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Preface

Ladies and gentlemen, dear colleagues,

the Hradec Economic Days conference has been traditionally and continuously held since
2003. University of Hradec Kralové organized the 17" Hradec Economic Days conference
in cooperation with the Wroctaw University of Economics, the Cracow University of
Economics and the Office of Transfer of Technologies at the University of South Bohemia.
The conference was held from February 5 to February 6, 2019. It aimed to promote the idea
of communication and cooperation of scientists from various fields with practitioners. The
conference was in 2019 subtitled "Innovation and socio-economic development". This year
conference scopes were to address following fundamental issues of:

+ economic growth and employment, environmental and social challenges,
» changing roles of innovation, production, logistics, and service processes,
* innovative approaches to the management of operational processes,

* intellectual property rights,

+ technology transfer and resource implications,

 financial innovations and focus on the consumer,

* new trends in the economy and its impacts on globalization.

Hradec Economic days conference has undergone dynamic development since the first year
in both quality and quantity. The program committee also undergone fundamental change as
well in favor of a substantial increase in the spectrum of international academicians from the
USA, China, Malaysia, Spain, Croatia, Slovakia, Romania, Poland, and the Czech Republic.
In 2019 we again cooperated with the MDPI publishing and two of their journals indexed in
the Emerging Sources Citation Index (ESCI). The highest quality papers are to be revised for
a possible inclusion in the special issue of Economies open access journal and the Systems
open access journal published by MDPI. The best conference paper was awarded by 600
CHF price provided by the MDPI publishing.

All submitted papers undergone careful selection and were reviewed by 2-3 reviewers. We
selected the best 113 papers in English that were published in two proceedings volumes.
Authors of the conference papers are scientists and practitioners from the Czech Republic,
Slovakia, Ukraine, Poland, Norway, China, Hungary, Mexico, Romania, and Denmark.

I am very pleased we succeeded in indexation of the 2018 proceedings, and I firmly
believe that the changes the conference has undergone will contribute to regular indexation
also in the future. We are also grateful for a tradition of cooperation with the Czech National
Bank representative. Moreover, this year's conference was held under the auspices of the
Czech National Bank which also provided a panel discussion on the topic of "100 years of
Czech koruna" anniversary.

I want to thank all who participated in organizing the conference: thank you for your high-
quality work. My thanks also go to the authors for their trust and support, and I am looking
forward to seeing you again at HED2019.

Hradec Kralove, January 5, 2019

Assoc. Prof. Petra MareSova

General Chairman of Hradec Economic Days
Faculty of Informatics and Management
University of Hradec Kralove
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Citizens” Engagement on Regional Governments”
Facebook Sites. Empirical Research from the Central
Europe

Pavel BACHMANN

University of Hradec Kralové, Hradec Kralové, Czech Republic
pavel.bachmann@uhk.cz

Abstract. Citizens” engagement is becoming a cornerstone for the next
development of public administration. Nowadays, with a social media
communication widespread, the public institutions and citizens relationship is
challenged. Therefore, an article aims on the way of communication used by the
government towards to citizens as well as the level of citizens” engagement. The
study used a content analysis of Facebook sites with stress on six aspects: (1)
page activity measured by the number of posts published, (2) page popularity
measured by the number of likes, (3) citizens loyalty measured by the number of
followers, (4) responsiveness measured by the number of users” reactions, (5)
involvement measured by the number of comments, and (6) virality measured by
the number of sharings. The research sample is represented by the official
Facebook pages of 13 regions of the Czech Republic. The study findings showed
high regional differences according to individual aspects of engagement as well
as a total engagement of citizens.

Keywords: Social Media, Engagement, Public administration, Facebook,
Regional Authorities, Content Analysis, Czech Republic.

1 Introduction

Increased interest of citizens to participate in public sphere in hand with the advances
of information and communication technologies (ICT) have created new challenges for
innovative form of citizen and public sector relationship. Fung [4] in his article
mentions that citizen participation supports three main aspects of governance:
effectiveness, legitimacy, and social justice. An advent of ubiquitous use of ICT, and
specifically social media (SM) bring new possibilities on the side of citizens as well as
public involvement.

SM serves as a technology which facilitates the dissemination and sharing of
information. SM tools are mainly represented by general platforms as Facebook,
Instagram, Twitter, or YouTube, communication tools as Skype or SecondLife, or
professional tools as LinkedIn or ResearchGate. These social network platforms are
greatly useful to enhance mutual communication at the agency, community, and policy
level.



2 Background and Conceptual Framework

2.1 Current Research on Social Media Use in Public Sector

Social media have commonly begun to be used in a various field of public
administration. Prior studies have investigated use of social media, and specifically the
Facebook, in the public sector particularly with a focus on information science [9, 11],
public administration [14, 17], communication [10, 13] and public health [6].
Regarding the geographical location, the highest number of research studies in the field
was conducted in the Western Europe and USA. However, very little research was done
in the area of citizens” engagement by the Facebook sites [2, 16]. Moreover, no research
studies in the field of engagement exist in Central and Eastern European countries.

2.2 Conceptual Framework and Propositions

Various conceptual frameworks were designed to capture a people engagement on
Facebook page related to the environment of business, nonprofit and public
organizations [2, 6, 12]. In 2012, Jan H. Kietzmann at al. designed a honeycomb
framework [12] to investigate facets of the social media from user experience. It deals
with seven functional blocks of social media: identity, conversations, sharing, presence,
relationships, reputation, and groups. Each block comprises (1) specific facet of social
media user experience, and (2) its implication for firms. The framework is frequently
used for description of Facebook and Youtube engagement. In 2013, Bonson, Royo,
and Ratkai [2] concentrated their research directly on citizen engagement and
developed metrics as popularity, commitment, virality for the Facebook page
engagement measurement. The framework of their approach to communication
between government and citizens (G2C) and citizens to government (C2G) is illustrated
in Fig. 1.

Despite of the great success of both previous studies, it should be stated that
frameworks are, at least in some sense, a bit outdated, nowadays. Application of
Kietzmann” framework is limited by his main orientation on business sector. Next, the
challenge of Bonson, Royo, and Ratkai” study lies in fact that it does not include facets
of page credibility and reputation and is outdated in Facebook friends and followers
understanding.

Resulting from the above, the research gap exists in both: formulation appropriate
framework and metrics for measuring of citizens” engagement as well as to obtain a
new knowledge about the level of citizens” engagement in Central and Eastern
European countries. Therefore, the study objective is twofold, it aims on the
development of a new set of metrics for measuring of citizens” engagement and the
examination of current state of art in citizens’ engagement on Facebook sites
administered by regional governments located in the Czech Republic.

10



We-government

E-government

Co-production
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Fig. 1. The role of Facebook on G2C and C2G communication. [2]

3 Method and Research Sample

3.1 Method

The study is based on the content analysis of Facebook pages. This kind of analysis
conducted in online environment is a part of so-called Internet mediated research [7].
For the purpose of this study a new set of metrics to measure an engagement impact
was set up. These metrics are partially based on the previous research of Bonson where
the metrics of activity, virality and popularity are formulated. However, the previous
metrics were revised and extended.

Following metrics were formulated: activity, popularity, responsiveness,
involvement, virality, evaluation, and loyalty; these metrics are summarized in Table
1. The first metrics - Activity - is expressed in number of posts published during a period
set. The second metrics — Popularity - includes number of page likes. Although it may
seem that this metrics clearly reflects the fans base of the site, its interpretation is not
so distinct. As the page like is only a one-click activity, the user (citizen) doesn’t have
to see page posts anymore. The Facebook algorithm do not publish page posts into the
feed of those who have liked the page. Moreover, likes can also be collected through
marketing campaigns with incorrect targeting, which can bring fans with no interest of
the page or the matters of the region. The third metrics - responsiveness (also called
popularity in other studies) — can bring a better reflection of citizens” engagement than
the previous two metrics as it is calculated as number of the reactions on a specific post.
In 2016, the five new reactions as love, haha, wow, sad, and angry were introduced
besides the original like. New responses on the post published enable us to better
recognize the views and needs of the users, which play in important role in
communication between citizens” and the regional government. Involvement is
expressed by the number of comments. Writing a comment requires much higher
participation, consideration and thinking of citizens than a simple one-click reaction.
This kind of citizen participation can also contribute to solve issues common for the

11



public government and citizens. Virality, expressed through the number of posts shared,
is a metrics with a high impact on the expansion of communication across the region.
In this way, the communication can affect much broader auditorium than just page fans
and/or followers base. Last two metrics are then devoted to evaluation and loyalty.
Since evaluation is clearly expressed by the average score of reviewers, the loyalty is
represented by the number of followers. Loyalty as a metrics can be considered as more
important than popularity as in this case the citizens must to sign up to “follow” the
matters on Facebook. All the followers (citizens) are then notified in their feeds about
new posts, change of statuses and all other page actions.

Table 1. Metrics of citizen engagement on Facebook pages (APRIVEL).

Activity A Number of posts

Popularity P Number of page likes

Responsiveness R Number of posts reactions (Like, Love, Haha, Wow, Sad,
Angry) /total posts

Involvement 1 Number of posts commented/total posts

Virality V  Number of posts shared/number of posts

Evaluation E  Score of reviews

Loyalty L Number of followers

Total engagement E  E=A+P+R+I+V+E+L

3.2 Data

The data of analyzed facets were gathered during a seven-day period from Nov. 30,
2018 to Dec. 6, 2018. Data were processed in MS Excel and for the purpose of regional
comparison (see Fig. 2) also transformed into standardized scores ranged from 0 to 10
pts. scale, where the maximum value for each metrics were taken as a basis for
calculation.

3.3  Sample

Research study focuses on analysis of Facebook pages of Regions existing in the Czech
Republic. According to the Act no. 129/2000 on Higher-level territorial self-governing
units [1] is the Czech Republic divided into 13 regions and one capital city with regional
status. The capitol Prague was excluded from the sample due to several highly different
facts: much higher tourist attention, almost doubled GDP per capita (547,096 CZK), as
well as significantly higher population (1,272,690 inhabitants) than in majority of
regions. The main characteristics of the regions researched are summarized in Table 2.

Table 2. List of regions included in the sample. [5]

Ar GDP it
Name of the Region Population' (krrfza) (C;If;r)capl a
Central Bohemian 1,274,633 11,014.97 253,912
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South Bohemian 637,460 10,056.79 251,106

Vysocina 512,727 6,795.56 234,530
Plzen 574,694 7,560.93 216,639
Karlovy Vary 310,245 3,314.46 216,639
Usti nad Labem 830,371 5,334.52 229,146
Liberec 439,262 3,162.93 229,146
Hradec Kralové 555,683 4,758.54 244,549
Pardubice 505,285 4,519 230,880
Olomouc 639,946 5,266.57 211,467
Moravian-Silesian 1,236,028 5,426.83 222,638
South Moravian 1,169,788 7,194.56 254,684
Zlin 590,459 3,963.55 222,885

! Census of Czech Statistical Office, 2011

4 Analysis and Results

4.1  Activity

Publishing activity of page admins and editors in examined regions ranged from 2 to
40 posts during given 7 days. The most active were Liberec region with almost six posts
published per day (5.7) and Central Bohemian with almost five posts (4.6).
Contrariwise, the least active were South Bohemian and South Moravian region with
one post per day (1.1), and mainly Usti region with only 0.3 post per day.

4.2  Loyalty and Popularity

At first, the loyalty, as more significant metrics, is presented. The region with the
highest number of loyal citizens is Moravian-Silesian region with 12,042 followers.
Two other regions with a nearly ten thousand fan base follows: Hradec Kralové (9,970
followers) region and Central Bohemian region (9,833 followers). On the other side of
spectrum, there are two regions with less than three thousand followers: Olomouc
(2,279 followers), and Zlin (1,529 followers) region. At second, the popularity, as an
additional metrics, is presented. The most popular region regarding the number of page
likes is Moravian-Silesian region with 11,802 likes. Next, there are two regions with a
nearly ten thousand fan base: Hradec Kralové (9,832 likes) region and Central
Bohemian region (9,699 likes). On the other side of range, there are three regions with
less than three thousand fans: Plzen (2,813 likes), Olomouc (2,253 likes), and Zlin
(1,460 likes) region. At third, the next additional metrics is an evaluation. Among the
best regions are South Bohemian (5.0 review average score out of 5.0 maximum),
Vysocina (4.9), Moravian-Silesian (4.8), and Hradec Kralové (4.8) region. On the other
hand, the regions as Karlovy Vary, Usti, and South Moravian got only 4.1 or
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respectively 4.0 pts. average score evaluation. Three regions — Central Bohemian,
Pardubice, and Zlin regions — did not make a review option available for citizens.

Table 3. Responsiveness of Facebook pages of Regions.

Region No. of followers No. of page likes Review score
Moravian-Silesian 12042 11802 4.8
Hradec Kralové 9970 9832 4.8
Central Bohemian 9833 9699 n/a
Pardubice 8230 8171 n/a
Usti 6847 6716 4.1
Liberec 6337 6236 4.7
Karlovy Vary 5447 5384 4.1
South Bohemian 4628 4524 5.0
Vyso€ina 4082 4041 4.9
South Moravian 3314 3211 4.0
Plzeni 3150 2813 4.5
Olomouc 2279 2253 4.2
Zlin 1529 1460 n/a

4.3 Responsiveness

More exact findings on citizens’ engagement are provided through responsiveness
metrics. Expressed in absolute value, the highest number of reactions got Karlovy Vary
(125 reactions per day) and Liberec (108 reactions per day) region. Nevertheless, the
ratio reactions / posts provide more interesting insights. For example, the South
Bohemian region got 695 reactions on only 8 posts per week, while Liberec region got
756 reactions on their 40 posts. The relative responsive responsiveness than
differentiate a lot from the absolute. Relatively, the most successful region is South
Bohemian (87 reactions per post), following by South Moravian region (48 reactions
per post). On the contrary, less than 10 reactions per posts were recorded in Zlin (8.5),
Olomouc (5.9) and Central Bohemian (4.6) region. Results are provided in Table 4.

Table 4. Responsiveness of Facebook pages of Regions.

Region No. of posts No. of reactions Reactions / posts
South Bohemian 8 695 86.9
South Moravian 8 382 47.8
Moravian-Silesian 12 423 353
Karlovy Vary 25 872 349
Hradec Kralové 20 571 28.6

14



Usti 2 56 28.0

Pardubice 11 251 22.8
Liberec 40 756 18.9
Vysocina 16 260 16.3
Plzen 10 109 10.9
Zlin 15 128 8.5
Olomouc 16 94 5.9
Central Bohemian 32 146 4.6

4.4 Involvement

The highest involvement of citizens in the region” agenda was recorded in Karlovy
Vary region (2.7 comments per post) and South Bohemian region (2.38). Vice versa, in
eight examined regions (62 % out of the sample) only 0.5 comments per post or lower
was found. Results are summarized in Table 5.

Table 5. Involvement of citizens on a Facebook page.

Region No. of posts No. of comments Comments / posts
Karlovy Vary 25 67 2.68
South Bohemian 8 19 2.38
Moravian-Silesian 12 19 1.58
Hradec Kralové 20 24 1.20
Pardubice 11 12 1.09
South Moravian 8 4 0.50
Liberec 40 15 0.38
Central Bohemian 32 11 0.34
Vysocina 16 3 0.19
Olomouc 16 3 0.19
Zlin 15 2 0.13
Plzen 10 1 0.10
Usti 2 0 0.00

4.5  Virality

Similarly to the previous metrics, there were also significant differences between
regions in the case of virality. Viral communication was recorded especially in Karlovy
Vary region, where one post was shared 34 times in average, and in South Bohemian
region with 16 sharings per post. On the contrary, almost no virality was found in
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Olomouc and Central Bohemian region with 1.13, resp. 0.69 sharings per post. Detailed
results are summarized in Table 6.

Table 6. Virality of posts published on a Facebook page of the Region.

Region No. of posts No. of shared posts Sharings / posts
Karlovy Vary 25 851 34.04
South Bohemian 8 131 16.38
Moravian-Silesian 12 105 8.75
Hradec Kralové 20 140 7.00
Liberec 40 238 5.95
South Moravian 8 45 5.63
Pardubice 11 51 4.64
Vysocina 16 72 4.50
Zlin 15 66 4.40
Plzeni 10 43 4.30
Usti 2 7 3.50
Olomouc 16 18 1.13
Central Bohemian 32 22 0.69

5 Discussion and Conclusion

The study results can be interpreted from the three perspectives: (1) work of
administrators and editors of the region” Facebook site, where the frequency of posts,
quality of its content, used graphics, quality of multimedia and other factors should be
taken into account; (2) the relationship built with citizens, which is presented by metrics
such as popularity, loyalty and evaluation; and (3) citizens” engagement represented by
metrics as responsiveness, involvement, and virality. Naturally, the citizens’
engagement is made up of all these activities. The first activities are to establish a first
communication with citizens; the second activities are then used to build a base of
friends and followers and increase overall credibility of the page to deepen mutual
citizen vs. government relationship; and finally, the third activities represents the
relationship itself and as such reflect the real engagement of the citizens. For this
reason, the last activities as an engagement output can be considered as the vital
contribution of this study. The Figure 2 illustrates the main insights of the citizens”
engagement for the Facebook sites of the regions examined.
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Fig. 2. Citizens’ engagement on regional governments Facebook pages.

Various implications for administration of public sector can be raised over the paper
findings. We consider following implications as the most vital: (a) Significant
differences among regions in citizens’ engagement were found. It is related to the total
engagement as well as to the engagement related to individual metrics. The differences
exist mainly between activity, popularity, and virality of examined Facebook pages. (b)
Activity represented by the number of posts per chosen time period is not associated
with the level of citizens” engagement, in any way. For example, the regions with very
high publishing activity as Liberec (40 posts per 7 days) and Central Bohemian (32
posts per 7 days) dispose of only medium or low level of responsiveness, involvement
and virality. (c) The highest variances in citizens’ engagement were recorded in virality
metrics. The posts published by Karlovy Vary region were shared fifty times more
frequently than posts published by Central Bohemian region. The study has brought
several interesting insights into the field of citizens” engagement for regional
administration. However, there are still many other opportunities for research and many
more other metrics to examine in the context of social networks use in a public sector.
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Abstract. The European Grouping of Territorial Cooperation NOVUM (EGTC
NOVUM) was established in 2015 and conducts its activities in the Polish-Czech
borderland. The main aim of NOVUM is to intensify, facilitate and promote
Polish-Czech cross-border cooperation aimed at the strengthening of economic
and social cohesion of the area of operation of the Grouping. Sustainable
development is a widely accepted concept of development. Currently, striving
for sustainable development is one of the biggest challenges. This concept is
implemented at various levels of development from international, through
national, regional to local. The article attempts to determine the degree of
implementation of sustainable development in the area of operation of EGTC
NOVUM. Indicators describing the social, economic and environmental situation
have been chosen in order to achieve this objective. The analysis was carried out
for the years 2014-2016. Among the indicators selected for analysis were, inter
alia: gross domestic product per capita, expenditure on R&D, employment rate,
unemployment rate, gross fertility rate, protected area.

Keywords: EGTC NOVUM, Sustainable Development, Indicators.

1 Introduction

The European Union has created the European grouping of territorial cooperation
(EGTC) as a legal instrument to facilitate cross-border cooperation. EGTCs conduct
their activities based on Regulation (EC) No 1082/2006 of the European Parliament
and of the Council of 5 July 2006 on a European grouping of territorial cooperation
(EGTC) [19], which allows for the creation of cooperation units by public entities from
different Member States. In addition, it provides these entities with a Community legal
framework. Thus, it can be generally written that European groupings of territorial
cooperation are legal entities created by Member States, local and regional authorities
and other entities governed by public law. Such an entity is of course created on the
territory of the European Union and allows for the establishment of formal cooperation
groups by public entities from different Member States.

It should be noted that the first EGTC, Eurométropole Lille-Kortrijk-Tournai, was
created in January 2008. It enables cooperation between significantly different
authorities from three different administrative levels in Belgium and France. The
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official headquarters are in France and the French authorities have accepted the EC
Regulation as a basic right, allowing them to employ staff in accordance with Belgian
law [14].

The European Grouping of Territorial Cooperation NOVUM (EGTC NOVUM) was
established in 2015. The Convention and Statute of the Grouping were signed in
September of that year, while its legal personality was established in December.
NOVUM operates in the Polish-Czech borderland. Its founders and members are
institutions from the Czech Republic and Poland. There are five regional authorities:
one from Poland — Dolnoslaskie Voivodship (Region) and four from Czech Republic
(Hradec Kralové Region, Liberec Region, Olomouc Region and Pardubice Region), as
well as two Polish-Czech Euroregions: Nysa and Glacensis. NOVUM was established
in order to intensify, facilitate and promote Polish-Czech cross-border cooperation
aimed at the strengthening of economic and social cohesion of the area of operation of
the Grouping. NOVUM conducts its activities based on the Strategy of integrated
cooperation of the Czech-Polish border 2014-2020. The main areas of activities are:
economic cooperation, transport, environmental protection, health protection, spatial
planning and administrative problems.

The literature emphasizes that the creation of EGTC NOVUM increases the
economic attractiveness of the Polish-Czech borderland area and that this grouping, as
a new subject of European Union law, advances the Polish-Czech cross-border
cooperation in the implementation of the European Union's regional policy [1]. It is
also pointed out that the Polish-Czech borderland has become a model example of the
most innovative cross-border cooperation. The first Euroregions in Poland were created
here, followed by the European Grouping of Territorial Cooperation (EGTC). For
example, December 2016 marked the twentieth anniversary of the Polish-Czech
Euroregion Glacensis. However, there is still untapped potential. Overcoming
difficulties in contacts and effective implementation of new forms of cooperation may
increase the chances for development of this region [17].

Sustainable development is a widely accepted concept of development. Currently,
striving for sustainable development is one of the biggest challenges. This concept is
implemented at various levels of development from international, through national,
regional to local. Sustainable development is a concept that integrates various aspects.
Research concerning the implementation of sustainable development takes into account
the social, eco-nomic, environmental and institutional dimensions. The monitoring of
this development concept is carried out using indicators that describe each of the areas
included in sustainable development. Sustainable development is development that
meets the needs of the present without compromising the ability of future generations
to meet their own needs. In its essence, sustainable development is a process of change
in which the exploitation of re-sources, the direction of investments, the orientation of
technological development and institutional change are all in harmony and enhance
both current and future potential to meet human needs and aspirations [20]. The subject
literature lists three basic qualities of sustainable development, i.e. sustainability,
durability and self-sustenance. T. Borys indicates that the concept of sustainable
development refers to a process of changes which is characterized by an attribute of
sustainability evaluated positively from the point of view of at least anthropocentric
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system of values or — briefly, though less precisely — to development which has an at-
tribute of sustainability [3, 11, 12]. At this point, it should be emphasized that despite
many years of research and discussions, this concept has not received any clear and
uniform definition. As a partial explanation of the emerging differences, one can point
to an extensive and complex number of elements included in the concept of sustainable
development. One of the most frequent inaccuracies and simplifications is reducing
sustainable development to environmental or ecological aspects [16, 12].

The article attempts to determine the degree of implementation of sustainable
development in the EGTC NOVUM area. In order to achieve this objective, indicators
describing the social, economic and economic situation have been selected from
generally available statistical sources for Dolnoslaskie Voivodship, Hradec Kralové
Region, Liberec Region, Olomouc Region and Pardubice Region. The analysis was
carried out in the years 2014-2016. Among the indicators selected for analysis were,
inter alia: gross domestic product per capita, expenditure on R&D, employment rate,
unemployment rate, gross fertility rate, protected areas. The analysis will show how the
concept of sustainable development is implemented in the area of EGTC NOVUM. The
spatial diversity of individual indicators and their changes in the analyzed period will
be shown.

2 Research Methodology, Sustainable Development
Indicators

Indicators represent quantity specific tools which synthesize or simplify the data crucial
for the assessment of certain phenomena. These tools are useful in communicating,
assessing and making decisions [13]. Indicators are the basic instruments used in the
monitoring of sustainable development, since they present such a concept of
development in a rational and measurable way [3]. Sustainable development indicators
can be defined as a statistical measure that gives an indication on the sustainability of
social, environmental and economic development [9].

The indicators used for the purposes of the conducted analyses allow for the analysis
of progress in the implementation of sustainable development in the selected territorial
units (regional level in this case), in accordance with the European Union’s approach
to the measurement of sustainable development. Sustainable development is a diverse
phenomenon that integrates the economic, environmental and social dimensions. In
order to conduct an analysis regarding the implementation of sustainable development,
one should select the indicators describing each of these areas. The list of the selected
indicators is presented in tab. 1.

Table 1. Sustainable development indicators chosen for EGTC NOVUM area.

No.  Indicator
1. GDP per capita (EUR)
2. General unemployment rate (%)
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Infant mortality rate

Population ages 65 and above (% of total)

Life expectancy at birth, Males

Life expectancy at birth, Females

Percentage of households with Internet access
Physicians per 1,000 population

Registered criminal offences per 1,000 population
10. Municipal waste per capita (kg)

e A

Share of population supplied with water from public water supply
systems (%)
Share of population living in houses connected to public sewerage
systems (%)

11.

12.

For each of these indicators, data for the years 2014-2016 were collected and
subsequently analyzed. This made it possible to show the basic values characterizing
the phenomenon of sustainable development in the EGTC NOVUM area. This is the
first analysis for this area. The main difficulty was the selection of indicators for which
comparable data would be available. The ability to present indicators at the regional
level is always very limited due to the availability of data. However, it is very important
to conduct this analysis. The establishment of EGTC NOVUM resulted in the creation
of a joint cross-border Polish-Czech region of approximately 37.7 thousand km?, which
is inhabited by over 5 million people (Table 2).

Table 2. Population and area of EUWT NOVUM [4, 5, 6, 7, 8].

Region Population Area (km?)
(persons)

Dolnoslaskie 2930710 19 947
Hradec Kralové 550 804 4759
Liberec 440 636 3163
Olomouc 517 087 4519
Pardubice 633 698 5271
Total 5072935 37 659

Out of all of the inhabitants of the EGTC NOVUM area, 58% live in Poland, and 42%
in the Czech Republic. The area on the Polish side constitutes almost 53% of the entire
NOVUM area. Therefore, the EGTC forms an area of cooperation split roughly in half
between the two countries, both in terms of population and area. Before the creation of
NOVUM, the "large" Polish voivodship was cooperating with the relatively "small"
Czech regions.
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3 Results

The analysis included selected indicators for which comparable data for all regions
could be obtained. The values of individual indicators in 2014-2016 are presented in
tab. 3.

Table 3. Sustainable development indicators in the EGTC NOVUM members in the years
2014-2016 [4, 5, 6, 7, 8].

Region 2014 2015 2016
GDP per capita EUR
Dolnoslaskie 11,954 12,477 12,290
Hradec Kralové 13,043 13,858 14,835
Liberec 11,539 12,356 13,032
Olomouc 11,571 12,271 12,828
Pardubice 12,097 12,993 13,330
General unemployment rate (%)
Dolnoslaskie 10,4 8,5 7,2
Hradec Kralové 6,2 5,6 4,1
Liberec 6,5 5,5 4.4
Olomouc 7,7 5,9 3,7
Pardubice 6,4 4,6 3,7
Infant mortality rate
Dolnoslaskie 4.6 3,8 3,8
Hradec Kralové 2.4 1,8 32
Liberec 2.5 2,1 2,6
Olomouc 4.5 2,9 2,5
Pardubice 22 1,9 1,8
Population ages 65 and above (% of total)
Dolnoslaskie 15,52 16,2 17
Hradec Kralové 19 19,6 20,2
Liberec 17,6 18,3 18,9
Olomouc 18,2 18,7 19,3
Pardubice 18 18,5 19
Life expectancy at birth, Males
Dolnoslaskie 73,1 73,2 73,5
Hradec Kralové 76,19 76,64 76,96
Liberec 75,09 75,67 76,15
Olomouc 74,5 74,95 74,43
Pardubice 76,08 76,35 76,41
Life expectancy at birth, Females

Dolnoslaskie 81,1 81 81,4
Hradec Kralové 81,84 81,89 82,23
Liberec 81,47 81,45 81,82
Olomouc 81,38 81,02 81,55
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Pardubice 81,61 82,06 82,38
Percentage of households with Internet access

Dolnoslaskie 68,4 72,2 72,9
Hradec Kralové 71,5 73,8 75,4
Liberec 69,1 71,2 72,9
Olomouc 62,2 65,2 67,3
Pardubice 71,3 73,3 75
Physicians per 1,000 population
Dolnoslaskie 2,2 2,3 2,3
Hradec Kralové 4.7 45 4.6
Liberec 3,9 4,0 39
Olomouc 4.8 4.8 4.8
Pardubice 4,1 3,9 4,0
Registered criminal offences per 1,000 population

Dolnoslaskie 21,1 20,0 19

Hradec Kralové 18,5 15,6 13,2
Liberec 28,8 25,4 20,9
Olomouc 22,1 19,9 18,3
Pardubice 16,2 13,2 11,5

Municipal waste per capita (kg/per year)

Dolnoslaskie 324 340 361
Hradec Kralové 272 295 304
Liberec 272 295 304
Olomouc 312 330 350
Pardubice 303 315 332

Share of population supplied with water from public water supply
systems (%)

Dolnoslaskie 94,8 94,9 94,9
Hradec Kralové 93,8 94,4 94,9
Liberec 91,8 92,7 92,7
Olomouc 90,5 91,4 91,8
Pardubice 97,3 97,6 97,5

Share of population living in houses connected to public sewerage
systems (%)

Dolnoslaskie 75 75,7 76,3
Hradec Kralové 77,1 78,1 78,5
Liberec 68,5 68,9 69

Olomouc 80,5 82,4 82,9
Pardubice 72,8 73,7 74,4

In each of the analyzed years, the Hradec Kralové region had the highest GDP per
capita. The lowest value in 2014 was recorded in the Liberec region, in the following
year in Olomouc and in 2016 in Dolno$laskie. It should also be emphasized that the
regions are slightly diversified in terms of this indicator. The coefficient of variation
was 4,5% in 2014, 4,6% in 2015 and 6,5% in 2016.
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The highest unemployment rate throughout the analyzed period occurred in
Dolnoslaskie. The lowest rate in 2014 was recorded in the Hradec Kralové region, in
2015 in the Pardubice region, and in 2016 in the Olomouc and Pardubice regions. The
regions are little different in terms of unemployment rate, but this variation is
increasing. The coefficient of variation was 15,1% in 2014, 15,5% in 2015 and 18,3%
in 2016.

