development in 2008. The regions were divided into four groups:

I group — very high level of economic development,

II group — high level of economic development,
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Figure 7. Polish regions ranking in terms of human capital investments in 2007

Source: own elaboration based on the results of soft model.
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Figure 8. Polish regions ranking in terms of the level of economic development in 2008

Source: own elaboration based on the results of soft model.
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I group — low level of economic development.

IV group — very low level of economic development.

The mazowieckie voivodeship is ranked in the first position. The high level of
economic development is characteristic of dolnoslaskie, pomorskie, zachodnio-
pomorskie, slaskie, wielkopolskie, t6dzkie. The regions of east Poland: podlaskie,
lubelskie, podkarpackie had the lowest level of economic development in 2008.

6. Conclusions

The presented soft model has enabled us to investigate the relationships among

human capital, investments in human capital, physical capital and the economic

development level. Some conclusions and remarks can be formulated according to

the results of this research:

— education and knowledge are the most significant components of human capital
in Polish regions,

— expenditures on the R&D sector are the most significant form of investing in
human capital in Polish regions,

— investments in human capital influence positively the human capital stock,

— human capital has a positive, statistically important influence on the level of
economic development in Polish regions,

— physical capital is stronger correlated with the level of economic development
than human capital,

— the highest stock of human capital is concentrated in the mazowieckie
voivodeship, the lowest in lubuskie,

— mazowieckie and dolnoslaskie regions are the biggest investors in human
capital,

— mazowieckie voivodeship is characterized by the highest level of economic
development, the podlaskie, lubelskie and podkarpackie regions have a very
low level of economic development.
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ZASTOSOWANIE MODELOWANIA MIEKKIEGO

DO POMIARU ZALEZNOSCI MIEDZY KAPITALEM LUDZKIM
A POZIOMEM ROZWOJU GOSPODARCZEGO

W POLSKICH WOJEWODZTWACH

Streszczenie: Artykul ma na celu przedstawienie wynikoéw badan dotyczacych zaleznosci
migdzy kapitatem ludzkim a poziomem rozwoju gospodarczego polskich wojewddztw.
Badania zostaly przeprowadzone w oparciu o metod¢ modelowania migkkiego, ktora
umozliwia badanie powigzan migdzy zmiennymi nicobserwowalnymi bezposrednio (tzw.
zmienne ukryte). Do tego typu kategorii mozna zakwalifikowaé¢ zaréwno kapitat ludzki, jak
i rozw0j gospodarczy. Zaprezentowany w artykule model migkki zawieral cztery zmienne
ukryte: kapitat ludzki, inwestycje w kapitat ludzki, kapitat rzeczowy oraz poziom rozwoju
gospodarczego. Uzyskane rezultaty pozwolity na zweryfikowanie, ktora z form kapitatu:
ludzki czy rzeczowy, siniej wpltywata na poziom rozwoju gospodarczego polskich woje-
wodztw oraz na uporzadkowanie wojewodztw pod wzgledem zasobdéw kapitatu ludzkiego,
inwestycji w kapital ludzki i poziomu rozwoju gospodarczego.

Stowa kluczowe: kapitat ludzki, rozwoj gospodarczy, modelowanie migkkie.



