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Foreword

The year 2021 has been the year our university has successfully completed the process of
AACSB accreditation and proudly popped up among the 6% of business and management
faculties and universities worldwide recognized with this prestigious label. The
accreditation process was the time of change: for faculty staff, for students, for management
as well as for stakeholders, yet the past two years the pace of change accelerated. One reason
for that was also the booming global demand for teleworking, digitalization, and climate
neutral solutions amidst COVID-19 pandemic.

In such challenging times, | believe some fresh new idea might help to gain better perspective
on the economic life than a series of scholarly work burdened by years of experience. The
EDAMBA conference is one of those occasions to dig into those ideas and bring them to
scholarly attention. That is why the 24th International Scientific Conference for Doctoral
Students and Post-Doctoral Scholars EDAMBA bore the title COVID-19 recovery: The need
for speed.

The 2021 edition of EDAMBA conference hosted Professor Francois Gemenne from
University Liege and Professor Julius Horvath from Central European University, Vienna
whose keynote addresses were meant to inspire the debate around these issues. On one side,
Professor Gemenne challenged the impact the UN Climate Change Conference COP26 in
Glasgow had amidst the pandemic and the need for climate resilient economic recovery. On
another side, Professor Horvath elaborated on the limits of post-covid recovery considering
the differences in economic thought and in economic performance between Western and
Central/Eastern Europe. The subsequent sessions presentations evolved around following
topics:

1. Sustainable production and consumption - a challenge for management and
business
2. New trends in trade and marketing

3. Current challenges on tourism

4. Theory and Application of Quantitative Methods in Economics and
Management

5. The Present and the Future of Accounting and Auditing

6. Impact of the COVID-19 pandemic on the economy of the Slovak Republic

7. From better economics to better economy

8. Sustainable growth in the context of changes in the global world

9. Migration and the European Union

Proudly we present herewith the proceedings of the conference and hope that diverse as they
are, they still are going to provide valuable insights into the more puzzling world and make
enjoyable and inspiring reading.

Paula Puskarova

Conference Chair

Vice-Rector for Research and Doctoral Studies
University of Economics in Bratislava
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IMPACT OF COVID-19 ON VALUATION OF
SLOVAK COMPANIES

Ing. Silvia BASTYR

The University of Economics, Faculty of National Economy/Department of Finance,
Dolnozemska cesta 1, 852 35 Bratislava
Slovak Republic

silvia.bastyr@euba.sk

https://doi.org/10.53465/EDAMBA.2021.9788022549301.1-15

Abstract. At the end of 2019, the first case of a virus, named SARS-CoV-2
(COVID), was confirmed in Wuhan, China. Over the next few months, the virus
spread around the world and began to affect all areas of our life. An important
role in the fight against the disease is played by the restriction of social contacts,
which the governments of most states implement in the form of restrictions at
various levels. Restricting the international and domestic market significantly
affect the current development of foreign and domestic production and transport,
which has a negative impact on the global economy and specific impacts on the
economy of the vast majority of countries, including the EU and the Slovak
Republic. As a result of the COVID pandemic, countries all around the globe
have taken some kinds of measures that have resulted in limiting the self-
employed and business in their economic and financial operations. If they do not
have sufficient financial reserves and their main source of income is limited due
to different anti-pandemic measures, sooner or later they will be forced to decide
what will happen with their business. The aim of the article is to point out the
impacts of a COVID pandemic on the Slovak economy and the changes it brought
within the perception of valuation of companies in Slovakia.

Keywords: COVID-19, valuation, capital structure.

JEL classification: 044

1 Impact of COVID-19

At the end of 2019, the first case of a then-new and unknown virus, named SARS-CoV-
2, was confirmed in Wuhan, China. At that time, no one knew what the consequences
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of this virus would be for the whole world. Over the next few months, the virus spread
around the world and began to affect daily life.

Most countries are trying to combat the ongoing pandemic, both together and
through their own measures, to a greater or lesser extent within countries. An important
role in the fight against the disease is played by the restriction of social contacts, which
the governments of most states implement in the form of restrictions at various levels,
especially in the areas of trade and services, education and training, cultural and leisure
activities. Governments ordered the wearing of veils and respirators, closed shops,
disrupted cultural events, and ordered many other measures. This restriction of
everyday life has led to economic decline. Restricting the international and domestic
market significantly affect the current development of foreign and domestic production
and transport, which has a negative impact on the global economy and specific impacts
on the economy of the vast majority of countries, including the EU and the Slovak
Republic.

The financial and capital markets are also closely related to the economy. They also
experienced the biggest slump since the financial crisis in 2008 last March. For this
reason, governments and central banks have begun to intervene to restart the economy.

For more than a year, the Slovak Republic has been struggling to fight several waves
of pandemics, where different perspectives on crisis management can be beneficial for
Slovak and multinational companies, especially if they include more comprehensive
approaches and the implementation of effective measures. Currently, companies are
trying to respond to government regulations, which does not always lead to an optimal
response. Most companies face new experiences and situations that are unknown to
them and the outcome of which is difficult to predict. Thus, in each economic sector
and sector, a different change in the behavior of companies can be expected depending
on their specific conditions.

2 Literature review- effect of coronavirus pandemic on
financial markets

A coronavirus pandemic has affected the lives of people around the world for more than
a year. During this time, many academic papers have been created dealing with the
effects of coronavirus on many aspects of our lives, such as leisure, finances, etc.
financial markets.

Most of the studies dealt with the impact of the spread of the disease on the financial
markets. This primarily means an increase in the number of infected and the number of
deaths. [4] examined how the spread of COVID-19 affects financial markets in China
and the United States. COVID-19 had a positive effect on the markets.

[5] also confirmed the positive influence, which surveyed the behavior of the
volatility of the US dollar exchange rate against three foreign currencies under the
influence of rising diseases and deaths on COVID-19. During the observed period, the
coronavirus had a positive effect on volatility.



However, most of the work confirmed that the pandemic had a rather negative effect.
[6] examined the effect of the number of infected on the volatility of financial markets
and exchange rates within the Visegrad Group Countries. The work confirmed that the
currencies of the Visegrad Group Countries depreciated and volatility in financial
markets increased.

[7] examined whether the increase in COVID-19 deaths affects financial markets.
Indeed, the growth in deaths increased volatility and reduced the profitability of the
markets examined.

[8] examined how the growth of those infected affects the financial markets of
developing countries (emerging markets). Coronavirus has had a negative effect on
these markets. The impact was stronger if the governments of these countries did not
implement fiscal stimulus.

The study by [9] tested how the number of infected affected global financial markets.
Coronavirus has had a predominantly negative effect on markets.

[10] examined a link between the spread of coronavirus and volatility in oil markets
with US stock markets and the political and economic situation in the US. Their results
showed a correlation between COVID-19 disease and uncertainty in US markets.

[11] examined the effects of a pandemic in the form of growth infected on the US
stock and oil markets. The results show that the coronavirus had a positive effect on the
profitability of these US markets.

[12] examined the effect of the spread of the COVID-19 pandemic on market
volatility. He investigated whether the VIX index was affected by infections and
mortality on COVID-19 in China, outside China, and overall. The author also examined
whether the number of infected countries also affected the implied volatility in the
markets. The VIX index was not affected by any new additions infected in China or
together, only those outside China. The VIX Index responded to mortality from
COVID-19 in China, including overall mortality. The development of the number of
infected states also played a role in the development of the VIX index.

[13] observed differences in the volatility of US financial markets and commodity
markets before and during a pandemic. Increases in volatility were measured during the
pandemic.

[14] compared the impact of current pandemics and past pandemics on financial
market volatility. According to their results, the current pandemic has a strong and
negative effect on volatility, while previous pandemics have had almost no effect.

[15] followed the change in volatility in financial markets before and during the
pandemic. The result is increased market volatility.

[16] looked at profitability and volatility in the US. Companies operating in the
healthcare, food and technical stocks recorded growth in profitability, while shares of
companies in the entertainment industry or the real estate market saw a decline in
profitability and increased volatility.

[17] monitored the profitability of world markets. COVID-19 had a negative effect
on their profitability.

[18] examined profitability in the US, Europe and Asia markets. Markets worldwide
have fallen, most in the US. They recovered the fastest in Asia, the slowest in Europe.



Studies have also been carried out to examine whether certain state interventions
affect financial markets.

[19] examined whether the increase in the number of new cases of COVID-19 and
the number of deaths from this disease affects the profitability of global financial
markets. During this period, the financial markets reacted negatively to the growth of
new cases of COVID-19 and to death.

This study was followed by [20], which examined whether the profitability of
financial markets was affected not only by the growth in the number of new daily cases
but also by government regulations divided into three groups. The first group included
regulations related to the observance of social distances, such as school closures, shops,
restrictions on gatherings, etc. The second group of regulations related to tracing,
testing citizens, and awareness-raising campaigns about the virus. The last group
concentrated economic regulation to help with wage shortages and household debt
forgiveness. All these groups have still been tested to see if they have an indirect impact
on the markets despite the change in the growth in the number of new daily cases of
COVID-19. Regulations on social divergence have a twofold effect on markets, the
direct effect is negative (due to the artificial reduction of economic activity) and the
indirect effect is positive, as they reduce the number of daily increments. Regulations
related to testing, tracing, and awareness-raising campaigns had only a positive direct
effect, they did not indirectly affect the profitability of markets. Economic regulations
had no significant effect on financial markets.

[21] examined whether government regulations such as travel incentives or bans and
ordered lockdowns affect stock markets. The results show that these regulations have
helped global stock markets.

[22] examined whether government interventions affect the realized volatility of
financial markets. As interventions, they used interventions such as closing schools and
shops, canceling cultural events, checks on international travel, etc. The study showed
that the observed volatility in the markets over the observed period reacted negatively
(increased) to government interventions. The disruption of public events and the
information campaign on the coronavirus pandemic had the strongest effect.

There are also works that have examined people's fears of a pandemic by searching
for certain phrases or the influence of the media.

[23] examined whether the intensity of Google word searches and phrases related to
the new COVID-19 disease (corona, pandemic, symptom, lockdown,...) affects the
realized volatility of financial markets. Ten countries were selected for the survey, in
which both volatility and search intensity were examined. It was examined whether the
intensity of the search has an effect on a specific state and other selected states. The
result of their work is that the intensity of searching for phrases related to the COVID-
19 pandemic in a particular state and in other states affects the realized volatility of
financial markets. Volatility increased due to this effect, which caused more uncertainty
in the markets.

[24] examined the effect of coronavirus searches on Google on financial market
volatility. Their results say that increased search intensity has also increased volatility
in markets in Europe, Asia, the United States and Australia. At the same time, the
negative effect of coronavirus on the economy reinforced this effect.



[25] compared the effect of the spread of the disease and the fear of searching for
coronavirus on Google on the profitability of markets. The search had a stronger
negative impact on the markets, which was amplified by the growth in the number of
infected.

[26] tested whether US financial market volatility is affected by media and news
related to coronavirus. News from coronavirus has resulted in increased market
volatility.

There are also studies that have examined whether the size of trust in the state
institutions and other fellow citizens during the pandemic also affects the financial
markets. For example, [27] in their study examined whether people's trust in
government during the COVID-19 pandemic affects volatility in financial markets. In
their work, they found out whether citizens trust the government and fellow citizens.
Subsequently, these states were divided into two halves according to the level of trust.
They observed a relationship of trust and volatility for the period from 22 January to
28 July and for a shortened period when the pandemic intensified, from 22 January to
3 May. First, they examined the differences between countries with the higher trust in
government and countries with the lower trust in government. tests showed that in
countries with higher trust in government and trust in fellow citizens during the
shortened period, volatility was indeed on average lower than in countries with lower
trust in government.

The need of the company for external resources is increasing due to the lack of cash
flows resulting from the COVID pandemic. This is due to the fact that all business
activities are forced to stop in order to constrain further spreading of the virus. This
resulted in a number of companies that are negatively affected by the pandemic, that
are seeking additional financial resources to cope with their lack of liquidity.

A result from a study [42] shows that from the beginning of the COVID pandemic
the bond market has become more active.

[43] and [44] further document that during the pandemic is increased the drawdown
of bank loans and the drawdown of credit lines.

The ability of companies to borrow either on the capital markets or from banks is
influenced by their debt capacity, If the company applied a conservative debt policy
that protects financial flexibility, they can finance new investments with new debt
issues [45].

Keeping financial leverage low therefore provides greater debt capacity and
financial flexibility, which gives the companies concrete benefits during a market
downturn.

[46] present that firms with high financial flexibility show a lesser decrease in their
market value due to COVID-19 than firms with low financial flexibility. In this case,
the company has more debt, so it is exposed to higher risk than the company with less
debt because the financial leverage effect is significantly positively correlated with the
volatility of stock returns.



3 Impacts of a pandemic on the Slovak economy

The economic impact of the pandemic on EU industries is addressed in a study that
provides estimates of the global costs of a pandemic crisis on projected GDP growth in
30 different countries according to different scenarios. The author assumes that the
economic impacts of the Covid-19 pandemic are currently underestimated compared to
the impact of the SARS epidemic or financial crisis in 2008/2009 [1].

Of the European countries, the pandemic has negatively affected mainly the
economies of service-oriented countries, which were also endangered in terms of jobs.
Tourism-dependent countries such as Greece, Portugal, and Spain have been hardest
hit by the pandemic crisis. The current economic crisis is also affecting supply chains.
Therefore, the economies of countries more dependent on foreign trade are more
affected. The study shows that the current pandemic crisis costs an average of 2.5-3%
of global GDP each month.

According to [2] there was a gradual slowdown of the economy in the EU countries
as early as 2019. Germany in particular, affected by the decline in global demand for
cars, could not recover from the gradual decline in production. Structurally the weakest
economy in the euro area was Italy, whose growth potential was close to zero. The hope
for 2020 was to ease tensions in international trade.

For many years, Slovakia has served as an example of an economy with minimal
macroeconomic imbalances and strong financial stability. The trade balance maintained
a solid surplus and the current account of the balance of payments ended in a slight
deficit in 2019 only due to high dividends paid abroad. The debt of Slovakia in relation
to GDP was relatively low until 2020. The financial sector was relatively strong in
terms of capital. Slovak GDP in 2020 fell by 5.2 percent [3]. Towards the end of the
year, the economy was helped by exports and reducing the downturn in some sectors.

The economic downturn in the fourth quarter was the second mildest last year,
reaching 2.7 percent (Fig.1). The growth of value added in several sectors, especially
in industry in the last months of the year, was dampened by the unfavorable trend from
the first half of the year.
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Fig. 1 Development of gross domestic product of the Slovak Republic [3]

Compared to the third quarter, the gross domestic product in Slovakia was seasonally
adjusted by 0.2 percent higher in real terms. At current prices, it reached 24.1 billion
euros, which is 0.4 percent lower than in the fourth quarter of 2019 [3].

The first wave of the Covid-19 pandemic caused historical declines in key indicators
in the second quarter, but at the end of the year the economy was able to start despite
the second wave of the pandemic and showed the second slightest decline in 2020.
Growing external demand again played a key role in the result.

The activity of individual sectors in the 4th quarter was affected to a different extent
by the pandemic. The most significant year-on-year decrease in value added was in
construction by 13.8 percent. The double-digit decline was still reflected in wholesale,
retail trade, transport and storage, accommodation and food services, as well as in
financial and insurance activities [3].

Value added growth was mainly in industry by 2.7 percent, in public administration,
education, health and social work by 2.5 percent and in real estate activities by 1.9
percent.

At the beginning of the pandemic, the negative effects on the economy hit mainly
the countries where the disease spread the fastest, such as Italy and Spain. In 2020, a
number of sectors in EU countries were gradually paralyzed, such as retail, sports,
culture, education, libraries, air transport, catering, and accommodation, or travel
agencies, which account for around 10 percent of GDP. However, other sectors of the
economy are linked to these sectors. It is currently very difficult to quantify the effects
of a pandemic, as evidenced by the economic recession of 2012 and 2013.

Last but not least, the disruption of global value chains needs to be mentioned.

Slovak companies are largely involved in complex chains with a high specialization
of articles. Slovak companies make intensive use of imported intermediate products in
their production.



Strong involvement in international trade brings with it higher revenues, but also
greater shocks in the global economy. The spread of the pandemic across Europe and
dramatic preventive measures were a significant intervention in the economy of Slovak
companies. It was mainly a cessation of production in the automotive industry, as it is
connected to a wide chain of suppliers from other industries.

In recent history, an unknown, in many respects unprecedented situation, which first
affected the health system and then the entire economy of all affected countries. The
historical view of the greatest economic crisis of modern times knows no such case in
which a considerable part of economic activity has been practically stopped or
minimally limited. This crisis is unique to individual economies in that it combines an
internal shock associated with the closure of some service outlets, retail and production
interruptions, with an external shock associated with supply chain disruptions and a
slump in external demand. Although this type of crisis is more or less unknown, most
experts agree on how to defend against a pandemic crisis.

The defense should be the fiscal policy response, which must be as fast as possible,
strong enough, targeted, and, above all, should bring a sufficient degree of confidence
to the economy.

[31] further states that in the short term it should be aid mainly to support small and
medium-sized enterprises and employment. A specific form of assistance for small and
medium-sized enterprises should be, for example, in the form of the supply of the
necessary liquidity, the shift, reduction or remission of taxes and social security
payments. Employment should be supported by at least partial payment of the salaries
of employees who are unable to work due to the pandemic. Further support for
households could be a targeted one-off financial contribution to help them overcome
the problems of paying rents, loans, and common needs. Further important assistance
should go to the financial system, which is most likely to face a higher level of non-
performing loans, thus preventing the crisis from entering the financial system. The
timing of aid is very important, which must be urgent and without unnecessary
bureaucratic obstacles. This is the only way to prevent a catastrophic scenario that may
occur shortly after the pandemic.

Central banks, governments and supervisors reacted strongly to the situation. Central
banks promptly adopted a package of stabilization measures, the scope and especially
the intensity of which are unprecedented in the past. Thanks to them, the price falls
stopped at the end of March 2020 and the markets saw a partial correction. Supportive
measures by national governments, aimed in particular at maintaining employment and
improving the situation in the business environment, have made a significant
contribution to mitigating the impact on the real economy. In several countries, already
two months after the outbreak of the pandemic, the amount of promised state aid
exceeds the amount used during the previous financial crisis [32].

Even prompt fiscal and monetary stimulus does not change the fact that the world
will almost certainly plunge into a severe economic recession in the near future. One
of the main problems is the uncertainty regarding its depth, duration and possible



consequences of a more permanent nature. A separate problem for the economic
recovery is perhaps the wave of a coronavirus pandemic.

The most significant risk are losses from non-performing loans. The profitability of
financial institutions, especially banks, will fall sharply. Despite the significant risks
that financial institutions will face in the coming period, the resilience of the banking
and insurance sectors as a whole is at a high level.

Banks currently have enough capital and liquidity to continue lending. On the other
hand, some households and companies already had a relatively tense financial situation
with a low level of savings when entering the crisis, which the NBS has repeatedly
pointed out in the past. Due to the high uncertainty about the impact of future economic
developments on the financial situation of clients, banks will be significantly more
cautious in providing loans. This can be particularly problematic for businesses that
need to bridge the temporary loss of income through short-term bank loans [32].

From the point of view of financial stability, it is important to what extent the
financial sector will be able to provide financial services, including economic lending,
during the economic shock. It depends on whether the financial sector will support the
early recovery of the economy or, conversely, the problems associated with the spread
of coronavirus will exacerbate.

This will be particularly important from the point of view of companies that need
additional funding to bridge the temporary loss of income. The main impact will be the
banks' fears of an increase in non-performing loans.

For corporate loans, banks have tightened lending standards to the greatest extent
since the financial crisis in 2008, and even more significant tightening is expected in
the coming period. However, the conditions for providing retail loans have also been
tightened, especially for self-employed persons and employees in the most affected
economic sectors. On the other hand, sufficient capital and liquidity do not currently
represent a significant constraint. Banks have enough capital to maintain them in the
coming years credit growth rate of 2019.

4 Forms of valuation of companies in Slovakia

Valuation of a company is a specific process in which various experts from different
fields are involved. The question is what are the purposes of determining company
value?

The company should know how it will develop and what the future brings. This may
lead to a situation when the company owner should determine whether to sell, liquidate
or merge the company. If a business owner opts for a merger of his company, he should
know its value in order to evaluate if the merger is advantageous or not. To determine
this value, the authors recommend analyzing the internal environment of the company,
which is consequently affected by the fluctuations in its macroeconomic and
microeconomic surroundings [33].

We can show this with an example of the influence that the current COVID
pandemic situation, has on the global economic market.
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As a result of the COVID pandemic, countries all around the globe have taken some
kinds of measures that have resulted in limiting the self-employed and business in their
economic and financial operations. If they do not have sufficient financial reserves and
their main source of income is limited due to different anti-pandemic measures, sooner
or later they will be forced to decide what will happen with their business [34].

Simulating the value of a company and its capital structure under the influence of
taxes, risk, and possibilities to grow shows that there are unique optimal levers for each
combination of the above-mentioned factors. In order to determine the value of the
company in the period when the decision for the future of the company is needed, we
must understand the factors that affect the company value [35].

A company's financial valuation is a complex process in which professionals from
different fields are involved in expressing the company's value using a monetary
amount. It can be valuated as a whole, or only some parts of the company can be
evaluated [36].

There are different methods of determining the firm value, which is interesting for
various stakeholders (investors, owners, and creditors). The main point of interest is the
market price of the company — referred to as the market value [37]

A company cannot afford to be freely driven by external influences and events alone,
so planning is a very important activity, in order to withstand a turbulent environment.

Companies that plan ahead, are better prepared for various situations and the
uncertainty of the future threats, and thus can easier respond to them [38]

According to [39] in the period of the COVID pandemic, there are two most common
valuation methods. One of the methods is based on economic value added (EVA),
linked with the stock prices.

The second method [39] is the discounted cash flow (DCF) method. The preference
of the DFC method of valuation during the COVID pandemics is confirmed by [40]
and is the most widely used method used in practice, as confirmed by [41].

Valuation is mainly based on one of the three main approaches: the income, market
and cost (or asset). Although each of these approaches has its pros and cons, valuation
experts place much more emphasis (based on the impact of Covid-19 on economy) to
the discounted cash flow (DCF) method, a variation of the income approach, given its
direct significance to the entity being valued [30].

As one of the basic problems in the valuation of companies in Slovakia, are the
challenges of choosing the right method of valuing the company. It is useless to be able
to work with one method, to be able to apply it perfectly, to compare it, and on the other
hand to apply it to a company that is unsuitable for this method. For example, to use
the discounted dividend method to value a company that does not pay dividends, or
pays them irregularly, exceptionally, and at different amounts, if we are talking about
a very simple example. We have managed to find several divisions and forms of
valuation in the literature, related to the conditions in Slovak economy:

a) Five valuation methods according to the Decree of the Ministry of Justice of the
Slovak Republic [28]:

- Asset method in which an expert determines the general value of an enterprise and
parts of an enterprise by summing the general values of the various components of the
enterprise's assets minus the general value of borrowings at the current date.
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- The business method, where the expert determines the general value of the
company and parts of the company by capitalizing the extractable resources for the
evaluated period of the business.

- A combined method, where the expert determines the general value of the
enterprise and parts of the enterprise as a weighted average of the general values of the
enterprise determined by the asset and business method.

- Liquidation method, where the expert determines the general value of the company
and the part of the company at the dissolution of the legal entity associated with
liquidation, as the sum of general values of assets of the company taking into account
the general value of foreign resources and liquidation values of the components of the
company's assets objectified by the coefficient of monetization.

- A comparative method where the expert determines the general value of the
enterprise and the parts of the enterprise taking into account selected common criteria
of a set of comparable enterprises using the transactional approach, the model approach,
or the stock exchange approach.

b) Three basic forms of valuation proposed by [29], who says that it is good to use
different valuation methods according to what the investor is most interested in or to
combine methods from all three areas in order to achieve the widest possible view of
the company.

The areas and methods contained in them are as follows:
- Valuation based on revenue analysis

a. Discounted cash flow method (DCFM)

b. Capitalized net income method

¢. Combined (corrected) yield methods

d. Economic value added method

- Valuation based on market analysis

a. Valuation based on market capitalization

b. Valuation based on comparable companies
¢. Valuation based on data on listed companies
d. Valuation based on comparable transactions
e. Valuation based on industry multipliers

- Valuation based on asset analysis

a. Determining the value of equity on the principle of historical prices
b. Substantive value on the principle of reproduction prices

c. Substantial value based on the principle of cost savings

d. Liquidation value

e. Property valuation on the principle of market values

In the current economic environment, the valuation of companies under the influence
of the pandemic must take into account certain facts that did not exist in the period
before the COVID pandemic.



12

Those factors are:

The date of valuation. When valuing a company, the time of the coronavirus
outbreak in Slovakia is crucial. Experts agree that very little was known about COVID-
19 by the end of 2019, and we believe that the impact of the pandemic on the value of
companies in Slovakia was evidenced by reports that began in January 2020 and the
first cases of COVID in Slovakia in early March 2020.

Subsequent events. The valuator must take into account the following events that
arose from the outbreak of the pandemic. These are, for example, quarantine measures,
the cessation of the operation of large enterprises (eg car manufacturers, which are the
driving force of the Slovak economy), restrictions of the international and domestic
market, that significantly affect the current development of foreign and domestic
production and transport.

Recommended valuation method. Because COVID caused economic disruptions,
“the method of choice” should be an income method - Discounted cash flow method
(DCFM). DCFM analyzes the future results of the company until the company is not
affected by COVID, ie until the end of the pandemic. Some experts recommend two-
to-three-year DCF models; others prefer to use a longer time frame.

Cash flow. Valuators look at cash flow to see if enough money is being circulating
in and out of the company to keep the company running smoothly. The role of the
valuator is to predict the time horizon within which the company will be able to operate
under uncertain conditions caused by a pandemic.

5 Conclusion

The COVID-19 pandemic has affected all aspects of business worldwide, intervening
in customer demand, supply chain, commodity price shocks, and macroeconomic
policies. Although a pandemic presents a new challenge in the field of business
valuation, valuators can find a solution to the new challenges in the basic principles of
valuation. The article provides a literary review of the effects of coronavirus pandemic
on financial markets, insights on the Impacts of a pandemic on the Slovak economy,
and ideas for applicable methods of valuation of companies in Slovakia.

The valuation of a company varies significantly at different points in time, especially
if there have occurred significant changes in the economic, industrial, and business
factors.

Due to the ubiquitous influence of the covid-19 pandemic, on the economic,
industrial, and business factors that potentially can impact company value; it must be
emphasized that each case must be assessed individually, the choice of different
valuation dates (before, during, or after a pandemic) can have a significant effect on
firm value.

To determine whether the impact of a pandemic at the valuation date was known, it
is necessary to understand the timeline of the pandemic in both the global and
geographical regions of the valuated company.
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If we take under consideration valuation date in the first months of 2020, a period
when the uncertainty of a pandemic and government action has changed rapidly:
increased attention should be paid to determining what was known or expected on a
particular date. In addition, each industry participant has faced different circumstances,
which should be assessed on a case-by-case basis, and would add an additional layer of
complexity of valuation.

Although more difficult to apply, the basic principles of firm valuation during the
COVID pandemics are generally the same. A valuator should always be aware of the
context of valuation; as far as possible, they should carry out independent analyzes and
research into relevant factors for the case. The need for these practices has not changed
in the current circumstances, as these have always been essential elements of valuation.
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Abstract. Digitalisation demands new economic theories because the old laws
are losing their validity. They were established to describe the business
interrelationships in an analogue world. Now digital business models are
breaking the boundaries and taking learned knowledge ad absurdum. New
economic theories are emerging from the literature to explain how digitalisation
works. The author finds that the new assumptions conflict with some ubiquitous
economic theories. The inconsistencies were collected, reviewed, and evaluated.
It turns out that at least five doctrines are no longer applicable in the digital world,
as their parameters shift elementarily. Using a contrasting example from the
music industry, the results were examined and confirmed by way of example.
The result is that certain economic theories - from Porter to Pareto - no longer
apply in the digital world. The rules must be rewritten so that order can emerge
again from the growing chaos.

Keywords: digitalisation, digital goods, digital business model, disruption
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1 Introduction

Digitalisation is referred to as the fourth industrial revolution?. It is changing our lives,
our jobs and society. Digitalisation is the result of the convergence of information and
communication technology?. Information is systematically collected in digital formats,
can be stored, processed, and exchanged via the internet to any extent®. Digital
convergence* allows companies to move their offerings to the cloud and develop
platform-oriented business models. The four internet giants Google, Amazon,

1 Schwab (2016)

2 Stahler (2002)

3 Bauriedel (2020a)
4 Covell (2000)
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Facebook, and Apple top the list of the most valuable companies®. But they play by
different rules and are shaking up the traditional order.

The digital good® and its associated business models are fuelling the disruption of
economic theories widely used until today. An example why those ubiquitous economic
theories are not anymore applicable: In the past, music was stored on physical sound
carriers, which were produced in a pressing plant, distributed via a dealer network and
sold in stationary music shops. The music shop was subject to the restrictions of the
stationary trade: low range, limited opening hours, limited product variety and low
storage capacity. The manual work for handling the goods, advising the customers,
collecting the money and other administrative tasks set further limits to the business
model. Today, music is a digital good and is offered for download or consumed directly
in a stream. A music platform like iTunes needs no physical goods, no factory, no
shops, and no operational staff. It eliminates all manual and intellectual activities in
manufacturing, logistics, storage, consulting, and payment. In addition, digital business
models can be used at any time, are accessible from anywhere and are particularly easy
to use’. iTunes has revolutionised the music business. Digitalisation was not used to
improve the stationary music business, but to create a completely new, innovative
business model. The basic needs of the customer are satisfied in a new way, and the
new business model is faster, better, and easier. First and foremost, customers save time
and money, experience a huge choice as well as one hundred percent availability.
Ultimately, they get a product that neither wears out nor gets lost.

At first glance, iTunes is an app for the smartphone. Only a deeper look behind the
scenes shows that digitalisation brings multi-layered and complex changes. The
disruption of the music sector is one example. Many other industries such as retail,
travel agencies, car rental companies, banks, etc. are also affected.

2 Theoretical background

The economic theories mentioned in this article are part of the recognised basic
knowledge in economics. For a better understanding, the basics are briefly described.
Furthermore, the terms digital good, digital business model and disruption are named.

2.1 Ubiquitous economic

The term ubiquitous economic theories is deliberately chosen because the economic
theories mentioned here are anchored in microeconomics on the level of business
management. They really "occur everywhere". They are on the syllabus of every
business university, they influence our entrepreneurial actions and have become social
consensus. Every manager is shaped by these doctrines and must first discard their own
limited way of thinking to be able to tap the potential of digitalisation for themselves.

5 Focus Online Group GmbH (2020)
6 Clement, Schreiber and Bossauer (2019)
7 Bauriedel (2017)
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For the digital era it is necessary to rethink the corporate strategy, the business model,
the processes and the IT infrastructure.®

2.2 Productivity

According to Hal Varian, master of microeconomics, productivity results from the three
factors labour, capital, and resources®. It is the ratio that determines the effort (labour
hours, monetary units, and raw materials) to produce a certain product.

2.3  Porter's theories

Michael E. Porter is one of the most influential theorists in strategic management. He
follows the assumption that companies should choose from three generic competitive
strategies (segmentation, differentiation, and cost leadership)l® to take a distinct,
strategic position in the market.

2.4 Blue Ocean Strategy

W. Chan Kim outlines his idea of a Blue Ocean®*. He challenges entrepreneurs to ignore
existing competition, think outside the box and develop new markets. The new business
idea should offer the customer greater benefits and at the same time reduce costs. He
describes that companies focus too much on bloody competition: "The dominant focus
of strategy work over the past thirty years has been on competition-base red ocean
strategies."'?> He contrasts this with his theory of a redefined market with changed
competitive factors, the blue ocean. "Blue oceans, in contrast, are defined by untapped
market space, demand creation, and the opportunity for highly profitable growth."*3

2.5  Scarcity

The insatiability axiom!* states that people have an infinite need. Since there is a cost
to providing goods, the quantity supplied is always less than the quantity demanded.
There is an eternal scarcity of goods.

8 Bauriedel (2020c)

° Varian (2016)
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12 Kim and Mauborgne (2015, p. 8)
13 Kim and Mauborgne (2015, p. 4)
14 Woll (2003, p. 50)
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2.6 Pareto principle

The Pareto effect'® describes that with 20 percent of the effort 80 percent of the result
is achieved.

2.7  Digital goods

Digital goods are intangible products (images, audio, video, information) or virtual
services (games, software, cloud computing). In contrast to physical goods, they have
special characteristics: easy reproduction, simple processing, simple distribution,
multiple ownership and no wear and tear or loss'. The exchange of digital goods via
networks makes them independent of time and space'’. The mass distribution of digital
goods requires the standardisation of file formats (e.g., html, pdf or jpeg).®

2.8  Digital business models

Christian Hoffmeister sees business models as a development process for standardised
trade. "The permanent repetition of processes turns a trial-and-error procedure into a
fixed procedure that serves as a binding instruction for all employees."!® Business
models are evolving from individual to dominant to unstable. Traditional business
models - in his view - are becoming increasingly unstable because "the internet creates
new needs through new service models. At the same time, known needs are being
satisfied differently than before. This leads to changes in established industries as well
through new providers with new business models."?°

Patrick Stahler examined digital business models at an early stage. He explains, "By
means of business models, information management attempts to map the reality of a
company with its processes, tasks and communication relationships onto an 1T system
in order to support the company in its tasks."?* He names three components of a
business model: the value proposition, the architecture of value creation and the
revenue model.?? In addition, he points out, "Business models on the internet are only
new if they also use the possibilities of new media, i.e. ubiquity, the activity of the
information carrier, networking and multimedia, although it is not crucial to use all
features at the same time."?3

Alexander Osterwalder has taken Stihler's concept of a business model and
developed it further. His definition is: "A business model describes the basic principle
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by which an organisation creates, conveys and captures value."?* In contrast to a
traditional business model, the digital business model focuses on the possibilities of
digital technologies. Digital business models satisfy basic needs in a new form? and
they are better in the performance characteristics that are important for the customer.®

2.9 Disruption

Disruption is a young term with a longer history. As early as 1942, Joseph Alois
Schumpeter published his remarks on the renewal of markets, which is initiated by
entrepreneurs. He describes disruption as follows: An idea is good until a new, better
one replaces it.?” Later, Richard N. Foster? found that there is a dependency between
the effort for improvements of a technology and its performance. According to his S-
curve model, new technologies show only a low performance at the beginning, which
can be improved slightly. During development, the performance increases and helps
the technology to achieve a breakthrough. In the third phase of the S-curve, a further
increase in performance can only be achieved at great expense. Clayton Christensen®
took up Foster's idea and expanded his model into a Multiple S-curve Model. In his
doctoral thesis at Harvard University, he examined waves of technological innovations
among manufacturers of storage media. He found that disruptive innovations initially
perform worse. After a certain point, the new technology overtakes its predecessor - in
rapid steps - and becomes the leading technology. Clayton Christensen created the term
disruptive innovation and studied why companies fail when new technologies change
the market. According to his studies, there are two criteria that constitute a disruptive
innovation. First, the new technology has new performance characteristics. Second, the
performance characteristics that the customer values can be improved quickly so that
the new technology takes over the established market. Rebecca M. Henderson®° created
the term Architectural Innovation. She does not look at a product as a whole but divides
it into different components and thus examines the structure of a product. Henderson
distinguishes between four directions of innovation: incremental, modular, and
architectural innovation, as well as radical rethinking. While Christensen and
Henderson placed a clear focus on technical innovation and product design, the horizon
must be broadened for the digital disruption of business models. It encompasses the
entire customer life cycle (initiation, purchase, delivery, use, service) and not only the
disruptive innovation of the product.