The lowest infant mortality rate in 2014 and 2016 occurred in the Pardubice region,
and in 2015 in the Hradec Kralové region. The worst situation in each of the analyzed
years was in Dolnoslaskie. It is also worth emphasizing that the regions are moderately
different in terms of this index and this diversification is diminishing each year. The
coefficient of variation was 33,2% in 2014, 30,0% in 2015 and 24,3% in 2016.

The lowest share of population aged 65 and above (% of total) in each of the analyzed
years occurred in Dolno$laskie, while the highest share was recorded in Hradec
Kralové. The regions are slightly different in terms of this indicator and the variation is
getting smaller each year. The coefficient of variation was 6,6% in 2014, 6,1% in 2015
and 5,5% in 2016.

The shortest life expectancy at birth, both for women and men, occurred in the
Dolnoslaskie voivodship in each of the analyzed years. Life expectancy for men was
the longest in the Hradec Kralové region each year. For women, it was the longest in
Hradec Kralové in 2014 and in the Pardubice region in subsequent years. The regions
show virtually no differentiation in terms of these indicators

The next indicator analyzed was the percentage of households with Internet access.
The research conducted shows that this share has been increasing in each of the regions
from year to year. The minimum value in each of the analyzed years was recorded in
the Olomouc region, and the maximum in the Hradec Kralové region. The coefficient
of variation was 4,9% in 2014, 4,4% in 2015 and 4,0% in 2016.

The lowest number of physicians per 1,000 population in each of the years was
recorded in Dolno$laskie region, and the highest in Olomouc region. It is worth noting
that in the Czech regions the value of this indicator is almost twice as high as in the
Polish region. Diversity in each of the analyzed years was on the average level. The
coefficient of variation was 23,7% in 2014, 22,2% in 2015 and 22,4% in 2016.

The highest rate of registered criminal offenses per 1,000 population in each of the
analyzed years occurred in the Liberec region and the lowest in the Pardubice region.
A positive phenomenon is the diminishing value of this indicator for the period. The
coefficient of variation was 20,0% in 2014, 22,3% in 2015 and 21,7% in 2016.

The largest amount of municipal waste per capita (kg) in each of the surveyed years
was produced in the Dolnoslaskie Voivodship, and the least in the Hradec Kralové
region. An unfavorable phenomenon is the year-by-year increase in the amount of
waste generated. The coefficient of variation was 7,1% in 2014, 5,8% in 2015 and 7,1%
in 2016.

The percentage of water supply systems (%) in the surveyed regions is at a high level
exceeding 90%. The lowest was recorded in the Olomouc region, and the highest in the
Pardubice region. The coefficient of variation was 2,5% in 2014, 2,2% in 2015 and
2,1% in 2016.
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The share of population living in houses connected to public sewerage systems (%)
was on a lower level. The highest value was recorded in the Olomouc region and the
lowest in Liberec. The coefficient of variation was 5,4% in 2014, 5,9% in 2015 and
6,0% in 2016.

4 Results and Discussion

EGTCNOVUM is a grouping that has been functioning for less than 3 years. Its activity
focuses on building partnerships between entities in the area of its operation.
Nevertheless, sustainable development of the entire area seems to be an important issue.
The attempt to analyze the implementation of the concept of sustainable development
based on selected indicators showed some very important issues. First of all, the Czech
and Polish regions are very similar to each other in terms of the majority of indexed
indicators. Differentiation at a noticeable level can be noted in relation to the following
indices: Infant mortality rate, physicians per 1,000 population and registered criminal
offenses per 1,000 population. Another very important conclusion that can be
formulated is the fact that positive changes can be observed for all indicators except
municipal waste per capita. In the case of the stimulant, the value of the indicators
increases, and in the case of the destimulant decreases. The analysed regions are very
similar to each other. The creation of EGTC NOVUM will, however, contribute to
strengthening the cooperation between them. It will be possible to implement common
projects, which in turn may contribute to a more complete implementation of the idea
of sustainable development. The projects currently being implemented concern all areas
of sustainable development. There are projects concerning cooperation in the fields of
economy and environmental protection, as well as social aspects. The effects of these
projects will be visible in a few years. After this time, it will be also possible to estimate
the impact of NOVUM on the implementation of the idea of sustainable development
in the Czech-Polish borderland.

5 Conclusions

In conclusion, it should be stated that EGTC NOVUM is an important instrument of
cross-border cooperation between Poland and the Czech Republic. Its activity has a
significant impact on strengthening cooperation between entities in the area of its
operation. This attempt at an analysis was the first to concern the scope of
implementation of the concept of sustainable development. It was carried out based on
available indicators for which comparable data could be obtained. This analysis has
shown that it is necessary to carry out comprehensive quantitative research to determine
the progress in implementing this development concept. The analysis also showed a
very close resemblance between the Czech and Polish regions. It can therefore be
pointed out that this area shows little diversity and that the regions are very similar in
many aspects.
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the Polish Stock Market
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Abstract. The purpose of the paper is to examine commonality in liquidity
across stocks listed on the Warsaw Stock Exchange. Commonality refers to the
common behavior of the liquidity measures across different stocks. We consider
liquidity proxies based on widely available low-frequency data, as well as
spreads calculated from the transaction data. Our sample consists of stocks
listed constantly from 2006 through 2016. We find that commonality in
liquidity is weak and robust to the choice of liquidity proxy. Large companies
show more commonality than the smaller ones. Commonality is time-varying: it
increases as liquidity dries up.

Keywords: High-low Range, Effective Spread, Illiquidity.

1 Introduction

Liquidity is one of the most important issues considered in the contemporary finance.
The evolution of liquidity is of concern in many papers [1, 2, 16] as are the reasons
for common movement in liquidity measures within a given market [3, 11, 14, 18]
and among different stock markets [12, 13].

As liquidity itself is a latent variable, it is generally accepted in the literature that
different proxies are used. Within the literature devoted to the stock markets, a vast
number of papers is dedicated to the choice of the best liquidity measure [7, 8].
Another strand of the literature focuses on the issue to what extent are these, better or
worse, measures correlated [15]. This is often called the commonality in liquidity and
defined simply as the covariation between different liquidity measures. Thus
commonality is the market-wide co-movement in various liquidity measures that
determines the systematic liquidity risk. The seminal paper on the commonality is
written by Chordia, Roll and Subrahmanyam in 2000 [4]. They point the important
issue whether shocks in trading costs constitute a source of non-diversifiable priced
risk. As the risk is connected with illiquidity (the lack of liquidity) we may put it in
other words: is there an additional systemic risk that comes from the commonality in
liquidity? Implications for commonality are twofold [4]: first, in the static approach it
explains the differences in trading costs among stocks within a single time period, and
second, the in dynamic one, it is connected with liquidity risk for the portfolio within
the given period.
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Several theories on the origin of commonality in liquidity have been proposed.
Surveys such as that conducted by Coughenour and Saad [6] on U.S. market show
that commonality in liquidity comes from the fact that stocks share common market
makers. On the contrary Naik and Yadaw [17] indicate that within the decentralized
trading market makers focus on the liquidity risk position of the assets in portfolios
managed by them and not by other dealers. Such approaches, however, have failed to
address the situation in the order-driven markets, that operate without market makers
(and this is the system used by several major stock exchanges in Europe, including the
Warsaw Stock Exchange). Moreover, on the U.S. market Chordia, Roll, and
Subrahmanyam [4] find the evidence in favor of commonality in liquidity, but the
level of market-wide movement is rather low. It could be caused by the chosen
liquidity proxy as well as time-varying feature of commonality, that depends on the
specific market conditions. Hameed, Kang, and Viswanathan [10] find evidence that
commonality in liquidity increases during periods of market downturns causing
a spiral effect.

This study aims to contribute to this growing area of research by exploring the
commonality issue on the emerging order driven market and considering few liquidity
proxies, both in the static and the dynamic approach. In short, we examine if there
exists the commonality in liquidity measures. The extensive research has been carried
out already by Karolyi et al. [12], with the data from 44 stock exchanges, but we
focus on one market only and get into the issue more deeply. We consider a portfolio
consisting of big stocks listed constantly on the Warsaw Stock Exchange within the
period of 11 years. Liquidity measures are calculated on the basis of widely available
daily data. The importance and originality of this study are that it explores not only
the level of commonality, but also examines if there are differences between
commonality for various liquidity measures. It takes into account the size of the firms
and looks for the reasons of commonality changes. Our findings can be summarized
as follows: the commonality in liquidity proxies is weaker than reported in the
previous studies [12] and weaker than on the developed markets [5, 9]. Commonality
on the Polish capital market is time-varying and increases during global market
turbulences as the global financial crisis, the European sovereign debt crisis and the
Chinese debt crisis. We further find significant differences in commonality with
respect to the size of the company: big firms show higher level of commonality than
small firms. This result is robust to the choice of the liquidity proxy.

The rest of the paper has been divided into four parts. Section 2 presents the data,
Section 3 introduces methodology and explains the liquidity proxies calculations as
well as the commonality regressions structure. Section 4 is devoted to the empirical
results, while last Section concludes.

2 Data
We use the data on 44 stocks that have belonged to WIG20 or WIG30 blue chip index

listed on the Warsaw Stock Exchange (Poland). This exchange operates as an open
limit order book market without market maker. The trades are made within a
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continuous double auction mechanism where orders are matched with the price and
time priority. Our stocks have been listed constantly from 2006 till 2016 and are
considered as big stocks with capitalization over 250mln euro at the end of 2016. The
sample period consists of 2754 days observed in 132 months. The data are from
www.stooq.pl database and includes four prices and volumes. We apply the usual
filtering methods within the dataset [19]. We also use spreads calculated on the basis
of high-frequency tick-by-tick data. This dataset comes directly from the WSE.

For each stock in the sample we calculate the average turnover as a product of
daily close price and volume traded. Then we form a portfolio from stocks and
calculate on a daily basis the weights of each stock as a proportion of stock turnover
to the turnover of the whole portfolio (index weights). Although all these stocks were
considered by the exchange as big ones at the end of 2016, there are substantial
differences between the stocks included in this study, both in the aspect of their free
float and turnover. We have five stocks with relatively high weights over 8% and
twenty-one small stocks with weights lower than 0.5%. Thus the stocks represent the
very diverse set.

3 Methodology

In absence of a commonly accepted liquidity index we propose two measures of
market liquidity. We form two portfolios including stocks from our sample: first
encompasses stocks with equal weights, and second uses the dynamic weights
changing every day on the basis of the daily turnover of index constituents. Then we
run commonality regressions for each stock and each market liquidity index.

We set few hypotheses: first, there is the commonality between single stock
liquidity and the market liquidity (liquidity index), although it is weaker than shown
in the previous studies [12]. Second, we expect there should be no significant
differences between commonality coefficients for different liquidity proxies. Each
proxy expresses different liquidity features, but in general there should be a consensus
on the issue if market move together or not. Third hypothesis is that commonality is
not stable over time. The last states that commonality differ between big and small
stocks.

3.1 Liquidity Measures Used in the Study

We calculate several liquidity measures for each stock in our sample. The common
feature of these measures is that all are based on the daily data (four prices and
volumes) and are calculated in daily frequency. Thus we consider illiquidity measure
of Amihud (2002):

ILLIQ, = |r;|/[log(volume,)] (1)
where 1; is a percentage logarithmic return, and volume, is a product of the number
of stocks traded within the day and the closing prices, volume, = vol, * C;. We
consider logs of volumes to reduce the impact of outlier observations. Next measure
is Volatility over Volume, VoV;:
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where H, is the highest, and L, is the lowest price observed within a given day ¢,
while volume, is rescaled in order to smooth the series [7]. Next measure is based on
the range, that is the difference between the high and the low prices, and is scaled by
mid-price:
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We also use the high-low spread estimator of Corwin and Schultz (2012):
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In fact these three measures show illiquidity, so the higher are the values of
proxies, the lower liquidity is provided on a given day. We also include one proxy,

LIX, measure, with opposite approach [7]:

LIX, = 1og10%. (5)

We also include liquidity proxy that is calculated as the spread based on the tick-by-
tick data with following the formula:

N
Yk, voli (it —pR) /picrc
volg

BAS, = (6)

where p# is an ask price of a given trade k,, pf is a bid price, and pj, is a price of
transaction k, ¢ is a constant equal to 2000, vol, is a number of shares traded with a
given price py, Nj is a number of all transactions within a day t and vol; is the
overall volume within given day.

We calculate all liquidity proxies for every stock included in the sample. Table 1
presents summary of cross-sectional statistics for the time series of these liquidity
measures. There is right skewness in the cross-section of average liquidity measures,
namely ILLIQ, HLR, CS,VoV and BAS, as the sample means exceed sample medians.
LIX behaves in the opposite way due to its reverse approach (the higher the value, the
more liquidity is observed). The differences between single liquidity measures are not
surprising as they take into account different features of liquidity.

On the basis of the stocks proxies, the market liquidity indices are calculated.
Figure 1 presents the dynamics of liquidity indices — for more transparent presentation
they are aggregated into monthly values. They are some similarities between them:
ILLIQ,VoV,HLR and CS show the strong decrease in liquidity during financial crisis
in 2008 and sovereign debt crisis in 2011. LIX shows a strong increase in liquidity in
2006, while spreads calculated on intraday data (BAS) increase strongly in the
beginning of 2006 and then decrease gradually showing similar variations as the first
four measures.
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Table 1. Descriptive statistics for the liquidity measures

Proxy: mean sd 25% 50% 75%
ILLIQ 0.1148 0.1267 0.0297 0.0794 0.1579
HLR 0.0292 0.0216 0.0155 0.0246 0.0374
CS 0.0069 0.0099 0.0000 0.0025 0.0110
VoV 0.0404 0.0332 0.0193 0.0306 0.0518
LIX 5.9314 1.6254 5.0458 6.1226 7.0753
BAS 0.0038 0.0042 0.0012 0.0024 0.0049
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Fig. 1. The dynamics of aggregated liquidity indices.

3.2  Commonality regressions

Following Hameed, Kang, and Viswanathan [10] and Karolyi et al. [12] we use
determination coefficient, R2, of the regression of an individual stock on the market
liquidity index. In our study we run regressions for each liquidity measure for every
stock and our two liquidity indices. As the liquidity measures and the indices are non-
stationary, we apply the regressions for the first differences of the series. These
differentiated series are featured by strong autocorrelation of order 1, so we use
filtering regressions both for differences in liquidity measures and for differences in
market index in a following form:
ALigVary = @o + @ ALigVar;_1) + € (7)
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where LiqVar; is a liquidity variable for a stock or an index on day ¢, ¢, is a
constant, ¢, is a coefficient and &;; is assumed to be distributed normally IID. We
also considered the filtering out of day-of-the week effect, but no such an effect
existed. Finally in the commonality regressions we use the innovations ¢&;; from
AR(1) models. As in Karolyi et al. [12] for the commonality regressions for each
stock j we separately calculate market liquidity index out of innovations &;; and
exclude this stock in index computation. This exclusion is important specifically in
case of stocks with relatively high weights in the portfolio. Finally, we estimate the
commonality regression in the following form:

€t = Po+ Pr*eye + Vi ($)
where €;; is the innovation for each stock (Eq.1), €4 is obtained as a simple average
or the market-value weighted-average of the innovations for the liquidity index and
Y;; is assumed to be normally distributed IID.

4 Empirical results

The empirical part consists of three sections: the first one is devoted to the daily
regressions for stocks, the second examines coherence of the aggregated measures,
while the last one studies monthly dynamics of R? coefficients.

4.1  Daily regressions for stocks

In this section we use two parallel approaches: in the first one we obtain R? for each
stock and the simple average of the stocks included in the sample (for the sake of
brevity we will call it INDEX,,). In the second approach, the market liquidity index is
obtained as a weighted average of the liquidity measures of stocks, where weights are
time-varying on a daily basis dependently of the turnover in a given day (INDEX,,).
Table 2 presents the results. The average value of the R? coefficients from
commonality regressions are very low, ranging from 1% (BAS) to 8% (CS) for
equally weighted index and from 3% (LIX) to 6% (HLR) for market-value weighted
index.

Table 2. Descriptive statistics of R? coefficients from the commonality regressions

INDEX,, INDEX,,

mean st.dev. 0.25 0.5 0.75 mean st.dev. 0.25 0.5 0.75
RIZLLIQ 0.06 0.05 0.02 0.05 0.08 0.04 0.05 0.01 0.02 0.05
R%z  0.02 0.02 0.01 0.01 0.03  0.03 0.04 0.00 0.01 0.03
R2¢ 0.07 0.05 0.04 0.06 0.09 0.06 0.06  0.01 0.03  0.07
R3,, 0.08 0.07 0.03 0.06 0.10 0.05 0.05 0.02 0.03 0.06
R%y  0.03 0.02  0.01 0.02 0.04 0.02 0.03 0.00 0.01 0.03
R%,c 0.0l 0.01 0.01 0.02 0.05 0.02 0.04 0.01 0.01 0.03

Note: The values in the table are the mean, standard deviations (st.dev.) and 25%, 50t and 75t
percentile of the distribution of R? from commonality regressions estimated on daily data
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within the whole sample period for liquidity proxies. INDEX,, stands for the liquidity index
with equal weights, while INDE X,,, stands for the market-value weighted liquidity index.

We have ordered stocks with respect to their average capitalization within the
sample period measured by the daily turnover for each stock with respect to whole
portfolio of 44 stocks. Figure 2 shows the average weight in the portfolio of a given
stock within the whole sample period, the average R? from commonality regressions
with INDEX,, as the independent variable, and average R 2 from commonality
regressions with INDEX,,,. The results are presented for each stock in the form of two
bars; stocks are presented in descending order of the market value at the end of 2016.
The first two bars are the determination coefficients R? from commonality regressions
for the biggest stock, the last two are for the smallest one in the sample.

weights —— ILLIQ =g

——weight: — HLE eq
02k HR w

——weights — LIX eq
LI w

20 30 40

] 10 20 30 40

Fig. 2. The average R2 of commonality regressions for different liquidity proxies and the
average stocks weights in the portfolio.

Note: The blue line shows the weights in the portfolio for each of the 44 stocks. Each stock gets
two bars: the black bar is for the R? from commonality regression for a given stock and equally
weighted index INDEX,,, while the grey bar is representing R? from regressions with market-

value weighted index INDEX,,,.

We present the results ranking firms from the largest to the smallest ones — this
ranking is based on the average capitalization within the sample period. Figure 2
shows that generally R? from commonality regressions for different liquidity
measures are low; in majority of cases they do not exceed 0.2. The highest values of
R? are observed for CS, while the lowest are found in case of BAS. There are visible
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differences between R? from both types of commonality regressions, but no single
pattern is noticeable. When size is taken into account we find that for the big firms
commonality measured by the R? coefficient is larger than for the smaller firms. This
conclusion is robust to the method of the index calculation: liquidity measures of the
small firms are less correlated with both liquidity indices than liquidity measures of
the big firms. With minor exceptions, this rule applies to all measures employed in the
study. It is the mostly recognized in the case of BAS measure, where for the majority
of the stocks R? is close to 0.

4.2  Coherence of the Aggregate Measures

We also examine the commonality of the particular liquidity measures across the
sample using the Spearman rang correlations. Thus we take into account the
differences of liquidity proxies and calculate the correlations for each proxy
separately for all stocks in the sample. Table 4 presents the cross-section sample
descriptive statistics (the means, the standard deviations, 25%, 50" and 75%
percentiles) of Spearman rang correlations. The correlations on average are positive,
but low, below 10%. In many particular cases (not shown in the Table 3) they are not
significantly different from zero.

In order to differentiate between big and small companies we consider separately
the four biggest (10%) and four smallest (10%) companies in the sample. Last three
columns of the Table show medians for these two groups as well as the Mann-
Whitney test for medians’ differences. The results show that for each proxy in case of
big companies the median Spearman rang correlations are statistically higher than for
the small firms. This is a rather remarkable result and confirm the findings from
Section 4.1: commonality is stronger for the big companies than for the small ones.

Table 3. The descriptive statistics of cross section of Spearman rang correlations

Liquidity proxy mean stdev. 25% 50% 75% Median for 4 Median for 4  Z-score

big stocks small stocks
ILLIQ 0.07 0.15 0.02 0.04 0.07 0.05 0.01 12.04
VoV 0.09 0.15 0.03 0.05 0.09 0.10 0.03 12.74
HLR 0.07 0.15 0.03 0.05 0.07 0.07 0.02 11.00
CS 0.06 0.15 0.01 0.03 0.05 0.05 0.01 10.36
LIX 0.06 0.15 0.02 0.04 0.06 0.03 0.01 7.27
BAS 0.05 0.16 0.00 0.02 0.04 0.03 0.01 7.27

Note: The values are descriptive statistics of the cross section of Spearman rang correlations
between given liquidity proxies obtained for each stock in the sample. Z-score are the values of
the Mann-Whitney statistics for the big and small stocks medians differences.
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4.3  Monthly Dynamic R Squares: is Commonality Higher in Low
Liquidity Periods?

In this section we consider coefficients from commonality regressions estimated in
monthly windows and thus are able to examine the stability of R? in changing market
conditions. Within our sample period there occurred few serious market downturns on
the global market. We test the hypothesis that the commonality in the liquidity
measures is stronger in the time of the market downturns than in the calm periods.
Thus we employ the commonality regressions to the daily innovations in liquidity
proxies for individual stocks and innovations for the market liquidity (Eq.2) for each
month separately and calculate the averages across the sample.

Table 4 presents the descriptive statistics for the monthly R? from commonality
regressions. The average values in the dynamic approach are higher than in the static
one (see Table 2), but still low, and range from 4% for BAS spreads to 11% for
Amihud illiquidity, /ILLIQ. Some asymmetry in the distribution is observed for
ILLIQ, HLR and CS as the medians are lower than the means.

Table 4. The descriptive statistics of cross section of Spearman rang correlations.

mean st.dev. 25% 50% 75%
Rfig 0.1 0.12 0.07 0.09 0.13
Rix  0.07 0.12 0.04 0.05 0.08
R%g 0.09 0.13 0.04 0.06 0.10
RZ,,  0.05 0.10 0.03 0.05 0.06
Rixy  0.05 0.10 0.04 0.05 0.06
Rius  0.04 0.09 0.02 0.03 0.05

This is in contradiction with the results of Karolyi et al. [12], who focus on
commonality in Amihud liquidity and for the Polish stocks find the R? coefficients’
mean as high as 22% with standard deviation of 4.91% [12].

The next section of the study is devoted to the examination if the changes of the
monthly indices built upon the various proxies are interrelated to the changes in R?
coefficients from the respective commonality regressions. Thus we are able to check
if the increase in commonality is observed at the time of the increase in illiquidity. In
this part we consider sample medians of the R? from the commonality regressions
with equally weighted indices as an independent variable. Figure 3 shows the
dynamics of the cross-sectional average of R? for innovations from ILLIQ proxy (Eq.
2) and the ILLIQ liquidity index. The values of R? are changing from one month to
another. They also comove with the index values.
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Fig. 3. The dynamics of commonality (Amihud illiquidity) and illiquidity index.

To better illustrate this potential co-movement between commonality and indices, we
calculate the Spearman rang correlations between the series of average monthly R?
and each liquidity index. The results presented in Table 5 are ambiguous: for three
liquidity proxies, ILLIQ, HLR and CS, the correlations are positive and statistically
significant, while the remaining proxies the correlations between indices and R? from
the regressions for the respective proxies are not statistically significantly different
from zero.

Table 5. The descriptive statistics of cross section of Spearman rang correlations.

Liquidity Index: Lo | Iy p Ics I Igas
Spearman rang correlation 0.4475  -0.0958  0.2956 0.3467 0.1771 0.0214
p-value 0.0000  0.2742 0.0006 0.0001 0.8716 0.8069

In order to deepen the analysis we look for the coexistence of the extreme values of
commonality. Thus we search for the months in which for at least two proxies the
values of R? coefficients where among the five highest. Table 6 summarizes the
results showing that there are five such months. The coefficients obtain the highest
values in the crisis periods, e.g. August 2007 (BNP Paribas suspended three funds),
October 2008 (downturn on the WSE resulting from the Lehman Brother collapse in
September 2008), May 2010 (first bailout in Greece) or June 2016 (China debt crisis).
The latter is the winner of the game with four cases where the coefficients belong to
the five highest values in the whole sample. These results confirm that commonality
of liquidity increases in hectic periods and decrease in the calm periods.
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Table 6. The months in which commonality obtains the extreme values.

date RiiLig Rf oy Rfir RZs REix REas
2007-08 0.32 0.24 0.47

2007-12 0.16 0.11

2008-10 0.31 0.28 0.36

2010-05 0.13 0.13

2016-06 0.28 0.43 0.54 0.14

Note: The values in the Table are the highest R? that occurred at the same time in at least two
series. First column shows in which month this event appeared.

5 Conclusions

This paper is devoted to the examination of the commonality in liquidity observed in
the emerging European order-driven market. In this study we examine the market-
wide movements of liquidity measures calculated for stocks quoted on the Warsaw
Stock Exchange within 2006-2016 period. Six liquidity proxies are considered and
two liquidity indices are constructed, a simple aggregate and turnover weighted
aggregate.

We show that commonality in liquidity measures is rather weak as the
determination coefficients in commonality regressions are low (usually lower than
10%). The average commonality for different proxies differ, the highest values are
observed for high-low range and Amihud illiquidity, and the lowest for spread
calculated on the basis of intraday data. This evidence suggests that commonality in
liquidity measures is less pronounced than it was shown by the previous studies and is
much weaker than on the developed markets.

This could lead to the conclusion that on the Polish capital market liquidity risk is
more idiosyncratic than systemic. But, we find that commonality depends on the firm
size: the biggest firms in our sample show much more commonality than the smaller
firms. Additionally, our results indicate that commonality is time-varying, specifically
it increases in the periods in which liquidity dries up. These two results together might
offer an interesting explanation of the commonality behavior: stocks of big firms are
bought by financial intermediaries more often than stocks of small ones. In market
downturns the intermediaries withdraw funds from the market, and this effects mainly
these big firms in which they invested. This withdraw of the funds causes a decrease
in liquidity. The less liquidity is supplied, the higher is the commonality, but it
concerns mostly the big firms. Thus the liquidity risk for a big firms’ segment of the
market seems to be systemic.
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Abstract. This paper deals with the development of wages in Czech education
and health care sectors since the beginning of the global economic crisis to the
present. Data for this research come from the official website of the Czech
Statistical Office and they include employees of the Czech Republic. The
variable surveyed is the gross nominal monthly wage of the employee. The
construction of wage models in Czech education and health care sectors that
allow some comparison between education and health care sectors, is an
important aim of this research. Three-parameter lognormal curves are the basis
of these models. The construction of predictions not only the wage levels in the
Czech education and health care sectors until 2020, but also of the predictions
of the whole wage distributions in these two sectors until 2020 is a part of this
study. Important aim is the construction of clusters of sectors that are the most
similar according to average wage and selected variables.

Keywords: Wage Models, Lognormal Curves, Maximum Likelihood Method,
Wage Predictions, Cluster Analysis.

1 Introduction

In general, employees performing psychologically demanding work achieve the
highest wage levels, while employees performing physically demanding work achieve
lower wage levels, and the highest monthly wage fluctuations are monitored for
managers, whereas the smallest wage differences in monthly wages are detected for
office workers and teachers, which are not very different throughout the whole Czech
Republic.

Through the whole society, the opinion eternally prevails that education of the
youngest generations is among the priorities, and work in education therefore
deserves a solid reward.

For many years, governments in the Czech Republic have relied on the fact that if
someone graduates from a Medical Faculty or Medical School, they will devote their
profession even under a relatively small reward. Especially, if poetic slogans about
the noble profession and help to sick are added to it. After all, this is not even work,
but this is a mission. If someone decides to join his (her) professional life with health
care already in youth and successfully passes through the pitfalls of the appropriate
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educational institutions, it is very likely that they will remain in health care in decent
working conditions. However, non-health workers are necessary for the reliable
functioning of hospitals, too. Drivers, cooks, caretakers, helpers, hospital attendants
and many other professions. And the labour market hand is starting to threaten here.

This paper focuses on research of wage development in Czech education and
health care sectors since the beginning of the global economic crisis to the present.
The aim is to capture the predictions until 2020, not only predictions of wage level,
but also predictions of the whole wage distributions, since it is necessary to know the
full wage distribution of the population from the point of view of a correct evaluation
of the wage aspect of the standard of living of the population and within correct
decisions in terms of steps in this area. Important aim is the construction of clusters of
sectors that are the most similar according to average wage and selected variables in
2017.

Although the beginning of the global economic crisis can be dated to the autumn of
2008, so the consequences of its accession were economically manifested especially
in 2009. For this reason, the study covers the period 2009-2017 with predictions for
the period 2018-2020.

2 Data Base

Data for this research come from the official website of the Czech Statistical Office
(CSO). There are annual data in the form of an interval frequency distribution with
extreme open intervals. The researched variable is the gross (nominal) monthly wage
in CZK. Employees of the Czech Republic represent the statistical units surveyed.

Table 1. Exact and abbreviated (modified) names of the sectors analysed [1].

Exact name Modified name

Education Education system

Human health and social work activities Health service

Financial and insurance activities Finance and insurance
Information and communication Informatics and communications
Accommodation and food service activities Accommodation activities
Administrative and support service activities Administrative activities

Data from the CSO include employees in the business and non-business sphere in the
Czech Republic. The wage is paid to the employee for the work done in the private
(business) sphere, the salary in the budget (state, public, non-business) sector. In
general, salaries in the non-business sphere are much more nivelised than wages in
the business sphere, where very high wage variability exists. In terms of data
presented on the CSO website, wages in the business sector and salaries in the non-
business sector are below the wage term.
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Abbreviated (modified) names of the analysed sectors are used in the following
text (figures and tables). The exact names according to the official CSO website and
abbreviated (modified) names of the analysed sectors are presented in Table 1.

3 Theory and Methods

Wage distribution models are based on the construction of three-parameter lognormal
curves, the parameters of which are estimated using maximum likelihood method.
Three-parameter lognormal distribution is defined with probability density function

1 [In (x - 6) - n]?
fix; w, 62, 0) = -exp|— ’
G- (x—0)2m 262 x>0, (1)

=0, otherwise.

