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FOREWORD

Presented number of Silesian University of Technology. Scientific Papers. Organization
and Management Series. Contemporary management. Presented papers contain result of
researches conducted by various universities from Poland. The number consists of 47 papers.

The papers presented in the number concentrate on many topics connected with
organization and management. There are in the number papers about: public management;
project management, quality management, human resources management, information
management, production management, logistics, outsourcing, production management,
sustainable development, organization ethic, economics, finances, the impact of COVID-19
pandemic on management, knowledge management, strategic management, innovation
management, leadership, supply chain management, smart cities, business analytics and

Corporate Social responsibility.

Radostaw Wolniak
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Objective: The aim of the article is to assess the competitive potential of Poland’s regions,
in the context of effective strategy building for further development thereof.
Design/methodology/approach: The article employs the method of critical investigation of
the literature on the subject as well as presents an analysis of statistical data on selected socio-
tourist infrastructure instruments. An examination of two selected infrastructure elements was
carried out for the purpose of the article, which can form a basis for formulation of strategies
to improve the competitiveness and development of regions in Poland.

Results: The Authors present the issue of regional competitiveness, with particular focus on
the methods of assessing and building the competitiveness of regions through selection of
an optimal strategy for further development thereof. In this context, two selected instruments
of socio-tourist infrastructure are discussed, which can form a basis for formulation of strategies
to improve the competitiveness and development of regions in Poland. The infrastructure
elements presented serve as an example of areas characterized by great potential for growth,
as a consequence of years of neglect (health care), or constrained by independent external
COVID-19 pandemic associated conditions (accommodation industry).

Keywords: competitiveness, region, socio-tourism infrastructure.

1. Introduction

The process of systemic transformation and the 21% century integration with the European
Union Countries has changed, but at the same time revealed, the real value and competitive
position of many Polish regions (agglomerations, municipalities, cities). Current assessments
turn out to be different, often much lower than the widespread evaluations and perceptions that
arose before 1990.

http://dx.doi.org/10.29119/1641-3466.2023.176.1 http://managementpapers.polsl.pl/
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The issue of regional competitiveness, particularly the methods of assessment,
the knowledge of regional competitiveness building, as well as the effective use of
competitiveness for development of a region's strategy is still poorly recognized,
underestimated, and even ignored by Polish regional authorities. Hence, interdisciplinary and
multifaceted studies addressing these issues, including scientific analysis thereof, are in
demand.

The administrative reform of 1998, resulting from the decentralization of power, initiated
the development of local governments, which became the main inheritors of the responsibility
for governance and, above all, for setting and managing the strategic directions of regional
development.

The post-reform changes which have become increasingly evident in the functioning of
territorial units include the increasing competition processes between the regional and local
systems. These processes are forcing regional authorities to apply principles and rules ensuring
greater success in achieving the territorial units’ objectives, the overriding one among which
entails the increasing prosperity of the community located on the territory thereof. In view of
this, the public demand for efficient and, above all, effective development-favoring
management of territorial units has emerged and is constantly intensifying.

The study aims to assess the competitive potential of regions, in the context of effective
strategy building for further development thereof. The article analyzes two selected elements
of socio-tourist infrastructure, which can serve as a basis for formulation of strategies to
improve the competitiveness and development of regions in Poland. The infrastructure elements
presented exemplify areas characterized by great potential for growth, as a consequence of years

of neglect, or constrained by independent external COVID-19 pandemic-related conditions.

2. Formulation of a region’s development strategy

The development of individual regions is dependent, firstly, on the level of the resources
and capabilities making up a region's competitive potential, including the configuration thereof,
and secondly, on the usability efficiency of those resources and capabilities. This efficiency is
determined by the manner in which the region is managed, as well as dependent on the balance
of the political forces in the region, the strength of the influence of the so-called ‘stakeholders’
(pressure groups), the regional development vision and the strategic goals set.

The proposed procedure for formulating a region's development strategy, consisting of

successive phases, is shown in Figure 1.
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REGION’S COMPETITIVE POTENTIAL
(resources: tangible and intangible)

:

REGION’S COMPETITIVE ADVANTAGE
(competition instruments)

;

REGION’S DEVELOPMENT STRATEGY
(development vision, strategic goals)

;

REGION AND ITS ENVIRONMENT

Figure 1. Region's development strategy formulation procedure.

Source: own elaboration.

3. Region’s resources as a basis for its competitiveness

A region’s competitiveness is directly associated with and strongly dependent on its
strategic potential, the basis of which entails the region’s resources. These resources can be
characterized, however, by varying degrees of usefulness in the creation of that potential and
thus can contribute to competitive advantage building to various extents. As such, the resources
at a region’s disposal are not of equal importance from the perspective of efficiency and
effectiveness of operation, which is why they ought to be viewed through the prism of their
usefulness for competitive advantage creation and the possibilities of generating, based on those
resources, effective instruments of competition. In the long run, these instruments, in turn,
will determine the region’s competitive strength and the pace of its development. According to
the Authors, it can thus be assumed that a region’s competitive potential is formed by the
tangible and intangible resources possessed, which constitute the basis for construction of
instruments for effective competition and development of the region (Borko, Geerts, Wang,
2020).

Unambiguous division of a region's resources is not simple, while each can arouse certain
discussions. Based on the well-known classifications of business entity resources, a general
division of resources into tangible and intangible can also be made here by analogy.

Primary tangible resources of a region (also called visible in the literature) include:

e natural and environmental wealth,
e the population living in the region,

e the state and level of economic development,
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e the region’s infrastructure (Gtowny Urzad Statystyczny, 2022),

e scientific potential.

The second group of a region’s resources are intangible resources (referred to as invisible),

which include:

e the region’s identity and image',

e the authorities’ management style and skills?,

e the relationship of the region's governing bodies with the ‘stakeholders’ (the public,
business entities, potential investors, social parties and organizations, media, etc.),

o the regional authorities’ ability and means of solving difficult regional problems,

e the authorities' propensity to cooperate and establish internal and external contacts
(partnership in action)?.

A region's competitive potential should constitute an important subject of interest as well
as in-depth analyses and assessment by the region's authorities. In practice, this means that
a need exists to manage the potential, in both strategic and tactical-operational dimensions.
The design and building of a region’s potential, including the evaluation and restructuring of
its tangible and intangible elements, should be subject to a process of management, in order for
it to become the foundation and generator of the region's competitive advantage.

In the process of management, particularly at the time of assessing the region's competitive
potential, not all of its elements are equally important in terms of competitive advantage
building, therefore, the principle of focus on the key components of this potential should be
followed. This, in turn, indicates the need to identify the components of that potential and decide
which should be considered of key significance.

Such decisions require a thorough list of selection criteria to be drawn up in advance,
to accurately determine the most relevant features of the components making up this potential.

Selection of the key elements of a region’s competitive potential, as well as the constant
improvement thereof, should constitute the source of competitive advantage. As such,
aregion’s competitive advantage can be considered to emerge from the fact that regions, based
in the key (i.e., unique and the strongest) elements of their competitive potential can ‘perform’

better or ‘differently’ in certain areas, compared to other rival regions, creating more favorable

! The essence of competitive potential determination derives from the collective work edited by Stankiewicz,
M.J. (1999). Budowanie potencjatu konkurencyjnosci przedsigbiorstwa. Torun: TNOiK ,,Dom Organizatora”,
p. 177.

2 This element of a region's resources has in recent years played an increasingly important role in both the
development and the process of attracting potential investors. For more on the subject see, inter alia: Karwowski,
J. Marketingowe zarzgdzanie regionem, p. 29 and Mruk, H. (2002). Obszary wspotpracy samorzaddéw
z przedsiebiorstwami. In: Marketing w rozwoju regionu (wybrane zagadnienia) (p. 262). Szczecin: University
of Szczecin.

3 Creation of a region’s image is becoming an important task and has been increasingly implemented by the
regional authorities as part of promotional activities. For more on the subject, see e.g., Karwowski,
J. Marketingowe zarzqdzanie regionem. Marketing w rozwoju regionu, Part IV: Promocja region, pp. 373-471.
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conditions and thus achieving superior results, consequently realizing the goal of regional
development.

It is important to note that a region’s competitive advantage is relative (contextual) in nature.
This means that it is maintained as long as the competing regions are not able to act in analogous
manner. Development of regional competitiveness should, therefore, be based on and strongly
founded in such tangible and intangible elements, which are characterized by:

e a unique nature (difficult to imitate/copy — e.g., monuments, recognized and respected
image, rarities — e.g., natural peculiarities),

e adequate size (which is decisive in terms of the competitive advantage magnitude),

e appropriate durability (the necessary time dimension of the advantage),

e difficulty in substituting/replacing (resource substitutability),

e limited in mobility (or lack of mobility).

Knowledge of the detailed resource characteristics thus determines the durability of the
region’s competitive advantage and can certainly facilitate the decision-making regarding
development and improvement of specific resources in available in the region. Based on the
above, a conclusion can be drawn, according to the Authors, that a region’s competitive
advantage should be considered in dynamic terms as well, to seek directions of and
opportunities for its expansion and strengthening. This also means that a region of currently
few opportunities to compete and develop effectively is not necessarily doomed to be weak and

undevelopable.

4. Instruments of a region’s competitiveness

One equally important aspect of a strategic dimension is the selection of competitiveness
instruments. These decisions should be governed by the effectiveness and ease of being
recognized the relevant target groups of ‘stakeholders’. The selection and composition of these
instruments must not be random, but thoughtful and consciously conceived. From the
perspective of the ‘stakeholders’, the instruments must be noticeable and of a certain value
(translated into an attractive offer), in order to win their favor. Such a list of a region’s
competitiveness instruments practically can be long, as it is subject to the creativity of the
region's authorities, who, based on specific competitive advantages, can apply different
instruments of competition. The identification and selection of a region's competitiveness
instruments, however, should always be carried out in reference to the actual standing of the

region's entities and the state of its environment.
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5. Formulation of an effective strategy for a region’s development

Building on the foundation of a region's competitive potential as well as the identified and
developed competitive advantages, it becomes possible to formulate an effective strategy for
the region. A region's development strategy is formulated, on the one hand, as a result, and on
the other, as an expression of the development vision chosen by the authorities, which in turn
determines the choice of the main strategic goals. It is widely accepted that the overarching and
long-term strategic goal of a region (its mission) entails a strive to continuously improve the
local community’s well-being. This such an important directional objective can only be realized
through accurate and carefully determined bundles of strategic goals, the combined
implementation of which can improve the region’s economic efficiency and competitiveness,
resulting in its development.

The formulation of the region's strategic development goals is one of the primary tasks for
the region's authorities, which places a heavy burden of responsibility on the representatives of
the authorities. Very often such an important overarching objective as a region’s vision or
directional development goals are formulated during election campaigns by the candidates for
the seats of regional authorities. These goals, as a rule, are very ambitious and even often
unrealistic. The degree of attractiveness of these goals, from the perspective of various
‘stakeholder’ groups, determines the electorate’s votes of support. In reality, however,
the degree of success in achieving the region's strategic development goals, depends on the
region’s strengths and the effectiveness of the competitiveness instruments selected.
This means that, ultimately, a sustainable basis for a region’s development lies in its competitive
potential.

It is not uncommon for a region's authorities, or certain significant pressure groups, to hold
particularly exorbitant ambitions, the realization of which is in contraposition with the region's
level of strategic resources and capabilities. Nevertheless, these people have a decisive
influence on the selection of the region’s strategic development goals and directions.
The decision-makers should thus have appropriate knowledge and skills, and above all,
hold authority among the region's society. In practice, the decisions on a region's strategic
development objectives and paths of implementation are realized over many years and often
exceed the decision-makers’ (authorities’) terms of office. Hence, it is crucial that the
successive teams of those managing a given region focus on the existing strategic goals,

for the success of the strategy selected.
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6. Analysis of selected infrastructure elements enhancing regional
competitiveness

For the purpose of this study, a detailed analysis of selected elements of socio-tourist
infrastructure has been compiled, which can form a basis for formulation of strategies aimed at
competitiveness improvement and development of regions in Poland. The infrastructure
elements presented serve as examples of areas characterized by great potential for growth,
as a consequence of years of neglect, or constrained by independent external COVID-19
pandemic-related conditions.

One of the most neglected social-infrastructure elements in Poland is the health care system.
According to reports by independent institutions, including the Supreme Audit Office (NIK),
the scale of financing health needs, expressed as the share of health system spending in GDP,
is low, compared to other European countries (NIK Report, 19.05.2019). Admittedly, the level
of budget spending on health care has been growing every year, reaching 6.2% of GDP in 2023
(Rynek Zdrowia, 16.1X.2022). None the less, the analysis shows that, although the outlays for
health care services have increased by nearly 70 percent, compared to 2016, the services
performed have only increased by 3 percent. This indicates an insufficient supply of health
services, compared to the legitimate health needs of the population and the high share of
privately financed services in the total cost of the services provided (NIK Report). Access to

primary health services is thus becoming increasingly dependent on the patient's financial

standing.
Table 1.
2019-2021 health care expenditures in Poland in relation to GDP
2019 2020 2021
SPECIFICATION PLN million G?;P PLN million G‘]y;P PLN million G‘]7;P
| Gross Domestic Product? 2293199 | 100 | 2323859 | 100 | 2622184 | 100
SHA 2011
HF.1+HF.2+ | Total current health care
HF.3 expenditures® 147 838.5 6.4| 151873.5¢ 6.5| 172 884.6° 6.6
HF.1 Public spending 106 113.9 4.6 109 752.7 4.7 125 476.5 4.8
including:
HF.1.1 general government sector
schemes 14 693.6 0.6 14 939.4 0.6
HF.1.2 compulsory premium-based
health insurance schemes 91 420.3 4.0 94 813.3 4.1 . .
HF.2+HF.3 | Private spending 41 724.6 1.8 42 120.8 1.8 47 408.1 1.8
HF.3 including direct household
spending 29 701.9 1.3 29 668.4 1.3 33 814.8 1.3

Source: GDP data available at: https://stat.gov.pl/wskazniki-makroekonomiczne.
Noteworthy is the fact that the Polish health care system is characterized by an exceptionally
unfavorable structure of the healthcare costs, financed by the National Health Fund, with more

than 50% share of the cost of hospital treatment. Compared with European Union countries,
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Poland still has one of the highest ratios of hospital beds per 100 000 residents. In recent years,
a reversal of this unfavorable trend has been observed, but the share of this type of treatment,
the most expensive in the total cost of healthcare services, still dominates in Poland. Inpatient
treatment should gradually be displaced by outpatient health care and preventive care.
Meanwhile, a systematic decline has been noted in the number of services provided in such
areas as (Rynek Zdrowia,16.1X.2022):

e psychiatric care and addiction treatment (-9.7 percent, compared to a 33.5 percent

increase in the value of the benefits provided),

e nursing and care services (-23.7 percent vs. a 69.8 percent increase in the value of the

benefits provided),

e emergency medical services (-10.5 percent versus a 31.2 percent increase in the value

of the benefits provided).

The findings of the NIK audit indicate that some health care providers, without recognizing
the health care needs, undertook investment activities, such as purchase of modern equipment,
construction work, hiring of additional medical staff, while other health care providers offering
the same services had already been operating in the region. This translated into low utilization
of the available resources, including hospital beds. The diversity of the entities making up
individual hospitals is not facilitative to the coordination of such activities. As the results of the
NIK audit indicate, the coordination of activities, between district and provincial governments,
to ensure comprehensiveness of the healthcare services provision, adequate planning for
participation of individual entities in the health care system, as well as rational restoration and
development of the material base, is inadequate as well (NIK Report).

In many international rankings comparing health care systems, the Polish system ranks
among the last in the European Union. The public's assessment of the health care system
functioning, as reflected in opinion polls results, is mostly negative (Appendix No. 4.1. to the
NIK Report). For this reason, it entails one of the primary areas that determining the
competitiveness structure of the various regions of Poland.

The second element of socio-tourist infrastructure which can form the basis for development
of a strategy to improve the competitiveness of regions in Poland is accommodation facilities.
Over the years, the number of accommodation facilities and the accommodation capacity
offered in Poland has steadily increased, with current dominance of hotel facilities. This is
associated with the growing demand for domestic accommodation services in the period
analyzed. i.e., 2012 — 2020. At the time, the tourism sector was assumed to account for about
10 percent of the world's gross product. The Polish tourism sector produced more than 6 percent
of GDP, while the entire industry provided jobs for more than 700 000 people. The situation
changed dramatically with the outbreak of the COVID-19 pandemic, when tourism became one
of the industries most affected by the pandemic. In 2020, due to pandemic-related restrictions,
more than 49.9% fewer tourists used accommodation facilities, compared to 2019, which is

21.0% fewer compared to 2012. The same year, the number of accommodation facilities with
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10 or more beds amounted to 10 291 facilities (960 fewer than in 2019, i.e., 808 more than in
2012), including 3 990 hotel facilities (62.6% of which were hotels). The tourist
accommodations offered 775.3 thousand beds (compared to 675.4 thousand in 2012 and
825.51n2019), 45.7% of which were in hotel facilities. The number of beds per 1000 population
decreased to 20.2, against the 21.5 in 2019, but was higher than in 2012-2017. In 2020,
17.9 million tourists stayed in tourist accommodation facilities, including 1.9 million foreign
tourists, who mainly chose hotels.

The number of tourists using accommodation facilities, per 1000 population, decreased by
more than twice (465 vs. 928 in 2019; 20.8% lower compared to 2012). Tourists used
51.4 million overnight stays (including foreign tourists - 6.6 million overnight stays). In 2020,
the Pomeranian (15.1%), West Pomeranian (14.4%), Lesser Poland (13.2%) and Lower Silesian
(9.8%) regions had the highest number of accommodation facilities. These regions still
concentrated more than half of the country's accommodation base. The smallest number of
facilities, in turn, was in the Opole region (1.3%) as well as the Masovian (2.2%) and
Swietokrzyskie (2.3%) regions. In terms of the number of beds offered in accommodation
facilities, the West Pomeranian region has been the leader for years. In 2020, 141.1 thousand
beds were available (17.7% more than in 2012 and 2.9% less than in 2019), which accounted
for 18.2% of the total number in the country. The highest number of tourists using
accommodation facilities was recorded in Lesser Poland region (2.4 million) and the West
Pomeranian region (2.1 million) - these regions also hosted the largest number of foreign
tourists. In the West Pomeranian region, the rate of beds per 1 000 residents was 4 times higher
than the national average (83.0 beds), while the number tourists using accommodation facilities,
per 1000 population, was more than 2.5 times higher than the national average per capita
(1 239 vs. 465 people) - (Central Statistical Office, Regional Development of Poland, Warsaw,
2022).

Undoubtedly, the development of the tourism industry in Poland, including accommodation
facilities, will depend on successful overcoming of the pandemic constraints, as well as on
flexible formulation of marketing strategies which take the ever-changing preferences of
travelers into account. Travelers' attention will focus on health aspects, on choosing offers
which deliver the best value for money and avoiding crowded destinations. Based on an analysis
carried out by Skift Research in the fall of 2020, it can be suspected that international travel
spending will be redirected to domestic travel, and inbound tourism revenues will be severely

disinvested (Tourism industry turned upside down, September 2020, McKinsey & Company).
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7. Summary

The paper entails a closer look at the procedure of a region’s development strategy
formulation and shows the dependence thereof on the region's competitive potential, which
constitutes a decisive foundation in the entire process. It draws attention to the elements of
a region's competitive potential, the usefulness thereof and the characteristic features
determining the magnitude and strength of this potential. The following part of the paper
presents considerations on the selection of the competitive advantages of a region forming the
planning basis for the list of the competitiveness instruments to be used. The final section of
the theoretical part of the article deals with the formulation of a region's development strategy,
approximating the issues development vision and strategic objectives in particular.
For the purpose of this paper, a detailed analysis of two selected elements of socio-tourist
infrastructure has been compiled, which can serve as a basis for formulation of strategies aimed
at competitiveness improvement and development of regions in Poland. The infrastructure
elements presented serve as examples of areas characterized by great potential for growth,
as a consequence of years of neglect, or constrained by independent external COVID-19

pandemic-related conditions.

References

1. Borko, S., Geerts, W., Wang, H. (2020). The travel industry turned upside down: Insights,
analysis, and actions for travel executives. McKinsey & Company.

2. Chruscinska-Dragan (2022). Wigcej pienigdzy na ochron¢ zdrowia, a kolejki dalej
ogromne. Eksperci wskazali, gdzie lezy problem. Rynek Zdrowia, 16 September 2022.

3. Glowny Urzad Statystyczny [Central Statistics Office] (2022). Rozwoj regionalny Polski —
raport analityczny 2021 [Regional Development of Poland — analytical report 2021].
Warsaw.

4. Karwowski, J. Marketingowe zarzqdzanie regionem. Marketing w rozwoju regionu, Part
IV: Promocja regionu, pp. 27-29, 373-471.

5. Mruk, H. (2002). Obszary wspdlpracy samorzadoéw z przedsigbiorstwami. In: Marketing w
rozwoju regionu (wybrane zagadnienia) (pp. 261-262). Szczecin: University of Szczecin.

6. Najwyzsza Izba Kontroli [Supreme Audit Office] (2018). Report: System ochrony zdrowia
w Polsce — stan obecny i pozgdane kierunki zmian [Health care system in Poland - current

state and desired directions of changes]. Warsaw.



The competitiveness and development... 19

7. Stankiewicz, M.J. (1999). Budowanie potencjatu konkurencyjnosci przedsiebiorstwa.
Torun: TNOiK ,,Dom Organizatora”, p. 177.

8. Zeman-Miszewska, E. (2004). Wykorzystanie marketingu w budowaniu przewagi
konkurencyjnej. In: W. Kosiedowski (ed.), Miedzynarodowe uwarunkowania
konkurencyjnosci regionu (pp. 672-673). Torun: UMK-WTN.






SILESTAN UNIVERSITY OF TECHNOLOGY PUBLISHING HOUSE

SCIENTIFIC PAPERS OF SILESIAN UNIVERSITY OF TECHNOLOGY 2023

ORGANIZATION AND MANAGEMENT SERIES NO. 176

MODEL OF DATA OF THE SETTLEMENT OF COSTS
OF PUBLIC TRANSPORT OPERATING ON THE TERRITORY
OF THE UPPER SILESIAN METROPOLITAN UNION

Michat BARTNICKI
Silesian University of Technology; Michal.Bartnicki @polsl.pl, ORCID: 0000-0002-0998-4494

Purpose: Development of a coherent unified data model allowing multi-criteria analysis of data
on accounting for the costs of public transportation provided in the Upper Silesian-Zaglgbow
Metropolitan Area (GZM) (https://metropoliagzm.pl).

Design/methodology/approach: The study used automatic data processing methods using
Power Query mechanisms, data cleaning and unification techniques.

Findings: In the course of the work it was found: dispersion of data between different cost-
controlling units, lack of uniform data structures between units, inconsistency of dictionaries
over time.

Practical implications: The data model developed during the work was used to build the
analytical platform used within the GZM.

Social implications: The developed model was used for presentation to the mayors of the
municipalities that make up the GZM. It is an analytical tool used by the management of the
GZM to present and optimize the scope of communication in the designated area.
Originality/value: Authorial model for processing data from heterogeneous sources into
a coherent and unified data structure has been developed.

Keywords: Public transportation, public transport, data modeling, visualization.

Category of the paper: Practical implementation of data processing system and data model
construction.

1. Genesis

In November 2017, the Metropolitan Transport Authority (ZTM) was established by the
Assembly of the Upper Silesian and Zaglebie Metropolis (GZM), which took over the
responsibilities of the three previous public transport organizers by combining the public
transport system operating in Silesia and Zaglebie and serving the territory of 56 cities and

municipalities (https://metropoliagzm.pl/droga-do-metropolii/).

http://dx.doi.org/10.29119/1641-3466.2023.176.2 http://managementpapers.polsl.pl/
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Resolution No. 7/2020 of January 15, 2020 of the Board of Directors of the Upper Silesia-
Zaglebiowska Metropolis (https://bip.metropoliagzm.pl/uchwala/125860/uchwala-nr-07-2020)
adopted a document on "principles of proceeding in calculating the variable part of the Annual
Contribution for municipalities of the Upper Silesia-Zaglebiowska Metropolis and subsidies for
municipalities not belonging to the GZM." On December 23, 2021, amendments were made to
the above-mentioned resolution, which were announced by Resolution 325/2021 of the GZM
Board (https://bip.metropoliagzm.pl/uchwala/128104/uchwala-nr-325-2021).

These documents set out the rules of procedure for calculating the variable portion of fees
to be paid by individual GZM municipalities and subsidies to non-GZM municipalities for
public transportation provided on their territory.

The company responsible for organizing public transportation is the Metropolitan Transport
Authority (ZTM) (https://www.metropoliaztm.pl/pl/). It should be noted here that ZTM
performs its tasks mainly on the territory of the GZM, however a partial scope of its activities
is also implemented on the territory of municipalities not belonging to the GZM.

Based on the aforementioned resolutions, employees of ZTM's controlling department have
prepared planning and settlement sheets determining remuneration for individual operators
providing public transportation, as well as sheets calculating the variable premium
(https://metropoliagzm.pl/tag/skladka-zmienna/) which is charged to individual municipalities.

The amount of the variable premium is determined by two main factors:

e the portion resulting from the amount of transportation provided, and,

e the part resulting from the surcharge covering the organization's operating costs.

Implemented plans and settlements are carried out in annual cycles, their rules are gradually
modified and therefore variable in subsequent years.

In 2021, there was a need to develop a data model that would allow the heads of individual
municipalities (mayors, aldermen, mayors) to present the components of the surcharge that
burden each municipality in a relatively simple way. This paper presents the issues and stages

of building such a model.

2. Input data

The input data for the model were binders of data provided by two departments dealing with
the settlement of transportation costs. One of them deals with the determination of the so-called
variable contribution, i.e. the fee that individual municipalities pay to the joint budget.
The characteristics of these data and how they were processed are presented in the following

paragraphs.
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2.1. Input data — carriage costs

Department one deals with planning and accounting for transportation costs.

Data is collected in the form of spreadsheet binders, each sheet contains a table that includes
a plan and settlement of one unit during one month by individual transportation lines. Two types
of billing are maintained. one for bus and trolleybus lines and the other for tramway billing.
The units are respectively:

¢ municipalities included in the GZM (http://gzmetropolia.pl/metropolia),

e municipalities from outside the GZM,

e special units that account for additional special transportation tasks carried out, such as:

O events,

o detours,

O commutes,

o access to hypermarkets,

o trips charged entirely to the GZM.

The special units identified above are conventionally referred to by the term "virtual
municipalities".

The individual tables include volume (kilometer) and value settlements. Value settlements
include volumes resulting from the number of kilometers traveled, as well as volumes resulting
from various additional charges specific to bus-trolleybus and streetcar fleets, respectively.
2.1.1. Data — Buses and trolleybuses

Data regarding planning and accounting for bus and trolleybus transportation was contained
in 6 workbooks. Four contained planning data for 2020-2023 and two dealt with implementation
from 2020-2021.

Within each workbook, there were up to 57 (varying by year) worksheets containing data
on individual municipalities and virtual municipalities. Within each sheet, the table rows
contained data on individual line numbers. A total of 521 bus lines (including bus lines
operating vicariously on tramways) and 8 trolleybus lines were identified. The columns of the
tables contain quantitative (wozokilometers - wkm) and value data on wkm traveled and other
values charged to individual lines such as:

e AIR CONDITIONING net cost,

e  MONITORING net cost,

e  WIFI net cost,

e SDIP net cost,

e PPK net cost,

e MIN_WAGE net cost,

e OTHER net cost.

The structure of the data sheets within a single workbook (Fig. 1) was consistent while there
were differences in construction between different workbooks (years).
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LINIA OPERATOR OZNACZENIA PRACA WG ROZKLADU JAZDY
Dzien roboczy Sobota
M A B Cc M A B
NR  TYP WYJATKI UWAGI ORG UMOWA

AL 0 | ferie |PKM Gliwice PO/BS/R-1 0,00 0,00 0,00 0,00] 0,00 0,00 0,00
A4N  n 0 PKM Gliwice PO/68/R-I 0,00 0,00 0,00 0,00 0,00 0,00 0,00
0 0 0 PKM Katowice PO/G8/R-1II 0,00 0,00 0,00 0,00 0,00 0,00 0,00

i 0 0 |PKM Tychy PPN.0232.10.2015 0,00 0,00 133920 9 039,60 0,00 0,00 0,00
N n 0 PKM Tychy PPN.0232.10.2015 0,00 0,00 0,00 0,00 0,00 0,00 390,60
2 0 0 PKM Tychy PPN.0232.10.2015 561,90 374,60 2 247,20 0,00 0,00 0,00 2 809,50
2A 0 ferie  |PKS Poludnie OP/80/CRU/638/RUZP/470/19 0,00 0,00 0,00 0,00 0,00 0,00 0,00
3 0 0 Kons Swierklaniec-PKM 272.1.2014/KS 0,00 0,00 0,00 0,00 0,00} 0,00 0,00
4 0 0 |PKM Tychy PPN.0232.10.2015 0,00 0,00 5556,00 4 896,00 0,00 0,00 0,00
5 0 0 |Kons Swierklaniec-PKM 272.1.2014/KS 0,00 0,00 0,00 0,00] 0,00 0,00 0,00
6 0 0 PKM Gliwice PO/GB/R-I 0,00 0,00 0,00 0,00 0,00 0,00 0,00
7 0 0 |PKM Katowice PO/68/R-III 0,00 0,00 0,00 0,00] 0,00 0,00 0,00
7N n 0 PKM Katowice PO/68/R-1II 0,00 0,00 0,00 0,00 0,00 0,00 0,00
8 0 ferie  |PKM Gliwice PO/B8/R-I 0,00 0,00 0,00 0,00 0,00 0,00 0,00
9 0 0 |PKM Katowice PO/68/R-III 0,00 0,00 0,00 0,00] 0,00 0,00 0,00
10 0 0 PKM Katowice PO/G8/R-1II 0,00 0,00 0,00 0,00 0,00 0,00 0,00
110 0 |PKM Katowice PO/6S/RIII 0,00 0,00 0,00 0,00) 0,00 0,00 0,00
12 0 ferie  |PKM Katowice PO/68/R-III 0,00 0,00 0,00 0,00] 0,00 0,00 0,00
13 0 0 PKM Katowice PO/G8/R-1II 0,00 0,00 0,00 0,00 0,00 0,00 0,00
14 0 0 |PKM Tychy PPN.0232.10.2015 0,00 0,00 6687,60 1554,00 0,00 0,00 0,00
15 0 0 Pawelec mzkp P0/47/PZ/362/D0/408/14 0,00 0,00 0,00 0,00 0,00 0,00 0,00
16 0 0 PKM Sosnowiec z PO/68/R-1I 0,00 0,00 0,00 0,00 0,00 0,00 0,00
17 0 0 |Kons Swierklaniec-PKM 272.1.2014/KS 0,00 0,00 0,00 0,00] 0,00 0,00 0,00
18 0 0 PKM Sosnowiec G PO/68/R-11 0,00 0,00 0,00 0,00 0,00 0,00 0,00
19 0 0 Kons Swierklaniec-PKM 272.1.2014/KS 0,00 0,00 0,00 0,00 0,00 0,00 0,00
20 0 0 |Pawelec mzkp PO/5/PS/T6/D0/B9/16 0,00 0,00 0,00 0,00] 0,00 0,00 0,00
21 0 0 PKM Tychy PPN.0232.10.2015 0.00 0.00 2 998.80 4185.60 0.00 0.00 858.00
» ...| EAZI | TYCH = WYRY | CZER | KRUP | tAZY | MIAS | MIED | ORNO | OSWI(M) OSWI(G) || ORZE || PSZC || TOSZ || TWOR | WIEL | ZORY | GZM | HIPER | RAZEM | LINIE

Figure 1. An example of a workbook with source data.

Source: Gornoslasko-Zaglebiowska Metropolia (GZM).

2.1.2. Data - Trams

Data on planning and accounting for tram transport is contained in 6 workbooks.

Four contain planning data for 2020-2023, and two implementations from 2020-2021.

Within each workbook there were up to 17 (varying by year) sheets containing data on

individual municipalities and virtual municipalities. Within each sheet, the table rows contained

data on individual line numbers. A total of 42 tram lines were identified (Fig. 2).
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Figure 2. An example of a workbook with source data.

Source: Upper Silesia and Zaglebie Metropolis (GZM).
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The columns of the tables contain quantitative and valuable data on travelled wkm, pkm by
type of rolling stock where the following types of tram rolling (Tundys, 2008; Lubka, Stiasny,
2011, pp. 20-21) stock are distinguished:

e 105N/El,
e 2x105N,
e 116Nd,

o PT-8,

e PTM,

e 20I2N,

e 2017N,

e 2020N,

e MFI0,

e MF/AC,

e 105NK,

e 2*]05NK,
e 105HF,

e 2*]105HF,

and other valuable ones such as:

e Air conditioning.

e Cost of commuting courses.

e Bus stop fees.

e Property tax.

e Perpetual use of land.

e Depreciation of other assets.

e Maintenance of tracks, networks, substations.

e Depreciation of infrastructure.

e Depreciation of rolling stock.

e Redemption of bonds.

e Finance costs.

It should be noted that between 2020 and 2021 there was a change in the units of accounting
for kilometers traveled by tramway rolling stock, and so until 2020 the applicable unit was
wozokilometers (wzk), and from 2021 the applicable unit is train kilometers (pkm). The change
consisted in the fact that rolling stock marked with the symbols 2x105N, 2*105NK and
2*105HF consisting of two identical wagons was counted until 2020 for the wagons traveled

separately, and from 2021 individually for the entire squad.
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2.2. Input data — other data on the calculation of the variable premium

The second department, which is in charge of calculating the surcharge part for individual
municipalities, carries out the next step of cost settlements based on a single summary table on
the basis of which it makes detailed settlements per line and municipality. The calculation of
this part of the costs includes such elements as:

e Ticket revenue.

e Organization costs.

e Lostrevenue (free rides for children and youth).

e Lostrevenue (railroads).

e Lostrevenue (other).

e Sheds (W).

e Other settlements (I).

3. Data processing

3.1. Data — Buses and trolleybuses

In order to aggregate data scattered between sheets additionally contained in separate
workbooks, aggregation queries were created for individual workbooks. Due to the different
construction of workbooks, it was necessary to create unique queries for each of them
separately. The queries were constructed using MS Power Query and the M language that

functions within it. A transcript of the translated query written in M is shown in Figure 3:

BUS_Wykon_2021

let

Irédio = Excel.Workbook(File.Contents("C:\Users\......... \\!GZM\Projekt_II\Dane\BUS_NYKON_2921 (1) 14-82-2@22.x1sx™), true, true),
#"Przefiltrowano wiersze™ = Table.SelectRows(Zrédto, each {[Kind] = "Sheet") and ([Hidden] = false) and ([Name] <> "GMINY" and [Mame] <
#"Usunieto inne kolumny” = Table.SelectColumns(#"Przefiltrowanc wiersze”,{"Name", "Data"}),

#"Rozwiniety element Data™ = Table.ExpandTableColumn(#"Usunieto inne kolumny"”, "Data”, {"Columnl™, "Column4”, "Column7", "Columnd49", "C

#"Zmienicno nazwy kolumn™ = Table.RenameColumns(#"Rozwiniety element Data”,{{"Data.Columnl”, "NR"}, {"Data.Cclumnd", "OPERATOR"}, {"Dat

#"Przefiltrowano wierszel™ = Table.SelectRows(#"Zmieniono nazwy kolumn”, each ([NR] <> null and [NR] <> " ™ and [NR] <> "LINIA™ and [N

#"Dodanc kolumne niestandardowy” = Table.AddColumn(#"Przefiltrowanc wierszel”, "ROK™, each 2@821),

#"Zmieniono kolejnos¢ kolumn” = Table.ReorderColumns{#"Dodano kolumne niestandardowg™,{"ROK", "Name", "NR", "OPERATOR", "UMOWA™, "M km"
in

#"Zmieniono kolejnos¢ kolumn™

Figure 3. Example of an M-language query for bus rolling stock.
Source: own study.
The main steps of the inquiry procedure were:
e Selecting the appropriate sheets within the workbook.
e Determining the target columns from which the data was extracted.
e Assigning understandable names to the extracted columns.

e Filtering the rows according to the developed criteria.
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The result of carrying out the query procedure was the creation of structurally uniform tables
from each year containing data that describe bus and trolleybus transportation.

An example of the table after the execution of the query is shown in Figure 4. The table
contains in individual rows data on individual lines of transportation that carry out
transportation in individual municipalities. The individual columns contain amount and

quantity data that characterize each line.

. (135 ROk [~][a% Name [~ 135 NR ~ 1155 OPERATOR ~ /155 umowa <1555 mkm  [<]|255 Akm  []|455 Bkm  [~]/355 ckm  [~][f55 Razemkm [~]|i55 Mkosztne..[~ /155 A
H 1 2021 | 0B) aa PKM Gliwice OP/3/CRU/51/2021 0 0 1358,4 89,2 22476 o
2 [z 2021/ 0B) AN PKM Gliwice OP/3/CRU/51/2021 0 0 108 0 108 o
= 2021 | 0B) 6 PKM Gliwice OP/3/CRU/51/2021 0 0 02 6082 6084 o
4 2021 08) 15 Pawelec null 0 0 541,8 0 541,8 0
5 2021 | 0B) 24 PKM Sosnowiec OP/1/CRU/4/2021 0 0 58 0 28 0
6 2021 | 0B) 27 PKM Sosnowiec null 0 0 198 80 278 o
7 2021/ 0B) 32 PKM Gliwice null 0 0 1566,9 174284 18995,3 o
8 2021 08) 32N PKM Gliwice null 0 0 1720,5 0 17205 0
9 2021 | 0B) 35 PKM Sosnowiec null 0 0 0 2 1152 0
10 2021 | 0B) 40 PKM Sosnowiec null 0 0 15 0 154 o
1 2021/ 0B) 41 Pawelec null 0 0 1188,7 0 1188,7 o
12 2021/ 08) 42 PKM Sosnowiec null 0 0 147 0 147 0
13 2021 | 0B) OP/1/CRU/4[2021 0 0 482 0 432 0
14 2021 | 0B) null 0 0 84 0 84 o
15 2021 08) 52 Kons Lazar-Nowak-PKS Pot null 0 0 2456 0 4456 0
16 2021 08) 61 PKM Sosnowiec null 0 0 1662 0 166,3 0
17 2021 | 0B) 67 Pawelec WH.50.55.2020 0 81,6 o 0 21,6 o

Figure 4. Example of the result table for bus fleet settlements.

Source: own study.
3.2. Data — trams

For input workbooks containing data on streetcar traffic, queries were created analogously
to those for processing bus transport data, with the exception that procedure steps that aggregate

individual types of streetcar rolling stock into groups according to Table 1 were additionally

included. .
Table 1.
Tram rolling stock - groups
2021 grupa Nazwa
105N/E1 | A
2x105N 111 B
116Nd v BN
PT-8 111 B
PTM v BN
2012N \ CN
2017N v BN
2020N \ CN
MF10AC 11 AN
MF/AC v BN
105NK | A
2*105NK 111 B
105HF 1 A
2*105HF 111 B

Note. Division of tram rolling stock into groups.
Source: Upper Silesia and Zaglebie Metropolis (GZM).

The specifications of each group are shown in Table 2. It classifies each group according to
the capacity of the carts, their length and types (high-floor, low-floor).
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Table 2.
Tram rolling stock - description

Grupa Nazwa Opis
1 A pojemnosci < 150 miejsc (dlugo$é < 20m), wysokopodtogowy
11 AN pojemnosci < 150 miejsc (dlugo$é < 20m), niskopodtogowy
111 B pojemnosci > 150 miejsc (dlugo$é 20m - 30m), wysokopodtogowy
v BN pojemnosci > 150 miejsc (dhugo$¢ 20m - 30m), niskopodtogowy
\% CN pojemnosci > 150 miejsc (dlugo$é > 30m), niskopodtogowy
Note. Description of streetcar fleet groups.

Source: Upper Silesia and Zaglebie Metropolis (GZM).

