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Abstract
The purpose of this research is to determine if there is any correlation between the
sale of new or significantly improved products and the physical capital and human
capital in the Polish industry between 2011 and 2013. In the quantitative analysis
a Cobb-Douglas regression model has been used and together with its parameters
it has obtained results which indicate a higher degree of flexibility of the sale of
new and significantly improved goods relative to real capital expenditure streams
(0.868) than human capital investment flows (0.190). The model of innovation
growth rate (Cobb-Douglas theory) indicates that the flexibility of sold production
of new and significantly improved goods can be equal to unity. The research has
found regression dependence of new and substantively improved products sold on
the physical and human capital expenditure. Thus, there is an imbalance of these
capitals in the impact on the volatility of sold production of new and significantly
improved goods in the industry. The above-specified production relative to the
combined effect of real and human capital investment flows was growing more
than proportionally (1.058) in the industry in the years 2011–2013. The current
potential for innovation with an unchanged production method allows us to obtain
increasing economies of scale of production sold of new and significantly improved
goods in the Polish industry. The conducted research shows that the impact of
human capital (0.190) amounts only to one-fifth of the potential opportunities
available in the Polish industry.
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1. Introduction
The aim of the study is to establish the regression dependency between sold
production of new and significantly improved goods and innovation investment in the
form of real and human capital flows in the Polish industry in the years 2011–2013.
An additional goal is to indicate the impact of real and human capital on the relative
increase in innovative sold production in the Polish industry.
The theory of innovation development may serve us to derive the concept of
national and regional systems of innovation, which is employed as an analytical
framework of empirical data for the elaboration of innovation policy (Doloreux
and Parto, 2005). A region requires innovation for profit and to build a competitive
position in the global economy, which increases the efficiency of investments on the
basis of innovation (Grillo et al., 2011). A company’s innovative system is the basis
for the implementation of resource factors, including the amount of knowledge
required to build a competitive advantage (Rostášová and Chrenková, 2010).
The innovative potential expresses the company’s ability to make effective use of
resources in order to develop new processes and products (Žižlavský, 2011). The
driving force behind growth is innovation that enables the survival and stabilisation
of the competitive position of the industry (Galvez et al., 2013). In the earlier years,
the innovation of the Polish economy was moderate in nature, while currently it is
included among modest innovators (Innovation Union Scoreboard, 2013).
The basis for the research was a hypothesis that impact of physical capital on a
relative increase in innovative production in Polish industry over the period 2011–
2013 is greater than impact of human capital.
The article is structured as follows: Section 2 contains a review of economic
literature. Section 3 presents a methodology concept. Section 4 sets out the
parameters of variables in the area of innovation. Section 5 contains the research
findings and discussion. The conclusions are presented in the final section.