The essence of three-parameter lognormal curves used in modelling wage
distributions is explained in [3] or [5] and the essence of the maximum likelihood
method used for point parameter estimation of these lognormal curves is explained
in [4]. For a given parameter 6 (minimum wage), the estimates of the remaining two
parameters of three-parameter lognormal curves are taken using

YIn(xi—0)
ao)y=t——, ()
n
n . 2
, 201 (x; =6 )~ A(0)]
5 (0) == : 3)

n

The essence of time series analysis and their simple characteristics are explained in
[6]. The predictions of wage level (average and median-middle gross monthly wage)
by sectors until 2020 were created on basis of the respective time series from the
period 2009-2017. In the context of trend development, exponential smoothing was
applied in time series analysis. Exponential smoothing is one of the adaptive
approaches to modelling time series and it uses the weighted least square method,
where scales exponentially decreasing towards the past. The advantage of exponential
smoothing lies in the fact that the most recent observations have the highest weight.
Appropriate exponential smoothing was chosen using interpolation criteria. The
statistical software automatically evaluates the most advantageous combinations of
equalizing constants o and B. Sample residual autocorrelation functions and sample
residual partial autocorrelation functions show that the non-systematic component
does not show autocorrelation in all cases, and consequently the relevant exponential
smoothing is satisfactory. The Durbin-Watson statistics are close to two in all cases,
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i.e. always in the interval (1.6, 2.4). Random faults can be therefore considered as
independent. It can be approached to using Theil coefficient of mismatch to evaluate
the model's quality. The annual time series are abbreviated of m observations (in this
case, m = 3 observations), with forecasts for these m = 3 years being made using the
corresponding exponential smoothing. Theil coefficient of mismatch gets the low zero
boundary only in case of flawless forecasts. The more the Theil coefficient of
mismatch deviates from zero, the more the prediction differs from ideal flawless
prognoses. The square root of the Theil mismatch coefficient can be interpreted as
arelative prediction error. All calculated values of Theil mismatch coefficient and
relative prediction error indicate the high quality of the selected exponential
smoothing models. The essence of cluster analysis is explained in detail for example
in [2], and Ward's method and Euclidean distance were used, since there are the most
widely used techniques within cluster analysis, and number of clusters was
determined five using Dunn index.

4 Results and Discussion

Figures 1-4 offer an idea of the development of the entire wage distribution of the
health care sector and the education sector over time, and they allow a comparison of
the wage distribution shape for these two sectors over time. There are model wage
distributions constructed using three-parameter lognormal curves, since empirical
wage distributions could not be used for the reason of unequally wide intervals of
empirical distributions with extreme open intervals. The values in Table 2 were
calculated from these model distributions.

From Table 2, the shift in wage distributions is evident in both sectors between the
period of the global economic crisis and the present. For example, while in 2009,
16.8 % of employees in the education sector reached a maximum wage of 15,000
CZK, in 2014, after the crisis, this share fell to 13.7 % and in 2017 even to 4.4 %. In
health care sector, in 2009, 21.2 % of employees reached a maximum wage 15,000
CZK, in 2014, after the crisis, this share fell to 17.1 % and in 2017 even to 4.9 %.

It is evident from Table 2, that approximately 64.8 % of employees in education
sector and 63.7 % of employees in health care sector had their gross monthly wage
lower or at most equal to the countrywide average gross monthly wage in 2017. This
means that approximately two-thirds of employees in both analysed sectors did not
achieve average wage in 2017. On the contrary, the share of employees whose gross
monthly wage exceeded CZK 100,000 does not exceed 1 % over the whole analysed
period for both sectors. Therefore, we do not see any significant changes at higher
wage limits throughout the whole period.
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Table 2. Estimated proportions (in percentages) of employees whose gross monthly wage
reaches at most upper wage limit in 2009, 2014 and 2017.

Upper Education system Health service

limit 2009 2014 2017 2009 2014 2017
15,000 16.8 13.7 4.4 212 17.1 4.9
20,000 44.0 39.0 26.7 48.7 44.0 27.0
30,000 77.6 73.1 64.8 79.7 76.5 63.7
40,000 90.7 87.7 82.8 91.4 89.6 81.5
50,000 95.8 94.0 91.0 96.0 95.0 89.9
60,000 98.0 96.9 95.0 98.0 97.4 94.2
70,000 99.0 98.3 97.1 98.9 98.6 96.5
80,000 99.4 99.0 98.2 99.4 99.2 97.8
90,000 99.7 99.4 98.9 99.7 99.5 98.6
100,000 99.8 99.6 99.3 99.8 99.7 99.0

Figures 5 a 6 demonstrate illustrations of exponential smoothing of time series of
average wage for education and health care sectors, where Brown's quadratic
exponential smoothing was chosen as the most appropriate in time series of education
sector and Holt's linear exponential smoothing was chosen as the most appropriate in
time series of health care sector. This was done analogically in terms of exponential
smoothing for median wage, wage standard deviation (necessary for the construction
of the prediction of the whole wage distributions until 2020) in both sectors and
national average wage (necessary for construction of predictions of national average
wage until 2020. The value of 32,456 was used for the estimation of minimum wage
for 2020.

Based on this trend analysis of the corresponding time series, the predictions of
average and median gross monthly wages for both analysed sectors were constructed,
see Table 3. We can see from this table that we can expect gradual growth of wage
levels in both sectors until 2020, where growth of wage level is expected to be faster
in health care sector (on average more than 3 % per annum) than in education sector
(on average about 2 % per annum).

The minimum wage in 2018 was 12,200 CZK. The government's planned
valorisation of the minimum wage for 2019 is CZK 13,200. The government of the
Czech Republic expects that the minimum wage could be regularly valorised from
2020 onwards. This would be based on the average wage and set as its 0.44 times. For
this reason, the assumed minimum wage for 2020 was estimated to be 0.44 times the
projected national average wage (Table 4) in this year

32,456*0.44=14,280.64 =14,300 CZK. “)
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Table 3. Prediction of wage level development (in CZK) and wage variability development
(standard deviation in CZK, coefficient of variation in percentages) to 2020 for education and

health care sectors.

Education sector

Health care sector

Year Average Median  Std. d. Var.c.  Average Median Std. d. Var. c.
2018 29,778 28,306 14,881 49.97 32,816 28,031 20,278 61.79
2019 30,771 29,217 15,056 48.93 33,926 28,965 20,981 61.84
2020 31,862 30,216 15,230 47.80 35,036 29,898 21,685 61.89

Table 4. Prediction of national average wage development (in CZK) to 2020.

Year
2018 2019 2020
30,110 31,283 32,456

Time Sequence Plot for average education_system
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Fig. 5. Brown's quadratic exponential smoothing — average of education sector.
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Fig. 6. Holt's linear exponential smoothing — average of health care sector.

Figures 7-9 represent predictions of the full wage distributions for the education and
health care sectors until 2020. Middles of wage intervals with wide of 3,000 CZK are
on the vertical axis of Fig. 7-9.
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Fig. 9. Prediction of the distribution of the gross monthly wage (in percentages) for education
and health care sectors for the year 2020.

We can see from these figures a higher percentage representation of lower wage
intervals for the education sector compared to the health care sector and a higher
percentage representation of higher wage intervals for health care sector compared to
the education sector. This situation is probably related to the expected higher wage
level in the health care sector than in the education sector over the next three years.
The zero percentage representation at the lowest wage intervals is related to the
existence of a minimum wage institute and its gradual increase.

Figure 10 shows the results of cluster analysis applied to all sectors of the Czech
economy based on cross-sectional data. We can see from this figure that the first
cluster has four members: 1. Agriculture, forestry and fishing; 2. Construction; 3.
Real estate activities; 4. Arts, entertainment and recreation. The second cluster is five-
membered: 1. Industry; 2. Wholesale and retail trade; repair of motor vehicles and
motorcycles; 3. Transportation and storage; 4. Education; 5. Human health and social
work activities. This means that the two sectors analysed in this study are in the same
cluster. The third cluster contains only two the worst-paid sectors: 1. Accommodation
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and food service activities; 2. Administrative and support service activities. On the
contrary, the fourth cluster contains two the best-paid sectors: 1. Information and
communication; 2. Financial and insurance activities. The fifth cluster has the two
remaining clusters: 1. Professional, scientific and technical activities; 2. Public
administration and defence; compulsory social security.

Dendrogram
Ward's Method, Euclidean
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Fig. 10. Dendrogram of the results of cluster analysis: Clusters of all sectors of the Czech
economy that are the most similar according average wage and related indicators in 2017.

5 Conclusion

The big problem in these sectors is probably the above-average high tax on labour,
which drains from the net income of the people, and at the same time it demotivates
employers from adding to employees. There is no way in increase of the minimum
wage. If we want in order that people will take more money, we need to increase the
productivity. At first people must get rich, otherwise the country is not rich. The
recipe may consist in a reduction in load levies. At present, a very good situation is
for people who want to change their job title. Wages in the Czech Republic are
considerably underestimated over other European Union countries. Trade unions play
an important role here as they help to exert pressure to increase wages.

Wages in the health care sector are slightly more differentiated, while wage
diversification is roughly the same in both sectors, and for the future, greater wage
diversification is expected for the health care sector than for the education sector. At
present, about two-thirds of employees in the education and health care sectors have
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a lower their gross monthly wage than the national average gross monthly wage in the
Czech Republic. We can expect a gradual increase in wage levels in the education and
health sectors until 2020. The average gross monthly wage in these two sectors is
approximately the same as in sectors of industry, wholesale and retail trade, repair of
motor vehicles and motorcycles and transportation and storage.

Now it is necessary to increase nurses' tariffs. It is important that young doctors
and qualified nurses do not leave abroad immediately after school. The biggest
problem is the lack of nurses at present. Systemic arrangements, such as tariff
settlements or surcharges for work shifts of inpatient care, have not been addressed in
the last electoral period. Health care and education sectors would be given a priority
in terms of wage increases. In the Czech Republic, this would also strengthen the role
of primary care because hundreds medical practitioners lack. In addition, the average
age of medical practitioners ranges from 58 to 59 years.
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Abstract. This paper deals with the development of wages in Czech education
and health care sectors since the beginning of the global economic crisis to the
present. Data for this research come from the official website of the Czech
Statistical Office and they include employees of the Czech Republic. The
variable surveyed is the gross nominal monthly wage of the employee.
Capturing development in wage levels in these two sectors, including
a comparison with two the best-paid and two the worst-paid sectors, is the main
objective of this study, as the issue concerning wage in education and health
care sectors is a frequently debated topic in the Czech Republic. Depiction of
the development of wage differentiation and diversification characteristics in
Czech education and health care sectors is no less important objective of this
research. Data from the CSO include employees in the business and non-
business sphere in the Czech Republic. The wage is paid to the employee for
the work done in the private (business) sphere, the salary in the budget (state,
public, non-business) sector. In terms of data presented on the CSO website,
wages in the business sector and salaries in the non-business sector are below
the wage term.

Keywords: Gross Monthly Wage, Average Wage, Median Wage, Gini
Coefficient, Wage Diversification, Wage Differentiation.

1 Introduction

The situation regarding wages in education and health care sectors is very often
discussed in the Czech Republic, as a large proportion of employees with tertiary
education is employed here, but wages are relatively low compared to other sectors
where people with completed university education are employed predominantly. The
trend that people have dropped out their branch after graduation from Faculty of
Education and run somewhere else because of low wages, is a relatively frequent
phenomenon in the Czech Republic during the last period.

Education and health care sectors attract the attention of number of experts and
scientists due to low wages in these two sectors of the Czech economy, where
comparison with other countries being offered here. Comparison with other sectors is
offered, too. For example, [2] treats the sector of employment as endogenous and
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control for selectivity in the wage equations. There was found that wages of women in
the private sector do not increase with experience or schooling. However, wages of
men in the private sector increase with experience at a higher rate than in the public
sector and increase with higher education at comparable rates in both sectors. [6]
measures and decomposes the differences in earning distributions between public
sector and private sector employees in Germany for the years 1984-2001. [5] states
that quantile regression estimates of returns to education are used to address the
relation between schooling and wage inequality. Empirical evidence for male workers
from 16 countries for the mid-1990s suggests a robust stylised fact: Returns to
schooling are higher for the more skilled individuals, conditional on their observable
characteristics. [8] shows that the real wage rate for the unskilled workers has
continued to fall. Factor share equations for skilled and unskilled labour are
estimated, which show the rise in skilled wages leading to substitution to unskilled
labour but no rise in the share of skilled labour in income. [7] deals with public sector
wages and private sector in Latin America.

This paper focuses on research of wage development in Czech education and
health care sectors since the beginning of the global economic crisis to the present.
The aim is to capture the level and the differentiation of wages. A comparison of the
wage levels in education and health care sectors with wage levels of two the best-paid
sectors and of two the worst-paid sectors in the Czech economy is a part of this study.

Although the beginning of the global economic crisis can be dated to the autumn of
2008, so the consequences of its accession were economically manifested especially
in 2009, when the Czech economy recorded a decline of 4.8 % as result of the global
economic recession. For this reason, the study covers the period 2009-2017. The
education and health care sectors are recently the most discussed sectors of the Czech
economy with regard to the level of wages in these sectors in relation to the level of
education of the majority of employees in both these sectors.

2 Data Base

Data for this research come from the official website of the Czech Statistical Office
(CSO). There are annual data in the form of an interval frequency distribution with
extreme open intervals. The researched variable is the gross (nominal) monthly wage
in CZK. Employees of the Czech Republic represent the statistical units surveyed.

Data from the CSO include employees in the business and non-business sphere in
the Czech Republic. The wage is paid to the employee for the work done in the
private (business) sphere, the salary in the budget (state, public, non-business) sector.
In general, salaries in the non-business sphere are much more nivelised than wages in
the business sphere, where very high wage variability exists. In terms of data
presented on the CSO website, wages in the business sector and salaries in the non-
business sector are below the wage term.

Abbreviated (modified) names of the analysed sectors are used in the following
text (figures and tables). The exact names according to the official CSO website and
abbreviated (modified) names of the analysed sectors are presented in Table 1.
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Table 1. Exact and abbreviated (modified) names of the sectors analysed [1].

Exact name Modified name

Education Education system

Human health and social work activities Health service

Financial and insurance activities Finance and insurance
Information and communication Informatics and communications
Accommodation and food service activities Accommodation activities
Administrative and support service activities Administrative activities

3 Theory and Methods

Simple descriptive characteristics are used to characterize the development of the
empirical distribution of the gross monthly wage since 2009, see [4]. The Gini
coefficient was used to characterize the development of the diversification of wage
distribution of education and health care sectors in the given period.

The Gini coefficient is related to the famous Lorenz curve (see Fig. 1), which is
indicated in bold here (including its two extreme alternative shapes in cases of both
zero and maximum possible diversification). The Lorenz curve is plotted in
arectangular chart with two scales from zero to a hundred percent. Cumulative
relative frequencies (in percentages of units) representing the research variable are on
the horizontal coordinate axis. Employees represent the gross monthly wage variable
in this case. Cumulative totals of the concentrated variable (in percentages) are
located on the axis of ordinates, gross monthly wage being the concentrated variable
in this case. Cumulative relative frequencies of units and their corresponding
cumulative totals of the concentrated variable thus represent the coordinates of points
on the Lorenz curve. The curve merges with the diagonal of the graph in the case of
zero diversification, when the same proportion of the total sum of values of the
research variable relates to each unit. This would be the case of all employees having
the same gross monthly wage. The more the Lorenz curve bends, the higher is the
diversification of the research variable, i.e. the concentration of a considerably large
part of the total sum of variable values in a small number of statistical units. The
highest diversification occurs when the total sum of values of the variable is
concentrated into just a single unit. The Gini diversification coefficient is the ratio of
the area content that defines the diagonal of the graph and the Lorenz curve, which
indicates [ () in Fig. 1, and the content of the total area of the triangle below
the diagonal, which is indicated by an area of + (A + ) in Fig. 1

G= M )
A+ o

()
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Fig. 1. Lorenz curve [3].

The value of the Gini coefficient after multiplying by one hundred thus ranges from
zero to one hundred percent; i.e. from extreme levelling (zero diversification), where
all employees have the same wage, to extreme diversification (maximum possible
concentration), where the whole wage belongs to one employee.

4 Results and Discussion

Figure 2 represents the development of the wage level in education and health care
sectors. We can see from this figure that the wage level is approximately the same in
both sectors analysed. Figure 3 is related to Fig. 2. Both these figures show
a significant rise in wages in the education sector in 2011, which is probably due to
a significant increase in wages especially for young teachers at the beginning of 2011.
We observe the annual growth rate of average wage in the education sector of 8.57 %
in 2011 and in median wage even 11.4 %.
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Fig. 2. Development of average and median wage (in CZK) in education and health care
sectors.

Similarly, we are seeing a certain boom in the wage level in 2011 for the health care
sector, although this is not as significant as in education. This situation was probably
caused by a significant wage increase of medical doctors of nearly 15 %. However,
this figure applies only to the public health care sector, i.e. to medical doctors paid by
the Ministry of Health, regions, municipalities and towns and other authorities, and it
covered only about 12 thousand medical doctors, therefore the overall wage level shift
in this sector in 2011 is not extremely significant. The year 2012 was absolutely the
opposite for both sectors analysed, with the wage levels declining more strongly in
the education sector than in the health care sector.

Since 2013, the wage level in both sectors has been rising more rapidly, with
exception of a slight drop in median wage in the health care sector in 2013.

Figures 4—7 enable a comparison of the development of average wage in education
and health care sectors with the development of average wage in two the best-paid
sectors (sector of finance and insurance and sector of informatics and
communications) and in two the worst-paid sectors (sector of accommodation
activities and sector of administrative activities).

The values in Table 2, which represent the average annual growth rate of the
average and median gross monthly wages in the period of global economic crisis
(2009-2013), in the period past the global economic crisis (2013-2017), during the
whole period of research (2009-2017) and supposed average annual growth rate of
the average and median gross monthly wages in the period (2017-2020), are
indicative of the conclusions in Fig. 2 and 3, too. We can observe only a slight
average annual increase in wage levels during the world economic crisis, which is still
mitigated by 2011 for both sectors. Only the average annual growth rate of the
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average gross monthly wage in the education sector exceeds 1 %. In the period
following the global economic crisis, the wage level is rising mainly in the health care
sector, where average annual growth rates of both average and median gross monthly
wages do not fall below 5 %. From the education sector's point of view, wage level
growth is slower, and the annual growth rates of both average and median gross
monthly wages do not fall below 3.5 %. We are cautious in terms of view of average
annual wage growth rate for future three years in terms of both sectors analysed.

12

10

B |

growth rate (in %)
N

| ¥

& average education system

O average health service
B median education system

A median health service

2009 2010 2011 2012 2013 2014 2015 2016 2017
year

Fig. 3. Development growth rate of average and median wage (in percentages) in education and
health care sectors.

Figure 8 provides a certain idea of the development of the absolute and relative
variability characteristics in both sectors analysed, including the projected trend by
2020. It is clear from this figure that wages in the health care sector are much more
variable than in the education sector in terms of both absolute variability and relative
variability.
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Fig. 6. Comparison of average wage in education and health care sectors with average wage in
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Table 2. Average annual increase (in percentages) of the average and median gross monthly

wage.

Education sector Health care sector
Period Average Median Average Median
©2009-2013 1.04 0.96 0.52 0.05
?2013-2017 3.53 3.63 5.23 5.37
@ 2009-2017 227 2.29 2.85 2.68
© 20172020 1.99 1.77 3.39 3.33

Wage standard deviation is a characteristic of absolute wage variability, and this
represents the quadratic mean of all wage deviations of individual employees from
their arithmetic wage mean. It therefore represents the extent to which wages of
individual employees on average differ from their arithmetic mean. The
characteristics of absolute wage variability tend to grow with wage level growth. This
is reason, it is recommended to use the relative variability characteristics. The
variation coefficient is a characteristic of the relative variability, and it is the ratio of
the wage standard deviation and the arithmetic mean of wages. This determines, after
multiplying by hundred, from what percentages the wage standard deviation
participates in the wage arithmetic mean. The coefficient of variation is not defined
for the case of the arithmetic mean equal to the zero, but the situation cannot be set in
area of wages. Absolute wage variability has a growing tendency in terms of both
sectors, which can be expected to be in line with wage level growth, while relative
wage variability varies with both sectors analysed, see Fig. 8.

Figure 9 provides an idea of the development of wage diversification in both
sectors under consideration, including projected developments until 2020.

The greater the value of Gini coefficient is closer to zero percent, the wage
distribution of employees comes to be absolutely egalitarian, i.e. the value of the Gini
coefficient equal to zero percent theoretically becomes at extreme nivelisation. The
values of Gini coefficient close to 100 percent point out to a state of absolute
inequality in employee wages, i.e. the value of the Gini coefficient equal to 100
percent theoretically occurs extreme diversification, where the whole wage belongs to
one employee. However, the Gini coefficient values in the extremes of that interval
are not achievable in the real world, because in the real world, individuals earning
more on one side and individuals earning less on the other side will always exist.

It is clear from Fig. 9 that wages in the health care sector are somewhat more
diversified than in the education sector except of 2014. We expect significantly
greater wage diversification in the health care sector than in the education sector with
a decreasing trend in both sectors in the future.
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care sectors,

Conclusion

5

We can conclude that wages in the education and health care sectors are relatively

similar. Wages in Czech education and health care sectors currently rise the fastest

since the beginning of the global economic crisis, especially in the health care sector.
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and health care sectors, including predictions to 2020.

The average gross monthly wage in the health care sector grew by 8.96 % per year in
2017 and the median gross monthly wage even by 9.54 %. The average gross monthly
wage in the education sector grew by 6.48 % per year in 2017 and the median gross
monthly wage even by 6.60 %. The exception is only a certain leap in wage
developments during the global economic crisis in 2011, which was more pronounced
in the education sector than in the health care sector, which is mainly due to
a significant increase in wages mainly for young teachers at the beginning of 2011. In
the health care sector, there has been also a significant increase in the wages of
medical doctors by almost of 15 % in 2011. However, this figure applies only to
public health care and it covers approximately only 12 thousand medical doctors.
Therefore, the overall increase in wage level in this sector is not extremely significant
in 2011. When comparing the wage levels of the education and health care sectors
with two the best-paid sectors and two the worst-paid sectors in the Czech economy,
the median gross monthly wage in the education sector is higher than the median
gross monthly wage in the health care sector throughout the monitored period. In
terms of average wage, however, the situation is different and the average gross

63



monthly wage in the education sector is higher than the average gross monthly wage
in the health care sector in 2011, when a significant increase in wages mainly for
young teachers became, and in 2014, after the end of the global economic crisis. At
the beginning of the global economic crisis and at the end of the monitored period, the
average gross monthly wage in the education sector is lower than in the health care
sector. Both the average and median gross monthly wages in the education and health
care sectors are significantly lower compared with two the best-paid sectors in the
Czech economy (finance and insurance sector and informatics and communications
sector), while the difference from two the worst-paid sectors is not so remarkable.

For the future, it is necessary to attract young teachers to education sector so that
they do not run out of this sector either right after graduating from the Faculty of
Education or after starting a family due to lack of finances. The same can be said from
the point of view of nurses. Young doctors usually do not come from their sector, but
abroad. However, if they graduate for state money in the Czech Republic, they would
be bound to work a certain number of years in the Czech health service or to return
tuition fees.
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Republic.
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Abstract. The paper is focused on the memory optimization for the
communication mechanisms on markets (goods, services) in the agent-based
computational economy — Virtual Economy Project (VEP). For the realization of
the business, the facilitators such as matchmaker and broker are used. These
agents allow effective distribution of goods and services and thus constitute a key
component of supply chain management within the whole model. The design
emphasizes the high adaptive potential of the entire trading system and the
ongoing adaptation to changing environmental conditions. Mechanisms of
indirect communication allow effective scaling of trading on markets of different
sizes, it means that they are used for both - retail and wholesale transactions. The
main focus is on the possibilities to optimization of the allocation memory for the
used algorithms, their comparing and on the prediction for the future extension
of the model. The paper is also focused on the description of the key features of
the market mechanisms of the model, the description of the algorithms for the
implementation of the business, arguments for their introduction in this form, and
the description of the practical implementation of the facilitation agents in the
AnyLogic 8 environment used for system development.

Keywords: Agent, Optimization, Broker, Agent-based Economic Model,
Travel Market.

1 Introduction

Communication is a deliberate exchange of information in multi-agent systems
that deliver the production and perception of brands that are drawn from a shared
system [10]. Such a shared system can be understood as a language dictionary based
on the multi-agent system, which describes standards and rules of communication
among the agents.

Communication can be divided into two basic categories according to the aspects
from which we can perceive it. If there is a communication principle between
two agents where the message from the sender gets directly to the recipient,
the communication is direct. On the other hand, if a third agent is used as a mediator,
is needed to mediate communication - indirect communication [12].

One of the basic issues of multi-agent systems is the search for certain agents
that have (or may have) information the initiating agent searches for [7]. The issue helps
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to solve the facilitation agents, which appear in the system as already mentioned
mediators. Within this text, attention will be focused primarily on the use
of such facilitation agents for the realization of the functioning of the goods
and services markets in the environment of the agent-oriented computational economy.

2 Coordination of Agents Through Mediators

In a highly dynamic, competitive and comprehensive environment of goods
and services markets, consumer decision-making depends on several individual factors.
It can be a network of contacts, innate consumer dynamics, or various external
environmental influences [8]. Similarly, it can be considered for non-end
consumers - companies, factories, etc. However, this approach assumes that all agents
have their own dynamic database that contains accurate information about other agents
(location, services provided ...) and which is continuously updated during the system
run.

However, the maintaining such a database is very impractical for large multi-agent
systems (MAS) - it leads to increased computational difficulty, updating of individual
agent databases, or more complex definitions of agent behavior (all types that we
assume to be on the goods and services market) unreasonably high computational
demands [9].

The mediating agents (mediators) do not contribute directly to addressing the desired
goal, but they support the flow of information in the MAS community [ 14]. At the same
time, they enable the distribution of the communication load to logical units or sets
of agents according to regional, type, or other competencies. Thanks to their
knowledge, which contains the necessary information about all the agents in the system
(or a sufficiently large subset of them) [6], they can find agents who are able to meet
the target.

3 Virtual Economy Project

The VEP (Virtual Economy Project) is largely oriented to effective distribution of all
types of products, which are used in the model. There are applied some principles
of indirect communication or principles of offer and demand [13].

Multi-agent model AVE is developed by Anylogic tool (actual version 8.2.).
Anylogic is a development environment which runs on the JAVA platform [14].
The platform allows to use three basic approaches to modeling systems [12]:

e  Agent-based approach,
e Discrete event,
e System dynamics.
All of these ways are mutually combinable, so it is possible to use all of them in one
project [2].
As an example, the behavior of a factory agent (a factory-oriented agent
(manufacturing company) - FA) can be mentioned. FA can use behavioral charts
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to define behavior that includes communication with facilitators, and system dynamics
as well as the process itself.

Behavior of agent Environment of agents
l’ A
warehousefgent
statechart
housedgent
i — storefgent @ @
r(? . - @ @
- ' i @ @
(—_rj : R e'e
f;.l*. i " i E\\ consumerfgent
© ||/ akart & P @ @
i, "
| I ' =
: i Apd’
: ATAS
5 q -
88 FE
-
Broker ]
\,

Fig. 1. Graphic representation of the agent interactions [2].

AnyLogic also enables the development of visually rich interactive environments with
a simple yet sophisticated animation function [2]. In the figure (see Fig. 1), there is a
simplified indication of how the MAS graphic environment can look like, how
the agent's behavior can be defined, and what kind of communication between agents
is already used in VEP [5].

3.1  Principles of the Markets in AVE

The retail markets serve to distribute products for both end-users (consumer-type
agents, CA) and for endless consumers — factories (FA), shops (SA), service providers
(transport agents - TA). Retail and wholesale levels are distinguished [1].

The retail market is focused on satisfying the needs of the consumption of end
customers, i.e. CA, which in the AVE model represent human individuals.
Within the retail market, they constitute an offer of Store agents (Business Agents, SA).
These SAs receive FA goods in standardized contracts (in the VEP context
in standardized batches, e.g. the volume of goods that the lorry takes) at wholesale
goods market. Conversely, they convert from a wholesale format to a retail consumer
market format.

Some FAs also enter this market in the form of a seller, despite the fact that they do
not have a comparatively wide range of goods compared to SAs that could offer.
Nevertheless, they can have a significant share of the retail goods market due to lower
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prices for selected products. SAs usually have a higher price due to import charges,
marketing costs, and mediation gains and other similar factors.

Compared to the retail market, the wholesale market is primarily focused on non-
end customers, primarily FA, which represent the production companies in the model.
FAs need certain inputs - energy, labor, and in particular the material needed
for production, which they derive from the wholesale commodity market. They
distribute their merchandise to Mine Agents (mining agents, they do not need input
materials, MA), and several FA ones.

But FAs are the main buyers. Their goal is to produce a certain kind of goods, which
is then trying to sell as much as possible. Each FAs has a production chain in which it
is defined what components the product consists of, and also in what proportion one
the individual components are represented by for a given time period (e.g., day or shift).

Fig. 2. Representation of the 3D scene in Anylogic [2].

The next type of the markets in the VEP is service market. The market is specific from
the previous types because there are variety of types of services — labor, travel,
cosmetic, car etc. The labor services are the most important in the VEP that the separate
market has been implemented [4].

3.2 Implementation of the Communication in the VEP project

The first phase of verification of the functionality of the model was carried out by
ensuring the basic cycle of raw materials and goods in the model, especially among
the FAs, who would not be able to realize the production without the required inputs.
For the initial verification, whether the theory of raw material flow from MA to FAs
will work properly (or whether functional status diagrams for defining FA behavior
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were created), several transport agents (TA) were created to fill a warchouse at MA
to convert the corresponding amount to the FA that these raw materials re-quire.

Once this method was found to be functional, it was already possible to model
the communication itself, where agents could follow a standardized system orders
(requirements) and bring the project closer to the realistic principles of the economic
market.

Direct communication in the VEP. At the beginning of the project development,
there were about 250 instances of the agents. The communication was implemented
as a standard procedure where all market participants can communicate with all others
to accomplish their own goals [4].

This approach was realized by implementing the complex behavior of each type
of agent. There are some parts of the behavior of each agent type:

e Communication protocols with different agent type - different types of agents
have different messages that they can respond. Due to this fact, several new
communication functionalities of agents were implemented.

e Database of the other agents — agents need to know about the others. It is
necessary to determine which agent could help to reach the actual goal (i.e.
SAs can sell the food products to satisfy the CA need).

e Comparing mechanisms of the offers (product, raw material, transport
offer...). Every agent wants to reach its goal in the most appropriate way.
On the retail market of goods it is i.e. the lowest price for the required product,
but in the large scale — with calculating with the travel costs due to the location
of the shop and the agent location (house).

