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ABSTRACT

Objective: The study is aimed at verifying the main determinants of GDP growth in
Scandinavian countries with special regard to scientific progress.
Research Design & Methods: The theoretical part presents economic growth models
(Romer learning-by-doing model and McMahon endogenous growth model). In the em-
pirical study, they were verified on the example of Scandinavian countries. For this pur-
pose, multiple regression analysis was used. Models have been developed to explain
GDP per capita (as a measure of development) using variables determining work, hu-
man and physical capital. The variables included especially determinants of education,
scientific development and new technologies.
Findings: The study showed that the economic growth of Scandinavian countries is
strongly associated not only with the development of factors mentioned in classical
growth models (referring to scientific progress) but also the others, e.g. witch increase
of medium and high-tech exports as % of manufactured exports in Sweden and Den-
mark. Moreover, it was indicated that scientific progress plays a particularly important
role in the economic growth in these countries.
Contribution & Value Added: The study provides current confirmation of theoretical
models of economic growth for highly developed countries, where education and human
capital are very important in the context of their development. Also, key determinants
constituting the economic development of these countries were indicated. Similar verifi-
cation may be used in the future for medium-developed and developing countries.
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INTRODUCTION

Understanding the nature of economic growth and identifying its components is one of
the key problems in economics. As North (2010, p. 7) states, “understanding economic
growth makes it possible to improve human well-being, reduce misery and extreme pov-
erty”. Contemporary models of economic growth are focused on knowledge or science as
a key determinant. On the other hand, education itself has long been seen as an extremely
important indicator of economic prosperity (Hanushek & Woessmann, 2020).

Along with the growing role of human capital in modern enterprises, research on ex-
plaining economic growth has changed significantly (Garncarz & Mierzejewski, 2019). In the
context of the study on the impact of education on economic growth, several mechanisms
are indicated in the literature. One of them is to increase human capital through education,
which then increases the productivity of work and thereby obtains a higher level of produc-
tion balance — neoclassical theory, including Mankiw, Romer and Weil (1992). Lucas (1988),
Romer (1990a), Aghion and Howitt (1998), in turn, focused on the innovative potential of the
economy, the development of new technologies and products in growth research. A differ-
ent approach was characterized by Nelson and Phelps (1966) as well as Benhabib and Spiegel
(1994). They considered education as the dissemination and transfer of knowledge neces-
sary to deepen information, as well as understanding, handling and implementing already
developed new technologies to promote economic growth.

As indicated by a study by Sala-i-Martin, Doppelhofer and Miller (2004) on a sample
of 88 countries for 1960-1996, the strongest factor influencing GDP per capita was primary
education. The strong positive correlation between quantitative measures of education
and economic growth has been repeatedly confirmed in studies of later studies(Chlebisz,
Gruszowski & Igielski, 2019), and the most common measure used has been the average
years of education for the working-age population (Krueger & Lindahl, 2001; Topel, 1999).
As Mas, Hofman and Benages (1998) emphasize, the most often used to measure the in-
tensity of knowledge components are research and development expenditure in the pro-
duction sector, while human capital in service sectors.

Human capital is a very important determinant of economic growth (Galor & Tsiddon,
1997). Research indicates that it is not only a transmission and embodiment of available
knowledge in people, but it is primarily responsible for the creation of new knowledge,
which is a source of innovation and technological changes. These in turn drive all produc-
tion factors (Mincer, 1984). Scientific progress in this paper is defined as an increase of
value of qualitative variables and the improvement of quantitative variables determined
by science, education, innovation and research development, which then testify to the
increase in human capital, which in turn translates into economic growth (Becker, 1993;
Pelinescu, 2015).The effect is indicated to be visible in at least two aspects: (i) human cap-
ital influences the internal rate of innovation (Romer, 1990b); (ii) human capital influences
the rate of diffusion of technology in the spirit and also an increase of 1% of the capital
stock leads to a 0.13% increase in the rate of economic growth (Nelson & Phelps, 1966).
Hence, investments in education and training are extremely important for the develop-
ment of a given country (Wilson & Briscoe, 2004). In the Scandinavian countries they are
at a very high level compared to other European countries (OECD, 2020). However, the
literature lacks attempt which show the relationship between the variables determining
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education, innovation and scientific development and the economic growth of these coun-
tries. Based on Sweden, an attempt was made to reconcile evidence on the effect of
schooling on income and GDP growth. It was then shown that the increase in the level of
education is not significantly related to the economic growth of the country (Krueger &
Lindahl, 1999). In turn, studies conducted on data from Norway showed that investing in
innovation has a positive effect on the Norwegian economic growth (Silfvenius, 2014).
However, there is still no approach that would take into account more variables and would
include Scandinavian countries in total. This study aims at verifying the main determinants
of GDP growth in Scandinavian countries, with special regard to scientific progress. There-
fore, the following research hypothesis was formulated: scientific progress has an essen-
tial impact on GDP growth in Scandinavian countries.