24 Osterwalder and Pigneur (2011, p. 6)
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3 Research Design

This research shows that well-known economic theories conflict with the digital world.
It is delicate to challenge these established doctrines lightly and the explanations will
cause incomprehension as well as resistance, but it is necessary.

3.1 Triggers

The literature presents a fragmented picture of digitisation. Each author describes
digitalisation from their own point of view, which leads to a one-sided and isolated
view. The strategy consultants explain the new business models, the microeconomists
have recognised that transaction costs are falling, and the technology providers talk
exclusively about web, app and cloud.

The study of the literature also shows that new theories are emerging to explain the
digital world. These assumptions have two weaknesses. First, they each illuminate only
one aspect of digitalisation and do not show the whole picture. Second, the authors
disrupt the ubiquitous economic theories, even if they may not be aware of it.

3.2  Procedure

The procedure for this argumentative study is based on assertion, justification, and
examples. Inconsistencies were found and initially collected during an intensive
literature review. Gradually, the insight emerged that all disagreements are restrictions
of a physical world.

The examination of the discrepancies was done by directly comparing a physical
good, which is offered in stationary distribution, and a comparable digital good, which
is distributed via a digital platform. For a complete elimination of physical limits, the
author specifically replaced variables of known economic formulas with zero or
infinity. This resulted in recognised formulas no longer making sense in the digital
world. In the following, all collected inconsistencies were examined to see if they
disrupted known economic theories. A total of five established models were identified
that no longer work in the digital world or require revision. These could be substantiated
with prominent examples.

3.3  Framework conditions

Digitisation has no clear contours, so a research design is chosen that shows as much
contrast as possible between the analogue and digital worlds. The following framework
conditions and simplifications reinforce the contrast.

Digital goods and business models

This study focuses on digital goods and business models, which are contrasted with
their respective analogue counterparts. Platforms that sell digital goods were
specifically selected for comparison with stationary trade. The music platform iTunes
is an ideal example.
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Infinite transaction volume

Another assumption is that platforms have infinite capacity. They can be scaled
arbitrarily in terms of processors, memory, and bandwidth. Transaction volumes are
now so high that platforms are dubbed hyperscalers®!. Facebook, for example, has more
than 2.85 billion active visitors® and the online retailer Amazon offers 226 million
products® in Germany.
Zero transaction costs

Transaction costs are assumed to be zero. The construction and operation of a platform
certainly cause costs. Therefore, the second assumption is that the transaction volume
grows exponentially. With the high volume, the marginal costs decrease drastically®*.
The assumption of zero is possible because transaction costs are high in the analogue
world and marginal in the digital world. Processing a loan application, for example,
takes several hours in a bank, while the platform only needs a fraction of a second. The
enormous difference in transaction costs - analogue vs. digital - allows an idealised
value of zero.

4 Key Results

Some economic theories are changing as the limitations of an analogue world are
broken down. This is triggered by digital goods and the associated business models.
Productivity increases as the two factors of labour and resources approach zero. The
"blue ocean” strategy aims at a new market with higher value and lower costs. Digital
goods create an abundance and vie for customers' attention. The new frontier of the
retail shelf is the market. Revenue models are reshaping significantly.

4.1  Productivity

The digital business model requires no manual labour and the digital good is an
inexhaustible resource that can be copied or recalculated at will. The example of music
distribution shows that manual labour is eliminated, less capital is required, and music
is simply copied. Even the remaining component of capital is reduced, since the
development of a platform is cheaper than the construction of a production plant
including an international distribution network. The calculation of productivity
includes two factors (labour and resources) with a value of zero. Its calculation based
on capital alone is therefore meaningless. Without the physical capacity constraints®,
there are extreme productivity gains®, limited only by customer demand.
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4.2 Porter

W. Chan Kim® opposes Porter's views with his "Blue Ocean Strategy". He calls on
companies not to orient themselves to the competition, but to focus on the core elements
from the customer's point of view. According to his theory, markets are formed around
the fulfilment of customer requirements. A "blue ocean" is created when it is possible
to convince customers and non-customers by offering better benefits as well as at a
lower price. Digital business models follow exactly this call. They provide services in
a new form, improve their important features from the customer's point of view and
drastically reduce transaction costs. The centre of digital business models is the
customer purpose® or value proposition®®, the promise to the customer. Apple's success
illustrates how digital business models are disrupting the old world. Porter's
protectionism could not protect the brick-and-mortar music store because, as
Schumpeter describes it, the new idea has relentlessly taken hold.

4.3  Abundance

Digital goods are neither scarce nor free. Free goods are usually taken from nature,
whereas digital goods are generated the moment the need arises. This creates an
abundance since any need is met immediately without effort. A simple but obvious
example is the digital photo. In the past, the holiday photo was a scarce commodity
because a 35mm film held 36 shots. Each shot was meticulously planned, as films were
scarce and development costly. Today, every smartphone has a camera built in. Photos
are now digital goods that can be stored, presented, and shared for free. The cost of a
photo approaches zero and availability tends towards infinity. This leads to another
phenomenon: waste*.

4.4 Pareto

Every stationary shop has a limited range of products. It is necessary to limit the product
variety in advance according to the Pareto principle because the sales area is limited.
For economic reasons, it is necessary to fill the sales shelves with popular offers to
achieve the profit optimum. Retailers concentrate on the section of the market that
promises them the greatest profit. In contrast, the iTunes music platform has created a
perfect marketplace*’. With over 70 million songs®, it offers all the commercially
published music in the world. The platform is an infinite, digital sales shelf without
physical boundaries. It does not follow the Pareto principle, but takes advantage of the
long tail.
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Chris Anderson*® has evaluated the downloads of music platforms and found that
the long tail is economically interesting. His research in the music industry shows 98
percent of the platform offer is continuously in demand. Customers love the variety and
consume niche offers that have been sorted out by the stationary trade. In the digital
world, the long tail is an additional offer that produces significant sales without further
effort. Anderson then also examined sales and profits. According to his calculations, an
online platform with a 10-fold larger offering compared to a brick-and-mortar shop
generates 25 percent of its sales and 33 percent of its profits through the long tail.
Compared to Anderson's calculation, the leverage of the large internet platforms is
many times greater. The profitability of electronic platforms thus increases with their
product diversity.*

Platforms have no capacity limits, they scale arbitrarily and adapt to the available
supply. It makes absolutely no difference to the platforms which and how many digital
goods they host. It is even an advantage to fill them to the limits of the market, because
the already low marginal costs fall even further via unit cost degression*®. As Patrick
Stahler, a thought leader on digital business models, points out, "The optimal output is
the market."4¢ Pareto fails because the expenditure for an additional product offering
approaches zero. It is completely misguided to emphasise the 20 per cent or neglect the
80 per cent when the 100 per cent represents no additional effort.

4.5 "Free"

There is a saying that goes, "Nothing is free." But digital goods are offered free of
charge. The reason is the low transaction costs. This is because platforms do not require
manual labour and do not need physical resources. On the other hand, the platform
requires high utilisation, and a lack of transactions means stagnation. The third
important reason is customer attention, as a free offer seduces and lowers switching
barriers. Brick-and-mortar retailers also advertise free offers, but their high expenses
limit their ability to push them through.

Chris Anderson*” has examined the free offer, also called "free", and described the
various revenue models behind it. These are diverse and range from a free basic offer
to a commissioned business model to advertising-based sponsoring. According to his
research, the background is that the revenue model has fundamentally changed, or free
resources are given away as a loss leader. "Free" or a price of zero, does not fit into our
traditional basic understanding of business administration. Turnover is calculated by
multiplying the products sold by the price. With "Free", however, the price and thus the
turnover is zero. The idea of a mixed calculation arises, but the ratio of fee-based to
free products is not 90/10, but 10/90. Another objection is that indirect revenues (e.g.,
commissions, advertising, or donations) make up the actual turnover. This is opposed
by a complete decoupling of the product from the revenue model. There is no
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compulsion whatsoever for the customer to buy. Typical examples are the search engine
Google, the game "Angry Birds" or the encyclopaedia Wikipedia. It is a serious change
in revenue models, because until now it was not possible to give everything away and
still generate revenue.

5 Conclusions and Recommendations

Technological progress is inevitable. It begins with Peter Schumpeter, who describes
the constant renewal of the economy*, goes on to Nikolai Kondratjew*?, who describes
economic development as cycles and does not really end with Klaus Schwab, who
proclaims the fourth industrial revolution®®. Ultimately, it is Peter Glaser who aptly
describes digitalisation: "Everything that can be digitalised will be digitalised.
Everything."!

The elimination of physical boundaries demands a new way of thinking, but the
digitalisation of goods and business models has only just begun. The music platform
iTunes shows how fast and relentlessly digital disruption can proceed. Other industries
- travel, banking, retail, etc. - will follow and significantly change our inner cities.

At the same time, this contribution creates great resistance. It arises from our
analogue thinking, because it is not possible to grasp the digital world with analogue
laws. A new perspective is needed to understand and accept the new laws for oneself.
One way to solve that dilemma is that science starts to incorporate the new laws into its
teachings.

5.1  Everything is going digital

Digital convergence is only just beginning. Books, music, pictures, and videos are
already digital goods, but now the big block of information is following. Little by little,
digital goods are taking over our lives, forming ever more complex structures.

The digital goods network with each other and form themselves into multi-layered
blocks of information. Every online shop needs highly precise digital product
information. These are composed of texts, photos, videos, and reviews and now form
an information block. Digital convergence now also covers advice-intensive products
and services such as real estate, travel, cars and securities. In principle, the knowledge
of the salesperson is slowly but surely being transferred into digital information,
making the salesperson superfluous.

Facebook and Google are data collectors that gather all available information and
use it to form targeted user profiles. These profiles reflect, for example, a person's taste
in music, but also their political opinion or sexual preference. The person does not have
to have explicitly expressed this preference or even be aware of it. Complex algorithms
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generate multi-faceted profiles with a high hit probability from a small amount of
information. User profiles are digital goods that are used for advertising.

Our money is also a digital good. Its entire cycle, account balances and deposits are
electronic bookings. Internet start-ups rely exclusively on cashless payments because
they don't want cash registers, change or safes. They have realised that physical money
is no longer needed. Unfortunately, cash is still a relic from the Middle Ages. Clinging
to notes and coins paralyses our economy and delays the step into the next era.

With the proliferation of digital goods, the upheaval of economic theories is also
beginning. Our analogue world may continue to follow the old rules, but digital
business models are taking over the world. Salim Ismail describes this particularly aptly
in his book Exponential Organisation: "An information-based environment creates
fundamental disruptive opportunities."s?

5.2  Rejection

The author has over 30 years of experience in strategy, business, technology, and
change. As a management consultant, he has gained deep knowledge of the
organisational structure of companies and their IT infrastructure in numerous projects.
He has been researching and publishing on digital strategies and their implementation
for five years.>®

Despite the success of digitalisation is proven by big tech companies. The author
observes a lot of rejection after an initial interest when it comes to the rethinking of
established theories by decision-makers, managers, project leaders and even scientists.
Even the Readers of this paper must first process these huge changes in economic
theories. Accepting the new facts is not easy. This has been shown in numerous
discussions and workshops with interested parties. Rather, it is necessary to present the
arguments several times, to show the change with examples and to explain it again and
again. The interest is great, but unfortunately so is the resistance. If entrepreneurs use
digital freedom for themselves, disruptive opportunities open. The failure of economic
theories creates unease and chaos. Which rules can the entrepreneur still follow? How
can decisions be tested? Which strategy is the right one? It is a time of upheaval, looking
for new answers and a new order. Theories for the digital world need to be developed
and anchored in textbooks, universities, and companies. But it is not only about the
institutions that house these theories, but about the people - graduates, professors,
executives, strategy consultants and digital experts - who should transport them.
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Abstract. The Internet of Things digitally transforms business entities, bringing
them many benefits and the opportunity to become a digital business. The main
goal of the scientific article is to theoretically define the digital technology
Internet of Things and to map the current state of use of the Internet of Things.
Internet of Things is industry 4.0 digital technology, which is a network of
interconnected devices over a wireless connection, which are made up of
technological and other components used to interconnect elements in an
enterprise environment and provide various services. The scientific article
focuses on the theoretical definition of the term Internet of Things, its
characteristics, ecosystem, technology and Technology Stack Internet of Things.
The results of the work and discussion include: mapping the application and use
of the Internet of Things in various sectors, then in selected business entities,
evaluating the use and defining your own definition of the Internet of Things.
The examined business entities include: ABB, Airbus, Amazon, Boeing, ESI,
Bosch, Caterpillar, Cisco, Intel, SAP, Siemens, Shell, Tesla.

Keywords: Digital technologies, Internet of Things, Industry 4.0, Business
JEL classification: M15, M20

1 Introduction

The COVID-19 pandemic is currently having a global impact on business and the
economy by changing their way. Responses to COVID-19 have accelerated the
adoption of digitalization, digital technologies in companies around the world, and
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today digital transformation is one of the fundamental challenges for businesses. Digital
technologies, which are the driving forces and the most important elements of Industry
4.0, are essential for the digitalization and digital transformation of businesses. Among
the key digital technologies of Industry 4.0, in addition to Artificial Intelligence, Big
Data Analytics, Cloud Computing, the Internet of Things is also included. The digital
transformation based on the Internet of Things is applied to physical objects whose
central point is data. The current business environment creates incentives for the direct
implementation of elements of Industry 4.0 - digital technologies into business
processes and business models in order to maintain competitiveness, operational
efficiency, profitability and especially innovation.

2 Literature review

Internet of Things (loT) was introduced by Kevin Ashton in his presentation in 1999
and refers to a network of devices containing various electronics, sensors and other
elements that allow these devices to communicate and exchange data, with each device
clearly identifiable in the network. Camacho-Cogollo et al. (2020) state that 10T is a
major front-end of intelligent technologies and is considered a new Internet revolution.
The elements that supported the emergence and existence of the Internet of Things are:
the availability of broadband wireless Internet and the emergence of a necessary,
ubiquitous and distributed computing environment across the planet; miniaturized
sensors built into everyday objects, home security and health monitoring systems, data
collection and connection and communication from sensors built into other products or
people, and the last element are Collaborative Robots (Cobots) using artificial
intelligence and machine learning (Ozdemir & Hekim, 2018) .

The basis of the philosophy of Internet of Things according to Dhonge (2016) is a
network of intelligent physical objects or things that are wirelessly interconnected, in
which it is built: electronics, software, sensors and Internet connection enabling the
collection and exchange of data. According to Madakam, Ramaswamy and Tripathi
(2015), the Internet of Things is an open and comprehensive network of intelligent
objects that are able to automatically organize, share information, data and resources,
respond and act in the event of situations and changes in the environment. Nelson
(2016) defines the Internet of Things (10T) as intelligent objects that monitor, record,
and compute through nested and interconnected presentations. 10T is an Internet
extension that integrates mobile networks, the Internet, social networks and smart
things to provide better services or applications to users (Li, 2017). Majumdar (2019)
states that the Internet of Things is a network of interconnected objects ("things™) for
collecting and exchanging data with each other through built-in electronics, software
and sensors across the Internet. According to Gillis (2020) Internet of Things is a
system of interconnected computing devices, mechanical and digital machines, objects,
animals or humans that are provided with unique identifiers (UIDs) and the ability to
transmit data over networks without requiring interconnected human interaction. -to-
human or human-to-computer. 10T refers to the Internet interconnection of several
nodes integrated with sensors, actuators, electronic equipment and network connections
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to facilitate the interconnection and easy transmission of data in a real-time
environment (Mishra et al., 2020). Gartner (2021) defines the Internet of Things as a
network of physical objects that contain built-in technology for communicating and
perceiving or interacting with their internal states or external environment. Liu (2020)
states that the Internet of Things is a set of sensing, communication and computing
technologies for connecting physical objects such as wearable devices, vehicles and
buildings, and a large amount of data is generated from interconnected "things". Data
analysis plays a central role in the automated and intelligent decision-making process
for managing and optimizing loT systems. Oracle (2021) describes the Internet of
Things as a network of physical objects - "things" that are equipped with sensors,
software and other technologies for the purpose of connecting and exchanging data with
other devices and systems over the Internet. The Internet of Things refers to working
on the Internet for various types of physical devices equipped with transducers,
including sensors, detectors, actuators, electronic components, and links to devices and
websites, to maintain association and stress-free data exchange in real time (Sharma ,
Bhargava & Singhal, 2020).

2.1  Internet of Things ecosystem and characteristics

The Internet of Things consists of real-world things and sensors connected to or
combined with these things and connected to them via a wired and wireless network.
Characteristics defining Internet of Things by I-Scoop (2021) are:

1. Connectivity - There must be connections at different levels between all the
devices used in the loT concept, hardware, sensors, electronics and control
systems.

2. Things - Anything that can be tagged or attached is for connection. Devices
may include sensors or sensing materials may be attached to the devices and
items.

3. Data - They are an essential part of the 10T, the first step towards action and
intelligence.

4. Communication - Devices connect to be able to communicate and then analyze
the data. Communication can take place over short distances or very long
distances up to very long distances. Examples are Wi-Fi, LPWA network
technologies such as LoRa or NB-IoT.

5. Intelligence - Aspects of intelligence, such as scanning capabilities in loT
devices and intelligence obtained from big data and Al analysis.

6. Action - The consequence of intelligence - it can be manual action, action
based on discussions about intelligent decisions in companies and automation,
often the most important part.

7. Ecosystem - The place of the Internet of Things and its integration in terms of
other technologies, communities, goals and the image in which 10T is used.

The Ecosystem 10T consists of intelligent web-connected devices that use embedded
systems, such as processors, sensors, and communications hardware, to collect, send,
and act on data they obtain from their environments. 10T devices share data from
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sensors that they collect by connecting to an loT gateway or other peripheral device
where data is sent to the cloud for analysis or analysis locally (Techtarget, 2020). 10T
sensors can use different types of connections such as RFID, Wi-Fi, Bluetooth and
ZigBee, and also allow broadband connectivity using many technologies such as GSM,
GPRS, 3G and LTE. loT-enabled things will share information about the state of things
and the environment with people, software systems and other devices (Zeinab &
Elmustafa, 2017).

2.2 Internet of Things technology stack

Farahani et al. (2018) state that 10T has evolved from Radio Frequency Identification
and Wireless Sensors Networks technologies to more advanced integration with
Internet services, cloud computing, cyber-physical systems, and connections between
software and hardware devices. Technologies Internet of Things according to
Madakam, Ramaswamy and Tripathi (2015) are: Radio Frequency Identification
(RFID), Internet Protocol (IP), Electronic Product Code (EPC), Barcode, Wireless
Fidelity (Wi-Fi), Bluetooth, ZigBee, Near Filed Communication (NFC), Actuators,
Wireless Sensor Networks (WSN) and Artificial Intelligence (Al).

Sharma, Bhargava & Singhal (2020) state that the 10T technology stack is a
classification of many technologies used in 10T categorized into broad layers, and the
number of layers integral to the 10T ecosystem may increase over time. According to
the authors Sharma, Bhargava and Shinghal (2020), there are three basic layers on
which it works and these are:

1. 10T device layer is the layer where an 10T ecosystem begins, and its accuracy
has a huge significance in the performance of any smart product whose
ecosystem depends on it. It interacts with the physical environment through the
“things” in the IoT. The device in this layer should contain at least the following
loT-enabled things:
1.transducers, sensors, or/and actuators and
2. device connectivity—transmitters, receivers, and device-operating software.

2. 1oT gateway layer is the pathway or bridge through which the transmitted data
flow from the layer of “things” to the layer of operations. Edge computing/fog
computing is the technology powering digital connectivity with abilities like
high-grade processing and smart analytics. It is no ordinary bridge however,
rather it is a smart and intelligent gateway housing technologies to aggregate
connectivity for things to communicate while preprocessing their data,
translating protocols, and ensuring network security.;

3. 10T platform layer could be called the control center of a smart system, though
it obviously does much more than just that. This is where everything actually
connects to create their intelligence! With cloud storage, smart analytics of big
data, machine learning, high-speed messaging, and central processing this layer
integrates a plethora of diverse technologies, clouds, software services, and
APIs to ensure loT interoperability device virtualization and real-time
responses. It is the middleware between input and output in the 10T ecosystem..



33

3 Research objectives and methodology

The main goal of the scientific article is to theoretically define the digital technology
Internet of Things and to map the current state of use of the Internet of Things.

The sources of data for the processing of scientific articles were domestic and foreign
professional literature in the form of: books, scientific articles and studies, surveys of
technological and statistical companies, press releases of business entities, etc.

In the scientific article, we used the analysis to analyze the current state of the issues
discussed in foreign and domestic literature; we used the comparison when comparing
the definitions of 10T and also when comparing the ways of using 0T in specific
companies and we used induction in the formulation of the conclusion.

The subject of research is digital technology Industry 4.0 Internet of Things, where
we theoretically defined it in the literature review, in the results we mapped the current
state of 10T use in business entities through studies and examples of applications in
selected companies. The object of the investigation was selected business entities
according to the IoTONE ranking, namely: ABB, Airbus, Amazon, Boeing, ESI,
Bosch, Caterpillar, Cisco, Intel, SAP, Siemens, Shell and Tesla.

4 Results

In the results of the scientific article, we decided to map and examine statistical
analyzes related to the Internet of Things and to examine the specific use of 10T in
selected business entities.

4.1  Statistical data about Internet of Things

According to Statista (2021), the total Internet of Things (IoT) market reached
approximately US $ 388 billion in 2019 and is set to increase to more than one trillion
US dollars in 2030. The market is dominated by the consumer sector and is expected to
generate $ 476 billion in sales by 2030. In the following Fig. 1 shows Statista's (2021)
expenditures on the Internet of Things of various industries by vertical around the world
in 2015 and their forecast for 2020. As we can see, the most expenditures in 2015 - 10
billion of US dollars had industries: Discree manufacturing, Transportation and
logistics and the least expenses were incurred by the Insurance industry (2 billion of
US dollars). The forecast for 2020 was favorable in all sectors and each sector expected
an increase. Expected average spending in 2020 increased by 303%, representing an
average increase of 16.82 billion of U. S. dollars to 22.36 billion of U. S. dollars. The
largest percentage increase of 500% was expected by the Retail sector (from 2 billion
of US dollars to 12 billion of US dollars), an increase of 471% was expected by the
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Utilities sector (40 billion US dollars, which represented an increase of 33 billion of
US dollars) and further B2C by 400% from 5 billlions of US dollars to 25% dollars.
The Insurance industry expected an increase in spending of only 150% compared to
other industries and represented the smallest spending in 2020. Total expenditures from
the 2017 forecast for 2020 were to be 246 billion of US dollars, the 2020 forecast from
the Statist states that expenditures on Internet of Things technology are expected to be
at the level of 749 billion of US dollars, which represented an increase of 204 %.
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Fig. 1. Spending on Internet of Things Worldwide by Vertical in 2015 and 2020 (in billions of
U. S. dollars)

In 2019, there were 7.74 billion of Internet of Things connected devices worldwide,
and Statista (2020) further states that the number of Internet of Things devices should
be at 8.74 billion in 2020 and triple by 2030. to the level of 25.4 billion of Internet of
Things devices. Furthermore, according to forecasts of Internet of Things devices, 40%
will be used in businesses. In 2019, there were 7.74 billion of Internet of Things
connected devices worldwide, and Statista (2020) further states that the number of
Internet of Things devices should be at 8.74 billion in 2020 and triple by 2030. to the
level of 25.4 billion of Internet of Things devices. Furthermore, according to forecasts
of Internet of Things devices, 40% will be used in businesses.

loT Analytics (2020) examined Internet of Things applications in selected
businesses in various industries. As can be seen in FIG. 2, out of the total number of
1414 10T projects, the most projects were: in the Manufacturing / Industrial sector -
22% (approx. 311 10T projects), followed by 15% in the Transportation / Mobile sector
(approx. 212 10T projects), in the Energy sector - 14% (about 197 loT projects). loT
Analytics (2020) examined Internet of Things applications in selected businesses in
various industries. As can be seen in FIG. 2, out of the total number of 1414 loT
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projects, the most projects were: in the Manufacturing / Industrial sector - 22% (approx.
311 IoT projects), followed by 15% in the Transportation / Mobile sector (approx. 212
l0T projects), in the Energy sector - 14% (about 197 10T projects).
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Fig. 2. Top 10 IoT Application areas 2020 by 10T Analytics

Techjury (2021) states that: by 2025, there will be more than 64 billion Internet of
Things devices worldwide; the main driver of revenue for 54% of 1oT's enterprise
projects is cost savings; in the surveyed companies using loT, corporate investment
accounted for more than 50% of total 10T expenditure in 2020; 97% of the organizations
surveyed believe that creating value from loT data is challenging; 10T in the banking
and financial services market is expected to grow to $ 2.03 billion by 2023; 58% of
manufacturers say that 10T is required for the digital transformation of industrial plants,
and more than 80% of executives across industries say that 10T is critical for some or
all business sectors.

In 2021, IoTONE compiled a ranking of the best industrial companies in the field of
the Internet of Things. The top 15 best companies include: Siemens, PTC, ABB, Intel,
Schneider Electric, Honeywell, Huawei, SAP, Advantech, Bosch, Cisco, Amazon Web
Service, IBM, Texas Instruments and C3 loT.

4.2 Use and application of the Internet of Things in selected business entities

ABB is a Swiss-Swedish multinational company providing energy and automation
technologies and has adopted the concept of predictive maintenance and uses loT for:
connected systems, Internet assets, ad-hoc mobile devices and simulation and security
support. In specific situations, it would be used in interconnected oil and gas extraction,
connected renewables, connected vessels, connected mines, connected paper mills and
interconnected data centers. (ABB, 2021).

Airbus is a French airplane manufacturer, they said that “One first things the
company did was to use RFID in tracking parts, and now they are moving towards loT
devices to track tools in the factory, so engineers know where their key tools are, and
also so the tools can be telling them if the torque is correct for implementation, and also
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look if products need maintenance. So, they are looking at a whole raft of things to not
only improve products but also to reduce cost and improve production capability.”
(Airbus, 2021).

Amazon is American multinational conglomerate which focuses on e-commerce,
cloud computing, digital streaming, and artificial intelligence. AWS 10T helps
customers by providing edged based software including Amazon FreeRTOS and
Amazon Greengrass that allows customers to securely connect their assets, gather data
and take intelligent actions locally even when the internet connectivity is down. ...
Customers only pay for what they use. (Amazon AWS, 2021)

Boeing is the biggest airplane manufacturer in the world. It was found in 1916 in
USA Seatle. They have been using Artificial intelligence primarily for piloting the
plane. Their subsidiary — Tapestry Solutions Inc. launched Enterprise Sensor
Integration (ESI) software platform that is designed to transform supply chain
operations and help businesses tap the power of the Internet of Things. Every single
component Boeing 787 is attached to a wireless airplane network, providing real-time
0T data on everything from performance to required maintenance. The aircraft can
produce more than a third of a terabyte of data per flight and each one makes hundreds
if not thousands of flights a year. (Boeing, 2019)

ESI is based on Tapestry’s field-proven technology deployed at 50 Boeing assembly
plants. At Boeing, the custom technology is called the Automated Identification
Technology — Information Management System (AIT-IMS). In its first year alone, AIT-
IMS is said by the parent company to have saved Boeing approximately $100 million
through decreased assembly time, automated asset receipt/payment, enhanced
inventory management and improved quality and safety. The software harnesses the
power of Big Data, boosting manufacturing efficiency, productivity and profitability.
It serves as the foundation for the 10T, where internet-enabled devices are connected,
intelligent and interactive. (10T Now, 2016)

Bosch is a German company that provides solutions for mobility, housing units,
industry and services. In the mobility in terms of Internet of Things their focus was in
creating sharing services, simplify the search for parking spots, show eBikers where
they need to go, and inform customers when they need to recharge their electric car
battery. The goal is to make each ride as safe and comfortable as possible, regardless
of the mode of transportation. In terms of housing units — they focused on smart home
features like house maintenance, gardening or security system that was supported by
loT. In industry, they use loT features for increasing efficiency and safety in
manufacturing. (Bosch, 2021)

Caterpillar is the world’s leading manufacturer of construction and mining
equipment, diesel and natural gas engines, industrial gas turbines, and diesel-electric
locomotives. Caterpillar has already been using 10T technology to automate its factories
and has manufactured a range of heavy-duty equipment complete with 10T sensors.
However, while 10T powered equipment is working hard onsite, Caterpillar is also
gathering vast quantities of data from the machines. This data is then being put to work
to enable predictive maintenance on the equipment. By turning data into actionable
insight, Caterpillar can schedule maintenance at the appropriate time, thereby
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increasing product uptime, and extending the life cycle significantly. (Fieldserviceasia,
2021).

Cisco is an American computer company that concentrates on multiple hardware
and software solutions for businesses. From Industrial switches, towards industrial
routers and gateways, Cisco is providing that sort of solution for many industry
businesses. They also developed several software solutions that can cover the
communication with hardware f.e. iox for edge applications and industrial network
director. They developed Cisco Cyber Vision and discovered Cisco Edge intelligence
that provide security towards businesses. Main focus was cybersecurity and data
Intelligence. (Cisco, 2021)

Intel is also an computer company that focuses on microchips and integrated
circuits. They are mostly known for being a company that manufactures computers,
mainly processors. They also started to use Artificial intelligence f.e. to save coral reefs,
they helped to create automated car factory for Audi and uses artificial intelligence to
disinfect hospital surfaces due to today’s Covid-19 situation. They also invested into
the edge and cloud computing and Intel also provides solutions for smart cities. Like a
Cisco, they also provide many hardware and software solutions for existing businesses
that can increase business efficiency. (Intel, 2021)

SAP is the market leader in enterprise application software, helping companies of
all sizes and in all industries run at their best: 77% of the world’s transaction revenue
touches an SAP system. They are mostly known for SAP ERP system that is used
world widely. In terms of Internet of Things, they reimagine business processes and
models with embedded 10T services. Power data-driven business applications with a
large volume of sensor data that is fully managed and easy to consume. They developed
a Smart Sensing Technology. Smart sensing technology helps to not just exchange this
information between physical objects and enterprise applications, but also to track the
associated business objects to automatically steer process steps and actions. Cloud
technology enables not only the possibility to process large numbers of scanning events
in parallel, but also provides a powerful decision and rules engine to “translate” insights
to actions, allowing customers to leverage intelligence at almost every business process
they can imagine. The smart sensing capabilities are offered as part of SAP 10T and
enable customers to automatically correlate the movement of physical objects to
specific process steps by scanning ID-tags such as RFID, barcode, QR code, or image
recognition. (SAP, 2021)

Siemens is German multinational conglomerate focused on industrial
manufacturing. The tremendous quantities of data supplied by the 10T often conceal
valuable information that can’t be found using simple analytical techniques like
statistics. Artificial Intelligence (Al), on the other hand, is generally very successful at
accomplishing this kind of task. For example, it can independently recognize patterns
in measured values from production and use the information to continuously improve
the manufacturing process — making artificial intelligence one of the main reasons that
the 10T is booming. At the same time, the Internet of Things is driving the continuous
development of Al.

Shell or Royal Dutch shell is British/Netherland company that focuses on
petrol/energy business. They have been using IoT sensors to monitor offshore and
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onshore oil fields. Due to this, shell managed to save over one milion dollars. The
sensors are used to provide pipeline surveillance. It combined IT automation and
instrumentation technologies to provide a support platform for remote field data and
optimize operations. It uses analysis and data management to provide insight into field
processes. It said this would lead to safer and more efficient oilfield operations.
(Internet of business, 2021)

Tesla is a leader in manufacturing an electronic vehicle. The company was found in
USA by Elon Musk. They use Artificial intelligence in self driving cars, they also imbed
the 10T sensors inside the cars which can communicate with installed Al in the safest
way possible. The power of 10T is that it provides the possibility for companies, like
Tesla, to tailor services to their customers and respond in real-time to unforeseen
events. And by collecting data from these devices, the companies can optimize their
performance going forward. A good example of this is General Electric company,
which has begun installing 10T sensors in its aircraft engines, allowing mechanics to
remotely monitor the health of individual components and collect data on use, helping
to not only prevent engine failure, but also to better monitor usage and wearing tear.
(Forbes, 2019)

5 Discussion

There is no clear definition of the Internet of Things, and by comparing different
definitions we can say that the authors agree on the main idea that: The Internet of
Things is a system (Gillis, 2020) or a network of interconnected objects (Ashton, 1999;
Dhonge, 2016; Madakam, Ramaswamy & Tripathi, 2015; Majumdar, 2019; Gartner,
2021; Oracle, 2021). According to the authors, objects are also referred to as devices
or things that represent software, sensors, physical objects (electronic devices,
buildings, vehicles, etc.) and are connected via the Internet, which allow data collection
and exchange; automatically organize and share information; respond and act in the
event of changes in the environment; communicate, perceive or interact with their
internal states or external environment and provide better services. The authors identify
several benefits from using the Internet of Things, and one of them is the ability of
stakeholders to communicate quickly and effectively. By connecting components of the
environment to the Internet of Things, the percentage of control over the environment
is increased, the ability to respond to changes is improved, and the necessary
information is immediately available to users and others.