2. Literature review
The level and dynamics of capital expenditures on research and development
(R&D) efforts are key aspects for the development of knowledge-based industry.
Pursuant to Peter Sullivan’s (2000) definition, knowledge that can be converted
into profit is intellectual capital. Such knowledge conversion makes it an asset
of a company. The major drivers of technological changes include research and
development efforts undertaken by science, which results in new processes, new
knowledge and new products. The relationships between research development and
innovations are complex rather than linear; new goods, new services and higher
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quality final products are created, but also new manufacturing processes and
procedures (enterprise resources) (Guellec, Pottelsberghe de la Potterie, 2001).
The development of the second material real capital sets the rate and nature of
technical progress, which is driven by human capital development (Romer, 1990).
The works of Robert M. Solow (1971) on consumption development are also in a
similar research stream.
The econometric research on economic growth drivers indicated problems existing
between politics, institutions and economic growth in OECD countries. On top of
the original impacts of human capital accumulation, the research findings confirm
the significance of factors such as: the growth of R&D efforts undertaken by
science, macroeconomic environment, openness to trade, as well as well-developed
financial markets. The influence of politics on the efficiency and mobilization
of resources during investment in fixed assets was also confirmed (Bassanini,
Scarpetta, 2001/II).
OECD countries’ data on the economics of the labour force show that empirical
work in education using macro-data can be useful. It was proven that labour force
productivity is directly proportional to the benefits of educational productivity
(Temple, 2001/II).
A new approach has been established to search for endogenic technological
effects caused by exogenic business activities. The innovation stimuli are usually
stronger for the endogenic rather than for the exogenic effects of business activities.
Consequently, the endogenic effects of business activities may reverse the drivers
so that the innovation stimuli are stronger in the volume-driven rather than the
price-driven competitive environment (Gersbach, Schmutzler 2003).
The research on relationships between productivity, technology and economic
growth shows that the total productivity index is not a measure of technological
changes, and only in perfect conditions can it be used to measure extraordinary
benefits from technological changes (Carlaw, Lipsey, 2003). The economic
growth driving forces are not extra benefits caused by technological change, but
the continuous process of creating opportunities and options for technological
development in the future. The author believes that, relatively, the best measure
of the average and marginal productivity of resource drivers is research on
productivity based on an empirical model; research on the productivity of a certain
driver resource, with the remaining driver resources being at the average level. This
allows us to capture the nature of productivity changes during rising levels of a
certain driver resource, with the remaining drivers being at the average level. Such
productivity changes with the extreme reach of a certain driver resource allows the
calculation of the average growth rate of the average and marginal productivity of
the driver resource at pace with an increase of its application rate in the industry.
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This methodology was used in this article, and the approach is consistent. However,
in order to derive individual income, the source of individual income for each
employee has to be determined proportionally to the volume of work performed
(Castagnini, Menon and Perali, 2004).

3. The concept of research methodology
The issue of the measurement of the correlation of explanatory variables is
associated with the correct approach to the quantification of these variables.
However, the correlation may vary together with the change in the definition of
each variable.
The following empirical variables were adopted:
Y – the value of sold production of new and significantly improved goods,
x1 – expenditures (value) for research and development activities,
x2 – expenditures (value) for knowledge from external sources and software,
x3 – expenditures (value) for buildings, installations and land,
x4 – expenditures (value) for machinery, technical equipment, tools and means of
transport,
x5 – training and marketing,
x6 – x2 + x5, correlation of x2 and x5 equal, while x6 higher by 10%,
x7 – x3 + x4, correlation of x3 and x4 z Y – x4 higher by 10%, while x7 with Y are
growing by almost 10%,
x8 – x1 + x2 + x5, correlation of x2 and x5 – equal, and x3 with Y in relation to x2 and x5
are higher by 10%, while x8 with Y are higher by nearly 20%,
ε – random component.
The establishment of a correlation between the explanatory variables and each
of them with the dependent variable (Y) has been executed with the help of the
correlation matrix and the correlation coefficients of logarithms, at a significance
level of p < 0.05; N = 48.
Therefore, the following curvilinear Cobb-Douglas exponential function has been
proposed:
Y = axb1 xc2 xd3 xe4 x5f ε
This dependency can also be written as follows:

(1)
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Y = axb1 xd3 xe4 xg6,

(2)

Y = axb1 xc2 x5f xh7,

(3)

Y = axh7 x8i

(4)

or:

or:

All of these equations are equipotential. In contrast, the correlations between
explanatory variables in the above equations are different. It is also worth
noting that various explanatory variables are the elements (participations) of the
expenditure streams in the structure of real and human capital.
The subject of the estimation of logarithmic empirical data by means of the least
squares method is the value of sold production of new and significantly improved
goods and its innovation expenditures in the Polish industry in the years 2011–2013.
Only in equations (4) in the years 2005–2007 and (2) in the period of 2008–2010
the function parameters lie at a significance level of the range: 0.00-0.05. However,
these are determined regression dependencies which are remote in time.
Redefining the explanatory variables is aimed at maintaining their interpretative
meaning at their higher correlation with the dependent variable (Y) and at a lower
correlation between the explanatory variables themselves. This principle is the
basis for obtaining a good regression. A redefinition of the explanatory variables
x7 and x8 (4) results in directing investment flows towards preserving the meaning
of the interpretative categories of real and human capital and their regression
dependency with production sold of new and significantly improved goods in the
Polish industry. The regression dependencies obtained have been shown in Table 2.
The research was conducted over three-year periods, according to the
methodological standards for studies on innovations, which are applied in all
OECD countries.
The empirical data have been expressed in 2005 prices, and, therefore, in fixed
prices, which allows the comparability of the numerical figures with the calculated
function parameters. The fixed prices of 2005 made it possible to increase the
number of sets N = 48, whereby the studies included all Polish provinces over a
period of three years (2011–2013). The year 2005 is a point of time which begins
the Polish economic growth within the structure of the EU.
The study of randomness of the distribution of the random component was carried
out by means of a graphic analysis and the number series test, at a significance level
of 0.05. The graphic analysis and the number series test confirm the verification of
the hypotheses on the accuracy of the chosen analytical form of the model (Table
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2). To study the normality of the random component, the Kolmogorov-Liliefors
test was employed. The calculated values compared with the critical values at a
significance level of 0.05 do not provide a basis to reject the hypothesis of a normal
distribution of the random components. The autocorrelation was checked using
the Durbin-Watson test, on which basis a lack of autocorrelation of the random
component was established at a significance level of 0.05. In order to verify the
hypothesis of homoscedasticity of the random components, the Goldfeld-Quandt
test was implemented (Aczel and Sounderpandian, 2002, p. 587). At an assumed
significance level of 0.05, the observed Snedecor’s F distribution critical values are
higher than the calculated ones, therefore, there is no basis to reject the hypothesis
of homoscedasticity of the random components.

4. Data and empirical analysis
Certain characteristics (arithmetic mean, range min. – max. and coefficient of
variation) describing the properties of the distribution of the studied attributes have
been defined. Empirical data of the entire population have been analysed, and so
their characteristics are referred to as parameters. They are presented in Table 1.
The aim of the innovative activity on the part of industrial enterprises is to market
new and significantly improved products. The average level of the sold production
of these products in the Polish industry over the period 2011–2013 amounts to
PLN 7156 million (Table 1). This is a classic measure of the distribution position
and the measure of tendency of the central value of the attribute. Changing any of
the feature values in the set of empirical data involves a change of the arithmetic
mean. It is the result of a broad set of extreme values of the attribute in a ratio of 1:
46, whereas the internal variability of the value of the sold production of new and
significantly improved goods is moderate.
Expenditure on buildings, installations and land constitute the immobile tangible
assets. In this expenditure group, there are also investment flows for the new
machinery, technical equipment, tools and means of transport; even though
they belong to mobile tangible assets (x7), they are responsible for the passive
technology transfer to industrial companies. Under the Polish conditions, they
also constitute the prime area of innovation activity. Nearly 3 times higher is
the combined average level of expenditure on buildings, installations and land
together with machinery, technical equipment, tools and means of transport than
the expenditures on R&D activities, knowledge from external sources and software,
or for training and marketing. In contrast, the internal variability of expenditures
on buildings, installations and land, together with machinery, technical equipment,
tools and means of transport is minimised. At the same time, the range of extreme
characteristics of the above variable represents a ratio of 1:31. It is narrowed with
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respect to the set of sold production of new and significantly improved goods by
one third, while the internal variability is smaller by almost 15 percentage points.
Table 1: Parameters of the attributes in the Polish industry in the period 2011–2013
– 2005 prices
Specification

Symbol

Unit of Arithmetic
measure
mean

Range
min. – max.

Coefficient
of variation
%

The value of sold
production of new and
significantly improved
goods

Y

million
PLN

7156,0

629.3-28920.3

112.9

Expenditures (value)
for machinery, technical
equipment, tools and
means of transport

x7

million
PLN

977.6

127.9-3978.4

98.2

Expenditures (value) for
research and development
activities and knowledge
from external sources and
software