Analogous to the bus queries, the MS Power Query tool was used. Due to the inconsistency
of the sheets between periods (years), queries were created separately for each period.
A transcript of the translated query written in M is shown in Figure 5:

TRAM_Plan_2022

let
irédio = Excel.L"lor'kbonk(File.l:nnterwts("[:\User:s\rnb.a\r'tn'1(:ki\Documents\!GZM\Pr‘«:\jek‘c_II\Dane\SZ_TR.N‘*'\_ZﬂzZ_dcv:iazdy_?[’).@g.21.):15)(”)J true, tro
#"Przefiltrowano wiersze” = Table.SelectRows(Zrédlo, each ([Hidden] = false) and ([Kind] = "Sheet™) and ([Name] <> "GMINY" and [Mame] <>

#"Usunieto kolumny” = Table.RemoveColumns(#"Przefiltrowano wiersze”,{"Item”, "Kind”, "Hidden"}),

#"Rozwiniety element Datal” = Table.ExpandTableColumn(#"Usunieto kolumny"”, “"Data", {"Columnl”, "Columnl45", "Columnld&”, "Columnld7", "Cc
#"Usunieto pierwsze wiersze" = Table.Skip(#"Rozwiniety element Datal™,3),

#"Naglowki o podwyzszonym poziomie" = Table.PromoteHeaders(#"Usunieto pierwsze wiersze", [PromoteAllScalars=true]),

#"Zmieniono nazwy kolumn® = Table.RenameColumns(#"MNagidwki o podwyzszonym poziomie™,{{"Column2", "T_NR"}, {"ZREALIZOWAMNA", "1@5N/E1 PLN"}

#"Przefiltrowanc wierszel” = Table.SelectRows(#"Zmieniono nazwy kolumn”, each ([T km] <> null and [T km] <> @ and [T km] <> "RAZEM") and

#"Dodanc kolumne niestandardowg” = Table.AddColumn(#"Przefiltrowano wierszel®™, "T ""A""", each [#"1@5N/EL1"]+[185NK]+[185HF]),

#"Dodano kolumne niestandardowgl” = Table.AddColumn(#"Dodano kolumne niestandardowg” v, each [MF10AC]),

#"Dodano kolumne niestandardowg2” = Table.AddColumn(#”Dodano kolumne niestandardowgl’ each [2x1@5N]+[#"2*105NK" ]+ [#"2*105HF"]

#"Dodano kolumne niestandardowg3” = Table.AddColumn(#“Dodano kolumne niestandardowg2”, ~ , each [116Nd]+[PTM]+[2@817N]+[# "MF/AC"])

#"Dodano kolumne niestandardowgd"” = Table.AddColumn(#"Dodano kolumne niestandardowg3™, , each [2812N]+[2828N]),

#"Dodano kolumne niestandardows5™ Table.AddColumn(#"Dodano kolumne niestandardowgd™, ™ " koszt", each [#71@5N/E1 PLN"]+[185NK PLN]

#"Dodano kolumne niestandardowat” Table.AddColumn(#"Dodano kolumne niestandardowg5", ""AN"" koszt", each [MF1@AC PLN]),

#"Dodanc kolumne niestandardowa?” = Table.AddColumn(#"Dodano kclumne niestandardowg6™, "T ""B"" koszt", each [2x1@5N PLN]+[#"PT-8 PLN"]+[

#"Dodano kolumne niestandardowg8" = Table.AddColumn(#"Dodano kolumng niestandardowa7", "T ""BN"" koszt", each [116Nd PLN]+[PTM PLM]+[2017

#"Dodano kolumne niestandardowg9" = Table.AddColumn(#"Dodano kolumng niestandardowg8", "T ""CN ""koszt", each [2012N PLN]+[2828N PLN]),

#"Usunieto kolumnyl™ = Table.RemoveColumns(#"Dodano kolumne niestandardowg®”,{"1@5N/EL1", "2x1@5N", "116Nd", "PT-8", "PTM", "2012N", "201]

#"Zmieniono kolejnos¢ kolumn™ = Table.ReorderColumns(#“Usunieto kolumnyl™,{"T_GMINA", "T_NR", "T ™©“A""", “T ““anN""", "T ""B""", "T ""BN"'
in

#"Zmieniono kolejnosé kolumn"|

Figure 5. Example of an M-language query for streetcar rolling stock.
Source: own study.

The result of running the query procedure was the creation of structurally uniform tables
from each year containing data that describe streetcar transportation.

An example of the table after the query procedure is shown in Figure 6.

=
5 |[m.]ax Tommna (-4 TNk - || 45€ Tran ~ |45 TAN" ~)|45¢ Ts" ~ |45 T BN" ~]|455 Tene - |35 Tkm ~ /455 T"A" koszt ~ | 455 T"AN" koszt ~ | 1455 T"B" koszt
E 1 |BEDZ 21 1061832 o 13685,8 98581,85 o 218450,65 1041106,976 o 180445,03
- 2 |BEDZ 22 98273 o o 68762,95 o 167035,95 963550,7176 o
3 |BEDZ 27 130193,75 o 53705,5 o o 183899,25 1276528,459 o 7080898,24
4 | BEDZ 28 66414 18643,8 o o o 85063,8 651178,425 208035,4736
s |Bepz 42 68276 0 0 0 0 6827,6 66943,50309 0
6 | BEDZ ZASTEPCZAT.SL. 1,0617 0 0 0 0 1,0617 1,081E-16 0 r
7 |BYTO 2 443694 0 30353,4 100991,85 0 175714,65 435034,7217 0 400204,62
8 |BYTO 5 11304,4 o o 113888,6 o 125193 110837,7961 o
9 |BYTO 6 20515,5 o o 26987,4 279941,4 327444,3 201151,1274 o
10 |BYTO 7 5834 o 17136 49388,4 75711,2 152129,6 97009,05437 [ 225935,3¢€
11 |BYTO 9 110754,1 o o 28342,25 a 139096,35 1085925,865 o
12 |BYTO 17 12707,8 o o o o 12707,8 124597,9039 o
13 |BYTO 19 131256 129650,85 235321,65 0 0 496228,5 1286943,647 1446234,061 31026775
14 | BYTO 20 18308 0 0 0 0 18308 179506,9504 0
15 |BYTO 38 o 38130,2 o [ o 38130,2 o 425336,1546
16 |BYTO 49 140681,05 o o o o 140681,05 1379354,723 o
17 |BYTO ZASTEPCZA 1,0e-44 o o [ o 1,044 1,081E-43 [ r
18 | CHOR 6 11130,75 o o 14642,1 151883,1 177655,95 109135,1862 o
19 | CHOR 7 5747,4 0 10080 29052 44536 89415,4 56352,31848 0 132903,1
20 | CHOR 9 114794,35 0 0 28962,75 0 143757,1 1125539,857 0
21 |CHOR 11 136884 0 13885,7 122372,1 27615,65 187565,85 134212,5268 0 18313342
22 | CHOR 17 73523,7 o [ [ ) 73523,7 720887,8725 o
23 | CHOR 19 42755,85 42403,95 77066,1 o o 162225,9 419214,1275 473008,1379 1016103,&
24 | CHOR 20 28473,7 o 9 84435 84734,6 197682,3 279179,9789 o 514,20863
25 | CHOR 40 11035,9 o o o a 11035,9 108205,1974 o

Figure 6. An example of a result table for the settlement of tramway rolling stock.

Source: own study.
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The table contains, in individual rows, data on individual streetcar lines that carry out
transportation in each municipality. The individual columns contain amount and quantity data
characterizing each line.

3.3. Input data — other data on the calculation of the variable premium

With regard to the remaining data, the structure of which was already partially aggregated,
only the necessary range of data was selected and filtered.

In terms of source data, there was no standardized approach to the naming and data types
used. Thus, for example, the name of one municipality, depending on the data source, was
presented in the following forms:

e CZER.

e (Czerwionka-Leszczyny.

e CZERWIONKA LESZCZYNY.

Accordingly, relevant dictionaries were created to standardize the naming of municipalities
and the numbering of individual lines. Procedures were developed to emerge headings
describing individual data. Thus, individual data are described with the following headings.

e Type of data.

o Plan.

o Execution.

e Affiliation.

Other.
Municipalities GZM.
Foreign municipalities.
Airport.
GZM.
e Operator type.

o PKM.

o PRYW.

o TROLLEYBUS.

o TRAM.

e Line_Type.
o A —Bus.
o TR —Trolleybus.

o T —Tram.

o O O O O

e Municipality (name of Municipality).
e Number of line.

e Opreator (name of Operator).
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All data after the process was aggregated into one standardized dataset. On the basis of the

obtained data, a model was developed for the analysis and presentation of the acquired data.

This model received approval and was made available to the heads and treasurers of each

municipality. A sample table and charts are shown in Figure 7 and 8.

Przynaleinosc (Wszystko) hd
Typ_Operatora (Wszystko) A
Typ_Lini (Wszystks) « | 4 Dokonaj wyboru {Pola Niebieskie)
Opreator (Wszystko) v
Nr_linii (Wszystko) hd
Gmina (Wszystko) hd
2021 2021 2021-2021 2021-2021 2021-2021 Wykonanie-Plan
o - Rainica Odchylenie % Efekt wzkm Efekt stawki
Wartosci Plan Wykonanie ; — ; = - L) (FLy)

M koszt netto 16 295957 15 676 879| -613 078 -3,8% -984 362 375 284
Akoszt netto 22599 137 22 454 3512 -144 786 -0,6% -743747 598 961
B koszt netto 308 501 215 328 288 699| 19 787 280| 64% 5001 140 14 786 140|
C koszt netto 196 232930 212 817 356 16 584 426 B5% 6754 663 9829763
T8 koszt netto. 11817481 12704 174 886 694, 75% 886 694 0|
T koszt netto 222 617 629 199 627 138| -22 990450 -10,3% -19 08B 796 -3 901 695
Ai TB koszty dodatkowe 13333485 13 531 146| 197 651 15%
T koszty dodatkowe 39 467 920 38 834 920 -633 000| -1,6%

Kiimatyzacja 0 0 0

Koszt kursow dojazdowych 0 0

Finansowane przez Gminy (T} 39467 320 38834320 -633 000 -1,6%

f przez GZM 0
Koszty Przew. finansowane przez Gminy 791 398 049 805 099 745 13 701 696 1,7%)
Dochody z biletow 237 800 000 145752718 -52 047 282 -38,7%
Koszty organizacji 35383179 13 516 178| -21 867 001 -61,8%
Utracone dochody (bezplatne przejazdy dzieci i miodzies) 15 616 653 15 697 000| BO 347 05%
Utracone dochody (kolej) 2314815 1537 396 777 418 -33,6%
Utracone dochody (inne) 0 61724 61724
Skiadka zmienna 571 049 760 655 567 085 84517 324, 14,8%|
Wiaty (W) 1024743 0 -1024743 -100,0%
Inne rozliczenia (1) 0 31238 31238
Skiadka zmienna + T+ W +1 611542423 694 433 242 82 890 819 13,6%
M wzkm 3949423 3711261 -238 162| -6,0%
Awzkm 4589 286 4440 258, -149028| -3,2%
B wzkm 54 579 660 55 443 506 864 247 16%
Cwzkm 29 407 582 30 395 515 987 923 34%
T8 wzkm 1320389 1419461 95072 7,5%
Tpkm 13818542 12 622 650| -1195852 -8, 7%
T'A"pkm 6200316 4731363 -1468347 -23,7%
T AN pkm 785775 899111 113336 14,4%
78" pkm 2730504 2119547 670357 -24,0%
TEN" pkm 2033852 2538831 804573 39,6%
TCN" pkm 2008095 2032832 24737 1,2%
Kursy Dojazdowe pkm 0 0 0
Praca ekspl yjna {wzkm; pkm) 107 664 892 108 033 002 368 199 03%
Koszt M PLN/wzkm 413 4,77] 0,10 2,4%
Koszt A PLN/wzkm 4,92 5,06 013 27%
Koszt B PLN/wzkm 5,65 592 027 4,8%
Koszt C PLN/wzkm 6,67 7,00 0,33 4,%%
Koszt TB PLN/wzkm 8,95 8,95 0,00 0,0%
Koszt T PLN/pkm 16,11 15,81 -0,30 -1,8%
Koszt przewozowy PLNfwzkm;pkm 7,23 7,33 0,10| 14%
Koszt catkowity z narzutami PLN,wzkm;pkm 5,68 5,43 0,75 13,2%
Wydatki ZTM + UM nie finansowane skfadka zmienng - razem 64 234 842 22 258913 -41 975929, -65,3%
Wydatki UM nie finansowane zmienng czescig skiadki rocznej 64 234 842 21 158913 -41 975 924 -65,3%
Wydatki ZTM nie finansowane zmienng czescig skfadki rocznej 151 361 633 73 047 799 -78 313 834 -51,7%

Figure 7. Example of the result table for bus fleet settlements.

Source: own study.
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800000
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400000 000
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Figure 8. Example of the charts presenting bus fleet settlement.
Source: own study.

The scope of this paper is limited to the first stage of the work, which was the collection
and processing of data. The problems of building a model for data processing and analysis will
be presented by the author within the framework of the next article in this series.

References

1. Droga do metropolii. Retrieved from: https://metropoliagzm.pl/droga-do-metropolii/,
1.07.2022.

2. Gornoslgsko-Zaglebiowska Metropolia. Retrieved from: https://metropoliagzm.pl,
1.07.2022.

3. Podoski, J. (1985). Transport w miastach. Warszawa: Wydawnictwa Komunikacji
1 Lacznosci, p. 132.

Lubka, Stiasny (2011). Atlas tramwajow. Poznan: Kolpress, pp. 20-21.

5. Metropolia przemystowych miast Gérnego Slgska i Zaglebia Dagbrowskiego. Retrieved
from: http://gzmetropolia.pl/metropolia/, 1.07.2022.

6. Sktadka Zmienna. Retrieved from: metropoliagzm.pl/tag/skladka-zmienna/, 1.07.2022.
Tundys, B. (2008). Logistyka miejska, koncepcje, systemy, rozwigzania. Warszawa: Difin.
Uchwata nr 325/2021 Zarzadu Gornoslasko-Zaglebiowskiej Metropolii z dnia 23 grudnia
2021 r. w sprawie zmiany uchwaly nr 7/2020 Zarzadu Goérnos$lasko-Zagtebiowskiej

Metropolii z dnia 15 stycznia 2020 r. w sprawie przyjecia dokumentu pn. ,,Zasady



32 M. Bartnicki

postepowania przy wyliczaniu zmiennej czesci sktadki rocznej dla gmin Goérnoslasko-
Zaglebiowskiej Metropolii (GZM) oraz dotacji dla gmin nienalezacych do GZM”.

9. Uchwata nr 7/2020 Zarzadu Gornoslasko-Zaglebiowskiej Metropolii z dnia 15 stycznia
2020 r. w sprawie przyjecia dokumentu pn. ,,Zasady postgpowania przy wyliczaniu
zmiennej czg$ci sktadki rocznej dla gmin Gornos$lasko-Zaglebiowskiej Metropolii (GZM)
oraz dotacji dla gmin nienalezacych do GZM”.

10. ZTM. Retrieved from: https://www.metropoliaztm.pl/pl, 1.07.2022.



SILESTAN UNIVERSITY OF TECHNOLOGY PUBLISHING HOUSE

SCIENTIFIC PAPERS OF SILESIAN UNIVERSITY OF TECHNOLOGY 2023

ORGANIZATION AND MANAGEMENT SERIES NO. 176

AGILE PROJECT TEAM MANAGEMENT IN THE SMALL AND
MEDIUM-SIZED ENTERPRISE SECTOR - EMPIRICAL RESEARCH

Katarzyna BRENDZEL
Politechnika Czg¢stochowska; katarzyna.brendzel @pcz.pl, ORCID: 0000-0003-1654-7046

Purpose: The project approach is often used to implement projects in enterprises. Traditional
project management becomes insufficient due to the changing environment and the need for
flexible functioning of the organization. Hence, agility in management gains recognition.
The article presents the results of the study, the purpose of which was to determine whether the
assumptions of agile management are known and used in project management and to identify
factors that sustain the involvement of project team members.
Design/methodology/approach: The presented empirical research was carried out using the
quantitative and qualitative methods. Techniques of expert interviews were used, and in the
case of quantitative research - a questionnaire. The use of two research techniques was aimed
at obtaining a broad view of the project management methods used, with particular emphasis
on the conditions of the working environment of agile project teams. Enterprises from the small
and medium-sized enterprise sector were invited to the study, the main variable in the selection
of entities for the research sample was the location by region, i.e. the northern subregion of the
Silesian Voivodeship, and cooperation with the Czgstochowa University of Technology for the
commercialization of knowledge in the region. The latter condition made it possible to include
enterprises that implement projects.

Findings: Research has shown knowledge of the assumptions of agile management among
small and medium-sized enterprises, but less than half of the surveyed experts use this
methodology in managing project teams. According to experts, the main condition for
implementing agile management is a "good", i.e. primarily a self-organizing project team.
Its members are required to have appropriate skills and competences, such as self-discipline or
independence in making decisions. The research also identified work conditions that keep
members of agile project teams engaged. They are strongly related to the intrinsic motivation
of employees. On this basis, it can be concluded that the agile approach in shaping work
conditions is stimulating to stimulate the expected behavior of employees.

Originality/value: The article draws attention to the rarely discussed issue of implementing
project management in small and medium-sized enterprises. The conditions for implementing
agility in project team management were emphasized, among which the most important is the
right selection of employees. They should have appropriate skills and competences, as well as
an internal motivation system, which agile management methodologies will stimulate the
activity and involvement of project team members.

Keywords: project, project management, agile management, project team.

Category of the paper: research paper.
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1. Introduction

Looking from the perspective of the entire enterprise, the definition of agility may be the
ability to prosper in a competitive environment characterized by constant and unpredictable
changes in customer expectations, or in other words, a way to "adaptively and flexibly manage
the enterprise in a dynamic and constantly changing business environment" (Sherehiy,
Karwowski, Layer, 2007). From the systemic perspective, agility defines the feature of
a "production system with specific capabilities and capabilities (soft and hard techniques,
people management, qualified management staff, information flow) that is able to meet the
changing needs of the market (speed, flexibility, customers, competition, suppliers,
infrastructure reactivity)” (Yusuf, Sarhadi, Gunaserkaran, 1999, p. 36).

The year 1991 is considered to be the moment when the concept of agile management was
created. This is related to the establishment of the Lehigh Agility Forum by the Iacocca Institute
and the publication of the report: 21st Century Manufacturing Enterprise Strategy (Ramesh,
Devadasan, 2007, p. 183). The "agility" of management appeared as a response to the
observation that changes in the environment precede adaptation changes in the organization
(Hormozi, 2009, p. 13), and thus, the benefits from the use of opportunities are limited.
An additional aspect is the fact that the concept of agile management is considered in opposition
to Japanese companies using "lean" management. This involves the interpretation of key
objectives. In the case of the Lean concept, the elimination of waste comes to the fore (Pichler,
Schulze, 2005, pp. 371-373). “Agile” management focuses on flexibility in relation to the
recipients' requirements and the use of opportunities (Krishnamurthy, Yauch, 2007, p. 588).
Enterprises strive for effective use of knowledge and competences, treated as key resources.
Thanks to this, it becomes possible to enter emerging markets or take a leading position in
mature markets. Companies operating in accordance with the Agile concept are already
successfully competing in many cases with traditional concerns (Yang, Liu, 2012a). We are
even talking about a new paradigm of the enterprise (Trzcielinski, 2011, pp. 5-6).

Agility identified with a certain feature of project teams, projects or even entire
organizations has become a kind of fashion and operating philosophy in various types of design
companies, both from the software development industry and from other areas of activity, such
as production, logistics or services. The business environment of enterprises is subject to
constant changes, which means that enterprises are constantly looking for new ways to increase
their effectiveness and productivity, while striving to reduce waste. This pursuit, supplemented
with a process of continuous observation, learning from mistakes, adaptations and focusing on
people and the individual within project teams, has become an integral part of the agile approach
- as a response to the needs, challenges and problems of modern project management caused
by the above-mentioned changes in the environment (Beck et al., 2001). The above observations

have become a reason to consider the use of agile project management in small and medium-
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sized enterprises, which more and more often implement innovative, complex projects.
The article presents the results of research aimed at determining whether the assumptions of
agile management are used in project management and identifying the conditions of the project

team's work that are related to the agile management methodology.

2. Agility in project management - literature review

The concept of agility is widely used in project management, where traditional paradigms
are based on long-term planning, a high level of detail, including the description of the final
effect (Highsmith, 2004). Critics challenge this approach due to the high level of
standardization and the inflexibility of project management norms. The consequence is
unsuccessful attempts to create detailed requirements or the project life cycle, which often
differs from the real needs. At the testing stage, the plans turn out to be ineffective or fail to
meet the expectations of the end customer.

The heterogeneity of defining the agility of the project management methodology and its
assessment is forced by the variety of ways to implement the agile approach in project
management and the constantly growing group of agile methodologies. E.C. Conforto et al.
(2016) drew attention to the lack of consistency, completeness and clarity of the definition of
agility, and at the same time pointed to key implications for the theory and practice of project
management. Namely; agility should be understood in the context of team performance and
results; agility as a performance may depend on a combination of factors related to the
organization, the project team and the project itself; the level of agility performance can be
measured in the context of two main factors of change in the speed of project planning and the
degree of customer involvement (Sharp, Ryan, 2008).

Design responsibility may reflect the ability of a broadly understood project to respond
effectively to a changing environment, manifested by the adaptability of the dynamics that exist
in the needs of stakeholders, technological changes and other needs resulting from the
specificity of a given project (Mafakheri, Nasiri, Mousavi et al., 2008). The response to
continuous and unpredictable changes in the environment requires estimation of the scope of
adaptability of projects to changes in the form of an assessment of certain parameters, such as:
the dynamics of change, the size of the project team, communication, approach to testing,
the level of expertise of project team members, organizational culture and many others (Dove,
2001; Mafakheri et al., 2008).

Project agility, and thus the success of the entire project, is influenced by factors present
both in the project itself (e.g. team empowerment, team size, budget, size, duration and
importance of the project) and in the project environment (e.g. organizational culture, form of

contracts and contracts with the client, training), and to assess this impact, both objective
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criteria (time, budget, scope, quality) and subjective criteria (product usability, customer
satisfaction, project team satisfaction) can be wused (Sheffield, Lemetayer, 2013).
This is an interesting approach to the discussed issues, because it allows you to look at project
agility and its complexity from the perspective of the entire project, and at the same time shows
how important and how much influence the project team has on this agility. This is an important

contribution to the creation of this article.

3. Project team agility

The project team is an organizational unit, established on the basis of subject specialization,
implementing the project under the direct supervision of the project manager (Bosschers,
Boutelegier, Dierick, 2003). J. Katzenbach and D. Smith define a project team as a small
number of people with complementary skills, involved in the implementation of a common
general goal and partial goals, whose approach is based on shared responsibility (2001, p. 260).
In the paradigm of modern, agile project management, an agile team is "a temporary group of
people willing to take risks, entrepreneurial, with clearly defined leadership, boundaries,
empowerment, competencies, structure, manageability and motivation, people who have been
matched together to create a new product or services with a high risk of complexity and critical
importance” (Rico, 2018).

Project teams are looking for a creative way to solve problems that cannot be solved
centrally (Schwaber, 2004). They are committed to delivering business value to the client,
and when given the necessary resources, they achieve broadly understood success. Thanks to
regular inspection and adaptation sessions, these teams undergo a process of continuous
learning and improvement, leading them to become masters in their profession.

Team agility is its behavior or specific ability to flexibly, easily and quickly adapt to
expected or unexpected changes, the shortest possible response time to market needs,
the use of the most economical and simple quality assessment tools in a dynamically changing
environment and the use of constantly updated knowledge and experiences from both the
internal and external environment (Qumer, Henderson-Sellers, 2008a).

The agility of the project team is strongly related to psychological and behavioral aspects
as well as to the development and maturity level of the group, which is often manifested by:
increased job satisfaction, the need for situational leadership, the need for direct communication
and a shared physical workplace, submission to the discipline of agile project management
(the need to participate in regularly repeated activities such as team planning), overt aspects of
group development and the personality of members of agile project teams (hiring people who
fit such a work culture) (Gren, Torkar, Feldt, 2017). The above-mentioned aspects allow to

better define the essence of an agile project team by assessing the condition, needs and behavior
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of employees by: assessing the degree of maturity and implementation of various team
cooperation practices, assessing the impact of direct and open communication on knowledge
sharing mechanisms in the team, honest feedback addressed to managers and an assessment of
other overt aspects affecting group development (Gren, Torkar, Feldt, 2017).

Values, principles and way of thinking that are important when implementing the agile
approach in the organization of the project team's work can be indicated. According to the
author, the key is: cooperation between business stakeholders and team members, which
ensures the identification of customer needs and influences making effective decisions;
customer satisfaction understood as frequent and early customer involvement in product
development; communication - especially informal and related to gathering the team in one
physical space. Agility is strongly correlated with self-discipline and self-organization of the
team. Internally motivated, decision-makers, responsible for their own product,
communicative, sharing ideas and knowledge, employees are ideal members of an agile project
team. According to the author, agility in project management is conducive to maintaining the
involvement of team members at a sufficiently high level. Therefore, the project team must be
properly managed and, consequently, certain conditions must be ensured that will foster the

development of agility in the team's operation.

4. Research methodology

A review of the literature on the subject indicates that agile management methodologies are
a response to rapid economic growth, turbulence of the environment and an attempt to meet the
expectations of customers and competition (Sajdak, 2014, pp. 138-152). Changes in the labor
market and in the economy mean that the agile approach to project management is gaining
popularity.

The aim of the study was to determine whether the assumptions of agile management are
known and used in project management and to identify factors that sustain the involvement of
project team members. The presented empirical research was carried out using the quantitative
and qualitative methods in the period from November 2022 to February 2023. Techniques of
expert interviews were used (Konecki, 2000, pp. 169-190), and in the case of quantitative
research - a questionnaire. The use of two research techniques was aimed at obtaining a broad
view of the project management methods used, with particular emphasis on the conditions of
the working environment of agile project teams.

Enterprises from the small and medium-sized enterprise sector were invited to the study,
the main variable in the selection of entities for the research sample was the location by region,
1.e. the northern subregion of the Silesian Voivodeship, and cooperation with the Czestochowa

University of Technology for the commercialization of knowledge in the region. The latter
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condition made it possible to include enterprises that implement projects. The quantitative
research involved 70 respondents working in project teams on a daily basis, including 24 in
agile teams. The survey was conducted via the interankiety.pl platform. The questionnaire
consisted of closed questions with a 5-point Likert scale for the assessment of individual
phenomena, as well as explanations of key concepts and details. On the other hand, 11 experts
took part in the qualitative research, which made it possible to separate the factors resulting
directly from the agile methodology from those that are not related to it. They were specialists
who manage projects on a daily basis, including 5 of them using agile methodologies in project
management.

The research was of a pilot nature. They allowed to determine whether there is a need to
modify the online questionnaire in terms of its transparency and comprehensibility. Thanks to
this, it will be possible to continue the research in the group of small medium-sized enterprises
in the Silesian Voivodeship. In order to determine whether the assumptions of agile
management are known and used in project management in small and medium-sized enterprises
in the Czgstochowa region, the following research questions were formulated:

RQ 1. Do enterprises manage projects using the assumptions of agile management?

RQ 2. Are there conditions for working in agile project teams that keep team members

engaged?

To determine the conditions for the work of agile project teams that maintain commitment,
the concepts of motivating employees were used the "5P" model by M. Sroka (2017, p. 7)
(Kopertynska, 2008, pp. 21-64; Czarniawska, 1990, p. 139; Krzysztofek, Kumanska, 2011,
p. 48; Minnullina, Abdrazakov, Graboviy, 2018, pp. 383-402). On this basis, a list of work
conditions was created (Table 1). Respondents were asked to select the 20 most important

factors in their opinion, and then to rank the 10 most important factors in order from highest to

lowest.
Table 1.
Project team work conditions
Financial conditions
Salary Financial rewards
Financing of training by the company Bonuses
Profit share Raises
Non-financial conditions
Training and development Benefits (insurance, multisport cards, vouchers)
Social benefits Offer of trainings and courses
Medical care Proposal to gain other experiences
Privileges (company car, company phone, discounts | International contacts
on services, products of business partners)
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Cont. table 1.

Intangible conditions
Setting team goals Distinction Feedback provided on an ongoing
Supporting the achievement of | Promotion opportunity basis
team goals Praise Ability to use your skills and
Mobilization and support of the | Technical comfort of work competencies
manager Interesting/varied work content Possibility to perform more and
Relationship with your immediate | A job that requires creativity more responsible tasks
supervisor Cooperation  with  competent | Ethical company activities
Relationships with team members | people The feeling of creating something
Communication Access to information of value
Team atmosphere Flexible working time Work-life balance
Ability to make independent | The way of organizing work Coaching/mentoring
decisions Ability to work remotely Low stress level
Trust Opportunity to develop your | Clear requirements
own skills
Self-realization

Source: based on Sroka, M. (2017). Wspolczesne metody motywowania do pracy w zespole
projektowym. Journal of Modern Management Process, No. 2(2), pp. 36-45; Kopertynska, M.W.
(2008). Motywowanie pracownikow — teoria i praktyka. Warszawa: Placet; Czarniawska, B. (1990).
Motywacyjne problemy zarzqdzania. Warszawa: PWN; Krzysztofek, A., Kumanska, W. (2011). Wpltyw
motywowania pracownikoéw na efektywnos$¢ pracy w przedsigbiorstwie. Studia i materialy Miscellanea
Oeconomicae, No. 2, pp. 41-52; Minnullina, A., Abdrazakov, R., Graboviy, P. (2018). Evaluation of the
coaching effective-ness as an instrument for motivating company’s employees. MATEC Web of
Conferences, Vol. 170, pp. 383-402.

5. Results and discussion

The survey was attended by 70 employees representing companies from the sector of small
and medium-sized enterprises, who deal with the implementation of projects on a daily basis.
34% of respondents are members of agile project teams. The results of quantitative research,
in the first stage at the level of selection of the 20 most important conditions in the
implementation of projects, indicated the advantage of the commonly known - remuneration
and bonuses. Other conditions include: training and development, possibility of learning and
development, team atmosphere, possibility of balancing private and professional life, flexible
working time, possibility of promotion, convenient forms of work organization, possibility of
performing more and more responsible tasks, work requiring creativity cash prizes,
mobilization of the team leader, privileges (e.g. a company car or telephone), distinction,
benefits, the ability to make independent decisions, cooperation with competent people,
feedback provided on an ongoing basis and a sense of creating something valuable.
The obtained results indicate that there are conditions for the work of a project team that are
particularly important for agile team management. The data presented in the chart below
(Fig. 1) shows that these are primarily intangible conditions - the opportunity to learn and
develop, flexible working hours, the ability to perform increasingly responsible tasks and work

that requires creativity. These conditions were rated much higher by members of agile project
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teams. They can be assessed as maintaining commitment to the implementation of project tasks
and limiting the monotony of work. Equally important for both groups of respondents were

convenient forms of work organization and the balance between private and professional life.

salary/bonuses

work which
requires creativity,

training and

possibility to
realize more
abitious tasks

possibility to learn
and develop

e=f=== project teams
=== agile project teams

work
atmosphere/relati
ons with team
members

convenient ways of
organizing

flexible working

opportunity time

flexible working
time

Figure 1. The most important conditions for the work of project teams.
Source: own research.

The results of the qualitative study showed that the agile project management methodology
is widely known (nearly 91% of respondents), but only 5 out of 11 experts decided to implement
it. The main reason was the resistance of project team members and the lack of appropriate
skills and compeences of employees to work in an agile project team, including, above all,
self-discipline. According to the respondents, the most important obstacle is the lack of
employees' independence and developed methods of maintaining constant communication
between team members.

As for the assessment of the working conditions of project teams, experts pointed out the
differences between teams managed in a traditional and agile way. The respondents agreed that
remuneration, bonuses and training are very important factors, but they do not result from agile
methodologies. However, in terms of factors related to the methodology, experts pointed out
that it is extremely important to show employees the goal, while constantly verifying where the
team is today in relation to what it wants to achieve. That is why the agile methodology assumes
frequent summarizing meetings, e.g. daily so-called Daily, as well as numerous meetings with
the client, during which problems and needs are identified on an ongoing basis during the "life"
of the project. According to experts, the opportunity to share your achievements, especially in
the case of young employees, is valuable and encourages involvement. Regardless of the age
of employees and experience, each team member has the right to express their own opinions
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and ideas. Having the opportunity to present their opinion, all group members feel important.
In addition, the methodology points to the joint responsibility of all project participants, which
builds their commitment. Another important issue emphasized by experts is acting here and
now, this applies to cooperation with the client, providing feedback, as well as planning.
Cooperation with the client also causes a sense of creating things that are needed, which makes
employees see the usefulness of the result of their actions. The list of factors indicated by the

respondents during the expert interviews is presented in Table 2.

Table 2.
Conditions for the work of project teams related to the agile methodology - results of
qualitative research

Conditions of work in agile project teams - experts' answers

1 High frequency of presenting newly created project elements, and thus satisfaction with the achieved
goal. Visible work result

Sense of purpose

Tasks that are challenging

Short-term Project

Supporting someone who will be the "good spirit" of the team

Independence - the team decides what tasks will be carried out

Managing your own area - the so-called empowerment

Opportunity to express one's own opinion - joint "ceremonies” (meetings) that make all team members
feel important and have the opportunity to express themselves

9 Real feedback provided on an ongoing basis

10 | Planning and acting on an ongoing basis - resulting from daily meetings

11 | The usefulness of the final project/the feeling of creating things needed - the result of close and constant
cooperation with the business

Source: own research.

(e A ENTFo Y U, J E - OS] | \0)

6. Summary

In summary, the research showed knowledge of the assumptions of agile management,
but less than half of the surveyed experts use this methodology and only 24% of respondents
work in agile project teams. According to experts, the main condition for implementing agile
management is a "good", i.e. primarily a self-organizing project team. Its members are required
to have appropriate skills and competences, such as self-discipline or independence in making
decisions. An important factor in working in an agile team is also constant communication
between employees.

The research allowed to identify the key work conditions that sustain the involvement of
members of agile project teams. They are strongly related to the intrinsic motivation of
employees. On this basis, it can be concluded that the agile approach in shaping work conditions
is stimulating to stimulate the expected behavior of employees. The obtained results indicate
the need to continue research, taking into account the role of the project team leader.

Requirements for members of an agile project team emphasize the importance of internal
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motivation, and this entails its skillful shaping. It seems that the role of a manager boils down

to eliminating barriers in the team's work, indicating ways of dealing with problems and

focusing on business goals. The manager is supposed to be a support to effectively influence

the behavior of people in the organization. The study was a pilot study, therefore its weakness

is drawing conclusions based on a small sample, as well as examining opinions, not objective

criteria. However, it gave hints and recommendations for further research in order to deepen

the subject.

References

. Beck, K., Cockburn, A., Jeffries, R., Highsmith, J. (2001). Agile manifesto. Retrieved from:

http://www.agile manifesto.org, 15.04.2023.

2. Bosschers, E., Boutelegier, R., Dierick J. (2003). Management Project. Krakow: IFC Press.

. Conforto, E.C., Salum, F., Amaral, D.C., da Silva, S.L., de Almeida, L.F.M. (2014).

Can Agile Project Management Be Adopted by Industries Other than Software
Development? Project Management Journal, Vol. 45, No. 3, pp. 21-34.

4. Czarniawska, B. (1990). Motywacyjne problemy zarzqdzania. Warszawa: PWN.

10.

11.

12.

13.

. Dove, R. (2001). Response Ability: The Language, Structure and Cultureof the Agile

Enterprise. Hoboken: Wiley.

Gren, L., Torkar, R., Feldt, R. (2017). Group development and group maturity when
building agile teams; A qualitative and quantitative investigation at eight large companies.
The Journal of Systems and Software, Vol. 124, No. 2, pp. 104-119.

Highsmith, J. (2004). Agile project management: Creating innovative products. Boston;
Addison-Wesley.

Hormozi, A.M. (2009). Agile Manufacturing: the Next Logical Step. Benchmarking,
No. 8, 2.

Katzenbach, J.R., Smith, D.L. (1993). The Wisdom of Teams: Creating the High-
performance Organization. Brighton: Harvard Business School Press.

Konecki, K. (2000). Studia z metodologii badan jakosciowych. Teoria ugruntowana.
Warszawa: PWN.

Kopertynska, M.W. (2008). Motywowanie pracownikow — teoria i praktyka. Warszawa:
Placet.

Krishnamurthy, R., Yauch, Ch.A. (2007). Leagile Manufacturing: a Proposed Corporate
Infrastructure. International Journal of Operations & Production Management, Vol. 27,
No. 6.

Krzysztofek, A., Kumanska, W. (2011). Wplyw motywowania pracownikow na efektyw-
no$¢ pracy w przedsigbiorstwie. Studia i materialy Miscellanea Oeconomicae, No. 2,
pp- 41-52.



Agile project team management... 43

14.

15.

16.

17.

18.

19.

20.

21.
22.

23.

24.

25.

26.

27.

28.

Mafakheri, F., Nasiri, F., Mousavi, M. (2008). Project agility assessment an integrated
decision analysis approach. Production Planning and Control, Vol. 19, No. 6, pp. 567-576.
Minnullina, A., Abdrazakov, R., Graboviy, P. (2018). Evaluation of the coaching effective-
ness as an instrument for motivating company’s employees. MATEC Web of Conferences,
Vol. 170, pp. 383-402.

Pichler, R., Schulze, S. (2005). Book Reviews: Agile Project Management: Creating
Innovative Products by Jim Highsmith, and Agile Project Management with Scrum by Ken
Schwaber. Journal of Product Innovation Management, Vol. 22, Iss. 4, pp. 369-376.
Qumer, A., Henderson-Sellers, B. (2008). An evaluation of the degree of agility in six agile
methods and its applicability for method engineering. Information and Software
Technology, Vol. 50, No. 4, pp. 280-295.

Ramesh, G., Devadasan, S.R. (2007), Literature Review on the Agile Manufacturing
Criteria. Journal of Manufacturing Technology Management, Vol. 18, No. 2.

Rico, D.F. (2018). Dave’s Lean and Agile Webpage. Retrieved from: http://davidfrico.com,
8.04.2023.

Sajdak, M. (2014). Zwinno$¢ w odpowiedzi wspodtczesnych przedsigbiorstw na nowe
wyzwania otoczenia. Studia Oeconomica Posnaniensia, Vol. 2, No. 11(272), pp. 138-152.
Schwaber, K. (2004). Agile Project Management with Scrum. Redmond: Microsoft Press.
Sharp, J.H., Ryan, S.D. (2008). A Preliminary Conceptual Model for Exploring Global
Agile Teams. Lecture Notes in Business Information Processing: Proceedings of 9%
International Conference Agile Processes in Software Engineering and Extreme
Programming. London: Springer-Verlag, pp. 147-160.

Sheffield, J., Lemetayer, J. (2013). Factors associated with the software development agility
of successful projects. International Journal of Project Management, Vol. 31, No. 3,
pp. 459-472.

Sherehiy, B., Karwowski, W, Layer, J.K. (2007). A review of enterprise agility. Concepts,
frameworks and attributes. International Journal of Industrial Ergonomics, Vol. 37, No. 5,
pp- 445-460.

Sroka, M. (2017). Wspoditczesne metody motywowania do pracy w zespole projektowym.
Journal of Modern Management Process, No. 2(2), pp. 36-45.

Trzcielinski, S. (2011). Przedsiebiorstwo zwinne. Poznan: Wydawnictwo Politechniki
Poznanskie;j.
Yang, Ch., Liu, HM. (2012). Organizational Agility, PMI’s Pulse of the Profession In

Debth Report. Retrieved from: http://www.pmi.org//media/pmi/documents/public/pdf/
white-papers/org-agility-where-speed-meets-strategy.pdf, 26.02.2023.

Yusuf, Y., Sarhadi, M., Gunaserkaran, A. (1999). Agile manufacturing: the drives, concepts
and attributes. International Journal of Industrial Ergonomics, Vol. 62, No. 1-2, pp. 33-43.






SILESIAN UNIVERSITY OF TECHNOLOGY PUBLISHING HOUSE

SCIENTIFIC PAPERS OF SILESIAN UNIVERSITY OF TECHNOLOGY 2023

ORGANIZATION AND MANAGEMENT SERIES NO. 176

QUALITY OF MEDICAL SERVICES IN THE OPINION
OF OLDER ADULTS WITH THE EXAMPLE OF MEDICAL
FACILITIES OF THE SILESIAN VOIVODESHIP IN POLAND

Magdalena BSOUL-KOPOWSKA
Czgstochowa University of Technology; m.bsoul-kopowska@pcz.pl, ORCID: 0000-0002-6167-6827
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The survey was conducted in late 2022 and early 2023 and covered 128 older adults.
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health facilities, the approach to patients, the efficiency of service, and the availability of
services provided by primary care physicians.
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for medical services, and the number of medical staff members in medical facilities.
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quality of medical services and achieving a sufficient level of satisfaction among older adults.
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1. Introduction

Increasing life expectancy is undoubtedly a positive achievement of modern civilization,
associated with rising living standards, medical advances, and the functioning of the social
security system. In the long term, the increasing health awareness and interest in the concept of
successful and thus active aging is observed among representatives of the older adult
generation. This involves the desire to ensure health, independence, and productivity in older
adulthood, which are three critical spheres that determine the optimal quality of life. According
to this concept, successful aging is associated with activity: both vocational and social, adapted
to the health status. All medical services provided by healthcare facilities play an important role
in realizing the above concept. According to K. Krot (2008), a medical service is "a series of
activities of an intangible nature: from the patient's first contact with a healthcare facility until
his or her leaving it, undertaken to ensure health or improve personal qualities". In the Polish
medical services market there is public healthcare, financed from public funds, and private
healthcare, financed from other sources (Nagraba, 2015, pp. 15-127.). The market for medical
services should meet the basic health needs of society. Increasing resources, especially human
resources, with their availability determining the number and quality of medical services,
is a priority task. The World Health Organization (WHO) defines the term "quality in medical
services” as a composite of the characteristics of a service product, while assuming that quality
consists of all those characteristics of a service product that, taken together, ensure that the
product can satisfy both expressed and unexpressed needs of the buyer. Quality in the area of
medical care is the result and the way the resources are used, organization of services,
and patient satisfaction. It is the degree to which health services, involving individuals and
populations, increase the likelihood of meeting the expectations for treatment outcomes and
demonstrate compliance with current professional knowledge (Wisniewska, 2016). Many
authors have demonstrated that patient satisfaction with treatment is, along with the knowledge
and experience of the staff and access to increasingly modern diagnostic methods, a prerequisite
for good treatment results.

Therefore, the quality of medical services is one of the main elements of the effectiveness
of healthcare entities in a competitive market, and patient satisfaction with medical services is
a prerequisite for good treatment results. Relationships occurring between the level of providing
healthcare services, patient satisfaction, and the degree to which the health needs of society are
met indicate the need to set quality criteria for health services to enable them to be valued.
The results of the evaluation of the quality of health services are the basis for their improvement,
and, at the same time, determine the implementation of the principle of customer-patient
orientation. The present paper provides a kind of introduction to the complex topic of improving
the quality of medical services and achieving a sufficient level of satisfaction among patients:

older adults.
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2. Patient satisfaction level as an important element of the quality
of medical services

Recent years have seen an increased interest in patient satisfaction surveys. According to
the Dictionary of Polish, satisfaction means a pleasant feeling a person experiences when their
desires or expectations are fulfilled (Stownik J¢zyka Polskiego PWN, 2007, p. 279).
R. Veenhoven, on the other hand, believes that satisfaction has an individual dimension as it is
an expression of internal benefits and is characterized by relative persistence and moderate
dynamics (Kasprzyk, 2012, pp. 187-188 ). The term "satisfaction" is used interchangeably with
the term "contentment." Most researchers treat them as synonyms, although sometimes the time
of occurrence is considered as a differentiating factor. Contentment can be temporary, while
satisfaction is usually experienced after a prolonged period of contentment (Kunecka et al.,
2007, pp. 192-196). Nowadays, it is believed that the problem of feeling satisfied is becoming
both a goal and a measure of organizational effectiveness and contentment is an indicator of
management effectiveness (Borkowska, 2008, pp. 317-353).