We would like to define our own definition 10T - Internet of Things is a digital
technology Industry 4.0, which is a network of interconnected devices via wireless
connection, which are formed by technological and other components used to
connect elements in the enterprise environment and provide various services.

The Internet of Things can be used in almost all industries. From a review of
statistical analyzes carried out by various companies, we found that the Internet of
Things has a growing trend of use and is most used in the logistics and utilities
industries. Our sample of companies used the Internet of Things to cover several
business areas. They agree on increased control over the business process, better



39

communication between devices in the system and more efficient production.
Businesses focus on providing cyber security with respect to the risks of third-party
attacks. Active use of cloud solutions enables diversification of this risk. Some of the
companies noted the emergence of predictive maintenance of equipment as an
advantage of implementing the Internet of Things into the business. Thanks to it,
companies are able to prevent possible failures in advance, which would cause greater
time and material damage.

The success of 10T depends on security standardization at various levels, which
provides assured interoperability, compatibility, reliability and efficiency of operations
on a global scale (Li, Tryfonas & Li, 2016). loT systems According to Majumdar
(2019), they improve data collection and automation and remotely control capabilities
and flexibility through intelligent devices and assistive technologies.

6 Conclusion

The Internet of Things is a growing global trend for diverse uses across society, whether
in consumers, industry, services or others. Currently, it is the largest use in industry,
none in the future we expect to expand into the daily life of ordinary people - the
possibilities of how the concept of the Internet of Things can be applied are very many.
The use of the Internet of Things by businesses is an industrial Internet of Things and
is widely used, either in terms of size or industry.

The adoption of digitization and digital transformation in businesses requires a
change in business models based on the analysis and identification of applicable digital
technologies, the application of which varies depending on the business sector and the
subject of the activities performed. The Internet of Things, along with other digital
technologies, is as follows: Atrtificial Intelligence, Cloud Computing, Advanced
Robotics, 3D Printing and Big Data analytics are great opportunities for businesses
across industries due to operational efficiency, innovation, new business modem,
competitiveness, better customer profitability experience and profitability.
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Abstract. The Covid-19 pandemics affects many areas of our lives, with
financial markets being no exception. Comparison of the risk-return patterns of
the sector stock indices allows us to draw conclusions on the relative
vulnerability of the economic sectors to the underlaying pandemic. Previous
research suggests that although market was negatively hit in general, it is possible
to find small portion of the winners. We used daily prices from the 1.8.2018 to
31.7.2021 on the sector stock indices to assess its risk-return patterns before and
during the pandemic. Special emphasis was set on the calculation of the
Conditional value at risk. Our results suggest that, although all the sectors
reported increased CVaR measures, in terms of the Sharpe ratio most sectors
reported higher values in Covid-19 period. IT, Consumer Discretionary and
Health care sector showed the lowest relative increase in the riskiness while Real
Estate, Utilities, Energy and Materials were hit the most. With regards to the
Healthcare sector, the improved performance seems to be driven by the industries
of Biotechnology and HC equipment rather than Pharmaceuticals.

Keywords: Conditional value at risk, sector stock indices, financial markets.

JEL classification: G 10, G 11

1 Introduction

Covid-19 pandemic represents unprecedented global event, affecting all aspects of our
lives, stock market being no exception. The fall of the financial markets provided us
with the unique opportunity to assess the performance of the stocks on the sector-to-
sector basis, and thus draw conclusions on the relative vulnerability of the sectors for
the future.

To this end we have decided to use less common Conditional value at risk
methodology to assess the increased risk within the stock market. We have compared
the performance of the 11 S&P sector stock indices before and during Covid-19
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pandemic based on Sharpe ratio and CVaR 95%. We used the data on the historical
prices of the indices ranging from 1.8.2018 to 31.7.2021.

Our results suggest that although all the sectors reported significantly higher CvVaR
95 values during the Covid-19 pandemic, pointing to the higher riskiness, the Sharpe
ratios showed that it is outset by higher expected returns. In line with previous research
the IT, Consumer Discretionary and Healthcare sector showed the lowest relative
increase in the riskiness while Real Estate, Utilities, Energy and Materials were hit the
most. The performance of the Healthcare sector was driven not by the Pharmaceuticals,
but rather by the Healthcare equipment and Biotechnology industries.

2 Review of the literature

Stock prices are said to be equal to the sum of discounted values of expected future
cash flows at different investment horizons. Thus, they are vulnerable to the several
underlying factors, which might be affecting the expected future returns of the all the
sectors within the economy or just some of them. A typical example of such a
discriminating factor, studied commonly in the literature, might be the oil price change,
that leads to the volatility of the transport sector returns (Arouri and Nguyen, 2010) and
other gas related sectors.

On the other side of the scale are factors affecting economy, and thus spilling the
increasing the risk measures of the stocks within sectors either by decreasing expected
returns or increasing the volatility of the returns. Covid-19 might be considered one
such factor. There is a vast body of literature analyzing the linkage of the Covid-19
pandemic and the financial markets. In general, studies conducted during the first year
of the pandemic showed, that there were negative volatility shocks in the stock markets.
These were reported for example by Baker et al. (2020) or Hassan and Gavilanes (2021)
reporting the drop rates of the same scale as during the global financial crisis of 2008.
Similarly, Baek et al. (2020), analyzing the US stock market volatility, concluded that
total and idiosyncratic risk is significantly increased by Covid-19 pandemic across all
industries.

Other stream of literature analyzed the impact of Covid-19 on the stock market on
the sector-by-sector basis. Ozkan (2021) studied 23 sector indices from the Istanbul
stock market between June 2019 and July 2020 and found that volatility jumps had
occurred in all sector indices analyzed. He also states that the volatility shocks were
asymmetric, with the sports companies being the most hit, while the stocks of the
insurance related sector were the least affected. Interestingly, author concluded that the
volatility shock disappeared in the march 2020. In contrast, studies from US reported
market crash in March 2020 triggered by Covid-19. One such study, conducted by
Mazur, Dang and Vega (2021) reported, that despite of the market crash negatively
affecting the returns of 90% of the S&P1500 stocks, some sectors, such as healthcare
or software stocks earned high positive returns. Similar results are reported by Smales
(2021) who analyzed the impact of Covid-19 on the 11 S&P sector indices, used also
in our publication, and concluded that the investor attention, measured by the Google
search volume might explain, why some sectors were hit stronger than others. Increased
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attention helped to realize gains in sectors of Consumer Staples, Healthcare and IT.
Study conducted by He et al. (2020) with the use of the data on the Chinese stock market
and abnormal average return rate methodology, reports findings supporting the
previous studies. However, besides of IT and Healthcare, also education and
manufacturing are found to be resielient to the pandemic.

We extend the existing literature by assessing the longer time-period, as we believe,
that although the main disturbance in the returns might have been at the beginning of
the pandemic, in the long run investors might have used tot the new conditions on the
market to a certain degree. The pandemic is not over yet, and although we have a relieve
in the form of the vaccines, new mutations and governmental restrictions are likely to
be still negatively influencing the expectations of the investors. We expect the long run
risk measures to be still considerable higher when compared to its pre-Covid
counterparts. Secondly, instead of the analysis of the most common volatility measures
we aim to compare the 95% Conditional value at risk for the sectors during the 1.5 year
before and after the Covid-19 pandemic. This method allows to assess the risk of the
indices more conservatively, as it weights the extreme losses more heavily Special
emphasis will be set on the industries within the healthcare sector, where higher
volatility is expected, caused by the increased public scrutiny set on the pharmaceutical
companies during the quest for the most effective vaccine.

3 Data and methodology

The aim of this paper was to assess the performance of the individual S&P sector
indices during the pandemic and their potential role in the portfolio diversification.
Additionally, we intended to put special emphasis on the performance of the healthcare
related industries during Covid-19 pandemic, as it was reasonable to expect higher
attention of the investors towards pharmaceutical companies. To this end we have
analyzed 3 years of daily returns of the S&P indices, beginning from August 2018 till
the end of the July 2021. To compare the indices performance before and during Covid-
19 pandemic we divided this period into two sub-periods of approximately equal length.
As a beginning of the pandemic, and thus the breakpoint between two sub-periods, we
chose 1.1.2020. We did so because the outbreak of Covid-19 was firstly reported on 31.
December 2019 in Wuhan, China and first case of Covid-19 in the US followed on
January 21. As the final day of our sample, we used 31.7.2021, which represents the
day of the data collection.

We picked sector indices based on the S&P website (2021) and its breakdown of the
companies into 11 sectors — Communication services, Consumer Staples, Consumer
Discretionary, Energy, Financials, Healthcare, Industrials, Information technology,
Materials, Real Estate and Utilities. To follow our interest in healthcare sector we
separately also assessed S&P Pharmaceuticals Industry, S&P Biotechnology Industry
and S&P Healthcare Equipment Industry, all incorporated in broader Healthcare sector
index. The first two are picked due to their importance in the Covid-19 struggle and the
last for its increasing importance on the market. Table 1 provides the information on



46

the top 10 constituents within each Industry. As one can see, both Pharmaceuticals and
Biotechnology industries incorporate companies linked to the Covid-19 vaccines.

Table 1. Top ten constituents of chosen healthcare industries, based on S&P website

Industry Top 10 companies

Pharmaceuticals ~ Zoetis Inc, Catalent Inc, Eli Lilly & Co, Elanco Animal Health
Inc., Pfizer Inc, Johnson & Johnson, Bristol-Myers Squibb,
Perrigo Company pls, Jazz Pharmaceuticals plc, Merck & Co
Inc

HC equipment DexCom Inc, ResMed Inc, Inogen Inc, Biolife Solutions Inc,
Qidel Corp, Masimo Corp, OraSure Technologies Inc, Hill-
Rom Holdings Inc, Danaher Corp. West Pharmaceutical
Services Inc

Biotechnology Intellia Therapeutics Inc., Moderna Inc., Cytokinetics Inc.,
Celldex Therapeutics Inc, Translate Bio Inc, Arcus Biosciences
Inc, Veracyte Inc, ChemoCentryx Inc, Biohaven Pharmaceutical
Holding Company Ltd, Kymera Therapeutics Inc

Source: Based on the information from the S&P website.

The data on daily prices were downloaded from the website of spglobal.com for the
period from 1.8.2018 to 31.7.2021. All the prices were in USD.

To get preliminary notion on the market development we calculated expected returns
and standard deviations of the chosen indices. This was done separately for the pre-
Covid-19 and Covid-19 period. Calculated parameters can be seen in Table 2. As the
market recovered from the initial Covid-19 hit, one might see that the returns in Covid-
19 era are higher for most the stock sector indices. Only exceptions are sectors of
Consumer Staples and Utilities. Similarly, in line with the abovementioned studies,
standard deviations were alleviated in the Covid-19 era. Interestingly, when the two
main industries within HC sector, Pharmaceuticals, Biotechnology and HC equipment
are compared, the lastly mentioned is the obvious winner. This is a surprise, considering
the hopes related with the vaccinations and the Covid-19 drugs we would expect that
higher attention and investments would be put into the Industry of Pharmaceuticals.

Table 2. Expected daily returns and standard deviations of the S&P stock indices by sectors
and selected industries.

S&P Index Pre-Covid19 (8.2018 — 12.2019) Covid-19 (1.2020 —7.2021)
E(N% St.dev E(N% St.dev
Com. Services 0.06 0.011 0.12 0.018
Cons. Staples 0.05 0.010 0.05 0.015
Cons. Discre. 0.03 0.011 0.11 0.018
Energy -0.05 0.013 0.00 0.033
Financials 0.03 0.011 0.07 0.024

Healthcare 0.04 0.010 0.08 0.016
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Industrials 0.03 0.011 0.08 0.021
IT 0.07 0.013 0.15 0.022
Materials 0.02 0.011 0.10 0.021
Real Estate 0.05 0.009 0.07 0.021
Utilities 0.06 0.008 0.03 0.021
Pharmaceuticals 0.00 0.013 0.04 0.019
HC equipment 0.02 0.013 0.12 0.019
Biotechnology 0.02 0.019 0.10 0.025

Source: Own calculations, based on the data from the S&P website.

In the practical part of the paper, we will calculate the Sharpe ratios based on the

formula: Sharpe ratios for the 13 selected indices.

Sharpe ratio = EOry @

o

where E(r) stands for the average daily return of the index, rf represents risk free rate
of return and o stands for the standard deviation of daily returns. As risk-free rate we
used the return on the one-year US treasury bill of 1.56% published on 1.1.2020 (U. S.
Department of the Treasury), which after accounting for 250 trading days, gave us daily
risk-free return of 0.00006%.

Once the descriptive statistics were analyzed, we proceeded to the calculation of the
Conditional Value at risk and the construction of the efficient frontier for the portfolio
consisting of selected indices. As we want to test the performance of the separate S&P
sector indices in the investment portfolio and short positions are closer to the
speculation than investing, we disregarded them. The efficient frontier is constructed
by using Solver function to minimize Conditional Value at Risk - CVaR 95 for the
given rate of return. The maximization formula might be specified as follows:

Min CVaR,(w) subject to u,(w) =17, X;w; =1, w; 20, )
where pup(w) is the portfolio mean and rT is a target return. Weights of the individual
constituents are wi.

Conditional value at risk, is a measure of the expected loss in the left tail given a
particular threshold on the percentile of the distribution of outcomes and was introduced
by Rockafellar and Uryasev (2000). It addresses several shortcomings of the Value at
risk (VaR) method. Firstly, CVaR fulfils the subadditivity condition, not allowing the
portfolio to have higher risk than the sum of constituents itself. This is not accounted
for by VaR calculation. CVaR exceeds VaR measure and thus leads to the more
conservative portfolios (Hafsa, 2015). Generally, in times of the market stability, VaR
and CVaR give very similar results, however under conditions of higher volatility, such
as Covid-19 pandemic, VaR might not give the full picture of the risks, as it does not
take into account the distribution of the losses beyond its threshold.

Consequently, we proceeded to the construction of the efficient frontier based on the
weights provided by the Solver function and compared it to the risk-return pattern of
individual sector indices.
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4 Results and discussion

To assess the risk-profile of the sector indices before and during the Covid-19 we will
focus on the Conditional Value at Risk (also known as Expected shortfall). Before
doing so, we shortly assess the Sharpe ratio, the parameter which is more suitable for
the less risk-averse investors, as it gives the information on the ratio between excess
returns and standard deviation for the given period, regardless the distribution of the
losses. This will provide us with the hindsight on the development of the sector stock
indices. Results are reported in Table 3.

Regarding Sharpe ratios, one might see that, besides Consumer staples, Utilities and
Real Estate the parameter improved for all the other sectors. Obvious winner is the
sector index of Materials, which reported the five-fold higher value of the Sharpe ratio
in the Covid-19 era. However, the caution while interpreting the results is needed is
needed, as it is questionable what value of risk-free rate to use for the calculation of the
excess returns. The results could vary greatly depending on choice.

Table 3. Sharpe ratios and CVaR 95% of the S&P stock indices by sectors and selected
industries. Risk free rate based on the 1Y Treasury bond from 1.1.2020 equal to 1.56%.

S&P Index Pre-Covid19 (8.2018 — 12.2019) Covid-19 (1.2020 -7.2021)
Sharpe CVaR Sharpe CVaR
Com. Services 0.047 0.027 0.062 0.044
Cons. Staples 0.040 0.019 0.027 0.036
Cons. Discre. 0.024 0.028 0.056 0.046
Energy -0.041 0.032 -0.002 0.075
Financials 0.023 0.026 0.026 0.058
Healthcare 0.038 0.024 0.044 0.040
Industrials 0.019 0.027 0.034 0.052
IT 0.050 0.034 0.066 0.053
Materials 0.009 0.025 0.047 0.050
Real Estate 0.045 0.022 0.032 0.055
Utilities 0.064 0.019 0.011 0.051
Pharmaceuticals -0.005 0.032 0.019 0.044
HC equipment 0.011 0.031 0.063 0.045
Biotechnology 0.008 0.041 0.039 0.055

Source: Own calculations, based on the data from the S&P website.

As for the focus of the research, we assess the values of CVaR for chosen stock
indices. Values are reported in the Table 3. The graphical demonstration of the relation
between Expected returns and CVaR 95% in Covid-19 period is provided in the Figure
1, together with the efficient frontier build from the indices. CVaR can be interpreted
as a weighted average of the 5% of the losses. The results show, in line with the
expectations, that all the CVaR parameters increased by 1.4 to 2.7 times when
compared to the pre-Covid period. The highest relative rise is reported in the sectors of
Utilities, Real Estate, Energy and Materials. While an investor in Utilities lost on
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average 1.8% on the worst 5 out of 100 trading days before the Covid-19 pandemic, the
value lost during the pandemic would be 5.1%. Similarly, instead of losing on average
2.1% in the 5 worst days out of 100 days, investor in Real Estate loses 5.5% in
pandemic. The riskiest sector based on the expected shortfall is Energy sector, in which
the 95% CVaR equals to 7.5%.

On the other hand, the least impacted sectors based on this measure were IT,
Consumer Discretionary and Healthcare. While CVaR in IT before the pandemic was
3.4%, being the highest from all the sectors, it raised only 1.57 times to the value of
5.3% during the pandemic. Although still rather high, it lost the position of the riskiest
sector based on CVaR to the Energy and is also surpassed by Financials and Real Estate.

As for the Healthcare sector, the value of CVaR 95 increased from 2.4% to 4%.
When focused on the two main industries within the sector, Pharmaceuticals and
Healthcare equipment, we can see comparable development within both indices.
However, the indifference disappears once the values are mapped to the expected
returns. Surprisingly, Healthcare equipment outperforms Pharmaceuticals greatly,
offering 3 times higher returns for the same value of CVaR. Even the Biotechnology
offers better Sharpe ratio than the Pharmaceuticls, however, its CVaR is 1 percentage
point higher. Thus, in conclusion, the positive performance of the HC sector relative to
the other sectors is driven not by the industry of Pharmaceuticals but rather the
performance of the Healthcare equipment and Biotechnology industries.

0.20%

0.15% /

Expected Return

0.10% .
L] L] °
0.05%
L]
0.00% *
003 0.04 0.05 0.06 0.07 0.08
CVaR 95 (as a share of investment)
——Efficient Frontier S&P 500 Communication Services (Sector)
S&P 500 Consumer Staples (Sector) S&P 500 Consumer Discretionary (Sector)
® S&P 500 Energy (Sector) S&P 500 Financials {Sector)
® S&P 500 Health Care {Sector) ® S&P 500 Industrials {Sector)
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S&P Pharmaceuticals Industry S&P Healthcare Equipment Industry

S&P Biotechnology Industry

Fig. 2. Efficient frontier and individual S&P indices. Based on the data from the S&P website.

Regarding the relation between CVaR 95 as a risk measure and the expected return,
shown in Figure 1, the efficient frontier runs through Consumer staples and IT sector
indices. Other indices in its close neighborhood are Communication services,
Healthcare and Consumer Discretionary.
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Our results are in line with Smales (2021) and He et al (2020), supporting the notion
that IT and Healthcare did the best during pandemic. Even in the prolonged period of
analysis these two sectors showed the lowest relative increase in the risk-measures.
Surprisingly, our results showed that within the HC sector the performance of the
Healthcare equipment industry outperforms the industry of Pharmaceuticals.

Results also showed the increased volatility of the sectors related to physical goods.
Significant increase in the riskiness of Energy and Materials stock index, might be
attributed to lockdowns and restrictions in transportation and manufacturing due to the
pandemic. Increased riskiness of the Real Estates is also likely to be attributed to the
restrictions when less people had to change the residence as the work was conducted
often from house. The most surprising comes the underperformance of the Utilities in
comparison to the period before the Covid-19 outbreak. Although one would have
expected that because of the homo office the usage of the electricity would go up thus
creating demand and attaining investor attention, the same goes for water. However,
the Sharpe ratio declined 6 folds. The possible reason is the lower demand by the
companies which had outpaced the home usage.

5 Conclusions

Although Covid-19 pandemic has increased the volatility of the whole market,
regardless the sector, there are still sectors that were hit less than the others. Comparing
the CVaR 95% we conclude that the CVaR of the sector indices is higher from 1.4 to
2.7 times in comparison to the pre-Covid period. The highest rise of the CVaR is
reported in the sectors of Utilities, Real Estate, Energy and Materials. The Sharpe ratios
also showed that Utilities had the highest drop in performance sector. Except for the
Consumption Staples and Utilities, other sectors actually reported increased Sharpe
ratio for the Covid-19 period, suggesting that the market has recovered.

In line with previous research the least impacted sectors based on the chosen
measures are IT, Consumer Discretionary and Healthcare. Interestingly, the
performance of the Healthcare sector was driven more by the industries of Healthcare
equipment and Biotechnology than the classical Pharmaceuticals, although there are
several companies producing Covid-19 vaccines within this industry.

The biggest drawback of our paper is how to define the period of the Covid-19
pandemics. As the restrictions are still set in many countries, we have decided to
analyze the data up to July 2021, however we are aware that the main rise in the
volatility was present in the first half of 2020. Increased volatility is likely to disappear
in the future research as the longer and longer period will be analyzed. As the CVaR
cares about the distribution of the worst losses, it will remain affected longer than
traditional measures such as VaR. It would be viable to try to analyze CVaR on the
month-by-month bases and see how the volatility settled or increased over time.
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Abstract. The aim of this paper is to contribute to the discussion of personnel
controlling tools and changes that occur as a result of Industry 4.0 through a
literature search. We have used basic scientific methods, such as analysis,
synthesis, generalization, comparison, induction and deduction, to develop a
literature search. By studying the topic, we performed an analysis of current
knowledge about selected personnel controlling tools and changes in the Industry
4.0 era. Schulte (2020) considers strategic planning of the workforce and
requirements, employee surveys, balanced scorecard, benchmarking and process
model of personnel analytics to be selected tools of personnel controlling. We
also identified changes that occur in the researched topic in the context of
Industry 4.0 era. These changes are the increasing digitization of individual tools
due to the increase not only in the volume of data being processed, but also in the
speed at which the data is processed. It uses analytics that include methods for
the highest degree of automation of recognition and the use of patterns, contexts
and meanings. Statistical methods, predictive models, optimization algorithms,
data mining, text and image analysis are also used. Innovative solutions for
virtual environments are transforming people management tools by automating
manual processes and optimizing the implementation of strategic tasks. It is in
the interest of companies to adapt to change to remain competitive.

Keywords: personnel controlling, tools, industry 4.0

JEL classification: M19, M50

Introduction
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Since about 1990, personnel controlling has been an important part of strategic human
resource management, providing a wide scope for research. Personnel controlling is
often identified with monitoring in terms of supervision or control, but this does not
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capture the idea and interest in controlling. Controlling is a management concept and
therefore has a much wider scope. Research in this area is becoming increasingly
important as the company's success is increasingly focused of personnel, especially in
industries that are personnel intensive (Preitler, 2012). In the global world,
revolutionary changes are taking place in the field of technology and technologies based
on the use of information and communication technologies. Human capital plays a key
role in all these processes as the creator of these changes, but also as an actor on the
side of their use and improvement. Digitization changes people management, both in
terms of value and methodology. The content of performance and the path to
performance are changing. Tools and techniques for obtaining performance
information need to be adapted. One of these topics is personnel controlling, which is
used to analyze personnel data. It primarily focuses on trend analysis and strategic
personnel planning, but also on the early recognition of deficiencies in various areas,
as well as on personnel development, performance management, employee retention
and performance stimulation.

With advancing technologies, personnel controlling must develop tools to assess the
impact of personnel work on profit. However, this does not only mean exercising
control over this activity from a purely economic point of view. Personnel controlling
can be performed effectively if the personnel controller has knowledge of quantitative
accounting systems as well as qualitative behavioral effects and can combine both.

Unlike traditional personnel controlling, where the main function of controllers was
to pay salaries, control working hours and basically manual and bureaucratic activities,
personnel controlling 4.0 focuses on efficiency in a broader context, on areas such as
attracting qualified talent, planning necessary employee competencies, performance
management in line with the company's strategy and employee interests, as well as
improving the organizational climate and other approaches that directly contribute to
the company's strategic results. Personnel controlling 4.0 is permeated by technology
and is in line with new labor market scenarios. The trend of people orientation and
humanization of work is becoming a reality. Organizations use IT support to automate
repetitive, uncreative, and unattractive work.

Perhaps the most important influence that distinguishes traditional personnel
controlling from personnel controlling 4.0 is the so-called digital transformation.
Companies today have a greater tendency to adopt online tools and use digitized
methods or techniques. Innovative virtual solutions and resources help operations both
manage people and automate manual processes and optimize strategic tasks. From
talent search and planning, through performance management to control itself,
bureaucratic processes are performed with a minimum of human intervention, which
creates more space for HR 4.0 professionals for complex analysis and strategic
orientation and requires less for operational performance.

People analytics can improve the transparency of decisions, and employee
development can derive performance for the future from past data and, in particular,
contribute to improving employee selection and development. For example, applying
comparison algorithms can improve the matching of skills to jobs or create them at all
in many companies. Skills gaps analyzes may suggest the addition of skills and job
requirements to employees, and path-finding algorithms may suggest individual
training programs. This thematic area is based mainly on computer-assisted evaluation.
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2 Research design

The aim of this paper is to contribute to the discussion of personnel controlling tools
and changes that occur in personnel controlling tools in the context of Industry 4.0
through a literature search. Schulte (2020) considers strategic planning of the workforce
and requirements, employee surveys, balanced scorecard, benchmarking and process
model of personnel analytics to be selected tools of personnel controlling.

We used available domestic and foreign sources to analyze the topic, which describe
the individual tools in more detail. We have analyzed the study published in registered
databases, which deal with the content of this management concept and changes in
personnel controlling due to the digital transformation of companies.

Through obtained information, we get to the theoretical processing of the topic. We
have used basic scientific methods, such as analysis, synthesis, generalization,
comparison, induction and deduction, to develop a literature search. By studying the
topic, we performed an analysis of current knowledge about personnel controlling tools
and changes in the Industry 4.0 era.

Based on the set goal, two research questions were formulated:
RQ1: What are the currently available tools for personnel controlling?

RQ2: What changes in personnel controlling tools are taking place in the context of
Industry 4.0?

We answered the research questions in the following part of the theoretical research.

3 Results and discussion

Various tools are used to achieve the goals of personnel controlling. It is often possible
to encounter these tools in another area of business management, because they are
standard control tools that have been modified in some way and adapted to the needs
of personnel management and at the same time digitally transforming times.
Development challenges remain to be met in this area. Ackermann and Scholz (1991)
state that a number of individual tools are known which focus on analysis, planning,
management and control. However, personnel controlling needs comprehensive tools
to perform its functions in order to capture all the necessary aspects.

Urban (2008) characterizes the tools of personnel controlling as the main methods
used to analyze and evaluate the level and results of human resource management in
the company. He divided the personnel controlling tools in accordance with the basic
division into quantitative, qualitative, operational and strategic, while he considers the
audit of human resources management, personnel standards, personnel indicators and
employee surveys to be personnel controlling tools.

e The human resources management audit is a tool of strategic personnel
controlling used to assess the objectives of human resources management, its
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effectiveness, methods and longer-term results. It concerns the assessment of
the compliance of personnel processes with generally applicable rules
(decrees, laws, regulations).

e Personnel standards are based on the company's intentions, we distinguish
quantitative (defining the target values of indicators that should be achieved)
and qualitative (characterizing the rules or principles of human resource
management.)

e Personnel indicators are aggregates, usually relative, that express the
proportion or relationship between several variables. They monitor the
quantitative results of human resource management and are more operational.
However, to some extent they reflect strategic aspects and can provide an idea
of the quality of human resource management.

e Employee survey is a tool used to evaluate the qualitative characteristics of
employees, e.g. skills, motivation, satisfaction, loyalty, etc.

The previously outlined tools of personnel controlling have been mentioned based
on the author's clear and practice-oriented approach to the subject. Some of the early
concepts are still relevant today and have been the pillars of building new tools for the
modern concept. In the further context of this paper, we identify and characterize
personnel controlling tools that are increasingly coming to the fore in digitally
transforming companies under the influence of the 4.0 era, based on a publication by
Schulte (2020):

Strategic workforce planning and requirements

The aim of the strategic workforce management concept is to comprehensively assess
strategic options from a staffing perspective and to ensure at an early stage that
corporate plans can be implemented with the necessary competencies. This requires an
accurate knowledge of market drivers, competition and technology. The requirements
for the human resources department are the need for qualitative orientation, the creation
of a long-term perspective as well as the ability to create scenarios (Sattelberger and
Strack, 2009).

e Qualitative orientation: a key contribution of the human resources department
in the context of the strategy discussions must be the clear identification and
analysis of the key competencies that will be needed in the future.

e Creating a long-term perspective: a sufficiently long planning period is needed
to take full account of the effects of strategic options or plans.

e Ability to create scenarios: Due to the high degree of uncertainty in strategic
planning, several scenarios are often analyzed depending on the defined
influencing variables. In order to discuss potential personnel effects and
requirements, a flexible simulation option with parameter support is very
useful.
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The concept of strategic workforce planning can be implemented in the following
five steps (Sattelberger and Strack 2009):

. Strategy-based segmentation - the first step is to create a meaningful system
of grouping jobs. This system should explicitly map expected changes in skills
from a strategic point of view, for example by introducing a technological,
product or market dimension into the definition of the required group. In order
to be able to derive specific measures from the subsequent analysis of
deficiencies, it must be possible to deal specifically with the stocks of
employees recorded in the various groups.

. Inventory simulation. In this case, it is a workforce forecast that assumes
different scenarios (e.g. no staffing measures, different retirement scenarios).
This analysis provides information on where unbalanced age structures will
lead to a lack of the company's own personnel capacity in the future.

. Demand modeling. In the third step, personnel requirements for individual
work groups will be determined using driving force models that illustrate the
long-term development of business and productivity, as well as sensitivity and
scenarios.

IV.  Analysis of differences. The results of the inventory and demand simulation
are reflected in a gap analysis, which shows the difference between staff
demand and inventory for each job group during the planning period.

V. Derivation of personnel measures. In order to compensate for overcapacity
and undercapacity, options can in principle be considered, such as:
qualification of staff, redeployment of staff from surplus to shortage areas,
implementation of training, recruitment, training and further training, etc.

Employee survey

Employee surveys have been used with great success as a strategic management tool
for more than 40 years. It offers the possibility of direct survey among employees. As
synonymous terms we can consider e.g. corporate climate analysis, employee
satisfaction analysis, employee feedback, etc.

Employee surveys use four target groups: for employees it is a tool for targeted
improvement of working conditions, for management it is a tool for strategic control in
performance management, measurement tools for analyzing corporate culture and for
managers it is a tool for development (M6nninghoff, 2013). As part of the employee
survey, employees can report complaints anonymously, but also state what they are
very satisfied with. Based on the results, the needs for improvement and successes will
be transparently identified. Ideally, subsequent team-level processes give employees
the opportunity to actively help develop their immediate work environment. If the
results of the survey are actively discussed in the dialogue between management,
managers, employees and works councils, this process is an essential component of a
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participatory management style. In this way, employees can regularly critically
examine work processes, working conditions and information flows and optimize them
in a targeted manner.

Balanced Scorecard

The Balanced Scorecard method was developed in the early 1990s as part of a research
project led by Robert S. Kaplan and David P. Norton. The authors describe their system
of indicators as "balanced" because the company's performance is planned and
controlled from four different perspectives (Kaplan and Norton, 1992).

Financial perspective: key financial data provide information on whether the
implementation of the strategy leads to improved financial results. Typical key
financial data are the return on investment and the development of the
company's value.

Customer perspective: the task of the customer perspective is to present the
company's strategic goals with respect to the customer and the market
segments being worked on. Key data, objectives and measures should be
developed for the identified customer and market segments.

Internal processes perspective: within the perspective of internal processes,
processes are mapped that have a significant impact on the achievement of
financial and customer goals. Typical key figures are delivery times, quality
or productivity.

Learning and Growth Perspective: The fourth and final perspective of the
Balanced Scorecard includes goals and indicators to support learning and
organizational development. The education and growth perspective describes
the infrastructure needed to achieve the three perspectives mentioned above,
but also to emphasize the need to invest in the future.

In order to take into account the peculiarities of personnel management, the
perspectives proposed by Kaplan and Norton can be modified as follows (Tonnesen,

2000):

Profitability perspective = measuring the contribution of personnel work to
financial success or economic performance. Specifically, we can include, for
example, added value (per employee) or cash flow (per employee), personnel
costs, key productivity data (per employee or per team), etc.

Employee perspective that takes into account the work and management
situation as a key factor influencing employee satisfaction. These include: key
data on employee satisfaction (indices), absenteeism rate, turnover rate,
women's quota, average age, part-time rate, hierarchy and team structures, etc.
A quality perspective that is used to measure quality in the personnel area.
These are, for example, target deviations from reality, error rate, number of
complaints, success rate, number of solved problems, etc.

A perspective of knowledge and learning that takes into account the
foundations of the future development of society. We can include here, for
example: days of training per employee, the number of proposals for
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improvement, their rate of implementation and the corresponding value,
expenditure on further education, etc.

Benchmarking

Benchmarking is an objective comparative assessment of business structures,
processes, costs and technologies based on indicators that are the result of direct
analysis of data and information from a company, competing companies or companies
in another sector (Berens, 1997The aim of benchmarking is to learn from the procedures
and processes used by the best practices, so that it is possible to subsequently transfer
or directly "copy" best practices in a modified form suitable for own company. The best
values obtained during the analysis are referred to as reference values, the difference
between the baseline situation and the reference value as a gap. After an in-depth
analysis and comparison of the process with one or more "partners"”, it is necessary to
close this gap by taking appropriate measures. Adopting best practices often also means
breaking paradigms. This must be followed by continuous improvement of one's own
processes (Sanger, 1996).

Benchmarking is characterized by the following main features (Berens, 1997):

e Process orientation: part of benchmarking is the need to identify, define,
quantify, compare and improve operational processes using relevant measured
variables.

e  Continuity: benchmarking should not be done on a one-off basis, but should
be a continuous process of self-renewal and improvement.

e  Partnership: without a willingness to provide information and openness on the
part of all stakeholders (whether internal or external), the benefits of
benchmarking are limited, if not completely questioned. The comparison units
should be considered as partners exchanging information on common
processes in the framework of the cooperation.

e Actions: the meaningfulness of the results and their acceptance depends to a
large extent on the definition of appropriate actions and their uniform
recording for all key activities.

e Holistic approach: benchmarking can be used in all areas of the company. The
object of consideration should not be the isolated individual functions, but the
whole sequence of related activities.