In a short run of the simulation (about three months of the simulation time) the
simulation ran fluently and the behavior of the whole system worked correctly — the
Mine agents mined the raw material (coal, iron ore, corn, grain, meat...), distributed
their products on the wholesale market database by themselves where the Factory
agents bought raw materials, produced the products which have been distributed
on the wholesale market database, where the products have been bought by Store
agents, then distributed on the retail market database and bought by Consumer agents. ..

In a long run of the simulation (from three months up to two years of the simulation
time) the simulation was not run in fluent and several of the computations were not be
finished correctly. The issue was caused by insufficient system performance. There was
a high load of the memory and high CPU usage. The performance issue was caused by
a large amount of data of the market and agents databases.

All agents used the own databases and the market databases to find the best product
for the satisfying their needs. But with the increased data in this databases,
the processing algorithm of each of the agent took much longer time than usual
and required more memory allocation. In some cases, the free memory was not
available and several processes fail.

Within the scalability of the project where the rapid increase of the agents was
expected in the final version (more than 100 000), the solution for this issue was pro-
posed - implementation of the indirect communication among the agents.
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Indirect communication in the VEP — Broker agent. For the intermediary
of indirect communication on the commodity market, a broker agent (broker) was
chosen whose operation will be described in detail below.

In general, a broker is an agent that maintains a database of other agents in the sys-
tem and tries to mediate their request to meet the desired goal. Such a process involves
three basic agent roles [7]:

e Applicant - an agent whose goal can be achieved only by another agent,
e  Broker — mediator agent,
e The server of the Broker - broker database (can be also an agent).

In our case, the applicant may be an FA (or CA), the broker here is an intermediary
that intermediates the chain of steps to be taken to achieve the desired goal,
and the broker database can be i.e. classic database (MySQL), an Excel workbook data
or special agent. An Excel workbook was used in the first versions of the VEP as a local
database but from the Anylogic 8.0 is for the current version used integrated MySQL
server within the optimization of the large data processing.

In the model, the broker represents the intermediary between the buyer and the seller
in the wholesale/retail market of goods. It handles orders, distributes goods to
the market, and mediates product transport from the provider to the client.

ask-all{x) N
Information (service) ot
seeking agent BI’TJL{‘I
&
reply(x)
advertisalask-allx}) ask-all|x)
reply|x)
Information {service)
providing sgent unadwertise{ask-all{x])

Fig. 3. Broker principle and operations [4].

The broker allows agents to request mediation of the planned deal to reach the agent's
goal. Such an agent does not maintain a database of other agent information, he knows
only the address of the broker he can contact to satisfy any of his needs (i.e. product
distribution, product purchase).

This leads to a significant reduction of the communication flow and higher efficiency
of communication. With a higher number of agents in the model (thousands), when
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the communication would be enabled among each other, the execution would be
extremely demanding for CPU and memory.

To create a more effective indirect communication across product ordering,
the Order class was created to define all the necessary ordering features that are
important to the broker. The Order class contains a unique identifier for the client
(idClient), whereby the broker determines who is the client of the order, the product
that the client requests/distributes and the amount. The Broker from this information
can calculate the final price which the client is willing to pay.

The Broker has implemented methods to (a) finding other agents to communicate
with, (b) finding the most available products in the required amount on the market, (c)
recalculating prices on the market (discount before the expiration — usable for the Store
agents), (d) updating market databases about new products or sold products, (¢)
optimize database table (archiving of the records to free up the memory and to optimize
finding processes).

These Broker’s functions are on the one location in the memory and the behavior
of the other agents is much simpler than with the direct communication [3]. With this
implementation, the simulation run was more efficient than before. Now, the simulation
run fluently for the more than 5 years of the simulation run.

In the latest version of the VEP, the new functionality to optimize
the communication was added. Now there are several Broker agents available
in the simulation in-stead of one — always one City Broker is implemented per City and
one main Broker for communication between City Brokers. It was due to constantly
expanding virtual economy environment (from city to district, district to state...).

Overview of the potential memory saves by indirect communication approach.
The indirect communication approach is used within the consumer’s finding algorithm
where the appropriate service providers are searched. For the potential memory saves
overview the procedures from [11] were used. The implemented algorithm is described
in Fig. 4.

Table 1. Objects and agents used in the provider finding a cycle.

Object/Agent Number of occurrences Memory allocation shortcut (1 unit)
Consumer Ne Mc
Provider Np Mp
Broker 0...1 Mb
List 1...N Ml

During the executing of the algorithm, several objects will be processed. The objects
and agents will require the relevant allocation of the memory. The over-view of the
objects and agents used in service-provider finding algorithm is described in the Table
1.

The total memory usage for the all consumers (TMc) and providers (TMp) will
be always allocated by the simple formulas:
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TMc = Mc * Nc (1)
TMp = Mp * Np (2)

In the principle of the direct communication, every consumer agent has to contain the
List object for the found providers. The final formula for the memory usage O(n) in this
algorithm will be:

O(n) = TMc + TMp + Ne * Ml 3)

A full algorithm with the better-displayed dependency of the inputs (number of
consumers) for total memory usage:

O(n) = Nc * (Mc + Ml) + Np * Mp (4)

which is the final formula for the total memory usage for all consumers and providers
with total memory usage for the all consumer’s lists.

YES

YES .ﬁ.de prnh‘iger
into the list

Fig. 4. Diagram of the finding provider algorithm.

In the indirect communication usage, only the Broker agent (which is not implemented
in the direct communication approach) contains the List of the providers. The final
formula for the memory usage in this algorithm is:

O(n) = TMc + TMp + Mb + Ml (5)
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A full algorithm with the better-displayed dependency of the inputs (number
of consumers) for total memory usage:

O(n) = Ne * Mc + Np * Ml + Mb + Ml (6)

which is the final formula for the total memory usage for all consumers and providers
with memory usage for one Broker agent with one list. The predicted formulas can be
compared with the measured values.

Real usage of the memory with different communication approaches. For
the verification of the optimization the memory usage analysis, the simulation runs with
the identical settings were provided for both project implementation - direct and indirect
communication approaches.

Memory usage (MB)

Number of consumers

Fig. 5. Comparison of the communication approaches.

In the application the consumers searched for the providers of the tourism services.
There were different kinds of the services — based on the locations, prices and capacity.
The comparison results are shown in the Fig. 5.

The simulations ran for both approaches for 10 times (20 in total). The start value
of the consumers was 10 000. After each run (experiment gathers the data for the 100
simulation days) the number of the consumer agents was increased about
the next 10 000.

As it is shown on the graph the simulation ran on the old VEP project version - with
the direct communication approach — the memory usage was almost three times higher
than on the newer version of the application with indirect communication approach.
For example, for the 10 000 of the consumer agents the usage of the memory was 4562
MB for direct communication and 1536 MB for indirect. For the 180 000
of the consumer agents was the memory usage 12317 MB for direct and 5794 MB
for indirect.

Compared with the predicted formulas the results reflect the linear function.
If we consider that the number of consumer agents is the only value which could
be changed (other parameters are constants):
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O(n) = Ne * (Mc+ MY + Np * Mp (7)
O(n) = N * (CONST 1+ CONST 2) + (CONST 3 » CONST 4) (8)
O(n) = Nc * CONST. 12+ CONST. 34 9)

the formulas for the direct communication can be recorded as a classic linear function
formulay =ax +b.
The same principle could be applied to the indirect communication formula:

O (n) = Nc+Mc+ Np x Mp+ Mb+ M/ (10)

O (n) = Nc* CONST 5+ (CONST 6 » CONST_7) + (CONST 8+ CONST 9 (11)
O (n) = Nc* CONST 5+ (CONST 67+ CONST 89 (12)
Om=a+~x+sb (13)

where O(n) is total allocated memory: y = ax + b.

The real formula from the measured data results was determined by the statistic
functions in the R program. For the direct communication the formula was determine
as follows:

y=0.0509x +3102.7 (14)
and for the indirect communication:
y=20.027 +900.94 (15)

The results correspond with the predicted formulas — the direct communication has the
higher constant value than indirect (Mc + Ml instead of only Mc) and smaller b constant
value than indirect (only Np * Mp instead of Np * Mp + Mb + MI). The linear increase
of the memory was proved for both approaches.

4 Conclusion

The optimization of the memory and CPU wusage is very important part
of the continuously extended multi-agent systems. Within the increasing of the number
of the agents and more complex behavior of the agents in the environment,
the simulation run needs more HW performance. This could be solved by sequential
updating of the HW - better CPU, more memory etc., but the price will be high.

The other solution is to optimize the processes in the model. In this paper,
the optimization of the model simulation was implemented by changing
the communication approach from the direct communication, when all agents need
to be informed about the others and the behavior of this agents had to be more complex,
to indirect.
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Within the indirect communication, the complex algorithms are only
in the facilitation agent Broker which was responsible for the providing of the whole
request of the other agents.

The optimization was verified by the comparing of the memory usage across
the simulation runs on both communication approaches.
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Abstract. The purpose of the article is to present gamification as an innovative
instrument used in Human Resources Management (HRM). Gamification fits
into the concept of the Industrial Revolution 4.0 (also referred to as the Cyber
Revolution). Due to a lack of statistics on the use of gamification in HRM, the
article presents the character of the analyzed concept, the areas where
gamification is used and underlines directions for further research. The paper is
based on subject literature studies in combination with scientific reflection. The
paper discusses both global changes and the nature of Polish HRM.

Keywords: Modern Technologies, Gamification, Human Resources
Management

1 Introduction

Managing people (human resources management, HRM) can be considered the key
management area. Individuals and groups have the most influence on achieving goals
thanks to their competences (knowledge and skills) and motivation. HRM includes
actions which are focused on recruiting and retaining valuable employees. In the
literature we can find many different definitions and scopes of HRM. It is generally
assumed that a set of actions or areas of HRM consist of recruiting and selecting (R&S),
onboarding, training, evaluating, rewarding and HR flow (including career
management). Approaching HRM from a broader perspective such topics as working
conditions (including health and safety) and the formation of organizational culture are
considered. The term which consolidates many of the above-mentioned actions is
motivating people.

Nowadays, job market is very turbulent, which is a challenge for employers. In order
to find and maintain high-quality human potential a company has to adjust to the needs
and expectations of potential and existing employees. In the current job market two
generations of employees dominate (Generations X and Y). The latter generation (as
well as the next one who are now still “cutting their teeth”) is called the companies’
future. A Gallup study shows that they are the least engaged generation, with only
28.9% engaged, as compared to 32.9% for Generation X [20]. In the literature many
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characteristics of Generation Y are presented. It is said that Millennials commit
themselves to activities which provide them with personal fulfilment and that they
desire to shape their own development. Moreover, they believe they are a part of
“global village” thanks to unlimited Internet access. People from Generation Y are
fluent in modern technologies. There is also the following generation — known as
WWW or C — who actively influence the content of commonly accessed Internet sites.
Members of the last two generations have spent much time in front of a computer
working, learning, socializing, shopping and having fun. Entertainment as well as
education is delivered through playing computer games.

J. Huizing defines a game as a voluntary activity which we consciously treat as less
serious than everyday life, but which at the same time completely engrosses the player.
This activity is not associated with material gains. A game is played in its own space,
place and time, according to established rules and in a set order [33]. Some people
believe that games have always existed, “from the first Olympics in ancient Greece
through “The Biggest Loser” television show to the latest Xbox offering” [30]. But the
first computer games appeared in the 1940s [38]. Modern solutions are more and more
technologically advanced and interactive and computer graphics are 100% realistic.
The old and new games have one trait in common: the computer game players display
their determination, persistence and engagement. It was assumed that the players’ drive
could be transferred to the real world and utilized in finding solutions to real problems
— in the workplace as well. In this way gamification is becoming a new trend in
management and marketing [28]. It uses game mechanics to modify people’s behavior
— including employees.

Gamification fits into the concept of the Industrial Revolution 4.0 (also referred to
as the Cyber Revolution). The use of new technologies exerts an impact on people’s
attitudes and HRM processes (for more see [26]). There are some concepts matching
HRM with this Industrial Revolution, e.g., the concept of e-HRM and HRM 4.0. E-
HRM is defined as “the way of implementing HR strategies, policies and practices in
organizations through a conscious and directed support of and/or with the full use of
web-technology-based channels” [31]. In turn, adding the number “4.0” to the term of
HRM means the digitalization of all HR processes [35]. We can call gamification the
newest innovative instrument of HRM and, in the same way, create a concept of
gamified HRM.

The purpose of this paper is to present the idea of gamification in the context of
HRM. The problem was discussed in more detail by means of answering the following
research questions:

e What is the character of gamification? How does it work?
o In which areas of HRM is gamification used?
e What are the directions for research in the topic of gamification in HRM?

In order to provide answers to the above research questions literature studies were
conducted in combination with scientific reflection. Due to a lack of statistics on the
use of gamification in HRM, the article will present some examples of gamification
which we can find in the academic literature and on websites dedicated to HRM and
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technology issues. The paper discusses both global changes and the nature of Polish
HRM. The paper also indicates directions for empirical research in the area of
gamification. That is why it can be treated as a pilot paper for future research.

2 Methodology

The main research method which was used for the purpose of this article is literature
studies. The author used a stand-alone review in order to provide an overview and
synthesis. A review of subject literature was carried out by analyzing the Web of
Science database. The keyword “gamification” in combination with “HRM” was used.
Then the author read all the articles in order to check whether they really focus on a
topic similar to the one presented in this article. The focus was put on academic papers
(in Polish and English) that have been published in the last seven years (2011-2018).
The results of the database search are presented below.

Table 1. Publications about gamification indexed in Web of Science in the last eight years.

Year of publication 2011 2012 2013 2014
Number of Results for the keyword

publications "gamification" in the topic 5 35 100 239
(conference

Results for the keyword

pr(?ceedn.lgs and "gamification" in the title 2 17 45 119
articles) indexed
in Web of science  Results for the keywords
"gamification" and "HRM" in 0 0 0 0
the topic
Year of publication 2015 2016 2017 2018
Num.ber.of Resu.lts fo.r the .keywordA 493 718 662 259
publications "gamification" in the topic
(conference Results for the keyword
proceedings and "gamification" in the title 200 315 265 9
articles) indexed Results for the keywords
in Web of science  "gamification" and "HRM" in 0 0 1 0
the topic

The main conclusion after the database analysis is that gamification in HRM does not
represent a highly popular topic in the high impact factor academic journals. That is
why the authors decided to use also the Google search engine in order to find more
information about the utilization of gamification in HRM. The conducted study shows
mainly different case studies. None of the articles pertain to quantitative research in the
area of gamification used in HRM.
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3 Results of Literature Studies on Gamification in HRM

3.1 General Characteristics of Gamification

The term “gamification” was “coined in 2002 by the British consultant N. Pelling, as
a “deliberately ugly word” to describe the application of a game-like accelerated user
interface design in order to make electronic transactions both enjoyable and fast [3].
Nowadays, gamification is defined as utilization of game mechanics in order to increase
the participants’ engagement. Gamification is also described as the “intersection of
psychology and technology” [6]. Entertainment, clear rules, game design and
challenges are connected with the use of games for achieving real world aims, not only
for fun. In business it refers to implementing games in different organizational areas.
This is possible thanks to combining business thinking with creativity and
programmers’ tools [22].

As mentioned above, gamification is utilizing game elements (mechanics) and the
rules of game design in order to solve problems, which are not actually games. In
publications about gamification the concept of a “serious game” can be found. This
concept “is more tightly concerned with the use of games to achieve serious outcomes”
[40]. Gamification is not necessarily based on serious games.

The basic elements of game mechanics connected with game dynamics are as
follows [41]:

e scores which are a kind of prize for making progress and completing tasks with
feedback, which enable the immediate reaction of other players. In order to make a
game more attractive these scores can be given an original name, based on the name
of the company, its products, game topic, etc.

levels which mark the status of the player and show the player’s position in rankings,
scoreboards,

trophies,

challenges.

The phenomenon of gamification depends on providing players with positive emotions
connected with what is known as state of flow. This state is when people are so involved
in an activity that nothing else matters. The experience itself is so enjoyable that people
will do it even at great costs, for the sheer sake of doing it [4].

In order for gamification to be beneficial, an organization should define the business
outcome and success metrics. The second step is to define the target audience. The third
step is to define the player goals. The fourth step is to determine the player engagement
model. The fifth step is to structure the experience. Finally, the organization should be
able to read the data obtained through gamification [3]. Moreover, the following factors
are important [18,33]:

clearly defined goals and conditions for winning,
fair rules for all players,

plot twists, adventures and challenges,

voluntary participation,
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e a way to communicate within the game.

Computer game mechanics have started to be used by many global organizations. The
development of gamification is visible in different business areas, e. g rewarding clients
for loyalty and encouraging them to design new products. Interest in this concept is
growing more and more, not only in marketing, but also in human resources
management [19].

While analyzing the definition of gamification one gets the impression that it is
nothing revolutionary or innovative. That is why one may wonder why game elements
were not implemented before in different areas of everyday life. The answer is simple
— humanity did not have enough technology at their disposal or the use of technology
was too expensive. Once Internet access, smartphones and tablets became widespread,
interest in gamification started to increase.

According to a report by Gartner, by the end of 2020 70% of medium and large
enterprises will have implemented at least one application based on gamification
[10].The global gamification market is grown rapidly. In 2013 the value of this market
was 50M dollars, and the predicted value according to M2 Research will be as much as
5.5B dollars in 2018. This equates to elevenfold increase within five years [5]. In turn,
the experts from Markets & Markets predict that by 2020 this market will reach the
value of 11B dollars [16]. Figure 1 presents a Google trend graph to see how the interest
in gamification has grown since 2008. The interest in gamification issues is also

noticeable in academic papers (see Tab. 1).

Fig. 1. Interest in gamification over time according to Google.

In Poland, the high cost of Internet access and mobile devices is a reason why
gamification is not as popular as in Western countries [13]. One more factor which was
mentioned in the introduction is societal changes. A thesis can be formulated that as a
result of the socialist system that was in place during the ‘80s, societal changes occur
more slowly in Poland than in the West.

Taking into account the above considerations one can ask whether gamification has
a place only in the virtual world. This is of course not true. Gamification, on the one
hand, uses the mechanics of computer games. On the other hand, detailed tasks
formulated in a game can be completed in reality. That is why gamification can be
implemented in any team of employees — even in those who don’t work in front of a
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computer. The employer can also provide their employees with a mobile version of the
game. According to a report by TNS Polska “smarphonization” in Poland (defined as
the percentage of Poles using smartphones) was 58% in May 2015 [34].

It is worth mentioning that the use of gamification reduces costs in the long term.
The cost reduction is connected with the possibility of adjusting a game to current
needs and using it at different stages of the employee life cycle. It is not necessary to
use only on-line platforms, because off-/ine games can be played as well. This enables
the introduction of gamification into smaller enterprises. In order to use games in a
company, a huge budget is not required. The most important factor is the willingness
to be innovative [39].

3.2 The Areas of Using Gamification in HRM

As results from Table 1, gamification in HRM does not represent a highly popular topic
in academic research. The conducted study shows mainly different case studies of
gamification implementation. Gamification is mainly used in such areas of HRM as
recruitment and selection, onboarding, training, broadly defined motivating people and
the formation of organizational culture.

The recruitment and selection of candidates is the first area of HRM in which the
trends related to the fourth Industrial Revolution have been noticeable for a long time.
The subject literature presents several types of recruitment referring to ongoing
technological changes, i.e., the traditional one (prior to the 1990s), e-recruitment (1990-
2005), social recruitment (2005-2015) and gamified recruitment (since 2015) [24].
Modern recruitment tools facilitate the creation of a modern employer image.

Within the area of recruitment, gamification can portray different aspects of the
recruiting organization to potential applicants by immersing them in the organization
or persuading them to apply for accept a job offer. Game-like assessments can be
utilized within selection systems to identify the best applicants for the job. This solution
was used by the Marriott hotel chain. The game developed specifically for its needs —
“My Marriott Hotel” — presents working conditions in hotels and the players have an
opportunity to test themselves by playing various roles and performing different
professional tasks. It is important, however, that at any time during the game, the
participant has an opportunity to become a part of the actual recruitment process by
using the “Do it for Real” option and entering the hotel chain website, which presents
current job offers and questionnaires to be completed [14].

Examples of interesting uses of gamification in the recruitment process can also be
found in Poland [37]. The company Talent Bridge has developed a recruitment game
which can be customized and adapted to an individual organization’s culture by
tailoring the possible scenarios to an employer’s needs. One of the goals of this game
is to recruit candidates for work. Their task consists of a virtual walk through a designed
office in the course of which they are supposed to provide answers to questions about
their education and experience, and to fill in recruitment forms [32].

The above examples indicate that the implementation of game-specific mechanisms
can contribute towards increased efficiency of recruitment processes, measured
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primarily by the number and quality of applications and their acquisition cost, along
with a shorter recruitment process [8].

Gamification can also dramatically increase onboarding efficiency as candidates are
motivated to complete various steps in order to earn rewards. Gamified training can
challenge new hires to learn more during training, benefitting both the employee and
the organization in the long term. The onboarding process is strictly connected with
employee education. According to a study conducted by the University of Colorado on
the impact of simulations and games in adult learners, the participants in gamified
eLearning experiences scored [23]:

e 14% higher in skill-based-knowledge assessments,
e 11% higher in terms of factual knowledge and
e 9% higher retention rate.

This shows that gamification not only helps learners acquire knowledge and skills more
effectively, but it also allows them to retain information and commit it to long-term
memory for future use.

R. N. Landers and A. K. Landers [17] identified the only psychological theory
focusing upon gamified learning. This theory proposes that game elements affect
training outcomes through one or two mechanisms. Firstly, gamification may be used
to create a mediating behaviour or attitude which, in turn, is thought to affect learning.
In an empirical test of this theory, a leaderboard was used to increase the amount of
time learners spent engaging in a project, and that amount of time, in turn, increased
the learning outcomes. Secondly, gamification may be used to strengthen the
relationship between instructional design and learning outcomes. For example, game
fiction can be used to increase learner engagement, which should make the existing
course material more effective in increasing training outcomes. Critically, in both of
these approaches, gamification itself is not intended to teach the learner anything;
instead, it is used to support the existing instructional material [1].

The case of Walmart can serve as an example of applying gamification to train
personnel on the subject of labor health and safety. The gamification-focused labor
health and safety training provided two benefits in this case: competing turned out to
be “addictive” and the co-workers involuntarily started talking not only about the
ranking but also about the importance of compliance with labor health and safety
standards. That, in turn, changed the behavior of the employees. The number of
accidents declined by 54% in eight company distribution centers [25].

Any discussion on the application of gamification in the education process should
be prefaced by the statement that gamification allows not only self-learning, but also
knowledge sharing [29]. The aspects of cooperation, mutual education of the
participants and searching for a solution by asking another employee can be included
in the game. As a result, desirable characteristics of organizational culture can be
developed. In this case, we can recall DuePropos which is an application for companies
that fosters teamwork and competition. It helps organizations to recognize the
commitments and efforts of employees in achieving the objectives together [24].

Gamification can support the process of product improvement suggestions or the
participation in company-wide volunteer programs, also fostering an organizational
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culture. Physical activity of employees can also be promoted in the game. Points can
be awarded for participation in in-company or external sports competitions.

Gamification can be applied to everyday work performance, motivating employees
to higher qualities and quantities of work output. As M. Ward rightly observes, “if
people are well-motivated to work, both managing them and succeeding will be much
simpler” [36]. Without attaining an adequate level of employee motivation, which is
related to satisfying their needs properly, it is impossible to carry out a strategy, to
implement changes in the company successfully or even to run the day-to-day business
efficiently. The most effective and most frequently used method for persuading a team
to carry out company goals has been to motivate it, e.g., by means of applying a reward
system aimed at meeting specific needs [33]. Referring such assumptions to the above-
mentioned representatives of the modern generation employees, the thesis can be put
forward that the most popular forms of motivation (i.e., payroll and non-payroll ones)
may not work in the long run. Herger [11] thinks that “when we talk gamification, we
also talk about motivators. You may have already used bonuses, prizes, and other
rewards to motivate your employees. Those rewards are what psychologists call
extrinsic motivators. They come from outside an individual. They work well but have
certain limits and may sometimes interfere with the intrinsic motivations. Those are
motivators that come from inside an individual, such as the desire to become better in
what we are doing, the desire to make friends and meet people, or to belong to a group”.

As M. Armstrong, R. Landers and A. Collmus [1] rightly point out the gamification
of sales appears to be the most common form of gamification in a business setting. This
is presumably because the most basic game mechanics (e.g., points, badge, and
leaderboards) can be easily applied to a sales context without much thought or planning.
At the same time, much like a sales function, HR teams can also use gamification
internally to reward top recruiters and to incentivize employees to refer top candidates.
The opportunity for an employee to earn Referrer of the Year status can encourage
employees to take a more active role in talent acquisition and can even help relieve
some of the pressure from the HR department itself [27]. Gamification mechanisms for
conducting recruitment processes based on recommending acquaintances were
implemented by Hays Poland. The objective of the activities carried out by the company
was to recruit as many people as possible, aged 20—30, who were fluent in at least two
foreign languages. As a result of gamification, the potential of the current staff was
taken advantage of — i.e. its network of contacts — allowing the recommendation of
further candidates for work. The players become NASA agents searching for candidates
to populate Earth. The application is maintained in the atmosphere of tension provoked
by the threat of planetary destruction. In order to reinforce the players’ involvement,
the project introduced immediate feedback for the recruiters regarding the effectiveness
of their actions, along with additional rewards for each subsequent stage successfully
completed by the people they had recommended ([9] cited in [37]).

One may conclude that the highest level of motivation takes the form of commitment
identified with passion, dedication and the willingness of an individual to invest in and
contribute towards his/her employer’s success. K. Michalska [21] presents gamification
as an example of a method for improving the employee potential management processes
by strengthening their involvement, which has a direct impact on achieving the long-
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term goals. The author argues that gamification can offer an excellent alternative to the
classic approach towards basic business processes. Particular attention is paid to
increasing employee performance. She describes the positive impact of gamification on
company structure — improving business operations, accomplishing the effects and
simultaneously and swiftly taking advantage of the opportunities presented to an
enterprise. She refers to the case of the company American AC Alion, emphasizing that
the application of gamification in Poland is still in the early stages of development. In
the fourth quarter of 2014, the aforementioned company introduced the 12-week
gamification program called “Reach the Beach” (achieving the program assumptions
was rewarded by trip to the Dominican Republic) aimed at involving employees in
order to meet a very ambitious goal — a 25% increase in year-on-year sales ([15] cited
in [21]).

The 2018 TalentLMS Gamification at Work Survey conducted in the U.S. reported
the following results [42]:

e 80% of employees enjoy using gamification software at work. They feel that
gamification makes them more productive (87%), more engaged (84%) and happier
(82%) at work.

e Employees were mostly motivated by intrinsic motivational factors.

e Older employees are more motivated by game elements than younger ones.

At this point it is worth focusing our attention to the last conclusion from the research.
Research conducted by T. Broady, A. Chan and P. Caputi [2] has similarly shown that
negative stereotypes about older people being adverse to technology and incapable of
using it are outdated.

4 Discussion and Directions for Further Research

Referring to the research questions put forward, it should be noted that gamification,
constructed in accordance with the respective rules, results in benefits for an
organization, as it is based on the player’s intrinsic motivation, raises productivity, and
provides commitment and satisfaction.

There are many successful gamification examples referring to such HRM areas as
recruitment and selection, onboarding, training, motivation (broadly defined) and the
formation of an organizational culture. However, there are no quantitative data
regarding the popularity of gamification in HRM among various types of enterprises.

In relation to the aforementioned HRM areas, the following problems — representing
an interesting research challenge — can be listed:

¢ the impact of gamification on employer’s attractiveness perceived by the candidates
for the job (including, e.g., the position hierarchy and gender),

e the comparison of the reliability of results in the course of gamified selection against
the results which the candidates would have achieved in traditional tests of their
skills, knowledge and personality,
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¢ the impact of gamification on employee learning speed and the progress in learning
(taking into account generational differences, position hierarchy and gender),

o the degree of participants’ involvement in the game depending on the prize offered
to the winners,

e the relationship between the results achieved both in the game and at work and the
player type (explorer, achiever, socialiser or killer [7]).

5 Conclusions

The article shows that modern HRM is characterized by the use of gamification. This
involves using game mechanisms in relation to real problems occurring in the
workplace, for example.

It was found that gamification in HRM does not represent a highly popular topic in
the high impact factor academic journals. None of the articles pertains to quantitative
research in the area of gamification used in HRM. It was also found that gamification
represents a relatively new problem in Polish economic practice. Inspiration can be
drawn from the examples of implementing games in foreign companies.

It is worth emphasizing that gamification — just like any other solution in the area of
HRM - has to be implemented with due caution. The game scenario has to be well
thought-out, the technology must be adequately refined and the employees themselves
cannot feel overloaded with excessive incentives. Special care should be taken while
developing a system using the elements of gamification. The system has to be
thoroughly tested and checked — any error, combined with all the characteristics of
modern technology, may result in an unfavourable reputation spreading rapidly among
the recipients.

According to research company Gartner, gamification is currently at the peak of its
popularity, on the so-called life cycle curve of new technologies, along with such
technologies as Big Data and 3D Printing. Due to the fact that some organizations
introduce gamification using “shortcuts” — without the proper support of already proven
frameworks (methodologies) — gamification, after reaching its peak, will be subject to
a revision just like in the case of other technologies, consisting in the verification of its
suitability and the failure of numerous incorrectly prepared projects and solutions. In
5-10 years, i.e. after verification, gamification is expected to reach its next peak, this
time a more stable development [12].

Acknowledgement. The paper is related to the research project VEGA 1/0609/16
researching concepts of human resources management systems related to the specifics
of business models of competitive organizations in European economics.
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Abstract. The free market and increasing competition in the current economy are
conducive to achieving economic goals, but they may hinder the implementation
of'environmental goals. Such thinking has led to the emergence of new paradigms
in economics, including the so-called ecological economics, which assumes that
environmental goals should prevail over economic goals, although achieving
them is also important. The aim of the paper is to assess the implementation of
ecological policy in selected European Union countries (4 highly developed
countries and 4 countries from Central and Eastern Europe). Thus, it will be
possible to diagnose the relationship between the development level of the
economy and the size and structure of expenses for ecological purposes. Based
on the research, it was found that the share of expenditures on environmental
objectives measured in relation to GDP is not directly proportional to the wealth
of a given country. The situation looks different, however, when environmental
protection expenditure per capita is analyzed — then the rich economies have
leading positions. This can suggest that environmental protection objectives gain
importance when national income increases and economic goals can be reached
at a satisfactory level.