The topic of satisfaction is a frequently discussed issue for older adults due to the
increasingly common aging. The level of life satisfaction of older adults depends on many
objective and subjective factors, including living conditions, health status, personal beliefs and
feelings, culture, and psychosocial development (Swierzewska, 2010). On the other hand,
the main factors affecting the satisfaction of older adults are health, economic situation,
relationship with family, and level of education. However, these determinants are multifaceted,
complex, and individualized (Zielinska-Wieczkowska, Kedziora-Kornatowska, 2010,
pp- 11-6).

The impact of health status on life satisfaction became the subject of a study by Lopez-
Ortega et al., whose study group consisted of Mexican residents aged over 50 years. A study
they conducted showed that life satisfaction was correlated with the poor health of the
respondents (Holloway, 1996, pp. 1169-74). In contrast, a study of US older adults found that
their satisfaction with life is significantly influenced by the frequency of appointments with the
doctor. It was observed that people with higher levels of life satisfaction are less likely to attend
medical appointments (Kim et al., 2014, pp. 86-93). Increased dependence is influenced by
good health, social involvement and support, healthy habits, and having a sense of meaning and
purpose in life (Strine et al., 2008).

With increasing competition, medical facility managers have to take measures to make the
patient choose their clinic. This increasing competition has resulted in the patient being
considered a customer, with specific demands and expectations of these demands to be met.
These requirements primarily concern the areas of providing professional service, which should

be provided first and foremost quickly and at an appropriate level of quality. The relationships
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that exist between the quality of medical service delivery and the degree of patient satisfaction
and meeting their health needs give rise to the need to set quality criteria for health services.

Therefore, patient satisfaction surveys aim to recognize the state of healthcare based on
patient opinion in standardized quantitative or qualitative measurements and serve to improve
the quality of health services. Improving the quality of medical services should be of interest to
various entities such as the government, local government, the payer of medical services
i.e. The National Health Fund (Narodowy Fundusz Zdrowia, NFZ), suppliers of equipment,
medicines, and the judiciary. The quality of services in healthcare, like no other area of human
activity, has a huge impact on the health of society and quality of life.

It is important to remember that achieving good treatment outcomes requires a professional
approach from healthcare employees and satisfaction with treatment (Blenkiron, Hammill,
2003). Satisfaction depends not only on the quality of services but also on the level of
expectations. The level of expectations depends on the needs of patients, whereas the interest
in these needs and the attempt to learn about the expectations of patients is one way of
expressing concern for their health and well-being. Showing interest in patients can give them
some contentment while examining their satisfaction with medical care can consequently help
improve their sense of value and importance within the healthcare system (Garczyk, 2013,
pp. 48-56). Patient satisfaction is a desirable outcome of the medical services offered and
a fundamental factor in measuring their quality. The quality of services will not be high until
the patient is satisfied (Grol et al., 2000, pp. 882-887). Therefore, patients' opinions on the
quality of medical services offered to them are of great importance. for their final assessment.
In the following part of the present paper, an attempt was made to diagnose the opinion of older

adults regarding the services offered by healthcare facilities.

3. Methodology

The survey of patient satisfaction surveys aims to recognize the state of healthcare through
patient opinion in a standardized quantitative or qualitative measure and serve to improve the
quality of medical services. For the purposes of this paper, a medical facility is defined as
a private or public entity that provides medical services. In the present study, a survey was
conducted to obtain the opinions of adults aged 65 years and older on the quality of medical
services provided in medical facilities in the Silesian Voivodeship. The results of the evaluation
of the quality of health services are the basis for their improvement and help implement the
principle of patient orientation. The findings presented in the paper are part of a quantitative
survey conducted among older adults in 2022/2023. The study was conducted using quantitative
research methods and survey questionnaire techniques due to direct contact with respondents.

A diagnostic survey method was used in the study. The research tool was a questionnaire with
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arespondent data section with questions about sociodemographic factors (age, gender, place of
residence, marital status, education) addressed to residents of the Silesian Voivodeship.
Characterization of the study population was based on an analysis of the percentage distribution
of the frequencies of qualitative variables and the calculation of descriptive statistics: the mean
and standard deviation of quantitative data. The questionnaire consisted of 18 statements.
The survey was conducted among adults aged 65 years and older. The research tool
(questionnaire) was designed by the author and was created by the author of the paper.
STATISTICA software was used in the process of compiling the findings. The study was pilot
research.

4. Study results

Purposive sampling was used to select the study population. The survey included
152 respondents, with 128 correctly filled questionnaires at an 84% return rate. The responses
from 128 individuals were analyzed. The study included 68 women (53.1%) and 60 men
(46.8%) aged 65-87, with the average age of the subjects close to 73. Just over half of the study
sample was female. Furthermore, more than half of the surveyed older adults lived in rural
areas. The majority of the respondents were married people with vocational or secondary

education. The socio-demographic details of the respondents are shown in Table 1.

Table 1.
Socio-demographic criteria used in the group of older adults studied

Variables Socio-demographic criteria (n = 128)

n %0

Sex Women 68 53.1
Men 60 46.8
Place of city 52 40.62
residence rural areas 76 59.3

unmarried 6 4.6

married 74 57.8

Marital status divorced 14 10.9
widow/widower 28 21.8

cohabitation 6 4.6

higher 31 24.2

Education vocational/secondary 64 50.0
primary 33 25.7

Source: own elaboration.

The relationships that exist between the quality of medical services provided and the degree
of patient satisfaction and meeting their health needs give rise to the need to identify quality
criteria for health services. For the purpose of the study, the nine most relevant criteria were
used: quality of treatment, approach to the patient and efficiency of service, availability of

services of specialists and diagnostic tests, availability of night and holiday care, use of modern
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solutions, convenience for health care users (good information, convenient hours), convenient
location and availability of services of primary care physicians, additional fees for the service

and number of medical personnel in health facilities.

B Satisfied B Not satisfied B Sometimes satisfied @ It's difficult to say

Number of medical staff members

No additional fees | 38,45 22,3 20,03 ]
Availability of primary care physicians 10,8 9,08 26,5
Convenient location 22,36 '73’
e
Convenience for health care users (good information, — :
convenient hours) I 22 Loy 1820

Using modem solutions | 39,45 218 ] 18,4 ]

Availability of night and holiday care '16',25'i;65

Availability of services of specialists and diagnostic tests 2521 11,96

Approach to the patient and efficiency of service

Quality of treatment 12,24 23,14

Figure 1. Level of satisfaction with medical services among older adults in the Silesian Voivodeship.
Source: Own study based on the results of own research.

Of all the categories presented, the older adults surveyed rated best the convenient location
of the medical facilities (62%). This was likely due to the fact that older adults, when choosing
a health facility, are primarily guided by proximity to their place of residence and habit.
According to the survey, the average distance between the medical facility and the patient's
place of residence was 4.2 kilometers.

The largest group of respondents (39%) were patients living within 1-5 km of the facility.
Slightly fewer (27%) indicated a distance of 0.5-1 km. The second criterion that had a positive
effect on the satisfaction of older adults was the approach to the patient and the efficiency of
the service. In this case, 57.56% of the older adults surveyed were satisfied. More than half of
the respondents are satisfied with the work of nurses and receptionists. Their friendliness and
willingness to help were declared by just over half of the older adults and only 11% said they
had never been served at a satisfactory level. More than half of the respondents also commented
positively on the availability of primary care physicians (53.63%) and almost half of the
respondents (49.15%) were satisfied with the availability of specialists and diagnostic testing
options. Dissatisfaction with access to a specialist was indicated by 13.68% of respondents.

The problem most often concerned referrals to an orthopedist, allergist, urologist, and
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cardiologist, and with getting referrals for specialized tests, mainly blood tests, and ultrasound
and X-ray examinations.

In contrast, the biggest problem for older adults surveyed was access to night and holiday
care. The vast majority of them believe that there is no chance of getting help from a doctor in
an emergency. This problem concerned more than half (62%) of the older adults surveyed.
A big problem causing dissatisfaction among older adults is the use of modern solutions in
medical services. This is often because of the lack of skills in using modern technology, lack of
appropriate equipment, or difficulties with Internet access. This problem affects almost 40% of
older adults surveyed. Another problem causing a sense of dissatisfaction with medical services
is the need to pay additional fees for certain tests and procedures, which is often associated with
too great a financial burden for people aged 65 and older. Nearly 39% of respondents reported
their dissatisfaction with the insufficient number of medical staff members at the medical
facilities they attended.

Opinions of the level of satisfaction of the respondents were significantly influenced by the

division into the methods of financing medical services. The data are presented in Table 2.

Table 2.
Level of satisfaction with medical services among older adults in the Silesian Voivodeship by
the method of financing

Older adults who used medical services in Level of satisfaction with health care among older adults
the six months preceding the survey in the Silesian Voivodeship

satisfied unsatisfied It's hard to say
only under universal health insurance 42% 56% 2%
under universal health insurance and at the 25% 71% 4%
same time from services provided outside
this system (subscription, policy)
only fully self-funded or available under 19% 73% 8%
supplementary health insurance
not using medical services 21% 63% 16%

Source: own elaboration.

The survey indicated a strong dependence of the level of satisfaction with the quality of the
service on the way it is financed. Older adults who used services using the universal healthcare
system declared a significantly higher level of satisfaction (42%) than those who co-financed
the service (25%). The survey also revealed that the least satisfied with the quality of medical

services were older adults who used supplemental insurance or self-funded such services (19%).

5. Discussion

Patients' satisfaction, especially in the case of older adults, with the medical care provided
to them is an important factor in assessing the quality of medical services. In recent years,

there has been a steady increase in patients' expectations in terms of medical services. A positive
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patient evaluation indicates patient satisfaction. Satisfaction, on the other hand, represents the
difference between a patient's expectations and his or her experience of a specific contact with
a service provider. Assessment of the level of satisfaction is not easy due to the multiplicity and
variety of determinants and the subjectivity of the phenomenon. Among the factors that affect
the quality of services offered are: the way the patient is treated, the attention and time devoted
to the patient by the doctor and nurses, the sense of security, the availability of health services,
and the time of waiting for services (Lenartowicz, 2010). The survey showed that older adults
living in the Silesian Voivodeship rated the medical services offered relatively well.
Of the categories that were presented to them during the survey, by far the highest rated items
were the location of health facilities, the approach to the patient and efficiency of service,
and the availability of primary care physician services. However, it should be remembered that
high ratings of the medical services provided for older adult patients are not always a clear
indication of their high quality. This is because patients may rate their doctors positively despite
negative experiences with them, which may be due to their reluctance to give negative ratings
(Kersnik, 2003, pp. 247-250). This situation is especially true for older adults, who, due to their
age and health, are more likely to use family doctors, which fosters closer relationships and
positive feelings. Studies conducted in this area indicate that patients who have recently seen
a doctor speak more positively about the doctor than those who have not met a doctor recently
(Judge, Solomon, 1993, pp. 299-327). Also, in the case of older adults, it was observed that
they have lower expectations of medical services. Their inflated ratings are a reflection of their
understanding of the "patient role" and their acceptance of paternalism in doctor-patient
relations. This phenomenon is referred to in the literature as the "generation effect" (Levinson
et al., 2005, pp. 531-535). Numerous studies have demonstrated that older patients are more
likely to feel satisfied with the services they receive than younger patients (Grol et al., 2000;
pp- 882-887).

On the other hand, the areas that were rated the worst by older adults were the availability
of night and holiday care, the use of modern solutions, the additional fees for medical services,
and the number of medical staff members in health facilities. An area that needs improving by
the managers of health facilities and the staff employed in such entities, according to the older
adults studied, are any measures aimed at making it easier for the patients to use healthcare
services, such as information and convenient hours. The survey also revealed the problem of
using advanced solutions based on modern technologies. Compared to younger groups, access
to new technologies and digital competencies is still limited for older adults, which is a barrier
for them to use digital health services. The study, therefore, confirmed the need for corrective
action in this regard. In interpreting the assessment of ratings for medical services, it is also
important to analyze how they are funded (Ankiel, Kuczynska, 2017). Studies of older adults'
satisfaction with medical services have demonstrated a strong dependence of its level on how

the service is financed. Patients receiving services under the universal healthcare system report
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significantly higher levels of satisfaction (39%) than those who co-finance the service (27%)

(CBOS, 2018, p 3), which was also confirmed in the survey.

6. Conclusion

The quality of services in healthcare has a huge impact on the health of society and quality
of life. However, assessment of the performance of the healthcare system is a complex task.
There is no perfect method of examining the quality of medical services that can be applied to
every organization. The choice of the right factors, measurement, and monitoring specific
values, or comparing systems with different organizational structures is a major challenge for
researchers. One of the indices comparing the healthcare system of different countries is the
Euro Health Consumer Index (EHCI), published by Health Powerhouse. The idea of the index
is not to compare healthcare systems themselves but to assess the patient-friendliness of the
system. Using this index, Poland ranked thirty-second among the selected 35 European
countries (https://healthpowerhouse.com/publications/).

By measuring patient satisfaction, healthcare facilities gain information on how well their
healthcare delivery meets patients' expectations and needs, and what in their services is a source
of patient dissatisfaction. The use of information from the survey makes it possible, through
changes, to adapt the care system to the needs of older adults and suggests a direction for further
quality assurance measures in healthcare. The results of the survey provide the basis for
corrective measures to improve the services provided whereas the managers in healthcare
facilities gain knowledge about the needs of older adult patients and areas requiring solutions
to improve the quality of the services offered.

The market for medical services should meet the basic health needs of society. Increasing
resources, especially human resources, with their availability determining the number and
quality of medical services, is a priority task. Furthermore, the focus should be on finding
solutions aimed at increasing the number and improving medical services provided to older
adults.
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1. Introduction

The article consists of an introduction, two chapters on the role of the manager in managing
and improving the enterprise. Research conducted by the authors on the preferred management
styles and models for selected enterprises, included in the third chapter of the conclusion and
bibliography.

Managers play a critical role in enterprises. They have a capability to identify the suitable
person for the job done. They should have an expertise to motivate the team and help the team
members to accomplish the task successfully. They should have a quality to encourage their
team members in order to job done within the time frame. This ability is successful in
everything they do (Bednarski, 1995). Carne Ige wrote on his tombstone (Coates, 1996):
"Here lies a man who was able to mobilize and induce the best people to work for him".

The attributes of the Manager can be measured by his ability to manage people. It can be
achieved by continues learning and by gaining experience from the past. Manager who learns
positive things from the experience and keep on motivating himself lead to become the
successful manager. This will affect the overall performance and help in increasing the sales
and profit margins of the company, but when they reach a certain level where further success
is limited, they simply fail. They have not yet learned the art of multiplying success by exploring
the potential of others. A manager is a person who is engaged in a profession, but he is the type
of person who shows others the way to success. Responsibility, creativity, flexibility,
motivation, self-confidence, discipline, strategic sense, broad view, activity - these are skills
that cannot be trained. Of course, there are basic and routine skills that can be acquired.
Professional experience combined with education conducted by experts can only strengthen the
qualities of a manager. A manager should be not attached with their team members, he should
be self-abnegation. There is no one type of manager that works in every situation. Making
rational decisions in complex and changing conditions requires not only knowledge and
experience, but above all, appropriates personality traits, intelligence, a sense of responsibility
to take "real risk", the ability to cooperate with a team, understanding and sensitivity to
emerging problems. There are no cases where a manager has all the qualities, but his role is still
huge and crucial. Studies have shown that 97% of enterprises went bankrupt as a result of
managerial errors and incorrect management styles (Czubasiewicz, Grajewski, 1993). This fact
alone shows how important the manager is in managing the company.

Own researches of preferred management styles for selected enterprises were carried out
and it turns out that out of the 12 surveyed enterprises: as many as 7 showed a dominant
coaching style, 3 had a coaching-supporting style, 1 used a supporting-delegating style and
only 1 managed only a supporting style.
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2. The role of the manager in enterprise management

In the Centre for Creative Leadership in Greensboro, North Carolina were investigated
twenty-one managers, who failed (Griffin, 1998). It seemed that they would go even higher,
but when they reached a certain level of career peak, they were simply fired from their jobs,
it is due to the over confidence and arrogance. They were then compared to twenty other
managers who had gone even higher. These groups were very similar to each other. Each of the
subjects has their own merits and demerits. Despite various advantages and disadvantages,
it turned out that success can be achieved. A manager should be responsible to unite the team
and try to motivate their deserving team members time to time. It will increase their working
yield. One of the merits is trust in a person, and its abuse is a disadvantage. Honestly plays
a crucial role in building and strengthening the trust, which is created over time. The manager
should follow a specific protocol: “I will do exactly what I say, and exactly when I promise.
Otherwise, no one will trust you anymore. Managers promise too much and sometimes don't
deliver, and every partner must be treated with respect. Decisions made by the mangers will be
based on honestly and for the betterment of the company. There should not be any kind of
wrong doing done by the managers. This will result in building up the trust among employees.
There is not scope of dishonesty, immorality in the workspace; it will lead to failure of the
company. Everyone carefully observes others, and then looks at himself, and then the question
arises: is it fair and just what I do? The manager must be honest and fair (Gruszecki, 1994).
For instance, when a team feels that the reward system is inconsistent, their motivation to act is
suddenly reduced. In 1972, sociologists Schmitt and Marvell did an interesting study.
Two employees were selected, to whom large offers were submitted. They could work
separately and earn less money, or together and earn more, in the latter case one would earn
more than the other for the same work. It turned out that 40% of employees decided to work
for a lower salary than to accept the set rules of remuneration (Hannaway, Hunt, 1994).
These studies have shown the great need to treat others fairly. It is the manager who plays an
important role in the organization and is responsible for remuneration, productive use of
resources, influence on employee behavior. His decisions affect the behavior of partners.
His actions serve the efficient implementation of goals, so he should anticipate the behavior of
others as much as possible. He is a man who should focus on humbly making decisions and
looking for the best and most effective solutions.

Each company is different and the team of partners also needs different management styles.
The manager should be aware of the skills and intellectual potential of the team. To know
whether partners deal with difficult situations, whether they are creative in solving problems,
how they react to crises and whether they have adequate perseverance in achieving goals.
The worst effect of cooperation is giving up and withdrawing from cooperation. You won't find

a warrior soul in your partner there. Why does this happen sometimes? Is it a matter of strength
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of character and charisma of the partner? Is it worth considering whether the partner is
characterized by a sense of responsibility for the decisions made, whether he would work better
if he was more motivated to achieve results? The partner commits to something and accepts the
terms of cooperation, why then resigns and gives up? He doesn't see the point in it because it's
ineffective?

The manager has an expertise in selecting the appropriate team management style. It should
be the manager's duty to develop the passions of his partner’s optimum utilization of their
intellectual potential and to be effective (Hopej, 1998). Before selecting a style, he adjusts his
style to the level of development of the team he manages. For many people, the ideal manager
is someone who decides everything for himself and thinks he knows everything best. Manager
should respect the ideas and proposal given by his team members and try to encourage him.
Consequently he is scared when his partners gain a lot of independence. It seems to him that he
is losing control over the course of things, so he wants to decide every detail. A manager should
have a capability to distribute the responsibility according to the skill of their subordinates.
Moreover he has to be accepting the contribution of his team members in case of success and
should have courage to take the responsibility in case of failure. But he is unable to run
everything himself. Then he gets annoyed and goes into a fury, accusing everyone of being easy
going. This style of management is awful and suits people who are distrustful and possessed by
a sense of all competence. The opposite of this style is the style of implied competence of
partners, which consists in delegating tasks (Kozminski, 1999). The problem with managers'
bad management style is that, in their opinion, they cannot delegate tasks without giving their
partner any chance to prove themselves. The consequence of this way of management is a very
acute crisis in which the partners do not see the sense of their work (McGinnis, 1997). However,
as a consequence of using the style of presuming someone else's competence, the manager has
more time and can focus on strategic thinking. There are managers who are self-oriented and
do not expect dialogue or exchange of ideas. Occasionally, they allow speech but constantly
interrupt, including criticizing someone's views before they are even said and substantiated.
It also happens that they allow others to speak up and express their opinions, but they do not
really take them into account. The manager must be guided by the opinions of partners,
if he asks them for their opinion, he confronts them with his reasons. Otherwise, he will be left
alone as a finger and will have nothing to confront, and as a consequence, he will receive the
passivity of his partners. A wise manager expresses his opinions and is willing to listen to
others, considers the opinions of others and allows others to speak freely. Thanks to this,
partners behave spontaneously and feel needed, noticed, and taken seriously (Monkiewicz,
1995). Poorly organized manager, he is in a hurry and rarely punctual. Eventually he forces
others to work unnecessarily and, most importantly, he does not admit his mistakes. You can't
build true authority by hiding and pretending. Some managers say that they always make the
right decisions (Penc, 1997). These are people who think they have succeeded. On this basis,
they perpetuate an impulsive decision-making style, and the warning signals coming from the
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environment either ignore or interpret in their favor. In this case, a catastrophe is inevitable.
A dangerous manager cheats his own conscience, covers up his own mistakes and imposes the
blame on others. Fortunately, we respect those who fail from time to time and are able to admit
it. Self-management is a constant drawing of conclusions. This is the beauty of managerial life.
The principle of good governance is to think in terms of possibilities and opportunities,
not obstacles. What becomes impossible for some becomes a challenge and a goal for others.
We cannot think negatively without believing in success. Remember that there are always two
ways out of a situation, you just need to ask the right questions. Those who don't like just lose.
Posing questions, doubts and doubts allows you to refine the goal. In fact, very effective
solutions, the effects of which we experience in the form of primary and external. Asking lots

of questions is important when formulating long-term goals.

3. The role of the manager in improving the manager

In many cases, the condition for the company's survival in a highly competitive environment
becomes the strategic possession of human capital (Penc, 1993). One of the effective methods
of human resources management is conducting the so-called reengineering (Hopej, 1998).
It is a way of radical changes in the company, it is a philosophy of evolutionary thinking in
a situation of need. It consists in looking at the situation from a different perspective and
rejecting existing thinking in creating new solutions, taking the necessary risk, bold and
consistent decisions. Changes may occur in various areas, €.g.: job positions change, different
roles and competences are assigned to individual positions, training is introduced and emphasis
is placed on education, other measures of remuneration efficiency are used depending on the
effects of the activity, promotion criteria change changed, the mission values are more
important, the hierarchy of organizational levels is also flattened, and much more (Penc, 1997).
This change program for managers becomes for them a kind of shock to improve the
organization. The role of the manager in improving the company has a multithreaded
dimension. When certain problems arise, common difficulties have one common cause.
Both groups know that the success of change depends on the vision of management.
Very few leaders give much thought to how individual units engage in making change happen.
Typically, leaders see change as an opportunity to strengthen the company, for example by
aligning operations with the company's strategy to take on new challenges and risks and to
continue their careers. For some partners, these changes are not welcome. They are rather
destructive and undesirable (Penc, 1996). Why is this happening? Leaders misjudge the effect
of change and their personal relationship with subordinates to obtain the necessary approvals
for change, and it is incorrect. To bridge this gap, leaders need to learn to see things a little

differently. They must get into the position and skin of their subordinates to understand what
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the prospects for change look like through someone else's eyes. The true wisdom of man is to
be able to distinguish good changes from bad changes, to distinguish good decisions from bad
decisions. And it's not that simple. We managers think that we make good decisions, but in the
eyes of others, not necessarily good ones. Seeing yourself through the eyes of your partners
must be an interesting experience. Few people see the sense in it and are able to do it. We have
mutual obligations to each other. Such agreements are what may be called a "personal compact"
(Stoner, Freeman, Gilbert, 1997). Interesting phenomena appear in such an arrangement.
Some satisfied partners will try to undermine the authority of leaders and well-thought-out
plans, and some may see initiatives where a personal arrangement has been successfully
accepted to support major change. A very important issue in the direction of good changes are
business goals, which define the expectations of leaders as to the effects of changes.
In exchange for a commitment to work efficiently, managers delegate the power and resources
necessary to each partner to do their job. If an obligation is not expressly stated in writing,
it is stated orally. You have to be honest with these arrangements. Then there are a lot of
different questions, such as: What help will I get to do my job? When will my performance be
assessed? How will I be rewarded and what will my relationship be after that?. A clean, clearly
defined formal personal arrangement guarantees satisfaction from cooperation.
The psychological arrangement of a personal partnership in business involves various aspects
of work that are basically clearly defined. They include elements of mutual expectations and
commitments that affect mutual trust. This psychological dimension is often not specified in
writing, but it fully captures the issue of achieving goals (Sudot, 1994). Leaders in this
arrangement expect loyalty from their partners. Within the psychological dimension of this
personal relationship, questions arise: How hard will I work? or what recognition will I get for
my efforts? A wise leader is able to meet these questions and formulate answers.
Let us remember that loyalty and commitment are the partner's key features for a leader, closely
related to the belief in readiness to cooperate. When fundamental changes are required,
a manager's understanding of this dimension of the partner relationship is critical to their
commitment to new tasks and new standards of performance. The manager introduces some
values to the company. As part of the psychological dimension, the partner learns these values,
and therefore the fundamental question arises: Are my values similar to those of the leader?
Then conflicts arise, communication fails, the dimension of the personal relationship is most
often undermined. When a leader loses credibility, this is where it is most difficult for him to
regain it. Changes are a feature of the vitality of every company, an attribute of its
entrepreneurship. Each company, wanting to be successful, must make changes in its
organizational culture, and the changes taking place in the environment must be treated not as
threats, but as an opportunity for new actions. Introducing changes is a prerequisite for the
development of any enterprise. Changes should be accepted and supported by partners
(Zbichorski, 1994). Unfortunately, the nature of the changes is increasingly complex.
Organizations consist of different units and have different stakeholders. Each of them has their
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own dreams, experiences their dramas, fears and hopes. The success of change does not depend
on accumulated wisdom (past experience), but mainly on the current situation (Filipczuk,
Soroka, 1998). And that is why the ability to anticipate the behavior of partners is crucial in
decision making and management. The manager must understand that the old ways of doing
things are useless. A visionary strategy plays a priority role in this case, stimulating
organizational energy. Sometimes we have to dream about success, define it and determine the
steps necessary to achieve it, develop new operating practices, a new policy of conduct.
New practices must be accepted by partners. Building an organization depends on human
resource management, the purpose of which is to generate awareness in the pursuit of a common
belief in success (Aniszewska, 1998). In order for the company to survive, it must change the
rules of coordination towards reducing the organizational structure, e.g. by flattening its levels.
The relatively flat structure of the hierarchy means that common goals determine mutual control
and coordination. The organizational structure should be compact, transparent and enable easier
decision-making. A large number of organizational units hinders the flow of information and
significantly extends the way of document circulation. The biggest challenge in improving
an enterprise is the ability to constantly adapt to the changing environment. For example,
the role of the salesperson and his work are perceived as capital, the approach to labor costs is
changing. It is no longer about minimizing labor costs, but about finding the optimal
relationship between inputs and sales effects. The modern entrepreneur wonders about the costs
of an inefficient salesman and his employment. He is no longer interested in sales training, but
in specific sales results. Thus, not only quality is important, but also speed. The human
resources management policy is always aligned with the company's mission, its strategic goals
and development strategies. A good manager should adopt an optimal strategy, e.g. described
in a transparent way so that it is visible what rules and processes are related to it, e.g. sales.
The process of a company "awakened" to change depends on the leader's imagination, energy
and courage. We often ask ourselves whether changes can help the company? Managers observe
the strategy of other managers and try to learn from others. Some effective tactics can emerge
from mutual observation. Every manager should know that tactics are not formulas and that any
program of change creates many opportunities and threats, and depends on various

circumstances. Tactical choices must be made before the shifts begin.

4. Management models and research methodology

The authors' own research was carried out for 12 selected enterprises on the basis of
a questionnaire consisting of 12 questions (Reddin, 2020). There were four possible behaviors
for each question. Each Leader of the enterprise could mark only one answer that best suited

his/her behavior. The survey template with questions and possible answers is below.
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Question 1:

The group's performance has been declining for several months. Your employees'

engagement has dropped significantly and you constantly need to remind them of goals, tasks

and deadlines. In the past, when similar situations happened to you, recalling tasks and

responsibilities had the desired effect.

Answers:

A.
B.
C.

D.

You allow the group to define tasks and responsibilities for themselves.

You take into account the group's recommendation, but ensure that the goals are met.
You redefine tasks and responsibilities and closely supervise the implementation of
changes.

You allow the group to participate in defining tasks and responsibilities and do not

impose your will.

Question 2:

Group performance and interpersonal relationships are good, but you are unsure whether

the group recognizes your leadership role.

Answers:

A.

B.
C.
D.

You allow the group to move on freely.

You talk to the group about the current situation and then make the necessary changes.
You try to make the group work in a specific way.

You facilitate discussions in the group about the current situation and do not impose

your solutions.

Question 3:

The group has achieved extremely valuable achievements. Employees successfully

completed long-term tasks. Recently, however, there have been some disruptions in their work.

They have been a good team for several years. Everyone is qualified.

Answers:

A.
B.
C.
D.

You try to apply your own solutions, check the need for a new style of work.
You let employees solve the problem themselves.
Correct actions quickly and decisively.

Together with the group you try to solve the problem, you support your subordinates.

Question 4:

The work efficiency of your group has clearly improved. You ensured that all employees

knew their tasks and responsibilities regarding performance.

Answers:

A.

o

o

You maintain friendly relations, but still ensure that all employees are aware of their
duties and job requirements.

You do not take any specific action.

You do your best to make the group feel important and involved.

Together with the group you try to solve the problem, you support your subordinates.
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Question 5:

You are considering changing your company structure to one that is not known to your

group.

The group has been working effectively so far and has been able to adapt to any

conditions.

Answers:

A.
B.

D.

You determine what change is necessary and supervise its implementation.

Together with the group, you prepare a plan for the implementation of the change,
but let the employees organize its implementation.

You are willing to consider any suggestions, but you retain control over the
implementation of the change.

You avoid confrontation, give the group the opportunity to adapt to changes on their

own.

Question 6:

Your subordinates, usually fulfilling their duties well, do not fulfill their recently assigned

tasks.

Answers:

A.

B.
C.

D.

You allow the group to participate in the re-establishment of performance and you do
not take control.

you redefine standards and strictly supervise adherence to them.

You don't apply pressure, you give the group the opportunity to make changes
themselves. You are waiting for results.

You take into account the group's recommendation, but ensure that the goals are met.

Question 7:

Subordinates have not been responding to your requests for friendly conversation and

interest lately. Their productivity is rapidly deteriorating.

Answers:

A.
B.
C.
D.

You emphasize the importance of getting the job done.
You are ready to talk but not intrusive.
You talk to subordinates and then set goals.

You are knowingly not interfering.

Question 8:

You have been promoted to a higher position. The person previously holding this function

was not interested in the problems of the group. The group did its job properly. Relations within

the group are good. When problems arise:

Answers:

A.

B.
C.
D.

You work with a group and try to solve a problem together.
You let the group find solutions on their own.
Correct actions quickly and decisively.

You encourage the group to try to solve the problem and become helpful to them.
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Question 9:

Team members cannot solve the problem on their own. You usually left them free to act.
Group performance and interpersonal relationships are good.

Answers:

A. You work with a group and try to solve a problem together.

B. You let the group find solutions on their own.

C. Correct actions quickly and decisively.

D. You encourage the group to try to solve the problem and become helpful to them.

Question 10:

Your supervisor put you in charge of a work team that caused you to be late in submitting
your expected change recommendations. The group does not understand what its goals are.
Attendance during the session is correct - they meet in a social meeting. However, employees
have the potential to solve the problem.

Answers:

A. You allow the group to work on a problem in their temple on their own.

B. you make recommendations, but you will ensure that the goals are met.

C. you define tasks directly and properly supervise the application of changes.

D. You allow the group to formulate the goal, you do not exert pressure.

Question 11:

You consider making changes. Two employees have therapeutic experience and understand
the handling of planned changes.

Answers:

A. You allow the group to develop changes and then impose solutions.

B. You announce changes and then implement them under close supervision.

C. You allow you to share your own courses of action.

D. you depend on the recommendations of the group, but by entering into changes yourself.

Question 12:

You have started working in a managed company. The previous manager correctly
controlled the device. Consider the advantageous one, but at the same time in formalize
relations in the organization.

Answers:

A. You do what you can to help a vulnerable, important and involved group.

B. you explain the meaning of terms and tasks.

C. You knowingly do not interfere, followed by the group that made the change.

D. you include the group to take part in solving the problem, but you keep an eye on the

achievement of goals.

After the Leader completes the questionnaire, the selected answers are entered in the table.
In order to determine the preferred management style, we enter the Leader's answers in the

appropriate, numerically assigned fields in the "Leaders' answers" column. In order to
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determine the manager's ability to be flexible in management, select selected cells containing
the answers indicated by the Leader from the "Leaders' answers" column with blue color,
then add up the points from individual rows and enter them into the appropriate cells in the
"Number of points received" column. The sum of the points in the column determines the
manager's ability to be flexible in management. The minimum possible number of points is 0,
while the maximum is 36 points. The greater the sum score, the greater the capacity for
flexibility (Reddin, 2020). It was found that a score in the range of 0-9 points indicates a lack
of flexibility in management, a score in the range of 10-18 indicates a low ability to be flexible,
a score in the range of 19-27 indicates an average ability to manage, and a score in the range of
28-36 points means a high capacity for flexibility in management. Individual scores from 0 to

36 were determined on the basis of a color scale, where 0 means red and 36 means green.

Table 1.
Scheme of the algorithm for determining the management style and its flexibility
Scheme of the algorithm guiding a given management style and its Number
Question | Answers flexibility of points
number | Leaders Management styles Flexibility of management styles | received
1 2 3 4 A B C D
1 C B D A 0 2 3 1
2 C B D A 3 1 0 2
3 C A D B 1 3 0 2
4 D A C B 3 0 2 1
5 A C B D 0 3 1 2
6 B D A C 2 0 1 3
7 A C B D 3 1 2 0
8 A C B D 0 3 1 2
9 C A D B 2 1 0 3
10 C B D A 0 2 3 1
11 B D A C 2 0 3 1
12 B D A C 1 2 0 3
Sum
22| 9 | 2|22
'5 ) 8 n % |72] 8
0(1(23(4(5/6(7 89 |10|10|12(13|14|1516(17(18]19(20 (20 |22]23|24(25|2|27|28(29(30|31]32|33(3435]306
No flexibility in Little flexibility in Medium elasticity in Great flexibility in
management management management management

Source: Own elaboration, taken from Reddin, B. (2020). Tests for managers focusing on efficiency.
Psychological guide. Warsaw: Alma-Press.

4.1. Findings

A collective summary of research results for all 12 enterprises, corresponding

to the 12 questions asked in the survey, is presented in figures 1 to 12.
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Question 1: The performance of the group has been declining for several months. The
engagement of your employees has dropped significantly, and you constantly need to remind
them of goals, tasks, and deadlines. In the past, when you have experienced simi

Answers:

m A. You allow the group to define tasks and
responsibilities for themselves

® B. You take mto account the group's recommendation,
but ensure that the goals are achieved

= C. You redefine tasks and responsibilities and closely
monitor the implementation of changes

m D. You allow the group to participate in defining tasks
and responsibilities and do not impose your will

B; 58%|

Figure 1. Answers Leaders of selected enterprises in the case of using question 1 of the research
survey.

Question 2: Group performance and interpersonal relations are good, but you are not sure whether the group
recognizes your leadership role.

Answers:

m A. You allow the group to move on freely

= B. You talk to the group about the current situation
and then make the necessary changes

m C. You try to make the group work in a specific way

Figure 2. Answers Leaders of selected enterprises in the case of using question 2 of the research
survey
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Question 3: The group has a very valuable track record. Employees successfully completed long-term tasks.
Recently, however, there have been some disruptions in their work. They have been a good team for several

years.

Answers:

m A. You try to apply your own solutions, check the
need for a new style of work

1 B. You let employees solve the problem themselves

= C. Correct actions quickly and decisively

= D. Together with the group you try to solve the
problem, you support your subordinates

Figure 3. Answers Leaders of selected enterprises in the case of using question 3 of the research
survey

|Question 4: Your group's performance has clearly improved. You ensured that all employees knew their tasks
and responsibilities regarding performance.

Answers:

= A. You maintain friendly relations, but still ensure
that all employees are aware of their duties and job
requirements

= B. You do not take any specific action

= C. You do your best to make the group feel
important and involved

u D. Together with the group you are trying to solve
the problem, you support your subordinates

Figure 4. List of responses Leaders of selected enterprises in the case of using questions 4 of the
research survey
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Question 5: You are considering changing the company structure to one that is not known to your group. The
group has been working effectively so far and has been able to adapt to any conditions.

Answers:

= A. You determine what changes are needed and
oversee their implementation

m B. Together with the group, you prepare a plan for
the implementation of the change, but let the
employees organize its implementation

= C. You are willing to consider any suggestions, but
you retain control over the implementation of the
change

= D. You avoid confrontation, give the group the
opportunity to adapt to changes on their own

Figure 5. List of Answers Leaders of selected enterprises in the case of applying question 5 of the
research survey

Question 6: Your subordinates, who usually perform their duties well, do not fulfill their recently assigned
tasks.

Answers:

= A. You allow the group to participate in the re-
establishment of performance and you do not take
control

® B. You redefine standards and closely supervise
adherence to them

= C. You do not pressure, you give the group the
opportunity to make changes themselves. You are
waiting for results.

Figure 6. Answers Leaders of selected enterprises in the case of applying question 6 of the research
survey
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Question 7: Subordinates have not been responding to your requests for friendly conversation and interest
lately. Their productivity is rapidly deteriorating.

Answers:

® A. You emphasize the importance of getting the
job done
m B. You are ready to talk but not intrusive

= C. You talk to subordinates and then set goals

u D. You are knowingly not interfering

Figure 7. Answers Leaders of selected enterprises in the case of applying question 7 of the research
survey

Question 8: You have been promoted to a higher position. The person who previously held this function was

not interested in the problems of the group. The group has done its job. Relations within the group are good,
despite the problems that arise:

Answers:

= A. You work with a group and try to solve a
problem together

= B. You let the group find solutions on their own

m C. Correct mistakes quickly and decisively

u D. You encourage the group to try to solve the
problem and become helpful to them

Figure 8. Answers Leaders of selected enterprises in the case of applying question 8 of the research
survey
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Question 9: Team members cannot solve the problem on their own. Usually you left them free to act. Group
performance and interpersonal relationships are good.

Answers:

= A, You work with a group and try to solve a
problem together

= B. You let the group find their own solutions

= C. Correct actions quickly and decisively

= D. You encourage the group to try to solve the “'\‘ A: 58%
problem and help them \ s

Figure 9. Answers Leaders of selected enterprises in the case of applying question 9 of the research
survey

;Question 10: Your manager has appointed you to lead a working group that is way behind schedule with the
‘expected change recommendations. The group does not understand what its goals are during the working
session.

Answers:
m A You let the group work on the problem on their

own at their own pace.

m B. You take into account the recommendations, but
make sure that the goals are met

= C. You redefine tasks and closely monitor the
implementation of changes

B; 58%

= D. You allow the group to formulate a goal without
pressure.

Figure 10. Answers Leaders of selected enterprises in the case of using question 10 of the research
survey
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Question 11: You are planning to make some changes. Your employees have significant achievements and
understand the need to implement the planned changes.

8 A You let the group design changes and then
impose solutions

= B. You announce changes and then implement them
under close supervision

= C. You allow yourself to set your own course of
action.

5 D. You take into account the recommendations of
the group, but lead the implementation of changes
yourself

Figure 11. Answers Leaders of selected enterprises in the case of applying question 11 of the research
survey

Question 12: You started working in a well-managed company. The previous manager kept the situation under
tight control. You want to maintain this favorable situation, but at the same time you want to de-formalize
relations in the organization.

Answers:

m A. You do everything to make the group feel
important and involved

= B. You emphasize the importance of deadlines and

tasks
u C. You are consciously not interfering, giving the
group a chance to make a difference \ D; 67%

= D. You encourage the group to participate in solving
the problem, but you keep an eye on the goals

Figure 12. Answers Leaders of selected enterprises in the case of applying question 12 of the research
survey

4.2. Analysis of research results

In order to interpret the results of the survey, an algorithm scheme for determining the
management style and its flexibility was used. Tables with the interpretation of management

styles for all 12 surveyed enterprises are presented below.
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Table 2.
Preferred management style and its flexibility for Enterprise 1
Scheme of the algorithm guiding a given management style and its flexibility | Number
I?l:l;lsl:l;n ig:g::: Management styles Flexibility of management styles 3‘;53‘;?
1 2 3 4 A B C D
1 B C B D A 0 2 3 1 2
2 B C B D A 3 1 0 2 1
3 D C A D B 1 3 0 2 2
4 A D A C B 3 0 2 1 3
5 A A C B D 0 3 1 2 0
6 B B D A C 2 0 1 3 0
7 C A C B D 3 1 2 0 2
8 A A C B D 0 3 1 2 0
9 A C A D B 2 1 0 3 2
10 B C B D A 0 2 3 1 2
11 D B D A C 2 0 3 1 1
12 D B D A C 1 2 0 3 3
Sum 0 16 2 0 5 5 7 6 23/36
z g 2 = g 2P Average management flexibility
O(1(2(3(4(|5(6|7 |89 |10 [11 (1213141516 (17|18 {19 (20 {20 {22 |23 [24 25|26 (27 |28 |29 {30 |31 |32 |33 |34 |35 |36
No flexibility Little flexibility Medium elasticity Great flexibility
in management in management in management in management

Source: Own elaboration, taken from Reddin, B. (2020). Tests for managers focusing on efficiency.
Psychological guide. Warsaw: Alma-Press.