x8

million
PLN

341.4

20.4-1890.7

120.8

Source: Author’s calculations

The value of innovation at a given market price depends on the growth rate and the
structure of the streams forming human capital. In the adopted variable (x8), the
flow of human capital is represented by expenditure on research and development,
knowledge from external sources and software as well as training and marketing.
The range of extreme values of a data attribute in a set represents a ratio of 1: 93
and it is extended by about two-thirds with respect to real capital, which means
that the internal variability of human capital is higher by nearly 23 percentage
points, as relative to real capital. Deducible there from is an asymmetry in the
relationship between the two capitals. It must also be assumed that under given
technical conditions, an increase in the value of innovation of the sold production
is directly proportional to the increase in the expenditure flow for human capital.
This indicates that the main role in the impact on the relative volatility of the value
of sold production of new and significantly improved goods in Polish industry is
played by human capital.
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5. Results and discussion
Rapid changes in technology in enterprises result in the shortening of production
cycles, with the simultaneous absorption of knowledge and a more accurate
anticipation of future technological developments (Peltoniemi, 2007). Economic
conditions, however, define the innovative implementation of the Polish industry.
These conditions are contained in the empirical data expressed in prices of 2005
and their regression dependencies have been shown using a curvilinear exponential
regression of Cobb-Douglas type, together with statistical assessment thereof; these
are included in Table 2.
Table 2: Regression dependence of innovative production (Y) on physical capital
(x7) and human capital (x8) expenditure
*