Keywords: Ecological Economics, Ecological Policy, European Union, Natural
Environment.

1 Introduction

The policy connected with the protection of the natural environment is a practical
implementation of the environmental economics and ecological economics
assumptions. The sources of this economics can be found in the paradigm of
neoclassical theory, integrating elements of economics and ecology, and combining the
postulates of both these sciences resulted from public awareness of the responsibility
for the natural environment and the limited resources. Environmental economics can
be described as interdisciplinary science about the rational use of limited environmental
resources to maximize well-being. This school investigates the static and dynamic
conditions of optimal use of resources and environmental values, and its general basis
is the theory of external effects and the theory of public goods. Economization of
environment, the basic postulate (assumption) of the paradigm, should contribute to
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more efficient use of limited capital and human resources necessary to achieve the goals
that are formulated within the framework of ecological policy. Such an approach means
de facto the supremacy of economic goals in relation to environmental conditions and
the needs of its protection [4, 9].

Ecological economics was born in the mid-1980s on the basis of the neoclassical
economics of the environment and neoclassical assumptions of the paradigm of free
market and homo oeconomicus. The need to develop a new concept resulted primarily
from the ahistoric nature of the previous neoclassical theory (abstraction from the
uncertainty and irreversibility of processes), ignoring the limits of economic growth,
too optimistic acceptance for the possibility of environment substitution by technical
progress, underestimating the pollution of the natural environment and passing over the
external effects of economic activity. The new approach proposed a look at the
relationship between the natural environment and the economy, based on the
recognition of the superiority of the natural environment to economic development [9,
16, 23, 25]. Moreover, ecological economics has become an multidisciplinary science,
as it requires methodological pluralism and refers to other sciences, including biology,
physics, sociology [16]. In the application dimension, ecological economics became
the basis for formulating long-term economic growth strategies, in which the objectives
related to the protection of the natural environment play a key role.

2 Research Methodology

The aim of the publication is to assess the implementation of ecological policy in
selected European Union countries. The analysis covered 8 countries, 4 of which are
EU-15 (Denmark, Germany, France, Sweden), the other four are so-called new Member
States (Bulgaria, the Czech Republic, Poland, Slovakia). The difference between these
countries mainly concerns the level of economic development. Thus, it will be possible
to diagnose the relationship between the development level of the economy and the size
and structure of expenses for ecological purposes. In order to fully illustrate the
relationship between the above-mentioned values, data for all EU countries were also
used, calculating Pearson's correlation coefficient. The assessment will be preceded by
information on the creation of waste and the emission of atmospheric pollution in the
analysed countries. The selection of variables for analysis, the choice of time range
(averages for 2013-2015) and spatial coverage was dictated by the availability and
comparability of Eurostat data. The paper uses methods of critical analysis with
elements of inductive reasoning.

3 Theoretical Aspects of Ecological Economics and Policy

The main postulate of the ecological economics is to treat the earth and the world as a
closed, non-growing and non-multiplying ecosystem, in which the global economy
functions as one of the subsystems [8]. On the one hand, the economy uses natural
resources, and on the other hand, it utilizes waste in the environment, so that the natural
environment determines the barrier of economic growth and the limits of resource use
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[27]. Ecological economics proposes, therefore, striving to create a sustainable social
system in which the high quality of life and the occurrence of limitations related to the
natural environment are in harmony [20]. Improvement of production processes
(through the implementation of scientific and technical progress, increase in the
efficiency of resource use) may shift this boundary, however in the long term it is
necessary to preserve the environment in such a form that it is able to restitution. Due
to the fact that certain economic activities may have irreversible effects on the natural
environment, it is necessary to observe the principle of prevention and the activity of
economic policy (instead of conducting a passive policy reacting afterwards) [8, 27].
The long-term and holistic approach to the above relations creates real opportunities
for achieving an intergenerational balance [20].

In ecological economics there is considered the paradigm of “greening” economics
joint with economic activity, which can be defined as the ecological paradigm of
economics. The basis for this thinking is “ecocentrism”, as opposed to environmental
economics and its egocentrism. These different approaches result directly from the
relationship between human managing resources and the natural environment.
Ecological economics treats ecological conditions and goals of economic development
as superior to postulates formulated and analyzed within the framework of neoclassical
economics [4, 9]. Within the framework of ecological economics, the trend in Germany
was known as the new environmental economy, significantly different from the
neoclassical environmental economics. Its originators note that it is an attempt to
develop an ecological economy towards a sustainable development economy, thus
many postulates are very similar or even identical. In fact, ecological economics was a
ground for the economy of sustainable development. It can be therefore concluded that,
as in the case of the concept of sustainable development, the economic dimension in
ecological economics is no longer the most important, and economic development is
not a parent goal. Blind faith in the free market and the mechanism of competition can
be an obstacle to the achievement of environmental goals and its protection. For this
reason, it seems that a certain scope of the state's intervention policy is necessary,
thanks to which the values of the natural environment could be preserved in the right
form in the long term. It would be beneficial from the point of view of people health
and quality of life, and thus the economy and the state budget. Social welfare in the
long term depends not only on economic factors, but increasingly on environmental
ones, that is why the approach treating these two elements in at least equivalent way is
an important message for the formulation of economic policy, including ecological
policy.

Ecological policy in the general sense is conscious and purposeful activity of the
state, local governments and economic entities in the field of environmental
management, including the use of its resources and assets, protection and shaping of
ecosystems or selected elements of the biosphere [21]. Main aim of the policy is to
ensure effective actions and implementation of law strengthening the protection and
safe use of the environment. Ecological policy occupies a unique place in the entire
policy of the state. Besides economic and social policy, it is the most important element
of state management and includes, inter alia, protection of nature and the Earth's
surface, water management, spatial management and protection of climate and
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atmosphere [22]. Its multi-faceted management of environmental processes is designed
to make them efficient and effective. It sets only general directions of action, and its
detailed implementation is based on specific program documents, such as executive
programs for policy or sectoral documents [5]. The way of conducting ecological policy
depends on general state models, the political and economic system, as well as values
and traditions prevailing in society. In this connection, it can be said that the
government activity affects the interests of all citizens groups. They determine the
model of ecological policy used in certain conditions. In this context, two are
mentioned:

o liberal — focused on individual entrepreneurship and responsibility in the aspect of
environmental protection, which is included in the system of market prices,

e social-democratic — integration of economic, social and ecological policies, in which
the responsibility for environmental protection lies on the side of state, through
various types of norms and legal framework and budgetary expenditure.

Ecological policy should be implemented in an effective and fair method and primarily
socially acceptable. This fairness could be manifested by the imposition of financial
commitment on entities that participate in the production of pollution or have economic
benefits from environmental goods. The principles of such an approach have been
developed many times by international organizations and groups, including EU or
OECD. Separate regulations are developed within the framework of national state
environmental policies. There are obviously many discussions and controversies about
state policy and its scope in the national economy in general. It is worth to point out
that solutions under the ecological policy can be consistent with the functioning of the
market mechanism. Bell [2] suggest that state can promote ecological actions and it can
have with the liberalism much in common. The concept of connecting these issues is
ecological liberalism.

3.1 Instruments of Ecological Policy

One of the main factors that contributed to the current state of degradation and depletion
of the natural environment is the fact that environmental aspects are not taken into
account in the production processes. This applies to both enterprises, primarily those
associated with high consumption of resources, and the agriculture sector, which uses
a large part of land on Earth. This has an impact on the deterioration of the quality of
natural resources, which in turn causes problems with the economic growth [7].

The state is obliged to take appropriate actions to protect the remaining natural
resources and prevent their further degradation. However, this interference should not
interfere with the functioning of the market mechanism. Under the environmental
policy the state has a wide range of instruments, from which specific tools adequate to
specific situations can be chosen [17]. Their choice is determined by the issue of
internalization of external costs (i.e. negative externalities) occurring in the
environment and resulting from human economic activity. These costs are understood
as damage to health or damage to the environment and could be valued in money.
According to the theory of internalisation of external costs, the perpetrator should incur
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these costs (e.g. through the ecological tax) — in this context they become part of the
economic account of the given entity [2, 24]. Depending on the nature of their activities,
these instruments can broadly be divided into [17]: (1) direct regulations (also referred
to administrative and legal instruments) and (2) indirect regulations (economic or
market instruments). The above types of instruments often are interrelated. This is
because in a democratic system the use of economic instruments involves the adoption
of legal acts, and in turn failure to comply with legal obligations may involve fines [17].
The division of instruments can also be more detailed. Accordingly, direct instruments
can be divided into legal and administrative instruments as well as administrative
procedures. While indirect instruments are divided into economic and tools of social
impacts or of voluntary use.

Direct instruments are used to assume that without their presence, entities would not
take appropriate actions or undertake activities incompatible with the adopted
environmental policy of public authorities. They are therefore distinguished by the
prohibitive or prescriptive character of the provisions. The use of these instruments
creates a direct compulsion to enforce environmental protection regulations, and in the
case of infringements, sanctions are a consequence. Typical direct instruments include
[17]:

e standards for the use of the environment (e.g. possible maximum volume of
emissions per production unit);

e determining the amount of mandatory reduction of pollution;

individual permits for entities specifying limits and conditions for using the

environment;

technological standards (e.g. BAT or BACT);

obligatory procedures (e.g. environmental impact assessment);

obligations and prohibitions;

operating and utilization licenses for individual entities.

In turn, indirect instruments are used because they significantly reduce the social costs
of achieving the desired environmental status compared to direct instruments. These
instruments, by means of indirect coercion, affect the entities using the resources of the
environment and force them to take appropriate actions. These instruments include
[17]:

e penalties for the emission of pollutions (in the case of exceeding the limits set in the
legislation);

o fees for quantitative environmental degradation (e.g. use of agricultural land for
purposes other than agricultural);

e system of tax differentiation (coal tax, ecological fuel tax);

o credits for emission reduction, tradable emission rights, etc;

o transferable certificates that confirm the achievement of environmental goals (green,
red, white, brown certificates);

e ccological deposits, which are collateral for the obligations of entities to reduce the
environmental nuisance of their operations;

e fees for the economic use of the environment.
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Ecological policy usually uses a set of instruments, appropriately selecting direct and
indirect instruments. Direct instruments are strengthened or supplemented in particular
by economic instruments, e.g. various types of subsidies and investment support for
environmental actions. In addition to the standard division of environmental policy
instruments, we can also distinguish persuasive instruments, among others those that
rely on the transmission of information. They assume that the behavior of entities
depends on the acquisition and production of information. A separate group is also
environmental management instruments, such as ecological reviews, non-normative
and normative environmental management systems. Sometimes, planning and
information instruments are also distinguished, which include, in particular, various
spatial planning procedures.

4 Emission of Pollutants and Implementation of
Ecological Policy in the Selected Countries

It is widely believed that in the less affluent European Union countries the level of
environmental pollution is higher than in the rich countries of Western Europe. This is
testified by reports on the concentration of dangerous substances in the air for the
countries covered by the observation (see Fig. 1). Permissible PM10 and PM2.5
standards are more often exceeded in the eastern part of the EU (e.g. Poland, Bulgaria)
than in its central and southern part (the northern part of Italy is an exception) and by
far the lowest in the northern part of the region (Sweden, Finland, Estonia) [13]. A
similar situation applies to toxic benzopyrene (benzo[a]pyrene — BaP), which is one of
the PM suspended particulate components. The main cause of the emission is the
burning of coal in old and often poorly adjusted domestic furnaces, practiced by the
inhabitants of less developed EU regions [see 18]. Losses on this account can be
expressed not only in the economic sense (costs of medical treatment, decrease in labor
productivity due to absenteeism at work), but above all in the social dimension —
premature deaths [12].

Wfm

Fig. 1. PM10 concentrations in relation to the daily limit value (50 pg/m?) in 2015 in the EU
countries [14].

The above data are, however, based on measurement systems located in an urbanized
area. Therefore, they do not reflect the situation for the country in general, but only for
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its regions, which may lead to wrong conclusions. If we look at the numbers in table 1,
we can see that the total level of particulate emissions per km? in Denmark and
Germany (in Denmark also in terms of per capita) is higher than in Bulgaria and the
Czech Republic. Secondly, higher industrialization, including agriculture, and a more
developed transport sector in terms of quantity contribute to increased greenhouse gas
emissions in the above two highly developed economies [11]. Highly developed
countries also produce a relatively large amount of waste. Even perceived as
environmentally friendly, Sweden produces more waste per unit area than the Czech
Republic and Slovakia (and per capita this ratio exceeds all analyzed countries, except
Bulgaria). Therefore, if we take into account the total impact of human activities on the
natural environment, we can say that the largest “polluters” are highly developed
economies. On the global scale, the largest emitters of greenhouse gases (per capita)
include the United States, Australia and Canada, while Germany and France rank
among the top 10 countries [26]. In turn, the quality of the natural environment in less
wealthy countries is in many cases better, as evidenced, inter alia, by Jaworska's [19]
research. It shows that countries such as Bulgaria and Poland in the ranking of the
quality of the natural environment are at the forefront of the EU countries (in 2013
Bulgaria was the 5th, Poland — the 6th). For this assessment, the mentioned author used
a synthetic indicator that includes the emission of various types of chemical substances,
the amount of waste generated, stored and smoked, the share of expenditures on
environmental protection and the share of renewable energy [19].

Table 1. PM10 Generation of waste and air emissions in selected EU countries (2013-2015
average) [15].

Waste Greenhouse Particulates < Particulates <
Country production gases 2.5um 10pm

t/km?> |t/per. |t/km?> |t/per. |t/km?> |kg/per. |t/km?> |kg/per.
Bulgaria 13858 21,3| 513.6 79| 260.7 4,0| 434.6 6,7
Czechia 304.1 2,31 1437.1| 10,8| 300.2 22| 457.0 34
Denmark 451.8 350119797 15,1| 855.1 6,5]1102.3 8,4
Germany 1075.0 47126970 14,6| 5132 23| 8783 39
France 602.6 50| 830.1 56| 3245 2,71 5120 4,2
Poland 556.1 4,6 1236.0| 10,2| 4143 34| 7346 6,1
Slovakia 189.7 1,7| 8344 7,5 603.2 55| 748.0 6,8
Sweden 3445] 16,0 136.6 6,3 59.4 2,81 102.1 4,7

The above mentioned data could indicate that if affluent countries have the most
negative impact on the natural environment, they should participate to a sufficiently
high extent in expenditure related to nature. However, based on the analysis of the data,
it was stated that the share of expenditures on environmental objectives measured in
relation to GDP is not directly proportional to the wealth of a given country. It turns
out that the largest amount of money in relative terms in 2013-2015 for environmental
protection has been allocated by Bulgaria — about 4% of GDP. The Czech Republic
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ranked second — 2.8% and Denmark — 2.2%. The lowest rate was recorded by Poland
and Sweden — 1.9%. The high position of Bulgaria in this ranking has been maintained
for many years. The report of the European Commission prepared in 2011 confirms this
data, at the same time indicating a very low (as in Romania) efficiency of using energy
and resources in the process of manufacturing goods and services [10]. In this case
ecological investments can therefore be regarded as necessary to move to the higher
path of “environmental productivity”.
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Fig. 2. Annual GDP (left axis) and annual expenditure on environmental protection (right axis)
in selected EU countries (2013-2015 average) [15].

A clear, positive relation occurs in relation to the size of GDP per capita and
environmental expenditure per capita (see Fig. 2). This way of presenting a relationship
seems even more adequate. The low share of environmental expenditure in GDP does
not have to mean a low per capita ratio, especially for countries with high total GDP. It
can also be assumed that if a high level of national income leads to a relatively high
level of environmental pollution, and this in turn to negative effects on humans, then
human should be a criterion for determining expenditures on pro-ecological activities.
As a result, among the economies studied, the highest level of environmental
expenditure (per capita) refers to Denmark, Sweden, Germany and France, the lowest
to Poland and Bulgaria. Such a payment allocation system can be considered fair in the
context of the impact of individual countries on the environment, including climate
change occurring in recent years. In turn, a similar analysis carried out for 20 EU
countries for which complete data was available showed that the Pearson's correlation
coefficient for GDP and environmental expenditure per capita amounted to as much as
0.86 for the years 2013-2015, which means a strong positive relationship between these
values [15]. Figure 3 presents a scatter plot for the data described.
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Fig. 3. Relationship between GDP per capita and expenditure on environmental protection per
capita in EU countries (on average for the years 2013-2015) [15].

Analyzing the expenditure for environmental protection, it is worth noting their
structure by the sector that makes this expenditure — then we can distinguish the private
sector (households and enterprises) as well as the government and non-profit
organizations. The largest amount of budget funds (plus non-profit institutions) in
relative terms (as a % of all sectors' expenditure) is allocated in Bulgaria (57%),
followed by Slovakia (37%). The lowest relative public expenditure are recorded in
Germany (15%), followed by the Czech Republic and Denmark (20% and 21%).
Regarding private sector expenditure, corporate spending is dominant — up to 67% in
the Czech Republic and 61% in Germany. On the other hand, households bear the
relatively high burden of environmental financing in Denmark (33%) and Poland
(31%), and the smallest — in Bulgaria (only 9%) (fig. 4). The data would suggest that
the above-mentioned social democratic model, in which the responsibility for
environmental protection is primarily borne by the state, is common to Bulgaria and
Slovakia, while Germany, the Czech Republic, Denmark and Sweden are farthest away
from it, which would mean the dominance of the liberal model there. Such a situation
in Bulgaria may result from the fact that it is still a country with relatively low national
income (both total and per capita) and only the state (in conjunction with non-profit
organizations) is willing to allocate funds for environmental purposes, while the private
sector is primarily interested in economic goals. On the other hand, countries with high
private sector spending on environmental protection belong to rich societies, more
aware of the need to protect the environment and more willing to bear financial burdens
in this area.
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Fig. 4. Structure of national expenditure on environmental protection by institutional sector in
selected EU countries (2013-2015 average) [15].

Finally, it is worth noting that the system of institutional expenditures on environmental
protection in the case of some countries does not coincide with the market economy
model existing in these countries. For example, in the Scandinavian countries, there is
a welfare system in which government spending has a relatively high share in GDP
creation. Meanwhile, the share of budget expenditures and non-profit organizations for
environmental protection compared to private sector expenditure is relatively small. A
similar situation occurs in Germany. On the other hand, in the Czech Republic,
characterized by a relatively high degree of liberalization (total index of economic
freedom in 2018 amounted to 74.2 points out of 100, which is 24th in the world; [1],
private sector expenditure on environmental objectives they are relatively high [6]. In
this case, we can therefore speak about the coherence of the ecological policy model
with the market economy model.

5 Conclusions

The free market and increasing competition in the economy are conducive to achieving
economic goals, but they may hinder the implementation of environmental goals. Such
thinking has led to the emergence of new paradigms in economics, including the so-
called ecological economics, which assumes that environmental goals should prevail
over economic goals, although achieving them is also important. The implementation
of the assumptions of this economic theory is expressed in the so-called ecological
policy. The aim of the article was to assess application of ecological policy in selected
European Union countries with a diversified level of development. Based on the
research, it was found that the share of expenditures on environmental objectives
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measured in relation to GDP is not directly proportional to the wealth of a given
country. The leader in this area is the poorest of the analyzed countries - Bulgaria, which
allocates 4% of GDP for environmental purposes, and many times richer Sweden,
France and Germany - only about 2%. The situation looks different, however, when
environmental protection expenditure per capita is analyzed - then the rich economies
have leading positions, in particular Denmark, where one inhabitant spends 4 times
more on average for these purposes than the citizen in Bulgaria and 5 times more than
in Poland. In the middle of the ranking there is the Czech Republic. This suggests
directly that environmental protection objectives gain importance when national
income increases and economic goals (including those related to consumer demand)
can be reached at a satisfactory level. There are also differences in expenses for
environmental purposes, taking into account the institutions implementing them. In the
poorer countries, the largest part of expenditure on environmental protection is borne
by the government sector, and in the richer countries - the private sector, mainly
enterprises. Relatively high private sector expenditure under the environmental policy
may indicate that the public is more aware of the need to protect the natural environment
and willing to participate in the costs of its financing.
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Abstract. The proposed article deals with the innovativeness of the Visegrad
Group countries in the context of economic growth. Because of the clarity of the
considerations, the work was divided into several basic parts. In the theoretical
part, economic growth was discussed in a synthetic way, while further
considerations were devoted to econometric modeling. The whole was crowned
with a summary and conclusions. There were two research methods used in the
study: statistical data analysis and econometric analysis. The general purpose of
the considerations was to identify statistically significant determinants of
innovation affecting the economic growth of the V4 countries. The estimation
was carried out using the classic method of least squares. As the explained
variable, GDP was chosen, while the statistically significant variable, with the
0.01 significance level, turned out to be the variable unemployed with higher
education at 10,000. residents. In contrast, statistically significant variables at the
0.05 significance level turned out to be internal R & D expenditure of the
enterprise sector at 10,000. residents and internal government spending on R &
D at 10,000 residents. The examined econometric model also includes state
budget funds for industrial production and technologies, employed in science and
technology as well as zero-one variables. Statistical data used in the study were
taken from the European Statistical Office, the research period was set for 2005-
2016.

Keywords: Econometric Analysis, Innovation, Visegrad Group.

1 Introduction

In the modern world, various types of phenomena, e.g. economic ones [more broadly:
1; 16; 20], social or natural are almost always conditioned by the action of other
phenomena. Therefore, the existence of relationships between phenomena is often the
subject of scientific inquiries. Thus, in the presented article, it was decided to examine
one of many ever-striking phenomena, namely the problem of economic growth [see 6;
12].

The paper analyzes the impact of selected factors on economic growth in countries
belonging to the Visegrad Group, i.e. in Poland, Slovakia, the Czech Republic and
Hungary [cf. 14]. Therefore, the study covered four countries with diversified economic
level, while the research period was limited to twelve years, i.e. from 2005 to 2016. The
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study did not include the last year, i.e. 2017 due to the lack of data at the time of
preparing the proposed analysis. It is worth noting that work on the model used GNU
Regression Econometric and Time-Series Library - gretl, which provides advanced
econometric methods.

The main research goal was to identify statistically significant determinants of
innovation affecting the economic growth of four countries belonging to the Visegrad
Group. However, it was decided to extend the analysis to include specific objectives,
which are an attempt to find answers to the following research questions:

e I[s the panel analysis helpful in solving problems related to the presentation of
factors determining economic growth in the Visegrad Group countries?

e Did all of the examined explanatory variables interact in a statistically significant
way with the explained variable?

e Which of the studied variables had a strong influence on the shaping of the
explained variable?

e Which of the zero-one variables turned out to be statistically significant for the
estimated model?

Based on the results obtained from the conducted analysis, which consisted in building
and estimating the econometric model, all the research goals were achieved.

2 Economic Growth in a Synthetic Theoretical Approach

Economic growth can be seen as increasing the capacity of a given society to produce
goods and services within the entire economy. Therefore, in the theory of economics,
the term economic growth is used to describe quantitative changes. However, it should
be noted that in the case of defining economic development, in addition to the
aforementioned aspect, qualitative changes and changes in the structure of the economy
are also taken into account [5]. The most frequently used quantitative reflection of
economic growth is the increase in the real value of GDP in the economy.

In the subject literature one can find three basic accounts of factors affecting
economic growth. This aspect is presented in Figure 1.

ECONOMIC
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Fig. 1. Three approaches to economic growth factors [13, 17].

The fundamental aspects determining economic growth are labor productivity and
employment growth. These elements constitute the national income. Growth also
generates a combination of such factors as the process of creating a convergent to
a country-specific path of sustainable growth, showing the development of per capita
production; technological development; changes in expenditures on human capital,
changes in investments and paths of sustainable growth [10].

Observing a specific industry, it is noticeable that the average increase in
productivity can be presented as the merging of the following elements [10]:

e increase in participation in the market of enterprises with high productivity;
e increase in productivity inside enterprises already operating;
¢ building new business entities that replace entities with lower productivity.

3 Econometric Analysis

3.1  Constructing the Model

The econometric analysis was carried out on panel data, i.e. those that are observed in
at least two dimensions [11]. In other words, this type of data is a two-dimensional
variable, conditioned in time and space.

The study decided to examine selected determinants of innovation [more 7; 21] in
the context of economic growth of the Visegrad Group countries in 2005-2016. Value
gains and zero-one variables were used. Assuming that the index i = 1, 2, ..., N marks
the following areas (states V4), and the index ¢ =1, 2, ..., T'marks time units (see Table
1), then the constructed model will be in the form:

Yit = o1 Xpir + 02 Xoir + 03 Xzi + 04 Xaig +o5 Xsiu + Cz + H+ P+ vy, (1)

where:
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explained variable:

Yit — Gross Domestic Product at current market prices at 10,000 residents,
explanatory variables:

Xiit— Internal expenditure on R & D of the enterprise sector at 10,000 residents,

Xoit— Internal government spending on R & D at 10,000 residents,

X;i— State budget funds for industrial production and technologies for 10,000 residents,
Xait— Unemployed people with higher education at 10,000 residents,

Xsi— Employed in science and technology for 10,000 residents,

Cz — zero-one variable for the Czech Republic,

H — zero-one variable for Hungary,

P — zero-one variable for Poland,

vi;— total random error (consisting of a purely random part &; and individual effect u;,
therefore vi = &; + u;) [15].

Table 1. Assignment of indices to individual countries of the Visegrad Group and respective

periods.
i t
1 Czech Republic 2005
2 Hungary 2006
3 Poland [vide 18] 2007
4 Slovakia [vide 2; 18] 2008
2009
2010
2011
2012
2013
2014
2015
2016

When starting work related to econometric modeling, a set of statistical data should be
first developed. Each data set is classified into one of three types: cross-sectional data,
time series and panel data. In the estimated case, the latter ones were used, in other
words, space-time, i.e. observed in many areas for many periods of time [9]. It is worth
emphasizing that the data type declaration is an important element during process
modeling, because a particular type of data determines the right methods and tools for
the selected data type [15]. The empirical studies used statistical data taken from the
Eurostat database [8].

In the next step, we should focus on the organization of panel data. The indices of units
and (for individual V4 countries) and time t (2005-2016) were used.

The results of the model described above are presented in the following tables. The
results of the most important and, at the same time, necessary tests are put below them.
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3.2 Results of the Model Estimation

Estimation using the classical least squares method (CLSM) is considered acceptable
when the individual effect does not occur and the panel is treated as a cross-sectional
data set. This kind of situation happens in the examined model [vide 19].

Using the GRETL econometric program, the estimation presented in table 2 was
obtained. It contains the values characterizing and describing the results of least squares
estimation. The test for distribution normality is presented in Figure 2.

Table 2. Model 1: Panel estimation LSM, using 48 observations, 4 units of cross-section data
were included, Time series length = 12, Dependent variable (Y): Yit [own elaboration based on

the GRETL program].
Factor Std. error Student's t- P value
const 6,03717 2,03689 2,964 0,0052 Hk*
Xlit 39,9913 17,1090 2,337 0,0246 *ok
X2it 39,5526 17,3784 2,276 0,0284 Hok
X3it 8,01838 10,7498 0,7459 0,4602
X4it -401,124 144,454 2,777 0,0084 Hkx
X5it 172,846 108,150 1,598 0,1181
Cz -4,20596 2,84193 —1,480 0,1469
H -5,21639 2,72466 -1,915 0,0629 *
P -3,25356 2,73545 -1,189 0,2415
The arithmetic me?n of the 5189866 Standard deviati_on ofa 7430614
dependent variable dependent variable
The sum of residual squares 1666,281 Standard error of residues 6,536449
R-squared determination 0,357902 Adjusted R-square 0,226190
coefficient
F(8, 39) 2,717303 The p-value for the F test 0,017578
Logarithm of credibility —153,2406  Akaike information criterion =~ 324,4812
Schwarz Bayesian criterion 341,3220 Hannan-Quinn criterion 330,8454

Autocorrelation of residues -

thol —0,078460 Durbin-Watson statistics 2,004700

The first step in assessing the quality of the econometric model is to assess the
significance of the impact of individual independent variables on the dependent
variable. For this purpose, the Student's t-test of significance of the o parameter was
used. If a given variable is marked with three asterisks (***), the variable is significant
at the 1% significance level, if two (**), at 5%, and if one (¥) is at 10% [ 15].

In table 2 in the penultimate column there is an empirical significance level p (test
probability), which additionally allows to indicate the weakest model variable.
However, the F-Snedecor test (Statistics F) enables a comprehensive assessment of the
suitability of the econometric model.

After the panel estimation, the main model took the following form [vide 3;4]:
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Y= 6 + 39 X;+ 39 X,+ 8 X;— 401 X, + 172 Xs— 4 Cz
(2,03)  (17,10) (17,37) (10,74) (144,45) (108,15) (2,84)
— 5 H- 3 P
(2,72) (2,73) (2)
The equations describing particular countries of the Visegrad Group are as follows:
e Poland:

Yp = 2,79 4+ 39X; + 39X, + 8X; — 401X, + 172X, (3)
e Hungary:

Yy =0,82 + 39X, + 39X, +8X; — 401X, + 172X, 4)
e Czech Republic:

Yo, = 1,83 + 39X, + 39X, + 8X5; — 401X, + 172X, (5)
e Slovakia:

Ys = 6,04 + 39X, + 39X, + 8X; — 401X, + 172X, (6)

On the basis of the conducted research, it can be concluded that three of the analyzed
variables, i.e.: unemployed with higher education at 10,000. inhabitants, internal
expenditure on R & D of the enterprise sector for 10,000 residents and internal
government spending on R & D at 10,000 people are good stimulators for the Gross
Domestic Product in the Visegrad Group countries. This is confirmed by the level of
their significance: Xait- 0,01; Xiir and Xai - 0,05.

Excluding the constant, the largest p value is for variable 6 (Xsi).

The evaluation of the normality of the distribution of residuals was carried out using
the Doornik-Hansen test verifying the hypothesis on the normality of the residual
distribution.

Test for normality of residual distribution:

Null hypothesis: the random component has a normal distribution.
Test statistics: Chi-square (2) = 0.701282, with a p value of 0.704237.