LITERATURE REVIEW

Economic growth models can be divided into two groups: neoclassical and endogenous
models. neoclassical models assume the occurrence of decreasing revenues from repro-
ducible factors of production and constant revenues from the scale. The classic model rep-
resented by Ricardo and Malthus assumes that the economy will stagnate in the long run,
because with non-variable technology and natural resources, capital investments and la-
bour inputs are subject to the law of diminishing revenues — which was justified by tradi-
tional factors of production: land, physical capital and unskilled labour (Sato, 1964). This
group includes the Solow (1956), Ramsey (1928) and Diamond (1965) models. Neoclassical
growth theory does not precisely explain the main determinants of long-term growth, in-
dicating that technical progress, which is exogenous in nature, remains the main factor in
this time horizon. The category of these models is widely used to explain the differences
between the economic states of different countries — the Solow model indicates that the
differences occurring at the level of GDP per capita income are largely explained by the
savings rate, the rate of human capital accumulation and the population growth rate. It is
built based on trade flows between market participants (Wang, 2019).

Endogenous models assume at least constant revenues from reproducible produc-
tion factors. Their characteristic feature is the rate of return explained by the model
itself (in the case of neoclassical it is adopted based on exogenous assumptions that
relate to the development of important parameters, e.g. technical progress). Another
element that distinguishes endogenous models is the perception of the accumulation of
production factors for long-term growth. According to them, the accumulation of
knowledge allows the economy to maintain a permanently higher growth dynamics,
while in the light of neoclassical theories this factor is only temporary. The endogenous
approach focuses on the attempt to quantify and identify the impact of determinants
that shape long-term economic growth (Florczak, 2009). The basic endogenous models
are Romer's learning-by-doing model (Romer, 1986), Lucas model (Lucas, 1988), Rebelo
model (Rebelo, 1991), and models with the increasing number of goods and models with
the improving quality of goods. The new growth theory also includes the Mankiw-
Romer-Weil model (Mankiw et al., 1992). It is an extended version of the Solow model,
which in turn presented next to capital and labour — technological progress, which was
responsible for increasing productivity (Florczak, 2009).
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Romer learning-by-doing model

One of the flagship examples of models aimed at explaining contemporary economic
growth is the Romer learning-by-doing model. Compared to neoclassical models, the
Romer model does not assume decreasing revenues from reproducible factors of produc-
tion. In this approach, knowledge is the only reproducible factor of production that shows
growing revenues at the level of the entire economy. According to the author of the
model, the knowledge that arises from the investments of individual enterprises can
spread unlimitedly across the entire economy, and what's more, it can be used by enter-
prises without incurring additional costs (Romer, 1986).
The production function in the discussed model is marked by:
fi(ay, ki, A) (1)

where:

a;- level of knowledge of a given company;

k;- expenditure of other factors of production (capital, labour, etc.);

A - the general level of knowledge in the economy (sum of knowledge pos-

sessed by N companies).