The main subject of personnel benchmarking is the comparison of personnel
functions or personnel department as an organizational unit, as well as specific
personnel processes. When comparing the personnel function, structural data are
determined, which represent the size and design of the personnel department. On this
basis, it is possible to develop key data against which the human resources departments
of different companies can be compared (eg the number of employees in the human
resources department per 100 employees). In order to compare HR processes, data on
processes such as recruitment or payroll accounting is collected. The goals that the
company pursues when using this tool can be e.g.reducing costs in the human resources
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department, speeding up processes or improving the quality of employees' work results.
Urban (2008) considers the following to be the most common areas of comparison in
the field of human resources:

productivity and added value

salaries and employee benefits,

absences and fluctuations,

recruitment and employee selection,

training and development of employees,
o workforce structure.

Internal benchmarking involves comparisons between companies to identify internal
"best practices”, e.g. divisions, personnel departments, etc. Thanks to direct access to
big data through various cloud solutions, data collection in this case is relatively simple
and results can be achieved in a relatively short time. In contrast, external
benchmarking involves all forms of comparison with other companies. It can be direct
competitors, other companies from the same sector or companies from other sectors.

Process model of people analytics

Due to the growing digitization of the entire value chain, not only the volume of
processed data is growing exponentially, but also the speed at which data are processed.
In addition to the availability of an increasing amount of data that can be used, more
powerful data analysis capabilities have been developed in recent years (advanced
analytics). Real-time data processing for increasing volumes of data is made possible
by advanced database technologies. This also increases the attractiveness of using
multidimensional statistical methods for relationship recognition, simulation methods,
and data mining methods, text, processes, the web, and media for automatic pattern
recognition (Wickel-Kirsch, 2019).

Analytics includes methods for making pattern, context and meaning recognition
and use as automated as possible. Statistical methods, predictive models, optimization
algorithms, data mining, text and image analysis are used. As a result, previous methods
of data analysis have been greatly expanded. Emphasis is placed on the speed of
analysis (in real time) and at the same time ease of use, which is a decisive factor in the
use of analytical methods in many areas of society. One of these areas is the area of
human resources management.

People analytics, also referred to as HR analytics or workforce analytics or talent
analytics, involves the collection, analysis and reporting of a variety of HR data. It
enables businesses to measure the impact of a range of HR metrics on overall business
performance and make data-driven decisions. In other words, HR analytics is a big data
approach to human resource management. It is a relatively new tool, so it is still largely
unexplored in the research literature. The most well-known definition of scientific HR
analytics is from Heuvel and Bondarouk. According to them, HR analytics is the
systematic identification and quantification of people who are the driving force of
business results (Heuvel and Bondarouk, 2016). It involves the interconnection and use
of multiple company and personal data based on I T-supported data analysis. The central
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goal is to make human resources decisions more analytical and fact-based, i.e. decision-
making based on knowledge (evidence-based human resource management). The
process model of HR analytics can be used to implement this tool, which assumes three
phases (Reindl and Kriigl, 2017):

4

Qualitative phase:

1.

3.

specifically define the problem (as simple and specific as possible,
preferably in one sentence; without anticipating a solution, if
possible, formulate it as an open question or topic),

gather information and understand the overall context (the goal is to
identify the factors that affect or are related to the problem),

develop specific testable hypotheses.

Quantitative phase:

4.

developing own research proposal. Creating a database for analysis.
It includes these sub-steps:

a) developing an understanding of data (exploring available

data, data types and data sources),

b) defining data protection rules,

c) data collection,

d) data preparation and data quality control,

e) selection of appropriate analysis procedures,

f) testing the analysis procedure on a manageable data set.
Data analysis with the whole data set and evaluation of the quality of
the results. The analysis either refutes or confirms the hypotheses
developed in step 3. Using the findings from steps 2 and 3, the results
of the analysis are then interpreted in the context of corporate reality
(are the results meaningful? If not, which results are particularly
surprising? How can they be explained? What do these results mean
for everyday work?)

Implementation phase:

6. Visualization - test results should be presented in simple, clear
reports to be as clear and comprehensible as possible.
7. Implementation in the company by drawing up recommendations for
actions that form the basis for the company's change processes.
8. Evaluation of the results of the implementation project in order to
gain knowledge for future analytical projects of people.
Conclusion

Through the study of domestic and foreign professional literature on personnel
controlling as a management concept, we have currently provided answers to
established research questions. First of all, we have defined currently available
personnel controlling tools, which can include strategic planning of the workforce and
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requirements, employee surveys, balanced scorecard, benchmarking or process model
of people analytics. We also identified what changes in personnel controlling tools are
taking place in the context of Industry 4.0. These changes are the growing digitization
of individual tools due to the increase not only in the volume of processed data, but also
in the speed at which the data is processed. It uses analytics that include methods for
the highest degree of automation of recognition and the use of patterns, contexts and
meanings. Statistical methods, prediction models, optimization algorithms, data
mining, text and image analysis are also used. Innovative solutions for virtual
environments are transforming people management tools by automating manual
processes and optimizing the implementation of strategic tasks. From talent search and
planning, through performance management to control itself, bureaucratic processes
are performed with a minimum of human intervention, which creates more space for
HR 4.0 professionals for complex analysis and strategic orientation and requires less
for operational performance.

Today, companies are more likely to implement online tools and use the digital
environment for performance. There is a value transformation, which brings new
methods, tools and a new essence of value-creating activities of companies. Thus, there
are also changes in the tools for measuring the new nature of performance. The COVID-
19 pandemic has limited the number of companies in their traditional operation in the
physical space, and many have been forced to digitize and automate operations and
processes that are not necessarily performed by humans, but also use various online
platforms, etc.
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Abstract. The principal aim of this paper is to estimate a small open economy
dynamic stochastic general equilibrium (DSGE) model with monetary and fiscal
policy and analyze the interaction of these policies in Hungary. In the paper we
present the model in a log-linearized form. We combine both calibration and
Bayesian estimation to obtain parameter values of the model. We find that the
model is suitable for impulse response analysis, so we estimate the impulse
response functions of the model. We examine how five endogenous variables —
namely output, inflation, the nominal interest rate, government spending and
government revenue — react to non-systematic shocks to the nominal interest rate,
government spending and government revenue. The plotted impulse response
functions allow us to study how monetary and fiscal policy interacts in a small
open economy. In some cases we find that restrictive fiscal policy is accompanied
by expansive monetary policy, while in other cases the policy responses to shocks
are coordinated. We conclude that our results are in accordance with economic
theory.

Keywords: DSGE model, Fiscal policy, Monetary policy

JEL classification: B 23, C 01, E 60

1 Introduction

Standard New Keynesian dynamic stochastic general equilibrium (DSGE)
models lack an active fiscal sector. Usually, fiscal policy is only represented in the
model in the form of government expenditures. Based on the assumption that fiscal
policy only plays a passive role, government expenditure is usually an exogenous
process in these models. As a result of this, the possible interactions between monetary
and fiscal policy are ignored. However, Ratto et al. (2012) recently published a model
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of the Eurozone which includes a comprehensive fiscal sector. Because active fiscal
policy is becoming increasingly popular, we include an active fiscal sector in our
model. This way we can study the interactions of monetary and fiscal policy in Hungary
similarly to Algozhina (2012). We, however, not only calibrate parameter values, but
also employ Bayesian estimation techniques to estimate impulse response functions
using data available for the period after the Great recession. We also include a backward
looking price setting mechanism in the New Keynesian Phillips curve, which is
uncommon in the literature. Despite this, we find that a substantial portion of firms sets
their prices based on historical information.

In the next chapter we present our model. Then we calibrate and estimate the
parameter values. In the fourth chapter we present and analyze the impulse response
functions. The last section concludes.

2 The model

In this subchapter we present the log-linearized model equations. For a full
model description please refer to Gali and Monacelli (2005, 2008), Cebi (2013) and
Gali and Gertler (2000). The method of log-linearization is characterized in Uhlig
(1995). The steady state value of each variable below is zero, because they are defined
as deviations from their respective steady state values.

To begin with, the representative household of a small open economy is
infinitely lived and allocates resources between consumption and investment to
maximize its discounted utility function. It has access to international financial markets.
Because of this, it can invest in both domestic and foreign bonds with a one-period
maturity. To finance consumption and investment, it offers labor and receives wages.
The log-linearized IS curve is given as

Ve = E{yrs1} — E{AGe41} + alw — D(per — Dot — U_Z(Tt — E{mtye41})

1)
where a is the degree of openness, ¢/ is an exogenous AR(1) process representing
world output with p.- being the autoregressive parameter., while w and o, are
parameters defined as
w=0y+1—-a)lon—-1)
)

_ a
Oa = (1-a)+aw
®)
where y is the elasticity of substitution between domestic and foreign goods, 7 is the
elasticity of substitution between foreign goods from different countries, while o
represents the inverse elasticity of substitution in consumption. Besides these
parameters it is also important to define the endogenous variables. Firstly, output y, is

defined as y, — ¥y, where y represents the steady state value of output. Secondly,

government spending is given as g, = —In (1 — %) Thirdly, the nominal interest rate
t



65

is given by ri. Fourthly, domestic inflation is represented as my , = ln( PHs ) where

PHt-1
Py . is the CPI.

To continue with, equation (4) represents the log-linearized open economy
hybrid New-Keynesian Phillips curve which includes both forward- and backward-
looking price setting mechanisms of firms

Thte = AbT[H,t—l + AfEt{T[H,t+1} + kmc,
(4)
where 7 is the log-linearized government revenue equation, mc; represents real
marginal cost, « is the slope coefficient and A? and A/ are parameters defined as
me, = (0 + @)YVe —¥{') = 0agr + 7

®) ;
b _
A= 0+£(1-6(1-B))
(6)
M= Y
0+&(1-0(1-p))
(7
_ (1-B9)(1-6)(1=9)
0+&(1-0(1-B))
8

In equation (4) the output gap (y; — y{*), government spending (g,) and
taxation (7) indirectly affects inflation via the real marginal cost. The sensitivity of
inflation to real marginal cost is represented by the slope coefficient x. Secondly, k and
the remaining two structural form parameters of the Phillips curve are represented by
three deep model parameters, namely the discount factor( ), the Calvo parameter ()
and the parameter representing backward looking firms (£). If & = 0 then we have a
forward looking New-Keynesian Phillips curve, otherwise the Phillips curve is hybrid.
If § =1, the sum of the parameters of forward and backward looking inflation equals
to 1. What is more, the value of 1” and A/ falls between g (if £ = 0) and 1 (if € = 1).
Because S is always close to 1, A* and A/ represent the relative weights given to past
and expected inflation. From this we can conclude that if the number of backward
looking firms increases and price stickiness is high then current inflation is less
sensitive to current real marginal cost.

The third agent in the model is the central bank, which is represented by the
monetary policy rule formulated by Taylor (1993) as

nn=p(r —r) + (1 — pr)[TnT[H,t + Ty(yt - yp)] +ri+ €l
9)
where p,. represents the degree of interest rate smoothing, 7, represents the monetary
authority’s reaction to inflation, 7; represents the monetary authority’s reaction to the
output gap and ¢ is an i.i.d non-systematic policy rate shock. y* represents potential

output while r{* is the natural interest rate, so we can write that
n — (1+(P) _ (U_Ua) *
b (oate) Tt (oate) t

(10)
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rl,:,1 = O-a(Et{ygl+1} - ytn) + O-aa(w - 1)(.06* - 1)C;
(11)
where ¢ is the inverse elasticity of labor supply and a, represents the AR(1)
technology process.
The last part of the model is the fiscal block. Government spending is given

as
9t = Pg9r-1 + (1 = pg)[9y Vee1 — ¥iia) + gube] + €]
(12)
and taxes are represented as
Ty = Pl + (1 — pr)[Ty(yt—l —Yiq) + Tbbt] +€f
(13)

In this paragraph we characterize the parameters of equations (12) and (13).
Firstly, parameters p, and p, represent the fiscal spending smoothing and tax
smoothing parameters, respectively. Secondly, parameters g, and 7, represent the
reaction of government spending and the lump sum tax to changes in the lagged output
gap. Thirdly, parameters g, and t,, represent the reaction of government spending and
the lump sum tax to changes in the debt stock. Lastly, we have the exogenous i.i.d fiscal
shocks, namely €7 and ef, which represent the non-systematic changes in government
spending and the lump sum tax. From these equations we can see that in the presence
of a high degree of fiscal smoothing the reactions of government spending and tax to
lagged output gap and debt are smaller.

The fiscal block includes the fiscal constraint as well, which we can write as

bey1 =1 +%[bt — Ty + (1= BT — ye) +%(gt - Tt)]
(14)
where b, = In (PHB: 1) is a predetermined variable, B, is nominal debt, C is the

steady state value of private consumption to GDP ratio and B is the steady state value
of the debt to GDP ratio.

3 Parameter estimation and calibration

To plot impulse response functions and reach meaningful conclusions, we first
need to assign values to the parameters in the model. We do this by combining two
methods. We split the parameters into two groups. The parameters in the first group are
calibrated, while the parameter values in the second group are obtained using Bayesian
estimation. Table 1 presents the calibrated and table 2 presents the estimated parameter
values.

At first, we describe the calibrated parameters in Table 1. These parameters
are calibrated because their values are almost identical in most studies. Firstly, we
borrow the value of the degree of openness from a DSGE model calibrated for the
Hungarian economy. We set this parameter’s value at 0.69 as in Algozhina (2012).
Secondly, the parameters representing the elasticity of substitution between domestic
and foreign goods and the elasticity of substitution between foreign goods from
different countries were set at 1.00. This value is also borrowed from another research
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paper Cebi (2013). Thirdly, the value of the discount factor is calibrated to 0.99 based
on two previous DSGE models calibrated and estimated for the Hungarian economy by
Jakab and Konya (2016) and Jakab and Vilagi (2008). Finally, the last two parameters,
namely the steady state values of the private consumption to GDP ratio and the debt to
GDP ratio are set at 0.51 and 0.78, respectively. We obtain these values by calculating
the sample means for the estimation period. To sum up, we calibrate these parameters
because their values are given in most studies or can be easily calculated. The rest of
the parameters are estimated using Bayesian techniques.
Table 1. Calibrated values.
Parameter Calibrated value
a 0.69
1.00
1.00
0.99
0.51
0.78

JWAD™R S

To continue with, we describe how we selected the probability distributions,
prior means and prior standard deviations of the remaining model parameters. The
probability distributions, prior means and standard deviations are presented in Table 2.
Firstly, we use the same probability distributions as Cebi (2013) used to estimate similar
DSGE models. We use beta distributions for parameters whose value falls between zero
and one. Inverse gamma distributions are used for the shocks so they cannot have
negative values. Secondly, we obtain the prior means and standard deviations either by
borrowing them from other studies or by running regressions in EViews. The latter,
namely the OLS regressions, are used to obtain prior means and standard deviations for
the autoregressive parameters of world output, government spending and taxation. The
former method is used for the rest of parameters.

Table 2. Parameter estimates.

. Poster Lower Upper
Param ' Prior Poste  jor Poste 90% 90%
ior standard rior rior . .
eter . standard confidence  confidence
mean deviation mode L mean
deviation band band
0 930' 0.02 0.97 0.006 0.97 0.956 0.977
7] 3.
00 0.20 2.98 0.20 2.98 2.659 3.304
o 2.
50 0.20 2.55 0.19 2.52 2.214 2.844
Pr 760. 0.05 0.73 0.05 0.72 0.642 0.804
Tr 1.
50 0.40 1.39 0.38 1.50 0.859 2.160
Ty 0.
0.10 0.51 0.10 0.53 0.357 0.683

50
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Py 680. 0.14 0.13 0.02 0.13 0.099 0.164
9y 0.
50 0.20 141 0.17 1.39 1.140 1.668
Px 730' 0.05 0.63 0.05 0.63 0.550 0.712
Ty 0.
63 0.20 0.69 0.20 0.69 0.368 1.013
o 400' 0.02 0.36 0.02 0.36 0.326 0.393
Tp 0.
40 0.02 0.40 0.02 0.40 0.371 0.433
3 0.
75 0.05 0.74 0.05 0.74 0.657 0.819
Pa 500' 0.15 0.50 0.18 0.51 0.248 0.739
Pe 800. 0.05 0.84 0.03 0.84 0.787 0.899
€ 0.
30 2.00 0.28 0.03 0.29 0.239 0.350
€ 3.
30 4.00 3.34 0.38 3.45 2.802 4.104
€f 1.
80 4.00 1.67 0.19 1.72 1.382 2.032

The first four parameters in Table 2, namely the Calvo parameter, the inverse
elasticity of labour supply, the inverse elasticity of substitution in consumption and the
interest rate smoothing parameter are borrowed from two studies on the Hungarian
economy done by Jakab and Koénya (2016) and Jakab and Vilagi (2008). The prior mean
and standard deviation of the technology parameter are also obtained from these same
studies. The Calvo parameter with its value of 0.93 is especially high compared to the
literature standard, which is set between 0.5 and 0.75. The Taylor parameters are set
according to the industry standard. We borrow the prior mean of the parameter
representing the portion of backward looking firms from Cebi (2013) and set it 0.05
higher at 0.75. The prior means of the parameters representing the fiscal responses to
the output gap are borrowed from Algozhina (2012), who estimates a DSGE model for
the Hungarian economy. Lastly, we obtain the prior means and standard deviations of
the errors from the studies referenced in this paragraph. We slightly modify these priors,
so they better fit the underlying data. After calibrating the selected parameters and
selecting priors for the remainder we proceeded to estimate the model.

Table 2 also presents the parameter estimation results, namely the estimated
posterior mode, standard deviation, posterior mean and the 90% confidence bands. We
use seasonally adjusted real GDP, CPI inflation, the three-month T-bill rate,
government spending to GDP ratio and tax to GDP ratio as observable variables. We
obtained the data for Hungary from the International Financial Statistics database of the
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International Monetary Fund. The data covers the period of 2010Q1:2018Q4. We
detrend the data if needed, either by taking differences or using the Hodrick-Prescott
filter. We estimate the parameters and the impulse response functions using Dynare for
Matlab.

4 Impulse response functions

In this subchapter we present the Bayesian impulse response functions with
90% confidence bands. There are three shocks in the model, namely the government
spending shock, the tax shock, and the interest rate shock. Five endogenous variables
react to these shocks. These endogenous variables are output, inflation, the nominal
interest rate, government spending and tax. We begin with analyzing the effects of the
government spending shock on the economy.

y x10° P r
0.6 0.2
4
0.4 0
2 .
0.2
0 ) 0 0
5 10 15 20 5 10 15 20 5 10 15 20
g tau
4 0.8
2 0.4
0 )
5 10 15 20 5 10 15 20

Fig. 1. Government spending shock

Firstly, the effects of an unexpected increase in government spending on the
economy are presented on figure 11. As a result of an unexpected increase in
government spending both output and inflation rise. The rise in output is expected, but
at first glance the rise in inflation might seem contradictory. Government spending
should result in a decrease in inflation via marginal cost. In our case, however, the
increase in output is higher than government spending’s effect on the marginal cost of
firms. This explains why inflation rises. Because inflation is higher, the monetary
authority reacts to it by raising the interest rate. Debt also reacts to these factors and
increases, because interest rates are higher and government spending is increased.
Because of this the government needs to stabilize debt levels. It raises taxes to do so.
This results in a unique situation, when the expansionary fiscal policy — which means
increased government spending — is accompanied by restrictive monetary policy and
increased taxation. Based on figure 11 we can conclude that the effects of the shocks
are statistically significant, and the variables return to their respective steady states.
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Fig. 2. Tax shock

Secondly, the effects of an unexpected increase in taxes are presented on
figure 12. As a result of an unexpected increase in taxes output decreases. Taxes affect
the economy via two channels. Through the first channel income taxes reduce
disposable income and lead to a decrease in output. Through the second channel an
increase in payroll taxes leads to an increase in the marginal cost of firms, thereby
reducing aggregate supply. Furthermore, an increase in payroll taxes also increases
prices, again via the marginal cost. We, however, cannot see an increase in inflation on
figure 12. On the contrary, inflation decreases. At the beginning taxes increase and
government spending falls, which leads to a decrease in debt. After the government
debt was reduced to the appropriate level, taxes return to their steady state and
government spending increases, before returning to its own steady state value. Since
government spending decreases inflation via marginal cost, it seems that the effects of
spending outweigh the effects of taxation. The monetary authority reacts to the decrease
in inflation by conducting an expansionary monetary policy and thus it decreases the
interest rate to stimulate the economy. Based on figure 12 we can conclude that the
effects of the shocks are statistically significant, and the variables return to their
respective steady states.

Thirdly, the effects of an unexpected increase in the nominal interest rate are
presented on figure 14. As a result of an unexpected nominal interest rate shock output
decreases along with inflation. The interest paid on government bonds is higher, which
leads to higher levels of government indebtedness. To stabilize debt the government
implements restrictive fiscal policy, resulting in government spending cuts and an
increase in taxes. This kind of fiscal policy has two effects. Firstly, lower government
spending further reduces output. Furthermore, larger taxes decrease the purchasing
power of households, further decreasing demand. Secondly, these government
measures affect the behavior of firms via marginal cost. As these firms now face
increased costs, they raise prices and households need to bear the cost burden. This
leads to an increase in inflation, which we can see on figure 14. It seems that the
decrease in inflation was offset by the fiscal policy reaction, which results in an increase
in the price level. According to these reactions both the monetary and fiscal authorities



71

react the same way to an unexpected nominal interest rate shock. Both implement
restrictive policies. Based on figure 14 we can conclude that the effects of the shocks
are statistically significant, and the variables return to their respective steady states.

y <104 pi r
0 L 8 0.3
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041 3
0.1
0
02 0
5 10 15 20 5 10 15 20 5 10 15 20
g tau
o ' 0.1
0.1 0.05
02 0
-0.05
5 10 15 20 5 10 15 20

Fig. 14. Interest rate shock

5 Conclusion

In this study we calibrate and estimate the parameters of a New Keynesian
small open economy dynamic stochastic general equilibrium model. We get similar
results as Cebi (2013), who estimated a DSGE model for Turkey. We analyze the results
using impulse response functions and focus our attention on the type of fiscal policy
and monetary policy implemented by the authorities. Sometimes restrictive fiscal
policy is accompanied by restrictive monetary policy. At other times the policies
adopted by the fiscal and monetary authorities are different from each other. For
example, in the case of the government spending shock expansionary fiscal policy is
accompanied by restrictive monetary policy.
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Abstract. Oil extraction and export is the most crucial sector of the Islamic
Republic of Iran's economy. Iran is one of the countries with the largest oil
reserves, and revenues from its sale are the most important source of funding.
However, this sector is sensitive to external factors and reacts sharply to
developments in foreign markets. The change in the value orientation of Iran's
foreign policy after the evolution in 1979 has resulted in a period of instability
that has had a significant impact on Iran's oil industry. In this paper, we will try
to describe the most significant factors that affect the oil industry in Iran. This
paper considers mainly external determinants such as sanctions and its
effectiveness, oil price volatility and political and economic relations between
Iran and international community. At the end of this paper author examines the
perspectives in the Iranian economy in the following decades. The work also
deals with the main economic issues that the administration of the newly elected
president Ebrahim Raisi will face.

Keywords: Oil Industry, Islamic Republic of Iran, Sanctions, Oil Exports

JEL classification: F51, N45, N55

1 Introduction

In terms of the commodity composition of Iran's GDP, oil production is currently one
of the key sectors of the Iranian economy. Iran has one of the most diverse economies
in the Middle East region. However, the oil revenue still generate 30% of the
government revenues (Azadi — Dehghanpour — Sohrabi — Madani, 2016). The
beginnings of the Iranian oil industry date back to the beginning of the 20th century,
when the country's first oil reserves were discovered (Howard, 2007). Thus, a number
of world powers turned their attention to the former Persian Empire. During the Pahlavi
dynasty era between 1925 and 1979, the Iranian economy relied heavily on western
countries, especially the United States. This has also greatly affected the Iranian oil
industry. However, the Iranian Islamic Revolution of 1979 represented a significant
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change in Iran's oil trade and export orientation of this country. The application of
elements of Shiite Islam has manifested itself not only in the domestic sphere but also
in the relations between Iran and other members of the international community. The
clergy, led by Ayatollah Ruoallh Khomeini, sturdily criticized the monarchy's
excessive attachment to western powers, especially seen in the oil industry. The change
in the value orientation of Iran's foreign policy has resulted in a period of instability
that has had a significant impact on Iran's oil industry. In the following section, we
intend to explain the specific factors that have posed a major impact on the development
of Iran’s position in world oil trade. In the final part of this paper, we also analyze the
perspective of further development of this crucial sector of the Iranian economy and we
and offer our own views on the future of the Iranian economy.

2 Research goals and methodology

The primary aim of this paper is to evaluate the analysis of the key determinants
influencing Iranian petroleum industry since the Iranian Islamic Revolution of 1979.
The government of the clergy has brought several changes to Iranian society, especially
in the socioeconomic field. This paper also presents short prediction of the possible
developments in the Iranian economy and related challenges.

To examine such a complex issue, relevant references are needed. As for
bibliography, we found inspiration in the papers written mainly by foreign authors.
Important information could be found in the Kevjn Lim’s paper. Kevjn Lim is a senior
risk advisor for the Middle East and North Africa at IHS Markit Country Risk, where
he also runs the lead for Iran.

This paper was also inspired by publications by professors Murat Aslan, H.
Kiirsad Aslan and Yasir Rashid. They have extensive experience in the field of
international political relations and the economy of Asian countries. Information related
to the impact of oil price volatility on Iranian economy was found in the publications
written by Amir Mansour Tehranchian and Mohammad Abdi Seyyedkolaee from
the Department of Economics of University of Mazandaran in Iran.

Most of sources are publications written by western authors such as Roger
Howard and Benjamin Smith. Their research is focused on Iranian oil industry and
Iranian economy. Furthermore, there was found useful information in the works written
by Pooya Azadi, Hassan Deghanpour, Mehran Sohrabi and Kaveh Madani.

The work by domestic authors Stanislav Mraz, LCudmila Lipkova and
Katarina Brockova regarding the effectiveness of sanctions on Iranian economy was
also very useful and beneficial. The issues regarding specific implication of sanctions
on the oil market are also mentioned in the paper by authors from the King Abdullah
Petroleum Studies and Research Center — Fakhri Hasanov, Emre Hatipoglu, Carlo
Andrea Bollino and Brian Efird.

Report of research economists Mahdi Ghodsi, Vasily Astrov and Richard
Grieveson and scientific director of the Vienna Institute for International Economic
Studies - Robert Stehrer was also used during the resarch. The work is isnpired by
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online publications written by authors such as Samantha Gross, Brett Sudetic, Omid
Shokri and Maziar Motamedi.

Based on the defined goal, the work can be described as qualitative research
from the methodological point of view. Several methodological procedures and
methods such as analysis method or synthesis method are used in the processing of the
issue, so that the main goal is met and the interpretation of the conclusions of this work
is as credible as possible and reflects the real state of the researched issues. The
contribution of this paper lies in obtaining information from complex issues and their
accumulation in a comprehensive document, applicable for further research.

3 The main factors influencing Iran’s position in the world oil
trade

The Iranian revolution has caused several changes in the Iranian economy. The rule
of cleric-dominated state caused the massive capital fled the country. Public enterprises
came to the fore and the private sector was pushed out. Some educated people and
experts resolved to leave the country and many non-experts came to the management
of the Iranian enterprises. The changes in the country's governance also affected the oil
industry (Karbassian, 2000). Subsequently, the article will define the basic factors that
have influenced and continue to influence Iran's oil trade. From our point of view, these
aspects are key, which is why we have turned our attention to them.

3.1  Sanctions imposed by western countries

According to the findings, one of the most significant factors affecting the Iran's
economy since the Revolution of 1979, has been the relationship between Iran and the
western countries. From this point of view, sanctions from advanced economies are
often inflected. This legitimate means of public international law has been for the most
part the result of a significant contradiction between the policy of the Islamic clergy
and the perception of the world by the liberal democracy of western countries. In the
case of Iran, sanctions of a collective and individual nature can be defined. Ali Feghe
Majidi and Zahra Zarouni point out, that the human rights violation, the nuclear
program and supporting terrorism can be identified as the main motives for the
introduction of economic sanctions against Iran (Majidi — Zarouni, 2020). The United
Nations and the European Union have resorted to this remedy for a number of reasons.
The most significant individual sanctions were imposed on Iran mainly by the United
States (Mraz — Lipkova — Brockova, 2016). From our perspective, sanctions imposed
on the whole industry, or just a specific sector, are not an effective enforcement tool.
They often harm the domestic population and, instead of changing the attitude of the
government and its representatives, they only cause a decline in the living standards of
the domestic population. From this point of view, dialogue must be pursued first and
foremost. In some cases, however, such negotiations are unsuccessful, and it is
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necessary to look for other ways to force the state to respect the fundamental principles
of the international community - one such solution is offered in the form of sanctions.

The sanctions system has long had a major impact on all spheres of Iranian economy.
However, oil industry is specific in this respect. Its peculiarity lies primarily in its
dependence on foreign capital and investment. Restrictions on oil extraction and
exports have an enormous impact on several other macroeconomic indicators in the
country. This is visible especially in influencing the national income or in the complex
problem of inflation. Decreased oil revenues may also affect other sectors of the
economy and their production (Aslan — Aslan — Rashid, 2020).
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Fig. 1. Iranian oil exports in millions of barrels per day.

The graph above shows Iranian oil exports in millions of barrels per day in past
10 years. Following the imposition of US sanctions on the Iranian oil industry in 2011,
a significant drop in Iranian oil exports can be seen. The recovery can be seen after
2015, when the sanctions following the nuclear deal were lifted. A further decline in
exports is recorded after 2018, when the United States withdrew from The Joint
Comprehensive Plan of Action (JCPOA). It’s frankly important to take into the
considerations also price volatility and impact of changes in global oil prices on Iranian
oil exports. However according to data, it is clear to what extent sanctions have affected
Iranian exports in the previous decade (Federal Reserve Economic Data, 2021). To
support this thesis, it’s important take into the consideration data from U.S. Energy
Information Administration. According to this data, Iran crude oil exports declined by
more than 1,2 thousand barrels per day between 2011 and 2014. The main cause of this
decline can be considered the replacement of Iranian oil imports. The countries of the
European Union, South Africa, China and other Asian countries decided to replace
Iranian imports with imports from other countries such as Saudi Arabia, Nigeria and
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Angola, which obviously resulted in a reduction in Iran's oil trade (U.S. Energy
Information Administration, 2015).
3.2 Price volatility and relations with non-western countries

However, we would like to mention the fact that the sanctions imposed by the
western countries, are most significant factor influencing Iran’s position in world oil
trade, but not the only one. The oil revenues play a significant role in the economic
terms of the oil exporting countries. The volatility of raw materials prices and its impact
on the economic growth is an important issue confronting several world economies,
including Iran (Tehranchian — Seyyedkolaee, 2017). An example is the situation from
the 80s. Advanced economies responded to oil crises in 70s by discovering new sources
of oil, such as resources in North Sea, Alaska, or Gulf of Mexico. Qil exported by non-
OPEC countries entered the market. As a result of growing supply and shrinking
demand, oil prices declined 40 percent between 1981 and 1985. This situation has had
a significant negative impact on oil revenue resources for the entire Middle East (Gross,
2019). Specific numbers can also be given as evidence. In 1983, the price of oil on
world markets remained at $ 30 per barrel, and by 1986 it fell to about $ 10 per barrel
(Trading Economics, 2021). Over the same period, Iran's oil exports fell from 1,750
barrels per day in 1983 to below 1,500 barrels per day (CEIC Data, 2021).

One of the key determinants affecting Iran's oil industry can be found in
strengthening trade relations with non-western countries. The attitude of western
countries toward Iran can be used by key partners in the Iranian economy, Russia and
especially China. China is Iran's largest trading partner. More than half of Iran's exports
to the country is crude oil. Although China backed sanctions, it remains a major Iranian
partner and a major source of investment and capital. Moreover, friendly relations
between those two countries are likely to develop even more, thanks to The New Silk
Road Project (Lim, 2021). As Brett Sudetic and Omid Shokri examine in their article,
China attempts to find the sharpest ways to reach Iranian oil, despite the sanctions
imposed on the Iranian oil industry by the United States. The main goal is to strengthen
China's regional and geopolitical position, but also to undermine the US position in the
Middle East (Sudetic — Shokri, 2021).
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Fig. 2 Territorial structure of Iranian oil exports in 2020.

The graph deals with the territorial structure of Iranian oil exports in 2020. In this
case, China has an important position, to which up to 51% of Iranian oil is exported
(U.S. Energy Information Administration, 2021). The largest volume of Iranian crude-
oil since 2008 is exported to the Asian countries such as China, South Kore, UAE act.
and Pacific region. More than 590 thousand barrels per day were exported from Iran to
this region in 2019. European union and other European countries have been the second
largest importer of Iranian crude-oil, with the volume more than 59 thousand
barrels/day in 2019 (Statista, 2021). We are of the opinion, that China's attention to the
Middle East region will grow stronger in the coming decades. In our opinion, the
American withdrawal from its positions in this region, which is visible in Afghanistan,
for instance, will lead to a deepening of relations between China and the countries of
the Middle East mainly in economic field.

4 Future perspectives

The victory of Ebrahim Raisi in the Iranian presidential election in 2021
launched a public debate on the future direction of the Islamic Republic of Iran. The
main task for this ultra-conservative successor of former president Rouhani will be, in
addition to the fight against the coronavirus pandemic, also the stabilization of the
Iranian economy. To ensure economic stability, better and more effective diplomatic
and foreign policy to a removal of the sanctions will be needed. Furthermore, there are
also another crucial issues such as high inflation rate, lack of financial stability,
transparency of domestic policies or unemployment and devaluation of Iranian
currency (Motamedi, 2021). Strikes and mass dissatisfaction of workers with working
conditions were one of the main triggers of the Iranian Revolution in 1979. A healthy
economy and working-class satisfaction are therefore extremely important for the
proper functioning of the state (Smith, 2007). An important task for Ebrahim Raisi will
not only be the continuation of favorable trade and political relations with China and
the other Asian region, but especially the improvement of communication with Western
countries. Investment from the European Union and the United States could be a major
source of foreign investment that Iran needs. A new nuclear program agreement could
eliminate sanctions and help revive Iran's oil industry as well as other sectors of the
economy. However, the ever-present skepticism and antagonism of the West among
the Iranian public still undermines this notion. Unlike the reformists and moderates,
president Ebrahim Raisi has no specific plan how to to attract FDI from the Western
countries. As a result of this policy, country will presumably become economically
more dependent on Russian federation and China.