a

1.617

Regression
coefficient

Standard error

x7

a

0.868

x8

x7

x8

0.190 0.77 0.18 0.09

Level of
significance

T-Test
a

x7

x8

2.1

4.7

2.3

a

x7

R2

x8

0.04 0.00 0.05

0.67

Note: a* – dilogarithm equation constant.
Source: Author’s calculations

Regression dependence between the sold production of new and significantly
improved goods (Y) and the expenditures on buildings, installations and land
together with machinery, technical equipment, tools and means of transport (x7) and
the expenditure on R&D activities, knowledge from outside sources, software, as
well as training and marketing (x8) in the Polish industry over the years 2011–2013
are included in Table 2. These aggregated variables (x7 and x8) have explained the
variability of sold production of new and significantly improved goods in 67%. This
is a satisfactory explanation. The value of R2 above 0.9 – a very good explanation,
above 0.8 – a good one, and above 0.6 – satisfactory (Aczel, Sounderpandian,
2002). The remaining unexplained volatility of the value of innovative production
sold is realised by variables which have not been included in the study. The strength
of the relationship, which has been expressed by the correlation coefficient (R)
between the value of sold production of new and significantly improved goods
and the expenditure on buildings, installations and land, together with machinery,
technical equipment, tools and means of transport and the expenditure on R&D
activities, knowledge from —
external sources and software and training and
marketing, amounts to 82% (√R2 ).
It is a strong correlation between all the variables. Bajgar et al. in 2012 distinguish
in the range of 0.10-0.39 a poor correlation, 0.40-0.69 an average correlation,
0.70-0.89 a strong correlation and a very strong correlation in the range 0.90-1.00.
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Standard errors of the regression coefficients (parameters) are lower than 50% of
their absolute values. T-test values, however, are several times higher than the value
of regression coefficients, while the level of significance of regression coefficients
ranges between: 0.00-0.05. These statistical evaluations of regression coefficients
(parameters) indicate the possibility of their use in econometric analysis of the
volatility of the value of production sold of new and significantly improved goods
in the Polish industry in the years 2011–2013.
The regression coefficients and function parameters at x7 and x8 define the flexibility
(flexibility coefficients) of the value of sold production of new and significantly
improved goods, as relative to expenditures on buildings, installations and land,
together with machinery, technical equipment, tools and means of transport,
as well as the expenditure on R&D activities, knowledge from external sources,
software, training and marketing in the Polish industry in the years 2011–2013. The
perception of the role of resource factors is made possible by the use of Cobb –
Douglas production function (Zimkova and Barochowsky, 2007).
Thus, the regression coefficients (function parameters) serve as flexibility
coefficients. They are the flexibilities of Y with respect to x7 and x8, and according
to Clark’s marginal productivity theory of distribution, they are participations in
innovation expenditure of these factors (x7 and x8) in the product (in the innovative
production sold) (Solow, 1956, p. 556). In the exponential regression, the exponents
with explanatory variables are interpreted as coefficients of variable flexibility
which is endogenous with respect to the relevant factors. A flexibility coefficient
determines by how many percentile points, on average, the dependent variable
changes (increases or decreases) when the xj factor increases by 1%, assuming
the constancy of the remaining factors. It is a regressive relationship rather than a
causal one, the latter being difficult to prove.
The flexibility of sold production of new and significantly improved goods (Table
2) is higher with respect to the expenditures on buildings, installations and land
together with machinery, technical equipment, tools and means of transport (0.868)
than the spending on R&D activities, knowledge from external sources, software,
training and marketing (0.190). The first group of expenditures represent real
capital flows, while the latter are streams of human capital. The relationship of
regression coefficients (flexibility coefficients) indicates that sold production of
new or significantly improved goods with respect to expenditures on buildings,
installations and land together with machinery, technical equipment, tools and
means of transport is more than 4.5 times greater than the combined spending
on R&D activities, knowledge from external sources, software, training, and
marketing. It should be noted that decisions concerning the implementation of
real capital are shaped by the environment of a given entity and, as such, they are
independent of the decisions taken by individual business entities. Therefore, an
increase in expenditure on human capital remains a major explanatory variable in
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the regression model of the innovation growth rate (theory). Since human capital is
characterised by certain specificity and its own complex mechanism, the flexibility
of sold production of new and significantly improved goods in terms of human
capital forms only a part of the overall effect of the product. Thus, the structure
of the regression model of innovation growth rate (Cobb-Douglas) assumes that
the flexibility of the produced innovation values in relation to the human capital
equals unity. The above-stated logical interpretations of the regression model of the
innovation growth rate (theory) indicate that at a certain studied technical level of
the Polish industry, the impact of human capital investment streams is used in 19%
relative to the potential impact of human capital. Human capital is the strength of
the Polish economy, but it is not fully utilised. This is due to a very small number of
innovative enterprises in the Polish economy.
We are therefore dealing with an imbalance in the influence of innovation
expenditures that has no place in innovative economies where all dimensions of the
innovation potential are crucial for its effective use. Research confirms that higher
education is a legitimate strength of innovation in transition economies. However,
this effect is significantly lower for companies from Eastern European countries.
Studies also suggest that the access to the European Union has not affected this
issue by much (Nazarov et al., 2012).
The model of innovation growth rate (Cobb-Douglas) indicates that the flexibility
of innovation value with respect to real capital should be less than unity. In this
study, it is less than unity (0.868), but it constitutes 80% of the flexibility of
sold production of new and significantly improved goods relative to real capital
expenditure streams at a relatively constant level of other factors. The greatest
influence on the shaping of volatility of sold production of new and significantly
improved goods is yielded by expenditure on buildings, installations and land,
especially the investment in new machinery, technical equipment, tools and
means of transport, which are responsible for the passive transfer of technology to
enterprises. They constitute the main area of innovative activity in industry and a
typical phenomenon in the Polish economy.
The sum of the flexibility coefficients (exponentiation) (Table 2) greater than
unity (1.058) indicates that the sold production of new and significantly improved
goods relative to the combined effects of expenditures on buildings, installations,
land and machinery, technical equipment, tools and means of transport, together
with the expenditure on research and development activities, knowledge from
outside sources and software, as well as training and marketing, has grown more
than proportionally, with a relatively stable level of other expenses. Therefore,
increasing economies of scale were observed for sales of new and significantly
improved goods in the Polish industry. The total 10% increase in the expenditure
on buildings, installations and land together with machinery, technical equipment,
tools and means of transport, as well as the expenditure on R&D activities,
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knowledge from external sources, software, training and marketing results in an
increase in sold production of new and significantly improved goods by about
10.58%. Sold production of new and significantly improved goods has a relatively
constant marginal utility and its markets are not subject to restrictions related to
saturation levels. Therefore, at affordable prices and with an increase in demand
(economies of scale and reduced usual costs) a market for such products is a market
which dynamises the whole economic system. Moreover, the above-specified goods
may contribute to the development of new markets.
The impact proportion (the sums of flexibility = 100%) (Table 2) shows that the
impact of expenditures on buildings, installations and land together with machinery,
technical equipment, tools and means of transport on the relative increase of sold
production of new and significantly improved goods amounts to 82%, and with
respect to spending on research and development activities, knowledge from
external sources, software, training and marketing, it is as high as 18%.
With more than a proportional increase of the sum of expenditures on real and
human capital to the relative increase in sold production of new and significantly
improved goods, the relatively low value of human capital at a low value of
innovation potential causes a significant reduction in the growth of that production
in the Polish industry over the years 2011–2013. This is indicated by the imbalance
between the impact of human capital in relation to real capital that prevents a
relative increase of sold production of new and significantly improved goods at a
full utilisation of the innovation potential of the Polish industry.