From the assumption that knowledge is the only reproducible factor of production,
it follows that k; = const. We also assume that all enterprises in the economy are iden-
tical, therefore:

fi(ai' ki!A) = f(a' k'A) (2)
A=Na (3)

At the level of the entire economy, which is the main aspect of this article, the function

of the economy in the model is recorded as:
f(a,k,A) = f(a,k,Na) = F (4)
The marginal productivity of knowledge at the level of the entire economy is increas-
ing, while at the level of a single enterprise it is decreasing or permanent, therefore:
2 2
d f(t;,A) < 0; d“F(a,) > 0; (5)
da da?

Production in the model can be allocated in two ways: consumption (c¢) or for invest-
ments (i), which create new knowledge: f = ¢ + i. The accumulation of knowledge takes
place according to the function g(i/a ), showing decreasing revenues and the constrained
constant y:

a i
-=g (;) <y (6)
The restriction introduced was set so that consumption and utility would not grow

indefinitely. The utility function in the model has the form:
U= fooo u(c)e Ptdt (7)
where:
p > 0 - time preference rate.
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The market equilibrium in the presented model is determined based on the optimiza-
tion problem maximizing the indicated utility function taking into account the limitation
of knowledge accumulation and the production equation:

U= fooo u(c)e Ptdt — max. (8)
Provided that a = 0 anda(0) is given, as well:
. fla,A)—c
Ua=ag (—a ) (9)

As shown in the above equations — households, by giving up current consumption,
contribute to investment growth. Consequently, this leads to the accumulation of
knowledge in the economy, showing growing revenues and allowing faster production
growth from a given size of savings.

The perfectly competitive economy in the Romer model is not optimal in the Pareto
sense. Investments in knowledge made by one enterprise contribute to the increase in the
general level of knowledge in the economy, which is a common factor of production. A
single enterprise in its investment decisions does not include these positive externalities,
which results in the fact that the marginal knowledge product from a single enterprise is
smaller than the marginal knowledge product at the level of the entire economy.

This means that a perfectly competitive economy accumulates too little knowledge and
shows a lower growth rate than the economy managed by a central planner. This conclusion
is because the Romer model takes into account positive externalities. State intervention is
therefore important from the perspective of the entire economy to ensure an adequate level
of knowledge accumulation. Without state involvement, companies will only consider pri-
vate costs and benefits. As a result, in a highly competitive economy, the level of knowledge
and the rate of GDP growth will prove lower than in an economy with an active state.

McMahon endogenous growth model

An alternative to the Romer model presented is the model of endogenous growth pro-
posed by McMahon(2018), which was based on the work of Lucas, covering with his
interest the impact of science and technology on the formation of national income(Lu-
cas, 2009; Lucas & Moll, 2014).

Y = L(AKL (ucheN) P )R, (10)
where:
Y; - goods and services measured in GDP;
I; - new ideas used to create and use available technology;
A - level of technology that remains constant in the absence of new ideas;
K; - physical capital;
Uz - share of hours that were not devoted to learning in the total available time
(including working time);
h; - average human capital defined as knowledge (acquired during the training
period) and other skills;
N, - population;
h,: - the average level of education.
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The key issue in the described model is to indicate the role of external factors, includ-
ing public activities in shaping social values in the form of altruism or cultural develop-
ment. Also, the importance of public education activities is underlined to support the hu-
manities, which can contribute to improving the quality of life for future generations, while
they are less popular compared to the private sector. This relationship is contained in the
value I representing the emergence of new ideas, as well as the share of time spent on
learning (1 — u;).This one would be much lower (especially in areas not directed at applied
research) if the state did not play an intervention role.

The objective function aims to maximize the actual consumption per capita stream
and in the case of this model is an indicator of optimal growth:

foooi(ctl'” — e Pt 6t (11)

The consumption stream over an infinite time horizon(t = 0, ..., ) is discounted us-
ing the p rate. The model also assumes the presence of consumer risk aversion marked
byo. Therefore, it is assumed that the state and individual households treat education (and
the costs and benefits associated with it) in the long term. In turn, the value-added of
human capital generated by households is given by the formula:

5h
St Ge/Y:6(1 — pe)hy (12)
where:
% - gross investment value in the creation of human capital;

G./Y; - is the part of the income allocated by the state to education (both public
and private);
6 - accumulation factor assuming that 1 — u; = 0, and therefore all remaining
time available is allocated by the unit to education.