However, there are several longer-term issues that the new Iranian leadership
will have to take into account. Nevertheless, there is also environmental factor. Many
countries have committed to carbon neutrality. Reducing the carbon dioxide content in
the air can thus, have a significant impact on the entire oil industry. Studies show that
the legislation acceptable for environmental protection will result in limitation of
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maximum annual growth rate of global oil demand to 0.6% through 2030 (Azadi —
Dehghanpour — Sohrabi — Madani, 2016). From our point of view, therefore, the
transformation and diversification of Iranian economy is essential in the long term. The
perspective lies primarily in strengthening the services sector and Iranian tourism.
Moreover, there are also other (non-oil) sectors, that have not yet received enough
investment, in particular the construction sector. Therefore, in the coming decades it
will be necessary to concentrate not only on the new search for new crude oil resources,
but especially on the upliftment of non-oil sectors. This is the only way how to ensure
the sustainable economic growth in Iran.

5 Conclusion

To conclusion, the political change that hit Iran between 1978 and 1979 was also
reflected in the Iranian economy. The Islamic Republic of Iran faces several challenges,
most of which linked to international isolation, caused by economic sanctions imposed
by western countries. The key for the Iranian economy is the oil sector, which plays an
important role in Iran's GDP. The paper defines 3 determinants influencing the Iranian
oil industry. Firstly, it is the sanctions imposed by the United States, but also by other
European countries, that can be the most important factor influencing the Iranian oil
industry. The results show that the sanctions imposed for alleged support for terrorism
or for the continuation of the nuclear program have had a major impact on reducing
Iranian oil production and exports. During the period of sanctions, many countries tried
to find alternatives to meet their demand for oil, which had an impact on the Iranian oil
industry.

The second factor affecting Iran's oil exports is the volatility of prices on the world
oil market. Potential new oil deposits and expanding oil supply on the world market
could weaken Iran's position. According to the data, there was such a decline in Iranian
oil exports during the 1980s, and this situation may be repeated in the future.

To ensure the improvement of standard of living, constructive relationship with
China, Russia and West will be needed. It is the rhetoric of the ruling clergy in relation
to foreign countries that will be a most crucial factor in this regard. Lots of data suggest
that much of Iran’s oil flows to Asia and the Pacific. It is the consolidation of its trade
relations with China and other countries in the region that will be a key task for the
Iranian government in the coming decades.

The current President of Iran, Ebrahim Raisi, faces a difficult task - to ensure a
stable economic situation in the country. The biggest problems for it in the short term
are inflation, unemployment, and the devaluation of the national currency. However,
reforms with a longer-term effect will be more important. Iran's economy and oil
industry are facing significant changes in the coming decades. The Iranian government
is expected to respond to current, especially environmental issues by diversifying its
economy. The ability to adapt to climate change and new trends in world trade will be
a crucial factor for the Iranian economy.
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Abstract. The change that new technologies will bring to the banking sector can
take many forms. Some of these can be already seen in the field of payments,
various types of investments but also loans for retail clients and small companies.
On one hand, current banks could continue to dominate by providing additional
benefits to customers through improvements enabled by technological
innovation. On the other hand, current banks may find themselves in a customer
battle with new, more agile market participants, who are faster in adopting
innovations that meet clients' needs. These developments have the potential to
make markets more diverse, competitive, and efficient, but also may be a threat
for the financial stability. In this paper, we aim to examine growth in Fintech and
Big tech loans during recent years around the world. Secondly, we explore the
relationship between flows of alternative credit and gross domestic product.
Analysis suggests, that there may be polynomial relationship with declining rate
past certain point.

Keywords: digital innovation, Fintech, Big tech, loans, technology

JEL classification: G10, G21

1 Introduction

Since the global financial crisis, banking sector has been affected by low interest rates
and constantly increasing regulation. These and many more factors, such as
technological advancement, allowed new participants to join financial sector with aim
to address customer needs more effectively. While before the financial crisis the largest
banks were mainly in Europe and the USA, today the banking sector is beginning to be
dominated by Chinese banks and other start-ups, which have seen enormous growth in
recent years.

The Financial Stability Board (2019) defines Fintech as “a technology-enabled
financial innovation that can result in new business models, applications, processes or
products with a significant impact on financial markets and financial services
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institutions. These companies have different market conditions, regulation but also
growth rate. Diversity can also be seen in individual countries. In addition, individual
countries also seem to have differences in their attitude and support for these
institutions. The most important development of Fintech companies can be seen in the
area of mobile payments, alternative financing such as crowdfunding or automatic
comparison platforms, which are used mainly for lending to small and medium-sized
enterprises, but also to individuals.

In recent years, established players in the technology market (Big tech), such as
Amazon or Apple have also gradually become more and more integrated into the
financial services markets. Thanks to their existing business models, they have a great
advantage over traditional credit institutions. Unlike smaller Fintech companies, Big
tech can compete with banks on a larger scale, using large amounts of data and
technology to process them. These technologies are either not owned by traditional
banks or they are not yet able to use them so well. However, the entry of these giants
can bring increased efficiency and availability of advanced financial products.

While the technical innovations that trigger changes in the banking sector are present
for a long time, the current pace of Fintech innovation and adoption is creating an
environment, in which disruption may happen more quickly than in the past, forcing
traditional banks to go the distance in attempt to maintain customer relationships and
market share. Some of the examples of technological innovations in the past may be
automatic teller machines, internet banking or mobile point of sale devices.

In this paper, we will try to describe the state of Fintech and Big tech loans around
the world and discuss their potential as a disrupting power in current banking sector.
Also, we would like to explore the relationship between alternative loans and gross
domestic product in examined countries.

2 Review of authors

Emergence and diffusion of new technologies in financial sector has been one of most
discussed topics during recent years. Introduction of cryptocurrencies as new payment
method or crowdfunding as new way of raising capital were just few examples, how
Fintech companies change financial wellbeing. However, predicting what the future
holds for these new players still needs some further research.

Christian Haddad and Lars Hornuf (2018) investigated economics and technological
determinants leading enterpreneurs to establish new Fintech companies around the
words. They find, that well-developed countries with more available venture capital are
more likely be the place of new found financial start-ups. Furthermore, the number of
secure Internet servers, mobile telephone subscriptions, and the available labor force
has a positive impact on the development of this new market segment. Finally, the more
difficult it is for companies to access loans, the higher is the number of Fintech start-
ups in a country. Altogether, study points out that active policies in the countries may
influence the emergence of this new sector of financial intermediaries.

The empirical study done by Stijn Claessens et. al. (2018) looks closer at Fintech
credit development around the world. It suggests, that the economy’s overall
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development, the competitiveness of the economy’s formal banking sector, and the
strength of its regulatory environment play important role in this relationship. Despite
its fast expansion, Fintech credit remains relatively small in most economies. It is,
however, considerably larger in China, the United States and the United Kingdom, as
well as in specific market segments.

Big tech companies often start with payments. Thereafter, some expand into the
provision of credit, insurance, and savings and investment products, either directly or
in cooperation with financial institution partners. If we look closer at Big tech credit,
Jon Frost, Leondardo Gambarota, Yi Huang, Hyun Song Shin and Pablo Zbinden
(2019) show, that Big tech firms lend more in countries with less competitive banking
sectors and less stringent regulation. They found, that the drivers of Big tech credit are
similar to those of Fintech credit (economic activity, financial regulation and
competitiveness) and also showed evidence that Big tech lenders may have an
information advantage in credit scoring relative to a traditional credit bureau.

According to Raghavendra Rau (2020), the introduction of explicit legal regulation
appears to significantly increase crowdfunding volume. Regulatory clarity, by setting
explicit regulatory guidelines, is likely to have a strong positive impact on financial
sector development.

Cross-country panel regressions in study by Giulio Cornelli, Jon Frost, Leonardo
Gambacorta, Raghavendra Rau, Robert Wardrop and Tania Ziegler (2020) show, that
alternative credit is more developed in countries with higher GDP per capita (at a
declining rate), where banking sector mark-ups are higher and where banking
regulation is less stringent. Fintech credit is larger where there are fewer bank branches
per capita. They also found, that Fintech and big tech credit are more developed where
the ease of doing business is greater, investor protection disclosure and the efficiency
of the judicial system are more advanced, the bank credit to deposit ratio is lower and
where bond and equity markets are more developed.

Majid Bazarbash and Kimberly Beaton (2020) use data for 109 countries from 2015
to 2017 to study the relationship between Fintech credit to businesses and consumers
and various aspects of financial development. Marketplace lending to consumers grows
in countries where financial depth declines highlighting the role of Fintech credit in
filling the credit gap by traditional lenders. This result is particularly strong in low-
income countries. In the business segment, marketplace lending expands where
financial efficiency declines. Findings show that low-income countries take advantage
of the Fintech credit opportunity in the consumer segment but face important challenges
in the business segment.

We will now proceed to the aim and methodology of our paper.

3 Aim and methodology

The main aim of this paper is to describe development of Fintech and Big tech credit
around the world. Secondly, we would like to look closer on the relationship between
these types of alternative credit and GDP. Countries with higher GDP per capita are
expected to attract more capital and therefore develop and use the newest technologies
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to meet the financial needs of customers. However, these new technologies may also
be relevant for countries with less developed bank system, because of the transaction
cost reduction, information asymmetries but also just because they are easier for
customers to use.

To address these aims, we use the same data of Fintech and Big tech credit as G
Cornelli, J Frost, L Gambacorta, R Rau, R Wardrop and T Ziegler (2020). Flow of
Fintech credit represents volume of new lending during given year in selected countries.
Likewise, flow of Big tech credit represents volume of this type of lending. Dataset
consists of 102 countries for seven years period from 2013 to 2019. As other source of
data, we use available data from World Bank. Specifically, we use gross domestic
product divided by midyear population and also total population of selected countries.
Since the original dataset of Fintech and Big tech lending contains only data between
years 2013 and 2019, we are structuring our analysis in this time period.

Description of mentioned data can be seen below in table 1. In our analysis, we
expect, that countries with higher GDP per capita experience more flows of alternative
credit. To compare alternative credit on the same scale, we divide it by total population
of the country in given year.

Table 1. Description of data used in analysis
Variable Description Source
Bank for

international
settlements

Flow of new lending over a calendar

Fintech credit
year

Bank for

Flow of new lending over a calendar . .
international

Big tech credit

year settlements
Bank for
Domestic credit Total domestic credit by financial sector international
settlement
GDP per capita Gross dor_nestlc product_dlwded by World bank
midyear population.
Total population Midyear estimates of total population in World bank

the country

4 Results and discussion

Although Fintech and Big tech may seem similar, there are several important
differences between them. Fintech loans started primarily on decentralized platforms,
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where the demand for loans from retail clients or small and medium-sized enterprises
met the supply of loans primarily from individual investors. These platforms were
thriving mainly in an environment of higher interest rates and the unavailability of loans
from traditional banks. The advantage of this method of lending is the reduction of
asymmetric information and transaction costs. Over time, some platforms have shifted
to financing loans from institutional investors and not just individuals.

Large technology companies, on the other hand, have different business lines, of
which loans represent only one (often not very big) part, while their main business
activity is usually non-financial in nature. Their business model leverages three main
factors. First, the data they already have on consumers are helping in understanding the
customer needs better. Secondly, they can use extensive user data, which are often
obtained from non-financial activities, to alleviate problems with asymmetric
information and lastly, they rely on strong networks effects from leveraging their large
consumer base. Big volumes of information however, whereas allowing Big tech
companies to effectively measure loan quality, can also cause price discrimination and
disrupt competition in the banking sector.

Fig. 1. Total flow of alternative credit in given year
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Figure 1. shows the development of new volumes of alternative loans on an annual
basis in millions of dollars. Fintech loans recorded the largest increases globally around
2017, but since then the curve has been breaking and gradually declining. This may be
because many of Fintech's platforms, such as the Lending Club in the US, are starting
to apply for a bank license and becoming banks or being bought by banks. The opposite
trend can be seen when tracking loans from Big tech companies. In 2019, the increase
in Fintech loans accounted for only 39% of the size of the increase in loans from large
non-financial corporations. The main reason for this is likely the significant
development of credit products in the markets of China and Japan.
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The distribution of the new volume of alternative loans in selected countries can be
seen in Figure 2. The primary axis (left) is in logarithmic form, as loans in some
countries are orders of magnitude higher than in others. By far the largest Fintech but
also the Big tech market in this case is China. The companies providing these loans are
primarily Ant Group, We Bank or Du Xiaoman.

If we look at the market of the European Union without the United Kingdom, we
can see that the market for Big tech loans is practically non-existent. The main reason
will probably be high regulation and a strong traditional banking market. We have also
added data from Slovakia to the chart, where we can see that there is a Fintech loan
market slowly emerging.

Fig. 2. Flow of Fintech and Big tech credit within selected countries in 2019
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On the secondary axis (right) we can see the ratio of new alternative loans to the
total volume of loans in the country in year 2018. This value is below 1% in almost all
countries shown. The exceptions are China, Indonesia and especially Kenya - where
this ratio is estimated to be more than 5%. As expected, ratio of new alternative loans
to the total volume is higher in less developed countries and vice versa. Even though
this trend is rising all around the world, it may differ vastly in various countries and it
will be exciting to monitor its next development.
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Fig. 3. Visualization of gross domestic product per capita and flow of alternative
credit in sample of 100 countries in 2019
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To visualize the relationship between flow of alternative credit and gross domestic
product of countries, we divided these two variables by total population and plotted this
dataset on scatter plot. Data used in this analysis are from 2019 and represent 85
countries. Axis Y shows flow of alternative credit per capita on logarithmic scale. Axis
X shows gross domestic product per capita. Data points represent individual country
and its position in the graph.

If we look at Figure 3., we can see that with higher gross domestic product per capita,
countries tend to experience bigger flows of alternative credit per capita. In certain
level, however, we can see that this trend starts to decline, suggesting polynomial shape
of function. This conclusion is also mentioned in paper by Giulio Cornelli, Jon Frost,
Leonardo Gambacorta, Raghavendra Rau, Robert Wardrop and Tania Ziegler (2020).

Some of the other variables connected to the development of these new types of
loans that may be relevant for further research are for example strictness of bank
regulation or overall bank sector competitiveness.

The more difficult it is for a start-up to enter the banking market, whether due to
regulations, market saturation or even, for example, low interest margins, slower the
growth of alternative loans in the given countries may be expected. Some of these
assumptions may be even relevant for the discussion about the position of Fintech and
Big tech market in Europe.

Given how young the industry is, it is too early to properly evaluate impact of these
alternative loans on lenders and borrowers, let alone on financial stability and the whole
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economy. Therefore, it is important to explore these causalities in more depth and try
to better understand drivers of growth in individual countries.

5 Conclusion

Financial technologies are gradually starting to disrupt the traditional banking market
and are likely to have a significant say in the upcoming years. Fintech and Big tech
players are beginning to acquire several domains in the financial markets, such as
payments, savings, investments and, last but not least, loans to retail clients and also to
smaller companies. Various forms of these new companies may definitely change the
banking market as we know it today. On the one hand, traditional banks can adapt to
new technologies and not allow new market players to break through permanently. On
the other hand, new start-up companies can replace banks thanks to their speed of
adoption of new business models and technologies.

In our analysis, we focused on the development of Fintech and Big tech loans
worldwide. We have shown, that the volume of these loans is rising every year and big
non-financial players like Apple or Amazon are getting the word out. On the other hand,
flow of Fintech loans is slowly starting to decline, which may be due to the fact, that
several Fintech companies are obtaining bank licences, banks are catching up in
technology or buying simply acquiring them because of their functionalities and
potential.

The development of these loans is recorded primarily in China, America, the United
Kingdom, but also in Japan, where the big tech market is developing very significantly.
If we look at the European market, we can see the opposite case here as in Japan - since
Big tech loans are not yet present here, probably thanks to strong banking regulation.
The total share of these types of loans in the total amount of loans in the country so far
is only around 1%, with the exception of some countries, where the bank loan market
is not as saturated as in more developed countries.

In examining the relationship between these loans and the development of countries
by gross domestic product per capita, the analysis has showed a polynomial
relationship, where loans to a certain point of GDP increase and then the curve begins
to rotate. We therefore came to conclusion, that countries with higher GDP per capita
seems to have higher flows of alternative capital per capita than countries with less
GDP per capita and the objectives of this paper have been met. Our findings may also
indicate, that alternative loans have potential to grow mainly in low or middle-income
countries, especially where banking sector is not properly developed or is experiencing
higher interest rates on traditional loans.

Our analysis is just a peak of iceberg in this important topic, however we hope that
the area of financial technologies used in banking sector will get more research
attention in years to come.
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Abstract. The compilation of the Consumer Price Index (CPI) is, in the
conditions of the Slovak Republic, based on the fixed consumer basket. Only the
lockdown during pandemics showed us how a fixed basket can very quickly
become irrelevant due to a rapidly changing model of consumer behaviour. The
changeover from traditional data collection to the usage of data from scanners
practically means the passing from static universe of selected sorts of goods to
the dynamic universe of all goods consumed. While classical bilateral indices
may be appropriate for a fixed basket, the transition to a dynamic approach raises
the question of whether traditionally used methods are still valid. Our goal is to
publish high quality index and therefore it is necessary to bear in mind that the
index number formula selection and methods applied to data from scanners can
have a significant impact on achieved results. The paper presents the basic
conceptual framework for the use of scanner data for the purposes of compiling
the CPI in relation to selected findings of the experimental study performed on
real data of five retail chains for the “Food and non-alcoholic beverages”
division.

Keywords: Scanner Data, Consumer Price Index, Index Number Formula

JEL classification: E 43, E 31

1 Introduction

The Consumer Price Index (CPI) is considered to be one of the most important socio-
economic indicators produced in official statistics. The CPI expresses the average
change in prices of goods and services purchased by population for consumption.

In the conditions of the Slovak Republic, the data needed for CPI compilation, have
been collected through field data collection. During the first twenty days of each month,
the employees of the Statistical Office of the Slovak Republic visit shops and service
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establishments and record so-called counter prices, prices for which are goods and
services offered to consumers.

Within the field collection, those shops and service establishments, where people
usually go for shopping, are visited. The development of prices is monitored via fixed
consumer bhasket of goods and services (728 price representatives) of constant quality
and similar characteristics, which are selected to represent household expenditure over
a year. In this above-mentioned set of representatives, there are 146 items that belong
to the area of food and non-alcoholic beverages, which is, in the conditions of the
Slovak Republic, the second most expensive area of household consumption following
housing costs. At present, this traditional method is gradually replaced in the world,
especially in the area of food and non-alcoholic beverages by data from scanners, which
are defined by [7] as “detailed data on sales of consumer goods obtained by scanning
the bar codes for individual products at electronic points of sale in retail outlets.”

This type of transaction data offers more precise and detailed information, and
unlike the previous method of obtaining data it also contains quantities of individual
goods that are sold in actual period.

The Statistical Office of the Slovak Republic gradually concluded the agreements
on the mutual cooperation in the field of statistics with five largest retail chains that
have provided the SOSR with the access to this type of data since 2018.

Even though this data is not currently implemented into routine production of CPI,
at the pandemic time it represented an important supplementary or substitute source of
information because data on prices of some goods could not be obtained without
potential threat to employees of the SOSR. It can also be assumed that the consumer
behaviour of the population of the Slovak Republic was being changed during the
lockdown, similarly to the consumer behaviour of the population of other European
countries [9].

Changeover from the traditional collection of data on prices of goods and services
to the usage of data from scanners is demanding and long-term process that involves
various activities, from negotiations with representatives of retail chains on data
provision to addressing methodological and practical issues and testing of different
calculation methods in the production environment. The article demonstrates the basic
concept of possible use of data from scanners in the field of official price statistics and
the first findings of the experimental study performed on real data of five retail chains
for food and non-alcoholic beverages in the conditions of the Slovak Republic.

2 Conceptual framework

2.1  Scanner data advantages and disadvantages

Scanner data from a specific vendor and for a given time period represents an
exhaustive list of all item codes, their turnovers, and quantities sold. They enable to
compile an index from all vendor’s transactions or transactions of the store. For
example, the assortment of food and non-alcoholic beverages, which is currently the
subject of an empirical study at the Statistical Office of the Slovak Republic, is covered,
in the conditions of Slovakia, by 7,000 to 29,000 items, depending on the retail chain.
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Scanner data enables to statisticians to use what has been sold actually and to include
many more items in the CPI calculation in comparison with traditional price collection.
It also means that if the information on turnovers is available, weights can be assigned
to individual items. The undeniable advantage of scanner data is also a large amount of
detailed information about individual products?, which enables to define the so-called
homogeneous groups of products and calculate the price indices of elementary
aggregates at a lower level of aggregation than COICOP52,

Implementing scanner data in the production of price statistics can also save the cost of
traditional price data collection.

Scanner data” reflects the dynamics of actual purchases in each elementary
aggregate, as each transaction is recorded. The appearance of new item codes, the
disappearance of item codes and changes of their relative importance are visible in the
data set. It follows from the above-mentioned, that the scanner data, compared to the
traditional data source, has both advantages and disadvantages for the production of the
CPI. There is some additional work burden for the NSIs due to increased need for data
cleaning and processing, as well as initial cost of setting up the IT system. The
dependence of the NSI on individual retail chains is increasing, which means that non-
delivery of data will have greater consequences than before. More advanced IT
competencies are required from the CPI staff
2.2 Items selection

In [4], two methods of selecting items that enter the calculation of price indices at
the level of elementary aggregates are generally recommended, namely the static
approach and the dynamic approach. The static approach simulates the traditional fixed
consumer basket, with the difference that the prices obtained by the traditional survey
are replaced by average prices per unit of goods. Information on actual sale is utilized
only at initial selection of items into consumption basket or their replacement in the
course of a year.

In dynamic method, the index calculation includes a representative selection of items
for every two consecutive months after filtering items out with extreme price changes,
items of goods on clearance sales and low sales goods. It means, that the index at the
level of elementary aggregate is calculated on the basis of a set of matched
representative item codes for items that are actually sold in two consecutive periods.
2.3 Elementary price indices

An elementary price index is the price index calculated for the elementary aggregate.
An elementary aggregate consists of a relatively homogeneous set of goods or services
with similar expected price changes. They can cover the whole country, individual
regions, or it is possible to define them for different types of outlets. Various different
methods and formulae may be used to calculate elementary price indices. The choice
of index number formula and calculation method can have a significant effect on the
results obtained. The European Commission recommends the Jevons price index at the

1 This information applies if the retail chain has a quality internal classification and is willing
to share it.
2 COICOP The Classification of individual consumption by purpose
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lowest level of data aggregation [3] (see also [Chyba! NenaSiel sa Ziaden zdroj
odkazov.]), which can be written for the base period (0) and current period (t) as
follows:

1 1

pot _ 24 Mot (Migspt) Mot
I iES 0 - 0_1/N
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M
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S represents the set of identical items of goods belonging to a certain category and N
the number of identical items of goods. p? a p} are prices (prices per a unit of goods)
of each item i &S in the period O a t.

Theoretically, for homogeneous groups of products, it is also possible to use the
Dutot index, which can be expressed as follows [Chyba! NenaSiel sa Ziaden zdroj
odkazov.]:
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The authors of some studies recommend, in some exceptional cases, to consider the use
of the Carli index [Chyba! Nenasiel sa Ziaden zdroj odkazov.], which is defined as a
simple or unweighted arithmetic average of relative prices or price ratios for the period
0 at, which can be expressed:

Pt =1 Tiesth ®3)
The paper [Chyba! NenasSiel sa ziaden zdroj odkazov.] presents many studies proving
significant differences in results between Dutot, Carli and Jevons indices.

When selecting an appropriate index for measuring CPl / HICP, two main
approaches can be used, axiomatic and economic approach. From the axiomatic point
of view, Jevon index is the index with the best properties. Although it has not been
widely used until recently, the trend of its use by statistical offices is on the rise.

The economic approach is based on the economic theory of the consumer behaviour.
The economic approach assumes that quantities consumed are a function of the prices,
and data recorded arises as solutions of different problems of economic optimization of
the consumer. According to this approach, the CPI is defined as a cost-of-living index
(COLI). A growing number of economists and other users prefer superlative indices for
CPI compilation purposes, such as e.g. Fisher index, because they consider them to be
the best COLI approximation.

2.4 Weighted price index formulas

The CPI is currently still determined by means of Laspeyres index. The Laspeyres
index, which uses only weights from the basic period, does not reflect changes in
consumer behaviour during the reference period and it may be distorted due to
substitution of goods. The Laspeyres price index [Chyba! Nenasiel sa Ziaden zdroj
odkazov.] can be expressed as follows:

Sicsplq?
P =5 s @
Yies p;iq;
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where pf is the price of i- th product at time t.
The Paasche price index [Chyba! NenasSiel sa Ziaden zdroj odkazov.] uses the
quantity of goods sold from current period and can be written as follows:

o tot
Poy = 5= bk 5)
Yies pP; 4

The above-mentioned economic approach in the price index theory assumes that the
real value of the COLI belongs to the interval whose upper and lower limit is
determined by the values of the Paasche price index and Laspeyres price index.

As it was mentioned in the previous subchapter, the most preferred indices for the
purpose of measuring CPI are superlative price indices, firstly proposed by [Chybal
NenaSsiel sa Ziaden zdroj odkazov.]. They can be written as follows:

The Fischer price index [Chyba! Nenasiel sa Ziaden zdroj odkazov.]

Pt = 4/PL‘1f Pot (6)

The Tornqvist price index [Chyba! NenasSiel sa Ziaden zdroj odkazov.]
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where s?=p?q?/YiespPq? and sf=pfqf/Yicspiqf refer to the proportions of
expenditure in period 0 and t; g? and g} are quantities sold.
2.5  Chained indices

A chained index provides a measure of cumulated effect of successive price steps.
Chain indices are the indices with moving base, id est, with the base from the values of
the previous period. Any index number formula can be used for the individual links in
a chained index. For example, an unweighted chained Jevons index can be written as
follows [Chyba! Nenasiel sa Ziaden zdroj odkazov.]:
m-—1)t,mt
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If in practice, HICP/CPI are compiled from “scanner data” it is generally recommended
to use chained superlative indices due to the higher degree of matching of individual
item codes between two consecutive periods and the assumption of smaller differences
in price and quantity. However, this assumption does not consider the existence of
clearance sales and discounts, which can significantly increase the quantity of goods
sold, up to several times. When the discount period ends, the price returns to its original
value. However, the situation may turn out to be that population is supplied and it will
take longer time until the quantity of sold goods returns to the former/original value.
Under these conditions, chained superlative indices tend to decline and only gradually
return to their original level (downward chain drift) in comparison with base indices.
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In [Chyba! Nenasiel sa ziaden zdroj odkazov.] have been proposed an approach
that provides drift free, superlative-type indexes through adapting multilateral index
number theory.

This procedure maximizes the number of matched items in data without the risk of
introducing drift to chained time series.

2.6 Multilateral price indices

In multilateral price index methods, the aggregate price change between two
comparison periods is obtained from prices and quantities observed in multiple periods
including the two comparison periods. They were developed for price comparisons
across countries. The best known are the GEKS method, Geary-Khamis method
[Chyba! Nenasiel sa Ziaden zdroj odkazov.], and Country-Product Dummy method.

Multilateral spatial comparison of prices can be simply adapted for comparison over
time. Multilateral indices meet the transitivity requirement. The index is transitive if
the index that compares periods ,,a“ a ,,b** through period ,,c* is identical with the index
that compares periods ,,a“ a ,,b* directly.

The idea of adapting the method to the time series context was developed by Ivancic,
Diewert and Fox [Chyba! NenaSiel sa Ziaden zdroj odkazov.].

3 Empirical study

The received raw scanner data needs to be pre-processed and classified at the level of
individual items. Based on “detailed” descriptions of individual products (items) at the
EAN code level or on the internal classification of retail chains products, we have
defined 354 homogenous product groups for food and non-alcoholic beverages and, in
such way we have created, a national, 6-digit level of ECOICOP classification for this
area of consumption. ECOICOP 6-digit is common for all retail chains that currently
cooperate with the SOSR, id est, the elementary aggregate can be defined both at the
level of the Slovak Republic and at the level of the retail chain, but not at the level of
regions.

Each product, that potentially enters the calculation of the elementary index, is
subject to the assessment of its “importance”. The selection of the products that enter
the calculation depends on the calculation method used and the filters applied to the
data. Since in the conditions of the Slovak Republic the CPI index is compiled on a
monthly basis, data filtering is performed on a set of data that would potentially enter
in the calculation of the month-on-month index.

Items whose prices have been increased or decreased disproportionately in
comparison with the previous period have been excluded. The limits for the
identification of outliers have been set to 0.3 and 3 (outlier filter) after a thoroughgoing
analysis of the annual data. Furthermore, those items, whose prices and turnovers fall
significantly compared to the previous period are excluded from the calculation of the
index at the elementary level. These are mainly products intended for clearance sale, if
price change is < 0.8 and, at the same time, the change of turnovers is < 0.2. This filter
is known as a dumping filter. In the case of the dynamic approach method (dynamic
consumer basket, which is always created up to date for two consecutive periods),
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subsequently products with low sales are excluded as well on the basis of formula
[Chyba! Nenasiel sa Ziaden zdroj odkazov.]:
st test

Si i 1 9)

2 ni

It means that the product will be included into the sample for the index calculation if
the ratio of the item i in expenditure in months t a t-1 exceeds threshold value n_1/1 ,

where:
n - is the number of products,
A - is a fixed parameter and based on empirical research A =1.25.

The effect of data filtering can be seen in Table 1.

Data filtering impact on values of chained unweighted Jevons index can be seen in
Fig.1. From Fig.1 and also from the results of the experimental study in [Chyba!
NenaSsiel sa ziaden zdroj odkazov.], it is clear, that Jevons index is sensitive to filter
selection. In the specific example given, the Jevons index acquires the lowest values
when it is being compiled above an unfiltered database of products, probably, because
it is dominated by products with smaller monthly price changes than the average
monthly price change.

Table 2. Efect of data filtering (COICOP 01, average month 2019)

Type of filter Number of items after filtering
Without filtering 60 239
outlier filter 60 070
(outlier + dumping) filter 59 638
(outlier + dumping +low sale) filter 17 057
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Fig. 3.Impact of the outlier filter (filter 1), dumping filter (filter 2) and low sale filter (filter 3) on
the Chain Jevons index value based on example of products of the homogeneous ECOICOP6
group - biscuits and wafers without filling, Dec. 2018 — Dec. 2019

As previously stated, the scanner data allows us to compile unweighted and weighted
indices at the elementary level, and the selection of formula and method can have a
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significant impact on the results obtained. Differences between individual indices
considered are shown in Fig. 2 and 3. It is no surprise that the values of the Carli index
are above the values of the Dutot index and the Jevons index. Which also follows from
their mathematical properties. [Chyba! NenasSiel sa Ziaden zdroj odkazov.]
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Fig.2 Comparison of the development of unweighted bilateral chained indices based on the
example of products of the homogeneous group ECOICOPS - fresh butter, Dec. 2018 - Dec. 2019
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Fig. 3. Comparison of the development of weighted bilateral chained indices based on the
example of products of the homogeneous group ECOICOP6 - fresh whole milk, Dec. 2018 - Dec.
2019
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Fig. 4. Comparison of the development of the price and the quantity of product sold- butter
traditional Koliba, sold in one of the supermarket chains

Superlative indices are based on economic theory and the weights used reflect the
changes in consumer behaviour illustrated in Fig. 3. In the fixed basket approach,
superlative indices (Fischer, Tornqvist) approximate each other [Chyba! NenasSiel sa
Ziaden zdroj odkazov.]. In our case (dynamic basket, chained versions of indices) they
behave in the same way. Their development is in line with the economic approach in
the price index theory, according to which superlative indices approximate the cost of
living index and Laspeyres index provides an upper limit and Paasche a lower limit to
the COLI.
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Fig. 5. Impact of the aggregation over supermarket chains on the multilateral GEKS- Térnqvist
index results calculated (ECOICOPG6 — rice husked, Dec. 2018 — Dec. 2019).

One of the questions that needs to be answer in relation to the implementation of
scanner data into CPI production is the question, whether the indices at elementary level



101

will be compiled above common database of products or above databases of individual
retail chains and then aggregate them (Laspeyres formula). In the conditions of the
Slovak Republic, the results of the experimental study in this area confirmed
insignificant differences between the mentioned procedures in the division of food and
non-alcoholic beverages (see Fig. 5), and therefore, a simpler procedure is
recommended, and that is to implement the compilation of CPI over a common product
database.

4 Conclusion

The Slovak Republic is still in the process of preparation for the usage of scanner data
in the official statistics. Some issues have remained unresolved, and they will require
further research and experimentation with real transaction data.

In addition, IT system which would combine and analyze data from various sources is
under preparation. Despite of this, several experiments on data processing,
classification, matching (against the base period or the previous period) and calculating
different price indices on real data using SAS or R package software have been
performed.

Based on the performed experiments, the same homogeneous product groups for all
cooperating retail chains in the division of food and non-alcoholic beverages were made
up. Indices at elementary level will be calculated over a common database of matched
products, i.e. without aggregation over supermarket chains. As a result of the ongoing
experimental study, the threshold values have been set to exclude extreme price
changes and clearance goods. It has been stopped dealing with the compilation of CPI
over a fixed consumer basket (selection of products from scanner data). Exclusively the
dynamic approach will be the subject of the other experiments. However, the issue of
implementing scanner data into CPI statistical production is very broad and
multifaceted issue and many methodological questions are still unanswered. For
example, choosing the right index formula remains the great challenge.