Table 3.
Preferred management style and its flexibility for Enterprise 2
Scheme of the algorithm guiding a given management style and its flexibility Number
l?lil:lsl::;n il;;g::: Management styles Flexibility of management styles (1)-23:;:?;

1 2 3 4 1 2 C D

1 B C B D A 0 2 3 1 2

2 B C B D A 3 1 0 2 1

3 D C A D B 1 3 0 2 2

4 A D A C B 3 0 2 1 3

5 C A C B D 0 3 1 2 1

6 D B D A C 2 0 1 3 3

7 C A C B D 3 1 2 0 1

8 D A C B D 0 3 1 2 2

9 D C A D B 2 1 0 3 3

10 C C B D A 0 2 3 1 3

11 D B D A C 2 0 3 1 1

12 D B D A C 1 2 0 3 3

Sum 3 15 5 2 3 3 6 14 26/36
8. <2 | LF
::%%D % % g %Eﬁ Average management flexibility
S L] w (/:1 %] 8
0 |1(2|3(4(5(6|7 8|9 |10 10 [12[13{14{15{16 |17 |8 (1920 20|22 {23 |24 25|26 |27 |28 |29 30 {31 [32 (33 |34 |35 |36
No flexibility Little flexibility Medium elasticity Great flexibility
in management in management in management in management

Source: Own elaboration, taken from Reddin, B. (2020). Tests for managers focusing on efficiency.
Psychological guide. Warsaw: Alma-Press.

Table 4.
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Preferred management style and its flexibility for Enterprise 3
Scheme of the algorithm guiding a given management style and its flexibility Number
r?lilrflsl‘)l(:'n izzg::: Management styles Flexibility of management styles 3‘;53‘;?
1 2 3 4 1 2 C D
1 B C B D A 0 2 3 1 2
2 B C B D A 3 1 0 2 1
3 D C A D B 1 3 0 2 2
4 C D A C B 3 0 2 1 2
5 B A C B D 0 3 1 2 3
6 D B D A C 2 0 1 3 3
7 C A C B D 3 1 2 0 2
8 A A C B D 0 3 1 2 0
9 D C A D B 2 1 0 3 3
10 B C B D A 0 2 3 1 2
11 D B D A C 2 0 3 1 1
12 D B D A C 1 2 0 3 3
Sum 0 14 10 0 0 8 4 12 24/36
o 28 58 | =&
238 29 28 Average management flexibility
n g = 2o >0
O(1(2(3(4(5(6|7 |89 |10 [11 (1213141516 (17|18 {19 (20 {20 {22 |23 [24 (25|26 (27|28 |29 {30 |31 |32 |33 |34 |35 |36
No flexibility Little flexibility Medium elasticity Great flexibility
in management in management in management in management

Source: Own elaboration, taken from Reddin, B. (2020). Tests for managers focusing on efficiency.
Psychological guide. Warsaw: Alma-Press.

Table S.
Preferred management style and its flexibility for Enterprise 4
Scheme of the algorithm guiding a given management style and its flexibility Number
Question| Answers - of points
number | Leaders Management styles Flexibility of management styles received
1 2 3 4 A B C D
1 D C B D A 0 2 3 1 1
2 D C B D A 3 1 0 2 2
3 D C A D B 1 3 0 2 2
4 D D A C B 3 0 2 1 1
5 B A C B D 0 3 1 2 3
6 C B D A C 2 0 1 3 1
7 C A C B D 3 1 2 0 2
8 D A C B D 0 3 1 2 2
9 D C A D B 2 1 0 3 3
10 B C B D A 0 2 3 1 2
11 C B D A C 2 0 3 1 3
12 A B D A C 1 2 0 3 1
Sum 1 4 12 6 1 5 6 11 23/36
C B2 z 5.4
=33 = 28 Average management flexibility
2~ 2 ==
a8 g -
0|1(2(3|4(5(6|7 (8|9 |10 10121314 [15]16 (171819 (20 20|22 |23 {24 |25 |26 27|28 |29 [30 |30 |32 (33 |34 |35 |36
No flexibility Little flexibility Medium elasticity Great flexibility
in management in management in management in management

Source: Own elaboration, taken from Reddin, B. (2020). Tests for managers focusing on efficiency.
Psychological guide. Warsaw: Alma-Press.

Table 6.

Preferred management style and its flexibility for Enterprise 5
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Scheme of the algorithm guiding a given management style and its flexibility Number
I?l;l;sl:le(;n 1;2::’;::: Management styles Flexibility of management styles (;zg;:itj
1 2 3 4 A B C D
1 A C B D A 0 2 3 1 0
2 A C B D A 3 1 0 2 3
3 D C A D B 1 3 0 2 2
4 A D A C B 3 0 2 1 3
5 C A C B D 0 3 1 2 1
6 D B D A C 2 0 1 3 3
7 C A C B D 3 1 2 0 2
8 A A C B D 0 3 1 2 0
9 A C A D B 2 1 0 3 2
10 C C B D A 0 2 3 1 3
11 D B D A C 2 0 3 1 1
12 A B D A C 1 2 0 3 1
Sum 3 12 3 3 9 0 6 6 21/36
) %D %ﬂ
o £ 2 o E o5 s
z s“é 8 z £ z %“ Average management flexibility
aa 2 g
=) =]
O(1(2(3(4(5(6|7 |89 |10 [11 (1213141516 (17|18 {19 (20 {20 {22 |23 [24 (25|26 (27|28 |29 {30 |31 |32 |33 |34 |35 |36
No flexibility Little flexibility Medium elasticity Great flexibility
in management in management in management in management

Source: Own elaboration, taken from Reddin, B. (2020). Tests for managers focusing on efficiency.
Psychological guide. Warsaw: Alma-Press.

Table 7.
Preferred management style and its flexibility for Enterprise 6
Scheme of the algorithm guiding a given management style and its flexibility Number
Question| Answers s of points
number | Leaders Management styles Flexibility of management styles received
1 2 3 4 A B C D
1 B C B D A 0 2 3 1 2
2 A C B D A 3 1 0 2 1
3 B C A D B 1 3 0 2 2
4 C D A C B 3 0 2 1 3
5 B A C B D 0 3 1 2 0
6 A B D A C 2 0 1 3 0
7 C A C B D 3 1 2 0 2
8 D A C B D 0 3 1 2 0
9 A C A D B 2 1 0 3 2
10 C C B D A 0 2 3 1 2
11 D B D A C 2 0 3 1 1
12 D B D A C 1 2 0 3 3
Sum 3 10 3 3 7 8 7 6 28//36
> o =) =Y
o &2 = s £
v:j 2 8 = g =, gn Average management flexibility
0(1(2(3(4|5(6|7 8|9 (1011121314 (1516 (17 [18 {19 {20 |20 |22 |23 |24 |25 |26 |27 |28 |29 |30 |31 |32 |33 |34 |35 |36
No flexibility Little flexibility Medium elasticity Great flexibility
in management in management in management in management

Source: Own elaboration, taken from Reddin, B. (2020). Tests for managers focusing on efficiency.
Psychological guide. Warsaw: Alma-Press.

Table 8.
Preferred management style and its flexibility for Enterprise 7

| l | Scheme of the algorithm guiding a given management style and its flexibility |
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Number
Question| Answers Management styles Flexibility of management styles of points
number | Leaders received
1 2 3 4 A B C D
1 A C B D A 0 2 3 1 0
2 B C B D A 3 1 0 2 1
3 B C A D B 1 3 0 2 3
4 A D A C B 3 0 2 1 3
5 B A C B D 0 3 1 2 3
6 D B D A C 2 0 1 3 3
7 C A C B D 3 1 2 0 2
8 B A C B D 0 3 1 2 3
9 D C A D B 2 1 0 3 3
10 B C B D A 0 2 3 1 2
11 D B D A C 2 0 3 1 1
12 D B D A C 1 2 0 3 3
Sum 0 15 9 3 3 12 2 10 27/36
G 22 58 | £
=33 28 25 Average management flexibility
@28 2 & )
O(1(2(3(4(5(6|7 |89 |10 1213 [14]15[16 (171819 (20 {20 {2223 [24 (25|26 (27|28 |29 {30 |31 |32 |33 |34 |35 |36
No flexibility Little flexibility Medium elasticity Great flexibility
in management in management in management in management

Source: Own elaboration, taken from Reddin, B. (2020). Tests for managers focusing on efficiency.
Psychological guide. Warsaw: Alma-Press.

Table 9.
Preferred management style and its flexibility for Enterprise 8

Scheme of the algorithm guiding a given management style and its flexibility | Number
r?l:lrflsl:le(:'n i::::iv::ss Management styles Flexibility of management styles (l)_che(;lvrét;
1 2 3 4 A B C D
1 B C B D A 0 2 3 1 2
2 B C B D A 3 1 0 2 1
3 D C A D B 1 3 0 2 2
4 A D A C B 3 0 2 1 3
5 C A C B D 0 3 1 2 1
6 D B D A C 2 0 1 3 3
7 A A C B D 3 1 2 0 3
8 D A C B D 0 3 1 2 2
9 A C A D B 2 1 0 3 2
10 C C B D A 0 2 3 1 3
11 D B D A C 2 0 3 1 1
12 A B D A C 1 2 0 3 1
Sum 6 13 3 2 9 3 4 8 24/36
T 58 | 5&
z383 2 % 25 Average management flexibility
0|1(2(3|4(5(6|7 (8|9 |10 1012|135 1415|1617 1819 (20 [20 {22 |23 {24 |25 |26 27 {28 |29 [30 |31 |32 |33 |34 |35 |36
No flexibility Little flexibility Medium elasticity Great flexibility
in management in management in management in management

Source: Own elaboration, taken from Reddin, B. (2020). Tests for managers focusing on efficiency.
Psychological guide. Warsaw: Alma-Press.

Table 10.
Preferred management style and its flexibility for Enterprise 9

| l | Scheme of the algorithm guiding a given management style and its flexibility |
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Number
Question| Answers Management styles Flexibility of management styles of points
number | Leaders received
1 2 3 4 A B C D
1 D C B D A 0 2 3 1 1
2 A C B D A 3 1 0 2 3
3 D C A D B 1 3 0 2 2
4 C D A C B 3 0 2 1 2
5 C A C B D 0 3 1 2 1
6 D B D A C 2 0 1 3 3
7 A A C B D 3 1 2 0 3
8 D A C B D 0 3 1 2 2
9 D C A D B 2 1 0 3 3
10 B C B D A 0 2 3 1 2
11 C B D A C 2 0 3 1 3
12 A B D A C 1 2 0 3 1
Sum 3 6 9 8 7 2 6 11 26/36
5 TE“E S o S '%D
vz;g 8 § z t; 2 Average management flexibility
anA 2 A
O(1(2(3(4(5(6|7 |89 |10 1213 [14]15[16 (171819 (20 {20 {2223 [24 (25|26 (27|28 |29 {30 |31 |32 |33 |34 |35 |36
No flexibility Little flexibility Medium elasticity Great flexibility
in management in management in management in management

Source: Own elaboration, taken from Reddin, B. (2020). Tests for managers focusing on efficiency.
Psychological guide. Warsaw: Alma-Press.

Table 11.
Preferred management style and its flexibility for Enterprise 10
Scheme of the algorithm guiding a given management style and its flexibility Number
r?l:lrflsl:le(:'n ig:g::: Management styles Flexibility of management styles (l)_che(;lvrét;
1 2 3 4 A B C D
1 B C B D A 0 2 3 1 2
2 B C B D A 3 1 0 2 1
3 D C A D B 1 3 0 2 2
4 C D A C B 3 0 2 1 2
5 C A C B D 0 3 1 2 1
6 D B D A C 2 0 1 3 3
7 C A C B D 3 1 2 0 2
8 A A C B D 0 3 1 2 0
9 A C A D B 2 1 0 3 2
10 C C B D A 0 2 3 1 3
11 D B D A C 2 0 3 1 1
12 D B D A C 1 2 0 3 3
Sum 3 15 4 0 2 3 8 9 22/36
W22 58 | 5&
2338 2L 25 Average management flexibility
5 a wn 5;) w é)

0(1|2(3|4/5|6|7

—_—
=

11213 | 14|15 (16|17

18

—
=

R VIR VARV RN

30730 (32 (33| 34|35 |36

No flexibility
in management

Little flexibility
in management

Medium elasticity
in management

Great flexibility
in management

Source: Own elaboration, taken from Reddin, B. (2020). Tests for managers focusing on efficiency.
Psychological guide. Warsaw: Alma-Press.

Table 12.

Preferred management style and its flexibility for Enterprise 11
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Number
Question| Answers Management styles Flexibility of management styles of points
number | Leaders received
1 2 3 4 A B C D
1 C C B D A 0 2 3 1 3
2 B C B D A 3 1 0 2 1
3 D C A D B 1 3 0 2 2
4 B D A C B 3 0 2 1 0
5 C A C B D 0 3 1 2 1
6 B B D A C 2 0 1 3 0
7 D A C B D 3 1 2 0 0
8 B A C B D 0 3 1 2 3
9 A C A D B 2 1 0 3 2
10 B C B D A 0 2 3 1 2
11 D B D A C 2 0 3 1 1
12 D B D A C 1 2 0 3 1
Sum 3 8 5 0 2 6 4 6 18/36
Ny SN - Z
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Source: Own elaboration, taken from Reddin, B. (2020). Tests for managers focusing on efficiency.
Psychological guide. Warsaw: Alma-Press.

Table 13.
Preferred management style and its flexibility for Enterprise 12

Scheme of the algorithm guiding a given management style and its flexibility | Number
r?lilrflsl:le(:'n i:;:lv::‘: Management styles Flexibility of management styles (1)-23:;:?;
1 2 3 4 A B C D
1 B C B D A 0 2 3 1 2
2 B C B D A 3 1 0 2 1
3 D C A D B 1 3 0 2 2
4 C D A C B 3 0 2 1 2
5 B A C B D 0 3 1 2 3
6 D B D A C 2 0 1 3 3
7 C A C B D 3 1 2 0 2
8 D A C B D 0 3 1 2 2
9 A C A D B 2 1 0 3 2
10 B C B D A 0 2 3 1 2
11 C B D A C 2 0 3 1 3
12 D B D A C 1 2 0 3 3
Sum 0 15 7 5 2 8 7 10 27/36
e sf | 52 -
z38 i = g 8 Average management flexibility
0(1(2(3(4(5(6(7 8|9 |10 1012|1314 /[15[16 {1718 {19 {20 (20 (22|23 |24 |25 |26 |27 |28 |29 |30 [31 32 33 [34 |35 |36
No flexibility Little flexibility Medium elasticity Great flexibility
in management in management in management in management

Source: Own elaboration, taken from Reddin, B. (2020). Tests for managers focusing on efficiency.
Psychological guide. Warsaw: Alma-Press.

In order to collectively present the analysis of the results of research defining the

management style in selected enterprises, figure 13 was used.
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Figure 13. Preferred Management styles in selected enterprises.

Source: Own elaboration based on the results of conducted research.

5. Conclusions

Management comprises a set of many activities such as: planning, decision-making,
organizing, managing people, using the organization's resources (financial, material and
information), performed with the intention of efficient and effective achievement of goals.
A manager is a person whose duties consist in carrying out the management process and make
the company profitable. The basic activities that make up this process are:

e planning and decision-making (determining the mode of operation),

e organizing (coordinating activities and resources),

e management (people management),

e controlling (observing and evaluating the organization's activities).

These activities are not carried out according to a systematic and predictable schedule,
although it is always worth imposing one. Leading a team is a busy, sometimes very difficult
job. It requires many advantages, such as: building authority, insight, a sense of responsibility,
simplicity, understanding and patience, and above all, predictability of behavior, and many
others. Everyone in the team has their own strengths and weaknesses. The manager's job is to
make everyone work together for success.

a) as many as 7 showed a dominant coaching style,
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b) 3 had a coaching-supporting style,

c) 1 used the supporting-delegating style,

d) 1 only managed the supporting style.

The conducted research showed that out of the 12 surveyed companies.
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1. Introduction

Bread constitutes the fundamental element of each Pole’s diet, and when approached
rationally, can serve an indispensable role of regulating one’s gastric tract and satisfying the
majority of an organism’s daily energy quota (ca. 25-30%) (Dziwkosz, 2008; Gambus,
Litwinek, 2011). In Poland, bread has always been, is, and likely will long be the fundamental
food product. Among all bakery product volumes, bread constitutes around 70% (Ambroziak,
2012).

In this context, issues related to bakery product quality are valid in a constant way, and
different papers on the subject mainly focus on the impact of the entry material quality (Drozd,
2021). According to the author’s knowledge, there are no mentions of implementing quality
management systems and assuring health safety in the baking industry in the available academic
sources. This research gap is mainly the effect of difficulties in collaborating with the
companies that protect their in-house information.

In the light of food regulations, responsibility for health safety of food is the duty of the
manufacturer or the company that introduces the product to the market!. Therefore, it is
important for bakeries to abide by the quality norms that are part of quality management
systems and assure health safety. Additionally, it is important for such companies to evaluate
the systems in use (Drozd, 2021).

Bread, just like any other product, can be described by a set of quality features that reflect
the consumer expectations (Balon, Dziadkowiec, Sikora, 2016; Fras, Gotebiowski, Bielawa,
2006). The goal of delivering quality to consumers is to assure that quality requirements are
delivered through a quality management system (Dobrowolska, 2000; Luning, Marcelis,
Jongen, 2005). Such a system is a coordinated set of requirements that presents a specific
structure of activities (Kijowski, 2004). Currently, the term is used in a variety of meanings,
as a set, a combination or a connection of the elements of the set with specific relations (Hys,
2018).

In the food industry, the prevailing systems of assuring quality and ensuring the food safety
are as follows (Karaszewski, 2005):

1. Good Manufacturing Practice — GMP, and Good Hygienic Practice — GHP.

2. Hazard Analysis and Critical Control Points analysis — HACCP and the Quality
Assurance Control Point System — QACP.

3. Documents issued by the International Organization for Standardization — ISO.

4. The requirements of the British Retail Consortium — BRC and the international

(German-French-Italian) International Food Standard — IFS.

! Food law is a set of international, EU, and local legal norms that regulate the production and sales of
foodstuffs.
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The requirements, rules, and regulations of the systems listed above will be presented in

sections 2-5 below, and related to the baking industry.

2. GMP and GHP

The rules of Good Hygienic Practice, GHP, are strictly focused on all the aspects of hygiene
in food production, in reference to personnel, rooms, transport, packaging, and ingredients.
GHP encompasses activities that assure food safety. They ought to be taken into account and
controlled at all stages of food production. In the past, only the finished product was scrutinised.
Currently, control is applied to all stages of production, from ingredients and materials, through
production and storage to the consumer purchasing food.

According to GHP, food products should travel only in one direction along the production
chain. They should not reverse their progress nor cross paths with other processes. Individual
parts of a manufacturing facility are to be split into dirty and clean sections. Other GHP rules
apply to e.g.

— technical state of the buildings,

— designing buildings and machines with hygiene rules in mind,

— quality of technological water,

— proper disposal of waste water,

— proper collection and disposal of solid waste, including hazardous waste,

— order within rooms,

— personnel hygiene, including control of possibility of spreading diseases,

— company disinsection and disinfection.

The company’s staff ought to undergo training in the hygienic requirements constituting
GHP. Each company is required to establish their own GHP programme or instructions, which
are the basis for the implementation of a HACCP system (Staszewska, 2002).

Good Manufacturing Practice, GMP, consists of activities that ought to be taken,
and conditions that ought to be met, to ensure that food production results in food of proper
health quality, in accordance with its intended consumption.

The general rules of GMP include the issues related to: machines and resources, hygiene of
food production, requirements for ingredients, intermediary products, and finished goods,
controls and inspections, record, protocol and documentation storage, and management.

In order to satisfy GMP, it is essential to take care of the proper technical state of the
company, i.e. proper ventilation and lighting, location of production and warehouse machines.
In warehouses for equipment, ingredients, and chemicals, it is imperative to ensure proper
storage conditions and space, in accordance with the volume of the stock and finished goods
that will be stored within these rooms.
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The staff of a GMP-compliant company should undergo checks in the area of preventing
infections of food. Equipment used in food production ought to be kept clean, which is assured
by introducing procedures for washing and disinfection. Yet another important aspect is the
permeation of insects, birds, and rodents into the facilities.

Each staff member of a GMP-complaint company ought to ensure, before starting work,
that they have the necessary ingredients and half-finished products at their disposal, as well as
whether the equipment they would start working with is in proper condition and clean.
During work, staff ought to be observant and keep their workspace clean. Work should be
undertaken in ways that do not lead to spoiling of the products, equipment, and rooms. If a staff
member is unsure about how a task should be performed, they ought to ask their superiors or
check relevant procedures and instructions for the task in the company documentation.

Following GMP assures proper control of the sanitary and technical state of equipment,
machines, and rooms, and provides basis for the analysis of the parameters of the operations
undertaken in the production process.

Good Manufacturing Practice, GMP, is a set of standards for industrial production,
especially in food and pharmaceutic industries. GMP assures high quality and cleanliness of
ingredients of a product, as well as complete control over the origin and quality of ingredients
and the whole manufacturing process. The implementation of such practices raises the safety
level of finished goods (Kolozyn-Krajewska, Sikora, 2010).

According to D. Kotozyn-Krajewska, GMP in food industry aims at shaping nutritional
value, health safety, and organoleptic features of food. The main activities within GMP,
undertaken by food manufacturers, are (Kolozyn-Krajewska, Sikora, 2019).

1. Maintaining required hygiene in natural environment.

Assuring proper conditions in the storage of equipment, chemicals, and foodstuffs.
Assuring proper technical condition of all the facility.

Preventive measures against insects and rodents.

Optimal location, lighting, and ventilation of manufacturing facilities and warehouses.

Managing water and waste.

A G

Checking the health condition of staff members.

The goal of GMP is to assure the highest standards of hygiene in the workplace, assuring the
quality of the finished product, and the unification thereof. GMP rules are a norm in branches
of the industry where it is imperative to not allow for any pollution of the product, mainly in
food and pharmaceutic industries. GMP starts with ingredient purchases, and proceeds through
storage, production, and packaging, to the storage and sales of the finished product. It also
encompasses the creation of numerous procedures that are related to the whole of the
manufacturing process, i.e. equipment, staff, trainings, workplace, transport, maintenance,
disinfection, etc. GMP assumes the use of adequate amount of resources at predefined stages

of production and in accordance with an established procedure.



Implementing the quality assurance system... 87

Good Manufacturing Practice encompasses activities that efficiently combine manufacturing
procedures with control and oversight ones, and so is a system that defines manufacturing
procedures, as well as control procedures that are developed and issued by institutions.
It requires that a manufacturer develops of written procedures, or instructions for parts of the
complete manufacturing process.

The fundamental difference between GHP and GMP is that the former mainly focuses on
aspects of hygiene, while GMP encompasses the total range of production-related aspects.
In order to trace the differences better, the author used the example of bread baking equipment,
which are important for both GHP and GMP.

GMP focuses on the location of equipment, installation thereof, the technical state,
maintenance, rules of operating in case of failures, etc. It is visible that all the factors are mainly
serve the acceleration and improvement of production.

On the other hand, GHP dictates the materials for the construction of equipment and
machines so that their clean state can be maintained easily and so that they do not react with
the ingredients, the frequency of washing and disinfection of the individual equipment pieces
and machines and with the use of what chemicals such operations are to be performed, etc.
As can be seen, all the aspects are linked to the safety of food.

Because of intersections between GHP and GMP and numerous similarities between the
practice systems, the companies that want their operations to be based on such practices ought
to implement the two sets simultaneously (Turlejska, 2003).

GHP and GMP are rules of operation when manufacturing food, that serve to eliminate all
the microbiological, chemical, and physical threats. The rules are compulsory in all the

companies and are required by law.

3. Hazard Analysis and Critical Control Points analysis - HACCP
and the Quality Assurance Control Point System — QACP

In the European Union, HACCP is a system that has been in power as of December 14, 1995,
and introduced by the Directive 93/43 EEC of June 14, 1993 on the hygiene of foodstuffs.
In Poland, the HACCP system has been introduced in January 1, 2004 in e.g. companies that
imported and sold foodstuffs, excluding small and medium companies, and ratified with the
May 11, 2001 law on health conditions of food and feeding. Companies that are subject to
HACCP need to implement the system but do not need to certify it.

HACCEP is a specific system of assuring safety of food (Drozd, 2022; Kotozyn-Krajewska,
Sikora, 2010). It is a preventive system defining all the potential and actual risks for

a consumer’s health along the manufacturing process, be it biological, physical or chemical,
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and preparing preventive measures for the emergence of these risks. If necessary, Critical
Control Points (CCP) are established (Kowalska, Wierpachowski, 2008).

In the course of baking bread, all three types of health threats — physical, chemical and
microbiological — can potentially arise (Staszewska, 2002).

Within the category of physical threats, we can enumerate foreign objects, dust, dirt,
moisture, or overheat due to atmospheric conditions.

The second category of health threats are chemical threats, i.e. residual quantities of
pesticides, microtoxins and metals that are harmful to health that reach the manufacturing
process together with the ingredients. The threats internal to the manufacturing process are the
residual quantities of chemicals for the maintenance of equipment and machines, forbidden
additives, overdoses of permitted additives.

Among the three categories of risk, the microbiological threats are the most severe.
Microorganisms are single-cell organisms that are invisible to the naked eye. They are found in
the entirety of the human habitat. There is no object or a living being that would be free of the
numerous microorganisms. Not all these organisms are harmful — there is a large group of
microorganisms that are beneficial and are actively used in manufacturing processes, such as
yeast, lactic acid bacteria, or some moulds.

Critical Control Points are based on the analysis of threats and present: place, ingredient or
production stage where a health-relevant threat ought to be controlled. It is a necessary step to
detect threats and minimise or eliminate them before a product reaches the consumers.

The HACCP system, unlike the previously used random check system of the finished
product, is based on the controls within the manufacturing process starting with the ingredients
and ending with the final product.

The idea of HACCP is to exchange the search for the faults of a product for the prevention
of the emergence of faults. It is obvious that monitoring all the stages of a manufacturing
process, including the ingredients, is not feasible. However, by defining CCPs and focusing on
monitoring them, it is possible to prevent threats and take corrective measure in a timely manner
(Sadowska,2000).

The fundamental premise behind the implementation of HACCP is to guarantee the safety
of food. Food poisoning and infections are major threats to the health of the contemporary
people (Turlejska, Pelzner, 2003).

The availability of safe food is a point of interest of not only the consumers; manufactures
also ought to be interested in providing safe food. By implementing HACCP, the food
manufacturer gives a guarantee that their food is safe to eat. It is of special importance in the
light of the manufacturer’s liability for damages caused by foodstuffs that violate conditions of
health safety. A consumer gets a guarantee of their purchased food being safe. Therefore,
the HACCP system meets the expectations of both the manufacturer and the consumer
(Ladonski, Szottysek, 2005).
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A system which is broader than HACCP and encompasses the complete product quality
assurance is QACP — Quality Assurance Control Point system. HACCP refers merely to the
assurance of health safety and in case of implementing it, the company establishes Critical
Control Points, CCPs. In QACP, control points are established and their parameters are defined
with reference values. Therefore, the basic assumption of the system is its preventive character.
However, its implementation is not obligatory. Specifically, the system takes into account the
quality of primary production, especially of those ingredients that influence the quality of the
finished product. The QACP standard covers the whole food production chain, starting from
ingredients and proceeding to the final product consumers. However, the methods and
procedures of QACP may be applied to individual sections of the manufacturing process.
This instrument is one of the most efficient methods of quality assurance. QACP needs to be
implemented as a system. For both systems, i.e. HACCP and QACP, the same methods and
procedures are developed. However, QACP serves to assure quality from the viewpoint of the
consumer, with focus on the sensoric and nutritional properties, while HACCP is related only

to the assurance of food quality (Kotozyn-Krajewska, Sikora, Fabisz-Kijowska, 2001).

4. ISO

The International Organization for Standardization, ISO, unifies global norms in order to
prevent technical barriers in international trade. The idea of a quality system based on
ISO standards is in stablishing procedures that cover all the company activities and that define
responsibilities. The adoption of ISO standards is voluntary.

In food manufacturing and processing, the most common ISO standards come from the
22000 and 9000 series of ISO documents.

The international management standards of ISO 22000 define rules for planning,
implementing, and functioning, as well as oversight of, food manufacturing processes and
derived processes, such as packaging of food products, storage of food, etc.
The ISO 22000:2005 system (in Poland: PN EN ISO 22000:2006) is related to the management
of food safety — it defines requirements for organizations in the whole food production chain
(PN — EN ISO 22000-2006).

The family of ISO 9000 norms is based on the general rules of “describe what you do”,
“do what you have described”, “prove that you have done what you have described”. In practice,
all the important procedures need to be defined and established, and company performance

must follow them and be controlled afterwards.



90 R. Drozd, R. Wolniak

ISO 9000 norms are the basis for defining quality management and control systems.
They are not intentionally focused on the safety but rather generally understood quality.
The adoption and implementation of one of the ISO norm models requires defining and
implementing a company’s high quality standards and assuring their repetitive character
(Grudowski, 2003).

The main differences between the ISO 9000 standards that define the scope and normative
capabilities are:

— ISO 9001 is a norm assuring quality in companies involved in the processes of designing/
developing production, making implementations and installations, as well as providing
services (Urban,2012),

— ISO 9002 is a norm for assuring quality in the manufacturing processes, implementations
and installations, or services,

— ISO 9003 is a norm for assuring quality in the process of final inspections.

ISO 9000 1s a set of quality norms that encompass: product testing, staff training,
documentation, supplier relations and policies, as well as corrective measures (Grudowski,
2006). Upon the satisfaction of these norms, the manufacturer applies for a quality certificate
and their activities are controlled by an ISO organisation. ISO auditors perform an overview of
the company activities against the norms for an ISO applicant or in order to renew the
certificate. When preparing for an ISO audit, types of activities whose improvement may lead

to increased quality are defined (Fras, 2001).

5. IFS and BRC international standard requirements

Food manufacturers are obliged to assure the health safety of their products,
by e.g. implementing the mandatory GHP, GMP, and HACCP rules. They may additionally
implement the ISO 22000 standard. However, retailers also require their suppliers to be certified
according to IFS and/or BRC (Balon, Sikora, 2016).

Quality assurance and health safety systems are implemented in food manufacturing
companies to achieve optimal conditions for food production that result in optimal quality but
are also safe, such that will meet the customer requirements. In order to unify the requirements
for quality and health safety of food, obligatory systems and programmes were introduced that
guarantee safety and the meeting of specific quality parameters. However, in contemporary
economy reaching and maintaining a competitive position on the market necessitate the
implementation of more advanced standard. Growing popularity of voluntary systems
developed according to the ISO 22000 norm, the International Food Standard (IFS), the British

Retail Consortium (BRC) global norm on food safety, is caused by increased awareness and
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requirements of all the stakeholders (such as collaborators, customers, suppliers). Both the IFS
and BRC standards are applied to verify quality in food industry.

IFS is a standard dedicated to all food manufacturers and the participants in the food
manufacturing chain, especially to retailers that sell food items in their chains and under their
brand names. It is meant as a tool for regular, independent and objective assessment of food
distributors. Food suppliers to e.g. large supermarket chains are evaluated according to IFS.
The audit standards of suppler evaluation are related to the following areas (Popis, 2013):

— top management responsibility,

— quality and safety management system,

— resource management in the HR area,

— planning and production processes,

— measurements, analysis, improvements,

— food protection and external inspections.

BRC integrates the regulations of the ISO 9000 series standards, HACCP, and GHP/GMP,
as well as defines other particular requirements that need to be met in order to guarantee the
safety and required repetitive quality level of the final product (Nowicki,2010). The global BRC
norm contains requirements for the manufacturing of food products, packages that protect the
food, and storage and distribution of the goods. The standard was designed for food
manufacturers that provide their products to retail chains under the chains’ brand, however,

retail chains use it to audit also other manufacturers.

6. Methodology

The way of implementing quality management and safety assurance systems was discovered
through a questionnaire (Czernek, 2015) among 53 bakeries, 52 of which are located in the
Pomeranian voivodeship, and one in the Warmian-Masurian voivodeship — however this single
bakery also supplies its products to a major share of the Pomeranian area, including the
Tri-City agglomeration and the city of Reda.

The baking industry is an integral part of the local internal market. The local market is the
primary source of ingredients for the baking industry, as well as the primary sales area (Daniela,
Mierzwa, Bartczak, 2017). The Pomeranian voivodeship was selected as the research area as it
was most familiar to the author.

The questionnaire study, in the light of company intellectual property protection, cannot be
limited to preparing a questionnaire, sending it to the recipients, and waiting for answers.
In order to collect the data, multiple discussions needed to be held with bakery representatives.

The author received 53 responses from the 113 identified bakeries in the Pomeranian area.
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The small- and medium enterprise structure of the bakeries in 2022 looked as follows:

a) micro-enterprises, up to 10 staff -41.5%,

b) small enterprises, up to 50 staff -47.2%,

¢) medium-sized enterprises, up to 250 staff - 11.3%.

Taking the above into account only in terms of small and medium enterprises, all small
bakeries constitute 88.7% of the market, while medium-sized bakeries account for 11.3%.
The structure of bread manufacturers in Poland as a whole was not known for the time.
The REGON (national registry of enterprises in Poland) shows around 12 thousand companies

that indicated production of bread and fresh bakery products at the end of 2020.

7. Methodology

The questions on GMP and GHP were asked to receive an overall picture of systemic quality
management. The delivery of GMP and GHP is mandatory and is monitored, as well as audited
internally and externally. Therefore, all the respondents confirmed the implementation of these
rules.

Among the 53 responses, 15 have been certified according to HAACP, i.e. 28.3%. In small
and medium businesses, which the researched bakeries qualified as, the certification according
to HACCP is not mandatory — the only compulsory area is to implement HACCP rules.

The QACP system is not mandatory, however, it has been implemented by seven of the
bakeries for their whole production chain. The standard encompasses the complete production
chain, starting with ingredients and ending with the final product, however methods and
procedures may be applied to parts of the process. QACP needs to be implemented as a system.
The instrument is one of the most efficient quality assurance methods.

In food manufacturing and processing, quality systems according to ISO 9000 and 22000
are the most common. ISO 9000 certification was found in nine of the respondents, and three
implemented ISO 22000. All on all, 11 bakeries, 20.8% of the study group, were certified
according to ISO — international standards for food manufacturing aimed at quality and safety
of bakery products. Neither of the two certificates are mandatory.

The IFS requirements, in the form of a certificate, were confirmed in three bakeries,
i.e. 5.7%. They are mainly required by retail chains.

Among the researched companies, there have been none with a BRC certificate as well as
none that were interested in the Total Quality Management (TQM) complex quality

management concept.
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8. Discussion

The concept of complex quality management is related to all the areas of activity of
a company and makes a holistic picture of pro-quality activities of an organisation (Borys,
2013). Among all the bakeries researched in this study, 41.5% were microbusinesses that
employed up to 10 staff, and 27.2% were small enterprises. In both these types of business, the
owner plays the largest managerial role. Subject literature quotes three fundamental roles of the
owner of a small company: entrepreneurial, managerial, and technical (Wasilczuk, 2013).
TQM, on the other hand, necessitates the involvement of all staff members. According to the
TQM philosophy, complex quality management is achieved through strategy, processes,
training, motivating, involvement, tools, and resources (Skrzypek, 2000). Micro-, small- and
medium-sized bakeries in Poland do not guarantee the above formalised management methods.
These companies focus mainly on their technological process.

Both the IFS and BRC international standards are used to verify quality in food industry.
Large retail chains use them as indicators for the selection of suppliers, including baking
product suppliers (Nowicki,2010). Ifs and BRC are meant as regular, independent,
and objective tools of food distributors. Meeting IFS requirements was confirmed with
certificates in three of the respondents, i.e. 5.7%. Bakers were not interested in the BRC
standard. The conversations held with bakery representatives proved that IFS is of greater

interest to them.

9. Summary

Apart from nutritional functions, bread may also serve to improve one’s health. This is the
type of product a contemporary consumer is interested in (Dziwkosz, 2008). Harsh market
competition is a current problem of bakeries. The increased social demands on bread quality
necessitated the introduction of new systemic solutions in which quality is of strategic
importance.

The study results in the implementation of quality management systems and health safety
assurance systems for bread manufacturing confirm the legitimacy of the implementation of
integrated quality systems.

Among all the requirements and rules of the individual systems that influence the increased
quality of bread, are:

1. Good Hygienic Practice/GHP:
e increased hygiene of bread production, especially that of ingredients, personnel,

rooms, transport, and packaging.
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2. Good Manufacturing Practice/GMP:

e care of proper technical and sanitary conditions, such as lighting, ventilation,
placement of equipment for production and storage, storage conditions, ingredient
quality, complete control of the whole manufacturing proces,

e maintenance of the required hygiene levels in the natural environment, as well as
maintenance of water and waste water.

3. Hazard Analysis and Critical Control Points/HACCP:

e defining the potential and actual health threats to the consumer in the production
process: physical, biological, and chemical, and defining preventive measures.
If necessary, defining Critical Control Points/CCPs.

4. Quality Assurance Control Point System/QACP:

e defining control points and their reference parameters and values for defining

product quality, i.e. bread.
5. ISO-based quality system:

e defining and implementing company’s internal high quality standards and assuring
their repetitive performance.

6. IFS and BRC international certificates:

e unification of requirements for quality and health safety in order to assure safety and
the required repetitive quality level of the final product, i.e. bread.

The rules of the quality management systems that are not derived from law were also

delivered with the bakeries that were in the study group, as seen below:

1. HACCEP (certificate) 28.3% bakeries,
2. QACEP (for entire production) 13.2% bakeries,
3. ISO (certificate) 20.8% bakeries,
4. 1IFS (certificate) 5.7% bakeries.

Also, one of the bakeries in the study group was certified for ecological production,

and one had the “Quality/Tradition” certification.

References

1. Ambroziak, Z. (2002). Bread quality. In: Baking — recipes, norms, tips, and legislation
(pp- 109-113). Warszawa: Zaktad Badawczy Przemystu Piekarskiego, Handlowo-
Ustugowa Spotdzielnia ,,Samopomoc Chtopska™.

2. Balon, U., Dziadkowiec, J.M., Sikora, T. (2016). Feature of food quality versus purchase
decisions of Polish consumers of fruit juices. Krakow: Uniwersytet Ekonomiczny

w Krakowie, Katedra Zarzadzania Jakos$cia, pp. 788-794.



Implementing the quality assurance system... 95

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. Balon, U., Sikora, M. (2015). The role of IFS and BRC standards in the assessment of

suppliers by retail chains. Zeszyty Naukowe Uniwersytetu Ekonomicznego w Krakowie,
no. 3/939. Krakow, pp. 168-170.
Borys, T. (2013). From feature definition to quality management. Folia Oeconomica

Cracoviensia, Vol. LIV.

. Czernek, K. (2015). Introduction to qualitative research in management sciences.

In: W. Czakon (Ed.), Fundamentals of research methodology in management sciences
(pp. 167-170). Warszawa: Oficyna Wydawnicza Wolters Kluwer Business.

Daniela, W., Mierzwa, D., Bartczak, K. (2017). Small and medium sized enterprise in
Poland-market opportunities and threats. Wroctaw: Wydawnictwo Exante, pp. 16, 23.
Dobrowolska, A. (2000). Process management in quality management systems.
J. Zymonik (Ed.). Wroctaw: Oficyna Wydawnicza Politechniki Wroctawskiej, pp. 98-105.
Drozd, R., Wolniak, R. (2021). Systematic Assessment of Product Quality. Journal of Open
Innovation: Technology, Market and Complexity, Vol. 7, pp. 1-12.

Drozd, R. (2021). Health safety of bread in small bakeries. Scientific papers of Silesian
University of Technology. Organization and Management Series, No. 157, pp. 83-96.
Drozd, R. (2021). Concept of managing quality in baking industry, In Vector
Representation. Scientific papers of Silesian University of Technology. Organization and
Management Series, No. 151, pp. 157-172.

Dziwkosz, A. (2018). Health attributes of whole-grain bread. Przeglgd Piekarnictwa
i Cukiernictwa, No. 11. p. 34.

Dziwkosz, A. (2012). Place of bread in diet. Przeglqd Piekarski i Cukierniczy, No. 10,
pp- 16-17.

Fras, J. (2001). Quality management system. Basics and terminology. Norma PN — EN ISO
9000. Warszawa: Polski Komitet Normalizacyjny, p. 23.

Fras, J., Golebiowski, M., Bielawa, A. (2006). Basics of quality management in an
enterprise. Szczecin: Wydawnictwo Naukowe Uniwersytetu Szczecinskiego, p. 16.
Gambus, H., Litwinek, D. (2011). Bread — why is it worth eating and how to choose it.
Krakoéw: Uniwersytet Rolniczy w Krakowie — Wydziat Technologii Zywnosci.

Gorynia, M., Jankowska, E., Maslak, E. (2003). Industry as a subject of research in
economics. Gospodarka Narodowa, Nr 3, pp. 36-40.

Grudowski, P. (2003). Quality management systems. Status of the standard in the ISO9000
family. Q jakosci, Nr 1, pp. 21-31.

Grudowski, P. (2006). Supporting factors and barriers to the implementation of quality
systems in small organizations, part 2. Problemy jakosci, Nr 5.

Hys, K. (2018). Diffusion of the quality management system and the concept of corporate
social responsibility. Opole: Politechnika Opolska, p. 30.

Karaszewski, R. (2005). Concepts, methods and tools used by global business leaders.
Torun: Wydawnictwo Dom Organizatora, pp. 30, 106.