The Chow test for structural changes in the distribution of the sample in the
observation 2:12
Null hypothesis: no structural changes.

Test statistics: F(6, 33) = 0,871212,

with p value = P(F(6, 33) > 0,871212) = 0,52633.

Evaluation of homogeneity of the variance of the random component -
heteroskedasticity of the random component was done with the White test. This test
assumes verification of the significance of regression determined for residual squares
with a set of model variables, their squares and products.

White's test on heteroscedasticity of residues (variability of residual variance):
Null hypothesis: heteroscedasticity of residues does not occur.

Test statistics: LM = 41,1026,
with p value = P(Chi-square(38) > 41,1026) = 0,336254.
Cumulative distribution of Waltz's heterokedasticity test:
Null hypothesis: units have a common residual variance.
Asymptotic statistics: Chi-square(4) = 2,83326, with p value = 0,586105.
Panel residual variance = 34,7142.

unit variance

1 48,7280 (T =12)

2 36,3393 (T=12)
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Density chart (nuclear estimator)

3 29,5124 (T = 12)
4 242771 (T =12)
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' Test for normality of distribution: hat]——

u
Chi-square(2) = 0,701 [0,7042] N(-3,8858¢-016 6,5364)

0,04

0,04
0,03
0,02

0,01

-15 -10 -5 0 5 10 15 20

2 uhat1

Fig. 2. Test for normality of distribution [own elaboration based on the GRETL program].

The evaluation of the normality of the distribution was carried out using the Doornik-
Hansen test, i.e. a test using the transformed value of skewness and kurtosis parameters.
In the next part of the analysis it was decided to work out the frequency distribution
(Table 3) and make the alignment assessment.
R-squared determination coefficient = 0,856305.
Test statistics: TR"2 =41,102638,
with p value = P(Chi-square(38) > 41,102638) = 0,336254.
Frequency distribution for uhatl, observations 1-48, number of intervals = 7,
mean = -3,88578e-016, standard deviation = 6.53645.

Table 3. Frequency distribution [own elaboration based on the GRETL program].

Intervals Average Number Frequency Cumulated

<-9,5064 -11,518 3 6,25% 6,25% ok
-9,5064 - -5,4838 -7,4951 7 14,58% 20,83% A
-5,4838 - -1,4612 -3,4725 9 18,75% 39,58% Rkl
-1,4612 - 2,5614 0,55006 12 25,00% 64,58% A Ak
2,5614 - 6,5840 4,5727 10 20,83% 85,42% AR
6,5840 - 10,607 8,5953 6 12,50% 97,92% HxE

>= 10,607 12,618 1 2,08% 100,00%

Null hypothesis: an empirical distributor has a normal distribution.
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The Doornik-Hansen Test (1994) - transformed skewness and kurtosis:
Chi-square (2) = 0.701, with a p value of 0.70424.

Another very important issue in econometric modeling is the study of the collinearity
of explanatory variables. This is extremely important, because the possible collinearity
of variables is an undesirable feature. Because if there is an exact collinearity, the model
will not be estimated because the determinant of the XTX matrix is zero. The high
correlation of explanatory variables causes that the determinant value is close to zero,
thus the standard errors of parameter evaluations, derived from the variance and
covariance matrix, have relatively large values, which in turn leads to understating the
value of Student's t-statistics in the parameter significance assessment. If the value of
VIF; equals one, it means that the variable x; is uncorrelated in relation to the other
explanatory variables of the model. A dramatically different situation occurs when VIF;
> 10 then it is a sign of collinearity, which significantly disturbs the quality of the
analyzed model [15].

Collinearity Rating VIF (j) - factor of variation distortion:

VIF (Variance Inflation Factors) - the minimum possible value = 1.0.

Values greater than 10.0 may indicate a collinearity problem - distortion of variance.
Xiie - 1,227; Xoit - 1,383; Xsi - 1,293; Xaie - 1,036; Xsic - 1,052; Cz - 1,701; H - 1,564;
P -1,576.

The results indicate that there is no collinear problem in the model under study

because all tested values are less than 10.

VIF() = 1/(1 - R(G)"2),

where R(j) is the multiple correlation coefficient between the variable 'j' and the other
independent variables of the model.

Matrix features X'X:1-norm = 88,267132, determinant = 0,0016567627, indicator of
the conditioning of the CN matrix = 2,2254459¢-005.

The next stage of the panel model research was devoted to taking into account
individual effects, which can be twofold, which is why they are divided into fixed
effects and random effects. However, due to the breadth of the proposed analysis, it
was decided to limit only to the study of established effects. The results obtained are
shown in Table 4.

Table 4. Estimated effects (non-random effects) taking into account the diversity of the free
expression according to units in the cross-section, [own elaboration based on the GRETL

program].
Coefficient Standard error p value

const 2,3682 1,4041 0,04789 **
Xlit 39,991 17,109 0,02464 **
X2it 39,553 17,378 0,02842 ok
X3it 8,0184 10,75 0,46020
X4it -401,12 144,45 0,00839 ook
X5it 172,85 108,15 0,11807

The arithmetic me?n of 5.189866 Standard deviatif)n ofa 7.430614

the dependent variable dependent variable
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The sum of residual Standard error of

1666,281 . 6,536449
squares residues
LSDV R-square 0,357902 Within R-square 0,325046
The p-value for the F
LSDV F(8, 39) 2,717303 °P Vatlel:‘t orthe 0,017578
Akaike inf ti
Logarithm of credibility ~ —153,2406 ke ToTmation 3244812
criterion
Schwarz Bayesian . .
. 341,3220 Hannan-Quinn criterion 330,8454
criterion
Autocorrelation of . .
—0,078460 Durbin-Watson statistics 2,004700

residues - rhol

4 group mediums including data:
Residual variance: 1666,28 / (48 - 9) =42.7252.
Total significance of grouped inequalities:
F (3, 39) = 0, with the value of p 1.
A low p value means rejecting the HO hypothesis that the LSM panel model is correct,
against the HI hypothesis, that the model with the determined effects is more
appropriate.
Average residuals for section units in the LSM panel estimation:

unit 1: 1,4803e-015

unit 2: 6,6613e-016

unit 3: 2,3685e-015

unit 4: -5,9952¢e-015
It should be noted that in order to determine whether a given panel model can be
estimated using LSM, one should verify the hypothesis about the existence of an
individual effect or, concurrently, whether the variance of the individual effects
component is equal to zero. Breusch-Pagan's test serves this purpose.

Breusch-Pagan test statistics:

LM = 2.18182 with the value of p = probe (chi-square (1) > 2.18182) = 0.139649.
A low p value means rejecting the HO hypothesis that the LSM panel model is correct,
against the H1 hypothesis, that the random effect model is more appropriate.

Summary and Conclusions

After the analysis, it can be concluded that the chosen model is suitable for
forecasting. Because the share of the standard error of the residues to the arithmetic
mean of the dependent variable does not exceed 10%.

After analyzing the value of the coefficients of determination to the minimum value
adopted from above, it can be stated that the tested model has a high fit.

The distribution of residues is consistent with the normal distribution, moreover, the
constructed model does not contain autocorrelations of residues.

The relationship between variables is linear.
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In addition, on the basis of the arguments quoted below, it is considered that the
specificity of the model is correct because:

e aset of explanatory variables was selected appropriately;
e there is correctness of the functional form;
e zero-one variables were used.

To sum up, the aim of the research was to identify statistically significant
determinants of innovation affecting the economic growth of the V4 countries.
Therefore, an analysis of the relationship between selected variables regarding the level
of innovation and changes in economic growth in 2005-2016 was conducted. A panel
model was built, using annual data describing four selected for analysis states. The
estimation of the model was made using the classic least squares method using the
GRETL program.

The results of the analysis presented in the paper allow to formulate the following
conclusions:

e panel analysis is useful for solving problems related to the search for determinants
shaping economic growth in the V4 countries;

e a statistically significant variable with a 0.01 significance level turned out to be a
variable unemployed with a higher education of 10,000. residents;

e two variables should be included in the factors determining the determinants of
economic growth in the analyzed countries: X1it - internal expenditures on R & D
of the enterprise sector and X2it - internal expenditures on R & D of the government
sector. The increase in the level of these variables has a positive impact on economic
growth in the Visegrad Group countries. This identification makes it possible to
improve national policies and to focus actions on those that most significantly
improve the socio-economic situation of the V4 countries;

e the variables X1it and X2it had a statistically significant effect on the change in the
level of economic growth, with the X4it variable having a stronger impact on the
shaping of the explained variable;

e the zero-one variable for Hungary turned out to be a statistically variable being at
the significance level of 0.1.
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Abstract. One of the ways how to boost competitiveness is to use the Corporate
Social Responsibility (CSR) concept. The term "Corporate Social
Responsibility", although it is discussed for more than half a century, currently
has no universally applicable and uniform global definition. The aim of the paper
is to analyze one hundred definitions from different authors, to find the most
common words in them and to create a universal definition. According to
literature review, social responsibility is based on volunteering, stakeholders and
integration of individual pillars. Pillars are supposed to be economic, social,
environmental, legal, philanthropic and ethical. However, volunteering is
currently on thin ice due to the European Union regulation.

Keywords: Corporate Social Responsibility, Definition, Voluntary.

1 Introduction

The present time is characterized by constant and rapid changes. This development
dynamics brings many challenges but also the challenges faced by management. Due
to the highly turbulent business environment, achieving, shaping, and above all,
maintaining the competitiveness of an enterprise with a very challenging task.

One of the ways how to boost competitiveness is to use the Corporate Social
Responsibility (CSR) concept. This topic is being increasingly discussed. The
competitors and the community are more interesting in company’s behaving to their
clients, environmental and social, staff and to the needs of community. Prosperous
enterprises do not concentrate only on making profits. Interest in social responsibility
is highly increasing in the Czech Republic, and the number of companies using this
concept is growing.

There are currently various competitions where social responsibility is measured
according to various indicators. New interests and expectations are emerging from
consumers, citizens and investors, growing interest in the impacts of economic
activities on the environment, and media and modern communication technologies,
including social networks, enforce the transparency of business activities.
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2 Definition of Corporate Social Responsibility

2.1 Current Status

Social responsibility has been the subject of several studies over the last few decades
[5,7,22]. It has evolved from the philanthropic activities of executives and has gradually
become a valuable component of the management of all stakeholders [24,31].
Involvement in socially responsible activities permeates different types of businesses
in different sectors and countries.

The term "Corporate Social Responsibility" or CSR, although it is discussed for
more than half a century, currently has no generally and universally valid definition. In
accordance with [16] it could be because CSR is based on voluntariness. The concept
has no defined limits and there is a wide space for discussion and for a broad
comprehension by various stakeholders. [27] states that the explanation of CSR has
diverse meaning for diverse individual involved parties, who should be analyzed for
their significance — see e.g. [29].

The aim of the paper is to present one hundred definitions from different authors, to
find the most common words in them and to create a universal definition.

2.2 Literature Review

In the Table 1 there are analyzed several definitions of CSR.

Table 1. Definitions of corporate social responsibility.

Author

Definition

Carroll (1999)

interconnection of four core areas — economic, legal, ethic and
voluntary (later philanthropy)

Franc et al. (20006)

an overarching concept that encompasses topics ranging from
environmental protection to employment rights, anti-discrimination,
community work, transparency to socially responsible investment

policy

World Business
Council for
Sustainable
Development (Kotler
and Lee, 2005)

the continuous obligation of companies to act ethically and to strive
for economically sustainable growth and supporting the
improvement of the quality of life of szaff'and their family members
equally local community

Markova (2011)

such an undertaking's activity in which the undertaking behaves
responsibly beyond the legal standards, which is not uncommon but
permanent

Business Leaders
Forum (Kunz, 2012)

the voluntary obligation of enterprises to act responsibly in the
context of their activities both in the ekological and in the society in
which they deal

Kislingerova and
Novy (2005)

one of the objectives of corporate governance, deals with the impact
of business behavior on its surroundings and the whole of society,
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and understands the firm as a sub-company that has certain tasks in
the company

Kalousova (2005)

a concept that primarily emphasizes respecting business value levels
- towards staff, suppliers, clients, etc., and to the environment in
which companies operate and influence their business - the
environment, people and organizations in the community

Commission of the
European
Communities (2001)

a concept in which companies connect social and ecological
interests in their business activities and in their cooperation with
their stakeholders on a voluntary principle

Kuldova (2010)

voluntary determination of high ethical standards, efforts to
minimize negative impacts on the environment, care for employees,
maintaining good admissions, and contributing to support the region
in which they operate

World Business
Council for
Sustainable
Development (1999)

the enterprise’s obligation to secure the sustainable economic
development, working with staff, their family members, the local
community and society at large to better their life quality

European Union
(Kungz, 2012)

voluntary connection of social and ecological attentions to day-to-
day enterprise operations and connections with business
stakeholders

Canik et al. (2006)

the concept whereby the company voluntarily supposes co-
responsibility for the welfare and sustainable expansion of modern
society while awaiting to ensure profitability and competitiveness

Kunz (2012)

a modern business concept that formulates the company's focus on
retentive goals and intervenes in all areas of the enterprises'
activities, socially responsible companies, while working in their
function, try hard not only to cover traditional economic objectives
but also to satisfy the social and ecological aspects of their
operations

Jakubikova (2013)

the voluntary enterprises’ obligation to operate responsibly to the
environment and the business in which they run

Petiikova (2008)

all operations that fulfill all the legitimate requirements beyond and
also the operations by which the enterprises try to comprehend and
gratify all stakeholders in society

The Corporate Social
Responsibility
Newswire Services
(Kotler and Lee,
2009)

integrating corporate practices and values in such a way that they
include the interests of all stakeholders including consumers,
employees, investors and the environment

Tetfevova (2017)

such behavior of managers and other employees of the company,
which respects not only the economic and technical interests of the
company but also the interests of all corporate stakeholders, being
beyond
arrangements and merging with all corporate activities

implemented voluntarily the Jaw and contractual
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Jones (1980)

the term that companies have a commitment to component groups
in society other than stockholders and beyond that ordered by law or
union contract, marking that a limit can go beyond simple property

Putnové (2004)

such conduct of businesses when they take into consideration the
necessities of their inside and outside environments to widely assist
to the overall melioration of the condition of society both within and
beyond their businesslike operations

Dytrt (2006)

the voluntary integration of social and environmental
considerations in synergy with stakeholders in business activities

3

Methodology and Results

There were analyzed and then synthesized one hundred definitions of corporate social
responsibility and found the most frequent words. The above definitions are by no mean
a exhaustive bibliography of investigation on Corporate Social Responsibility
definitions, but this paper illustrates the selection of methodological approaches used.
Firstly, the definitions of CSR were assembled through the literature review. Secondly,
these definitions were analyzed, and the most common words were determined. In the
end, our own explanation of CSR was defined.

The most frequent words are highlighted in definitions mentioned above. We will

consider some words as synonyms for simplification:

economic = profits, competitiveness

social = community, society,

environmental = ecological,

philanthropic = beneficent, charitable, community,

legal = statutory, legitimate, rightful, law,

voluntary = optional, beyond the law, unasked,

integration = connection, interconnection, link, interaction,
stakeholders = employees, suppliers, interested parties.

It was used a tool Tree map (see Fig. 1), which offers an interesting way to visualize
a hierarchy of date. With it, data for different categories could be compared, such as
the most common (frequent) words in definitions of CSR. The biggest part of tree map
was filled with words voluntary, stakeholders, social and integration.
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Fig. 1. Tree map of the most common words.

Another graph (see Fig. 2) shows the frequency of used words in definitions. The least
used word is “legal” (12 %) and “ethical” (19 %). The most frequency pillar is “social”
(71 %) and 83 % of authors think that CSR is based on voluntariness.

— o ow
e
ethical -
e

stakeholders

Fig. 2. Frequency of used words.
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It was interesting to see if there are any correlations between words. Observations have
revealed that if the word "environment" appears in the definition, the word "social" will
often appear. If the word "philanthropic" appears in the definition, there is no word
"legal" or "ethical".

Integration of various parts — economic, social, ecological/environmental, ethical,
legal, etc., has various meaning by different authors. Some of them state that corporate
social responsibility is based on only two or three pillars, some of them prefer more
areas. This is based on how widely CSR is explained by authors. Theories about three
parts (called three-bottom-line) include economic, social and environmental pillar and
are comparable with socially responsible concept 3P, specifically people-planet-profit.

Using detailed examination, analyzing and then synthesizing the definitions from the
literature review, the authors concluded that Corporate Social Responsibility (CSR) is
an optional concept of socially responsible conduct beyond the legitimate commitments
of the company that integrates the social, environmental and economic part and
therefore it satisfies the objectives of all the interested parties.

4 Discussion

Dalshrud [9] analyzed 37 definitions of CSR and resulted the five primary parts that
were the most usual in the definitions (no less than 80%), but there is no mention of
integration:

e environmental,
e social,

e economic,

e stakeholders,
e volunteering.

It can be argued that this paper focuses more complexly on definitions and is not limited
to just five areas.

But is the concept of corporate social responsibility voluntary? Since 1st January
2017, large companies have a new legal obligation under EU Directive 2014/95/EU to
make public their impact on society and the environment. This is so-called non-
financial reporting.

Large enterprises covered by this obligation are enterprises with 500 or more
employees, a net turnover of EUR 40 million or a balance sheet total of EUR 20 million
and are public interest entities (governed by the law of a Member State and traded on
stock exchanges, credit institutions and insurance companies).

Directive 2014/95/EU on the disclosure of non-financial information requires
companies to disclose in their annual reports information relating to [21]:

environmental areas,

social and employment issues,
respect for human rights,
combating corruption and bribery,
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e diversity and policies within the company's administrative, management and
supervisory bodies.

The reporting itself can be based on several methodologies, the most complex of which
are GRI and ISO 26000 pillars.

The objective of non-financial reporting is to achieve a higher level of transparency
of social and environmental information provided by businesses in all sectors. Regular
reporting should help businesses identify sustainability risks and increase consumer and
investor confidence. Although this obligation does not apply to all companies, it could
help improve access to responsible business as well as the right insight into CSR. CSR
would no longer be voluntary in the case of a general obligation to report.

5 Conclusions

CSR, basically, is the economic, managerial, moral and in part political concept. It is a
way for the management of the enterprise to take responsibility for the environmental
and social impacts of their business activities.

The term "Corporate Social Responsibility" or CSR has no universally applicable
and uniform global definition. Different authors have different meanings. In this paper
one hundred definitions were analyzed. The most frequency words are voluntary (83
%), stakeholders (82 %), social (71 %) integration (65 %) and economic (63 %).

By detailed examination, analyzing and then synthesizing the definitions from the
literature review, the authors concluded that Corporate Social Responsibility (CSR) is
an optional concept of socially responsible conduct beyond the legitimate commitments
of the company that integrates the social, environmental and economic part and
therefore it satisfies the objectives of all the interested parties.
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Abstract. The purpose of the study was to classify farms maintaining
conservative breed livestock in terms of strategies of knowledge sharing with
institutions. Data from 145 farms from south-eastern Poland was collected with
a questionnaire in 2017. The strategies were determined on the basis of an IPA
analysis.

The results show that Polish farmers implement livestock biodiversity
protection programmes and create most numerous relationships with industry
associations and advisory institutions. The subject of exchange in such
relationships is knowledge and the largest quality gap is that of the farms
following the concentration strategy (high importance and low intensity). Polish
farmers implement the livestock species biodiversity protection programme
creating most numerous relationships with industry organisations and advisory
institutions. The object of sharing in these relationships is knowledge which
indicates the existence of a continuous need to educate and adjust the training
scope by institutions supporting agriculture. The role of institutions in supporting
the biodiversity development processes is constantly increasing.

Keywords: IPA Importance Performance Analyse, Breeders, Knowledge
Exchange.

1 Introduction

The Agricultural sector strongly needs to create, share and disseminate up-to-date and
appropriate knowledge and information [7]. Recently, the concept of information
sharing has attracted the attention of scholars, the most recent work was on the effect
of information and knowledge sharing on performance [10]. Various scholars [4] argue
that there are many factors enhancing value chain performance in addition to
information sharing including trust and interaction. Trust depends to a large extent on
information sharing and interaction.

Since the launch® (2013) of the subsidies for the livestock conservative breed
protection programme in Poland no major specialised platform for knowledge and

* Regulation of the Minister of Agriculture and Rural Development of March 13, 2013, item 361
on the specific conditions and manner of subsidization within the framework of the “Agricultural-
environmental programme” covered by the Rural Areas Development Programme for the years
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information sharing has emerged. Whereas Poland’s public policy' is aimed at solving
public problems related to economic development, social and environmental issues,
there are still no effective solutions due to the delayed executive acts and their funding
[12]. The efficiency of investments and innovation implementation in the scope of
brokerage services (knowledge and information sharing) for breeders of livestock
conservative breeds is still insufficient.

The breeders are left with conventional information channels which suggests that
they typically work based on their own experience and experts’ technical guidelines to
determine which species are to be bred, for what products, how to associate with other
producers and create economic networks. A large part of the knowledge base in in the
experts’ minds while individual breeders own it as concealed knowledge. There is a
problem of a large amount of silent knowledge consisting in the fact that it is of a
general nature, not species-specific (cattle, pigs, sheep, etc.). This is particularly
important in a situation in which breeders are poorly organised. Also, no programme
has been created that would support the organisation of this specific group of breeders
implementing the biodiversity programme. The nature of breeding and the Polish
regulations regarding food processing restrict the possibilities of marketing farm
produce. Taking into account that animals are bred by small farms, their production
scale and the ability to meet the quality requirements are limited in the light of strong
competition on the part of breeders of traditional breeds and commercial network
organisations. It is essential for the breeders of conservative breeds to cooperate in order
to increase their development opportunities and change the existing approach. The
breeders do not have full knowledge of the benefits the cooperation in groups brings,
they are distrustful, and they do not take advantage of the opportunity to enter niche
markets. In Poland, the consumers’ interest in high-quality, certified food is increasing.
Such production requires the breeders to expand their knowledge, e.g. by actively
exchanging it with institutions such as Agricultural advisory centres, research institutes,
industry associations.

Knowledge sharing traditionally by various courses should be combined with
knowledge sharing via specialised websites. It follows from the research [6] that
technical trainings for farmers are needed in the field of use of communication and
information technologies that increase the transfer of information. Quick and global
access to information and knowledge e.g. via ICT implies changes in the process of
innovation which is based on recombination of the existing knowledge to increase the
possibility of creating something new [1].

Small and medium companies (like farms) rarely have all the knowledge necessary
for their effective management; in addition, the scope of essential knowledge changes
with growth of the company [11]. Business consulting is characterised by diversity in
relations to the content of services provided to compagnies of various sizes and the
different stages development [8]. Owners like farmers are more likely to use other types
of advisers instead of business consulting firm and professional consultants. They tend

2007-2013. Package 7 of the said regulation refers to the conservation of endangered genetic
resources in agriculture.

A network for innovation and in rural areas was created in Poland (SIR), within the scope of the
European Innovation Partnership.
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to use business relations (friends, family) that do not perform advisory functions, such
as accountants, suppliers, bank staff [3].

2 Methodology

The purpose of research was to classify the farms with conservative breed livestock
(cattle, sheep and pigs) in terms of how they exchange knowledge with institutions.
Data from 145 farms in south-eastern Poland was collected with a direct interview
questionnaire in 2017.

The study of the knowledge exchange was based on the assumption that it constitutes
an act of providing of a specific service in which the farms are customers and the
institutions are service providers. According to the network theory, a relationship
occurs where there is common goal and exchange between entities occurs. The scope
of exchange was narrowed down to knowledge due to the insignificance of other forms
of exchange (material resources and skills). The knowledge of farmers keeping
conservative breed livestock constituted, in turn, a guideline for estimation of
educational and training needs (— context of evaluation of social capital).

Assuming that the knowledge sharing relationships are services and that the causes
determining the intensity and importance of knowledge sharing are complex, the IPA
method used in the research of this kind was applied [9]. It allowed the relationship
quality to be evaluated and the strategies of knowledge exchange to be classified. The
extent of the gap between the evaluation of knowledge sharing intensity and their
importance allows the “remedial” actions, such as: trainings, education, stimulation of
relationship (meetings, trips) to be determined.

3 Results

The studied farms created numerous relationships. Apart from customers and suppliers,
economic relationships included: industry, advisory, scientific and state administration
organizations (UM, UG, ARiMR, ARR) who the studied farms cooperated with. The
results provided in this paper refer to the entirety of the relationships formed by farms,
including all institutional entities.

The concept of the IPA is based on the combination of four fields with results
evaluation of intensity and the importance of given traits (any number of traits subject
to evaluation). For the research presented in the paper, the importance and intensity
were evaluated for the exchange of knowledge between farms with conservative breeds
and the institutions they interact with. The score could range from 1 to 5. As a result of
such arrangement of scores, average relationship scores were obtained based on
knowledge exchange in four fields in the context of their importance and intensity (see
Fig. 2). Each field means a different arrangement of scores (the proportion of
importance to intensity). If the evaluation of intensity and importance was high (from
2.5 to 5), the relationship was in the field (f) of maintaining good relationships. In turn,
if the importance and evaluation scores were low (from 0 to 2.5) the relationship was
in the field of (d) trivialities. The analysis allowed the evaluations of importance and
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intensity which define the quality gap to be compared. The higher the difference, the
bigger the gap.

Concentrate here (g) Keep up the good work (f)
7
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Fig. 1. Drawing of IPA analysis model.
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Fig. 2. Importance versus frequency of knowledge sharing between farms and institutions

(Agricultural advisory centres (ODR), Industry organisations (OB), Municipalities (UG)= local
government institutions (UG)).
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In the group of studied farms, the exchange of knowledge was of the highest importance
for farms cooperating with industry organisations and agricultural advisory centres.
These relationships were in the field of “keep up the good work” strategy. Conversely,
knowledge sharing with municipalities was of little importance (see Fig. 2).

The most numerous form of relationship (73.10%) were d (field of trivialities) with
a low importance and low intensity. The least numerous (2.76%) were g (excessive
care) with little importance and a high intensity. The f relationships turned out to be
popular (field of maintaining good position) (12.41%) with a high intensity and high
importance which were handled according to the strategy typical for the field of
trivialities (low importance and frequency of sharing; see: Table 1).

Table 1. Average scores of intensity and importance of knowledge sharing between farms and
institutions in IPA fields.

Intensity Importance Gap Number IPA field

Fields of IPA N) M) (M-N) of farms per cent
d. Trivialities 1.27 1.39 0.12 106.00 73.10%
e. Concentration 2.02 2.90 0.88 17.00 11.72%
f. Maintaining a good position 2.80 3.03 0.24 18.00 12.41%
g. Excessive care 2.34 1.97 -0.38 4.00 2.76%

Average score 1.58 1.79 0.21 145.00 100.00%

A large gap in the field of concentration (¢) means the necessity of committing training
efforts in order to understand the development perspectives for farms due to knowledge
sharing (Table 1).

The largest gap in the evaluation for field e (0.88) means the importance is higher
than the intensity (relationships are not frequent but are important). In turn, frequent
relationships with low importance occurred in field g (field of excessive care, see
Table 1).

4 Discussion

Surely for the development of relationships between farmers, it must be determined
what kind of knowledge they need (technological, market-related, coaching). There are
premises for believing that certain variables define IPA strategies better (such as
economic, relationship strength over time, % of produce procurement).

The results indicate that the Polish farmers implement the livestock species
biodiversity protection programme creating most numerous relationships with industry
organisations and advisory institutions. The object of sharing in these relationships is
knowledge which indicates the existence of a continuous need to educate and adjust the
training scope by institutions supporting agriculture. The role of institutions in
supporting the biodiversity development processes is constantly increasing. The market
problems faced by farms keeping conservative breeds require institutional support.
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The largest quality gap was observed in the farms following the strategy of
concentration (high importance and low intensity). The weakest relationships (low
importance and low intensity — strategy of trivialities) were formed by a majority of
farms (73.1%) with the lowest share of production under advance procurement
contracts and low income.

The group of farms (12.41%) with the highest evaluation of relationships (high
importance and high intensity — strategy of maintaining a good position) included
entities with highest share of production under advance procurement contracts and high
income.

5 Conclusions

In the context of biodiversity development, the farms following the strategy of
maintaining a good position should be especially valued, while the farms following the
strategy of trivialities should be monitored. The entities which do not value knowledge
and sharing it, are at risk of being forced out of the market. The lack of knowledge
restricts their access to advance procurement contracts and makes them miss the
opportunity for profit (they do not know what, when and where they are missing).

Acknowledgements. The publication regards the BIOSTRATEG2/297267/14/NCBR/
/2016 project, funded by the National Centre for Research and Development under the
Biostrateg programme entitled ‘Directions for the Use and Conservation of Livestock
Genetic Resources in the Conditions of Sustainable Development.
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Abstract. The article presents the application of Internet of Things (IoT)
technologies in the distribution of utilities. The presented application — detection
of'the integrity of seals of meters of certain utilities (water, gas or electric power)
- is based on an extensive analysis of opportunities in applying the [oT principles
to the distribution of utilities, in particular the distribution of electric power. One
of the opportunities with rather high expectations from distributors is detection
of the integrity of meter seals. The article includes a proposal of the technical
solution of such an IoT application and discusses the cost-effectiveness of the
solution. We have reached the conclusion that an isolated implementation of IoT
technology is much more expensive than the currently used solution, which is
based on labor and on having meters checked by people. Another way to increase
the cost-effectiveness of IoT devices is to add the function of remote meter
reading and its follow-up interconnection with data mining technologies and the
evaluation of a large volume of data. However, this addition goes beyond the
scope of this article.

Keywords: Internet of Things, Energy Industry.

1 Introduction

The potential of applications that are generally referred to as Internet of Things (IoT)
has developed gradually — from its use in detecting the level of beverage cooling [6], to
its application in systems with Radio-Frequency Identification (RFID) technologies [1]
all the way to nowadays its very important role in the world of information and
communication technologies (ICT). By the year 2013, IoT had developed into a system
that combines a very big quantity of different technologies with various functions and
uses different communication protocols. For instance, sensors, GPS and mobile
equipment, devices monitoring the movement of equipment, their remote switching off
or on, etc. The definition of IoT as a dynamic global network infrastructure, with self-
configuring capabilities based on standard and interoperable communication protocols
where physical and virtual “things” have identities, physical attributes and virtual
personalities and use intelligent interfaces and are seamlessly integrated into the
information system, has been generally accepted during the past two years [7].