6. Conclusions
The obtained results of the research confirmed the earlier defined hypothesis that the
impact of physical capital on a relative increase in innovative production in Polish
industry over the period 2011–2013 is greater than impact of human capital. These
results are the contribution to the economic literature by building an empirical
Cobb-Douglas based model. Namely, the model brings a new contribution to the
development of the innovation theory. The model itself = theory. The Cobb-Douglas
model is based on empirical data from all provinces (regions) of Poland. Hence, it
presents macroeconomic regression dependences and covers the entire industry in
Poland. The empirical research was limited by the availability of data at the micro
level, i.e. at the level of enterprises, because the empirical data had been aggregated
in the statistics of the Central Statistical Office for Poland at the level of provinces
(regions). Future research may be limited to a specific province (region) or an
industry sector which can help designate a model and use it for innovative industrial
policy in a specific province. That will lead to balanced innovativeness in the
regions (provinces). In the years 2014–2020, the new EU funds will mainly be used
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for innovations in the provinces. They will be spent on those activities where the
innovation effectiveness may go up. The research will contribute to development of
human capital and social in result of changes in the education system and adaptation
of the system to the needs of innovation implementation in the economy, taking
account of its specific economic conditions. The estimated Cobb-Douglas model
shows the suggested directions of changes to use innovativeness in the economic
system of industry at the level of the entire country. It also shows the fundamentals
of the innovation development policy in order to achieve a balanced use of material
capital and human capital, and their future economic structure in Polish industry.
Finally, the obtained results also should be the basis for the development of an
innovative industrial policy in Poland in respect of the funds earmarked for that
purpose under the financial forecast for 2014 to 2020.
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Inovativni poduzetnici u poljskoj industriji
Jan Zwolak1
Sažetak
Svrha ovog istraživanja je utvrditi postoji li povezanost između prodaje novih i
značajno poboljšanih proizvoda i fizičkog kapitala i ljudskih resursa u poljskoj
industriji u periodu između 2011. i 2013. U kvantitativnoj analizi koristi se
Cobb-Douglasov regresijski model, a zajedno s dobivenim parametrima, rezultati
pokazuju da postoji viši stupanj fleksibilnosti prodane proizvodnje nove i značajno
poboljšane robe prema tokovima izdataka stvarnog kapitala (0,868) u usporedbi s
ulaganjima u tokove ljudskih resursa (0,190). Model stope inovacijskog rasta
(Cobb-Douglas teorija) pokazuje da fleksibilnost prodane proizvodnje nove i
značajno poboljšane robe može biti jednaka jedan. Istraživanjem je utvrđena
regresijska ovisnost prodane proizvodnje novih i značajno poboljšanih proizvoda
na izdatke za fizički kapital i ljudske resurse. Stoga, neravnoteža u ovim vrstama
kapitala utječe na nestalnost prodane proizvodnje nove i značajno poboljšane robe
u industriji. Ovakva proizvodnja, koja je ovisna o zajedničkom učinku ulaganja u
stvarni kapital i ljudske resurse, u razdoblju od 2011. do 2013. rasla je više od
proporcionalnog (1,058). Sadašnji potencijal za inovacije s nepromijenjenom
metodom proizvodnje omogućuje povećanje ekonomije razmjera prodane
proizvodnje novih i znatno poboljšanih proizvoda u poljskoj industriji. Provedeno
istraživanje pokazuje da utjecaj ljudskih resursa (0,190) iznosi samo jednu petinu
u odnosu na potencijalne mogućnosti koje pruža Poljska industrija.
Ključne riječi: inovacije, stvarni kapital, ljudski resursi i regresija
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