96

R. Drozd, R. Wolniak

21.

22.

23.
24.

25

26.

27.

28.

29.
30.
31.
32.

33.

34.

35.

36.

37.

Kijowski, J. (2004). Integration of food quality and health safety management systems in
international standards. In: D. Witrowa-Rajchert, D. Nowak (Eds.), Metody zapewnienia
Jjakosci i bezpieczenstwa w przetworstwie zywnosci. Warszawa: SGGW, pp. 56-58.
Kotozyn-Krajewska, D., Sikora, T. (2010). Food safety management. Theory and Practice.
Warszawa: CH Beck, pp. 131-133.

Kotozyn-Krajewska, D. (2019). Hygiene of food production. Warszawa: SGGW, pp. 43-46.
Kotozyn-Krajewska, D., Sikora, T., Fabisz -Kijowska, A. (2001). Ensuring guaranteed beer
quality - QACP analysis. Przemyst Fermentacyjny i Owocowo-Warzywny, Nr 0.
Wawrzyny, pp. 20-22.

. Kowalska, M., Werpachowski, W. (2008). HACCP preventive system as an element of

11 modern company management. Conference materials on quality and safety of products
in 12 diversified development. Radom: Politechnika Radomska, pp. 56-72.

Luning, P.A., Marcelis, WJ., Jongen, W.ML.F. (2005). Food quality management,
technological and managerial approach. Warszawa: WNT, pp. 73-81.

Ladonski, W., Szottysek, K. (2005). Quality management. Part 3. Methods of shaping
quality in the organization. Wroctaw: Wydawnictwo Uniwersytetu Ekonomicznego we
Wroctawiu, pp. 23-25.

Nowicki, P. (2013). IFS and BRC - supplier assessment standards. In: T. Sikora (Ed.),
Selected concepts and quality management systems (pp. 23-25). Krakow: Wydawnictwo
Uniwersytetu Ekonomicznego w Krakowie.

PN — EN ISO 22000 (2006). Warszawa: Polski Komitet Normalizacyjny.

Popis, M. (2013). Food safety systems. Problemy Jakosci, Nr 2.

Sadowska, H. (2000). The HACCP system is food safety. Zdrowa Zywnoéé. Zdrowy Styl
Zycia, pp. 4-6.

Skrzypek, E. (2000). Quality and efficiency. Lublin: Wydawnictwo Uniwersytetu M. Curie-
Sktodowskiej, p. 101.

Staszewska, E. (2002). Assuring food safety of bread and Health hazards in bread baking.
In: Baking — recipes, norms, tips, and legislation (pp. 160-172). Warszawa: Zaklad
Badawczy Przemystu Piekarskiego Handlowo-Ustugowa Spoétdzielnia Samopomoc
Chtopska.

Turlejska, H. (2003). GHP/GMP rules and the HACCP system as a tool to ensure food
health safety. Warszawa: Fundacja Programéw Pomocy dla Rolnictwa.

Turlejska, H., Pelzner, U. (2003). Implementation of the HACCP system in small and
medium-sized enterprises in the food sector, Guide for plant managers. Warszawa:
Wydawnictwo Fundacja Programow Pomocy dla Rolnictwa, pp. 24-25.

Urban, W. (2012): ISO 9001 as a tool for supporting strategic advantages. Transformations
in Business & Economics, Nr 3, pp. 57-71.

Wasilczuk, J.E.(2013). Growth of small and medium enterprises - theoretical aspects and
empirical research. Gdansk: Wydawnictwo Politechniki Gdanskiej, p. 7.



SILESTAN UNIVERSITY OF TECHNOLOGY PUBLISHING HOUSE

SCIENTIFIC PAPERS OF SILESIAN UNIVERSITY OF TECHNOLOGY 2023

ORGANIZATION AND MANAGEMENT SERIES NO. 176

LITERATURE REVIEW OF CONTINUOUS DELIVERY:
RESEARCH DIRECTIONS FOR CRITICAL
INFRASTRUCTURE SOFTWARE PROJECTS

Piotr GODZIEWSKI

Wroclaw University of Science and Technology; piotr.godziewski @ gmail.com, ORCID: 0000-0001-8912-2052
Nokia Poland; piotr.godziewski @nokia.com

Purpose: The purpose of this work is to draw future research directions on how to ease adoption
of continuous delivery (CD) for business-to-business (b2b) critical infrastructure products.
CD is a recognized software lifecycle management practice reducing go-to-market time,
strengthening customer feedback loop, and improving product quality. Telecommunication
networks, considered critical infrastructure, are sensitive to changes in delivery models.
Design/methodology/approach: Literature review was performed by combining bibliometric
analysis and the own model gauging telecom software vendors’ interest in shaping CD practices
across the industry.

Findings: The research is skewed toward engineering practices excellence. Little is spent on
the customer challenges. Transformation slowdowns are attributed to product teams.
Research limitations/implications: Some software vendors, especially smaller ones, may
prefer not to publish the outcomes before validating them with the customers. This work looked
at publicly available materials therefore not capturing the picture of internal corporate
experimentation on continuous delivery.

Practical implications: Scientists should seek access to customer perspective. Sales, services,
and business managers may be invaluable proxies of such information.

Originality/value: This work nudges the community to shift focus from R&D excellence to
change management at customer interface, and to deal with CD model industrialization aspects.
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1. Introduction

Telecommunication networks are strategic for proper functioning of states, public safety
organizations, enterprises, and citizens. COVID-19 pandemic emphasized the importance of

critical communication infrastructure as digitization enabler. 5G, the fifth-generation mobile
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broadband technology, introduces new services and use cases. For example, home broadband
was the most appealing 5G application among 52% respondents surveyed in (The Mobile
Economy 2021, 2021). Introducing novel services puts speed of experimentation in the center
of business case modeling for communication service providers (CSP). Value hypothesis must
translate to product capabilities with short go-to-market time to gain competitive advantage.
System complexity requires all network segments (i.e., radio access, transport, core) to be
adaptable to the changing business demand. Providing small, iterative, frequent product
changes to customer is the merit of continuous delivery. The practice is widely used in business-
to-consumer (b2c) space. Its principle has much in common with the culture of intelligent fast
failures and reuses many techniques known from commercializing rapid innovations
(Czerwinska-Lubszczyk et al., 2022). When we replace end user of digital product with
business entity, the CD concept gets more sophisticated but still feasible to serve the go-to-
market time requirement.

Networks fall under the classical, and legislative, definition of critical infrastructure.
(Cybersecurity & Infrastructure Security Agency, 2020) identified 16 critical infrastructure
sectors, telecommunication networks among them, which are considered so vital to the United
States that their incapacitation or destruction would have a debilitating effect on security,
national economic security, national public health or safety, or any combination thereof.
(Presidential Policy Directive -- Critical Infrastructure Security and Resilience, 2013) called for
actions to secure communications systems due to the enabling functions they provide across all
critical infrastructure sectors. We found similar definition in (Communication from the
Commission to the Council and the European Parliament - Critical Infrastructure Protection in
the Fight against Terrorism, 2004). Regulatory requirements such as emergency call handling,
network coverage, service availability, are all in the center of CSP operations. Commercial
acceptance of major software change becomes highly restrictive process. This stands in
opposition to continuous delivery concept as we know it from b2c products.

Network infrastructure is also at the forefront of companies striving for extreme automation
and digitization. 4G and 5G allow building private networks for exclusive use by the
enterprises. This trend prioritizes improved security and privacy for mission-critical
communication.

The aim of this article is to review the studies which connect the realms of product
engineering and managing its commercialization. At this point, it is hard to say if existing
research base is enough to determine the recipe for industrializing CD concept in b2b
environment of critical network infrastructure. In the next section, we will look at the research
question supporting the goal. Next, the method will be presented describing repeatable data
collection protocol, bibliometric analysis, and own model evaluating research activity of
telecom software suppliers. The results will cover literature mapping and walkthrough of the
most influential groups of literature. This will be completed by the analysis of research work

affiliated with telecom software vendors. Discussion will highlight the focal points of the
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analyzed literature set. Finally, we will point out limitations of this work and wrap up future
research directions.

The originality of the material comes from looking at the scientific knowledge base through
the prism of actors at the customer interface, i.e., stakeholders responsible for the ultimate
delivery to the customer. Earlier literature studies focused on the applicability of CD models in

product organizations.

1.1. Research question development

Continuous delivery is a long-established practice in software industry. Often, as in (Stahl
et al., 2017), it refers strictly to activities in research & development (R&D) department.
Deployment to customer and release to end users happen afterwards (Johanssen et al., 2018)
classified CD as the core element of continuous engineering. More holistic definition appeared
in (Humble, Farley, 2010). The CD concept binds the phases of building, testing, and deploying,
for the end goal of delivering software more frequently. Continuous delivery, whether defined
as R&D process or a holistic delivery framework, is merged with technical, cultural,
and management aspects of the product development organization.

RQ: We will ask to what extent the CD research invite non-engineering topics driving
go-to-market strategies and operating models at the customer interface? This emerged from
observing the disconnect between continuous delivery capabilities in product line,
and the ability to commercialize such continuous value flow toward customer. Our context is

the b2b nature of critical networks software.

2. Method

Bibliometric analysis was performed to cover large set of literature positions ranging in
thematic scope (Donthu et al., 2021). Screening, inclusion and exclusion criteria, and data
cleansing followed recommendations from (Barends et al., n.d.). Mapping and reporting,
including use of tools, followed (Linnenluecke et al., 2020). The protocol was augmented with
selecting publications affiliated with commercial software suppliers. This step, if executed in
isolation, would have been highly biased and of little value. However, the goal was to verify if,
and how, telco vendors invest in continuous delivery research. This method combined the
realms of academic research and industry.

The search phrase had to be broader than the continuous delivery term to capture interlinked
terms such as continuous release, deployment. Wildcards (*, $) are used to account for lexeme
variations. Title, abstract, and keywords fields were analysed. Screening resulted in 9876

publications.
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Timeframe was limited to last ten years (2012-2022). Oztemel & Gursev (2020) provided

the synthesis of prior work, highlighting cloud computing as the key catalyst of new delivery

models. Software-intensive projects and customer aspects were the focus thus software and

customer phrases were explicitly included. Only proceeding papers, articles, and early access

publications were filtered. Categories irrelevant for the study were excluded, leaving subjects

of computer science, business, management, and operations research.

Table 1.
Data collection protocol
Web of Science Scopus
Search phase Da?aset Search phase Da.taset
size size
Initial screening
("contin*s deliver*" TITLE-ABS-KEY ( "contin*s deliver*"
OR "contin*s deploy*" OR "contin*s deploy*"
OR "contin*s releas*" 4244 OR "contin*s releas™*" 5632
OR "contin*s exploration" OR "contin*s exploration” OR "contin*s
OR "contin*s experiment*") experiment*")
(Topic)
Inclusion criteria
2012-2022 (Year Published) 2649 PUBYEAR > 2011 3313
AND PUBYEAR <2023
software OR customer (All Fields) 567 ALL (software OR customer) 1045
Document type: Document type:
e  Proceeding Paper, e  Conference Paper,
e Article, 566 e Article, 1007
e Review Article, e Conference Review,
e FEarly Access. e Review.
Language: Language:
e  English. >61 o  English. o84
Exclusion criteria
WoS Category NOT: Subject area NOT:
e  Computer Science e  Computer Science,
(and all its subcategories), e Decision Sciences,
e Telecommunications, e  Business, Management, and
e Business, 399 Acc.ountir.lg, 508
e Management, e Social Sciences,
e  Operations Research Management e  Multidisciplinary.
Science,
e Engineering Multidisciplinary,
e  Multidisciplinary Sciences.
Merging and duplicates removal
Data set size: 674

Source: own work.

Web of Science and Scopus results were exported to BibTeX files, converted to xIsx format

using the bibliometrix library of R Studio based on (Moral-Muiioz et al., 2020). Merging with
duplicates removal was performed in R Studio. The output xIsx file was sent to biblioshiny for

analysis and visualization.
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The final WoS and Scopus queries, last row of Table 1, were modified by one more
inclusion criterion to extract literature affiliated with major telecommunication vendors.
The subset included publications associated with Ericsson, Nokia, Cisco, and Huawei.

They are among the market leaders.

3. Results

The literature was dominated with conference papers (472 items), followed by articles in
peer-reviewed journals (159 items). The ACM International Conference Proceedings Series
along with The International Conference on Software Proceedings were the most used
conferences, while The Information and Software Technology by Elsevir was the top peer-
reviewed journal. Figure 1 presents the evolution of research space over time and its distribution

across four major sources.
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Figure 1. Major sources of continuous delivery literature.
Source: own work, biblioshiny software.
Jan Bosch, from Chalmers University of Technology, consistently co-authored high number
of publications, most of which were the case studies with b2b and b2c companies. As illustrated
on Figure 2, Helena H. Olsson was another key contributor and co-created much of the research

with Jan Bosch. The two Swedish scientists leveraged proximity of large-scale software
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organizations in automotive, telecommunication, and military defence sectors. The sequence of
their most relevant work started with the Stairway to Heaven model (Olsson et al., 2012),
the conceptual roadmap of transitioning software organization through the stages of continuous
practices, from integration, to delivery, and experimentation. The EMFIS model proposed in
(Martensson et al., 2017) defined a maturity assessment matrix. Its components were decided
based on interviews with practitioners from automotive and telecommunication companies,
Saab and Ericsson. An interesting detour from engineering practices was found in (Stéhl, Bosch,
2017). It proposed the Cinders framework which was the collection of recommendations for
documenting, investigating, and communicating about continuous integration and delivery
systems across the R&D organization. More recently, the group changed its focus to continuous
experimentation practices. The HURRIER process in (Mattos et al., 2020) came from the case
study in Ericsson. It provided actionable techniques in four groups of activities:

e Project management of incremental development in R&D organization resulted in better

availability of the software product.

e Internal product verification ensured end-to-end quality.

e FEarly validation was restricted to single customer, carefully selected based on customer

relationship.

e Final validation with multiple customers took place during gradual rollouts.

The HURRIER framework promoted early exposure to field issues and required customer
feedback to be embedded in the process. It incentivized shorter cycles of continuous
experimentation. Sceptics of such transformation should note that the case study took place in
the R&D of 4G product, key system of critical network infrastructure. A holistic view, called
the Controlled Continuous Delivery (CCD), was provided in (Dakkak, Bosch et al., 2022).
It connected success probability of continuous delivery adoption with type of customer
segment, and stage of product lifecycle. Only small group of innovators and early adopters was
likely to embrace high-frequency continuous delivery. The CD practice was believed to be more
business relevant in introduction and growth phase of product lifecycle. When product matured,

or even declined (e.g., 3G), it became less appealing to push for short CD cycles.
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Figure 2. Publication intensity of the key contributors over time.
Source: own work, biblioshiny software.

The bulk of publications co-authored by Bernd Briigge was found less relevant in the b2b
context. Higher education didactics, covered in (Alperowitz et al., 2016) and (Schmiedmayer
et al., 2022), remains outside this review’s scope but we should recognize its importance.
Having young engineers experience CD way of working during student assignments, will likely
ease CD adoption later when the graduates join companies or establish their own digital
businesses.
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Figure 3. Word cloud.
Source: own work, biblioshiny software.

A look at the word cloud on Figure 3 tells us that researchers see the DevOps concept closely
related with CD. Its strong presence in the dataset deserves explanation. In (Debois, 2008),
the author, by many considered the father of DevOps, called for a novel way of managing
software projects by integrating infrastructure work (e.g., setting up the underlaying hardware)
and operations work (e.g., supporting customer issues) into software engineering project.
Today, popularity of the DevOps concept makes it more than obvious that there should be
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a structured bond between development and operations. It was an emerging concept in 2008.
(Leite et al., 2019) provided systematic literature review in four dimensions: people
management, process and project management, product delivery, and engineering practices.
The authors mapped multiple concepts associated with DevOps culture, walked through the
toolset for achieving the required system architecture readiness, and pointed out implications
to organizational management and operations research. The interlinking of DevOps and
CD was evident in the definition developed by the researchers, i.e., understanding DevOps as
collaborative and multidisciplinary effort which enables continuous delivery of high-quality
software. (Claps et al., 2015) analysed not only technical but also social challenges when
adopting CD. In that case study, the authors were convinced about the need for future research

at the business level, to explore headwinds faced by customer during CD roll-out.
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Figure 4. Thematic map of the degrees of relevance and development maturity.
Source: own work, biblioshiny software.

Figure 4 informs us about the relationship between thematic clusters, their relevancy and
maturity. Centrality reflects the strength of relationships to other clusters. The higher centrality,
the more relevant something is across the research space. There were three themes,
with interaction to the rest of literature, stronger than the central devops cluster:

e Testing cluster made of continuous integration, software testing, and CI/CD pipelines.

e Design cluster with references to life cycle management, and agile project management.

e Architecture cluster including cloud computing, and software architecture.

The second dimension is the density which defines the strength of relationships within
a thematic group. The higher density, the more developed and mature something is. The design
and testing clusters were less mature (lower density) compared to the architecture theme as they
presented more basic terms. We may think of them as enablers, therefore appearing in most of
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the studies (high centrality). On the contrary, the architecture topic was classified as a motor
theme because of its maturity (high density) and its relevance (high centrality). Software
engineering cluster, including continuous delivery and agile, was the most developed group,
but less relevant for the rest compared with devops cluster, including continuous deployment.
Twenty-nine publications were left after filtering for Ericsson-affiliated work. They were
reduced to twenty after removing contextual duplicates i.e., follow-up studies which added

nuance on top of the original work.

release

deployment | teams

Figure 5. Heatmap of coding references in Ericsson-affiliated research.
Source: own work, NVivo software.

More than 60% of coded statements on Blad! Nie mozna odnalez¢ zrédia odwolania.
referred to testing, either exploratory with customer, or continuous integration. There was much
focus on embedding exploratory tests in day-to-day R&D work by promoting session-based
testing in development teams, and scenario-based testing with end users (Martensson et al.,
2017). Not only it improved the understanding of requirements, but acted as a catalyst of
frequent, short-cycle test rounds with customer.
That allowed cultivating continuous collaboration culture — important mindset element to start
talking about continuous delivery. Publications related to managing testing activities created
a sequence of proposals:

e The Cinders framework provided recommendations on documenting, investigating, and
communicating continuous integration pipeline system across R&D (Stdhl, Bosch,
2017),

e The EMFIS model was a maturity model, evaluating state of continuous integration
practices (Martensson et al., 2018). Any gap between developer’s perception and
process owner’s assumption was especially valuable to the transformation leaders.

o The TAS model (Mértensson, Stahl et al., 2019) had its roots in a classical test pyramid.

There are different stakeholders associated with each testing level (e.g., unit testing,



106

P. Godziewski

component testing, system testing). The model analysed their needs and recommended
how to adjust stakeholder management with outputs from various test levels.
The EXET framework (Martensson et al., 2021a) was about visualizing exploratory

testing outcomes and driving the corresponding enhancements in large-scale software

projects.
The MaLET model (Martensson et al., 2021b) provided step-by-step guideline on
improving exploratory testing through permission governance, competence

development, results distribution, and collaboration.

Finally, (Stahl, Martensson, 2021) pointed out that the test automation cannot be seen
as an end itself. The next level is to focus on the most strategic, impactful test suites,
with continuous benefit-vs-cost evaluation. The authors recommended investigating

corporate tensions which might hinder managing the organization in one direction.

Deep dive to coding references under Teams category, on Blad! Nie mozna odnalezé

zrodla odwolania., tells us that development and exploratory test teams are the ones most

covered

by research. What follows next,

i.e., customer support team lead and cross-functional teams, is the evidence of research efforts

expanding into non-development areas.

| teams

development teams
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team lead teams members  leader

single team release teams operations teams  different teams

team branches  team basis team awarene... support team

component teams

test team small team integratio... functiont.. finland-ba...
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team performance
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team collaboration

Figure 6. Heatmap of Teams codes in Ericsson-associated research.

Source: own work, NVivo software.

Table 2 presents the density of key coding references. Top five articles were the qualitative

case studies performed at Ericsson. All except one were the interviews with practitioners.
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Interviewees came from product line. In the most comprehensive campaign in (Mattos et al.,
2020) the researchers interviewed customer solutions manager, specialist typically part of sales
or pre-sales. All top five articles studied Radio Access Network product which is a common
characteristic with the rest of Ericsson-affiliated literature. (Martensson et al., 2021a) provided
the most mature structure of continuous delivery governance for all three mobile network
generations, i.e., 3G, 4G, and 5G. It is also one of the few publications that augmented
qualitative study with quantitative data. Performance indicators informing about CD process
were analysed along with quality management metrics such as the number of defects at various
development and delivery phases. According to the authors, customers willing to experiment
with new features, early in the product lifecycle, had the highest chance of successful
continuous delivery adoption. There were two other dimensions critical for CD transformation:
risk management (e.g., managing deliveries in a limited low-risk network cluster, often called
CD zone), and engineering excellence (i.e., development organization producing high-quality

frequent software candidates for immediate delivery to the CD zone).

Table 2.
Number of coding references in Ericsson-affiliated literature positions

Ttem Coding references
Customer | Delivery | Deployment | Release Teams Test

(Dakkak, Munappy et al., 2022) 33 2 8 10 5 1
(Issa Mattos et al., 2021) 19 1 8 10 3 7
(Mattos et al., 2020) 17 o 6 4 4 5
(Dakkak et al., 2021b) : 11 3 9 2 5 .5
(Dakkak, Bosch et al., 2022) 10 1 15 17 1 6
(Kasauli et al., 2017) 9 2 1 2 3
(Klotins et al., 2022) 8 15 1 5 13
(Dakkak et al., 2021a) 7 3 5 5 3 1
(Calikli et al., 2018) 6 3 21 28
(Stahl et al., 2016) 1 7 1 2 3
(Maértensson, Stahl, et al., 2019) 1 4 2 3 3 49
(Stahl, Martensson, 2021) 1 3 3 3 29
(Stahl, Bosch, 2017) 17 2 1 2 7
(Stéhl et al., 2017) 4 8 7 1 5
(Mértensson, Stahl et al., 2019) 1 6 _
(Martensson et al., 2021a) 5 1 1 20
(Martensson et al., 2018) 4 2 3 9 21
(Martensson et al., 2017) 1 10 54
(Maértensson et al., 2021b)

Source: own work.

Four articles were associated with Nokia Bell Labs, the telecom vendor’s research arm.
Two of them focused on security aspects during deployment phase (Martin et al., 2018; Combe
et al., 2016). They analysed new attack surface introduced by deployment automation tools
such as Docker, broadly used in CI/CD systems. Mijumbi et al. (2018) presented a model for
predicting number of defects from the patterns of story point completion. Practitioners however
may find such models too academic, and hard to apply in real-world software projects.

Grohmann et al. (2019) proposed a machine learning model deriving application KPIs from
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platform KPIs. While those topics brought value to R&D, they did not connect with customer

or commercial aspects of continuous delivery.

4. Discussion

We studied large set of academic work on continuous delivery with steady inflow of new
publications. Industry practitioners are supported with non-scientific literature as well as
plethora of academic papers, often published in collaboration with business. Systematic
analysis revealed most of the work to be centered around variants of continuous engineering
practices: continuous integration, continuous testing, continuous experimentation, continuous
delivery. When they are put in use in product development organization, they form iterative
sequence of managing software production: building, testing, deploying, releasing, and
delivering. Such value stream depends more on the R&D culture than organizational
productivity. This is why the research was highly coupled with Agile methodologies and
DevOps culture, while there was little to no connection with operational phenomena at the
customer interface. Both Agile and DevOps are critical forces shaping product line
organizations of today and enable adoption of CD. This work however is put in the context of
b2b delivery of critical network infrastructure products. In this case, R&D organizations rarely
deliver their output directly to customer, and they may have limited knowledge about operating
their product in the field.

We saw the language of literature dominated by the terms familiar to product development
managers and experts. This implicates that the insights were skewed towards engineering
processes and R&D organizations. Table 3 provides an exemplary mapping, which I developed
in the course of data analysis, to quickly gauge whether an article was anchored in product
development topics (e.g. engineering practices) or in business aspects (e.g. pre-sales, sales,

services, customer relationship management).

Table 3.
Product line (R&D) and business teams speak different language
Product line Business teams
Mindset — Agile, — Go-to-market strategy,
— DevOps. — Value-based selling.
— Engineering challenges (e.g., feature |- Customer opportunities (e.g., upselling).
development).
Project — Continuous, — On-demand,
management — Program management, — Project management,
governance — OPEX & CAPEX planning. — Topline and sales margin quality.
Tools, systems — Customer environment configuration, |— Type of customer environment,
— CD pipeline. — Digital delivery.
Practices — Requirements engineering (system — Customer engagement (technical pre-sales).
engineers).
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New product introduction,
Fault management.

Customer acceptance,
Care services.

— Release, — Planning services,
— Deployment, — Deployment services,
— Delivery. — Integration.

Source: own work.

In the analysis phase, we talked about multiple models for managing continuous
engineering flavors in product development organization. Those, derived from in-depth
interviews and case studies of b2b large-scale software companies, provide actionable
frameworks for R&D transformation leaders to drive continuous delivery adoption, at least in
product line.

RQ: to what extend does the concept of continuous delivery invite non-technical,
non-technological aspects which drive the actual delivery to customer? This review shows that
the continuous delivery concept is considered mainly an engineering practice. It is true for the
wide set of literature as well as publications associated with critical infrastructure vendors.
On the other hand, the state of CD in telecommunication software projects suggests we may
need to do things differently, to drive its adoption. To build upon existing knowledge base,
new research should ask how to connect product development organizations, already fluent in
continuous delivery practice, with customer frontend. Most recent academic work starts shifting

in this direction.

5. Summary

We reviewed the state of academic work on continuous delivery in the context of critical
infrastructure. Telecommunication sector requires software products of high architectural
complexity, consisting of many interdependent subsystems, delivered from software vendor to
communication service provider in b2b relationship. We started with three dimensions of
criticality in network infrastructure. Requirement for agility drives shorter go-to-market time in
consumer segment, giving CSPs competitive edge with higher throughput, better voice call
quality, and new 5G services. Public safety and regulatory institutions pay extra attention to
network reliability (e.g., five-nines availability). Security and privacy are the key business
themes for enterprises interested in private network solutions (e.g., factory automation, campus
networks).

Number of publications dictated the use of bibliometrics technique. First, we looked at the
relevant body of knowledge retrieved from Scopus and Web of Science. The second part was
to deep dive to academic work associated with telecom software vendors.

We looked at the literature review output through the lenses of author’s professional

experience. The focus of academic community has been on excelling continuous delivery
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practices in R&D. This is absolute pre-requisite to have product development capable of
delivering high-quality software packages in short cycles. Handful of studies touched upon the
processes associated with customer support, or product management. We concluded that
engineering practices, increasing the chances of successful CD adoption, were comprehensively
covered. Researchers may now pivot to specific types of software products (e.g., autonomous
vehicles, intelligent electricity grids, telecommunication) and what it takes to enable continuous
delivery in those b2b digitalization segments.

Future studies could develop in two directions. More questions about customer interface
will be useful. That means targeting pre-sales, sales, market teams, and the corresponding
practices, roles, organizations. Cross checking new findings with established opinions of the
product development community could reveal gaps in end-to-end operating models.

Models and recommendations, which we discussed, were mostly based on case studies.
Scientists with access to industry could increase the quality of research by employing
qualitative methods such as in-depth interviews and focus groups. Quantitative analysis will
require access to sensitive corporate data (e.g., installed base information, business value behind
product features, go-to-market time). Data completeness, due to lack of systematic data
collection mechanism in place, may limit its use. In this case, even partial data models could

enrich studies which typically miss measurable outcomes.
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1. Introduction

The A3 report constitutes a tool for solving problems of various range, and it can apply to
many areas of the company business. The tool is based on Deming's PDCA cycle — plan, do,
check and act with the purpose of an improvement. The report should be concise and contain
the most important information derived from the analysis of the company's problem. Over the
years, the report has undergone evaluations. Its format and PDCA steps have remained
unchanged, while the form and notation itself differ depending on the sources or the needs of
the enterprise. It is possible to upgrade the report to match the demand of a specific enterprise
(Mydlarz, 2018). This can be seen in the examples of tests carried out using the A3 methods:
A3 reports were included in the process improvement project in aircraft maintenance and repair
operations (Chakravorty, 2009) and the possibility of using the search method and effective
implementation of green innovations in the industrial transport of the company (Lenort, Stas,
Holman, Wicher, 2017).

The key issue in the A3 report is to effectively go through the designated steps —
find the root cause, eliminate it by means of appropriate means and supervise and correct
it if necessary.

Today's manufacturing companies face many complex problems. However, the term
problem should be understood here as the potential to improve staff skills, as well as eliminate
losses, and thus gain a number of business benefits. In order to properly achieve the above
benefits, it is most reasonable to use ready-made, effective solutions that guarantee
an achievement of the intended goal. This is what the A3 tool allows for — it indicates the right
way to proceed, assuming that the user understands each of the steps of the method. According
to research (see Piasecka-Gluszak, 2014), the A3 tool is used by 47.22% of respondents. Almost
half of them, i.e. 22.22% are large enterprises, followed by very large and medium enterprises.

The article focuses on the use of the A3 tool in an automotive company for a selected
production problem. There was also a polemic on the effectiveness of the method,

and in particular on the identification of certain practical principles that increase its success.

2. A3 as a narrative from problem to solution

The A3 tool was created at the Toyota factory. It owes its name to the size of a sheet of
paper — A3 with dimensions of approximately 297 by 420 mm that includes all information
about the problem that is reported: from the goal, compiled with the purpose of looking for the
cause and introducing corrective actions as well as validating the implemented solutions.

The A3 report was intended to be a clear checklist from the emergence of a problem to its
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resolution, which indicates that it is a comprehensive tool. The A3 report is referred to as
(https://leanpartner.pl/raport-a3/, 2022):

e areporting table or a report using the PDCA cycle,

e amental process occurring throughout the solution of a problem,

e aninteraction between the owner of a problem and rest of organization aimed at solving
the problem by adopting a common language and understanding.

Shook (2012) even mentions the process of managing through learning according to A3

rules. Thus, A3, in addition to the problem-solving function, has a much broader role, e.g.:

1. Developing employees' competencies — the activities emerging in the process often
require the group to engage, analyze on an extensive scale, use common skills and
cooperate in developing a satisfactory solution that meets the goal. It develops
competences of discussion, compromise, broad view of the process and problem,
imagination, presentations in projects and also work on data.

2. The A3 report provides information between people from the group solving the problem
and other employees — managers, executives (Kotodziejczak, 2020; Zmigrodzki, 2021).

3. An important role is attributed to A3 tools in supporting knowledge-based design,
including the creation of enterprise products (Mohd Saad, Al-Ashaab, Maksimovic,
Zhu, Shehab, Ewers, Kassam, 2013).

The idea of a report emerged as a method that combines two important management
processes: hoshin kanri (strategic management) and a problem solving aapproach.
On the macro-scale of the enterprise, hoshin kanri leads to the setting of operational goals and
activities in accordance with organizational goals of a higher order, on the micro-scale, at the
individual level, the formalized process of solving problems offers an organization the
possibility of continuous learning. The A3 process combines both of these scales (Shook, 2012,
p. 3).

The structure of the tool is clearly defined. Figure 1 shows a sample A3 report. As you can
see, it is divided into several sections, which is characteristic of this method. Each section and
its number plays a key role in the method. By following the order of the digits, a suitable way
of solving the problem is possible. The fields direct the user what to do in each step, allowing

for free transition to the next tools such as Swhy, process map or Ishikawa diagram.
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A3 Report
Title: Accident of machine X and unachieved shift plan
1. Information 5. Corrective actions
Date: 2022-05-24|End date 2022-06-01 Short-term action Long- term actions
Process |Welding Line LD1
Lider AG
2. Problem Description
i‘g}: M:mm’ TPMschedule - verification on machine 1A
at e . ,
o -
Unfulfilleddaily andweekly production plan - by 24% on average, 2,400 o ut of 10,000 were not produced [peratortraining Cychic cheking of the maciitie 1.Ordera new tool and get2 spare tools 2.
2 wna? controlsheet Changeover control for new operators 3. Cyclic
The problem conce ms the machine, operators, shift leaders, maintenance employees Machine failure results in inspections of machines by the Maintenance Office
3. Where? failure to implementthe full
Production line No. 1machine 1A shiftschedule. Machine 1Ais
4. When? outoforder- often theline is
The problems started on20.05 on the Ist shift and continued with varying frequency until 2405 stopped due toafailure
5. Why?
The plan is not implemented due tofailures onthe machine and afew hours of downtime - lack of efficency
6. How?
The problem was reported by the machine operators
7. Howmany? 6. Action Plan
The machin has an average of 1.8 hours of downtime per day f 2hifts 1. Activitis Responsibility START date  STOP date _ Priority
Check and correct the TPM schedule
3. Root cause analysis 1. on the machine R.Kowalski 24.05. 6.06.
2. Purchase of 2 new tools R.Kowalski 24.05. 6.06.
Manpower i Matastal 1. The main cause of failure on the Entering the tools into the UR
oorence  V e ! L ; N o N P
Change o machine Problem machine is a worn tool, which was not 3. register and into the inspection T.Brudziriski 06.06. 7.06. 4
L . ‘statement detected intime due to incorrectly 4. Training of operators 2 shifts D. Zimori 24.05. 26.05. 2|
performed TPM by the operator who 5. Training of operators of the 1st shift D. Zimor 24.05. 26.05. 2
Accident is a new employee. The tool, although 6. Leader control over the new operator Lider zmainy 24.06. 3|
of repaired, does not work properly, the 7. Cyclic inspection of machines by the Maintenance Of: R.Kowalski 1.06. 30.06. 4

machine waiting time for a new one is 2 weeks

7. Validation

. .
Method Measurement Productivity After corrective action
20052022 80% 25.05.202)|
Cause of accident of machine 21052022 76% 26.05.2022|
iz 22052020 89% 27.05.2022|
23052022 65% 28.05.2022|
24050000 70% 29.05.2022]

8. Continuous Improvement
1. Activitis Responsibility START date _ STOP date _Priority
1. TPM check on all machines across the plant UR manager 2022-06-30 2022-07-30 1
. . Implementation of the TPM checking schedule by the
UR manager

2. maintenance authority in the entire area 2022-06-30  2022-07-30 2

4. Goal/ Target

Organization of a summary meeting, retracing A3 from point 1 to point 8.
Thanks to the team!

Productivity at 98%/shift
Machine availability 95%/shift

Figure 1. Example of the A3 report.
The steps in the A3 tool are the folowing (Dobrowolski, 2021; Mydlarz, 2017; Sobek,
Jimmerson, 2004):

1. Information - i.e. the most important information about the examined problem in terms
of: process, area, start date of A3 and the person of the leader.

2. Description of the problem — this is the information that the group has at the time of
starting the activities — what, when, how a problem initiated happened, what are the
outcomes of the problem. This step utilizes the SW2H method.

3. Root cause analysis - one of the most important points in the report. All kinds of analysis
and observations should be made in this section. Tools such as the Ishikawa diagram,
Swhy, process map, brainstorming are utilized for this purpose. The output from this
section provides insight into the root cause of the problem, which, when properly
identified and removed, offer the means to permanently overcome the problem.

4. Goal — as each project, activity serve a purpose, and this is also the case with the report.
After defining the root cause, a goal should be set - measurable and clear for the whole
group, often consulted with top management. The goal may eliminate the cause
completely, but it is worth taking into account the cost of such elimination, often the
focus is on bringing the problem to the lowest possible negative impact, because
elimination is associated with a large financial outlay that the management may not be
able to afford at the moment.
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5. Corrective actions — both short - and long - term — both types of action should be
implemented. Short - term actions, i.e. preventing the recurrence of a problem:;
the simplest available methods, which last for a short time, because they will be replaced
by long-term actions - more expensive, requiring more organization and commitment,
but they are effective and meet the previously set goal.

6. Action plan - tasks should be properly assigned and supervised. Therefore, in section
six, there is a list for recording specific actions along with the planned implementation
dates and the responsible person.

7. Monitoring - supervision of progress in the report, implementation of activities,
updating statuses and progress towards the goal. Monitoring should be done by the
A3 leader.

8. Improvement and conclusions — following the diagnosis of the actions that were
implemented, it is time for revision and summary. The group asks itself questions about
what has been implemented successfully and what needs improvement both in the

implemented solutions and in joint work.

3. Application of the A3 tool in the production process based on a practical
example

3.1. Production process problem description

The process consists in installing components inside a twin-tube shock absorber.
A recurring problem led to considerable levels of scrap at the end of the process. The gasket
applied to protect the interior of the shock absorber and does interface properly with each
element, which affects the efficiency of damping during the operation of a shock absorber.

The fault is irreversible, so losses are generated that cannot be repaired.

3.2. Application of the A3 method for the problem: high level of scrap cause by
a defective gasket

The A3 methodology begins with a meeting attended by the staff affected by the problem —
1.e. the region’s manager, process and quality engineers, the leader of production, a maintenance
worker and a third party, usually an employee from the LEAN department. During the initial
meeting, the first two points from the A3 report were compiled — Problem identification and
description — in this case it was: the level of scrap shown in the chart, photos with defects on
the shock absorber, customer complaints and reports regarding the stalled production on the
line due to incorrect gaskets. All information was recorded by application of the SW2H tool.

At the first meeting, a series of meetings and the time frame for A3 should also be agreed.
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Then, a brainstorming session was carried out in the group was in order to answer the
question: “What do you think causes damage to the gasket?”. All potential causes have been
placed in the Ishikawa chart in appropriate places. The group then proceeded to GEMBA —
the source of the problem — to write down the ideas that would come up while observing the
process.

The following step involved categorizing the potential causes into three categories of
impact: large, medium, and small. Later, it was checked whether the indicated causes are well
protected from the point of view of the production system. The time of data collection and
analysis usually takes the longest time among all steps.

Once we are familiar with the root cause or several causes responsible, the time has come
is to define the goal. This is the right moment for this action, because on the basis of available
analyzes it is possible to estimate whether the problem is large and how much resources it can
consume. In this case, the goal was to reduce the monthly scrap to 0.02 per problem — faulty
gasket and zero reported complaints from the customer. The root cause turned out to be an non-
conforming tool applied in the machine. The tool was purchased several years ago. The problem
was not detected because the machine was operating properly, no errors were noted in the
system, and what's more, TPM (Total Productive Maintenance) was performed suitably,
1.e. one of the elements of lean manufacturing, whose task is to ensure maximum availability
and efficiency of the production equipment owned (machines and devices). Introducing a new
range of shock absorbers, seemingly similar to others, the tool required modifications and
changes in the parameters of the machine. In the subsequent stages, on short and long term
actions need to be performed. The following short-term actions have been identified:

— short-term production halt of the parts listed on the assortment that included the gasket,

— operator training with regard to the adequate TPM on the machine,

— reporting all problems on the specific machine that was used to install the gasket.

Long-term actions include designing and purchasing the correct tool, adding a new program
to the machine and installing sensors that provide a warning in the future in case the tool does
not fit in a given shock absorber model. Changes have also been performed to the
documentation for new launches in order to check and confirm that all parts of the machine are
compatible with the specific shock absorber. The process engineer and the maintenance
engineer were identified as responsible for the original analysis. The dates completion and have
been identified and responsible individual agreed. The implementation of the longest task was
estimated at 4 months.

Until the completion of the final task, the schedule of short-term actions was followed.
The team leader met on a weekly basis to check the condition of the machine and the verify the
progress of the operators. The leader monitored and communicated to the team the
implementation of the goal, which indicated a decreasing trend in the amount of scrap and
a 0 level of complaints counting from the moment of implementation of the action.

After 4 months, a new tool and sensors were installed and training was carried out.
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Finally, the assumed goal was achieved. A point of checking the operator's knowledge
regarding the damaged gasket, causes and actions taken, as well as TPM verification, was added
to the layered audits.

The last step was a final meeting with attending the top managers where a summary was
offered to the whole team, based on the A3 report, so that the story with the gasket could be
traced and the path the team took to achieve the assumed goal. Each step in the project was
recorded in the A3 report by the leader (Krol, 2021).

4. Evaluation of effectiveness of A3 tool in the process of problem solving

4.1. Evaluation criteria

The application of the A3 tool for the problem specified above turned out to be the correct
approach — as the goal was achieved, and the problem was successfully solved. However,
this is not always the case. During the process of solving a problem with A3, we may have to
do with many obstacles, such as in the case when the problem that is too complex, a solution
that consumes too many resources — it is unprofitable, the staff fluctuations occur.
The effectiveness of the A3 report in the problem-solving process can be considered in the
following categories:

— establishing the root cause,

— goal fulfillment,

— 1implementation of the action plan,

— problem solution within a given period.

From a business point of view, these are the four key tasks in the A3 method.

1. Establishing the root cause is defined on the basis of binary criterion: 0-1, i.e. “YES” or
“NO”. When it is known that the root cause has been found — in such a case after the
corrective, long-term actions are introduced, the goal is fulfilled — the problem should
never appear again.

2. Goal fulfillment — it is defined as — “yes” or “no”, i.e. also the criterion: 0-1; specific
information should be given as to why the objective has not been met.

3. Implementation of the action plan — defined as “yes”, “no”, as well as “partly achieved”,
i.e.—0.1 or 0.5. There are two cases of implementing a partial plan — the profitability of
actions or external factors over which no one has any influence. The final decisions are
most commonly carried out by the chief managers, as they base their decisions on
reliable data prepared by a team headed by a report leader. The action plan directly

affects the implementation of the goal.
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4. Solving the problem within a given time frame — it can be defined as “yes” or “no”,
which also uses the binary criterion: 0—1. Often the implementation depends on external
subjects, therefore the time of resolution may be postponed. If A3 cannot be completed
in time, this should be supported by specific reasons.