Ongoing experiments will be focused mainly on the possible implementation of the
Jevos index, superlative chained indices and especially multilateral indices
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Abstract. Despite the high innovation potential for universities to play a leading
function in regional development, there is an increasing identification of
supporting university-business ecosystem. European universities include
different types of higher education institutions. Each institution received some
sort of external support and extra funding for the application their development
and implementation for successful selection at European level. To broaden
understanding of cooperation activities, we tried to identify main supporting
mechanisms in European success stories. Good practice case studies shared
across the institutions are necessary for further observation. In the context
of university-business collaboration, this article studies supporting mechanisms
which can improve linkages between universities and business. With a sample
of 42 case studies, we identified a dominant supporting mechanism in European
regions and mutual differences between mechanisms. The main results highlight
the relevance of the combination of more than one supporting mechanism which
lead to more competitive society and knowledge-based economy.

Keywords: university-business collaboration, supporting mechanisms,
innovation, higher education, Europe

JEL classification: 123, 038

1 Introduction

University-business collaboration (UBC) refers to the interactions between any parts
of the higher educational ecosystem represents by universities and business though
knowledge and technology transfer [3, 10]. Increasingly perceived as a vehicle
to improve innovation through knowledge exchange [2]. UBC may have an overall
positive influence based on knowledge and technology transfer, especially
a strengthening of the regional and national economy and the development of the region
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the country themselves [6] and presents a key innovation strategy for sustainable
economic growth [31]. The benefits of university-business linkages may be wide-
reaching: they can help stimulate additional private R&D investment, they can
coordinate R&D agendas and avoid duplications or utilize synergies and
complementarities of scientific and technological capabilities [19].

In 2000, the continued significance of academic knowledge for regional
economic initiatives was identified by the European Council’s Lisbon Strategy [37]
which encouraged universities to develop their technology transfer policies and offices
to create and diffuse academic knowledge. Strategy Europe 2020 targets smart growth
though strengthening the relations between research institutions and industries. Cross-
national programs such as Horizon 2020 by the European Commission [11] or OECD
New Evidence and Policy Options [30] emphasize the idea of collaboration between
public and private sectors to improve innovation performance, generate jobs and better
quality of life. Supporting mechanisms need to be put in place to encourage and support
cooperation. They should aim to help reduce or eliminate the largest barriers, offers
facilitators, and provide incentives that reward universities and business to undertake
the activity. This can include creating new policies, strategies, activities, and structures
[13].

The purpose of this paper is identified main supporting mechanisms
in university-business linkages of good practice case studies across the Europe. In the
first section of this article, we examine position of supporting mechanisms in UBC
based on literature and introduce our methodological approach. The main aim
is a comparative analysis of documents from European Commission (EC) and present
the findings related to the supporting mechanisms UBC.

2 Theoretical Framework

The technology transfer industry has become established particularly in the USA in the
last 40 years. It has grown as an outcome of legal changes arising from enactment of
the Bayh—-Dole Act which gave universities ownership of their research outputs [9].
Europe has called for own European Bayh Dole Act that involves one single patent
system with uniform validity [13]. Given that human nature is generally characterized
by resistance to change [4, 34], the supporting mechanisms aim to change the culture
of higher educational institutions (HEIs) [25] and bridge cultural differences between
universities and businesses.

The literature shows that support mechanisms are used in number of key areas
of UBC. Supporting mechanisms need to be aligned with the culture and mission that
facilitating UBC through the fast development of dedicated strategies [38]. The absence
of supporting mechanisms causes that UBC remains isolated and a rare activity only
reliant on the whims of those individuals willing to engage in collaboration.
Furthermore, they are expected to link and connect all levels of the institutions. Taking
on the additional task of developing support mechanisms and implementing processes,
it requires the university to transform into an institution in which university-business
linkages are encouraged, supported and fostered for all relevant stakeholders in regional
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development [1]. Location of the HEIs might also relate with the development of UBC.
Several international studies point to a differences between countries [7, 23, 24], with
a great diversity environment that can support and/or inhibit UBC [17]. Authors in their
articles present many instruments and activities for technology transfer provide by
HEIs, business sector and government. Academics are increasingly interested in
bridging the separate worlds of academia and business despite managing the balance
between academic and entrepreneurial activities, [9]. The structural dimension interest
for UBC which focused mainly on the commercialization areas of collaboration
including patents, licenses, spin-offs, involving primarily a unidirectional flows of
knowledge economy [8, 16]. Research on support mechanisms is typically in the middle
of the mechanisms supporting the transfer of technologies, such as technology transfer
offices and university incubators [35].

At the strategic level, the management of the support HEIs and incentives
are properly identified, while the operational level includes the management of UBC
offices and promote organizational strategies. Strategic mechanisms promote the new
third mission by creating and implementing strategies to support and stimulate UBC
activities includes establishing long-term strategies and an inclusive strategic
approaches directed at business interaction [8, 20, 38]. For instance, Phan and Siegel
[33] found that the most startups generated by HEIs are those that establish well-defined
and clear extend strategies. A mechanism used in top management to institutionalize
the importance of UBC is the presence of people in business on the HEIs board and the
presence of academics on company boards. The HEIs guarantee that with these
mechanisms their education and research is going to remain relevant for the society.
Operational mechanisms in UBC present one of the most common ways of promoting
UBC at the highest level of the institution [15, 27, 36], which emphasize the desired
behavior [8, 18]. HEIs give attention to UBC topics in the media inside the HEI and in
their respective regions or countries with awards or special events in order to stimulate
an innovation environment that support UBC. Some HEIs also promote business and
managerial cultures, skills and abilities amongst researchers and students through
workshops to improve their chances of successful valorization [26]. The main
advantage of operational mechanisms is predominantly the lowest cost, the easiest and
quickest to set up [7] because they can be established by stakeholders within the HEI:
management and faculty level, or at the individual program, academic or student level.

The using of governance mechanisms aims at mitigating risks of opportunistic
behavior and coordinating resources [5, 22], because of governments serve to avoid
dysfunctionalities, predominantly inthe context of collaboration and integration
complementary to the competencies of the cooperating partners [39]. Policy
mechanisms can be classified as: economic and financial mechanisms, regulation
mechanisms and other policy mechanisms that do not belong to either of the first two
categories. Governments provide various conditions, such as — giving a space for UBC
strategic mechanisms to creating and involving the establishment of structural
mechanisms (e.g., creation of a knowledge transfer center) that can initiate the
development of operational mechanisms (e.g., UBC workshops for academics) [13].
Therefore, heterogeneous regional and national research programs have been initiated
by governments (e.g., Vinnova — Swedish government agency for innovation policy
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which promotes sustainable growth by funding research). Governments have been
compelled by the global changes in the competitive and technological challenges to
take actions to support research interactions between the two actors. Governments
believe that universities could aid in long-term economic regeneration [28, 32].

3 Methodology

In the article, we applied qualitative research to provide responsible results.
Our qualitative research started with a review of literature emphasizes the
the importance of university-business collaboration and supporting mechanisms which
need to be put in place to support and sustain cooperation.

We used a document analysis as a data source in our qualitative research.
Furthermore, we evaluated electronic documents — case studies which represent single
success stories in university-business collaboration in European regions. These
documents offer a rich descriptions and background information which help us to
understand other insights.

In the next part, based on previous qualitative research, we analyzed 42 case
studies which were published by EC. Each study illustrates example of good practice
in university-business collaboration including case studies focusing on different
activities [12]. Our research outcome represents 26 European countries which was
selected into four European regions (humber represent case study quantity by region)
(Table 1) — Northern Europe (11), Western Europe (11), Eastern Europe (10) and
Southern Europe (10). Countries which were considered for case study selection were
current members of the European Union (EU) or those committed to the EU economy
as member of the European economic Area (EEA) by the end of year 2018.

Table 1. Classification of countries

NO. OF COUNTRIES NO. OF CASE
REGION COUNTRIES IN REGION STUDIES

SWEDEN, FINLAND,
DENMARK, NORWAY,

NORTHERN EUROPE ICELAND, IRELAND, UNITED ’ 1
KINGDOM
BELGIUM, NETHERLANDS,

WESTERN EUROPE GERMANY, FRANCE, AUSTRIA ° 1
HUNGARY, SLOVAKIA,
POLAND, CZECH REPUBLIC,

EASTERN EUROPE SLOVENIA, LATVIA, ESTONIA, 8 10
LITHUANIA
PORTUGAL, SPAIN, ITALY,

SOUTHERN EUROPE GREECE, CROATIA, MALTA 6 1o

Source: Own elaboration based on the case studies [12]

In each case study we have identified four types of supporting mechanisms
between HEIs and business which have been used. Related to the central question of the
research, we organized information into categories for further quantitative analysis
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(Table 2). HEIs represents all types of institutions, which offer higher education, but
must be formally recognized by the suitable national/regional authority. The concept
of supporting mechanisms includes strategic, structural, operational and policy
conditions as we can see in Table 2. The main aim was to find out which of these
mechanisms is the most efficient or most frequently used.

Table 2. Four types of supporting mechanisms

TYPE OF
MECHANISM POLICY STRATEGIC STRUCTURAL | OPERATIONAL
funding and regulations, drafting and .
e . . ) constructions, .
organizations/information implementation ersonnel. and actions or events
REPRESENT BY created by of high-level p_ o of a practical
. X . . institutional
regional/national/international | plans/methods/ nature
. programs
governments series
HEIs that will
- . ) created a
maximizing economic enable it to - L
erformance, welfare, or achieve its strategic decision undertaken by
THE MAIN AIM P . o within/related to a HEIs to create
other policy objectives with long-term
- o . a HEI that enable and support UBC
focus on or relation to UBC objectives with UBC
respect to UBC
regional

regional agencies
governments,
HEIs, business

agencies,
governments,
HElIs, business

RESPONSIBILITY governments HEIs

Source: Own elaboration based on the case studies [12]

4 Results

As we have shown in previous section, we have analyzed 42 good practices case studies
from 26 European countries. Good practices case studies are one of main components
of the project ,,The state of University-Business Cooperation in Europe” which have
been conducted during years 2016-2018 by a consortium of Science to Business
Marketing Research Centre in Germany for the Education and Culture. These
documents were created on institutional level and systematically provide information
from its establishment, through educational mission development and building
institutional relationships to the present. The project studied the state of UBC
in different European countries via more factors like objectives and motivations,
stakeholders, barriers, and drivers, supporting mechanisms, activities and key success
factors or future challenges. We chose supporting mechanisms due to their importance
in overall success of UBC.

The paper provided insights from the support UBC in Europe in four case study
regions: Northern Europe, Eastern Europe, Western Europe, and Southern Europe.
Most of the regions generated a positive impact in terms of supporting mechanisms
both for HEIs and business sector. Territorial dimension of supporting mechanisms
is characterized by complex of 10 or 11 studies in each region. In general, there
is a dominance of structural supporting mechanisms in all four regions (see Fig. 1.).
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In Northern and Western Europe, case studies illustrate a dominance of both structural
and operational mechanisms. Universities in Denmark, Finland, Sweden and Norway
are leading universities in Europe because of their innovation potential which show
results of European Innovation Scoreboard [14]. They provide plenty activities lead to
maximize the commercialization of technologies develop by researchers and students.
Such as created technology transfer offices and innovation hubs (e.g., Skylab
at Technical university of Denmark or Hothouse on Dublin Institute of Technology),
entrepreneurial education improves job market perspectives and job performance for
students. The character of using supporting mechanisms was slightly different
in Southern and Eastern Europe. In these regions, we can see still dominant structural
mechanisms, but a mix of other three mechanisms too. Case studies from Eastern
Europe provide mainly collaboration between HEIs and big industrial manufactures
like Audi, Gorenje, Kolektor Group, GroGlass.

Generally, 90 % studies used more than one supporting mechanism.
The combination of mechanisms in multiple ways is useful in removing barriers.
As illustrated in Fig. 1., 83 % of all case studies (it represents 35 case studies) have
been used structural, 59 % operational, 28 % strategic and 14 % policy supporting
mechanisms.

100
80
60

40

share of case studies (% of all)

20

policy strategic structural operational

Fig. 1. Analysis of supporting mechanisms used in case studies
Source: Own elaboration based on the case studies [12]

Structural mechanisms were the most applied in every region of Europe (Fig. 2). This
type of mechanism consists of activities in the field of bridging structures,
infrastructure, employability, career services and external integration structures. It is
the most common mechanism because of cooperation more actors like universities,
government, and business too. Bridging structures representing technology transfer
offices, innovation, or industry liaison offices. Likewise, career offices and alumni
networks structures are very helpful for students and graduates. However, infrastructure
like science parks, incubators and co-working space can be expensive, but necessary
for external integration and cooperation with partners. Good example is the University
of Twente (UT) in the Netherlands. The key mechanism in this case is the Kennispark
Twente and its Foundation, which join initiative of local stakeholders. Together, they
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are drivers behind regional innovation and sustainable growth in the Twente region.
Their collaborative activities have led to over 100 new start-ups per year on average.
Other recent mechanisms are the establishment of three investment funds — The Twente
Technology Fund, Innovation Industries and The Dutch Student Investment Fund.
Twente’s entrepreneurial ecosystem has been very attractive for foreign investors, but
the UT spin-offs account 10 % of the fastest growing high-tech companies in the
Benelux region. On the other hand, two of the barriers is underdeveloped investment
climate and limited proportion of new jobs in the Twente region that require higher or
medium levels of education [13].

Furthermore, operational mechanisms were on second stage. They present
academic and student network dedicated to UBC and external communication. In most
universities is offered entrepreneurial courses for students and academics, information
sessions and forums too. HEIs with high development of UBC apply a set
of mechanisms at both operational and structural level simultaneously (Fig. 2.).
For instance, at the Athens University of Economics and Business (AUEB), there is an
important operational instrument, designed program of education and entrepreneurship
development with input of industry consultants and practitioners — The Innovation
Design and Entrepreneurial Action (IDEA) programme developed by the Athens
Centre for Entrepreneurship and Innovation (ACEin). It uses project model based on
open innovation to help and assist talented students, startups or entrepreneurial teams
to solve and unravel their entrepreneurial potential and specific business issues. One
driver of UBC was the investment by the Municipality of Athens, to create the special
office and incubator space at ACEin. The challenges are now to make IDEA
programme more sustainable and bring entrepreneurial spirit in engaged students and
businesses. Future challenge is financial self-sufficiency with good strategy in funding
[13].

Strategic supporting mechanisms include paper and implementation strategies.
The strong association of strategies incentives with supporting UBC, documented
mission, top level management committed to UBC or coordinated communication
approach for UBC [13]. We want to indicate the Strategic plan for the University of
Tartu - an ambitious Estonian business university through the development
of enterprising spirit and entrepreneurship. The main supporting mechanism is the
leading university’ strategy and its implementation. Every year, university makes the
management plan for the following year where defines the types of activities that should
be financed in the next year. Some activities that need longer period to start are marked
to be financed for two, three or more years. There are five priority areas in the university
strategy: research, teaching, entrepreneurship, organizational development and
protecting Estonian language and cultural heritage [13]. On the contrary, the great
barriers are financial resources and lack on an entrepreneurial ecosystem around it
because of geographic location.

In the last stage, policy mechanisms were used in the minimum of case studies.
In 26 countries involved in the study, policy mechanism using only in six studies
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(14 %). These types of activities often fall into ministries or agencies in countries.
Infew countries, strategies are translated into specific instruments and
unique programs. Nonetheless, it is also interesting to see position of policy
mechanisms, due to financial government instruments like grants, tax credits as well as
the creation of a legal environment supporting research and development and may
benefit from most regional/ national research programs initiated by governments [21,
32]. In Northern and Western Europe, we found one example which present active
cooperate universities with local influence (Fig. 2.). We chose the policy direction of
the Bavarian state government in Germany, including initiatives to push Bavaria and
Germany’s Silicon Valley. The proactive approach taken by the State Government
focus and finance allow centers of innovation and new ventures to develop into world
leaders. On the contrary, to foster entrepreneurship need to be created multiple access
point to entrepreneurship thinking and acting.

=
o
o

90
80
70
60
50
40
30

20
10
35 DU

Southern Europe Eastern Europe Northern Europe Western Europe

share of case studies (% of all in region)

mpolicy © strategic mstructural operational

Fig. 2. Supporting mechanisms divided into European regions
Source: Own elaboration based on the case studies [12]

5 Conclusion

In conclusion, we can say that supporting mechanisms are important during the
foundation, development and all functioning each success story of UBC. But all
stakeholders are still facing lot of barriers - lack of funding and resources, regional and
cultural differences, few business activities, bureaucracy and more. It is very important
focus on developing the drivers an using a wide variety of mechanisms supporting
UBC. EC has attempted to address the modernization of European HEIs mainly through
several policy instruments which encourage and pressure HEIs in equal measures [29]
to make a greater contribution to sustainable economic development. However, the EC
policy supporting UBC does not directly regulate organizational mechanisms because
these are often regulated at national/regional level [16].
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This research paper has clearly shown that supporting mechanisms have special
place in development UBC in European regions. Having a support for collaborating
with HElIs is an inseparable part of each case study. It is important to note that each
case study is individual and unique. They try to fit the region‘ strength, environmental
framework and regional limitations. An overview of our research shows, that HEIs use
four types of supporting mechanisms: policy, structural, strategic and operational.
A brief across Europe showed the variety of instruments that regional stakeholders use
to support UBC activities and highlight many gaps. The most used mechanism was
structural. It encourages new offices and infrastructure which can bridging structures
between universities and business in regions. The involvement of different institutional
actors (HEls, firms, ministries/agencies, etc.) create common aim strengthen their
competitive advantage. Without suitable national and regional government help
it would be more difficult to create successful UBC.
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Abstract. Recent events have updated the structure and character of stress testing
of the banking sector. The adjustments implemented to better inform the policy
response have however varied across the world. We review different approaches
taken by the three global authorities during the pandemic year with the aim better
to understand motivations for the adjustments in the regulatory framework in
presence of heightened uncertainty and adverse unexpected shocks. We also
provide an insight into what has changed in the design, scenarios, and
communication of the stress testing results during the pandemic around the
world.
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1 Introduction

Banking sector had been enjoying a relatively healthy period of time with reasonably
comfortable levels of capital and liquidity buffers before the pandemic have changed
the world. Although monetary stance has already been quite loose, shortly after the
onset of the restrictions, unprecedented number of supportive measures have been taken
as a response to contain the initial impact to the banking sector.

Deep economic impact of the pandemic still weakened the solvency position of
banks to a considerable extent. In order to tailor the response measures adequately, or
more specifically, to identify more vulnerable institutions while maintaining the
accommodative prudential policy stance intact, an update in the assessment of banks
resilience deemed necessary.

Such a unique shock as pandemic surely requires both revisions to the scenario
design as well as to modelling approaches. In general, stress tests have been reviewed
and changed in two directions. In the short run, special emphasis has been placed on
what effect does the pandemic shock have on the banking sector and the economy. Such
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understanding is then important in the long run to help identify eventually vulnerable
institutions where targeted supervisory action would have to be taken.

Although, the main goal of general stress testing is to consider performance of the
financial system in extraordinary conditions, only when such situation occurs, we better
comprehend what is the necessary adjustment in this practice. Truly, financial system
is a complex organism consisting of a whole set of financial institutions, financial
market, and payment systems, and therefore it is not easy to put it through a
comprehensive analysis (Baudino, 2020). On top of that, considering the shocks that
the world has been through during the pandemic were beyond any imagination.

2 Design option for the rainy days

One of the challenges to the design of stress testing exercise in the pandemic times is
to take aboard new metrics related to healthcare, e.g., infection rates, speed of
reproduction, hospitalizations, mortality rates etc. Yet, almost 2 years into the covid-19
crisis, general understanding of these metrics, their mutual relationships and their effect
on economic variables are still not sufficiently understood. Quicker alternative
therefore has usually been to perform sensitivity analysis based on existing scenario.
One option is an increase in the level of stress represented by certain stress indicator.
Another option is to design a new scenario encompassing some deeper story of
economic contraction. This however would have to entail an assumption of the strength
and duration of the shock per se, which as we have witnessed in the pandemic is very
difficult to predict.

Consequently, there is more uncertainty around the scenario path than we have been
used to accept in the past. This uncertainty makes us to accept higher number of
scenarios, or to accept some variation in the stress variables, or alternatively to accept
the representation of the outcome in the form of achievable ranges of results. Such
sacrifice could however yield much less precise results if working with a longer
horizon.

Further to the described uncertainty, inclusion of the policy response might also be
necessary. Especially in case of the early massive pandemic relief that we have
witnessed soon after the onset of the pandemic in late spring 2020, it would be helpful
better to understand their quantitative impact.

Such early policies have also run across different policy domains. Regulatory and
supervisory relief measures are different in nature to monetary easing and credit support
measures, or public guarantees to absorb the borrower credit risk. They are not only
different in nature, size, duration, connectedness, but also in their pass-through to the
banking sector or economic activity as such.

Even if all these challenges have been answered, the models that we have been using
in the past may well not be suitable for the new normal. Transmission channels may
have been amended, duration of shocks changed, effects less reversible. Overall
heightened uncertainty around the pandemic related stress test results may in turn affect
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the decisions about the extent to which such results are disclosed. Credibility of such
results might be questioned and posing a challenge to their communication.

Rich additional empirical and theoretical insights for the design and implementation
of stress tests and regulators' incentives are coming from the academia. Additional
measures of financial stability risks that could be incorporated into supervisory stress
tests have been proposed by Chavleishvili et al. (2021). One of the very vocal
approaches to measure potential source of vulnerabilities by incorporating the macro-
financial feedback is the Growth-at-Risk approach, promoted further by Adrian et al.
(2020). Some scholars (e.g. Shapiro and Zeng, 2020) are building theoretical models to
search for optimal stress test scenarios and bank regulators incentives. They provide a
nouvelle stylized framework of stress test designs, where decision makers keep the
trade-off opportunities in mind, to keep the bank afloat in the stressful economic
situation. In terms of communication there is a stream of literature looking at the
optimal degree of transparency when a regulator conducts either an asset quality review
or a stress test or both (e.g. Inostroza, 2020). In general, some new studies refer to the
Covid-19 pandemic, to its impact on the economy and the potential impact on banks
and their stress tests.

3 Ad hoc stress test approaches

All three main global regulatory authorities have conducted their ad-hoc stress tests in
the early stage of the pandemic in 2020.! The ECB and BoE have scrapped their regular
exercises and replaced them by ad-hoc stress tests in the earlier date (May and June
2020). The Fed in the U.S. has exercised their planned annual tests as they would in a
business-as-usual mode but added a special sensitivity analysis published in June 2020.
All three exercises took place already in the period of severely worsened economic
conditions, following lockdowns in the early second quarter of 2020.

Proposed scenarios have therefore been derived from the early understanding of
potential fallout in the Common Equity Tier ratio (CET1) in the respective economies.
While the ECB has worked with two scenarios, one central scenario accounting for a
drop of 190 basis and an alternative scenario of a severe (adverse) downfall (triple that
size, 570 bps), BoE has been working with a single scenario of a downfall amounting
to double the basic size of a CET1 fallout (380 bps). The Fed has been addressing the
issue with one more layer of dynamics, adding different shapes of fallout and respective
consequent recovery (V-, U- and W-shaped).?

Overall, approach to what policy responses have been included into the scenarios
has been guided by whatever has been known to date of the respective stress tests
publications. These included a regulatory relief (borrower credit relief schemes),

1 Bank of England (BoE), European Central Bank, Banking Supervision (ECB) and the Board
of Governors of the FRB (Fed), ad hoc stress testing exercised have all been conducted between
May and July 2020.

2 By the date of publication, it was clear that recovery would be rather quick and strong once
restriction measures were to be relaxed.
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dividend restrictions, and also some monetary and fiscal policy responses limited by
contemporary understanding of what the relevant measures are capable to bring (ECB
2020). On the contrary, the latter policy responses (exceptional governmental support
measures e.g. in the area of unemployment insurance) have not been included in the
U.S. Fed analysis.

All three authorities have communicated their results stressing higher than usual
uncertainty around their scenarios and advised on taking special caution in interpreting
the results. At the time, the world has been learning about the medical and social risks,
vaccine rollouts were still a distant future and outlook has been referred to sailing in an
uncharted territory. The main idea was to place an anchor and indicate the most likely
outcome given the limited volume of information.

More specifically, the use of tests was to understand the implications of these
eventual scenarios to bank capital and to make participating banks submit a new capital
plan after the updated stress tests made public (Quarles 2020).

4 Stress testing results

The background principle of the stress tests remains the same. There have been bank
buffers of capital reinforced over the good times when the economy was growing, so it
can be drawn from when the economy is in stress. The first result of the stress scenario
is therefore the extent to which the CET1 capital ratio will be depleted considering
assumptions materialized in the scenario.

The 2020 ad-hoc results did not seem to be as dramatic as the pandemic narrative
would signalize. However, borrower credit relief and other significant measures are
already accounted for. The downfall in the CET1 ratio therefore ranged between 2 to 5
percentage points across the global authorities. This indeed was a significant fallout,
however still well above the minimum threshold of the Tierl ratio and most
importantly, vastly milder than the pandemic situation would produce if the response
would remain unattended.

Figure 1. Stress test results
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Extra caution shall be used not only due to heightened uncertainty related to the
pandemic outlook, but also due to rich properties underneath the above single projected
responses of the CET1 ratios to stress.

The EU adverse scenario, for instance, reflects a subset of the financial stability risks
that EU banking sector is exposed to following the forward guidance on the low level
of interest rates and unsustainable levels of debt that could trigger repricing at the
financial market and vulnerable position of the balance sheets. On the other hand, Bank
of England purely accounted for the fallout due to restrictions government compensated
by continuous credit support, government and central bank guarantee and funding
schemes, and relaxed solvency requirements.

Notable differences have also been present in the outlook horizon. Although all the
authorities have been reporting on the trough (maximum stress / minimum level of
achieved CET1) and aggregate (corrected) effect, Bank of England was looking only at
2020-2021, while the European authorities were much more long-term oriented,
looking through the events until 2023 (US Fed until end 2022).

It is of course questionable whether long term outlook has solid grounds in the period
of such an uncertainty. It must be noted that it has always been important in Europe to
relate stress test findings with the general economic outlook and the ECB projection
exercise with the 2-3 years horizon (de Guindos 2020).

Applying long horizons could be tricky in the fast-changing environment. Having
the benefit of looking back to the assumptions, we can see that adverse scenarios were
framed around the freefall of asset prices.® This is a usual setup to expect asset prices
to fall with fading demand, however present circumstances of advanced income and
wealth inequality and reconsideration of the value of a comfortable, liveable space by
households around the world during the work-from-home revolution has changed the
rules of the game.

5 Conclusion

Stress tests are designed to provide a useful forward-looking assessment of banks
resilience and provide an authority with a toolkit to assess the conditions in the banking
sector under special circumstances. Current pandemic is certainly such a special
circumstance when a first grasp of general understanding of a new phenomenon and its
complex system-wide impact to banking sector should be studied. It helps in turn in
shaping first aid policies, designing supportive measures in the credit market as well as
in setting new pillars of expectations in the uncharted waters for information exchange
between the participating banks and the regulator.

This short contribution has attempted to summarize the new features of stress testing
exercises across the three main regulating authorities around the world, pinpoint their
different approaches during the pandemic year and shed more light at their landmark

3 BoE Desktop Stress Test for instance assumed residential property drop of 16% and equity prices
by 23%. In reality, residential prices have increased by more than 6% annually an equity prices
by more than 14% to June 2021.



119

importance to the adjustments in the regulatory framework in presence of an adverse
and unexpected shocks. We found that the largest global authorities have concentrated
their stress testing exercises around the assumed CET1 ratio fallout rather than complex
economic consequence. These exercises have been done using different horizons, while
balancing between being quick in assessment (few months into the pandemic) and
having an informed analysis.

The aim has therefore not been to capture the complexities of specific early
pandemic stress testing exercises, but on the contrary to paint a summarizing picture of
changes, challenges and guidelines that have been modified in this unprecedented
historical crossroad.
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Abstract. Since 2019, we have witnessed the global pandemic, which has
affected all areas of economic life in all corners of the world. Neither Shared
Services and Centers (SSCs) providing this type of services do not represent an
exception and to some extent were hit by a pandemic. Shared services can be
considered as a sector that constantly progresses and develops. This area is one
of the few economic regions, where the pandemic has not left negative impacts
and just the opposite. It has encouraged further development and progress of
centers providing this kind of service. The article is an introduction to SSCs. It
offers an overview of basic literature sources defining SSCs. It also includes an
overview of SSCs resources according to functional management areas. The issue
of SSCs is explained on the example of Slovakia. The article compares this small
European country to the world leader in this area — China.

Keywords: Shared Service Centers, Slovakia, COVID-19

JEL classification: C 13, F 49, L80

1 Introduction

SSCs represent effective business processes for large as well as smaller multinational
or national corporations. In theories we have a number of authors who are devoted to
the issue of SSCs and the purpose of this article is to indicate the reader to this topic.
Several common features can be uniformly labeled as motives for building SSCs in
CEE. Particular attention is dedicated to a small country located in Central Europe -
Slovakia. The country represents a border between Western European and Eastern
European countries and many foreign companies decided to build SSCs in this country.
Other factors that can be labeled as country's positives for this area are also subject to
examination of this article. For a better understanding of the investigated issue, the
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small European country will be compared with the global leader in this area — with
China.

Global Pandemic caused by Covid-19 disease largely influenced company life
around the world. SSCs in China and in Slovakia are not an exception. They had to
adapt their activities to changed conditions and organize them to ensure the protection
of life and health of their employees.

1.1 Methodology

The scientific article aims to point out the motives for building SSCs in Slovakia and
China, and to point out the effects of Covid-19 Pandemic on the functioning and
activities of these centers in given countries. The article represents an introduction to
the SSCs on the example of Slovakia, compares it to China as one of the world leaders
in this area.

The study of theoretical resources of the literature was the basis of the compilation
of the literature overview. In the literature references, only a few of the quantity of
resources are dedicated. Study of theoretical resources of the literature and the
analytical-synthetic method represented the basis of subsequent processing of the
second part of the article, which is defined by shared services and the basic motives
leading to the company to build SSCs in these countries. Based on the macroeconomic
differentiation, the issue of SSCs in Slovakia was possible to compare with the situation
in the research area in China. For simpler distinction and comparison of the differences,
the author used the two tables and graph.

2 Introduction to the issue of SSCs (on the example of
Slovakia and China)

In the case of SSCs, we can talk about a comprehensive topic that can be examined
from several aspects. In this section of the article, we will present a brief overview of
theoretical resources of literature. They represent the basis of subsequent investigation
in various areas. Subsequently, we will demonstrate Slovakia as a country belonging to
the CEE region and compare this country with a leader in SSCs — with China. Part of
our examination will be comparing the impact of the Covid-19 Pandemics on the
monitored countries.

2.1  Theoretical background of SSCs

There are many authors (researches and agencies) defining shared services. ,,Shared
services is a term defining operational philosophy that includes centralization of those
administrative functions of the company once carried out in separate divisions or
locations.* (Investopedia, 2021) It is therefore a service that can be shared between the
individual business units of the company. Such services can be included in, for
example, finance, purchase, business supply, wages, rental of premises and last but not
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least information technologies. ,,SSCs provide international support services for their
parent companies and other subsidiaries or execute specific outsourced business
processes for third-parties from abroad.“ (SARIO, 2021) “The SSCs, is defined as a
partly autonomous business unit that operates consolidated support activities, such as
accounting and human resources (HR) and provides services to internal clients.”
(Richter, Briihl, 2016) According to Schuppan T. (2019) SSCs are “special form of IT-
based tasking”.

As can be seen from the previous text, many authors define SSCs and there is not
just one correct definition. There are a many others different resources dedicated to
SSCs. The following table shows a short overview of SSCs resources divided by
functional management areas.

Table 3. SSCs sources (by functional management areas)

Functional
Areas of Source
Management
Finance GONZALEZ, A., SCHREIBER, B., IMENEZ, M. (2019)
ZHAO, L., JIN, S., HUANG, W. (2021)
Marketin WATSON, J. (2016)
g BOOZ & COMPANY (2011)
Research & | -RENKEMA, M. MELERINK, J., BONDAROUK, T. (2021)

PEREZ-MORON, J., MARRUGO-SALAS, L. (2021)
JAIN, P., AGGARAWAL, R. (2019)

ROZHWELL, A., HERBERT, I, SEAL, W. B. (2011)
STEVENSOM, M. (2019).

CIPD. (2021)

SLUSARCZYK, B. (2017)

MARCINIAK, R. (2013)

Source: processed by author

Development

Human
resources

The resources stated above can be considered as a basis of theoretical knowledge of
the issue in a global scale.

2.2 Motives for Creation of SSCs in Slovakia (comparison with China)

Development and building of SSCs in CEE countries began in the 1990s. The largest
expansion in building SSCs in the region has occurred since 2004 when the European
Union (EU) started to expand. Several CEE countries entered the EU and became so
more attractive to foreign investors. (Marciniak, 2014) In the following section, we
focus on Slovakia where more and more centers of shared services are built and
improved in this area. The collected information we compare to the world leader in this
area - China.

Both countries are a place where a number of foreign companies want to build their
SSCs and so use the potential and benefits that the countries offer. Through Table 2.
we point out differences that countries differ from macroeconomic point of view.
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Table 4. Basic macroeconomic indicators of the Slovakia and China (2020)

China Slovakia
population 1,4 (bil.) 5,45 (mil.)
HDP per capita (in USD) 10 925,728 19 156,89
Inflation (in %) 2,42 1,92
Unemployment (in %) 5,15 (2019) 6,69
Global Finance Safety Index 26th place (8,06) 85th place (10,84)
Global Competitiveness Index 16th place 50th place

Source: processed by author according to data from WORLD BANK (2021); GLOBAL
FINANCE (2021), IMD World Competitiveness Center (2021)

Although Slovakia and China are diametrically distinct in their size and quantities
of residents, both are centers of interest of many foreign companies that want to build
their SSCs. The decision of foreign investors can be influenced by the position of the
country in individual indexes. More secure country according to Global Finance safety
Index is China. This country is on a better position according to Global Competitiveness
Index too.

In Slovakia, there is a large number of SSCs, whose countries of origin are primarily
North America (28 %), Western Europe (63 %), Asia (8 %), or South America (1 %).
(SARIO, 2021)

To place foreign companies or use SSCs in Slovakia leads several reasons that can
be considered as the positives of that country: language skills (English 91 %, German
60 %, Russian 12 %), qualified labor force, high adaptability of the workforce,
constantly growing network of infrastructure and transport (TEN-T system), the
currency of the euro, political stability, high economic performance, the activity of the
institutions (SARIO, Ministry of Economy of the Slovak Republic, or the Ministry of
Social Affairs and Family, Forum for business services centers.