In the model, only the activity of households and universities enables the implementa-
tion and application of innovative ideas. New technologies are created based on education,
which also includes work (it can be employed in research units, enabling scientific develop-
ment and other “creative” forms of work). The presented model assumes the creation of
capital based on work in a given period, but also thanks to the ideas used during learning:

l; = ah] (13)

h’t = ht—l % - dht—l (14)

Hence, human capital arises not only based on increasing the number of graduates of
individual degrees of education but also during their professional work. The value of hu-
man capital in a given period can be aggregated by the sum of:

Hy = YiZo Nelche (15)

The model, therefore, allows for taking into account the increase in human capital as
an increase in the number of graduates and as the ability to spread knowledge after the
end of the period of formal education.

The economic growth path defined as optimal, using the above assumptions, was pre-
sented in the model by the Hamiltonian equation:
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61 (1(AKP (uhN)1=B)nY —Nc) +
N (16)

H(K, b, 01,05, ¢,,t) = —(c'77 — 1) +
+6,(G/Y8(1 — p)h)
This equation makes it possible to determine the optimal growth in consumption and
income per capita, and also indicates the optimal path of development. Income is the sum
of consumption, investment and government expenditure in a given period. In the model,
the increase in income and consumption are equal, because the other variables are consid-
ered exogenous. Accordingly, the path of consumption growth can be determined based on:
(3) ce = MPPe —p (17)
This means that the optimal consumption growth rate is equal to the marginal effi-
ciency of discounted physical capital. In a perfectly competitive economy, the marginal
efficiency of discounted physical capital will be equal to the return on physical capital,
which translates into a return on human capital:
MPPy —p = MPPy —p = () c, (18)
Based on the equation representing the optimal path of economic growth, it is also
possible to determine a common rate of consumption, income and capital growth:
(o) e = =52 () e (19)
According to the model, the growth rate will be the higher the growth rate in investment
in human capital will be. Also, along with the increase in external factors affecting education
(e.g. new ideas or also an increase in government spending), this growth is accelerating.
Hence, along with the increase in expenditure on the development of public education, the
common growth rate of consumption, income and capital is accelerating. The same transla-
tion applies to social gratification resulting from the emergence of new skills. Along with the
increase in education, there is an increase in the unit's wage to the entire population.

MATERIAL AND METHODS

Statistical data and research method

The study aimed to verify the determinants of GDP growth in Scandinavian countries with
special regard to scientific progress. The research hypothesis was formulated as follows:
scientific progress has an essential impact on the GDP growth in Scandinavian countries.
Hypothesis verification process was carried out in the following way: the theoretical part
represents the assumptions of Romers’ learning-by-doing model and McMahons’ model.
Both models propose factors which explain economic growth, but their variables differ.
Nonetheless, these are the two classical growth models that take into account scientific
progress and human capital, unlike other models which focus on different types of deter-
minants. By applying the multiple regression, all variables from the above models and
other additional variables were combined, which made variable assessment possible, as
to explain economic growth in the Scandinavian countries. The explanatory variables in-
clude selected data series related to key growth factors (such as: labour, human and phys-
ical capital) and additional ones determining scientific progress. The explained variable
was GDP per capita (PPP based). The analytical software package Statistica was used to
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create the model. The data was downloaded from the World Bank (World Development
Indicators), CEIC Data, ILOSTAT and International Monetary Fund databases. These data-
bases provide access to the longest time series of variables allowing verification of the
research hypothesis. The choice of the length of the tested series was dictated by their
availability. For each of the analysed countries, the longest possible time series of variables
was selected (for 1990-2016 with an annual frequency).