Table 1 presents details of the effectiveness of the A3 report, taking into account all the
criteria along with external risk, such as: lack of availability of raw materials on the market,
closing of companies that support the infrastructure in a given enterprise, low profitability from
operations, staff changes affecting the implementation of the goal established in the report
(Sutkowski, Wolniak, 2013).

Table 1.
Criteria of effectiveness of A3 report

Criteria of effectiveness YES (1) NO(0) PARTLY(0.5)
Establishing root cause

Goal realization

Implementation of action plan

Solving the problem in a given time frame
Total 4
Total in % 100%

— | = | = | —

4.2. Evaluation of effectiveness of A3 report for high scrap level caused by the faulty
gasket

A summary of the evaluation criteria can be found in Table 2. Table 2 presents the details
of the effectiveness of the A3 report method for the problem analyzed earlier: high level of

scrap generated by the faulty gasket installed in the shock absorber.

Table 2.
Effectiveness of A3 report
Method effectiveness
High effectiveness 100% - 80%
Modertate effectiveness 79% - 50%
Low effectiveness below 50%

The requirements specified in the report were fulfilled, short - and long - term activities
were executed within the agreed time frame, without major complications from the outside and
the management's disapproval of profitability. However, in most cases there are major or minor
issues involved. Table 3 evaluates six A3 reports that were carried out at three manufacturing
companies over a period of 1.5 years. The ranks of the problems as well as the goals were

varied.
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1. A3 P3/P4 — two A3 reports related to high failure rates of machinery at two different
production centers. An attempt was made to solve the problem using method A3,
due to the complexity of the problem. Failures occurred at unique moments of operation,
regardless of who operated it and what assortment was produced (serial production).
The failure rate led to a decrease in productivity, and thus unmet customer orders —
and the resulting losses that were generated. The group working on the issue included
individuals directly involved in the process as well as engineers and specialists from the
maintenance department. A3 followed two paths — the problem required immediate
action as well as the complete elimination of the root cause, which had to be found.
In P4 the problem was revealed to be so complex that the production was moved to
another machine, for which the workshop immediately added tools for a specific
assortment. Thus, the occupancy on the next machine was too high, work was started
on weekends, as a result, 100% of the production plan was not provided at the output.
It was one of the key actions to stem the problem. The root cause could not be estimated
to a 100% extent since the machine was so old and worn that the external service was
unable to clearly determine the reasons responsible for so many failures in various
places on the machine. The management decided to purchase a new machine, but the
waiting time after the pandemic and the long waiting time for parts turned out to be
long: 3-4 months of machine production and time for validation and training. As a result,
all steps A3 were performed, the involved team worked to resolve the problem,
but the machine could not be restored to its original state. The production plan could not
be implemented even in 70%, which resulted in the cancellation of orders and a financial
penalty imposed on the company. In A3 stage P4, the assumed action plan was
implemented, while the project was postponed due to parts that had to be re-designed
and ordered. Ultimately, the production plan was generated, failures were removed and
normal productivity was restored.

2. A3 P2 —in this case of A3 analysis, the problem was related to the high level of quality
errors that were revealed at the stage of final inspection on the assembly line. The project
started in a standard way: the team was assembled, data collected, the Ishikawa diagram
was produced and the area with the greatest impact was determined, followed by the
stage of verifying the points indicated in the Ishikawa diagram began. The main reason
was the lack of repeatability of the operations performed on the assembly line.
After presenting the results of the first analysis and brainstorming in the team —
what actions need to be taken, the management stopped A3 when it was already known
at this stage that it was necessary to purchase new software to supervise the operator's
work and force a specific step to be taken. As this turned out to be a very expensive
project, the company could not afford such an expense. The documentation and the

A3 report were saved, activities were suspended until further notice.
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3. A3 P5/P6. The reports related to less serious problems than the above, they were
a related to a need to decrease the level of scrap on a given range of products. Finally,
the problems turned out to be eliminated quickly — as the root causes were:
low awareness of operators, mainly foreigners - lack of records in the training matrix
(what the training of new employees should look like), lack of complete documentation
in different languages and a new foreman who did not control the level of scrap.
The activities were limited to training, supervision over employees who do not speak
fluent Polish, in some places substitute employees were needed. As a consequence of
this, they increased their skills in the skill matrix. The foreman was given clear
guidelines on their responsibilities. The action plan was divided into smaller tasks with
a relatively short execution time, not everywhere it was possible to complete the tasks
on time. In particular, where provisions standardizing the process were added —
approvals had to be gained from all departments and corrections were to take a long
time, but it is necessary according to ISO 9001.

In summary: where the goal is achievable (the company can afford various solutions,
is open to new technologies, implement changes) A3 constitutes a very suitable tool.
The problem arises when, in the analysis, the root cause turns out to be a big problem that the
company is unable to “overcome” issues such as lack of resources, inexperienced employees,
reluctance to a different concept, etc. A3 is executed correctly, according to the assumption,
but it cannot be rated high when the goal cannot be achieved. Often the work that needs to be
done in connection with the analysis of facts, observations, meetings, supplementing the report
turns out to be partly a waste of time - the only benefit is to obtain data and draw conclusions —

the root cause, but the problem will not be solved, it has not been implemented purpose.

Table 3.
Effectiveness of A3 method - evaluation
Reports A3 P1 A3 P2 A3 P3 A3 P4 A3 P5 A3 P6
Effectiveness of methodology 100% 25% 88% 63% 75% 88%

Figure 2 presents the details of assessment of the effectiveness of the A3 tool based on
6 reports prepared over 1.5 years for 3 different companies. 50% of reports were successfully
completed, assumptions were met and all action plans were executed on time. 33% of the
reports showed moderate effectiveness, i.e. one of the criteria was not met. Most often,
these were not performed all activities or exceeded the time of task implementation, most often
for external reasons. On the other hand, 17% reports were performing poorly. These were those
in which the root cause was not found correctly, and thus the problem was not solved correctly

(the goal was not met), despite the fact that the long - and short-term action plan was met.
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Effectiveness assessment 6 A3 reports

SO
33%
OHigh efficiency OModerate effidency OLow elficiency

Figure 2. Assessment of effectiveness of A3 report in per cent.

5. Conclusion

The article reported the study concerned with introducing the principles of using the
A3 tool, and presented a problem faced by a company that was solved using this tool.
The assessment of the effectiveness of the tool formed an important element of the article.
Therefore, the effectiveness of the implemented changes can be said if the progress is properly
monitored. The effectiveness of the action should be visible in process indicators. Achieving
an improvement in a short time does not prove anything - only the improvement of the process
parameters in the longer term may indicate that the changes actually brought the expected result
and translated into an improvement in the quality of work (the so called Voice of the Process)
(https://3iconsulting.pl/blog/raport-a3/, 2022). This will also allow you to build a learning
organization and present the resulting project in teams as part of the Lessons Learned process.
This leads to the A3 template being useless without thinking (Flinchbaugh, 2012). The strength
of the A3 report comes from the mindset required to implement A3 (Sobek, Smalley, 2008).
Understanding thinking according to A3 offers the means to investigate the tool broadly and
promote actions based on adequate procedures that include its use. The indicated and discussed
effectiveness assessment criteria also allow for a structured process of educating company

employees in solving problems.
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Purpose: The publication cancers one of problems related with safety in mining industry -
the marking of escape routes in mining excavations. A review of literature on the subject and
applicable legal regulations and standards, and authors’ study on the subject covering use of
color-lighted signs created by them are presented.

Design/methodology/approach: Literature studies were conducted: 1) to identify methods and
findings in researches on marking of escape routes, described in scientific publications; 2) to
define the requirements set out in legal acts and standards. The field study of the marking of
escape routes was carried out in a training mine gallery in which there are conditions reflecting
the real ones in underground mining excavations. The observations and questionnaire research
were conducted during a training of a group of 20 professional mine rescuers. The following
variables were set for the experiment: distance (5, 10 and 15 m), color (white, green, blue, red),
shape (square, arrow).

Findings: The article presents the results of pilot test in the field of the marking of escape routes
in mine excavations. Different colors and shapes of the signs, and different distances of
observation were taken into account. White color was found best to assure signs detectability
but least appropriate if shape identification is required. Red and green colors were indicated as
recommended if the shape identification is the evaluation criterion.

Research limitations/implications: The research was dedicated to the underground mining
industry, but can be adapted to other working sites where the evacuation takes place in similar
conditions (lack of visibility and smoke).

Practical implications: The research revealed among others that: 1) Polish regulations do not
imply detailed rules as regards signage of escape routes in underground coal mines, which gives
floor for development of new concepts and designs, 2) it is possible to propose color-lighted
signs for effective marking escape routes in underground coal mines.

Originality/value: The publication contains the original results of pilot test in the field of the
marking of escape routes in mining excavations, and they can be addressed to persons managing
mining plants and managers of mining supervision authorities.

Keywords: safety, evacuation, escape routes, underground mining, mine rescue.
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1. Introduction

Depending on a hazard that occurred at a workplace, evacuation might be necessary. Proper
marking of escape routes with signs indicating the way and exits is crucial for effective
evacuation and thus saving people’s health and lives. Design (features) of signs used and their
placement are among factors that affect wayfinding during evacuation. Visibility of signs has
to be assured in all foreseen conditions, including poor light, lack of light, presence of smoke.

Signs dedicated for marking of escape routes are classified as ‘safety signs’, and the later
ones are covered by regulations, standards and guidelines at national, European and
international level.

Standardization of safety signs is a subject of: ISO 7010:2019 (introduced in European
Union as EN ISO 7010:2020, in Poland as PN-EN ISO 7010:2020) in which safety signs for
the purposes of accident prevention and fire protection are prescribed; ISO 3864-1:2011 and
ISO 3864-3:2012 in which relevant design principles (applicable also for developing new safety
signs) are established. The assumption followed by the standards developers was that when
there is risk to people, both under ordinary circumstances (e.g. carrying out work in conditions
typical for a given workplace) and during emergency situations (e.g. occurrence of fire),
providing safety information that relies as little as possible on the use of words, contributes to
people’s safety due to quick understanding of the information conveyed (PN-EN
ISO 7010:2020, Introduction). In these standards, the following definition of ‘safety sign’
(established in ISO 17724:2003) is applied: a sign giving a general safety message, obtained by
a combination of a color and geometric shape and which, by the addition of a graphical symbol,
gives a particular safety message.

In standard ISO 16069:2017, rules regarding location of safety signs are established.
E.g., following the rules, low evacuation signs are placed on the floor or slightly above the
floor, while high evacuation signs are placed at the ceiling height or no less than 1,8 m from
the floor level.

Obligation of employers to provide safety signs where hazards cannot be avoided or
adequately reduced by preventive measures or procedures used in the organisation of work is
established by a directive on the minimum requirements for the provision of safety and/or health
signs at work (Council Directive 92/58/EEC). In Poland, obligation to use safety signs is stated
in a regulation on general occupational health and safety regulations (Rozporzadzenie Ministra
Pracy i Polityki Socjalnej z dnia 26 wrzes$nia 1997 r. ...). According to §6 of this regulation,
places in the workplace where there are hazards to workers should be marked with visible colors
or safety signs in accordance with the requirements set out in Annex 1 of this regulation and in

the Polish Standards. Examples of the requirements established in the Annex are:
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e safety signs (classified into groups: prohibition, warning, mandatory, escape and in-
formation signs) should be used as permanent signs (§4),

e escape routes, properly market with signs, have to be provided covering all rooms of the
building where workers may be present, allowing workers to escape quickly to an open
space (§9),

e safety signs should be placed: 1) taking into account the line of sight, 2) directly at the
place where a hazard exists or in the immediate vicinity, 3) at the entrance to area where
a hazard exists (§9),

e the place where safety signs are located should be well lit, easily accessible and visible.
If the signs are located in a place with insufficient daylight, the place should be
illuminated by electric light or signs made of or covered with a material having the
ability to emit light after the removal of the light source should be used (§9).

As regards escape routes, according to standard PN-N-01256-5:1998, they can be marked:

1) only with photoluminescent evacuation signs, 2) only with illuminated evacuation sings or
3) with use of both types of signs. Photoluminescent signs are suitable for areas with a regular
source of light, as the light will 'charge' the signs. [lluminated signs are recommended in areas
where escape routes at which there is no daylight or artificial light for extended periods
(therefore charging of photoluminescent material wouldn’t be secured). In the same standard
also other rules to follow during placement of safety sings on escape routes are provided.
The signs should preferably be placed at a height of 150 cm from the ground. If the signs are
above the escape route, they should be placed at a height of at least 200 cm, perpendicular to
the direction of movement of the people being informed about the direction to the exit of the
escape route. If this requirement is not met, signs of an extra size should be placed. Signs placed
low should not be more than 40 cm from the floor. Additional marking - allowed by the standard
- that can be introduced on the escape route, are yellow-black stripes made of phosphorescent
material. Black and yellow striped tape, as well as underlays of phosphorescent material can,
among others, facilitate the identification of doors in rooms and on escape routes, provide
information on the direction of evacuation or mark obstacles on the road (constrictions,
depressions, pillars).

Each evacuation action is individual. There might be a variety of combinations as regards
conditions and situations, human reactions, behaviours and abilities (psychical and cognitive)
(Chan et al., 2012; Duarte et al., 2014; McClintock et al., 2001; Wang et al., 2021; Zijlstra
et al.,, 2016, Grodzicka et al., 2022). This makes proper marking of escape routes more
challenging than it might seem, and thus the issue has become a subject of many researches.

The publication presents an experiment concerning the marking of escape routes in
underground excavations along with the implications from the research. The experimental
research was preceded by literature studies on the marking of escape routes. Specially designed
mining excavations (lack of visibility, smoke conditions) were used for the research — a training

mine gallery located in the Central Mining Rescue Station S.A. in Bytom (CSRG). Literature
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studies were conducted to identify the methods applied in studies regarding evacuation route
markings and their findings, described in scientific publications, the requirements contained in

applicable legal acts and recommended technical standards.

2. Signage of escape routes — overview of researches on the subject

Researches on signage of escape routes include among others: experiments in real
conditions or sites imitating them, e.g. (Fujii et al., 2020; Galea et al., 2017; Jiang, F et al.,
2020; Kim et al., 2022; Ronchi et al., 2018); experiments with use of VR, e.g. (Chen et al.,
2020; Guilei, 2020; Huang et al., 2021; Kubota et al., 2021); collecting data with use of eye-
tracking solutions, e.g. (Chen et al., 2020; Guilei, 2020; Huang et al., 2021; Ding et al., 2022);
collecting data with use of a questionnaire, e.g. (Chan et al., 2012; Galea et al., 2017; Galea
et al., 2014; Xie et al., 2012; Ronchi et al., 2016); application of mathematical models,
e.g. (Huang et al., 2021; Liu et al., 2011; Yuan et al., 2018; Yuki et al., 2005; Wan et al., 2021;
Zhang et al., 2017). As regards the sites for which the studies are carried out, these include
among others: buildings — corridors, e.g. (Jiang et al., 2022; Kim et al., 2022; Huang et al.,
2021; Ding et al., 2022; Wong, Lo, 2007; Olander et al., 2017); tunnels, e.g. (Ronchi et al.,
2018; Xie et al., 2012; Higgins et al., 2015; Fridolf et al., 2013); public spaces, e.g. (Galea
et al., 2017; Chen et al., 2020; Wan et al., 2021; Zhang et al., 2017; Jeon et al., 2019; Zeng,
2011). Findings of the studies — among others - establish what signs (type, design) should be
used; in what way the signs should be installed (located); how the way in which escape routes
are marked affects evacuees’ actions, behaviours and evacuation speed (Guilei, 2020; Huang
et al., 2021; Kubota et al., 2021; Xie et al., 2012; Yuan et al., 2018; Wong, Lo, 2007; Jeon
et al., 2019; Bae et al., 2021; Filippidis et al., 2006; Fu, Liu, 2020; Fu et al., 2019). As regards
the signs, there were mainly two types used in the studies: showing emergency exit and showing
in which direction to go to the emergency exit. Modified versions of the standardized signs,
were used in some of the studies. Smoky conditions are taken into account in studies described
e.g. in the following papers (Fujii et al., 2020; Kim et al., 2022; Ronchi et al., 2018; Yuan
etal., 2018; Yuki et al., 2005; Fridolf et al., 2013; Jeon et al., 2019). Further, some of the papers
on the subject are discussed in a more detailed way.

According to (Guilei, 2020), the best way for placement of exit signs to maintain their quick
discovery and identification is at the height of 1 m on the front of the observer’s line of sight.
In (Bae et al., 2021), height of vertical installation of a sign ranging from 30 cm to 270 cm (with
interval of 30 cm) and its observation carried out at 10 m distance was a subject of a study
regarding signage at a T-type indoor intersection, and the signs considered were arrows
indicating direction: left and right. Decision-making time (DMT) was the criterion of

comparison. It was found that the highest DMT was for low installation location, and to obtain



Marking of escape routes..... 133

good results the sings should be installed higher than 120 cm on the same horizontal side as the
arrow direction, and more than 210 cm in the middle of the wall in any other case. Research
presented in (Huang et al., 2021) revealed that hanging sings had lower perception rate but at
the same time also lower average perception time than wall signs. As it is stated in (Filippidis
et al., 2006), the horizontal observation angle should not exceed 85° , otherwise the sign will
be practically invisible.

Authors of (Jiang et al., 2022) focused on design of evacuation signs. They carried out
experiments - in reality and with use of MR (Mixed Reality) - covering emergency evacuation
at a corridor (T-junction type) to find out: 1) what kind of signs are best in terms of attracting
attention of evacuees and 2) what are relations between design of evacuation signs and
evacuee’s decisions regarding escape activities. Each type of experiment (i.e. in real and in
virtual world) consisted of 5 sub-experiments — separate for 5 types of evacuation signs that
were used. The signs had different features (background-foreground): black-green, green-white
(3 variants: with and without flashing, and with a red X-mark — to indicate that escape in given
direction is prohibited), red-white. Evacuation signs with a black background, green foreground
and flashing lights were found as most effective in terms of providing guidance to evacuees.
A reverse use of the same colors, i.e. green background and black foreground of sign was
proposed in (Chen et al., 2020). The other combinations of colors for safety signs examined in
this study were (background-foreground): red-white, yellow-black, and blue-white.
The experiment was carried out with use of VR and eye-tracking.

Typically, evacuation signs inform in which direction and through which exit to go.
The message conveyed is positive (‘do it this way’). In papers (Olander et al., 2017; Olander,
2015) the focus is on emergency exit signs aimed at dissuading evacuees from using a particular
exit door. The data were collected with use of a questionnaire. It was found that a good way to
obtain an effective dissuasive sign is to negate its positive counterpart. In the research, adding
ared LED X-mark across the whole sign was applied. Also adding red flashing lights next to
the sign (in immediate proximity) was found as effective solution to increase its effectiveness.
Affecting the considered urgency by the red color was provided as the explanation. In the study
mentioned earlier — in the paper (Jiang et al., 2022), two dissuasive signs were also used.
They obtained relatively low scores. As the cause, it was indicated that — as opposed to the
dissuasive signs used in the experiment - generally people encounter the standard evacuation
signs (in buildings and other places) and that transmits into natural understanding and
acceptance of their meaning. Implementation of a negative sign was also one of elements
covered by a study presented in (Galea et al., 2017). The findings proved that it is possible to
design a dissuasive sign that in a clear way indicates that an exit route can no more be used.
Four designs of negated signs were proposed, out of which one was found clearly understood
by 92% of respondents (sample 311 persons). The following percentages were obtained for the
other three sign designs - respectively — 83% (sample 312 persons), 63% (sample 311) persons,
78% (sample 295 persons).
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Positive effect of adding of flashing lights to a sign was also supported by studies presented
in (Ding et at., 2022; Ronchi et al., 2016; Nilsson, 2009; Yasufuku et al., 2017; Nilsson et al.,
2005). Adding dynamics to a sign by incorporating flashing components was also a subject of
research in (Galea et al., 2017; Jiang et al., 2022; Ding et al., 2022; Galea et al., 2014; Fridolf
et al., 2016). For the application of flashing in signage system, its positive impact on evacuation
was demonstrated. As regards color to be used, green — being commonly associated with
guidelines, actions etc. that contribute to safety — is suggested. An experiment on participants’
associations regarding colors, in context of emergencies presented in (Nilsson et al., 2005)
covered several colors: green, red, orange, yellow, white and blue. The findings confirmed
considering green as related with safety, and red — as related with danger. For the other colors
it was concluded that in case of white and blue no distinctive associations were identified, while
for orange and yellow association with warning was indicated. Adding of a lighting installation
to a signage system to reduce or overcome problem of low or lack of visibility of signs was also
a subject of research presented in (Cosma et al., 2016). In the studies, LED stripes, giving green
light were used and located along the evacuation routes in smoke conditions in railway tunnels.
Experiments (carried out with use of VR) confirmed that such solution has positive impact on
way-finding.

A critical review of studies carried out on relations between visibility of emergency signs
and walking speed in smoke-affected areas is presented in (Fujii et al., 2020). In the research,
mostly Japanese researchers’ publications are covered, including those dating back to 1970s,
e.g. (Jin, 1970). In the same paper the authors present their own experiment within which
measurements of walking speed under different conditions in an experimental corridor
(resembling building corridors) were carried out. The conditions were varied by combinations
of the following parameters: 1) presence of a lit emergency exit sign (installed or not), 2) smoke
density (four levels), and 3) lighting (ceiling lights switched on or off). Ten men and ten women,
aged 21-25 years, with no mobility or vision limitations participated in the experiment.
The used exit sign complies with ISO 7010:2019. In total 130 tries (realizations of the procedure
established for the experiment) were carried out. A thorough analysis of the data collected and
conclusions are presented in the paper. E.g. the study revealed that: 1) for smoke density of
1,5 I/m in an illuminated corridor, the walking speed was higher when the lit emergency exit
sign was installed, 2) for each smoke density the walking speeds in a corridor with the installed
sign were lower under conditions of no illumination. The study confirmed that the higher smoke
density, and the higher distance from the sign, the lower its visibility is, which is more
distinctive under no illumination.

Authors of (Yuki et al., 2005) raised that when evacuation is carried out because of fire,
not only lighting and obscuration by smokes affect visibility of emergency signs, but also
another phenomena - adhesion of smoke both to the signs (their surface) and to the sources of

light. They also proposed a calculation model of target luminance in fire-smoke taking into
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account smoke adhesion and argued that its application should contribute to better designs and
planning as regards exit signs addressed for evacuation in case of fire.

General conclusion related to the studies discussed above is that there is no ‘best solution’
as regards signage of evacuation routes. Each of the researches was carried out in an individual
way in terms of a combination of: objectives and criteria, methods, locations and evacuation's
circumstances. In addition to individual circumstances at the area for which signage system is
to be developed, while selection of signs and their location on the evacuation routes, it has to
be taken into account that each sign is a part of the whole es-cape system that has to be effective,
which was raised by authors of (Fu et al., 2020). Another conclusion is that a number of
researchers proved that implementation of own ideas as regards design of signs and their
installation may bring good results as regards evacuation.

In underground coal mines, fire may be caused by a number of causes, including
shortcomings in safety culture (Stanczak, Kaniak, 2021). During evacuation from fire-affected
areas — similarly as in case of surface sites (e.g. buildings), tunnels (e.g. road tunnels, subway
tunnels) — lighting conditions (including darkness) and smoke that affect visibility of signs are
also present. However, it should be underlined that in a coal mine, the marking of evacuation
routes is addressed to a very specific group of evacuees, i.e. coal miners and mine rescuers.
There is little publicized as regards marking of evacuation routes particularly in underground

coal mines.

3. Marking of evacuation routes in underground coal mines

The two main methods used to aid evacuees in coal mines are: signage and lifelines.

Coal mines signage evacuation routes in a variety of ways. Typically, metal boards with
textual and/or graphical (e.g. an arrow) information are used. As Meij (Meij, 2020) raises,
use of signs is a cheap way to effectively inform on evacuation routes in good visibility
conditions. In smoke, their visibility deteriorates, which is even worse if the signs are not
properly cleaned from dust, smoke etc.

A lifeline (Figure 1) is a line on which there are mounted spatial objects that are a tac-tile
signal — e.g. cones, spheres, and cylinders that can be felt with the hands and recognized in
darkness. These objects and their configurations have concrete meaning as regards giving
instructions that direct/guide evacuees (Meij, 2020; Onifade et al., 2022; Badura et al., 2017,
Badura, Musiol, 2015; Gaab, 2019).
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Figure 1. A lifeline installed in a coal mine roadway.

Source: CAB Lifeline.

A condition for effective use of lifelines is locating them (‘reaching them’) by evacuees,
which might be difficult to meet when visibility is low e.g. because of smoke, or in darkness
(Gaab, 2019; Martell et al., 2020). An experiment (in a dark, smoked laboratory chamber) to
find out whether use of self-illuminating lifeline can be a solution to this problem was presented
in (Martell et al., 2020). In addition to a traditional lifeline, three color variants of self-
illuminating lifeline were used: red, green and blue, and tested in terms of: 1) visibility, 2) color
recognition. Based on the study, the red color was rejected — the red-lighted lifeline was
detected only in 6,66% of trials. Blue color was found the best in terms of visibility (100% of
cases), but the color identification was relatively poor (6,67% of the cases). The green-lighted
lifeline was detected in 90% of cases, and the color was recognized in 36,67% of the cases.

The traditional rope was missed (not found in the smoky conditions) in all the cases.

4. Marking of evacuation routes in underground coal mines —
legal background

Lifelines are mandatory in coal mines in the USA, which is laid down by §75.380 of federal
regulation (Code of Federal Regulations. Title 30...), while there is no mention on them in
European directive (Council Directive 92/104/EEC). According to the federal regulation,
there are five types of tactile signals on lifelines: directional cones (indicating the direction to
go outside), a coil to indicate a refuge chamber, two sets of double cones to indicate a self-
contained, self-rescuer (SCSR) cache, two directional cones in a row to indicate a branch line,
and a ball to indicate a personnel door. The fireproof cord of a lifeline has to be also marked
with reflective material every 25 ft (7,62 m). Lifelines are not a subject of regulation in the
European Union.

In the USA, signage of escape routes is also a subject of the federal regulation (Code of
Federal Regulations. Title 30...) provisions of which (§ 57.11051, § 75.380) indicate in that
easy to notice and read signs must indicate escape ways in a clear way. In the European Union,
according to Council Directive 92/104/EEC (point 9.7), the sings used to indicate emergency
routes and exits have to comply with Council Directive 92/58/EEC. Provisions of the later

directive state in particular that a safety color of signs providing this kind of information
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(i.e. escape routes and exits) is green. To inform about danger and prohibited actions, red should
be used.

In Poland, a regulation (Rozporzadzenie Ministra Energii z dnia 23 listopada 2016...)
provides general requirements for familiarizing employees with information on hazards, the
designation and marking of escape routes, the organization of rescue and first aid. § 475 states
that escape routes should be determined by the mine operations manager and properly marked
and equipped with a system allowing identification of the direction of withdrawal in case of
lack of visibility. None of the provisions states that requirements established by Polish

Standards should be followed when marking escape routes.

5. Method

A study on the applicability of lit signs for marking of evacuation routes where dark-ness
and smoke are present was carried out. The research included an experiment within which
participants observed sample lit signs in conditions imitating smoked coal mine gallery and
expressed their opinions on their visibility related with the color and shape. The observation
was carried out at 3 distances from the sign: 5 m, 10 m, 15 m. The opinions were collected with
use of a questionnaire. In the questionnaire, a 5-point Likert scale was used. By assigning
a score, respondents expressed how strongly they agree with the statement, that the given sign
in the particular color is highly visible. Also talks regarding the perceived visibility of the signs
in terms of shape identification took place, however these did not have a form of a structured
interview.

The experiment was carried out in a training gallery of the Central Mine Rescue Station
(CSRG) in Bytom (Figure 2). The site was equipped with a smoke generator Antari FT-100

Fogger, dedicated for fire training.

Figure 2. A training gallery in which the experiment was carried out.
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The research sample included mine rescuers employed in specialist fire-fighting unit at the
Central Mine Rescue Station. They are involved in rescue actions, also in heavy smoke, in coal
mines. Nowadays there are 24 mine rescuers in the unit and 20 of them participated in the
experiment.

All the rescuers taking part in the tests had valid health examinations and work permits.
No one in the group had a visual impairment.

In the experiment, 8 signs were used. They were made of a LED tape (1 cm wide) formed
to the desired shape — a square or an arrow, attached to a rectangular board in white color.
The tape was equipped with a remote controller that enables changing colors. In the experiment
the following colors were used: white, green, red, blue. Additionally a stand with a bright,
yellow rectangle was prepared, further called ‘reference stand’. During the experiment it was
used as a reference to show that the site of experiment was actually filled with smoke. The sizes

of the signs and the reference stand are shown in Figure 3. The unit used is mm.
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Figure 3. Measures of signs and reference stand.

The distances from the observation point were measured and marked (Figure 4).

Figure 4. Marking distances of observation.

A graphical characteristics of the site where the experiment took place is presented
in Figure 5. The board with a lit sign was placed directly on the tape conveyor that has height
of I m.
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Figure 5. Site at which the experiment was carried out — graphical description.
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There were two stages of the experiment — one for the square shaped sign and one for the
arrow shaped sign. Each stage was carried out according to the following procedure:

1. arrangement of the ‘reference stand’ and of a sign, at 5 m distance from the point of

observation (Figure 6); once the arrangement was ready, the LED tape on the sign was

switched on to make sure that it works properly and then it was switched off;

Figure 6. Arrangement of a sign and the reference table (view for the blue color variant).
entering by a rescuer to the research site and taking place in the observation point;
filling the gallery with smoke;

switching the light off;

U

switching on the LED tape of the sign and changing its color (with use of a remote
controller); all the colors considered are subsequently selected, and each color is switch
on and observed during 5 seconds;

6. switching the light on and gathering opinions on the visibility of the sign in each color,
at the current distance.

The procedure was repeated for each distance separately.

6. Research results

In Figures 7-9, photos taken during each observation of the square shaped sign are
presented, and similarly for the arrow shaped sign — in the Figures 10-12. It should be
underlined that the image captured by a camera and the image captured by human eye are not

identical. Opinions expressed by the rescuers regarded the visual observation of the lit signs.
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Figure 7. Observation of the square shaped sign, a the distance of 5 m.

-

Figure 8. Observation of the square shaped sign, a the distance of 10 m.
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Figure 9. Observation of a square shaped sign, a the distance of 15 m.

Figure 10. Observation of the arrow shaped sign, a the distance of 5 m.
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Figure 11. Observation of the arrow shaped sign, a the distance of 10 m.

Figure 12. Observation of the arrow shaped sign, a the distance of 15 m.

The answers regarding visibility of the square shaped sign are summarized in the Table 1.
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Table 1.
Answers obtained for the square shaped sign, taking into account color and distance
DISTANCE SHAAPES'seQr:iARE

COLOR 1 2 3 4 3
green 0 0 0 0 20
5m red 0 0 0 2 18
blue 0 0 2 4 14
white 0 0 0 0 20
green 0 0 2 6 12
10 m red 0 2 4 4 10
blue 4 6 4 4 2
white 0 0 0 0 20
green 2 6 6 4 2
15m red 4 8 6 2 0
blue 6 10 2 2 0
white 0 0 0 2 18

*1 — definitely no, 2 — rather no, 3 — no opinion, 4 — rather yes, 5 — definitely yes.

For the rescuers standing at the distance of 5 m from the ‘square’, the sign was highly
visible, regardless of its color. However, in case of the blue color, there were answers (10%)
indicating no opinion. At the distance of 10 m, the answers were more differentiated.
The best visibility was found for the white color — all the respondents assigned the highest score.
The visibility of the blue color was considered as worst. Only 30% of rescuers positively
assessed visibility of this color, but only 10% assigned the highest score. 50% of respondents
did not consider the sign as properly visible, and 20% had no opinion on the subject.
The visibility of the red color was rated positively by 70% of the respondents, no opinion was
declared by 20% of respondents and there was a negative opinion given by 10% of respondents.
For the green color, visibility was positively assessed by 90% of the respondents.
At the distance of 15 m, the visibility was positively assessed only for the white-lighted square.
The worst visibility was indicated for the blue color - 80% of the respondents expressed
a negative opinion. In case of the red color, the majority of the respondents (60%) also
negatively assessed its visibility, and 30% of the respondents declared no opinion on the subject.
The green color was not definitely classified as properly or insufficiently visible - there were
30% of positive answers, 40% of negative answers.

The rescuers also expressed the following general opinions and impressions:

e at each of the distances considered, the square shape is visible in all colors, however its

sharpness is not the same,

e red color darkens the gallery,

e white is the most visible color and it additionally illuminates the excavation.

Answers regarding visibility of the arrow shaped sign are summarized in the Table 2.
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Table 2.
Answers obtained for the arrow shaped sign, taking into account color and distance
SHAPE: SQUARE
DISTANCE COLOR answers*
1 2 3 4 5
green 0 0 0 0 20
Sm red 0 0 0 2 18
blue 0 0 2 4 14
white 0 0 0 0 20
green 0 0 2 6 12
10 m red 0 2 4 4 10
blue 4 6 4 4 2
white 0 0 0 0 20
green 2 4 6 6 2
15m red 4 6 8 2 0
blue 6 8 4 2 0
white 0 0 0 1 19

*1 — definitely no, 2 — rather no, 3 — no opinion, 4 — rather yes, 5 — definitely yes.

For the distance of 5 m, the rescuers gave the same answers as for the ‘square’ sign.
At the distance of 10 m, the visibility of the blue color was negatively assessed by 50% of the
respondents and positively assessed by 30% of them. The visibility of the red color was
evaluated positively by 70% of the respondents, and negatively — by 10% of the respondents.
Both in case of the red and blue color, 20% of the respondents declared having no opinion.
The green color was found properly visible by 90% of the respondents.

At the distance of 15 m, the blue color was the least visible — 70% of the respondents gave
a negative opinion, and only 10% found its visibility as proper (however no highest score was
indicated). Visibility of the red color was negatively assessed by 50% of the respondents and
positively by 10% of them. In case of the green color, the numbers of negative and positive
opinions were equal — 40% of the respondents. The visibility of the white color obtained the
highest scores — no negative or ‘no opinion’ answers were given.

For both shapes, i.e. square and arrow, the rescuers also expressed the following general
opinions and impressions:

e at each of the distances considered, the shape is visible in all colors, however its

sharpness is not the same,
e red color darkens the gallery,
e white is the most visible color and it additionally illuminates the excavation
(the conveyor and possible obstacles in the way were visible).
What should be also underlined, the high visibility of the white color was found by the

rescuers as unexpected and surprising.
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7. Discussion of the results

Obligations of an employer regarding the rules of conduct to cope with hazards to health
and life in the working environment are defined by law and standards, at national and higher
(e.g. European, international) levels.

In Poland, these obligations are established both by general law - created by the Labor Code
Act (Ustawa z dnia 26 czerwca 1974 r. ...) and executive acts, and by the industry law,
like e.g. the Geological Law and Mining (Ustawa z dnia 9 czerwca 2011 r. ...) and executive
acts - in the mining industry. Among these obligations, there is the use of safety signs. Detailed
regulations regarding safety signs are defined in formal standards.

In the applicable standards, safety signs are classified. The type of a safety sign depends on
its purpose. According to the PN-EN ISO 7010:2020 standard, there are: signs indicating
evacuation route, location of safety equipment or safety facility, safety action (E); fire
equipment signs (F); mandatory action signs (M); prohibition signs (P); warning signs (W).
A similar classification of signs is contained in the series of standards PN-N-01256: signs for
fire protection; technical fire protection means sings; evacuation signs; information signs;
warning signs; prohibition signs; mandatory signs. Within each class, safety signs have
a consistent design.

Based on the analysis of the requirements defined in the PN-N-01255:1992 standard and
the PN-N-01256 series of standards, conclusions regarding the relation between the purpose of
a safety sign and its design — geometric shape and safety color used can be drawn.
The geometric shapes are divided into the following groups: circle — to indicate prohibition,
obligation, triangle — for warning, rectangle and square — to provide information with
description. Safety colors used are as follows: green (safety — in context of evacuation, first aid
etc.), yellow (warning of danger), blue (obligation), red (prohibition, stopping, fire protection).

Based on the analysis of the requirements set out in the PN-EN ISO 7010:2020 standard,
it can be concluded that safety signs for evacuation (evacuation signs) have a square shape,
a green background and a white graphic symbol (e.g. emergency exit, direction arrow,
evacuation assembly point, escape ladder, evacuation chair).

The review of Polish regulations revealed that they do not imply detailed rules as regards
marking of escape routes in mining excavations, which gives floor for development of new
concepts and designs for it.

As the literature research shows, there are two basic directions of solving the problem of
evacuation in the mining industry, in underground working environment (lack of visibility,
smoke conditions): marking (safety signs and colors) and rescue equipment (safety lines) used
in mining excavations, e.g. (Badura, Musiot, 2015; Badura, Grodzicka, Musiot, 2017; Gaab,
2019; May, 2020; Martell et al., 2020; Onifade et al., 2022). As regards the escape routes



146 A. Grodzicka, F. Plewa, M. Krause, M. Rozmus, D. Michalak

signage, the researches described in the scientific publications show among others that it is
possible to propose color-lighted signs for effective marking escape routes.

Based on the comparative analysis of safety colors and safety signs according to the current
international standard PN-EN ISO 7010:2020 and detailed national standards
PN-N-01255:1992 and PN-N-01256 series, two following two basic variables and values for
them were considered during design of signs to be used in the experiment carried out in the
training mine gallery in CSRG: shapes of figures (rectangle, square, circle, triangle, arrow),
colors of figures (green, red, blue, white, yellow). Findings from scientific publications review
and technical capabilities (training gallery equipment, type of LED tape) were also taken into
account while designing the signs as well as when defining the procedure for carrying out the
experiment. Finally, the following variables were adopted for the practical study on the marking
of escape routes in mining excavations: shape of the tested figure (square, arrow), color of the
tested figure (green, red, blue, white), observation distance (5 m, 10 m, 15 m).

Summarizing the respondents' feedback from observation of the colors, the following was
found:

e At 5 m, the visibility of all colors was comparable and high (positive rating by at least

90% respondents).

e At 10 m, the visibility decreased for blue color (positive opinion of 30% of respondents)
and for red color (positive opinion of 70% of respondents), remained high for green
color (90%) and remained unchanged for white color.

e At 15 m, visibility of blue color and red color decreased to low level - positive opinion
expressed by 10% of respondents, acceptance of green color also decreased, however
positive opinion was expressed by 40% of respondents for arrow shape and 30% - for
square shape, and visibility of white color remained high (acceptance by 100% of
respondents, for both shapes).

Therefore, the higher the distance was, the more differentiated perception of visibility of
green, red and blue colors was — it decreased. A the same time, the visibility of the white color
was high, at all the distances.

Taking into account ability to see a lit sign in smoky conditions in a mine gallery, use of
white color is the best choice, while use of blue — the worst. However, for white color, an effect
of blurred shape was observed, which was particularly distinctive at 10 m and 15 m distances.
The phenomena of perceived decrease in sharpness of the sign was more intensive for the arrow
(that is a more sophisticated shape than a square).

Application of both lit signs in white and in red or green seems a good solution for marking
evacuation routes in a mine gallery. White lit signs should be used to mark main points on the
escape route. Being visible from a long distance in a smoke, they enable to identify in which
direction to move. Meaning of such signs is defined mainly by their color, and their shape
should be very simple. In case of lit signs, the shape of which has to be unambiguously and
correctly identified to understand their meaning, like e.g. an arrow showing a direction, red or
green color should be applied.
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8. Summary

When an evacuation takes place, easiness of wayfinding affects evacuees’ safety.
Escape routes have to be marked in a way that guarantees their identification in conditions that
affect visibility, like blackout or smoke. Related obligations, rules and recommendations are
formally set out in applicable regulations and standards. Following them does not guarantee
most effective evacuation, due to a variety of circumstances in which the evacuation takes place.
Literature research shows that finding best solutions as regards marking of escape way is
a subject of a number of studies covering among others: own de-sign of signs; placement of
signs; application of flashing lights and illumination. Many of the studies presented in the
papers prove that it is possible to develop own ideas - also as alternative to the solutions that
comply with regulations and standards - that bring good results.

As regards marking of escape ways in underground coal mines, there are separate
regulations, which was shown for the USA, European Union, and — at national level —
for Poland. In Poland, provisions of the regulation that set out rules for marking of escape routes
do not imply use of safety signs defined in the Polish Standards, which opens window for
implementation of a variety of solutions meeting one mandatory requirement — providing
effective aid to evacuees in any possible conditions, including lack of visibility.

Authors of this paper carried out an experiment focused on perceived visibility of lit signs
in different colors (white, green, blue, red), in smoky conditions, in a mine rescue training
gallery. Observation was carried out at three distances from a sign. Two shapes of different
complexity were used: a square and an arrow. The shapes were formed with use of a LED tape,
on a white board. The rescuers taking part in the experiment found white-lighted signs most
visible and blue-lighted signs least visible, in case of both shapes. However, red or green color
was indicated to apply if identification of the shape would be the criterion of assessment.

Usability of the research results does not limit to underground coal mines.
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Purpose: The aim of the research will be indicate the main and secondary factors determining
the choice of petrol stations by micro and small road transport enterprises, whose registered
office is located in the Podkarpackie Voivodship. The essence of the research problem will boil
down to answering questions about the main and secondary factors determining the choice of
petrol stations by micro and small road transport enterprises in the Podkarpackie Voivodeship.
Detailed questions will concern the indication of differences when choosing a supplier, taking
the criterion of the size of enterprises, owned fleet of vehicles or geographical scope of
operations. Therefore, the subject of the study is the retail market of transport fuels, and the
subject of the research are micro and small road transport enterprises located in the
Podkarpackie Voivodship. The area of research is the determinants of the choice of petrol
stations by the surveyed enterprises.