The relevant ministries and eligible agencies are actively involved in building an
attractive investment environment in the country, offer incentives for building SSCs
and present this activity abroad. The successful examples of specific centers of shared
services established in the country. Examples of such companies are AT&T, DELL,
IBM, COVESTRO, Deutsche Telekom Systems Solutions Slovakia and others.
(SARIO, 2021)

For comparison, we also sate the situation in connection with SSCs in China.

Over the past 5 years, more than 70 % SSCs was created from a total of 1,000 SSCs
in the country. From the original intention to increase the financial efficiency of foreign
companies grew gradually to digital transformations.(ACCA, 2020)

Corporations are motivated to build SSCs in China by several factors: cheap work
force, population is sufficiently qualified, many Large Universities and Colleges,
government incentives (encourage large but also smaller foreign corporations to place
their SSCs right in China), China's State-Owned Assets Supervision and Admission



125

Commission of the State Council (manage many large state enterprises in order to
attract new SSCs to the country), IT and communications infrastructure, proximity to
existing operations. (KPMG, 2014)

The EF English capability index 2018 advises China to a low level of English
language knowledge. Only 1 % of country's population is actively using English. In
large cities (in the north, East and South — Beijing, Shanghai) this share is higher.
Portuguese is significant which is used as official language in Macau and Spanish. Both
languages were expanded in the country, especially thanks to the trade with south-
american countries. People near the northern borders speak Russian. (GoEast
Mandarin) Areas providing services for the northeastern Asian market require Japanese
and Korean language. (AmCham Shanghai, 2016)

SSCs in Slovakia are located in several Slovak cities. The main area of interest is the
capital of Bratislava (Dell, IBM, PwC, Henkel, Amazon) and the second largest city of
Slovakia - Kosice (Lenovo, IBM, Siemens). SSCs are also located in other cities such
as Trenéin, Zilina, or Kysucké Nové Mesto. (SARIO, 2021)

In the case of China, areas such as Beijing, Shanghai, Guangzhou and Shenzen were
in the center of interest. The Chinese government seeks to improve geographic capacity
and capabilities through the development of other places that are not so expensive and
crowded - Dalian, Tianjin, Wuhan, Chengdu, Xi an. “New places” of interest are trying
to distinguish from each other. They implement The Single-Center Mode - each of them
is specialized in a different kind of services and markets. (KPMG, 1QPC)

We can conclude that while in Slovakia it is a provision of relatively equal kind of
services in individual cities, in China, cities are specialized in a particular type of
service. They increase their quality and try to enforce in a competitive struggle.

2.3 Impacts Covid-19 at SSCs in Slovakia and China

Global Pandemics hit all the areas of society. In this section, we will focus on SSCs
based in the Slovak Republic and in China. It was necessary to pay higher attention to
global mobility, including changes in travel rules or personnel policies. In most cases,
it was necessary to consider a temporary stopping of the work or performing the work
from home office. In the case of SSCs, it is an optimal way to solve the situation from
home office. It can be said that in most of these centers, this way of work can be done
almost 100 percent. (PwC, 2020)

The BSCF carried out a survey last year, which was the study of the impact of
pandemics to implement activities in SSCs in Slovakia. It follows from this survey
some interesting facts.

Firstly, it is important to say that up to 97 % of the state that they continue without
significant restrictions or problems. The remaining 3 % of centers confirmed partial
problems. The development in SSCs in Slovakia was supported mainly by the
possibility of employees of these centers carrying out work from home office. In 34%
of SSCs in Slovak, it performs work from home office over 90 % of the total number
of employees of the company.

Changes in work organizations are expected in workplace in SSCs. Up to 41 % of
member companies are planning 1-2 working days to work out in the office and 3-4
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days to allow work from the house. In the case of 28 % of companies, full flexibility
will be allowed according to individual needs of employees. However, 13 % of
companies continue to prefer the greater part of the work to do directly in the offices.
Most SSCs prefers and implements the work from home office to their business activity
and their next step will reduce offices. The positive development was also noticed in
the productivity indicators of SSCs, where companies recorded a partial increase and
a 3 % significant increase in labor productivity. Pandemic did not significantly affect
the productivity of 72 % of BSCF. However, in this context, it should be noted that
there is an overlap of differences between working time and relaxation for this
indicator.

Pandemic can be regarded as a stimulus, which led to the development of automation
and robotization in centers. As is apparent from the above survey, 25 % of SSCs said
they would plan to automatize 10 — 20 % in the next 2-3 years. In the case of 19 % of
membership companies, automation and robotizations in the next years are more than
20 %. 6 % of companies aim to achieve a level of automation at less than 10 %.
However, there remains 41 % of SSCs in Slovakia that did not define any specific
objectives about automation and robotization.

9% ® Automation, robotization > 20%

= Automation, robotization = 10-20%
® Automation, robotization < 6%
G no specific goals

other goals

Fig. 3 Share of automation and robotization od BSCF memebers in 2020. Source: processed
by author according to data from American Chamber in Slovakia, BSCF(2020)

In practice, several types of automation and robotization can be distinguished. 78%
of BSCF member companies have decided to implement automation of internal
processes as a main type and data reporting automation as well.

China looked at the pandemic situation from a different point of view. At the
beginning of 2020 the pandemic was broke out in this country. China was the first
country that faced challenges in relation to the measures against the spread of the virus.
These measures also hit the SSCs. The Position of China was very challenging because
the whole world watched how it will proceed.
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As the first in the world introduced a large work from home office experiment and
at the end of 2020 200 million people working remotely. The immediate solution that
has been considered a temporary, became potentially permanent solution to the future.
67 % of respondents say remote work will be a key of operational design. There is every
possibility, that we could see a rapidly increasing number of China’s shared service
employees working from home office in the future. (Hampton, 2021)

Despite the positive feedback from SSCs, they describe following challenges:
continuity of hardware infrastructure, lack of remote work, insufficient home office
space. Zhan Yuqi (Aecom’s head of process excellence and transformation Greater
China) defined following problems: reducing the effectiveness of communications (less
face-to-face contact), or fewer people working on time-sensitive tasks. After the
extraction of Pandemics 1/3 SSCs leaders foreseen a positive shift in automation and
digitization of workers.. (Deloitte 2021)

In China, the flexibility of shared services will be greatly affected by corporate
culture and background. There is a great proportion of businesses that are owned by the
State in China. Tony Lui (director of Samung’s HR SSC), predict future developments
in SSCs in China in two ways:

a) In state-owned companies and companies with a deeper East Asian culture,
flexibility will be reduced as the normal situation is reviewed after the epidemic.

b) In globalised multinational companies and local Internet companies, mobile office
will become the norm and digitalisation will continue. (Hampton, 2021)

3 Conclusion

SSCs deals with the amount of authors and SSCs are defined from different points
of view. The article has brought an overview of sources dealing with SSCs according
to the functional areas . This is a basis of further exploring this issue. The main theme
(SSCs) are further specified on the example of a particular country - Slovakia. For a
better understanding of the explanatory problems, we compared this small European
country with the world leader in this area - China. In examining SSCs in Slovakia and
in China, we found the following differences:

- The Slovak Republic is still the largest development potential in the largest

cities of the country as Bratislava and Kosice, China passes through the new
places because the original places of interest are already crowded;

- In Bratislava we can find centers providing various types of services (Call
Centers, IT, Finance Management), but China uses SIGLE-CENTER MODE,
thus a particular place / area specializes only for one type of service (for
example IT);

- The majority of SSCs in Slovakia provide services for foreign
companies/countries and the majority of SSCs in China provide services for
the Chinese mainland;

- The most used foreign language in SSCs in Slovakia is English, in China is
most used Spanish, Japanese, Korean or Russian language.
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- China was the first country struck by Pandemics and all the measures it has
introduced and still introduces are pilot measures that follow countries around
the world. Slovakia follows this model with a certain period of time;

- China is a pioneer at work from home office and creates ,,New Normal®.
Slovak centers these trends (but also other trends) only implemented in their
strategies.

Finally, it can be concluded that although Slovakia compared to China is a small
country dependent on foreign markets, we can expect great potential to grow and further
develop in the SSCs area. It will be important to monitor the development of SSCs in
Slovakia in the coming years and to compare this development with previous results
but also other countries within the region. Further development of these centers will be
contained in the following article.
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Abstract. The Meetings, Incentives, Conventions and Exhibitions (MICE) sector
of tourism has been rapidly expanding until the world met COVID-19. Purpose
of this research is to analyse and identify the economic impact of congress
tourism as a part of MICE sector in Slovakia with regard on GDP and revenues
of accommodation services. To achieve this, first, paper discusses the latest data
in MICE tourism sector of Slovakia in comparison with other countries. To
accomplish the main goal secondary data were collected and the variables were
assessed. Correlation and regression analysis were used to analyse impact of
MICE tourism towards on GDP in the country and revenues of accommodation
services. The paper continues by discussing the results which revealed that there
is a significant relationship between the number of events in MICE tourism and
GDP of Slovakia. Apart from this, the results also show that there is no significant
relationship between revenues of accommodation establishments in Slovak
republic and average expenditure on trip for a business purpose. Lastly, this study
presents an overview on the MICE tourism in Slovakia taking research results.

Keywords: MICE tourism, COVID -19, GDP

JEL classification: Z32, C02, E44, A10

1 Introduction

MICE tourism as a shorterm for meetings, incentives, conferences, and exhibitions,
faces due to a pandemic situation several significant challenges. The year 2019
represents a steppingstone after which the MICE industry will probably never be the
same due to the COVID-19 pandemic situation. This fact gives us an opportunity to
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reflect the previous years in Slovakia of meetings data which could be useful in terms
of new thinking how to move forward in post — pandemic reality (ICCA, 2020).

A O
o O

43

w
o

33 35
26 25

=N
o O

Number of MICE events

o

2015 2016 2017 2018 2019
Year

Fig. 1. Total number of international association meetings 2015 — 2019 in Slovakia
Source: ICCA, 2020

Figure 1 shows an increasing number of international events from 2017 in Slovak
Republic. The statistics of events in MICE industry collects the global community and
knowledge hub for the international association meetings industry ICCA — International
Congress and Convention Association. To conclude, ICCA provides regular
information from the field of MICE, compiles rankings and creates a database of
international meetings. Data shown in Figure 1 consist only of those meetings that
meet ICCA’s stringent assessment criteria, which means rotating between at least 3
countries, have a proven attendance of at least 50 participants and are held on regular
basis.

Itis important point out that Slovakia is attractive for the needs of this type of tourism
due to its location in Central Europe, membership the EU and Schengen, good
transportation accessibility and political stability. The Slovak Tourist Board (Slovakia
Travel) is aware of the MICE segment importance and that is the reason why the
Department of Congress Tourism was created in September 2009 focused on
presentation Slovakia as a destination of congress tourism (Danielova, 2017).

However, in comparison of destination performance in attracting international
meetings, it is important to emphasise that Slovakia is not a leading country in MICE
tourism, but its performance has increased throughout the years. According to the latest
data Slovak republic occupied 59" place (with 43 events) in the ranking of the most
popular congress destinations that the International Congress and Convention
Association (ICCA) compiles every year. In comparison to V4 countries (Poland -19t"
place with 213 events, Czech Republic - 24" place with 171 events and Hungary -36™
place with 111 events), Slovakia is ranked the worst (ICCA, 2019).
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1.1 Introduction to MICE tourism in Slovakia

MICE tourism belongs to an important part of Slovak tourism. This fact confirms the
Slovak Development Strategy until 2020 where the congress tourism is defined as the
one of the central forms of tourism for which has Slovakia the best conditions (Ministry
of Transport, 2013).

The latest data show the situation of MICE tourism in the year 2019, which was the
last year before this form of tourism was converted into online events because of global
pandemic situation.

From the geographical point of view 34,7% of events are held in Bratislava region
(SO SR, 2020). Bratislava belongs to the one of the most significant centres of MICE
tourism thanks to its accessibility, innovation, excellence in execution and
accompanying infrastructure or services, such as transportation system and
accommodation which are key factors for successful events.

The latest data also show that most of the events in Slovakia (64,7%) are a one-day
thing. Of course, there are also events which last 2 days (23,9%), 3 days (8,3%) and
more than 3 days (3,2%) (Ministry of Transport, 2020).

Another quantification important to mention is diversification according to number
of attendees and season. 91,8% of attendees of events which took place in Slovakia
consisted of 50-249 people. The most events (29,7%) were held in the second quarter
of the year.

This paperwork presents a brief overview of MICE tourism in Slovak Republic,
evaluates its development and importance, and analyses its impact on the economy of
the country.

1.2 Literature review

It is important to highlight the fact that organisation of MICE tourism events is
attractive and economical interesting for hosting countries, cities, agencies and business
entities because this form of tourism brings more economic benefits than just the
consumption of primary services. Consumption of specific services related to MICE
tourism includes professional program of congress, accompanying program and wide
range of intermediated personal services (Novacka et al., 2010).

There are many previous studies that researchers have done in this sector. Here is a
short overview of the most relevant ones in relation with economic impact.

The first article is by Fan (2017) where he analyzed the development of MICE
industry to promote regional economic growth. The results of empirical research show
that the development of the exhibition industry can promote the regional economic
growth through studying the relationship between comprehensive economic benefits of
MICE industry development and the GDP increasing.

Bradley et al. (2002) deal with the economic impact of MICE tourism. According to
them the tourists of meeting events are major users of the entertainment and
accommodation facilities of the locations they visit, and they spend more money on an
average in comparison to leisure tourists. They emphasise that the potential for direct
and indirect job creation in relation with MICE industry is high. Following this fact,
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they highlight the importance and growth of this form of tourism which is reflected by
the construction of centres and buildings for conferences and conventions which are
not only held in the major cities of the world but also increasing in secondary and
tertiary tourist cities and locations.

Dwyer and Forsyth (1997) in their research paper discuss issues related to the
economic significance of MICE tourism. They describe MICE sector as an important
generator of tourism expenditure, investment, foreign exchange earnings and
employment, however, the economic significance of MICE tourism remains under-
researched because of lack of data available for the estimation of magnitude of these
effects.

2 Methodology

To understand better the problematics of MICE tourism is important to understand that
this form of tourism is a multifaced industry. Its activities require, to a varying extent
many different players such as transport, accommodation, provision of pre- and post-
conference tourist opportunities, specific venues-purpose built centres and hotels,
services of professional conference and exhibition organisators, catering services,
social programs for delegates and attendees, specialized technical support (f. e. audio-
visual services) etc.

Unfortunately, there are no detailed data available which would quantify each player
in MICE tourism mentioned above. Another point is, that data obtained from the
national statistics consists only of congress tourism, which is a part of MICE tourism.
Therefore is important to understand that part of the conducted analyse in this paper
relates to congress tourism which is a part of MICE tourism.

When it comes to processing these data for the purpose of analysis is important to
emphasise that this study used secondary data to collect information and construct
findings. The analysis process was based on the objective of this study which is to
analyse and identify economic impact of congress tourism as a part of MICE sector in
Slovakia with regard on GDP and revenues of accommodation services.

Important information necessary to mention is that we processed the most detailed
available statistical database that reflects the present condition of MICE tourism in
Slovakia. The Ministry of Transportation and Construction of the Slovak Republic as
well as the Statistical Office of the Slovak Republic probably have more detailed
information which are unfortunately not publicly available.

The required data for the purposes of this study were collected for a period of 5 years
(depending on a variable). The variables used in this study include GDP per capita,
average expenditure on trip for a business purpose and number of events in MICE
tourism. These variables are assessed with the help of correlation and regression
analysis to identify the impact of tourism towards the GDP in the country.

Assuming that combined economic benefits of the MICE tourism contribute to GDP
growth, there is a correlation between these two parameters and the linear correlation
function is as follows (Fan, 2017):
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Yi=Bo+ b1 * X + &

Where Y represents a GDP per capita in Slovak Republic in a year t and X is a
economic benefit as a result of MICE tourism expressed through number of events
generated in MICE tourism sector in a year t, € is error term.

However, the process of obtaining all relevant data was really complicated because
our national statistics cover only 5 years’ time which can be a problem, especially in
the cases of trying to do more in-depth study analysis.

We set up 2 hypothesis which can help us to reach our objective:

e Hypothesis 1: There is no relationship between the GDP and number of
events in MICE tourism.

e Hypothesis 2: There is no relationship between revenues of accommodation
establishments in Slovak republic and average expenditure on trip for a
business purpose.

3 Main findings

The analysis of MICE tourism in Slovak Republic consists of all accessible data
through variables such as, average expenditure on trip for a business purpose and
personal purpose and number of events generated in MICE tourism and GDP per capita.

First, we analyse if there is a relationship between GDP per capita and number of
events which are considered as international in Slovak Republic.
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Fig.2. Scatter chart of GDP per capita and number of events in Slovak Republic (2015-
2019) Source: ICCA, Eurostat

From the scatter graph above we can see that there is a clear positive correlation
between GDP and number of events in MICE (F-statistics = 7,93; t-statistics = 2,82; p-
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value = 0,067). To be more specific, more events realized in MICE tourism bring
together more participants who have the potential to generate further expenditures.
Organisation of these kind of events brings benefits not only to organisators and hosting
countries, but also to all secondary business entities which are not in directly part of the
whole process. Events related to MICE tourism are also a way to promote the cities or
countries that host them.

Thanks to conducted correlation and regression analysis, we can sum up that our
first hypothesis is rejected. Therefore, we can say, that events of MICE tourism have
highly positive impact on gross domestic product per capita in Slovakia.

Relationship between the GDP per capita and number of MICE events
Number of MICE events GDP

Number of MICE events 1
GDP 0,78 1

To accomplish the next objective and analyse the second hypothesis we have decided
firstly to compare the average expenditures of Slovak citizens on a trip for personal and
business purpose in Slovak Republic. Our goal is to verify that expenditures for a
business purposes are higher in comparison to expenditures for a personal purpose
(Novacka, 2010). Graph 2 reflects the mentioned expenditures. These data were
collected for a period of 10 years (2010-2019). Before analysing the following data it
is important to mention the fact that expenditures on a trip for business purpose are not
explicitly the part of MICE tourism, however, they can be partially a part of congress
tourism as a part of MICE in the case, the attendees travel for congresses, conferences
or seminars. Moreover, these data are the only available data which we can take into
consideration while analysing the MICE activities from the economic point of view.
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Fig. 3. Average expenditures for a business and personal purposes of Slovak citizens
in Slovak Republic Source: Datacube, 2020
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Thanks to graphical representation of expenditures, we can confirm the fact, that
expenditures on a trip for a business purpose has been higher than expenditures for a
trip for a personal purpose with exception of 2 years (2014, 2017). The reason why
people spend more money on their business trips is caused simply by the very fact that
while making a business trip, an employer is responsible for these expenditures. We
verified this hypothesis by paired t-test (t-statistics = 3,25; p-value = 0,01), which
showed statistically significant difference in means of variables.

Following this fact, our further objective was to study the relationship of average
expenditures for a business purpose of Slovak citizens and revenues of the
accommodation facilities generated by the residents of the country. Figure 4 reflects the
relationship between these two variables. The results indicate a slightly positive
relationship between the average expenditures of Slovak citizens and the revenues of
accommodation facilities generated by Slovak citizens, however this relationship is not
statistically significant (F-statistics = 1,78; t-statistics = 1,33; p-value = 0,24).

A significant benefit of MICE tourism in relation to accommodation sector lies in its
time and organisation of events, because the season does not play an important role
here. It’s popular among accommodation service providers as it successfully fills hotel
capacities during off-season which brings positive economic benefits to hotels through
the expenditures of business guests.
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Fig. 4. Scatter chart of revenues from accommodation services and average
expenditures for a business purpose with overnight stay in Slovak Republic (2015-
2019) Source: Datacube, 2020

Relationship between the revenues of accommodation facilities and average
expenditures for a business purpose with overnight stay

Avg. Revenue
expenditure S

Avg. exp. for a business purpose with overnight stay 1
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Revenues of accommodation facilities generated by
Slovaks 0,38 1
Last of all, we can reject the first Ho hypothesis. Our results show that there is a
significant relationship between the number of events and GDP of the country.
However, we cannot reject the second Ho hypothesis of non-existing relationship
between average expenditures of Slovak citizens with overnight stay and revenues of
accommodation facilities generated by Slovak citizens. since p-value of regression is
greater than significance level.

4 Conclusion

Thanks to the results of conducted analysis, we can sum up that the role of MICE
tourism in Slovak Republic is very important in the context of economic benefits
resulting from this form of tourism. This fact confirms the future in the MICE tourism
in Slovak Republic. The plan of National Congress Center of Slovak Republic is being
prepared. The realization of this type of institution has the potential to increase
economic benefits of MICE tourism of our country and raise the international
awareness in MICE tourism world.

The results of conducted correlation analysis in this study show that there exists a
strong relationship between the economic growth of our country expressed through the
GDP per capita and the number of events in MICE sector.

Stemming from the second correlation analysis which studies the revenues from
accommodation services and average expenditures for a business purpose with
overnight stay in Slovak Republic we can sum up that there is no significant relationship
between these variables.

MICE tourism belongs to economic oriented type of tourism (Novacka, 2010). This
fact we can confirm by obtained data where we compared the average expenditures of
Slovaks for a personal purpose trip and business purpose trip. The results show that in
most of our time the expenditures of businesspeople have been higher which is a typical
feature of this form of tourism because attendees of congresses are demanding guests
with high purchasing power. They need a provision of all necessary conditions for
quality work, but also for quality leisure time.

In the context of MICE tourism development in Slovakia we can summarize several
challenges which faces this form of tourism. The most important one is that for the
purposes of further analyses and further formation of strategic goals is important to
improve the statistics regarding MICE tourism in Slovakia. We have been struggling a
lot to obtain access to any kind of data specialized on MICE tourism. *

! This paper is a result of a research project I-21-101-00 called Projekt mladych ucitel'ov, vedeckych
pracovnikov a doktorandov."
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Abstract. In my contribution, | focused on issues that are directly related to tax
fraud, tax evasion and tax avoidance. The area can be described as an abuse of
the tax system, which in its opinion is a real reflection of the behaviours of tax
subjects in a specific tax practice. As a result of this procedure, the tax revenues
of public budgets are reduced, as the collection of taxes decreases from year to
year compared to the estimates of the tax administration in most EU Member
States. Tax evasion due to fraudulent practices causes economic damage to
individual states.

Keywords: economic damage, taxes, levies, multinational companies
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1 Introduction

Tax planning represents the optimization of tax and contribution obligations in
accordance with the relevant tax regulations. Taxes in Slovakia are divided into direct
and indirect. Income and property taxes in particular are direct. Indirect are those that
are already included in the price of goods, such as excise duties or value added tax. In
addition to taxes, the tax burden on entrepreneurs is also affected by the levy burden.
When we talk about tax optimization, we mean mainly income tax optimization. An
important role in income tax taxation is played by the tax rate, which is currently 15%,
19% and 25% for natural persons according to the amount of the tax base, and 15% and
21% for legal entities (with exceptions in law). However, the final tax paid by the state
is also affected by the creation of the tax base, the eligibility of tax expenditures, the
possibility of claiming a tax loss, exemptions and tax relief, etc. The much higher tax
burden than the direct tax rate is due to wage and income levies. The number of
contributions affects not only the net salary of the employee, but also the price of the
employer's work. The levies are paid from the salaries of employees in enterprises or
are paid by natural persons engaged in business from their income. Employee
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contributions in 2021 represent 13.40% of his gross salary and employer contributions
represent 35.20%, so the total payment from wages is 48.60%.

Not only large multinational companies, which mainly use the differences in tax
regulations of different countries, but also small Slovak companies can optimize taxes.
Legislation provides entrepreneurs with a number of options for optimizing the amount
of their tax liability within the limits of the law. A necessary condition for tax
optimization is to know the possibilities that the law allows. We divide tax optimization
into three basic types: legitimate tax optimization, aggressive tax optimization and tax
fraud.

Legitimate tax optimization can also be understood as a set of tax tricks, how to pay
the smallest possible amount of taxes from the entire tax basket, which the company is
obliged to pay to the state according to tax laws. Although in recent years Slovak tax
entities have made significant progress in using legitimate tax optimization, there is still
potential for the use of reserves in this area. The positive effects of tax optimization are
particularly effective in the long term. In addition to the direct impact on increasing the
profit of tax subjects, tax planning also contributes to reducing the risks of the corporate
economy in a market environment.

International tax planning through multinational holding structures is a long-term
and detailed work consisting in the consideration, preparation and subsequent
implementation of individual transactions of companies in the group. International tax
optimization is widespread mainly through the structures of holding groups, which
often represent the best conditions for this activity. Holding groups also take advantage
of tax havens to some extent to reduce their tax liability. The basic starting point of tax
planning is to set the holding company's tax goals. Subsequently, the economic holding,
general tax assessment, subsequent optimal tax setting and elimination of individual
risks are defined in individual holding structures and their transactions.

International tax optimization is usually carried out through the use of double
taxation treaties. The savings are achieved by more favorable taxation under the Treaty
in one country and non-taxation in another. Typical tools and methods of optimization
include: foreign trade, holding structures, licenses, intellectual property, loans,
financing, consulting services, trusts, foundations, partnerships, etc. (Petrovic, P. et al.,
2002).

Aggressive tax optimization is most often the procedure of a taxpayer who did not
technically violate any provision of the law, but by his actions reached a state that is
contrary to a principle of justice, abused the law, and thus the tax advantage achieved
by this action is illegitimate. Aggressive tax optimization lies between legitimate tax
optimization and tax fraud. Perhaps the simplest example of aggressive tax
optimization is selling something at a non-market price to gain a tax advantage.

Tax evasion due to fraudulent practices causes economic damage to individual
states. In essence, damage represents the value expressed in the money of the damaged
property, health or rights of specific entities, which may be natural or legal persons
having a certain relationship to the object of damage. Very often there is damage in
business to natural and legal persons, ordinary citizens, but also the state. Damage to
the state can occur in various ways, and these certainly include damage to the state on
unpaid taxes and levies. Small businesses, small, medium and large companies, as well
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as multinational companies, can take part in this damage. Multinational companies can
use different systems to avoid paying taxes in countries with huge incomes. As a result,
public services are either underfunded or must be funded by other low-income
taxpayers. At the same time, it contributes to increasing inequality around the world.

2 Methodology

This paper examines the economic damage incurred by the state in unpaid taxes and
levies in Slovakia and in the countries of the European Union. To obtain the necessary
information and data, a survey method was used through statistical data obtained from
Crime Statistics in the Slovak Republic, Ministry of the Interior of the Slovak
Republic. The resulting data show, based on a comparison of the development of
aggregate numbers of economic crime in Slovakia, that the number of crimes
gradually decreased in the years 2008-2019. A positive trend is also the development
of clarification in the crime of money laundering.

3. Current state, essence and development in the field of payment of
taxes and levies in Slovakia and in the world

Tax fraud distorts the business environment and is also a threat to public finances. Tax
fraud is part of economic crime. Tax fraud is most often committed on value added tax,
income tax and excise duties. Due to the negative consequences of tax fraud, countries
are trying to combat it. It is also the case in the Slovak Republic, where tax fraud arises
in the business of Slovak entities, but also international companies.

The fight against tax fraud, whether it takes the form of tax fraud, tax evasion or tax
avoidance, has become

a real global challenge not only for the EU and its Member States, but in a way for
the whole world. In essence, these are various forms and ways of abusing tax systems
both within the EU and abroad.

From the point of view of EU law, the area of combating the abuse of the tax system
is undoubtedly a very topical issue and at the same time a very complex and sensitive
topic. This applies not only to indirect taxes, in particular VAT, but also to direct
taxation. In the implementation of tax fraud on VAT, there is ultimately a tax evasion
on this tax and thus a loss of state budget revenues. However, this leakage does not
necessarily have to be the result of the implementation of tax fraud by the taxable person
within the applicable system of VAT application, ie which is the object of interest of
criminal legislation.

In today's globalized economy, the biggest problem of states is multinational
companies and their sophisticated structures of international tax planning, which
intervene in several tax jurisdictions. The purpose of these structures is to circumvent
the legislation of the State concerned and to obtain a tax advantage in the form of non-
payment of tax or reduction of the tax base. Although this circumvention of the
legislation will not violate the legislation, it will achieve a tax advantage that is contrary
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to the principles of taxation and at the same time contrary to the intentions and
objectives of the tax legislation.

The best-known tax structure currently used by many multinational companies in
various variants is called "Double Irish Dutch Sandwich".

The basic scheme of this tax structure consists of two subsidiaries incorporated under
Irish law. The first is a tax resident in a tax haven (since, under Irish tax law, only a
legal entity which has its place of effective management in Ireland is a tax resident),
and the second is a Dutch subsidiary. The tax haven company owns the intellectual
property rights from the parent company, which licenses the other Irish company, which
is tax resident in Ireland. This company generates revenue from the sale of internet
advertising or technology products from the region, but its tax base is low as it pays
royalties, payments for services, etc., which are tax deductible expenses under Irish
law, to companies from a tax haven. The Dutch subsidiary is used to avoid paying Irish
withholding tax on these payments. As a withholding tax is not applied to most
payments under the double taxation agreement between the Netherlands and Ireland,
the Irish company pays selected payments for the Dutch company's royalties. It in turn
pays the license fees of an Irish company established in a tax haven, but since the tax
can no longer be taxed, this income goes directly to accounts in a tax haven, where no
income tax is levied. As a result of this tax structure, for example, Apple paid about $
130 million in tax on its foreign income in 2010, which was $ 13 billion that year (B6ll
- Dettmer - Dohmen - Pauly - Reiermann, 2021).

Google also accounted for only 3.2 percent of tax profits in countries outside the
United States in 2011. At the same time, revenues in European countries, in which the
corporate income tax ranges from 26 to 34 percent, contributed the most to this profit.
For example, the UK market accounted for 11 percent of Google's total revenue from
outside the United States. In the UK, Google had revenue of $ 4.2 billion, but paid only
$ 9.6 million in income tax, although corporate income tax is set at 26 percent in the
UK. At the same time, Google has an operating margin of 28 percent globally and it
can be assumed that it has a similarly high margin in the United Kingdom.

Illegal tax evasion, in general, consists of illegal agreements where the actual amount
of tax liability is hidden or ignored by the taxpayer, that is, the taxpayer pays a lower
tax than is liable, by hiding income or information from tax administrations. In addition
to these concepts, it is possible to look at tax evasion as "tax fraud", which is an
intentional illegal tax evasion, which can be sanctioned by criminal law (Huba - Sabo
- Strkolec, 2016).
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Figure 1 Double Irish Dutch Sandwich. Google Tax Monitoring
Source: Own processing

The double Irish sandwich, which makes Google avoid taxing work that way, will
establish the Irish company Google Holdings in Bermuda, which provides services and
marketing. The management is based in Bermuda, so for the purposes of Irish tax law
it is a Bermuda company. It will also create an Irish subsidiary, Ireland Limited, which
has the rights to license know-how for all Google subsidiaries in Europe, Africa and
the Middle East. Payments go to her to use the intellectual property license. However,
Ireland Limited does not send royalties to Bermuda as it would have to pay withholding
tax in Ireland but will move them to an EU country that will treat the Bermuda payment
differently. Therefore, the payments go to the Dutch company Google BV. These
payments are tax-free because both countries are part of the European Union. The
Dutch Google BV then moves them to Google Holdings in Bermuda, again without
withholding tax (for Dutch taxpayers, it is an Irish company and not a Bermuda
company). Income tax in Bermuda is zero. While U.S. tax law requires taxation on the
payment of remittances abroad within a group, for U.S. law purposes, Irish and Dutch
companies will not be corporations but only Google divisions, so no withholding tax is
required. As a result, for tax purposes in the USA Ireland Limited and Google BV do
not exist, but for Europe they do. For Ireland, Google Holdings is a Bermuda company,
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but for the United States, it is Irish. Ultimately, Google (USA) effectively 2 to 8% tax
on foreign profits. Other tax obligations did not seem to exist.

According to the OECD, the most common way is to reduce the tax base ("'tax base
erosion") and transfer profits ("profit shifting") of taxpayers. These are complex legal
structures and acts aimed at transferring profits from the state where they were
generated to a state with a low or zero tax rate. In particular, taxpayers take advantage
of situations not covered by law which arise as a result of the interaction of tax
legislation of two or more states.

Non-contact entity 1 Bumper Supplier to
(disappeared company) | company | | another EU country

EU Member State
1

Non - contact
entity 2
(disappeared
businessman)

EU Member State
2

Figure 2 VAT fraud with a missing trader
Source: Own processing

The biggest tax evasions in the field of value added tax (VAT) are carousel fraud
(carousel fraud, circular fraud, Missing Trader Frauds). Organized groups usually use
cross-border trade in the European Union, where The term "missing trader™ refers to
the fact that the trader disappears and with it the VAT he was supposed to pay to the
state disappears, which is why missing traders are also referred to as white horses. a
complex type of fraud where goods are traded in a chain, where no tax is declared or
paid at one point in the VAT chain and the relevant economic operator ceases to exist
or the company cannot be traced.

3 Results and Discussion

— International tax evasion is a series of steps by taxpayers to achieve their goal
of exploiting differences in the effective tax burden across countries, as well as
other benefits from cross-border income tax regimes, to reduce their tax burden
and the overall tax burden on all connected persons. (Huba- Sabo - Strkolec,
2016). In the professional literature of American origin, the term tax shelter is
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used to describe these steps. Taxpayers who take such steps are building a
"shelter" under which they can "hide" from tax liability. According to Graetz, a
tax shelter is "an agreement made by very wise people that would be very stupid
without tax implications” (McMahon, 2003). An analogy of illegal tax evasion
in the case of shelter before tax is the so-called abusive tax shelter. This concept
is a well-established concept in the Anglo-American environment, being
"primarily based on the common law doctrine of the economic substance of the
transaction" (Department of the Treasury, 1997). In terms of the substantive
proximity of these terms, the term tax shelter and illegal tax evasion will be used
promiscuously for the purposes of this monograph. The defining features of
illegal tax evasion in the US legal environment were characterized by Bankman
(2004) and the fact that it is a tax-motivated transaction, unrelated to the
taxpayer's normal business activities, in a formalistic interpretation of the law
creating a tax loss in excess purpose of the law. At present, business entities
have many options for optimizing their tax obligations. The following methods
are most commonly used (Korb, 2005):

— income shifting, which is the arrangement of transactions so as to distribute
taxable income, tax expenditure and tax credit among taxpayers so that they
have the lowest possible tax liability,

— exemption, which is a reduction in the tax liability through an exemption
for certain categories of taxable income,

— defferal, which is the deferral of tax liability by shifting income to future
tax periods, for example in the form of an investment against tax
expenditure that will not be repaid in the future,

— conversion, which is the conversion of taxable income into income which
is in some way tax-advantaged,

— Leverage, which is the financing of business activities through borrowed
funds, which allows for an increase in tax expenditure.