One of the areas of implementation of IoT technologies is their use in the production,
services and distribution of gas, potable water and electric power — utilities in general
[4]. We have conducted a survey concerning the applicability of individual solutions in
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this area from a technological and economic perspective [8]. This article focuses on one
application opportunity only, which is the detection of broken seals of utility meters.
Broken seals are a critical problem especially when it comes to major customers but
often also when it comes to small customers [2]. A typical example is the use of this
technology in the case of problematic customers who have tried to commit fraud in the
past, as well as customers inclined to commit fraud based on data mining results.

Electronic seals with remote detection help to reduce or mitigate non-technical losses
caused by ignoring the fact that the seals were broken or that the sealed sensor or a part
thereof was tampered with until such a fact is detected [11]. Non-technical losses, also
referred to as commercial losses, include e.g. un-metered fixed takeoffs, metering
mistakes, billing or recording mistakes, incorrect meter installation, takeoffs below the
sensitivity limit of electrometers, etc.

The application opportunity of electronic seals is based on the principle of metering
the resistance wire [3]; if it is damaged, interrupted or short-circuited, the sensor will
immediately send information about such damage through the IoT network [5]. The
resistance wire is either placed next to the mechanical seal, provided that there is
enough room, or is a part of the mechanical seal and is placed in the fixed insulation.
The purpose is to monitor on-line any seal breaking at the site of all customers [2].

2 Problem Formulation

The use of IoT in this industry is very topical. One of the important applications is
monitoring whether or not seals on different devices, mainly on meters, have been
broken [3]. The goal of this article is to propose and analyze the potential use of IoT
solutions in monitoring the integrity of seals on meters of utilities (e.g. water, electric
power, gas, etc.).

A similar principle can also be applied to other areas to detect the integrity of seals.
For this reason, this is very topical because by solving this problem, companies may
save a lot of money, mainly in case of dishonest customers.

3 Methodology

The basic data identified for this article mostly come from an extensive survey among
experts from the energy supply industry [12] in the Czech Republic [10]. The survey
among 50 experts from different business companies and universities was conducted at
the turn of 2016 and 2017.

To obtain relevant data, over 67 two-round workshops were conducted. The first
round included 50 structured workshops, using questionnaires. Our questionnaires’ for
asking questions and identifying technologies for IoT and business opportunities were
based on the technique of guided questioning, with the use of open and closed questions
[9].

Once all 50 workshops were finished, we processed and evaluated the data from the
questionnaires that helped us to combine any identified duplicate application
opportunities and to create a set of unique application opportunities.

129



In the second round of 17 workshops, experts and academicians evaluated 124
identified application opportunities and assigned to them priority from 1 to 3, where 1
was the most important and 3 the least important in terms of implementation [8].

It is important to add that the list of identified opportunities may always change,
depending on workshop participants and actual changes of information technologies in
IoT.

4 Results

A complete detailed overview of the results is provided and commented on in the article
[8]. It is important to mention that we identified 16 application opportunities with
priority 1, 20 application opportunities with priority 2 and 25 application opportunities
with priority 3. The remaining 63 application opportunities were not assigned any
priority due to differently evaluated factors, such as importance, costs, implementation
speed, societal benefits, etc.

As already mentioned, in this article we focus on one of the application opportunities
with priority 1, specifically on the implementation of the system detecting the integrity
of seals [3].

The entire systematic solution for detecting the integrity of seals can be divided into
five steps:

e Technical solution;

e Sensors;

e Communication in the IoT network;
e Work with data prior to transmission;
e Power supply.

4.1  Technical Solution — Description

An electronic seal is a simple device that measures the resistance of the resistance wire.
This resistance wire responds not only to its interruption but also to its short-circuit or
crossover. It also responds to any attempt to break it by dropping it or tampering with
it. Based on the aforesaid, we can say that the transmission of information about a
broken seal does not require any major data flow (alarm message, daily heartbeat device
— a heartbeat is a simple message that is regularly sent to confirm that the device is
properly working). In view of this fact, a low-energy IoT network can be used for
transmission [12]. The message is sent on a one-off basis — it is not a regular
transmission.

4.2 Sensors

A sensor means a general device that can be used to detect any seal tampering and that
transmits information about a broken seal.
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Different types of sensors can be used to detect a broken seal. One of them is a sensor
that uses the resistance wire. The resistance wire can usually also recognize a short-
circuit caused by a person trying to break the seal and to overcome its protection by
causing a short-circuit on metering terminals.

A sensor can also be used to monitor several different circuits. Each of them is then
monitored by a separate circuit with the resistance wire. In such a case, each circuit is
connected to a single shared sensor and if the seal is broken, we know that it was broken
on some of the connected circuits. However, we cannot tell which seal was broken. This
is how we can secure several separate parts of metered devices. But it requires that the
devices (seals) are not too far from each other. As an example, we can mention a breaker
panel with circuit breakers on a floor in a block of flats or an office building. Let’s
assume that there are four apartments on one floor whose electrometers are in a shared
breaker panel in the hallway. In such a case, it is possible to connect the seals on each
of the four electrometers to one sensor. In the case that one of the seals is broken, we
will know the location and will check only those four seals.

We propose e.g. SIGFOX as a transmission [oT network because, based on
conducted tests, it is much more resistant against tampering than other low-energy loT
networks and also is the only network with sufficient all-state coverage (resistance
citation).

What is also important about these solutions is that the device sends a heartbeat
message with information about battery voltage both during transmission and in the
idle state together with the chip temperature on a regular basis, usually every 24 hours.
Another important part is the unique identification of the sensor (its ID). Every sent
message is signed and encoded into a hash message by the algorithm AES128. This
guarantees the integrity of the transmitted message.

4.3 Communication in the IoT Network

The device in [oT networks usually does not register in the network when sending data.
The device sends the message immediately upon the data transmission request. No
confirmation of message receipt is usually required in the IoT network. The robustness
and guaranteed likelihood of message delivery is achieved by the following
mechanisms:

e The message is typically sent three times in a row. This minimizes the risk that the
message will not be delivered;

o [oT networks are usually designed in a way to make sure that the sent message could
be received by the maximum number of base stations;

e An identifier is automatically assigned to every message by a protocol implemented
in the modem. The identifier is automatically escalated to easily and quickly find out
that some message was not delivered. In such a case, the receiving device can
generate a defined event and inform the user about lost data;

e In the case that no message from the end equipment is received for a certain time,
the data receiving system can regenerate the event and forward it to the user in a
standard way.
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4.4  Work with Data Prior to Transmission

It is often discussed whether or not it is necessary to process the data prior to
transmission. In the case of this type of message and communication, it is not necessary
to process the data in any major way. A defined information message is transmitted
from the sensor only if the status changes (a specific event occurs), e.g. the resistance
wire is interrupted, the seal is tilted or opened, etc.

4.5 Power Supply

Power supply is another important parameter of [oT solutions. A battery is usually used
for this type of sensor. Considering how it is used (sending a heartbeat message once
every 24 hours), its useful life is at least 7 years. The device is designed as low-energy
because it is independent of any external source of energy to ensure that the seal could
not be tampered with during a power outage.

5 Discussion

The survey among sensor manufacturers showed that the price of an IoT device with
an electronic seal is about 2,500 CZK. The cost of device installation and operation in
the given IoT network must be added to this price.

When speaking of costs, we must always take into consideration benefits, proceeds
or the reduction of other related costs.

When there are no technologies or no technologies are used that inform the utility
provider about a problem on the device, the device must be checked by a person. Let’s
assume that during a work shift one person can check 80 meters on average (10 meters
per hour during an 8-hour work shift). It is an average value; more meters can be
checked in a housing development in Prague than in the countryside where it takes
several or even dozens of minutes to get from one meter to another.

Therefore, one person can check about 1,600 meters per month and thus about
19,000 meters per year. If we assume about 500,000 apartments, we will need at least
27 employees who will check and monitor the situation once a year. Considering the
average wage in Prague, which is about 40,000 CZK, it amounts to 19 million CZK in
annual costs (when considering the company’s costs and disregarding bonuses). To this
amount, we must add the employee’s cost of transportation between metering stations
and the ineffective loss of his time, etc. The annual costs will be about 25 million CZK.

If we implement seals for all users, the cost will be extreme. It will be about 1,5
billion CZK. Therefore, this solution does not seem profitable when considering the
annual savings of about 20 million CZK (the checking of broken seals will continue).
However, we must also take into account the potential savings resulting from a timely
detection of fraud, the consequent cost of collecting the due amount or potential court
fees and legal costs, etc. This part, however, is hard to estimate at this moment without
having detailed knowledge of the data.

This situation could be resolved by a combination of advanced data analysis
technologies and behavior pattern identification, based on which it would be possible
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to identify the customer groups with a higher risk of fraud. In such a case, seals could
be installed only on these devices, which would considerably reduce costs. There could
be a marketing campaign communicating that the given company started using modern
methods of detecting fraud and that these methods will be used for certain customer
groups. This will raise general awareness about how easy it is to detect fraud, which
will further reduce the potential risk of losses caused by fraud.

6 Conclusions

There are a lot of [oT devices that can be applied in different areas of human activities,
e.g. an [oT device monitoring the movement of vehicles to prevent unnecessary trips, a
device monitoring parking lot occupancy, a device monitoring excessive noise and
many others.

In this article, we focused on one specific application opportunity, which is the use
of IoT sensors to monitor the integrity of seals. Seals in general are devices that protect
service providers against unauthorized use. It could be a provider of some utility, such
as water, electric power or gas. In these cases, end customers have a meter with a seal
installed to protect utility providers against unauthorized takeoffs.

In the context of our article, unauthorized takeoffs are identified thanks to a broken
seal that is connected to a sensor. In case the seal is broken, the sensor will identify this
fact and will alert the service provider. This way the provider is immediately informed
about the problem and can appropriately respond.

The main benefits of these solutions are as follows:

Immediate detection of a broken seal;

Identification of the location where the seal was broken;

Easy installation;

Low operating costs;

Low investment costs — seals can be installed only at the site of customers who -
based on other analyses - were identified as potentially risky.

Negative factors include the limited useful life of the device, which is usually up to
seven years thanks to the installed battery. This disadvantage is however compensated
by the fact that e.g. water meters are replaced once every five years. Gas meters and
electrometers are replaced about this often as well.
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Abstract. The aim of the article is to present the issue of creative professions in the
context of their impact on the labour market. The diversity of occupations classified
in creative professions and changes in the labour market, which at the same time
influence the development of these professions, were indicated. In view of the above,
an attempt was made to study the meaning and determinants of creative professions,
which are so desirable in today's economy. In order to verify the goal presented in the
article, focus tests have been carried out, in which the participants of the discussion
were asked to express their opinions as to whether the labour market determines the
development of creative professions, and what changes in economic policy would be
needed to encourage the development of creative professions.

Keywords: Labour Market, Creative Professions, Sector Creative.

1 Introduction

Among the changes that have occurred in recent years in the labour market, the most
important ones are: the increased mobility of employees in the uniform European
market, the provision of telework, the increased competition in professions requiring
creative skills and concentration of intellectual capital. This involves the performance
of creative professions, the importance of which for the economies of the countries is
increasing. Therefore, significant changes are noted, such as e.g. the development and
constitution of the creative segment, the changes in the lifestyle of people performing
creative professions, and in particular the pursuit of experiencing exciting experiences
of a dynamic rather than static nature, the shifting of preferences from the
consumption of traditional goods and services to the consumption of experiences.

Thus, the aim of the article is to present the issues of creative professions in
creative cities in the context of the impact of the labour market on this phenomenon.
The diversity of occupations classified in the creative professions and the changes in
the labour market that affect the development of creative professions have been
indicated.
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2 Creative Professions and the Labour Market

The concept of creative capital, can be understood as a profession or the subject of the
performed work. It is the so called professional rather than supply-side approach,
which draws attention to the fact that creativity is associated with the performance of
professional activities, and not with the product itself. An example is here the concept
of the creative class presented by Richard Florida who says that next to the service
class and working-class the creative class becomes a successive element of the social
and professional structure. According to it, the success does not lie only in access to
natural or financial resources, but also to talented human capital.

Richard Florida defined the creative class as a leading driving force behind the
economic development of the cities. Within the framework of his concept he proposed
a set of 3T factors that include: talent, technology and tolerance, which have a
decisive impact on the establishment of the representatives of the creative class in a
given place [2, 3, 4, 5]. According to Florida, the creative class is created by specific
professional groups, including those forming the creative core, inter alia, scientists,
engineers, artists, designers and architects, people associated with sport and media
(their work involves solving as well as searching for problems) and creative
professionals: managers, businessmen, financiers, lawyers, doctors, sales managers
(professions requiring specialist knowledge) [2, 3]. Representatives of the creative
class do the work, which is significantly associated with the creation of innovative
solutions, products, theories and strategies applicable in many areas [8]. The basic
distinguishing feature of the creative class is to be a much greater level of autonomy
and flexibility at work. Unlike workers and service representatives, members of the
creative class earn mainly on the basis of what they create, not on whether they
perform tasks according to the imposed plan. In addition to the creative nature of the
work, the representatives of the new class are also connected by certain common
characteristics of lifestyles, which blur the rigid division between work and leisure
time, because in many cases their professional activity is the same as the hobby [9].

The characteristic feature of the group of people engaged in creative professions is
the strong commitment of its members to the activity in the professional field. In
addition, for the development of artists and intellectuals the socio-economic
environment factors are of key significance as they stimulate that segment of the
labour market, as well as the forms of leisure and the identification of the expectations
of this group against the surrounding reality. Relations between the segment of people
performing creative professions and their influence on creating the image of their
place of residence (usually cities, metropolises) foster the generation of innovations
that in turn increase the value for all inhabitants of a given settlement unit. In this
context, a creative segment (as in a big simplification this group of workers could be
specified) consists of the people who contribute to the economic value through their
creativity and creative activity not only in the labour market, but also in the sphere of
consumption, purchasing behaviour in particular. It should be noted that when the
segment of people performing creative professions is taken into account, it is not
about its material but intellectual property and the value that it owns.
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It turns out that some people who, according to Florida belong to the creative class,
are becoming representatives of the so-called cognitariat, for which independence and
lack of regular employment is not so much a choice as a necessity. On the one hand,
representatives of creative professions designate trends in socio-economic
development and promote new standards of employment. On the other hand, they
often work in conditions of forced flexibility and imposed autonomy which once was
the choice of artists, and today increasingly becomes the current norm. It is a different
thing, when a flexible form of employment is a choice that gives someone the
freedom to create, guarantees the independence and possibility to fulfil oneself in a
design formula, and quite another when it creates a situation of uncertainty, in which
professional life runs from one order to another one, delusively reminding full-time
employment, although it does not guarantee the same security [9]. Even Richard
Florida after years from the presentation of the definition of creativity, noted that the
creative economy deepens the existing social division, it increases segregation and
separation of social groups [11].

It must be added that not always creative professions should be classified into this
group of professions, because they are not creative. There is “a gap of creativity”, i.e.
many professions or specialties are not creative, or they are not oriented towards
creating cognitive and/or aesthetic and/or pragmatic (utilitarian) values, both
distinguished in the psychology of creativity and included in the reports on the
economics of creativity [7], even though they are assigned to this group of
occupations. If it is possible to assign a profession or specialty to one of these areas,
the type of values created can be determined. It should be added that the types of
these values (cognitive - the creation of truth, aesthetic - the creation of beauty or
pragmatic - the creation of items for use) often co-occur.

Table 1 shows selected professions that are classified to the creative professions,
but they are not creative, therefore they should be excluded from the creative area. An
example of professions that should not be considered creative are, inter alia, doctors
who deal only with treatment or the construction professions, because they do not
have the features of creativity.

Table 1. Selected professions which should be included in the area of the creative economy.

The area of the Professions Creative features Professions that should
creative economy considered to be found in the creative be excluded from the
creative professions area of the creative
economy
Architecture Architect, interior Aesthetic and pragmatic  Construction, such as:
designer, landscape civil engineer,
architect, architect of mechanical engineer,
greenery inside chemical engineer,
buildings, surveyor, mining and metallurgy
designer, designer, engineer, electrical
industrial designer engineer, electronics
engineer,
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telecommunications

engineer
Physician Doctors, dietitians, Research and Doctors who mainly

specialists in different development, for deal with treatment
fields such as: example within the work
nutrition, of the university teacher)
cosmetology, - the creation of
psychotherapy of cognitive and utilitarian
addiction (creating new

operational techniques

and their application in

practice) values
Computer typesetter,  Reproductive character  In the publishing
reproductive editor, industry, professions and
phototypesetting specialities are mostly of
operator, polygraph a reproductive nature,
scanner operator, although they occur in

Publishing industry draftsman, printer the creative branch

operator of
photocopiers,
bookbinder,

bookbinding machine
operator

Despite inaccuracies in classifying creative professions, three groups of creative
workers should be distinguished, the so-called creative trident [6], those:

e working simultaneously in creative and cultural sectors (e.g. dancer in a ballet),

e working in creative professions, but outside the creative sector (e.g. designer of
refrigerators),

e working in the creative sector, but not in a creative profession (e.g. doorman in the
theater).

It should be emphasised that in the European Union there is a steady increase in the
share of self-employed people working in culture, entertainment and recreation as
well as in film production, in telecommunications and software production, and also
those involved in publishing and radio and television activities. The form of
employment is one of the main criteria for segmentation of labour markets in the
creative economy. The first labour market includes people employed on the basis of
employment contracts, guaranteeing social insurance, financing tools and materials
necessary at work, financial stability in the time needed to prepare a work, career
development opportunities, paid holiday periods and other benefits. Self-employment
for the majority of those working in creative sectors is sometimes a compulsion,
which involves a decidedly lower quality of working conditions and a lack of income
stability. As a consequence, the self-employed often become participants in the
second creative labour market [10].
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If the changes taking place in the labour market, the future of the labour market
and the threat of automation and digitization are considered, some professions are
slightly at risk because their performance is based on competences and skills that are
difficult to capture in algorithms. These mainly include originality/creativity and
social intelligence, as well as ability to act in a non-routine way. In other words, the
least threatened by automation are professions in which creativity, ingenuity and the
ability to create new ideas and enter into relationships with other people must be used.
Creative professions, requiring unconventional action, are a safe direction of the
development, as opposed to the professions based on repetitive and schematic
activities [1]. It should be added that creative industries not only produce 4.2% of
European GDP, but are also the third largest employer in Europe. In addition, they are
one of the main sectors in which young people are employed, also during the
recession, which demonstrates the high flexibility of this sector and a positive future

[1].

3 The Influence of the Labour Market on the
Development of Creative Professions in the Context of
the Development of Creative Cities - Empirical
Depiction

The article presents the scope of the issues of the authors' own research. The study
area of the presented subject matter includes the recognition of the discussed issues
both on the theoretical (literature) and empirical (conducted focus group interviews)
planes. Within the quantitative research Focus Group Interviews (FGI), commonly
called focuses, were carried out. The aim of the focus research was the direct
interaction of the researcher and the respondents, which fully meets requirements
made by the author of the studies. The organization of the discussion groups turned
out to be a difficult, but interesting task due to the specificity of their work.

The focus research progressed according to a defined "key of the study", that is, the
scenario used by the interviewer. The questions asked were of an open character: the
participants "made inquires" about significant to the problem, potential threads
emerging in the course of their statements. The studies of this kind have particular
specificity, their results are analysed on the basis of the discussion transcripts -
practically each important word uttered by respondents is analysed. The basic tool in
the report from the qualitative research, is a quotation, therefore the report is full of
quotations. Thus, we can get better acquainted with the studied issues.

On the basis of the application of appropriate scientific methods and procedures the
concept of creative professions and labour market impact on their development was
defined. This means that specific methods will be used in the research: analysis,
synthesis, induction and deduction. The conclusion for the carried out research will be
the answer to the following questions: “Does the job market, in the opinion of the
respondents, determine the development of the creative professions, the development
of the creative industries? What changes in economic policy should be introduced so
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that it would foster the development of creative professions and affect the
development of creative sectors, including creative cities?”.

In connection with the above, the following hypothesis was put forward: In order
that the labour market could foster the development of creative sectors and creative
cities it should support the development of creative professions.

In qualitative studies, the focus group interviews, commonly known as focuses
(FGI) were carried out. The discussion was carried out within the framework of which
the phenomena connected with the issue of creative professions, creative sectors,
including creative cities and the influence of the labour market on their development
were analysed. Focus group interviews were conducted in the group of students in
October 2018. In the group, people at the age of 28 to 44, who live and work at least
10 years in Szczecin were studied. The group consisted of 15 people (including 8
women). The participants of the discussion were employed in the creative sectors
(advertising, media, higher education, publishing, IT).

Therefore, in the beginning, the participants of the discussion were asked about the
role of creative professions as the value added generator in the aspect of obtaining
economic benefits, including the development of creative industries and creative
cities. In the studied group, people participating in the discussion indicated that this
role was primarily defined as a source of innovation. One of the participants defined
the role of creative professions as a source of economic development, progress and
innovation. Another participant said that, in his opinion, there were always creative
professions and they were decisive in the development , but formerly this issue was
not mentioned in discussions and the role of these professions in the development in
general or concrete sectors or cities was not indicated. The subjects asked what they
understood by this role pointed to numerous examples of various innovations that
were the result of the work of the representatives of creative professions. As
examples, the subjects mentioned innovations, i.e. modern web applications, smart
homes, possibility of electronic control of cars. Then the surveyed were asked with
what branches they associated creative professions. Most answers concerned graphics,
advertising, fashion, design. Definitely less rarely the discussion participants
identified occupations associated with: painting, music, architecture. It is worth noting
that even unconsciously, the participants classified the creative professions in terms of
creating usable goods rather than outstanding works.

Then the participants of the discussion were asked with what they associated
creative sectors and whether the space in which they live and work could be
considered creative and conducive to the development of individual and collective
creativity. In connection with this, the respondents were asked to finish the sentence:
creative sectors are: the entities in which working people perform creative
professions, people who create innovations; enterprises that create innovations which
improve life. Only one of the participants said that: creative sectors are enterprises
that create, inter alia, mass culture goods. Therefore, the participants were asked to
indicate industries which could be classified to these sectors. Among the answers
there were: innovative industry, architecture, advertising, IT, design, research
institutions. Then continuing the discussion thread the respondents were asked which

140



activities they think develop best in their place of residence and work. Among the
responses there were: advertising, innovative industry, programming.

The participants of the discussion were also asked whether their place of residence-
the city and workplace could be considered creative and creating the space for the
development of creative professions and creative sectors. Only 4 out of 15 people
maintained that both the place of residence and work created the conditions for the
development of creative professions, including their individual creativity. 2 people
said that the workplace was a field in which they could develop their creativity and
acquire new skills in creative professions, whereas 5 people answered that the place
of residence only gave them such opportunities.

To the question whether in the opinion of the respondents the labour market in the
city of Szczecin can influence the development of creative professions, the
participants mainly answered that “the labour market determines the development of
creative professions and creative sectors”. In this connection, the participants in the
discussion were asked why they thought so. The subjects answered that in the context
of today's demands for innovation and rapid changes in global and local environment
cause that there is a growing demand for these professions. In addition, one of the
participants said “that these professions allow and support flexible work or the
flexible labour market. In fact, they allow free disposing of working hours and their
effect”. Another participant of the discussion stated that “creative professions allow
developing oneself, developing one's skills and thus creating more and more new
spaces for the labour market, which are still not developed in the city of Szczecin”.

In view of the above, another aspect of the discussion were the factors that the
respondents would classify to those most important, conditioning the development of
creative professions and thereby creative sectors in the context of labour market
conditions. As the first factors the group listed: the demand for the representatives of
creative professions, the demand of the local and national economy for services and
products created as a result of the work of people representing creative professions,
higher education teaching people representing creative professions, local initiatives
supporting creative professions.

The participants of the panel were also asked to indicate the factors which, in
their point of view, play the important role in the development of the creative
professions, including efficiency of creative sectors. The group was to assign them an
appropriate status indicating, on a 1 to 5 scale, the least important factor (1) to the
most important (5). Initially, the subjects had a problem identifying their clear
position, however, when some individuals began to list the determinants, others
joined in the discussion. The result of the common analysis was to rank the factors
according to the criterion of importance, from the least to the most important. This
made it possible to prioritise distinguishing features as follows: the demand of the
local and national economy for services and products created as a result of the work
of people representing creative professions - 5, the demand for the representatives of
creative professions - 4; local and national support for the development of creative
professions - 3; local initiatives supporting the development of creative professions -
3; higher education training creative professionals - 2.
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4 Conclusions

The employment growth in the creative sector is co-determined by the existence of
the demand for its services and products (in the opinion of the respondents). Part of
the creative industries cope very well with the creation of interest among a very
diverse group of consumers (e.g. computer games industry). However, others require
a recipient, better prepared for the perception of artistic productions, who wants to
participate in culture, who is open to newness, who appreciates not only the utilitarian
values, but also the aesthetic environment in which he/she lives.

Undoubtedly, the segment of people performing creative professions is a “motor”
that stimulates economic growth by creating new forms, e.g. innovative solutions,
creating products or also services. In addition, the representatives of this segment of
the labour market play an important role in the national economy due to the large
share in generating GDP and paying high taxes. The respondents confirmed claims
appearing in the source literature that people who belong to creative professions are a
group that generates innovations, thus affects competitiveness in this area. Thanks to
this group of people representing these professions, development and progress are
effectuated. Moreover, according to the respondents, it is necessary to create
appropriate conditions in order that this particular group of professions could develop
and create value added. Determinants that influence the development of creative
professions in a given territorial area are: the demand of the local and national
economy for services and products created from the work of people representing
creative professions, the demand for representatives of creative professionals; local
and national support for the development of creative professions; local initiatives in
support of creative professions; higher education for representatives of creative
professions.
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Abstract. This paper interprets the theoretical mechanism of the relationship
between corporate social responsibility and the quality of economic growth
from micro-perspective, and gives an empirical test of the effect of corporate
social responsibility on the quality of economic growth with the data of listed
company’s corporate social responsibility report rating score from 2010 to
2015. The results show that the improvement of corporate social responsibility
will help to promote the development of regional the quality of economic
growth. In addition, the corporate social responsibility will have a significant
positive impact on the quality of economic growth only in the areas where the
proportion of higher education population and tertiary industry accounts for
second industry is relatively high and rural-urban income gap is smaller.

Keywords: Corporate Social Responsibility, The Quality of Economic Growth,
Moderating Effect.

1 Introduction

Promoting the quality of micro products and services is the precondition of realizing
high quality of macro-economic growth. Enterprises achieve effective operation
through improving the quality of products and services, which can promote the
transformation of economic development from quantity growth to quality growth and
finally realize high quality of economic development at the macro level [1,5].
Therefore, solving quality problems of micro products and services has become the
key to mitigating the contradiction between unbalanced and inadequate development
and the people’s ever-growing needs for a better life, realizing economic
modernization, and promoting the development of high quality economy. While the
core of improving the quality of products and services is to fulfill corporate social
responsibility and consolidate and improve the system of social responsibility.
Therefore, based on the data of corporate social responsibility of listed companies
from 2010 to 2015 issued by Hexun net, we make a theoretical and empirical analysis
of the effect of corporate social responsibility on the quality of economic growth. The
possible marginal contributions of this paper are as follows: Firstly, there is few study
on the relationship between corporate social responsibility and the quality of
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economic growth, so the paper links the two of them and interprets the functional
mechanism of corporate social responsibility to the quality of economic growth from
micro level. Secondly, the impact of corporate social responsibility on the quality of
economic growth has not been systematically explained, so this paper systematically
analyzes the impact of corporate social responsibility on the quality of economic
growth from three dimensions that includes the stability of economic growth, welfare
improvement and distribution of fruits and resource utilization and ecosystem cost.
Thirdly, since there are differences in the conditions of economic growth in each
province, so we introduce three adjustment variables that include the percentage of
higher education population, rural-urban income gap and the industrial structure and
analyze the influence of these adjustment variables on the relationship between
corporate social responsibility and the quality of economic growth.

2 Literature Review and Hypothesis Development

2.1  Corporate Social Responsibility

Since American scholar Oliver Sheldon formally put forward the concept of corporate
social responsibility in 1924, the research on corporate social responsibility has
gradually developed in academia. Many scholars have defined corporate social
responsibility from different perspectives by using different methods [4, 6, 8]. Among
them, the responsibility for shareholders is mainly concerned with enterprise
profitability and solvency. The responsibility for employees focuses on caring and
safety training for employees. The responsibilities of suppliers, customers and
consumers are mainly concerned with products quality and after-sales service.
Environmental responsibility is mainly concerned with the input of enterprises in
environmental protection and governance. Social responsibility focuses on income tax
payment and public donations.

2.2 The Quality of Economic Growth

Scholars at home and abroad mainly measure the quality of economic growth from
the following two perspectives. Firstly, from a narrow perspective, they think that the
quality of economic growth refers to the efficiency of economic growth. Secondly,
from a broad perspective, they think that the quality of economic growth belongs to
the category of value judgment, which has rich connotation and involves all kinds of
aspects of social life [3]. This study uses Chao and Hui’s definition of the quality of
economic growth, which thinks that the quality of economic growth covers four
aspects: the stability of economic growth, the structure of economic growth, the social
welfare change and distribution of fruits of economic growth, and resource utilization
and ecological environment costs.
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2.3 Corporate Social Responsibility and the Quality of Economic
Growth

Since reform and opening up, it is obvious that Chinese enterprises have developed
fast, but many enterprises have made negative effects on socioeconomic development
in the process of rapid expansion, such as production safety risks, lack of employees’
rights and interests, violation of consumers’ interests and serious environmental
pollution, all of which have seriously affected the sustained and healthy development
of China’s economy [8]. Therefore, when our economy enters a new stage of high
quality development, transforming the economic development pattern and enhancing
the quality of economic development become the new normal [5], and then the
fulfilling of corporate social responsibility has attracted more and more attention [9].
Fulfilling corporate social responsibility is not only concerned about the interests of
stakeholder groups but also could promote the welfare of the whole society.
Enterprises are required to stick to green development, pay attention to the quality of
enterprise development, achieve the maximization of economic and social values, and
undertake its own social obligations in the pursuit of profit creation, which has
become the common expectation of the government and the public. So, fulfilling
corporate social responsibility could standardize enterprise’s operation behavior,
optimize allocation of resources and ultimately improve the quality of
macroeconomic growth by guiding the transformation of enterprises’ micro level
management mode. Therefore, we pose the following hypothesis:

H: The fulfillment of corporate social responsibility is conductive to improving the
quality of economic growth.