Design/methodology/approach: The research procedure will run through the following stages:
1) indicating the topic, purpose and scope of the research; 2) determination and definition of
evaluation criteria; 3) construction and development of the interview form; 4) selection of the
database of road transport enterprises; 5) selection of the test sample; 6) measurement;
7) interpretation of the obtained results; 8) final conclusions; 9) dissemination of research
results.

The research method used is a direct interview. The measurement will be carried out on the
basis of an interview form. For the purposes of the research, areas of assessment were indicated,
i.e. the initial criterion, form of cooperation and selection determinants.

Findings: The implementation of the topic and purpose of the research allowed to indicate the
determinants of the choice of petrol stations by micro and small road transport enterprises,
whose headquarters are located in the Podkarpackie Voivodeship. It should be emphasized that
the presented research is the second stage of the research process, the main purpose of which is
to indicate the scope and form of cooperation of a retail supplier of liquid fuels with a micro
and small road transport company in the Podkarpackie Voivodship. The stages of its
implementation include: determining the attributes of the commercial offer of the petrol station
network in the analyzed region; an indication of the determinants of the choice of a supplier of
liquid fuels by the surveyed enterprises; determination of the extent to which the commercial
offer of the petrol station network addressed to micro and small road transport enterprises in
the Podkarpackie Voivodship reflects the real needs of the market.
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Originality/value: In this article, the actions taken to achieve the progress of scientific
knowledge led to the expansion of knowledge in the discipline of management and quality
science in the area of trade systems, their organization and management. The research focused
on the areas that have and will have an impact on improving the competitive position of road
transport enterprise.

Keywords: customer, liquid fuels, transport.

Category of the paper: Research paper.

1. Introduction

In the past, road transport constituted a significant part of the Polish transport system and
was one of the largest sectors of the Polish economy. In the Podkarpackie Voivodship, the share
of road transport in the structure of goods and passenger transport remained at a high level.
A large group of road transport enterprises had their seat in the voivodship. Their structure is
largely composed of micro and small entities. These were usually business units with a limited
number of vehicles at their disposal. Due to the subject/subject of transport and the available
transport technology, the scope of transport services provided by them was varied. Sometimes
they also offered other services not related to transport. A significant part of these entities
carried out mainly local or regional transport. In the structure of the rolling stock owned by
enterprises, the vast majority were vehicles powered by petroleum fuels.

In the past period, the retail market of transport fuels in the Podkarpackie Voivodeship is
characterized by high flexibility. Strong competition from domestic and foreign entities
translated into the price offer and non-price conditions. The basic attributes of the petrol
station's commercial offer addressed to micro and small enterprises include: personalization of
the offer, limited access to the terms of cooperation, wide range of services provided, time
availability of services, integration of the transport process, personalization of tasks, speed of
establishing cooperation, dispersion of points, supra-regional importance offers (Jedynak,
2023).

In Poland fuel prices were not regulated by the President of the Energy Regulatory Office.
They were determined on market terms. The structure contained fixed elements, i.e. excise tax,
fuel surcharge and emission fee, as well as variable elements, i.e. VAT, margin and net price
(Fraczek, Kaliski, Siemek, 2013). In addition, their final level is influenced by the size of local
needs and the scale of competition between suppliers. In the past period, due to the high level
of transport fuel prices on the market, a significant share of their purchase costs in the cost
structure of road transport enterprises was recorded in the country (Annual, 2023).

In response to the above issues, it was assumed that the purpose of the research would be to
identify the determinants of the choice of petrol stations by micro and small road transport

enterprises, whose headquarters are located in the Podkarpackie Voivodship.
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Its implementation will take place through: 1) establishing the current state of knowledge in the
scope of the discussed issues; 2) description of the test method; 3) measurement; 4) presentation
of final conclusions. The research method used is a critical review of the literature on the subject
and a direct interview.

It should be emphasized that the presented research is the second stage of the research
process, the main purpose of which is to indicate the scope and form of cooperation of a retail
supplier of liquid fuels with a micro and small road transport company in the Podkarpackie
Voivodship. The stages of its implementation include: determining the attributes of the
commercial offer of the petrol station network in the analyzed region; an indication of the
determinants of the choice of a supplier of liquid fuels by the surveyed enterprises;
determination of the extent to which the commercial offer of the petrol station network
addressed to micro and small road transport enterprises in the Podkarpackie Voivodship reflects

the real needs of the market.

2. Theoretical basis

The word transport enterprise can be considered from the point of view of representatives of
various scientific disciplines (Kozlak, 2018; Wall, 2002). In subjective terms,
it is an organizational unit consisting of a network of related and cooperating functional and
task departments as well as human work. In material terms, an enterprise is defined on the basis
of the means of production at its disposal (i.e. buildings and structures, means of transport, other
technical devices and materials used in their operation, including fuels and energy). However,
in the functional approach, transport enterprises are understood as a set of tasks related to the
preparation, implementation and settlement of the transport process (Mendyk, 2009; Kozlak,
2008; Grzywacz et al., 1989; Tarski 1974).

Assuming the criterion of employment and annual revenues, a transport enterprise can be
divided into four groups, i.e. micro, small, medium and large. A micro-enterprise is
an economic entity employing fewer than 10 employees, a small enterprise employing fewer
than 50 employees (Dz.U. z 2004, nr 173, poz. 1807). In the literature on the subject, a further
division of transport enterprises includes, among others: phases of the flow of material goods,
degree of specialization, geographical scope of activity, capital structure, ownership sector, type
of ownership, forms of ownership, legal forms or degree of resources involved (Jedynak, 2022;
Budzynski, 2013; Krawczyk, 2011; Dz.U. z 2007, nr 251, poz. 1885).

Within the organization of a transport enterprise, the basic and auxiliary subsystems are
commonly indicated. One of the areas of support for transport processes is the fuel and energy

subsystem. It covers both the supply and consumption spheres. The entity structure of the
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supply subsystem consists of the department and positions responsible for the purchase and
supply of individual energy carriers and their suppliers (Jedynak, 2022).

In the literature on the subject, the word supplier can be considered in various cross-sections.
In practical terms, a supplier is an organizational unit that offers and delivers to recipients,
independently or by ordering an external entity, appropriate tangible goods and services being
the subject of their manufacturing or commercial activity, in accordance with previously agreed
purchase conditions (commercial offer) (Ahlqvist, 2020; Gelderman, 2020; Jedynak, 2022;
Dubisz, 2003). In the literature on the subject, two groups of methods are indicated for
evaluating and selecting a supplier. The first method is carried out using a survey, the so-called
audit. The second are Taxonomic Methods, which include the Point Method, the Point-Graphic
Method, the Graphic Method, the Indicator Method or the AHP Method (Brzezinski, 2006).

The implementation of the supplier evaluation and selection process includes both the
preparation phase and the implementation phase. The literature on the subject indicates criteria
for evaluating suppliers, i.e. delivery time, supplier reliability, its readiness and flexibility,
and delivery efficiency. In addition, the offered price and product quality are taken into account.
Due to their importance, they are commonly divided into primary and secondary criteria.
Assuming the nature of the supplier assessment, quantitative and qualitative criteria are
indicated. The adopted criterion, regardless of its type, requires a detailed definition. Indicators
and meters are commonly used for this. The impact of individual criteria on the purchase
decision varies. Therefore, it is important to determine their importance by adopting an
appropriate weighting (Jedynak, 2022; Budzynski, 2016; Krawczyk, 2011; Bendkowski et al.,
2011; Dworecki et al., 2005; Gorski, 2004).

3. Methodology

Subject of research: Determinants of the choice of petrol stations by micro and small road
transport enterprises in the Podkarpackie Voivodship.

Its main objective will be to indicate the main and secondary factors determining the choice
of petrol stations by micro and small road transport enterprises, whose registered office is
located in the Podkarpackie Voivodship.

The essence of the research problem will boil down to answering questions about the main
and secondary factors determining the choice of petrol stations by micro and small road
transport enterprises in the Podkarpackie Voivodeship. Detailed questions will concern the
indication of differences when choosing a supplier, taking the criterion of the size of enterprises,

owned fleet of vehicles or geographical scope of operations.
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Therefore, the subject of the study is the retail market of transport fuels, and the subject of
the research are micro and small road transport enterprises located in the Podkarpackie
Voivodship. The area of research is the determinants of the choice of petrol stations by the
surveyed enterprises.

In terms of the state of knowledge, taking into account the achievements and experience of
the researcher, the following research hypothesis was formulated, i.e. the fuel price is the main
factor in the choice of filling stations by micro and small enterprises. The importance of non-
price factors varies with the geographic scope of the business and the size of the fleet of vehicles
at disposal.

The stages of the research procedure include: 1) indicating the topic, purpose and scope of
the research; 2) determination and definition of evaluation criteria; 3) construction and
development of the interview form; 4) selection of the database of road transport enterprises;
5) selection of the test sample; 6) measurement; 7) interpretation of the obtained results; 8) final
conclusions; 9) dissemination of research results.

The research method used is a direct interview. The measurement will be carried out on the
basis of an interview form. For the purposes of the research, areas of assessment were indicated,
i.e. the initial criterion, form of cooperation and selection determinants. The adopted areas were

defined by means of measures. The interview form is included in Table 1.

Table 1.
Interview form: Determinants of the choice of petrol stations by micro and small road
transport enterprises in the Podkarpackie Voivodeship

=
= TESTED
2 PARAMETER DESCRIPTION
&)
Does the enterprise use A _ Yes
L1 TR iCe o e ol atont? g | no (p!ease QO not complete the rest of the
questionnaire)
A [J micro (less than 10 people)
12 | Enterprise type: B [] small (from 10 to 49)
C [J other (please do not complete the rest
of the questionnaire)
A [J road transport
§ 1.3 | Type of business activity: B [J freight forwarding
8 C [1 other
5 14 Object of transport and/or A [J transportation of passengers
z ’ handling: B [] transportation of goods
& | L5 | Number of vehicles available: - 0 pcs.
A [] bus (up to 24 seats), pcs.
B [0 coach (over 24 seats) pcs.
C [J vanup to 3.5t (GVW) pcs.
. . ] D [J truck up to 12 t (GVW) pcs.
1.6 | Type of vehicles available: B " truck over 12 L (GYW) ps,
F [J truck tractor/or specialist truck pcs.
G [J car pcs.
H [J other vehicles -
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Cont. table 1.

A [J local (district, commune)
B [J regional (Subcarpathian Voivodeship)
C [J interregional (the area of the Podkarpackie
1.7 | Geographic scope of activity: Voivodeship and neighbouring provinces)
D [ national
E [J continental (Europe)
F [J global
A L] diesel
B [J motor gasoline
C [l LPG
I8 | T f fuel used:
ype of fuel use D 1. CNG
E [J Electricity
F [ Other
Do you use the services A 0 Yes
1.1 .
of only one petrol station? B [J No
c o What type of petrol stations A [] station networks (e.g. Orlen, Moya, BP, Shell, etc.)
= ’ does the enterprise use? B [J independent stations (private owner)
g Is there permanent A | [ yes
& cooperation with the
8 3 station/stations
3 ’ (e.g. on the basis of a fuel B | no
g card, individual contracts,
o etc.)?
Does the enterprise use a fuel A |0 yes
II.4 | card system (e.g. UTA, DKV, B 0
Eurowag, E100, etc.)? no
A [J is of primary importance (most important
The importance of price B - AL - ( - & )
. B [] on par with non-price conditions
III.1 | when choosing a petrol -
station: C [1 of secondary importance,
' below non-price conditions
A [J transaction conditions (e.g. collective invoice,
deferred payment date, etc.)
B [J an electronic internet platform (e-bok)
. . and a mobile application
B?ISIC nf? n-price faCtOTS C [] petrol station services (e.g. truck parking, car wash,
2 | Whenchoosing a petro repairs, gastronomy, etc.)
Station: D | geographical f the commercial offer
% indicate max 3 geographical scope of the commercial offe
E [] number of petrol stations and their location
g F [J position and importance of the operator
g on the market
= G | [J other
2 As part of the financial A [] payment method (non-cash/cash)
A service of the transaction, B [ form of payment security
.3 the following' are of (deposit, promissory note, etc.)
fundamental importance C | [J electronic invoices
when choosing a supplier: . - -
% indicate max 2 D | [J summary invoice for a given period
A [J access to transaction history
As part of access to e-bok B | [ access to e-invoice
and the mobile application, C [] the ability to personalize the card
L4 the following are of primary and purchase limits
" | importance when choosing D [J quick payment
a supplier: E [J the possibility of paying road
* indicate max 2 and parking fees
F [J access to navigation and maps
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Cont. table 1.

store

car park/car park of truck
catering services

hotel services

car repair

car was

other

As part of the services
provided at stations, the
following factors are of
primary importance when
choosing a supplier:

* indicate max 2

IIL.5

Qlmm|g Q= >
jl junf [y gyl )l

Source: own study.

4. Empirical Results and Discussion

For the purposes of the research process, the electronic database Panorama Firms
(https://panoramafirm.pl) was selected. It was used to select enterprise for research and
establish contact details. Micro and small road transport enterprises located throughout the
Podkarpackie Voivodeship were indicated (in total, they covered 21 out of 25 poviats).
The location structure of the surveyed enterprises is shown in Figure 1.
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Figure 1. Geographical structure of the surveyed enterprises (by poviat).
Source: own study.

The interview was conducted mainly by telephone (87% of the surveyed respondents).
The remaining part of the measurement was carried out by using the Interview Form posted and
made available to enterprises on the Google.pl website (http://www.google.pl) in the Forms tab.
The research was conducted in March 2023. More than 35% of the respondents who were
contacted offered a response. In total, data was obtained from 84 enterprises that met the
established criteria.

The measurement results in the area of Initial Criterion are presented in Table 2.
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Table 2.
Measurement results in the area of Initial Criterion
TESTED MEASUREMENT
PARAMETER Total answer 1.2 1.5 (number of vehicles 1.6
pcs. % A B 1 2-5 <5 A-B C D E-F
L1 A 79 94,0 49 27 19 21 38 20 7 18 40
’ B 5 6,0 1 1 0 0 2 1 0 1 1
A 55 67,1 54 0 18 22 14 18 4 15 21
12 B 27 32,9 0 27 0 1 25 5 2 4 20
C 0 0,0 0 0 0 0 1 0 0 0 0
A 75 75,8 49 24 18 19 36 18 7 18 39
1.3 B 14 14,1 6 8 1 2 12 3 0 2 11
C 10 10,1 9 1 4 4 2 5 0 2 3
14 A 16 19,8 12 4 7 3 6 8 0 5 4
) B 65 80,2 39 24 11 18 35 15 7 13 36
1.5 — 882 | 100,0 338 543 19 82 787 288 54 126 509
A 88 10,0 38 50 1 4 83 62 0 19 19
B 109 12,4 60 49 0 5 104 80 0 4 25
C 96 10,9 41 55 2 20 79 37 12 18 55
16 D 60 6,8 23 37 0 4 57 14 12 19 33
) E 199 22,6 54 145 4 17 178 51 3 32 134
F 252 28,6 82 167 4 20 228 16 14 24 215
G 70 7,9 32 38 8 11 51 25 11 8 26
H 10 1,1 8 2 0 3 7 3 2 4 2
A 12 13,3 11 1 7 3 2 12 0 0 0
B 11 12,2 7 4 1 4 6 11 0 0 2
17 C 7 7,8 4 2 2 1 3 0 7 1 0
) D 19 21,1 14 3 4 4 11 0 0 19 4
E 40 44.4 21 19 5 11 23 2 0 4 40
F 1 1,1 0 1 0 0 1 0 0 0 1
A 74 77,1 46 26 14 20 39 17 7 16 41
B 14 14,6 12 2 6 4 4 7 2 4 2
18 C 7 7,3 6 1 4 2 2 4 1 2 0
) D 1 1,0 0 1 0 0 1 1 0 0 0
E 0 0,0 0 0 0 0 0 0 0 0 0
F 0 0,0 0 0 0 0 0 0 0 0 0

Source: own study.

On the basis of the collected results, it was established that 94.0% of the surveyed
respondents used the services of petrol stations. The remaining part has its own distributors,
and thus was interested only in wholesale purchase of liquid fuels.

Among the surveyed entities, 67.1% were micro enterprises, and 32.9% macro enterprises.
The main type of their activity was road transport (a total of 75.8% of the surveyed respondents)
in the field of freight transport (80.2%). In addition, these enterprise also provided other
services, sometimes not related to logistics. Taking into account the geographical scope of the
conducted activity, the largest group among the surveyed respondents were continental
enterprises - 44.4% and domestic enterprises - 21.1%. The share of enterprises operating only
in the Podkarpackie Voivodeship amounted to 25.5%.

In the structure of the rolling stock owned by the surveyed enterprises, the share of vehicles
for cargo transport was 68.8%, and passengers 30.3%. The largest group consisted of trucks

over 12 t and road tractors and/or specialized tractors (51.1% in total). However, assuming the
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criterion of their size, 23.7% of the surveyed respondents had 1 vehicle, 26.2% had
2 to 5 vehicles, and 50.0% had more than 5 vehicles. The main type of fuel used in enterprises
was diesel oil (77.1% of the surveyed respondents). In addition, because of the passenger cars
owned, petrol and LPG (21.9% in total).

The measurement results in the area of Form of Cooperation are presented in Table 3.

Table 3.
Measurement results in the area of Form of Cooperation
TESTED MEASUREMENT
PARAMETE | Total answer 1.2 1.5 (number of vehicles 1.6
R pcs. % A B 1 2-5 <5 A-B C D E-F
1 A 16 19,3 12 4 5 6 6 8 1 5 3
B 67 80,7 42 23 14 17 34 15 6 14 38
2 A 54 62,8 34 19 8 15 31 11 7 10 32
) B 32 37,2 23 8 6 11 15 12 1 7 14
.3 A 48 59,3 26 21 9 14 24 7 5 10 29
) B 33 40,7 27 5 10 8 15 14 2 9 11
1.4 A 34 43,0 17 17 3 8 23 3 2 4 27
’ B 45 57,0 34 9 15 13 16 17 5 15 12

Source: own study.

Based on the collected data, it was established that the majority of respondents (80.7%) use
the services of many suppliers of transport fuels. 62.8% refuel vehicles at fuel stations included
in the network. The increase in the importance of independent operators was noted in the case
of the number of owned vehicles up to 5 or the range of operations conducted only in the
Podkarpackie Voivodeship.

Among the surveyed enterprises, 59.3% cooperate with petrol stations on the basis of
permanent contracts. In the case of micro-enterprises, this indicator amounted to 49.1%, and to
small enterprises - 80.8%. Its size was also influenced by the number of vehicles available to
enterprises. In the case of having 1 vehicle, 47.4% of respondents cooperate on the basis of
permanent contracts, 63.6% in the range of 2-5 vehicles, 61.5% over 5 vehicles. However,
taking into account the geographical range of transport services provided in the group of local
and regional enterprises, this indicator remained at a low level and amounted to 33.3%.
Its highest value was recorded for continental and global enterprises, 72.5% in total.

To the question addressed to the respondents Do I use the fuel card system covering various
fuel stations in cooperation, 43.0% gave an affirmative answer. Small enterprises (65.4% of the
surveyed respondents) and continental and global enterprises (69.2% in total) were mainly
interested in this form of cooperation.

The measurement results in the area of Determinants are presented in Table 4.



162 Z. Jedynak
Table 4.
Measurement results in the area of Determinants
TESTED MEASUREMENT
PARAMETER Total answer | 1.5 (number of vehicles 16
pcs. % A B 1 2-5 <5 A-B D E-F
A 53 67,1 35 16 11 16 26 15 3 14 25
III.1 B 23 29,1 16 7 7 7 9 6 3 2 14
C 3 3,8 2 1 1 0 1 1 0 1 1
A 46 26,9 29 16 8 16 22 10 5 11 26
B 11 6,4 10 1 3 3 5 2 1 3 5
C 39 22,8 29 9 12 10 16 11 3 10 20
II1.2 D 17 9,9 10 7 2 4 11 3 0 4 13
E 37 21,6 22 14 9 12 17 10 3 5 20
F 12 7,0 7 5 3 2 6 4 1 3 5
G 8 4,7 4 4 0 3 5 0 0 2 6
A 50 46,3 36 14 12 16 22 12 3 11 28
1.3 B 7 6,5 6 1 3 2 2 2 1 0 5
C 20 18,5 14 6 4 6 10 8 2 5 10
D 31 28,7 17 14 5 10 16 5 3 7 18
A 28 30,4 15 13 7 4 17 8 1 4 17
B 20 21,7 13 7 5 6 9 4 2 5 11
e C 8 8,7 4 4 1 3 4 2 0 0 6
D 15 16,3 12 3 6 3 6 6 1 4 6
E 17 18,5 13 4 2 8 7 3 0 4 13
F 4 4,3 3 1 0 2 2 2 1 0 2
A 18 14,6 11 7 5 3 10 10 1 3 6
B 42 34,1 28 12 10 11 21 6 3 11 28
C 16 13,0 11 5 4 4 8 6 0 3 8
II1.5 D 0 0,0 0 0 0 0 0 0 0 0 0
E 5 4,1 5 0 3 1 1 1 0 2 3
F 29 23,6 22 7 7 8 13 8 3 8 12
G 13 10,6 8 5 4 5 4 4 1 0 8

Source: own study.

On the basis of the collected data, it was established that regardless of the size of the

enterprise’s fleet of vehicles or the geographical range of the services provided, the price is of

fundamental importance in the selection of a supplier of transport fuels (67.1% of the surveyed

respondents). Also, a significant number of enterprises assessed the importance of the price on

an equal footing with other terms of the transaction (29.1%). The importance of price when

choosing a supplier is shown in Figure 2.
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Figure 2. Measurement results: Importance of price when choosing a fuel supplier.

Source: own study.
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As far as non-price factors are concerned, the most important among the surveyed enterprises
were transaction conditions (indicated by 26.9% of the surveyed respondents), petrol station
services (22.8%) and the number of petrol stations and their location (21.6%). In the case of
small enterprises with more than 5 vehicles and operating outside the Podkarpackie
Voivodeship, the importance of the factor of the geographical scope of the commercial offer
was increasing. On the other hand, the secondary non-price factors include, above all: access to
e-bok and the mobile application or the position and importance of the operator on the market.

The importance of non-price factors when choosing a supplier is shown in Figure 3.
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M transaction conditions (e.g. collective invoice, B deferred payment date, etc.)
an electronic internet platform (e-bok) and a mobile application

= petrol station services (e.g. truck parking, car wash, repairs, gastronomy, etc.) Sgeographical scope of the commercial offer

Enumber of petrol stations and their location

Figure 3. Measurement results: Basic non-price factors when choosing a petrol station.
Source: own study.

As part of the financial service of the transaction, the form of payment was of primary
importance (indicated by 46.3% of the surveyed respondents), a collective invoice for a given
period (28.7%) and an electronic invoice (18.5%). A secondary factor was the form of payment

security. The importance of financial transaction support when selecting a supplier is shown in

Figure 4.
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Figure 4. Measurement results: As part of the financial service of transactions, the following are of
primary importance when choosing a supplier.

Source: own study.
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Among the important factors related to the access and functionality of the e-book and the
mobile application, the following were indicated: access to the history of sales transactions
(indicated by 30.4% of the surveyed respondents) and access to e-invoices (21.7%).
Additionally, the ability to pay road and parking fees (18.5%) and fast payment (16.3%) were
also important. The importance of individual factors changed depending on the size of the
enterprise, the fleet of vehicles owned or the geographical scope of the business.
The importance of access to e-bok and the mobile application when choosing a supplier is

shown in Figure 5.
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Figure 5. Measurement results: As part of access to e-bok and the mobile application, it is of
Sfundamental importance when choosing a supplier.

Source: own study.

In the structure of services provided at petrol stations, the following were important:
car park/TIR car park (indicated by 34.1% of the surveyed respondents) and car wash (23.6%).
Other factors were secondary. The exceptions were enterprises providing their services only in
the Podkarpackie Voivodeship, where the shop (28.6%) and the car wash (22.9%) were of
primary importance. The importance of services provided at petrol stations when choosing
a supplier is shown in Figure 6.
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Figure 6. Measurement results: As part of the services provided at stations, the following are of primary
importance when choosing a supplier.

Source: own study.
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5. Conclusions

On the basis of the collected data and their analysis, the following factors determining the
choice of petrol stations by micro and small road transport enterprises with their registered
office in the Podkarpackie Voivodship should be indicated:

e dispersed purchase, the majority of surveyed enterprises (i.e. 80.7% of respondents) use
the services of various petrol stations,

e linking the purchase, a significant part of recipients (i.e., 62.8% of the surveyed
respondents) fill up their vehicles at petrol stations included in the commercial network,

e permanent form of cooperation, enterprises prefer cooperation with petrol stations based
on permanent contracts (i.e. 59.3% of the surveyed respondents), the importance of
a permanent form of cooperation changes depending on the size of the enterprise,
the number of vehicles owned or the geographical scope of the activity,

e the main factor in the choice of petrol stations by the surveyed enterprises is the price
(67.1% of the surveyed respondents),

e non-price conditions were a secondary factor in the choice of filling stations by the
surveyed enterprises, in their structure the most important factors were: transaction
conditions (including the form of cash and non-cash payment and a collective invoice
for a given period), service stations (including car park/car park truck and car wash) and
the number of petrol stations and their location,

e traditional form of cooperation, the surveyed enterprises did not show much interest in
the possibility of using e-bok and access to the mobile application,

e In the case of the primary and secondary factors for the selection of service stations by
the surveyed enterprises, the criterion of the size of the enterprise, the fleet of vehicles
owned or the geographical range of the services provided does not indicate significant
differences.

To sum up, the implementation of the topic and purpose of the research allowed to indicate
the determinants of the choice of petrol stations by micro and small road transport enterprises,
whose headquarters are located in the Podkarpackie Voivodeship. The adopted research
hypothesis was confirmed. In the article, the actions taken to achieve the progress of scientific
knowledge led to the expansion of knowledge in the discipline of management and quality
science in the field of commercial systems, their organization and management. The research
focused on areas that have and will have an impact on improving the competitive position of
a road transport company. It should be emphasized that the presented research is the second
stage of the research process, the main purpose of which is to indicate the scope and form of
cooperation of a retail supplier of liquid fuels with a micro and small road transport company

in the Podkarpackie Voivodship.
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The main limitations and weaknesses in the implementation of the topic and purpose of the
research include obtaining data from the surveyed enterprises. It should be recalled that only
over 35% of the respondents who were contacted offered a response. And the measurement
concerned enterprises located in 21 poviats from 25 Podkarpackie Voivodships. The main
reason for the respondents' refusal to participate in the research was their time constraints.
This has rarely been the reluctance of companies to share data. In addition, a major limitation
in contact with the enterprise was the outdated contact details contained in the electronic
database. However, what significantly enriched the research process was direct contact with the
respondent. This gave the opportunity to obtain not only answers to the formulated questions,

but also their justification.
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Purpose: The issue of gender in analyzes concerning entrepreneurship is part of numerous
items, most of which focus on showing the worse situation of women, often equated with
discrimination. Qualitative analyzes are often directly linked to a clear predominance of men in
the population of entrepreneurs. This study is of a theoretical-cognitive nature. By emphasizing
the prevailing gender discrimination, structural inequalities, and lack of consensus within the
scientific community, the article contributes to the ongoing discussion on women's
entrepreneurship and the challenges they face. The quantitative nature of the study aims to
determine the ratio of women to men engaged in entrepreneurial activities during the social,
economic, and political changes that have taken place in Poland over the past three decades.
The research problem was embedded in the conception of natural differences between the
number of women and men as entrepreneurs wherein the criteria of sustainable development,
with convergent entrepreneurial intentions of both sexes.

Design/methodology/approach: The study is theoretical and cognitive in nature. The article
uses statistical tools in benchmarking and regression to present a quantitative pattern of
entrepreneurship in Poland. The quantitative analysis was preceded by a review of the literature.
Findings: The obtained results indicate that the quantitative structure of the self-employed in
terms of gender is quasi-constant. The dominance of men in the population of entrepreneurs
does not change over time, and it remains in constant relative relation to the number of women
entrepreneurs, regardless of changes in the external environment. Similar arrangements apply
to entrepreneurs' decisions regarding liquidation, suspension, and resumption of economic
activity.

Research limitations/implications: The completed study has limitations related to the adopted
time limit of the public reporting system. Research limitations are also present in quantitative
terms that ignore the context.

Practical implications: In practical terms, they constitute a considerable incentive to revise the
formulated EU development strategies and the programs implemented as part of public policies
that influence the Polish economy. he obtained results are part of the literature that undermines
the effectiveness of interventionism, in this case related to the creation of preferences for
women.
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Social implications: The gender issue in entrepreneurship is important. However, too often
these issues are presented in public debate, where the arguments are belief, not science.
The article is an important voice in current global discussions on inequality, including
discrimination.

Originality/value: The obtained results are supplemented by quantitative research on
entrepreneurship, considering the gender of the entrepreneur. The applied research approach in
the area of quantitative material and statistical tools is innovative.

Keywords: Entrepreneurship, Gender, Small businesses, gender-balanced entrepreneurship,
Self-employed, Business activity.

Category of the paper: Research paper, Literature review.

1. Introduction

By highlighting the need to reframe the concept of gender equality and questioning the
effectiveness of existing solutions, the article contributes to the global discourse on promoting
women's entrepreneurship and sustainable development. The article deals with the analysis of
entrepreneurship in Poland, understood as taking up and running a business on one's account in
the context of gender. The subject of the research is the number of self-employed people in the
years 1992-2021 and the number of applications submitted to the Central Register and
Information on Economic Activity (CEIDG) in the field of starting, suspending, resuming, and
terminating business activity in the period June 2019 - January 2022. The adopted lengths of
series time limits result from the limitations of public registers and allow capturing the
identified relationships from the perspective of systemic changes. Thorough economic reforms
initiated in Poland in 1989 had a relevant impact on the national economy. The transformations
include the pre-accession period and then membership in the European Union. The background
for the collected statistical material is the diverse external environment of enterprises.

Research issues linking gender with entrepreneurship are discussed in the extensive
literature on the subject, focused mainly on the determinants of entrepreneurial attitudes and
the participation of women in this area. The identified deficit of women running or managing
business entities is a fact. Irrespective of the qualitative assessment of this state, the conducted
analysis does not give grounds to claim that the share of sexes in the population of natural
persons leading business activity changes significantly, and the totality of activities undertaken
in this area is convergent in the population of women and men in the perspective the past three
decades. Structural differences do not change despite the launch of numerous aid programs
included in, among others, European funds, as well as public support launched in crises,
such as the COVID-19 pandemic.
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The inclusion of gender equality in the SDGs is a motivation for research on female
entrepreneurship (Fuentes et al., 2019; Fernandez-Guadafio, Martin-Lopez, 2023). However,
sustainability cannot be equivalent to strictly quantitative equality. It is significant to capture
gender disproportions and look at them in a dynamic system. This perspective allows us to look
at the share of women in the population of self-employed people in terms of (or) the assumed
effectiveness of implemented public programs based on the assumption of the existing
discriminatory inequality.

The conducted analysis proves that despite a sharp quantitative disproportion between the
number of women and men starting a business activity, relations in other decisions related to
the formal status of the enterprise show a significant strong positive correlation. Those means

that the intensity of individual entrepreneurial activities over time is gender neutrality.

2. Literature review

Entrepreneurship is the driving force behind economic growth in any country. The article
uses a classic approach to entrepreneurship. In this approach, entrepreneurship is
an entrepreneur, i.e., a person who, using appropriate features, is the creator of economic
activity (Say, 1960). One of the attributes of entrepreneurship is the creation of new business
entities, with micro-enterprises being of particular importance (Iaroslav et al., 2021; Sutter
et al., 2019; Si et al., 2020; Gupta et al., 2020). Entrepreneurship is as discovery and exploiting
profitable opportunities (Shane, Venkataraman, 2000) in the domain of small enterprises
(Kassicieh et al., 2002; Katila et al., 2012).

The gender perspective has been present in the scientific literature of entrepreneurship for
many years. One of the most frequently discussed issues is the functioning of enterprises
managed by women and the motives for entrepreneurial activities (Corréa et al., 2022; Kumar,
Das, 2019; Ramadani et al., 2022; Sarwar et al., 2021; Sitaridis, Kitsios, 2017; Villanueva-
Flores et al., 2021; Welsh et al., 2021). In all the available studies, one can notice a clear
dominance of the perspective of gender discrimination in the context of the relatively worse
situation of women compared to economically active men. A key issue is the lack of balance in
the number of businesses run by women and men. The overrepresentation of men in the
population of entrepreneurs is identified by many researchers as a problem of structural
inequalities with a strong connotation of unsustainable development and discrimination
(Achtzehn et al., 2023; Chatterjee et al., 2022; Halilem et al., 2022; Setyaningrum et al., 2022).
Researchers of this trend point to "an entrepreneurial identity gap." The gap includes numerous
stereotypes limiting women's activity in self-employment through persistent gender norms in
entrepreneurship. (Crane, 2022; Elliott et al., 2022; Siivonen et al., 2022). On the other hand,
researchers indicate that quantitative disproportions are natural differences, and structural
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inequality is inscribed in the external environment and does not have to be related to
discrimination (Mandel, Rotman, 2021; 2022). The lack of scientific consensus indicates a
cognitive niche. Scientists prove the exact opposite hypotheses. While some point to similar
entrepreneurial intentions of women and men (Avnimelech, Rechter, 2022), the same
development aspirations and no differences between the intrinsic motivation of male and female
entrepreneurs (Meyer et al., 2022), others argue that they are different (Ramadani et al., 2022).
At the same time, there is a lack of research focusing on women's motivation for
entrepreneurship and determining whether women who decide to launch a business have
different profiles (Llados-Masllorens, Ruiz-Dotras, 2022). Researchers relying on quantitative
and qualitative analyzes indicate a problem in confronting the assumption of incomparable sets
(women entrepreneurs vs. men entrepreneurs), which may lead to incorrect conclusions
(Halilem et al., 2022; Henry, Levis, 2023).

In Poland and other European Union countries, the Gender Mainstreaming policy was
actively promoted and adopted by the European Commission in 1997. This strategy assumes
the need to take actions aimed at reducing discrimination between women and men in the labor
market, assigning the same social value, equal rights, and equal access to financial resources to
both sexes, creating opportunities to choose a life path without the limitations of gender
stereotypes, recognizing the differences between the lives of women and men resulting from
different needs, experience, and gender priorities. In this sense, the overrepresentation of men
in the population of people forming the ownership bodies of enterprises results from
multifaceted discrimination against women, including numerous barriers to entry into
entrepreneurship. In this sense, the overrepresentation of men in the population of people
forming the ownership bodies of enterprises results from multifaceted discrimination against
women, including numerous barriers to entry into entrepreneurship.

Women in the population of entrepreneurs require rethinking about a consequence,
redefining the concept of gender equality, which too often is identified with equality having
only a mathematical dimension. Paradoxically, the times of uncertainty that the COVID-19
pandemic is part of may contribute to the verification of concepts promoted over the years and
solutions introduced on their basis in public policies (Afshan et al., 2021; Ayatakshi-Endow,
Steele, 2021; Stephens et al., 2022). The issue of gender inequality in entrepreneurship,
combined with the unnatural overrepresentation of men in the population of entrepreneurs,
is still clearly present in science, the media, and politics. That, in turn, is associated with the
identified ineffectiveness of many solutions used in this area, including financing new
companies from the non-repayable and repayable public and private funds (Chhatoi, 2022;
Costa, Pita, 2020) and the search for new solutions in this area (Clayton, 2023).

Systematically conducted quantitative analyzes of entrepreneurship over the years allowed
us to build new theories and patterns. The period of uncertainty creates fundamentally new
conditions for starting and running a business. Academic literature indicates the fear factor as

an essential indicator limiting the entrepreneurial activity of potential and newly established
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entrepreneurs (Li, 2011; Morgan, Sisak, 2016). The new field of research fits into the cognitive
problem of identifying differences or lack thereof in the entrepreneurial intentions of men and
women. A permanent monitoring of the quantitative structure of entities of the national
economy, considering the relational analysis, is necessary from the perspective of each country
(Jegorow et al., 2021). Creating patterns and identifying emerging deviations in the structure of
the population of enterprises, apart from the scientific and cognitive dimensions, is significant

from the perspective of the entrepreneurial states concept.

3. Methods and data

Quantitative data necessary for the conducted analysis come from public registers.
The reference system is data on the number of self-employed people from 1992 to 2021, divided
by gender. The reference system of the analysis is data on the number of self-employed people
in the years 1992-2021, broken down by gender. The subject of detailed analysis is a time series
covering the number of applications submitted to CEIDG from June 2019 to January 2022.
The adopted conditional time limit is the publication of data in public registers. The analyzed
applications have four categories: establishment, resumption, suspension, and liquidation of
an enterprise. An acceptable generalization of this research is the assumption that the subject
of the research concerns micro-enterprises.

In the population of natural persons conducting business activity in Poland in January 2023,
99.07% (2022: 99.03%) were entities employing up to 9 persons, i.e., meeting the definition of
a micro-enterprise (2023: 3.53 million out of 3.56 entities; 2022: 3.41 million out of
3.45 million entities). The share of micro-enterprises in total domestic private business entities
is 97.38% (2022: 98.65%). In turn, natural persons conducting business in all domestic
enterprises constitute 71.21% of entities (2022: 71.27%), of which in the general population of
micro-entity they account for 72.94% (2022: 73.08%). The main research problem focuses on
the answer to the question: Does the propensity to register new companies, suspend operations,
resume, and finally liquidate, regardless of the differences between the sexes, show relatively
constant proportions over time? This approach is based on incremental analysis unrelated to the
motivation inherent in entrepreneurship, treated as a separate scientific discipline. It also meets
the criterion of a strictly economic approach (Smith et al., 2021). The following hypotheses
serve to achieve the research objective:

H1: The change in the number of self-employed people over time is similar in the population
of women and men, with a relatively constant difference.

H2: The number of enterprises operating on the market and those newly registered is not

related to the sex of the entrepreneur.
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H2_1: The difference between the number of enterprises registered by women and men is
relatively constant.

H2_2: The difference between the number of business activities suspended by women and
men is relatively constant.

H2_3: The difference between the number of resumed business activities by women and
men is relatively constant.

H2_4: The difference between the number of enterprises deregistered by women and men
is relatively constant.

H3: The COVID-19 pandemic has a similar impact on the entrepreneurial decisions of
women and men.

H3_1: The COVID-19 pandemic significantly slowed down the registration of new
enterprises in the category of both sexes in the initial phase, and this process was not permanent.

H3_2: The COVID-19 pandemic in the initial phase significantly increased the number of
suspended business activities in the category of both sexes, and this process was not permanent.

The analytical tools of this study are limited to a set of those that allow the identification of
statistically significant differences in the accepted categories of entrepreneurial activity
undertaken by women and men based on the number of applications submitted to CEIDG in

monthly periods (t-test). Regression and correlation were used in the comparison by gender.

4. Results and discussion

Increasing the number of women numerous in the self-employed population is one of the
main goals of the political strategy of Gender Mainstreaming adopted by the European
Commission in 1997. With Poland's accession to the EU, Poland implemented numerous
subsidy programs to eliminate defined development differences, including the promotion of
individual entrepreneurship and support for women recognized as a disadvantaged group in the
labor market. The actions taken included, among others: projects addressed to women planning
to start a business. At the same time, numerous other programs and social campaigns addressing
the issue of discrimination against women in the labor market were implemented, aimed at
eliminating the existing differences and barriers. Meanwhile, science provides evidence that the
entrepreneurship of women and men is a subject that is exploited unilaterally and used as
an element of political struggle, to the detriment of the activity of both. This situation leads to
the enforcement of specific legal solutions and the promotion of behavior that would meet the
criterion of so-called political correctness (Szczepankiewicz, 2006).

Gender equality is a fundamental right of EU Member States and a prerequisite for
achieving sustainable and inclusive growth. This issue is a recognized area of policy action
enshrined in the EU Treaties and the EU Charter of Fundamental Rights. The EU is gradually
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integrating gender equality policy into all other EU policies. Encouraging women to start
a business with the support of public funds and the so-called European Funds are implemented
in successive long-term financial programs. The Gender Mainstreaming concept is currently in
the Gender Equality Strategy 2020-2025. Transferring this political approach to the next
decades with ensuring public funding requires evaluating the programs implemented.
In this context, it should be considered whether the differences in the number of self-employed
women and men need to be changed and whether the existing disparities should be linked to
discrimination. It should also be considered whether the support intended to increase the
participation of women entrepreneurs in the economy in the forms implemented so far is
appropriate. At this point, attention should also be paid to the low effectiveness, regardless of
gender, of many subsidy programs implemented. The failure of interventions financed from
public funds has been empirically verified in scientific analysis (Jegorow, Przytuska-Schmitt,
2022).

4.1. Self-employed in the working population in 1992-2021

The data presented by the Central Statistical Office indicate that the number of self-
employed people has decreased over the last three decades (by 14.3%) (Figure 1). In the case
of men, the decrease was 2.1%, while in the case of women, the change reached 32.5%.
The changes in the last decade of the 20th century (men) and the first decade of the 21st century
(men and women) had a powerful effect on the values of these indicators. However, while in
the case of men, their share among the self-employed increased slightly in the first two decades
of the 21st century, in the case of women the trend was reversed and there was a decrease
of 22.2%.
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Figure 1. Self-employed in thousands.
Source: own study.

The analysis of the dependence of the number of self-employed women and men for the
shortened time series (2001-2021) shows a little negative correlation coefficient, which is
statistically insignificant (Pearson Correlation -0.238; p = 0.299; N = 21). Statistically
significant, however, is the relationship covering the entire time series 1992-2021 (Pearson
Correlation 0.752; p < .001; N = 30). A clear and positive correlation between the number of
self-employed women and men indicates a relatively constant relationship between these
measures over the past three decades. At the same time, the statistics recorded in the last decade

of the 20th century have a significant impact.
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In 1992, the population of self-employed men was 49% larger than that of women.
Currently, this ratio is 117%. Three decades ago, women accounted for more than 40% of self-
employed people, but now they are less than 32%. This relationship is downward, determined
by a linear trend, which results from linear regression, where the independent variable is time
(Table 1). The projected decrease in the share of women in the self-employed population is at
the level of 0.3 p.p. y/y (B) (in absolute terms, a statistically acceptable linear regression model
indicates a decrease exceeding 18,000 y/y). The correlation is negative and very high: -0.973
(Beta). At the same time, changes in the share of women in the population of entrepreneurs
show slight volatility over time: 7.526% (CV).