Table 1. List of indicators used in the analysis

Type of variable Indicator Source

Dependent GDP per Capita: PPP World Bank (World Development In-

variable dicators)
Adjusted Savings: Education Expendi- |World Bank (World Development In-
ture dicators)
Capital Stock: General Government International Monetary Fund
Capital Stock: Private International Monetary Fund
Employment in Services: Modeled ILO |World Bank (World Development In-
Estimate: % of Total Employment dicators)

Expenditure: Net Investment in Nonfi-
nancial Assets
Foreign Direct Investment: USD mn:

InternationalMonetary Fund

CEIC Data
Annual
Gender Parity Index (GPI1): Secondary  [World Bank (World Development In-
Independent School Enrollment: Gross dicators)
variable Gender Parity Index (GPI): Tertiary World Bank (World Development In-
School Enrollment: Gross dicators)
Medium and High-Tech Exports: % World Bank (World Development In-
Manufactured Exports dicators)
Patent Applications: Non-Residents World Bank (World Development In-
dicators)
L . World Bank (World Devel t In-
Patent Applications: Residents .or ank (World Development In
dicators)
School Enrollment: Tertiary: % Gross World Bank (World Development In-
dicators)
Working time arrangement coverage: ILOSTAT

Full-time and part time workers
Source: World Bank (World Development Indicators), International Monetary Fund, CEIC Data and ILOSTAT (ac-
cess: 23.06.2020).

RESULTS AND DISCUSSION

The models were developed based on the above-mentioned independent variables. In
addition to obtaining a high adjusted coefficient of determination (Ridjusted > (0.95), the
model had to meet the requirements of normal distribution using the Shapiro-Wilk test
(p value > 0.05). The results of the study for three selected countries are presented below.

Figure 1. shows the GDP per capita trend model explained by values representing sci-
entific development in Sweden. The adjusted coefficient of determination takes the value
of 0.9965, which indicates a very good fit of the model to the values observed in reality.
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The Shapiro-Wilk test of normality (SW —W = 0.9714; p = 0.7441) showed that the
model meets the requirements of normal distribution. The following equation of the
model explains the evolution of GDP per capita in Sweden:

55000
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45000

40000

35000 |

30000 |

25000

observed value
T expected value

20000

1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015
Figure 1. Expected regression model values relative to observed GDP per capita
(adjusted by purchasing power parity) in Swedenin 1995-2016 period

Source: own calculations based on data from the World Bank (World Development Indicators),
International Monetary Fund, CEIC Data and ILOSTAT(access: 23.06.2020).

Ys = —68176.9 + 36.987 * x; — 6.4761 * x, + 582.216 * x5 + 9.238 x x, — (20)
— 75.713 * x5 — 12427.9275 * x4 + 1.5983 * x,
where:
Ys - model regression function for Sweden;
X, - Capital Stock: General Government;
X, - Capital Stock: Private;
X3 - Medium and High-Tech Exports: % Manufactured Exports;
x4 - Working time arrangement coverage: Full-time and part time workers;
X5 - School Enrollment: Tertiary: % Gross;
X4 - Gender Parity Index (GPI): Secondary School Enrollment: Gross;

X, - Patent Applications: Residents.
The study shows that the change in GDP per capita in Sweden is affected by:

— positively: Capital Stock: General Government; Medium and High-Tech Exports;
Working time arrangement coverage: Full-time and part time workers; Patent Appli-
cations: Residents;

— negatively: Capital Stock: Private; School Enrollment: Tertiary: % Gross; Gender Parity
Index (GPI): Secondary School Enrollment: Gross.
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Figure 2. Expected regression model values relative to observed GDP per capita
(adjusted by purchasing power parity) in Norwayin 1995-2016 period

Source: own calculations based on data from the World Bank (World Development Indicators),
International Monetary Fund, CEIC Data and ILOSTAT(access: 23.06.2020).

The adjusted coefficient of determination in Norway reached 0.9963, which indicates
a very good fit of the model. There were also no grounds for rejecting the hypothesis of
normal distribution (Shapiro-Wilk test: SW —W = 0.9603; p = 0.4961). The model
equation took the following form:

Yy = —191638.49 + 3272.3457 * x; — 670.8313 * x, + 38.6884 * x5 — (21)
—43.8548 * x, — 66748.2877 * x5 + 2.0461 * x;, — 16.653 * x-
where:
Yy - model regression function for Norway;
X, - Employment in Services: Modeled ILO Estimate: % of Total Employment;
X, - Medium and High-Tech Exports: % Manufactured Exports;
x5 - Working time arrangement coverage: Full-time and part time workers;
x, - Capital Stock: General Government;
X5 - Gender Parity Index (GPI): Secondary School Enrollment: Gross;
Xx¢ - Patent Applications: Non-Residents;

x - Capital Stock: Private.
The variables that turned out to be significant for this model are:

— positively related: Employment in Services: Modeled ILO Estimate: % of Total Employ-
ment; Working time arrangement coverage: Full-time and part time workers; Patent
Applications: Non-Residents;
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— negatively related: Medium and High-Tech Exports: % Manufactured Exports; Capital
Stock: General Government; Gender Parity Index (GPI): Secondary School Enrollment:
Gross; Capital Stock: Private.
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Figure 3. Expected regression model values relative to observed GDP per capita
(adjusted by purchasing power parity) in Denmark in 1990-2015 period

Source: own calculations based on data from the World Bank (World Development Indicators),
International Monetary Fund, CEIC Data and ILOSTAT(access: 23.06.2020).

The model showing the GDP per capita of Denmark using the variables determining
the development of science reached the value of the adjusted coefficient of determina-
tion 0.9963. The high coefficient was shaped by variables that are components of the
following equation:

Yp = —23104.5016 + 38.0182 * x; + 0.1951 * x, — 9296.1249 * x5 + (22)
+ 315.9805 * x, + 0.1841 * xg
where:
Yp - model regression function for Denmark;
X, - Capital Stock: General Government;
X, - Expenditure: Net Investment in Nonfinancial Assets;
X3 - Gender Parity Index (GPI): Tertiary School Enroliment: Gross;
x4 - Medium and High-Tech Exports: % Manufactured Exports;

X5 - Adjusted Savings: Education Expenditure.

After the Shapiro-Wilk test (SW—W = 0.9224; p = 0.0582), there were no
grounds for rejecting the normal distribution hypothesis. The model shows that the fol-
lowing variables have the greatest impact on shaping GDP per capita in Denmark:

— negatively: Gender Parity Index (GPI): Tertiary School Enrollment: Gross;
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— positively: Capital Stock: General Government; Expenditure: Net Investment in Nonfi-
nancial Assets; Medium and High-Tech Exports: % Manufactured Exports; Adjusted Sav-
ings: Education Expenditure.

CONCLUSIONS

It can be stated that the determinants of the classical economic growth models proposed by
Romer and McMahon, which include expenditures of other factors of production (capital,
labour, etc.) and the emergence of new ideas (e.g. patent applications), had an impact in
explaining the increase of GDP per capita in Scandinavian countries. However, not only that:
the additionally proposed indicators defining scientific progress, e.g. growth of net invest-
ment in non-financial assets in Denmark, as well as medium and high-tech exports as % of
manufactured exports in Sweden and Denmark (in case of Norway, this variable has had an
opposite effect) also had a significant impact on the dependent variable. The presented re-
lationships, the theoretical introduction of economic growth models, literature query and
empirical verification has allowed to formulate the most important conclusions:

— Both in Sweden and Denmark, the medium and high-tech exports as% of manufactured
exports has the largest impact on GDP per capita growth. In Norway, on the other hand,
employment in service as% of total employment has the largest positive impact on GDP
per capita growth. This shows the high dependence of the service sector and the export
of modern technologies in the context of economic growth in these countries.

— Each country has different factors determining economic growth. However, the variable
that repeated in each model is negatively affecting the Gender Parity Index (in Sweden
and Norway in secondary and in Denmark in tertiary education).

— For this group of countries as a whole, it cannot be determined whether the size of
capital stock (both general government and private) has a positive or negative impact.
The case of each country should be considered separately.

As a whole, the study provides current confirmation of theoretical models of eco-
nomic growth for highly developed countries, where education and human capital are very
important in the context of their development. Additionally, thanks to the conducted em-
pirical analysis the proposed hypothesis that: scientific progress has an essential impact
on the GDP growth in Scandinavian countries, was confirmed. A similar verification may
be used in the future for medium-developed and developing countries to check the impact
of this category of variables on GDP per capita.
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