3 Research Design

Considering the lagging effect of corporate social responsibility on the quality of
economic growth and the superiority of the system GMM in dealing with dynamic
panel data (can overcome heteroscedasticity and serial correlation), this paper intends
to adopt the system GMM estimation to empirically test the influence of corporate
social responsibility on the quality of regional economic growth in China.

3.1 Model Design

To test the hypothesis, the following models are constructed:

(1)

economic, = o, +a,respo, + a,L.economic, + Zar *Control, +¢,
i

i

economic, = [, + f,{share; staff ; welfare; enviro; social}, )

+ f,L.economic, + Zﬁ, *Control, + &
i

Among them, economic; refers to the quality of economic growth. Core independent
variables include corporate social responsibility (respoi), shareholder social
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responsibility (sharei), employee social responsibility (staffi;), supplier, customer and
consumer’s rights responsibility (welfare;), environment responsibility (enviro;), and
social responsibility (sociali)). L.economicit represents lag phase of the quality of
economic growth and Controlit refers to a series of controlled variables that affect the
quality of economic growth, consisting of gross fixed assets (assetsi), the elderly
dependency dependency ratio (elderlyi;), employment population (employi),
government public expenditure (publici), and value of non-state firms (privatei).

3.2 Sample Selection and Data Sources

The paper uses social responsibility rating data of A-share listed companies in the
Shenzhen and Shanghai stock markets between 2010 and 2015 as the initial research
sample and eliminates listed companies labeled as ST and PT, left with 5396 sample
observations. Then we take average values of corporate social responsibility rating
data by year and province as proxy variable of corporate social responsibility for the
province in the year and obtain 180 annual provincial observation values (30*6). The
remaining data are from China Statistical Yearbook between 2010 and 2016. Variable
definitions and instructions are detailed in Table 1.

Table 1. Variable definitions and instructions.

Variable . Variable description
Variable name
symbol
The quality of economic The index of the quality of economic
economic
growth growth based on the paper|[2]
The average values according to year
haorespo Corporate social responsibility ~ and province of total score of corporate
social responsibility rating
The average values according to year
share Shareholder responsibility and province of the score of shareholder
responsibility in the evaluation system
The average values according to year
staff’ Employee responsibility and province of the score of employee
responsibility in the evaluation system
The average values according to year
Customer and consumer’s and province of the score of supplier,
welfare ) e -
rights responsibility customer and consumer’s rights

responsibility in the evaluation system
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The average values according to year

and province of the score of

enviro Environmental responsibility . .
environmental responsibility in the
evaluation system
The average values according to year

social Social responsibility and province of the score of social
responsibility in the evaluation system

assets Gross fixed assets Gross fixed assets in each province/GDP
Elderly population in each

elderly The elderly dependency ratio province/working adult population in
each province

employ Employment population Employed persons in each province

public Government public Government public expenditure in

expenditure province/GDP

private Value of non-state firms Value of non-state firms/GDP

. The higher education The higher education population in each
higher population province /China’s total population
Disposal income of urban residents in
income Urban-rural income ratio each province/rural net incomes in each
province
The proportion of tertiary industry
structure Industrial structure output value of second industry output

value in each province

4 Empirical Results

4.1 Regression Results of Corporate Social Responsibility and the
Quality of Economic Growth in Total Samples

Regression results based on System GMM are shown in Table 2. It can be seen from
Table 2 that the relationship between corporate social responsibility and the quality of
economic growth is positively related in the 1% significance level, indicating that
corporate social responsibility has a significant positive effect on the quality of
regional economic growth. The empirical results also reveal a path mechanism for
improving the quality of regional economic growth from micro-enterprise level.
Shareholder responsibility is negatively related to the quality of economic growth,
while employee responsibility, supplier, customer and consumer rights responsibility,
and environmental responsibility are positively related to the quality of economic
growth in the 1% significance level respectively, indicating that if enterprises only
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consider maximizing shareholder’s interests will have a negative impact on the
quality of regional economic growth. These findings also reflect that the traditional
financial management targets—maximization of the profit and the shareholder’s
wealth can no longer meet the requirements of improving the quality of economic
growth at the present stage of China. As an economic organization, enterprises should
also actively undertake social responsibility and pay attention to the interests of the
internal and external stakeholders while pursuing economic benefits. Among other
control variables, gross fixed assets is negatively related to the quality of economic
growth in the 1% level of significant, indicating that excessive investment in fixed
assets will lead to waste of resources, produce high energy costs, and reduce the
quality of economic growth. The positive effect of value of non-state firms on the
quality of economic growth passes a 1% significant level test, which may be because
the investment activities of private enterprises are more complying with market
mechanism and more conducive to the improvement of the quality of regional
economic growth.

Table 2. Regression results of corporate social responsibility and the quality of economic
growth in total samples SYS GMM).

Independent model (1~ model (2 model (2 model model model

variables ) ) ) (2) (2)

(2)

0.9556*** 0.9543*** 0.9550*** 0.9616*** 0.9503*** 0
L1.economic

(57.77) (69.26) (60.29) (63.30) (60.10)
0.0061%**
respo (2.70)
-0.0076
share
(-0.88)
- 0.0285%*%*
1
sta (3.24)
" 0.0212 %%
weljare
(3.02)
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enviro

social

assets

elderly

employ

public

private

_cons

AR(2)

sargan

-0.00427%*%*
(-5.29)

0.0070
(0.87)

-0.00001
(-0.94)

-0.0066
(-1.24)

0.5280%*
(3.28)

0.0033
(0.02)

-1.5339
(0.1251)

18.2040 (0
.1499)

-0.00427#*%*
(-6.04)

0.0028
(0.43)

-5.77¢-06
(-0.30)

-0.0072*
(-1.85)

0.5952%%%*
(3.99)

0.2669*
(1.82)

-1.6227
(0.1047)

22.3519
(0.0501)

-0.0038#**
(-5.18)

0.0079
(1.02)

-0.00002
(-1.23)

-0.0084*
(-1.73)

0.5220%*%*
(4.11)

0.0877
(0.55)

-1.5449
(0.1224)

18.4889
(0.1398)
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-0.0039%*+*
(-5.30)

0.0037
(0.44)

-0.00003
(-1.39)

-0.0042
(-0.82)

0.5936%**
(3.59)

0.0745
(0.43)

-1.5621
(0.1183)

18.3170
(0.1458)

0.0135%*

-0.0039%*+*
(-4.93)

0.0066
(0.88)

-0.00001
(-0.68)

-0.0085*
(-1.70)

0.5121 %%
(3.86)

0.1631
(1.10)

-1.5435
(0.1227)

19.2237
(0.1163)

-0.0044
(-1.04)

-0.0043 %%+
(-5.08)

0.0042
(0.62)

-1.19¢-06
(-0.06)

-0.0092*
(-1.87)

0.5265%%%*
(3.56)

0.2584
(1.56)

-1.6258
(0.1040)

22.2142
(0.0521)



N 150 150 150 150 150 150

Notes: Data is calculated by Statal4.0. z-values is in parentheses.
wdk Rk * significant respectively at 1 percent, 5 percent, 10 percent level.

4.2 Further Discussion

The percentage of population with higher education, urban-rural income ratio and
industrial structure has an important effect on the quality of economic growth.
Therefore, according to the median value of percentage of population with higher
education, urban-rural income ratio and industrial structure between 2010 and 2015,
we divide total sample into six sub-sample, including areas with higher percentage of
higher education population, areas with lower percentage of higher education
population, areas with larger urban-rural income ratio, areas with smaller urban-rural
income ratio, areas with higher proportion of tertiary industry in second industry and
areas with lower proportion of tertiary industry in second industry.

According to Table 3, in different years, the quality of economic growth in areas
with higher percentage of higher education population is obviously better than that in
areas with lower percentage of higher education population. We can see that the
average values of the quality of economic growth in regions with lower percentage of
higher education population are negative from 2010 to 2012 and 2015, while the
average values of the quality of economic growth in regions with higher percentage of
higher education population are positive in years between 2010 and 2015. the quality
of economic growth in regions with smaller urban-rural income ratio are clearly much
better than that in regions with larger urban-rural income ratio in different years. The
average values of the quality of economic growth in regions with smaller urban-rural
income ratio are more than 1, while those in regions with larger urban-rural income
ratio are negative. Moreover, compared to regions with lower proportion of tertiary
industry in second industry, the quality of economic growth is significantly better in
each year between 2010 and 2015. From 2010 to 2014, the quality of economic
growth in areas with lower proportion of tertiary industry in second industry is
negative, and that are positive in areas with higher proportion of tertiary industry in
second industry.

Table 3. Vertical grouped comparison of the quality of economic growth.

. Lower Higher
Lower Higher Smaller Larger . )
proportion  proportion
percentage  percentage  urban- urban- . .
group . . of tertiary  of tertiary
of higher of higher rural rural . ] . ]
year . . . . industry in  industry in
education  education  income income
. . . . second second
population  population  ratio ratio

industry industry
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economic economic economic economic economic economic

mean mean mean mean mean mean

2010 -0.0226 0.5102 1.5705 -0.4516 -0.3035 1.0720
2011 -0.4406 1.4376 1.7329 -0.4004 -0.3612 1.6546
2012 -0.1304 1.6221 1.5109 -0.3546 -0.2285 1.4772
2013 0.0718 1.0953 1.2808 -0.4623 -0.1056 1.3712
2014 0.1543 1.0144 1.2865 -0.3939 -0.0723 1.1003
2015 -0.2353 1.0426 1.3897 -0.4773 0.0171 0.9921

Notes: Data is calculated by Statal4.0.

Further, we still, by using system GMM, test the relationship between corporate social
responsibility and the quality of economic growth through sub-samples regression
analysis, on the basis of different sub-samples divided by the percentage of higher
education population, the size of urban-rural income gap and the proportion of tertiary
industry in second industry. According to Table 4, corporate social responsibility has
no significant impact on the quality of economic growth in regions with lower
percentage of higher education population, while corporate social responsibility has a
positive impact on the quality of economic growth in the 1% level of significance at
regions with higher percentage of higher education population. At the same time, the
positive correlation between corporate social responsibility and the quality of
economic passes a 1% significant level test in regions with smaller urban-rural
income gap, but there is no significant effect of corporate social responsibility on the
quality of economic growth in regions with larger urban-rural income gap. In areas
with lower proportion of tertiary industry in second industry, corporate social
responsibility has a negative but not significant impact on the quality of economic
growth, the positive impact of corporate social responsibility on the quality of
economic growth passes a 1% significant level test in areas with higher proportion of
tertiary industry in second industry. The results show that the percentage of higher
education population, the urban-rural income gap and the proportion of tertiary
industry in second industry have a regulating effect on the relationship between
corporate social responsibility and the quality of economic growth. The positive
impact of corporate social responsibility on the quality of economic growth can only
be significantly released in areas with higher percentage of the higher education
population, smaller urban-rural income gap and higher proportion of tertiary industry
in second industry.
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Table 4. Regression results of corporate social responsibility and the quality of economic

growth in sub-samples (SYS GMM).

. Lower Higher
Lower Higher . .
Larger proportion proportion
percentage  percentage  Smaller . .
. . urban-rural  of tertiary of tertiary
Independent of higher of higher urban-rural ] . ) ) i
. . . . . income industry in industry in
variables education education income ratio .
. . ratio second second
population  population  model (1) . .
model (1) industry industry
model (1) model (1)
model (1) model (1)
0.8202%** 0.9508*** 0.9417*** 0.7635%** 0.8433*** 0.9024 ***
L.economic
(18.72) (82.15) (93.17) (10.28) (14.82) (52.97)
-0.0008 0.0126*** 0.0066*** -0.0008 0.0010 0.0080%***
respo
v (-0.76) (2.79) (4.72) (-0.48) (0.29) (4.59)
-0.0020* -0.0055***  -0.0092*** -0.0016***  0.00009 -0.0102***
assets
(-1.83) (-4.00) (-2.28) (-3.58) (0.12) (-8.79)
ider] 0.0549%*** -0.0201***  0.0028 0.0154** 0.0425%*** 0.0012
elder
g (9.90) (-3.22) (0.38) (2.34) (5.64) (0.13)
; 1.32e-06 -0.00004**  -0.00005***  (0.00003 -3.25e-06 0.00006
emplo
oy (0.05) (-2.46) (-4.98) (0.84) (-0.10) (1.46)
bl -0.0095***  -0.0057 -0.0065 0.0047 -0.0037 -0.0050
ublic
b (-5.10) (-0.92) (-1.06) (1.13) (-1.13) (-1.09)
) -0.0232 0.5244* 0.2662 0.5789%*** -0.2134 1.0958***
private
(-0.11) (1.94) (1.57) (5.39) (-0.92) (-2.15)
-0.2394 0.3769 0.6339** -0.6054** -0.2644 -0.3654*%*
con
- (-1.22) (1.12) (2.53) (-2.34) (-1.32) (-2.15)
ARQ) -1.2514 -0.0327 -1.2236
(0.2108) (0.9739) (0.2211)
14.3135 11.7913 19.0644
sargan
s (0.3521) (0.5448) (0.1211)
N 70 80 81 69 70 80

Notes: z-values in parentheses.
**% n<0.01, **P<0.05, *p<0.1.

5 Conclusion

The relationship between corporate social responsibility and the quality of economic
growth involves a major problem of building a realistic channel of improving the
quality of economic growth. The results are as follow: Firstly, there is a positive
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relationship between corporate social responsibility and the quality of economic
growth. With the improvement of corporate social responsibility, the quality of
economic growth also increases. Among them, shareholder responsibility has an
negative effect on the quality of economic growth, while the improvement of
employee responsibility, suppliers, customers and consumer’s rights responsibility
will enhance the quality of economic growth. Secondly, corporate social
responsibility has a significant positive impact on the quality of economic growth in
areas with higher percentage of higher education population, smaller urban-rural
income gap or higher proportion of tertiary industry in second industry, which means
that human capital, income distribution and industrial structure have a regulating
effect on the relationship between corporate social responsibility and the quality of
economic growth. Fourthly, among other controlled variables, the over-investment of
fixed assets is not conducive to sustainable high economic growth, while the
development of private enterprises could improve the quality of economic growth.

Nowadays, China is in the critical stage of changing the mode of economic
development. In order to solve the contradiction between the growing needs of our
people and the state of unbalanced and inadequately development, we must firmly
promote high quality development and realize economic development from the
expansion of quantity to the improvement of quality. Based on this, this paper puts
forward the following policy suggestions: (1) We find that corporate social
responsibility has a significant positive effect on the quality of economic growth,
which shows a micro path of improving the quality of economic growth, fulfilling
corporate social responsibility. (2) Considering the fact that the current financial
management goal of “maximizing profit and shareholder wealth” could not meet the
requirements of high quality economic development in the new era of China,
enterprises needs to establish a management mechanism of altruistic symbiosis and
pay more attention to corporate social responsibility, especially employee
responsibility, supplier, customer and consumer rights responsibility and
environmental responsibility, which will provide positive contribution to the
improvement of Chinese economic through the healthy development of enterprises.
(3) Human capital, income distribution and industrial structure have a regulating
effect on the relationship between corporate social responsibility and the quality of
economic growth. The higher percentage of higher education population, the smaller
urban-rural income gap and the higher proportion of third industry in second industry
are conducive to the formation of positive incentives between the corporate social
responsibility and the quality of economic growth. Therefore, expanding the
accumulation of human capital, narrowing the income distribution gap and adjusting
the industrial structure are still important channels of achieving high quality of
economic growth in the new era.
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Abstract. The publication pointed to macroeconomic determinants of low
emission reduction in the Lubuskie Voivodship. It was also emphasized that in
the area of Lubuskie Voivodship, the problem of low emission is very serious
even though the Lubuskie Voivodship does not belong to strongly urbanized and
densely populated areas. Moreover, the most significant problems related to low
emission in the Lubuskie Voivodship were indicated as well as the main sources
of low emission and their impact on the most important macroeconomic
parameters in this area were identified. The article also notes that previous actions
that were to contribute to the reduction of low emission did not bring the desired
effect. Low emission is not a characteristic feature of the Lubuskie Voivodship,
this problem applies to all of Poland, where every year, according to the European
Environment Agency, almost 50.000 people die prematurely due to excessive air
pollution. At the end, the conclusions were presented.

Keywords: Low Emission, Middle Odra Region, Macroeconomy.

1 Introduction

The air quality in the Lubuskie Voivodship and in Poland as a whole is significantly
different from the standards in most EU countries. This is despite the fact that the area
of the Lubuskie Voivodship is not strongly urbanized and the average number of people
living in 1 km? is smaller than the rest of Poland. The problem of low emission in the
Lubuskie Voivodship is so complex that it should also be considered in macroeconomic
terms. It should be emphasized that due to the complexity of the problem, it may be
impossible to solve it in a short time. It is assumed that low emission is generated at an
altitude not exceeding 40 meters from the ground level. The main low emission sources
are home-heating boilers, road transport and small industrial plants [14, 15]. The
purpose of the article was to indicate macroeconomic determinants of low emission
reduction in the Middle Odra Region. No statistical data necessary for the preparation
of this article are collected for the Middle Odra Region, therefore the authors of the
publication were forced to use data on the level of emissions in the Lubuskie
voivodship. The area of the Lubuskie voivodship largely coincides with the area of
Middle Odra Region [16].
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2 The Problem of Low Emissions in the Lubuskie
Voivodship

People already knew about the harmfulness of dust to human health in the 16th century.
This is evidenced by the work De re metallica by Georgius Agricoli, but it should be
remembered that at that time mainly attention was paid to pollinated mines. Work in
difficult conditions led to a number of diseases of the respiratory system [2].
Contaminated air therefore has a negative impact not only on the environment, but also
on human health, because the toxins in the air pollute the soil, plants, water and food.
The problem of atmospheric pollution, which is caused by low emission, does not affect
only large cities where dense buildings predominate. Low emission is also a problem
in rural areas and places of larger clusters of residential buildings, including single-
family houses [12, 14]. Particularly the problem of pollution originating from domestic
boiler rooms concerns older detached buildings, which are often non-insulated and
equipped with an old, ineffective heating installation [17]. In addition to the ineffective
heating installation, the quality of the fuel used is a very serious problem. In low-carbon
coal-fired boilers, low-quality coal is often used, from which many substances harmful
to human health and environment are released during combustion [29, 30].

A distinction must be made between low emission from gaseous and particulate
pollutants arising in medium and large industrial plants and in power plants [14]. In
recent years, the issue of gases and dust emissions to air from industry has been
significantly reduced (Tab. 1 and 2).

Table 1. Emission of dust pollution by enterprises particularly troublesome in 2007-2016 [21].

Area fobuskl.e Poland Share (%)
voivodship

. 2007 1.6 94.8 1.7
z 2008 1.4 76.8 1.8
g 2009 1.4 61.7 2.3
g ~ 2010 14 625 22
£ g 2011 1.3 57.5 2.3
g En 2012 1.2 52.4 2.3
Z2 S 2013 1.1 49.5 22
g 2014 1.0 47.4 2.1
@ 2015 0.9 443 2.0
O 2016 0.9 38.6 2.3
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Table 2. Emission of gas pollutants by enterprises particularly troublesome in 2007-2016 [21].

Area L}lbuskl.e Poland  Share (%)
voivodship

= 2007 2019.1 223269.5 0.9
z 2008 1842.3 216319.0 0.9
g 2009 1952.4 203125.6 1.0
g o~ 2010 20809 2161554 1.0
§, i 2011 2089.6 220928.0 1.0
§ En 2012 20542 216513.7 1.0
2 = 2013 2009.5 217492.0 0.9
g 2014 2009.1 209 067.3 1.0
2 2015 2000.1 211566.3 0.9
O 2016 21842 2108494 1.0

It should be emphasized that the main source of pollutant emissions to the air in the
Lubuskie Voivodship is low emission, which results from human activity. Natural
emission, which results from processes occurring in nature, although it cannot be
completely omitted during the analysis of this issue, is of marginal significance because
it has a small influence on the air quality in the Lubuskie Voivodship. Low emission is
a problem of densely populated areas. At the same time, the low emission, which
usually comes from sources such as home-heating boilers, road transport and small
enterprises, has a major impact on air quality, especially in cities [13, 26]. The size of
this issue is difficult to estimate: it ranges from a few to a dozen or so percent of total
emissions in areas with a developed heating network and up to several dozen percent -
in areas where central heating systems do not cover. The largest share of low emission
in total of pollutants that enter the air occurs in rural areas. Particularly high
concentrations of pollutants, which are the source of low emission, are recorded during
the heating season [14]. In areas of high traffic routes and densely populated areas, a
significant issue is the low emission, the source of which is car communication [22].
When combusting fuels in automotive engines, many harmful substances enter the air.
A serious problem in the Lubuskie voivodship is the age of cars. A large part of them
are old cars, which are equipped with non-ecological engines. The data presented in
Fig. 1 shows that as many as 86% of cars registered in the Lubuskie voivodship in 2016
are of 10 or more years old. It should be assumed that with the improvement of
macroeconomic indicators, the age structure of cars in the Lubuskie voivodship will
begin to change. Together with the increase in affluence of the inhabitants of the
Lubuskie Voivodship, it is expected that the share of the oldest cars will decrease. As
is the case, for example, in Germany. Moreover, passing cars contribute to the so-called
secondary emission, consisting in picking up dust from roads by passing cars [26].
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Fig. 1. Breakdown of passenger cars into groups due to their age in 2016 in the Lubuskie
voivodship [21].

3 The Impact of Low Emission on the Lubuskie
Voivodship Economy in Macroeconomic Terms

Low emission has a negative impact on many areas of people's lives. Also in
macroeconomic terms, it is a significant problem for the economy of the country and
the region. The negative impact of low emission is often indirect, but it cannot be
neglected when analysing the impact of air pollutants on macroeconomic factors [4, 24
,28]. It should be emphasized that one of the most harmful substances for human health
is benzo(a)pyrene - B(a)P [31]. This substance in elevated concentrations occurs not
only in the Lubuskie Voivodship, but also throughout Poland (Fig. 2). Low emission
may have a negative impact on macroeconomic factors such as: quality of workforce,
economic situation (region, country), level and structure of prices, economic growth
rate, tax tariffs and fiscal policy [14].

One of the most important macroeconomic factors that is dependent on low
emission is the quality of the workforce. People staying in places where low emission
is particularly annoying will be more likely to get ill. It is not just about life-threatening
diseases, such as heart or lung diseases, but also the quality of life, which is reduced by
a higher risk of less severe factors affecting people's health. These include, among
others, allergies that may occur more often in areas characterized by low air quality.
Low emission can cause more days of absence from employees in the workplace due
to illness. In turn, activities aimed at reducing low emission may contribute to reducing
unemployment. The necessity to carry out tasks aimed at reducing the occurrence of
harmful substances in the air may entail the creation of new jobs [16]. Such a situation
may take place in mines where coal is mined, especially the lower quality, which
contributes to the creation of low emission [31]. The low level of unemployment
currently taking place in Poland seems to be a good moment to undertake activities
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aimed at limiting the extraction of coal with the lowest heating parameters [17,25],
which also contains a large amount of pollutants that are released during combustion.

(LT UL ER Y1
e A i of MY

Fig. 2. Concentrations of B(a)P, 2015 [3].

It should be emphasized that individual substances that are part of low emission
adversely affect human health [14]. Particularly noteworthy is the PM2.5 dust, which
according to the reports of the World Health Organization has the ability to penetrate
into the alveoli. It should be underlined that even short-term exposure to the increased
concentration of PM2.5 dusts threatens the health and life of people due to respiratory
system diseases, blood circulation and the number of medical cases that require
hospitalization [11]. On the other hand, long-term arrival in a place where the
concentration of PM2.5 is too high contributes to a shorter life span. It is estimated that
the life of the average EU citizen is shorter due to this reason by more than 8§ months
[20, 23]. In Poland, however, it is estimated that people's lives are shorter by about 10
months. Poor air quality directly affects the poor health condition of the whole society,
which in turn translates into increased budget expenditure for the treatment of diseases
and costs associated with reduced productivity [6]. It is estimated that in the
Matopolskie voivodship these expenses amount to approximately PLN 2.8 billion
annually [18]. As a result of inhaling by people of air contaminated with an excessive
amount of PM2.5, nearly 500.000 premature deaths are registered in Europe every year
[21]. Poor air quality is the most important cause of premature death in the EU, which
is associated with a polluted environment. It should be emphasized that polluted air
contributes to ten times more deaths than road accidents. Only in 2010, poor air quality
contributed to over 400.000 premature deaths. In addition, there have been numerous
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cases of diseases that could have been avoided [17]. It is estimated that the overall
external costs of the effects of poor air quality in Europe in 2010 ranged from EUR 330
to 940 billion [9].

The economic situation is an important macroeconomic factor that may depend on
the low emission level. This can be particularly noticeable in local conditions. For
example, entrepreneurs investing in the tourist sector may not take the risk of locating
investments in a place where low emission is particularly burdensome. An important
macroeconomic factor that may indirectly be dependent on low emission is inflation.
Striving to maintain a low inflation level while maintaining a relatively high rate of
economic growth is often difficult to achieve. These activities can be all the more
difficult when the state budget is charged with a high financial penalty for too high a
low emission level. The necessity to cover a possible financial penalty may entail the
desire to launch more money on the market, which in turn will contribute to inflation
which has a negative impact on the undertaking of structural actions [7]. Low emission
may also affect the rate of economic growth. The Polish authorities may be forced to
significantly increase expenditure on reducing low emission, which will entail the need
to reduce the level of investment in other branches of the economy [27]. Such a situation
may reduce the rate of economic growth. Estimates have been already known to limit
the competitiveness of the European Union economy due to a number of environmental
restrictions that are often not found in other countries outside the EU. This situation
means that other economies that are not burdened by environmental restrictions are able
to produce products at lower prices than in the EU [17]. This has a significant impact
on the competitiveness of production.

This has a significant impact on the competitiveness of production [8]. Tax rates
may be subject to changes due to low emission [1,5]. Higher taxation of non-ecological
cars may be one of the elements of low emission impact on the state's fiscal policy.
Fiscal policy should be understood as the selection of means for collecting public
revenues, as well as the directions and ways of spending public funds to achieve
economic and social goals, which have been set by public authorities [19]. State
authorities may be forced to take unpopular decisions that will lead to higher tax
burdens on citizens due to too much harmful substances in the air. The need to introduce
may result not only from excessive concentrations of pollutants in the air, but also from
commitments undertaken by individual countries as part of their functioning in the
European Union. Moreover, there are a number of other actions by public authorities
with regard to budget inflows and expenses, the aim of which is to strengthen controls
and influence the distribution of income, as well as the level of economic activity of
individual entities in the country. A large part of the impacts directly or indirectly
affects the economic conditions of the functioning of households and enterprises and
their decisions. Monetary policy has a significant impact on the market and preferential
rate of credit allocated for pro-ecological activities aimed at reducing low emission
[17]. As examples of other countries show through fiscal policy, it is possible to
effectively influence the reduction of dust and gas pollutants that get into the air. At the
same time, it is not only important to set higher tax rates for non-ecological heating
installations or cars, but it is also significant to introduce various types of tax incentives
and subsidies for ecological solutions. An example of a country that effectively
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encourages its citizens to buy environmentally friendly cars is Norway, which has
introduced privileges for all electric cars.

It should be noted that the level of emissions to air in Poland in 2015-2016, with
few exceptions, was not limited (Tab. 3). When analysing harmful substances that are
emitted into the air, it should be stated that the majority of them were characterized by
a higher emission level in 2016 than in 2015.

Table 3. Emission volumes in the years 2015 — 2016 for the particular pollutants [9].

Pollutant 2015 2016 2016/2015
Mg (%)
SO, 701 831.5 581 520.3 82.86
NOx 704 824.3 726 431.2 103.07
NH3 267312.2 267107.2 99.92
CcO 23704328 2505 631.3 105.70
NMVOC 590 627.8 608 858.3 103.09
TSP 342017.6 352306.1 103.01
PM10 248 654.5 259165.3 104.23
PM2.5 138 343.5 145 506.9 105.18
BC 19 794.0 21260.7 107.41
Pb 4209 4183 99.38
cd 123 13.1 106.63
Hg 10.6 103 97.85
As 30.7 28.3 92.14
Cr 32.7 33.9 103.79
Cu 329.6 316.5 96.04
Ni 81.6 82.4 100.89
Zn 863.2 836.8 96.93
kg
PCB 627.3 634.3 101.11
HCB 4.8 4.9 101.89
PAH 139 467.9 146 344.4 104.93
g I-TEQ
PCDD/F 290.0 2823 97.37

The harmful substances that significantly contribute to the low emission are:

o suspended dusts (PM10 and PM 2.5),

e nitrogen oxides (NOy),

¢ sulphur dioxide (SO»),

e carbon monoxide (CO),

¢ non-methane volatile organic compounds (NMVOC).

From the data presented in Tab. 3. it appears that almost all harmful substances that are
emitted into the air, which low emission is an important source, increased in 2016
compared to 2015. The exception is only sulphur dioxide, whose level of emissions in
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2016 compared to 2015 was significantly lower. In 2016, SO, emissions were lower by
approx. 17% compared to 2015. The drop in emissions in Poland was mainly due to the
reduction of emissions from professional and industrial power, which resulted from
operators adapting from January 1, 2016 to the requirements resulting from
implementation of Directive 2010/75/EU on industrial emissions in the scope of stricter
emission standards for SO, [10].

Conclusion

In the Lubuskie Voivodship there are elevated concentrations of harmful substances in
the air, the main source of which is low emission. High concentrations in the air B(a)P
are particularly unfavourable, which often exceed the acceptable limits. B(a)P is not
only one of the most dangerous for human health substance that gets into the air. B(a)P
also affects the macroeconomic parameters of the region. So far, effective solutions
have not been implemented that would lead to the reduction of low emission in the
Middle Odra Region.

It should be emphasized that despite the development of air protection programs for
all zones in the Lubuskie Voivodship due to exceeding the normative values: particulate
matter PM10, B(a)P and arsenic. Moreover, the national program (Clean Air) is
currently being launched to reduce low emission. The program provides for grants and
loans that are to contribute to the right energy efficiency and reduce the emission of
dust and other pollutants into the air from existing single-family residential buildings
or to avoid emission of air pollutants from newly built single-family residential
buildings. However, the effectiveness of the currently implemented solutions can only
be assessed in the coming years.
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Abstract. The choice of between carbon emission trading and taxing carbon is
framed as a pragmatic one, as essentially just different ways of implementing
the same policy. We argue that this is not the case. The choice of policy
instrument is strongly dependent on the 