At the same time, it should be further noted that debt in combination with exemption,
conversion or deferral is referred to as tax arbitrage, which results in a tax loss (or tax
expense) more than the actual economic loss.

According to the OECD, the most common way is to reduce the tax base ("tax base
erosion") and transfer profits ("profit shifting") of taxpayers. These are complex legal
structures and acts aimed at transferring profits from the state where they were
generated to a state with a low or zero tax rate. Taxpayers take advantage of situations
not covered by law which arise as a result of the interaction of tax legislation of two or
more states.
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Table 1 Groups of economic crimes in the Slovak Republic 2008-2019

Number of | Count Damage Average Degree of

Crimes detected clari in thous. damage clarity

fied EUR in in %

thous.EUR

Crimes 1266 131346 104 16
money laundering 53155 1635796 31 62
Tax offenses 57260 1590934 28 53
Frauds 3015 274408 o1 18
Bankruptcy
crimes 2184 1434991 657 28
Selected
economic crimes 116880 5067476 43 56

Source: Own processing

According to individual groups of economic crimes, in the years 2008 to 2019 there
were the most tax crimes that caused damage to the state, up to 1,635,796 thousand.
EUR. The number of detected tax crimes was 53,155, of which only 33,151 were
solved. The rate of clarification of these crimes was 62%. The second group of crimes
that caused the most damage was tax fraud. These caused damage to the state in the
amount of 1,590,934 thousand EUR. . The clarity of these crimes was 53%. This was
followed by selected economic crimes (damage of EUR 1,434,991 thousand),
bankruptcy crimes (damage of EUR 274,408 thousand) and criminal offenses of money
laundering (damage of EUR 131,346 thousand), depending on the amount of damage

caused.

Table 2 Overview of economic crimes in the Slovak Republic 2008-2019 (in

thousands of EUR)

Year | Detected crimes Clarified crimes Clarity in%

2008 16974 7513 44
2009 19518 8739 45
2010 16781 7338 44
2011 18145 8137 45
2012 16681 7272 44
2013 19218 7995 42
2014 1745 8060 46
2015 16661 7375 47
2016 14895 6994 47
2017 14460 7108 49
2018 13515 6784 50
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| 2019 | 13326 6757 51

Source: Own processing

In the years 2008 to 2019, according to Table 2, the clarity of economic crimes

ranged from approximately 40 to 50%. This means that the damages enumerated in
Table 1 are at least 2 times as high as indicated. This fact is also illustrated by Graph 1,
which provides an overview of detected and clarified economic crimes in the Slovak
Republic in the years 2008 to 2019.

Overview of economic crimes in the Slovak Republic
2008-2019
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Figure 1 Overview of economic crimes in the Slovak Republic 2008-2019
Source: Own processing

Table 3 lists the most common types of economic crimes and the damage caused by

individual tax subjects of the state.

Table 3 Overview of the most significant economic crimes by average damage (in

thousands of EUR).
Crime Total damage in | Total number | Average
thous. EUR of detected damage

Distortion. hosp. and business

1 | records 1150 347,00 1242 926,00
Machinations at ver.

2 | competitions, auctions 11 745,00 222 503,00
Breach of duty in the
administration of foreign

3 | property 273 751,00 893 307,00
Fraudulent and guilty

4 | bankruptcy 22 756,00 93 245,00
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Misuse of information in 10

5 | business. contact 863,00 45 241,00

6 Smugeling (§ 254) 9 807,00 69 142,00
Abuse of power by a public

7 | official 37 065,00 279 133,00
Damage to the EC 's financial

8 | interests 61 101,00 557 110,00
Legalization of proceeds of

9| crime 131 346,00 1266 104,00

1| Damage to the creditor

0 251 653,00 2922 86,00

11 Theft of road shipments

1 1 284,00 15 86,00

11 Threat to hosp. secrets

2 4 080,00 52 78,00

1| Fraud (§ 221)

3 1 425 552,00 36 381 39,00

1 | Violation of plant and animal

4 | protection 79 830,00 2305 35,00

1 | reduction of taxes, fees (§§ 276-

5|279) 1 635 796,00 53 155 31,00

Source: Own processing

A comparison of the development of aggregate numbers of economic crime in
Slovakia shows that the number of crimes gradually decreased. In 2014, 17,450 cases
of economic crime were detected in the Slovak Republic, in 2019 it was only 13,326
cases (by 24% less, is by 4,124 cases). However, the current trends in the rate of
clarification of economic crime are the opposite. The rate of clarification increased by
4.5 percentage points (from 46.2% to 50.7%). This positive development for Slovakia,
however, is significantly influenced by the high level of clarification and frequency of
tax crime (tax crimes accounted for up to 43% of the total number of detected economic
crimes in 2019. It follows from the above that statistics contain a high number of tax
crimes. Statistics on other monitored economic crimes show a low level of crime
detection in Slovakia, with the level of detection falling to 40% for fraud crimes and up
to 16% for bankruptcy crimes in recent years. obligations in the management of foreign
assets) to 23%.

One of the few positive trends is the development of clarification in the crime of
money laundering. Although it is one of the least numerous among those surveyed, its
level of clarity has risen sharply in the last three years in the Slovak Republic (from
14% in 2017 to 33% in 2019). The average amount of damage in 2019 in Slovakia is
also unusual, reaching up to 701 thousand. EUR.

Tax fraud distorts the business environment and is also a threat to public finances.
Tax fraud is part of economic crime. Tax fraud is most often committed on value added
tax, income tax and excise duties. Due to the negative consequences of tax fraud,
countries are trying to combat it.
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4 Conclusion

The international tax optimization of multinational companies has recently become the
subject of intense international debate. There are currently several initiatives in the
world that have a significant impact on international tax optimization. The most
important initiative is BEPS (Base Erosion and Profit Shifting), which directly fights
against multinational companies reducing their income tax base by exploiting loopholes
in local tax legislation. This initiative is aimed primarily at multinational giants such as
Google, Starbucks, Amazon and others, but ultimately the impact of BEPS will affect
all international transactions. The BEPS initiative is mainly about changing the role of
the tax administration. Its task will be to obtain a significantly larger volume of data
from companies, which it will then compare and look for ambiguities. By analysing
this data, the tax administration eliminates the need to actively look for suspicious
companies that it should control. An example of such data acquisition is transfer pricing
documentation and related reporting of business transactions between related parties.
Multinational corporations as well as ordinary companies (even natural persons in
Slovakia) must prove the correctness of transfer prices in more detailed assessments
and declare transactions with related parties in tax returns. BEPS also places more
emphasis on the so-called substance, is that the company is actually managed from the
place where it is based. Significant tightening will also affect the procedures for
assessing tax deductibility and the justified amount of costs associated with the use of
licenses and trademarks. The assessed values of licenses will be tightened, which will
have to be substantiated by expert opinions. Other steps that will change tax planning
are the effort to tax income in the countries of their origin and the long-term revision
of double taxation treaties. All BEPS-related activities mean that tax optimization will
need to have significantly stronger foundations and greater emphasis will be placed on
ensuring that tax planning is not the main goal of multinational corporate structures.
However, well-established holding structures that meet the owners' primary non-tax
objectives will be affected by higher administrative costs for BEPS.

Currently, the most frequently discussed economic topic is the reduction of budget
deficits, which are the result of a pandemic recession. Central banks are being called
upon to support the economy with cheap credit, as well as national governments, so as
not to stop stimulating the domestic economy, which, of course, is already increasing
their huge indebtedness. However, coalition governments then have no choice but to
increase budget revenues only by increasing taxes and levies, which always causes
social tensions in the country. In general, those who have income from anything should
pay tax where they have "earned" income, which has not been the case, especially with
digital companies. Until now, digital companies have shifted profits outside the
countries where they were generated, where taxes were lowest, if at all. However, the
problem is not only the payment of taxes, but also on what basis, as their business is an
online way, without the possibility of a legal way of calculating it. The solution could
be a lower tax rate on revenues, which would be paid to the state budget in the state
where the digital company generated revenues. The European Commission has not yet
been able to agree with the US administration on the conditions for the introduction of
the digital tax, also because it is said to have "threatened" the introduction of renewed
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customs protection measures for the export of European products to the American
continent. However, the pandemic has accelerated the European Commission's efforts
to seek financial resources to cover the aforementioned deficits in the Member States
of the Union, including the introduction of a Europe-wide digital tax, which has not yet
been the case.
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Abstract. The aim of this paper is to evaluate the contribution of quality adjusted
labour input to increase of labor productivity in Slovakia. The development of
productivity is compared regarding the qualitatively adjusted input of work and
without considering the quality factor. The aim of these comparisons is to point
out possible shortcomings in the current measurements of productivity, or at least
the individual components that enter its calculation. The change in the
methodology in the calculation of the contribution, considering the quality of
work, is more adapted to current trends in the labor market and especially to its
future development regarding growing demands on the qualitative aspect of work
and increasing share of work with a high level of skills needed to perform it. This
is influenced, among other things, by the development and greater involvement
of information technologies, digitalization and robotization, the necessary
complement of which is the adaptation of the skills of the workforce, a change in
their structure and an increase in their level.

Keywords: Labour productivity. Quality adjusted labour input. Quality factor.
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1 Introduction

The slowdown in economic growth is a phenomenon in recent decades affecting
predominantly developed countries of the world. One of the theories that has been
discussed for a long time is the impact of declining productivity on economic growth.
According to an OECD study, this phenomenon is a global phenomenon affecting most
developed economies. On average, in more than 17 advanced economies, productivity
growth has fallen to less than 1% per year in the last decade, less than half the rate seen
in the last 30 years. In the medium term, sustainable economic growth equals the sum
of productivity growth and the growth rate of labor supply. For this reason, the
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slowdown in productivity growth will each be reflected in a slowdown in sustainable
GDP growth (OECD, 2018).

2 Theoretical Perspectives on Productivity Growth

This finding is particularly striking in the face of the completely opposing expectation
that advances in technology, especially in artificial intelligence and robotics, are set in
such a massive increase in labor productivity that vast sections of some sectors of the
current workforce will not be forced to work longer, on the contrary, there are concerns
about redundancy, the replacement and automation of manpower and labor shortages.
There is still not enough information, and it is not entirely clear where (in which sectors)
this replacement is most likely, when it is likely to occur and to what extent it will be a
good or bad thing for the whole economy. However, the question is why this is not yet
visible in labor productivity statistics.

It emphasizes that the higher the level of education of the labor force, the higher the
overall productivity of capital, because the more educated are more likely to innovate,
and thus affect everyone's productivity. In other models, a similar externality is
generated, because increased education of individuals increases not only their own
productivity, but also the others with which they interact, so that overall productivity
increases with increasing average level of education (Lucas, 1988). The study on
economic growth and human development offers the complementary view that
technical progress depends on the level of research and development in the economy.
By investing labor and capital in research and development, the company is able to
improve not only its own profitability, but also the productivity of research and
development, which consumes its production. Several empirical studies have shown the
positive impact of education on economic growth at the macro level, varying in size
according to the level of education and the specific macro space model adopted
(Ramirez, 1997).

Other growth studies also assume that the formal skills and experience contained in
the workforce are a form of (human) capital. On one hand, it could be argued that
human capital is subject to declining income, so that a highly skilled and skilled
workforce would have higher income levels in the long run, but not necessarily a
consistently higher rate of income growth. On the other hand, investment in human
capital (eg expenditure on education and training) could have a more lasting impact on
the growth process if high skills and training go hand in hand with more R&D and faster
technological progress, or if adoption new technologies are facilitated by a highly
skilled workforce (Bassanini, 2002).

According to Jackson (2019), the critical question is how politics should respond to
this situation. The conventional response so far has been to find available conditions -
technological, fiscal, monetary - to sustain growth regardless of price. The ongoing
"rescue regime" relied on the assumption that, in addition to appropriate policy
incentives, new technological discoveries would come and productivity growth would
resume. Candidates for the so-called "rescuers" are different. For some, it will be
innovation based on investment in clean, low-carbon technologies that is needed to
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tackle climate change, climate change and offset resource depletion. For others, it will
be innovations based on the coming digital revolution: increased automation, robotics,
artificial intelligence. So far, however, none of the productivity gains expected by these
technologies have been reflected at the macroeconomic level, and this future world
could lead to a complete replacement of the workforce and levels of inequality.

2.1  Factors affecting productivity

Measuring productivity is a key element in assessing living standards. A simple
example is per capita income, probably the most common standard of living: per capita
income in the economy varies directly according to one measure of labor productivity,
namely value added per hour worked.

Multifactor productivity (MFP) affects economic growth through factors that are not
attributable to capital or labor, but through technological change or the improvement of
knowledge, methods and processes.

In terms of growth factors, it is necessary to examine more deeply the work, its
volume and quality. The OECD (2001) states that the contribution of labor should
reflect the "time, effort and skills of the workforce”. A common standard for entering
work is the use of hours as a unit of measure. However, the time dimension of the work
does not reflect its quality (skills). However, these are captured in the aggregate
productivity factors.

Labor productivity reflects how efficiently the workforce is combined with other
factors of production, how many of these additional inputs are available per worker,
and how quickly technical changes are taking place. As a result, labor productivity is a
good starting point for analyzing some of these factors.

2.2 Labour Input

Work remains the most important input into many production processes. From the
point of view of production analysis and at the same time ignoring differences in
quality, the input force of labor is most appropriately measured as the total number of
hours worked. However, several statistical problems arise in connection with the
measurement of hours worked. The quality of the hours worked estimates and their
degree of international comparability are therefore not always clear.

According to ONS study, labor income and labor shares should reflect the
compensation paid to the labor force from the producer's point of view, including wage
and salary supplements such as employers' contributions to social security payments.
However, as with "hours actually worked", many seemingly straightforward concepts
raise many conceptual and empirical questions about their measurement. This concerns
issues such as the treatment of non-wage earnings for employees (eg stock options) or
the treatment of the self-employed (ONS, 2007).

Because a worker's contribution to the production process consists of his "raw" work
(or physical presence) and services from his human capital, one hour worked by one
person does not necessarily represent the same amount of input working time as one
hour worked by another person. There may be differences in skills, education, health
and professional experience, leading to large differences in the contribution of different
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types of labor. Differentiation of labor input by type of skills is particularly desirable if
we are to capture the effects of changing quality of work on output and productivity
growth. However, explicit differentiation is data and research intensive. Minimum time
series of hours worked broken down by one distinguishing characteristic must be
available, together with the corresponding statistics on average compensation broken
down by the same characteristic.

2.3 Quality Adjusted Labour Input

Jorgenson et al. (1987) state that “When measuring labor productivity, labor input is
traditionally defined in understanding the sum of all hours worked by employees,
owners and unpaid workers. As a result, the same amount of work is considered an hour
worked by a highly experienced surgeon and an hour worked by a newly recruited
teenager in a fast-food restaurant. It doesn't matter who worked or what kind of jobs
the workers held. All workers are treated as if they were the same. "

To estimate changes in productivity, the question is whether the composition of the
labor force changes over time, whether there is an increase or decrease in the average
quality of labor force inputs. According to most measurements, the quality of work has
been and continues to increase. An increase in the average quality of work means that
the adjusted labor input rate, which includes the quality aspect, would grow faster than
the unadjusted labor input rate. As stated by ONS (2007), successful quality adjustment
is equal to measurements of work in units of constant quality. Measuring consistently
high quality labor input is interesting in several respects.

On the one hand, it provides a more precise indication of the share of labor in
production. This can be usefully interpreted as one aspect in the formation of human
capital. It is a step towards measuring one important aspect of the effects of "intangible
investment” (Britain, 2007).

In the literature and in statistical practice, there are different approaches to
differentiating labor input. The differences between these approaches are closely
related to the measurement of "skills". One possibility is to assume a direct relationship
between skills and occupations, to rank occupations according to their skill intensity,
and then to use information on the distribution of hours worked in employment to derive
differentiated rates of labor entry. This is, for example, the approach chosen by Lavoie
and Roy for Canada (Lavoie, Roy, 1998), or the OECD (2001) for several OECD
countries.

However, the assumption of capturing all relevant differences in skills when looking
at occupations may not be correct. Other distinguishing features, such as age, health, or
educational attainment, can reasonably be considered significant. Jorgenson et al.
(1987) used up to five characteristics (age, education, class of workers, occupation, and
gender) to cross-classify labor force entry into a detailed industry. Because different
characteristics correlate, the resulting rate of labor composition reflects both the direct
contribution of these characteristics to production growth and the interaction effects
between them.

Another possibility is to use a small number of differentiation characteristics, but to
choose them to minimize the correlation. This is the approach taken by the US Bureau
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of Labor Statistics: hours worked are only cross classified according to education and
work experience. Furthermore, there is no sectoral distinction. This reduces the effects
of the interaction between variables and facilitates the identification of independent
sources of change in quality of work (BLS, 1993).

Regardless of whether there are one or more distinguishing features, hours of highly
qualified persons and hours worked by unskilled persons cannot simply be added to the
aggregate rate of input labor - they must be weighted according to their relative
productivity to take account of differences in skills. The theory of the firm states that
under certain conditions (a firm is a price maker in labor markets and focuses on
minimizing its total costs) a certain type of work will be hired up to the point where the
cost of the next hour of work will be equal only to the additional income work generates.
This equality means that for the rate of total labor input, individual labor inputs of
different quality can be weighted by the respective relative wage or, more precisely, by
the share that each type of work occupies in the total remuneration.

Thus, the growth rate of the total input adjusted for the quality of work L is measured

as:
dinL M dinL; (l)
Co =2 ViTa)
i=1

where L; represents a specific type of work and where v; is the share that the total type
of work occupies in the total compensation of work (Britain, 2007).

We can notice that even if only a simple trait, such as a profession, is chosen to
differentiate the input of the workforce, the information requirements are high.
Standard measures of labor productivity express the growth of output with regard to the
volume of labor input, whether in terms of employment, the number of jobs or hours
worked. The implicit assumption underlying this approach is that the workforce is
homogeneous because it does not consider the composition or quality of the workforce
(Acheson, 2011).

However, the workforce is far from homogeneous, and the "value" of hours worked,
or marginal productivity varies significantly between workers. When measuring labor
productivity, the most representative measurements of input power (labor contribution,
labor input) are measurements adjusted for the composition of work (often referred to
as "adjusted for quality" measurements). The contribution of quality adjusted labor
input - QALI seeks to solve the erroneous assumption of work homogeneity and
provides measures that explicitly recognize the heterogeneity of work by adjusting the
volume of hours worked according to certain characteristics (Zealand Statistics, 2008).

Thus, there is general agreement that work as a factor of production is highly
heterogeneous and varies in different dimensions. Improper consideration of different
dimensions of work will result in an overestimation of overall factor productivity. The
full work rate should therefore consider the characteristics of the workforce, such as
working time, experience, education, effort, age and gender, in order to allow a more
comprehensive assessment of the contribution of work. Depending on the focus of the
research and the availability of data, it is possible to compile different indices of a well-



157

adjusted workforce. However, the creation of a measure that captures all these impacts
requires a considerable amount of data, especially when dealing with data at sectoral
level (O’Mahony, 2005).

QALLI is therefore a conceptually more powerful method for use in productivity and
growth accounting analyzes and is a useful tool for assessing human capital
developments over time. It is used in conjunction with experimental estimates of capital
services (e.g., Appleton, 2011) to generate multifactor productivity estimates (Acheson,
2011).

While the importance of differences in the quality and composition of labor inputs
has long been recognized (Jorgenson, 1967), the increase in educational attainment in
all OECD countries has increased the emphasis on the importance of considering the
quality of labor inputs. In addition, the importance of the quality of the workforce has
recently been emphasized in the context of the extensive use of ICT capital and the
increased investment in additional resources (including skills) to support their
expansion. Investing in the skills of the workforce is part of this additional investment,
and therefore an assessment of the quality of the workforce is needed to distinguish
between returns on ICT capital and returns on the labor force. Investment in ICT and
education together are among the most important sources of growth at the level of
industry as well as the whole economy (Keeney, 2009).

Measuring the skill dimension is particularly important in productivity studies, as
workers with different qualifications will have different effects on productivity growth.
A more complex level of labor, which corresponds to the skill level of the labor force,
usually increases the share of labor income within the production function and reduces
aggregate productivity. This helps to understand the factors that determine productivity
growth. In addition, a comparison of adjusted and unadjusted labor input rates provides
a measure of the corresponding change in the composition or quality of labor input
(O'Mahony, 2005).

The concept of adjusted work considering quality has been introduced and incorporated
in many statistical institutions into productivity measurements. Institutions, including
the Australian Bureau of Statistics (ABS), the Bureau of Labor (BLS), the Bureau of
National Statistics, and Canadian Statistics, have used this approach, but there are
significant differences in specific concepts and methods (Acheson, 2011).

3 Methodology

In practice, estimating the labor composition index requires calculating the number of
hours worked by each type of worker, as well as the weighting of the share of costs for
each type of worker. Cost-share weights can be calculated either by observed wages or,
as the BLS does, by replacing actual wages with imputed wages, where imputations are
obtained from Mincer's standard wage regression. The key components for identifying
different categories of workers are the equation with the Tdrnqvist index as the
difference in the natural logarithm of consecutive observations, with weights equal to
the average of the proportions of the factors in the corresponding years. The group must
theoretically have a different output elasticity to other employees, which should be
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demonstrated in the data by the wage difference for this group. In addition, working
hours should change compared to other groups (Zealand Statistics, 2008).

A key requirement for the successful application of the workforce composition
model is extensive skills measurement to distinguish hours worked between different
groups. In similar studies, the theory of human capital has been used to address this
situation. The OECD defines human capital as "the knowledge, skills, competences and
attributes contained in individuals that facilitate the creation of personal, social and
economic well-being." Human capital theory states that there is a positive relationship
between wage levels, education and work experience. Education and training, which
improve workers' skills and productivity, can be seen as an investment in human capital.
In addition to assigning staff to qualification groups, each group needs to be valued to
provide an indicator of their relative quality. At the international level, nominal wages
play an integral role in adjusting composition as the best available, albeit imperfect,
variable for weighting groups when adjusting their composition.

As soon as each species is given a weight, a composition-based labor force index
can be compiled based on its share of total labor costs (wages). It would, of course, be
naive to assume that wages are determined solely by one's skills. Factors such as
discrimination, trade union bargaining, signaling, minimum wages, effective wages and
non-compliance can jeopardize the validity of the use of wages as a measure of worker
productivity (Turunen, 2006). This has a particular effect when the nature of these
factors (trade union membership) changes over time. Other factors need to be
considered, such as the short-term increase in labor shortages in the labor market with
specific skills and the resulting impact on the wages of these occupations. As overseas
case studies, such as the BLS study, have shown, there are measures that can be taken
to control some of these factors.

In this work, we will derive the rate of labor input (LIl - denominator of the labor
productivity equation) using the chained Térnqvist index, in which the weights are
based on the wage shares of the industry in the measured nominal income of the labor
force. Assuming that cross-sectoral wage differences reflect differences in skills, this
assumption is to adjust the composition of the series by a quality factor, as the weights
will be comparably large for industries that pay above-average wages and, conversely,
for industries that pay below-average wages. (Zealand Statistics, 2008).

After cross-referencing, the weights are calculated by putting the wage shares of
each category in the Tornqvist formula and creating an index number for each period.

(InT, = %Z(vit_l + v )xln Hie ) )

Hit—1

Where v;, and v;,_, represent the weight of labor in the i-th category in the current and
previous years, and H;; a H;;_, represent hours worked in the i-th category, also in the
current and previous years. T represents the movement in the compositional work,
which is the sum of the weighted movements for each category.

As the above equation shows, two periodic weights are used in this analysis. Weights
for individual years are calculated as:
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Where W, and W;,_, present the hourly wage of work in category i.

The current methodology replaces wages in the given period with imputed wages. Thus,
instead of a simple sum of hourly growth rates, it is a weighted sum, where weights are
average shares of labor costs (Zoghi, 2010). The growth of the composition of labor is
the difference between this growth of the input of labor by the adjusted composition
and the unadjusted growth of the input, which is measured as:

Hit ) (10)

(AH = lnH—

it—1
Where H;, and H;,_, represent hours worked in the i-th category in the current and
previous year.

Since official productivity statistics are a relatively new phenomenon in many
countries, data series are generated depending on what relevant and how many
appropriate data sets have been compiled before, leading to differences in
methodologies between countries. The OECD describes adjusting the composition as
"desirable but complex”, highlighting its potential benefits, but recalls that explicit
differentiation is both data-intensive and research-intensive. Although only a simple
trait, such as a profession, is chosen to differentiate the workforce, the information
requirements are high: data are needed that break down the total hours worked in
different occupations by sector and by year. In addition, in order to construct weights
for aggregation, quantitative labor input rates (hours) must be accompanied by relative
average compensation price measures (Zealand Statistics, 2008).

4 Conclusion

The post-crisis period brought the Slovak economy several changes in the dynamics
not only of economic growth, but also in the contribution of its factors to growth. As a
result of the decline in employment, the impact of the labor factor on the dynamics of
gross domestic product decreased and the pro-growth effect of capital increased. This
approach takes employment into account as such, does not take full account of its
qualitative aspects, which are, in particular, the level of education, skills and abilities
of workers. This option is brought about by an approach which, in addition to the
number of hours worked, also emphasizes a change in the quality of the workforce in
changes in employment.
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If we look at a well-adjusted input of labor (Fig. 1), we see that its contribution to
the development of productivity increased in the period under review. The gradual
growth of employment in the post-crisis period caused a more dampening effect on the
growth of labor productivity, a positive tendency, albeit with fluctuations in time, seen

in the qualitatively adjusted input of labor.
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QALI
QALI QALI QALI QALI QALI QALI QALI QALI QALI | for
(11) (12) (13) (21) (22) (23) (31) (32) (33) industry
Agriculture, veterinary - - - - - - -
and fisheries 0,15 0,01 0,43 0,35 0,34 0,03 0,56 0,01 0,14 0,82
Mining and processing - - - - - - -
of raw materials, geology 0,43 0,40 0,52 0,21 0,51 0,02 0,31 0,05 0,13 1,37
Food industry 0,16 0,57 0,23 0,32 0,29 0,04 0,34 0,11 0,20 1,24
Textiles, clothing,
footwear and leather - - - - - - -
processing 0,43 0,71 0,15 0,36 0,46 0,29 0,65 0,03 0,11 1,53
Forestry and wood - - - -
processing industry 0,47 0,43 0,26 0,03 0,17 0,17 0,33 0,15 0,48 0,12
Pulp and paper printing - - - - -
industry 1,27 0,47 0,23 0,19 0,32 0,12 041 0,08 0,36 0,20
Chemistry and pharmacy 0,33 0,12 0,03 0,21 0,04 0,21 0,52 0,23 0,16 0,07
Metallurgy, foundry, - - - -
blacksmithing 0,30 0,05 0,08 0,27 0,16 0,04 0,50 0,23 0,56 0,15
Glass, ceramics, mineral
products, non-metallic - - - - - - -
materials 0,27 0,33 0,32 0,03 0,37 0,23 0,65 0,11 0,16 1,55
Automotive industry and - -
engineering 0,86 0,02 0,14 0,58 0,17 0,60 0,22 0,36 0,33 2,79
Electrical Engineering 0,27 0,58 0,34 0,42 0,09 0,53 0,33 0,36 0,46 0,66
Energy, gas, electricity 0,33 0,11 0,19 1,16 0,47 0,04 0,59 0,02 0,08 2,74
Water, waste and the - - - -
environment 0,20 0,12 0,01 0,04 0,24 0,39 0,03 0,21 0,40 0,79
Construction, geodesy - - - - - - -
and cartography 0,07 0,48 0,23 0,06 0,27 0,07 0,23 0,03 0,17 0,99
Business, marketing, - - - - -
gastronomy and tourism 0,15 0,44 0,00 0,15 0,13 0,12 0,24 0,26 0,32 0,11
Transport, logistics, - - - -
postal services 0,22 0,23 0,07 0,37 0,15 0,37 0,47 0,19 0,44 0,09
Information technology - -
and telecommunications 1,16 0,35 0,18 0,10 0,13 0,50 0,25 0,29 0,74 2,65
Banking, financial - - - - - -
services, insurance 0,00 0,47 0,21 0,34 0,30 0,17 0,39 0,25 0,38 0,91
Culture and publishing 0,01 0,58 0,10 0,88 0,42 0,30 0,47 0,00 0,13 2,00
Education, training and - - - - -
sport 0,92 0,27 0,15 0,25 0,15 0,29 0,17 0,28 0,26 0,77
Public services and - - -
administration 1,25 0,45 0,03 0,48 0,25 0,22 0,06 0,22 0,29 1,78
Administration, -
economics, management 0,88 0,02 0,19 0,90 0,52 0,76 1,41 0,69 0,41 5,40
Healthcare, social - - - - - -
services 0,45 0,19 0,38 0,49 0,24 0,46 0,36 0,22 0,55 0,13
Crafts and personal -
services 0,52 0,02 0,66 0,32 0,00 0,37 0,11 0,28 0,42 2,66

Tab. 5. Development of qualitative input of work and its segments (year 2009 = 100%, in%)
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The positive development of the qualitative input of work in the whole monitored
period was most significantly influenced by the branches of administration, economy
and management (Table 1). Qualitative factors have also increased positively in the
automotive, information and communication technology, and public services and
administration sectors.

Examining the development of the QALI indicator for individual groups in all 24
sectors of the Slovak economy, we found that the QALI indicator in all sectors
fluctuated significantly in the period under review, between 2010-2019 and thus in none
of the sectors there was continuous growth or decline periods of growth alternated
between periods of decline and decline in growth.
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Fig. 2. Comparison of the development of the labor contribution considering the quality factor
(QALLI) and the labor contribution without considering the quality factor (LI) in the observed
period

Comparing 2009 and 2019, we evaluated in which sectors the qualitative aspect of
work grew the most and identified five main sectors, which are administration,
economics and management, automotive and engineering, craft and personal services,
information technology and telecommunications, and public services and
administration. On the other side of the spectrum, the most significant decline was
recorded in sectors such as energy, gas and electricity, culture and publishing or glass,
ceramics, mineral products, non-metallic materials.

We use wages when calculating the QALI indicator as a weight of average shares of
costs for a specific category of employees from the average hourly wage for a given
category, which we use to weight changes in time worked. The wage variable plays an
important role here, as it ensures the qualitative aspect of this indicator. Wages are not
the same among heterogeneous types of workers. According to the theory, these wages
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should reflect differences in marginal productivity of workers, and on the basis of this
assumption, the types of workers are divided into groups according to certain
predetermined characteristics with different corresponding wages. Thus, the wage in
the formula represents the factor of qualification, education or age.

We use the regression model primarily as a supplement, which serves to support the
QALI indicator. Since the weights entering its calculation are just hourly wages, the
regression model should underline their validity and importance in the calculation. It is
generally accepted that age, and especially education, has a positive effect on wage
developments over an individual's life. As we have mentioned many times in our work,
taking a closer look at the development of wages between 2009 and 2019 in individual
sectors, we could see significant differences in average hourly wages between
individual educational and age groups. Our regression model also confirms this.

The regression model in our work is a Mincer type model, consisting of panel data with
2376 observations. We used the log-lin model for simple data interpretation. In Picture
1: Regression model for 24 branches of the Slovak Republic, we can see that all
variables entering the model are statistically significant at the 95% confidence interval
and have a positive effect. Based on the model, we can state that age, but especially the
level of qualification (education) have a significant positive effect on the change in the
average hourly wage.

Model 1: Pooled OLS, using 2376 observations
Included 216 cross-sectional units
Time-series length = 11

Dependent variable: 1 avg_e i

coefficient std. error t-ratio p-value

const 0,889341 0,0214228 41,51 1,20e-283 sk
ED 0,365481 0,00727695 50,22 06,0000  Hkx
age 0,105140 0,00727695 14,45  2,05e-45 xkx

Mean dependent var  1,830583 S.D. dependent var 0,424582
Sum squared resid 199,0452 S.E. of regression 0,289619

R-squared 0,535093 Adjusted R-squared 0,534701
F(2, 2373) 1365,625 P-value(F) 0,000000
Log-1likelihood -425,5838 Akaike criterion 857,1676
Schwarz criterion 874,4871 Hannan-Quinn 863,4716
rho 0,969927 Durbin-Watson 0,078537

Pic. 1. Regression model for 24 industries of the Slovak Republic

A closer look at the structure of the components contributing to the growth of values
found that the development in individual sectors was different and the growth in the
sectors was of a different nature. In some sectors it came from an increase in the
contribution of the skilled workforce, in others it was caused by an increase in the
number of hours worked by the lower skilled workforce.
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5 Discussion

There are also methodological shortcomings of the QALLI indicator. The calculation,
which uses wages as weights of average shares of costs for a particular category of
workers from the average hourly wage for a given category, by which we weight
changes in hours worked, is largely dependent on the development of the number of
hours worked. Especially in sectors where wages do not sufficiently reflect the
qualifications of the workforce, this workforce is underestimated, such as in the
education sector. In this case, the wage, which in the calculation represents the
qualitative aspect of the labor force, is not the most suitable variable for weighting the
change in hours worked, but a conceptually better indicator has not yet been devised to
represent a quality factor that would sufficiently capture and quantify it to such an
extent as wages. As our regression model also pointed out, age, but especially the level
of qualification (education) have a significant positive effect on the change in the
average hourly wage.

However, it is clear from our results that the qualitative aspect contributes to a
greater extent to the growth of the values of the contribution of labor and to the
reduction of the falls in its values. Considering the qualitative aspect brings the
possibility to better assess the structure of the growth of the contribution of labor,
allows its easier decomposition and points to the difference in values, compared to the
contribution of labor without considering the quality factor that would not otherwise be
considered.
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