Table 1.
Summary of Regression Model — women in the group of self-employed people®”
R R Square Adjusted Std. An error Durbin-
I. Model Summary q R Square in the Estimate Watson
0.973 0.946 0.944 0.638 1.473
Sum of
L. ANOVA Squares Df Mean Square F Sig.
Regression 201.494 1 201.494 494.291 0.000
Residual 11.414 28 0.408
Total 212.908 29
. Unstandardized Standardized .
II1. Coefficients t Sig.
B Std. Error Beta
Constant 635.812 27.023 23.529 0.000
Year -0.299 0.013 -0.973 -22.233 0.000
Iv. Re51.d u‘als Minimum Maximum Mean Std. Deviation Coeffi‘c 1e.nt
Statistics of Variation
Predicted Value 30.683 39.366 35.025 2.636 7.526%

Note. a. Dependent Variable: Woman; b. Predictors: (Constant), Year.
Source: own study.

The population of self-employed people among working people is not the same as the
number of entrepreneurs active on the market. Comparing data on the number of entities of the
national economy by legal form from January 2012 and 2022, respectively, it turns out that
although the total number increased by almost 25%, it was with clearly different intensity in
individual legal categories. The increase in self-employed people in the general population
reached 20% in the last decade. At the same time, the number of companies increased by almost
50%, with the most significant increase in the category of commercial companies,
1.e., by over 85%.

At the same time, the number of companies increased by almost 50%, with the most
significant increase in the category of commercial companies, i.e., by over 85%. The most
significant increase, reaching 136%, took place in the case of foundations. In the case of
associations and social organizations, the increase amounted to almost 30%. The decrease took
place in two categories: state-owned enterprises and cooperatives. The presented statistics are
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justified by the changes in the Polish economy, in the natural search for solutions leading to the

reduction of fixed costs of running a business.

4.2. Self-employed by gender - comparative analysis (June 2019 - January 2022)

The definite advantage of men in the self-employed population directly translates into
a clear advantage in all categories listed in CEIDG (Table 2). On average, men set up over
80% more enterprises per month than women, while the liquidation rate is 60% higher in the
case of the analyzed relationship. These indicators combined with the fact of almost 117%.
The predominance of the number of enterprises run by men compared to women is not a good
prognostic of all activities aimed at increasing women's entrepreneurship. The quantitative
predominance of registrations of new entities combined with a relatively lower share of
liquidations of existing enterprises to their total number indicates a higher survival rate of

enterprises run by men.

Table 2.
Group Statistics
. e Coefficient of Std. Error
Sex Mean Std. Deviation Variation [in %] Mean
. Men 16,001 5,199 32 919
Suspension
Women 8,812 3,283 37 580
. Men 8,093 2,216 27 392
Resumption
Women 4,263 1,862 44 329
L. Men 8,507 2,935 35 519
Termination
Women 5,302 1,956 37 346
. Men 15,086 2,284 15 404
Assumption
Women 8,369 1,377 16 244

Source: own study.
Differences in the individual four analyzed self-employed activities, divided by gender,
should be considered a direct consequence of more than twice as many men running a business.

These differences are statistically significant (Table 3).

Table 3.
Independent Samples t-Test

qul’l:“l’ftl;e; gzs:igl)lies t-test for Equality of Means (Equal variances assumed)

F Sig. t df (Z-i:igl.ed) Ditl}f/{;?;ce Snt.?fefiﬂ‘c’i
Suspension 2.838 0.097" 6.614 62 0.000" 7,189 1,087
Resumption 0.510 0.478™ 7.486 62 0.000" 3,830 512
Termination 2.117 0.151™ 5.140 62 0.000" 3,204 623
Assumption 5.208 0.026™ | 14.244 | 62 0.000" 6,717 472

Note. ** The criterion of equality of variances is met for Sig.>0.05; *Test is significant at the Sig.<0.001 level (2-
tailed).

Source: own study.
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The results of the correlation analysis based on four pairs of activity categories of the self-

employed, considering the sex of entrepreneurs, indicate a very strong positive statistical
relationship (Table 4).

Table 4.
Estimated correlation coefficients among sex (N = 32; Jun-19 — Jan-22)
CC Suspension Resumption Termination Assumption
a. 0.882%%(.000) 0.948%%(.000) 0.997#%(.000) 0.884%(.000)
b. 0.665%%(.000) 0.730%%(.000) 0.842%%(.000) 0.540%%(.000)
c. 0.819**(.000) 0.885**(.000) 0.954**(.000) 0.716**(.000)

Note. CC - Correlation Coefficient, a. Pearson Correlation, b. Kendall's tau_b, c. Spearman's rho. **. Correlation
is significant at the 0.01 level (2-tailed).

Source: own study.

The graphical presentation of the time series of the four characteristics, broken down by the
sex of entrepreneurs, confirms a very strong statistical relationship and a relatively constant
difference in individual reporting categories (Figure 2). The identified dependence combines
a quasi-permanent relation of the number of decisions related to making, running, and

liquidating economic activity, broken down by gender.
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Figure 2. Self-employed in thousands.

Source: own study.

In Poland, only one in three sole proprietorships lead by a woman. The identified
convergence in the intensity of entrepreneurial decisions in the four analyzed categories
monthly, broken down by gender, was not disturbed by the outbreak of the COVID-19

pandemic. Although self-employed people made decisions different from the pattern built based
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on data from periods characterized by a relatively stable external environment of enterprises
(Jegorow et al., 2021; Jegorow, Przyluska-Schmitt, 2022), these changes had the same return
and similar intensity in the case of women and men. Other researchers analyzing the issue of
women's entrepreneurship in the same period, but in the qualitative dimension, also did not
identify gender differences (Kogut, Mejri, 2022).

In March 2020, entrepreneurs submitted the largest number of applications for suspension
of business activity. The fewest applications for registration of new enterprises were in 2012-
2021. On the other hand, in May and June 2020, the largest number of applications for the
resumption of economic activity was submitted. These anomalies were incidental in nature and
were not postponed to subsequent months as in previous years. The quantitative dimension of
the population of self-employed entrepreneurs during the COVID-19 pandemic has not changed
in a way that indicates the negative effects of the pandemic. Entrepreneurs' decisions did not
differ by gender. However, it should be emphasized that the quantitative analysis does not
exhaust the research field but also indicates problem areas. The number of active enterprises
cannot be directly related to their financial condition. Therefore, the obtained results do not
negate the findings of other researchers that the relative calmness of undertaking entrepreneurial
activity and running companies has been seriously disturbed by the COVID-19 pandemic,
especially in the case of the smallest enterprises (Parnell et al., 2020); Ratten, 2020; Cucculelli,
Peruzzi, 2020; Endris, Kasssegn, 2022; Liguori, Pittz, 2020; Nasar et al., 2021). At this point,
one should consider the numerous, diverse national aid programs that quite strongly inscribe
contemporary entrepreneurship into public policies, and thus the requirement of great caution
in generalizing conclusions.

The overrepresentation of male entrepreneurs is a feature that characterizes economies
around the globe. However, this does not mean that “business and entrepreneurship are certainly
a monopoly on men” (Crane, 2022; Setyaningrum et al., 2022). Over the last three decades,
the share of women among the self-employed in Poland has been systematically decreasing.
This happened regardless of the economic, social, political, and cultural transformation,
the implementation of numerous subsidy programs, including those financed from EU funds,
and dedicated exclusively to women interested in starting their businesses. A lack of
a quantitative increase in the share of women in the population of entrepreneurs, in the context
of the state aid granted, should be associated with an incorrect diagnosis based on recognizing
quantitative disproportions as a discriminatory problem.

The European Parliament resolution of 3 May 2022 on achieving economic independence
for women through entrepreneurship and self-employment (2021/2080(INI)) indicates that
starting and running a business in the EU is a complex issue due to different bureaucratic
requirements and procedures and administrative. However, these problems are different for men
and women. Barriers to women's entrepreneurial activity include gender stereotypes that
indicate gender segregation. On this basis, numerous calls were formulated to support women

interested in starting a business, ultimately striving for quantitative sustainability.
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5. Conclusions and reflections

Differences in the number of female and male entrepreneurs in Poland are quasi-constant,
regardless of economic, social, political, and cultural changes determined by the perspective of
the past three decades. In the post-transformation period in Poland, the number of self-
employed people decreased, including a higher decrease in the population of women.
The identified proportions should therefore be seen as natural.

The conducted analysis proves that the share of individual activities in starting, running,
and liquidating businesses is similar in the population of women and men. That happens
although the presence of women in business is much smaller. Decisions regarding the
functioning of enterprises change clearly over time monthly, but these changes have a very
similar intensity in the case of both sexes. Thus, we conclude that the decisions taken are not
related to the gender of the entrepreneur. The positive verification of this hypothesis was
confirmed by the results obtained during the COVID-19 pandemic. This context also creates
added value as evidence of the lack of a noticeable impact of the pandemic on the quantitative
structure of the population of self-employed people.

The obtained results are supplemented by quantitative research on entrepreneurship,
considering the gender of the entrepreneur. The completed study has limitations related to the
adopted time limit of the public reporting system. This fact indicates a relatively new field of
knowledge in the Polish socio-economic space. Research limitations are also present in
quantitative terms that ignore the context. The combination of these two areas opens
an important and needed research field. The research concept is new, determined by access to
source data. When indicating prognosis, and desirable research directions, it is necessary to
consider extending the study to other economies to generalize the results obtained or to indicate
that entrepreneurship has national borders. It is also worth considering the latest statistics in
subsequent analyses, including global instability identified with time.

Based on the EU's public policy guidelines, it is desirable to apply to balance the number
of female and male entrepreneurs, even though the gender of Schumpeter's entrepreneur does
not matter in the contribution to economic growth. This analysis does not confirm that the
number of female entrepreneurs in Poland increased after the accession to the EU, despite many
projects already implemented, financed, or co-financed from public funds. The EU's new
financial perspective for 2021-2027 re-implements the implementation of many assistance
programs for women interested in starting a business. It is worth considering whether their
above-average support paradoxically leads to discrimination against men. The efficiency of
public spending is also becoming a problem.

After the outbreak of the COVID-19 pandemic, 2022 brought another shock - a military
conflict between Russia and Ukraine, which shook the global economic system. Unimaginable
for most societies of the civilized world, the humanitarian drama is a disgraceful example of
the weaknesses of the systems, alliances, and agreements created over the years. Parallel to
strictly military activities, there is an economic war in international trade and
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internationalization, in which Poland plays quite a heavy role. Individual negative
entrepreneurial consequences in this situation are inevitable. The extent of these effects will be
possible to estimate in subsequent studies, including those using the quantitative structure of
enterprises, considering the gender of owners. However, today, the time of war verified the
approach to women's and men's treatment of the traditional approach to gender. Concepts of
equality gave way to a need to involve men in the war, to secure women with their children and

other dependents, as was the case, for example, with on the territory of Poland.
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1. Introduction

Climate change is a prominent phenomenon observable in all parts of the world. Hazards it
brings about do not exclusively pertain to the natural environment. They also affect social,
territorial and even economic domains. In recognition of the need to counteract the negative
consequences of climate change, various financial mechanisms are established to support
activities and projects concerning the mitigation of and adaptation to climate change.
In the context of the current climate crisis, one of the most pressing challenges the international
community faces in connection with climate protection consists in the delivery of actions aimed
at reducing air pollutant emissions in the world. Air pollution encompasses all gaseous, liquid
and solid (particulate matter) fractions which are not natural components of air, or whose
content in the air is higher than the natural one. Air pollution and climate change are closely
interrelated. Greenhouse gases retain heat in the atmosphere and translate into global warming.
An example of efforts made concerning the reduction of air pollutant emissions is the strategy
adopted by the European Commission — climate neutrality by 2050, which assumes that the
European Union's economy will be the first in the world to achieve climate neutrality by 2050
(Climate neutrality, 2019), becoming a kind of beacon for others. The implementation of
commitments made by individual member states concerning the establishment of a zero-
emission economy will not be an easy task. According to a report by IQAir (2021 World Air
Quality Report, 2021), a global air quality monitoring company, out of 6,475 cities surveyed in
117 countries, merely 222 met the standards for the volume of PM2.5 in the air set by the World
Health Organization. The results of the report are therefore very alarming, especially with
regard to health issues and human life. In connection with the foregoing, it is crucial that the
international community intensifies actions aimed at the mitigation of and adaptation to rapidly
progressing climate change.

One of the most vital components of actions regarding climate change is to provide the
necessary financial support originating from both public and private sources. With this purpose
in mind, funds dedicated to environmental protection are established in order to finance
programmes and projects aimed at combating climate change. In this article, climate funds
financing activities and "air protection programs" implemented by voivodeship environmental
protection and water management funds were examined.

Among the most significant functions of climate funds are the redistributive and fiscal
functions. The functions performed by climate funds therefore consist, on the one hand,
in the collection of funds and, on the other hand, in their distribution (Zdanukiewicz, 2012).
In the literature of the subject, merely a narrow field of research is devoted to climate funds.
Among the main streams of research, the following can be enumerated: legal and institutional
dimension of climate funds (Kalinowski, 2020; Caldwell, Larsen, 2021; Bowman, Minas,
2018), effectiveness of their operation (Omukuti et al., 2022; Bhandary et al., 2021; Cianbiao



The role of environmental funds... 187

et al., 2019) as well as their social perception (Hugel, Davies, 2020; Bhandary, 2021a; Begum,
Mahanta, 2017).

According to Carfora and Scandurra (2019), climate funds enable countries to enter the path
of sustainable energy development. However, in order for this to actually happen, it is necessary
to enhance the effectiveness of mobilization and administration of public and private funds for
climate protection purposes (Bhandary et al., 2021).

Research on public, national climate funds is rare (Prasad, Sud, 2019). In Poland, studies
on climate funds are available (Rabiega et al., 2022) which discuss priority programmes and
actions related to climate protection. As far as air protection is concerned, reports of non-
governmental and monitoring organizations are drafted (Adamkiewicz et al., 2021) which
assess anti-smog activities implemented in the framework of priority programmes and projects,
and which form recommendations for prospective actions. In Poland, there is a lack of research
on the role of public climate funds in disbursing funding under climate protection programmes
and projects'.

The objective of the article is to determine the role of voivodeship funds in disbursing
funding for air protection in Poland. Therefore, the following research questions were posed:
Has the pool of finances at the disposal of the voivodship funds earmarked for public actions
concerning air protection increased? What is the outlook upon the voivodship funds’
disbursement of public funding on tasks executed jointly with the National Fund for
Environmental Protection and Water Management (NFEP&WM) regarding air protection in
Poland? What are the environmental effects of the Clean Air Priority Programme? In order to
establish answers to the above questions, the desk research method and statistical methods were
employed. The data analysis was conducted on the basis of information made available by the
NFEP&WM and the VFEP&WM.

The present study contributes to broadening the knowledge of aspects related to the
operation of the voivodship funds, and their role in and responsibility for the implementation
of air protection programmes. In addition, the study contributed to the expansion of empirical
research with the analysis of environmental effects of the Clean Air Programme.

The present article is organized as follows: Section 1 introduces the issue of climate change
and its impacts. The matters discussed therein are related to global air pollution and
international community commitments; Section 2 presents climate funds as a source of
financing of climate protection actions; Section 3 outlines research methodology;
Section 4 analyzes empirical research results; Section 5 presents the interpretation of results

and conclusions emerging from the study.

! The following works constitute exceptions: Swianiewicz, Lackowska, 2017, 55-80; Gradziuk, Gradziuk, 2017,
95-105; Wajda, 2022, 51-65; Greda, Kania, Skomorowska, Wisniewski, 2020, 51-61.



188 A. Jonasz

2. Literature review

2.1. From financing climate protection to climate funds

Significant financial resources are required to deliver climate protection actions.
According to the Adaptation Gap Report "The Gathering Storm", fiscal stimuli amounting to
USD 16.7 trillion have been made available worldwide (UNEP, 2021). However, merely
a small part of the money has been allocated to adaptation to climate change. The report points
out that the delivery of adaptation-related activities has been growing slowly. Moreover, further
initiatives towards funding and implementation are required (Adaptation and mitigation...,
2021). It is therefore necessary to ensure financial support for climate-oriented actions, both
from public and private sources. For this purpose, funds dedicated to environmental protection
must be established, whose task is to finance programmes and projects aimed at combating
climate change.

In-depth research in the field of climate protection allows to distinguish several main
dimensions related to climate funds, namely the legal and institutional dimension of climate
funds (Kalinowski, 2020; Caldwell, Larsen, 2021; Bowman, Minas, 2018), their effectiveness
(Omukuti et al., 2022; Bhandary et al., 2021; Cianbiao et al., 2019) and their social perception
(Hugel, Davies, 2020; Bhandary, 2021a; Begum, Mahanta, 2017).

In the literature of the subject, one can find articles on the establishment and operation of
international climate funds (Caldwell, Larsen, 2021; Bowman, Minas, 2018), as well as their
structure and portfolio strategy (Amighini et al., 2022; Fonta et al., 2018). Such an approach to
viewing the funds can be described as legal and institutional. The same applies to national
climate funds where the analysis indicates their attributes, including the legal form, the scope
of their activities and sources of financing (Bhandary, 2022). As far as the analysis of legal and
institutional solutions of climate funds is concerned, studies discussing the role of
intermediaries in shaping the financing of climate change actions are also available. Chaudhury
(2020) notes a certain dominance of international intermediaries in the development and
implementation of projects under climate funds. National intermediaries, on the other hand,
have a poor capacity to create and scale projects.

The second area of research concerns the effectiveness of climate funds. Bhandary et al.
(2021) point out that in addition to minimizing public costs, while taking fairness aspects into
consideration, it is important to achieve climate-related goals, i.e. in addition to economic
efficiency, achieving environmental efficiency as well. The basis for studying the effectiveness
of climate funds is reporting and monitoring the effects of project implementation. However,
as indicated by Weikmans and Roberts (2019), the lack of internationally agreed methods of
tracking climate protection activities may cause discrepancies in statements and reports.
Such a situation may lead to the inability to conduct a fair comparison of the effects of project

implementation and outcomes of activities financed under climate funds.
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Climate funds are also examined in the context of their social perception. As Hiigel and
Davies (2020) point out, it is important to engage society in problems pertaining to climate-
related financing. At the same time, it is vital to ensure appropriate access to information as
well as the possibility of public participation in decision-making processes. While examining
the issue of mainstreaming climate change, Bhandary (2021a) noted that climate funds can
engage local communities and be a kind of relay of expertise in climate programming.

The analysis of literature concerning climate-related financing conducted by Jayaram and
Singh (2021) indicated an insufficient level of research in certain aspects such as the weakness
of local funding institutions and issues connected with the allocation model. These may serve
as future research areas concerning climate-related financing. Therefore, a research gap exists

in this domain which requires further examination.

2.2. Climate protection funds in Poland

In Poland, institutions that drive activities related to financial support for environmental
protection are, inter alia, the National Fund for Environmental Protection and Water
Management and 16 voivodship funds for environmental protection and water management.
These institutions, based on the Environmental Protection Act, implement the environmental
policy of the state and the policies of individual voivodships in terms of environmental
protection specified in regional strategies and programmes. Additionally, once every four years
they establish a common strategy of action which indicates the critical substantive objectives
and priorities of cooperation (Common Strategy, 2020). Voivodeship funds for environmental
protection and water management are public institutions offering subsidies, loans and other
forms of funding for environmental protection programmes. Beneficiaries of the support
offered by the funds encompass local governments, public entities, enterprises, social
organizations and natural persons. In the past five years, the voivodship funds commenced
a large-scale implementation of joint priority programmes for environmental protection,
including air protection. Jointly implemented programmes provide the financing of projects
from both the National Fund and the individual voivodship funds. Regarding air protection,
joint activities of the institutions are aimed not only at improving air quality and transitioning
towards a low-carbon economy, but also at achieving the objectives of the climate and energy
package for Poland (Common Strategy, 2020).

In 2018, cooperation in the implementation of joint environmental protection programmes
between the National Fund and the individual voivodship funds began to gradually increase,
mainly concerning financial redistribution. In the aspect of air protection, these institutions
began to implement the largest to date Clean Air Priority Programme, whose main objective is
to enhance energy efficiency and reduce particulate matter and pollutant emissions into the
atmosphere. In 2018, the value of funds made available by the National Fund under contracts
concluded with the individual voivodship funds for payments to final beneficiaries of the
programme amounted to PLN 1,004,000 thousand of which PLN 830,000 thousand was in the
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form of grants and PLN 174,000 thousand in the form of loans (Common Strategy, 2020).
The most vital tasks related to the implementation of the programme were assigned to the
voivodship funds, which deal with the processing of applications, concluding and settling
contracts with beneficiaries, monitoring and reporting activities. The implementation of the
Clean Air Priority Programme is scheduled for 2018-2029. The budget of the programme is
over PLN 103 billion (Clean Air Priority Programme..., 2022). The second joint programme
concerning air protection implemented since 2018 by the voivodship funds was the Air Quality
Improvement Programme dedicated to reducing energy consumption in the construction sector.
As part of the cooperation in 2018-2020, the National Fund concluded 15 contracts providing
grant-based funding to final beneficiaries via the voivodship funds for a total amount of over
PLN 250 million. As part of the cooperation, the voivodship funds funded 301 grant-based
co-financing applications and 52 loan-based ones (Common Strategy..., 2020). It should be
noted that in addition to this, the funds also spend their finances on the basis of the
Environmental Protection Act in the framework of the so-called "fields". In their annual
operational plans, the funds specify environmental protection financing avenues scheduled to
be funded during the particular year. For example, regarding air protection, individual funds
allocate their own resources to the delivery of various tasks aimed at reducing emissions of air
pollutants and tasks associated with thermo-modernization, and develop and implement their
own air protection programmes”. Actions eligible under air protection programmes delivered
by the voivodeship funds include, e.g. replacement of inefficient solid fuel heat sources,
insulation of building partitions or replacement of window and door joinery.

Research on the role of the funds in financing the implementation of air protection
programmes and projects is carried out to a limited extent by the Supreme Audit Office as part
of the auditing operation of the institution (Post-inspection report — Opole..., 2020). Fura
(2017) researched the effectiveness of air protection and climate actions in voivodeships in
Poland. Mesjasz-Lech (2014) studied regional air protection actions. However, these studies do
not directly pertain to the voivodship funds for environmental protection and water
management. The change in the role of the funds is reflected in the content of subsequent
Common Strategies of the National Fund and the voivodship funds for environmental
protection. However, there is a lack of up-to-date® research on the operation of the voivodship
funds, their role in and increasing responsibility for the implementation of air protection

programmes.

2 The Voivodeship Fund for Environmental Protection and Water Management in Warsaw executed, e.g., OA-1
programme entitled "Reduction of air pollutant emissions, reduction of heating consumption, and exploitation
of renewable energy sources" and OA-2 entitled "Modernization of electrical lighting", Report on the activities
of the Voivodship Fund for Environmental Protection and Water Management in Warsaw for 2019.

3 Works on the role of the voivodship funds date back to several years ago, e.g. Gorka, Rosiek, 2007, 51-74,
i.e. they predate the amendment of the Environmental Protection Act of 2009, which resulted in the funds
operating as local government legal entities since 2010. The operation of voivodship funds for environmental
protection was also examined by the Supreme Audit Office. However, the audit concerned the 2014-2017 period,
https://www.nik.gov.pl/plik/id,16844,vp,19402.pdf, 10 September 2022.
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3. Methodology

In order to establish answers to the research questions, the desk research method and
statistical methods were employed. The data analysis was made on the basis of information
made available by the National Fund for Environmental Protection and Water Management and
voivodship funds for environmental protection and water management (NFEP&WM and the
VFEP&WM). Data on two programmes implemented jointly by the funds were analyzed,
i.e. Clean Air Priority Programme and Air Quality Improvement Programme for the reduction
of energy consumption in the construction sector. In addition, data on the delivery of air
protection tasks financed from own resources of individual voivodship funds in 2018-2020
were also analyzed. The present study employed statistical methods and the desk research
method, consisting in analyzing and processing data from existing sources, the so-called legacy
data and, based on them, formulating conclusions on the surveyed issue (Encyclopedia...,
2022). As part of the applied method, the analysis of programming documents and the analysis
of reporting data were carried out. The Clean Air Programme, as well as the Air Quality
Improvement Programme for the reduction of energy consumption in the construction sector,
were delivered by the voivodship funds since 2018. Therefore, the research covers the 2018-
2020 period, and in relation to the Clean Air Programme, the 2018-2021 period. In 2018-2021,
the voivodship funds for environmental protection, jointly with the National Fund,
also implemented other air quality improvement programmes, which will be disregarded in this
article*. This is due to the fact that they were not implemented by all voivodship funds,
only concerned selected ones or were implemented by few funds as pilot projects (National
Fund report..., 2021).

The analyzed data encompassed the number of applications and signed contracts, the value
of signed contracts and funding transferred under programmes implemented from own
resources and under the Clean Air Priority Programme and Air Quality Improvement
Programme for the reduction of energy consumption in the construction sector. In the case of
the Clean Air Priority Programme, data on the obtained environmental effects were also

collected. The research process is outlined in Figure 1.

4 Excluding the Air Quality Improvement Programme, which was discussed in the article because it was not
implemented exclusively by the Voivodship Fund for Environmental Protection and Water Management in
Zielona Gora.
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Figure 1. Research process.

Source: own elaboration.

4. Research results

4.1. Analysis of the Clean Air Priority Programme

Table 1 presents the number of applications submitted to the individual voivodship funds
for environmental protection and the value of the requested co-financing under the Clean Air

Priority Programme.

Table 1.
Applications submitted under the Clean Air Priority Programme in 2018-2021
Number of project applications Value of the requested co-financing
No. | VFEP&WM (pcs.) (PLN thousand)
2018 2019 2020 2021 2018 2019 2020 2021
1. | Biatystok 1182 3731 2904 4989 | 29465 89339 54 567 89 200
2. | Gdansk 1908 5635 4160 8504 | 36453 109 659 63 107 129 253
3. | Katowice 3722 10040 [12413 37990 | 79022 168 837 155775 491179
4. | Kielce 1640 5122 4634 9228 | 342438 117 296 86 721 169 364
5. | Krakow 2364 8925 10056 19973 62 825 223 857 171931 344910
6. | Lublin 2042 5791 4203 9265 51233 137 585 78 829 153 028
7. |Lodz 1094 6116 6103 12469 25243 121 149 88 182 180 890
8. | Olsztyn 697 3183 3238 5949 16 005 70 259 59102 96 874
9. |Opole 864 1904 2234 5843 16 434 33705 29 154 83 121
10. | Poznan 1999 6696 6805 15682 46 782 131246 101 481 224 330
11. | Rzeszow 1318 4999 4798 10128 32 084 109 806 91 435 177 744
12. | Szczecin 816 2416 1984 4134 18 687 47 672 29293 60 992
13. | Torun 1479 5580 5982 10746 | 22808 98 049 86226 162 339
14. | Warszawa 2699 9546 8755 18642 | 48084 184 027 135 563 278 231
15. | Wroctaw 1131 4069 3586 9107 20 088 74 067 49 638 124 273
16. | Zielona Gora 564 1788 1946 3624 9576 30 074 27 259 52 795
17. | Total 25519 85541 83801 186273 | 549037 | 1746627 | 1308263 2 818 523

Source: Own study based on reports on the operation of the National Fund for Environmental Protection
and Water Management for 2018-2021.
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The study indicated that in 2019 and 2020, the number of applications submitted under all
voivodship funds was at a similar level. In 2018, the number of applications was lower due to
the fact that the programme was launched in Q3. The programme noticeably accelerated only
in 2021. The largest number of applications was submitted to the Fund in Katowice — 64,165,
and the lowest in Zielona Gora — 7,922. The requested value of co-financing in 2018-2021 for
all applications submitted to the funds amounted to over PLN 6.4 billion.
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Figure 2. Number of applications submitted under the Clean Air Priority Programme plotted with the
trend line.

Source: own elaboration.

Similar results were obtained in relation to the number and value of co-financing contracts
concluded in 2018-2021 under the Clean Air Programme (Table 2).

Table 2.
Co-financing contracts concluded under the Clean Air Priority Programme with final
beneficiaries in 2018-2021

Number of concluded co-financing contracts
No. | VFEP&WM in individual years (pcs.% VRSO S S EN ETs)
2018 2019 2020 2021 2018 2019 2020 2021
1. | Biatystok 0 2969 3362 4151 0 66 674 67 238 75 375
2. | Gdansk 16 4965 5115 6434 165 16 445 151 812 97 463
3. | Katowice 0 5536 15675 26333 0 87 902 217 999 338 536
4. | Kielce 0 3480 5662 8364 0 69 197 113 769 149 725
5. | Krakéw 0 5402 11463 16743 0 123920 221996 286 952
6. | Lublin 0 2990 7111 7651 0 62 557 143 955 127 877
7. | Lodz 0 2937 7639 8838 0 56 664 121 561 129 091
8. | Olsztyn 9 3321 3097 4888 104 65 329 56 431 81 820
9. | Opole 0 1182 2820 4383 0 18 279 37 809 61958
10. | Poznan 0 3112 9117 11784 0 57 517 150 765 170 403
11. | Rzeszow 0 3227 5218 8294 0 71 564 102 218 145 857
12. | Szczecin 0 2665 2004 2390 0 44 866 30720 35855
13. | Torun 0 4966 5839 8281 0 80 442 86 585 123 966
14. | Warszawa 29 7039 11088 14211 318 123 616 186 157 213191
15. | Wroctaw 0 2513 3761 6129 0 40 434 53 569 77 099
16. | Zielona Gora 5 1671 2075 3254 49 24 805 29 839 46 468
17. | Total 59 57975 101046 142128 636| 1010211 | 1772423 | 2161636

Source: Own study based on reports on the operation of the National Fund for Environmental Protection
and Water Management for 2018-2021.
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The study indicated that despite the launch of the programme on 19 September 2018,
only 59 contracts were signed by the end of that year. In the following years, the situation
regarding the number of signed contracts began to change gradually. Therefore, certain
acceleration in the implementation of the Clean Air Programme can be observed. At the same
time, there are differences in the number of submitted applications and signed co-financing
contracts between individual voivodship funds. The largest number of co-financing contracts
was concluded by the Fund in Katowice — 47,544, and the lowest in Zielona Gora — 7,005.
The value of signed co-financing contracts in 2018-2021 for all applications submitted to the
funds amounted to approx. PLN 5 billion.

One of the factors affecting this situation is certainly the number of inhabitants in individual
voivodships, which translates into the number of applications submitted and contracts signed
under the programme (Figure 3). In view of the foregoing, the largest number of applications
for co-financing under the Clean Air Programme was submitted in $laskie, matopolskie and
mazowieckie voivodships, respectively 64,165, 41,318 and 39,642. Similarly, in the case of
co-financing contracts, the largest number of contracts was signed in the same voivodships,
respectively in the $laskie voivodship — 47,544, matopolskie voivodship — 33,608 and

mazowieckie voivodship — 32,367.
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Figure 3. Number of applications (pcs.) and signed co-financing contracts (pcs.) under the Clean Air
Programme in 2018-2021 in relation to the number of inhabitants in the individual voivodships.

Source: own study based on https://excelraport.pl, CSO (National Census, 2021) data and reports on the
operation of the National Fund for Environmental Protection and Water Management for 2018-2021.
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Taking into account the per capita subsidization of projects, the most funding in 2018-2021
went to a resident of the $wigtokrzyskie voivodeship 278 PLN, and the least to a resident of the
dolnoslaskie voivodeship: 59 PLN (Table 3).

Table 3.
Per capita subsidy in 2018-2021 by voivodeship
No gtk Value of contracts 2018- P;’(g:}::;ﬁ?pzf Subsidies per capita
2021 (PLN thousand) (PLN)
(pcs. thousand)

1. | podlaskie 209287 1154 181
2. | pomorskie 265885 2357 113

3. | $laskie 644437 4403 146

4. | swigtokrzyskie 332691 1197 278

5. | matopolskie 632868 3432 184

6. | lubelskie 334389 2052 163

7. | 16dzkie 307316 2410 128

8. | warminsko-mazurskie 203684 1382 147

9. | opolskie 118046 954 124
10. | wielkopolskie 378685 3505 108
11. | podkarpackie 319639 2093 153
12. | zachodniopomorskie 111441 1658 67
13. | kujawsko-pomorskie 290993 2027 144
14. | mazowieckie 523282 5515 95
15. | dolnoslaskie 171102 2905 59
16. | lubuskie 101161 991 102

Source: own study based on reports on the operation of the National Fund for Environmental Protection
and Water Management for 2018-2021.

In the analysis of the implemented programme, the speed and amount of co-financing made

available by the institutions are also crucial.

Table 4.
Disbursements under the Clean Air Priority Programme

Disbursement of funds from the NFEP& WM . ..
to the VFEP&WM - transfer of funding Disbursements to final beneficiaries
No. | VFEP&WM (PLN thousand) (PLN thousand)
2018 2019 2020 2021 2018 2019 2020 2021
1.| Bialystok 0 39 676 43 936 35742 0 9927 49 925 52 841
2. Gdansk 0 62 000 27 500 53 852 0 2988 76 364 59 191
3.| Katowice 0 20 208 70 385 153 195 0 13 746 86718 121 519
4. Kielce 0 30 000 76 800 74 893 0 21717 72 570 79212
5. Krakow 0 41 533 44 375 95 998 0 6 806 57771 113 596
6. Lublin 0 66 599 64 700 108 305 0 16 066 79 677 94 337
7. Lodz 0 12 900 56 275 96 200 0 8 324 52 444 87 096
8. Olsztyn 0 15 000 66 400 60 857 0 20 679 53671 45554
9. Opole 0 14 000 17 500 56 500 0 7 300 23199 37 386
10. Poznan 0 86 000 0 104 153 0 19 828 60 195 86 622
11. RzeszoOw 0 50 000 64 000 75 000 0 21343 70 562 77 190
12. Szczecin 0 13 409 22071 24 794 0 15735 28 179 23413
13. Torun 0 50 000 49 800 67 234 0 29 564 62271 63 550
14.| Warszawa 0 100 000 51 000 130 190 0 25 161 122 996 99 478
15.| Wroctaw 0 62 000 0 65 420 0 17293 35057 40 629
16. | Zielona Gora 0 12 066 26 000 21 000 0 8018 22052 25402
17. Total 0 675 391 680742 | 1223333 0 244 495 953651 | 1107016

Source: Own study based on reports on the operation of the National Fund for Environmental Protection
and Water Management for 2018-2021.
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The budget of PLN 103 billion was set for the implementation of the Clean Air Programme.
The first allocation of finances to the funds to be disbursed among final beneficiaries was made
in the second year of the programme. Despite the transfer of over PLN 675 million by the
National Fund, by the end of 2019 the voivodship funds disbursed merely just over PLN 244
million among final beneficiaries. The situation improved in two following years when the

funds made disbursements to final beneficiaries at a level exceeding PLN 2 billion (Figure 4).
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Figure 4. Payments made to the beneficiaries of the Clean Air Priority Programme in 2018-2021 in
relation to forecast payments.

Source: own elaboration based on reports on the operation of the National Fund for Environmental
Protection and Water Management for 2018-2021°.

Taking into account the disbursement of funding to beneficiaries, the study showed that
despite the acceleration of the implementation of the Clean Air Programme in 2021, it may turn
out that by the end of September 2029 the budget of the programme will not be expended®.
The level of payments made to beneficiaries by the end of 2021 is merely over PLN 2 billion,
which is slightly over 2% of the total budget of the programme. This may result in a lack of
effective use of available funding and affect the achievement of the environmental and material
effects assumed under the programme. Taking into account that environmental effects are
determined by the number of delivered projects, it is necessary to monitor the speed and
effectiveness of the implementation of the programme so that the achievement of the effects is
not threatened. This is also confirmed by the report (Stefanczyk et al., 2022) according to which
it is necessary to maintain certain dynamics of introducing changes in the programme, as well

as to draw attention to key issues such as reducing energy demand. In this report, the Clean Air

5 As part of the disbursement forecast, it was taken into account that the Clean Air Programme has been
implemented since 19 September 2018, and in accordance with the provisions of the programme, disbursements
may be made by the voivodship funds until 30 September 2029. Due to the fact that the Clean Air Programme
has been implemented since Q2 2018 and no disbursements were made in the first year, no disbursements were
forecast in 2018.

® According to the provisions of the programme, this is the deadline for the disbursement of funding by the
voivodship funds for environmental protection.
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Programme is referred to as a two-speed programme due to the fact that more than half of the
projects funded under it have not scheduled energy efficiency (Stefanczyk et al., 2022)
improvement measures. Conclusions emerging from the present study indicate that if the
programme does not implement comprehensive thermo-modernization activities to a greater
extent, the achievement of air quality improvement in the short-term will not be possible,
especially in connection with the rise of gas and electricity prices in Poland (Stefanczyk et al.,
2022).

The disbursement of funding to the beneficiaries aims to aid the achievement of the Clean
Air Programme objective, which is to "improve air quality and reduce greenhouse gas emissions
by exchanging heat sources and improving the energy efficiency of single-family housing"
(Clean Air Priority Programme..., 2022). The framework of the programme assumed the
funding of a number of activities aimed at delivering the programme's assumptions, such as
dismantling inefficient solid fuel heat sources, insulation of building partitions or replacement
of window and door joinery. The achievement of the objective is to be confirmed by the
achievement of the following material and environmental effects (Clean Air Priority
Programme..., 2022):

e number of buildings/residential premises with improved energy efficiency — 3,030,000
pcs.;

e number of inefficient heat sources replaced by low-carbon ones in buildings/residential
premises — 3,000,000 pcs.;

e additional electricity generation capacity from installed photovoltaic micro-installations
— 50 MW/year;

e reduction of final energy consumption — 37,500,000 MWh/year;

e reduction of particulate matter emissions with a diameter of less than 10 micrometers
(PM10) — 210,000 Mg/year;

e reduction of benzo-alpha-pyrene emissions — 140 Mg/year;

e reduction of CO2 emissions — 14,000,000 Mg/year.

Table 5 illustrates the selected environmental and material effects after four years of the

implementation of the Clean Air Priority Programme.
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Table S.
Environmental and material effects resulting from concluded and completed contracts under
the Clean Air Priority Programme between 2018-2021 (for the entire programme)

No.

Environmental and
material effect

2019

2020

2021

from signed
contracts’

from
completed
projects

from signed
contracts

from
completed
projects

from signed
contracts

from
completed
projects

Environmental effects

Reduction of electric
energy and heating
demand (thousand

MWh/year)

Volume of limited or

2. prevented CO2

emission (Mg/year)

Reduction of PM2.5

3. particulate matter

emission (Mg/year)

Reduction of PM10

4. particulate matter

emission (Mg/year)
Reduction of SO2

5. emission (Mg/year) 3296

1123,6 269,5 12927 597.8 25357 11419

362 829 87 420 542 262 303 472 1110400 518 500

678 191 1 401 745 2 860 1342

826 240 1571 834 3202 1503

947 6 164 3 655 12 526 5 889

Material effects

Number of inefficient
heat sources replaced
6. | by low-carbon ones in
existing buildings
(pes.)
Number of thermo-
7. | modernized buildings
(pcs.)
Number of low-
carbon energy sources
8. installed in newly
erected buildings
(pcs.)
Source: Own study based on reports on the operation of the National Fund for Environmental Protection

and Water Management for 2018-2021.

35442 10708 62993 33704 135 366 62432

42 051 11569 70922 38202 143 558 67 428

16 750 5379 6 498 3 864 1772 3133

The actual effects of the programme are spread over time. As a result of the delivery of the
Clean Air Programme, 106,844 inefficient heat sources were replaced by low-carbon ones in
existing buildings over the period of four years. This represents 3.6% of the number assumed
in the programme. In the case of other effects, i.e. volume of limited or prevented carbon
dioxide emissions and reduction of PM10 emissions, they were achieved in 6.5% and 1.2% of

the assumed effects of the entire programme, respectively.

7 The discrepancy between the number of signed contracts and completed projects primarily resulted from the fact
that projects were being delivered in certain timeframes determined by regulations pertaining to the delivery of
projects under the priority programme. Data concerning the number of signed contracts were based upon a
schedule. On the other hand, data on the number of completed projects pertained to the actual number of projects
executed in a specific year.
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4.2. Analysis of the Air Quality Improvement Programme for the reduction of energy
consumption in the construction sector

The delivery of the Air Quality Improvement Programme for the reduction of energy
consumption in the construction sector was different. Much like the Clean Air Programme,
the voivodship funds commenced the delivery of this programme in 2018. The call for
applications was opened and operated by the National Fund for Environmental Protection and
Water Management in Warsaw (Call for applications..., 2017). Subsequently, based upon joint
agreements, the applications were evaluated by the voivodship funds and projects were
delivered in their respective areas of responsibility. The delivery of the programme was
scheduled for 2016-2022. The budget of the programme was set at PLN 1,129,567 thousand
(Air Quality Improvement Priority Programme..., 2017). The objective of the Air Quality
Improvement Programme is "to improve the quality of air by limiting or preventing CO>
emission as a result of increasing renewable energy production and decreasing energy
consumption in buildings" (Air Quality Improvement Priority Programme..., 2017).
The beneficiaries of the programme encompass entities operating medical in-patient 24/7
services, entities operating museums, dormitories, owners of national heritage buildings, as well
as churches, church legal entities, and religious associations (Air Quality Improvement Priority
Programme..., 2017). The achievement of the programme's objectives is to be confirmed by
the achievement of the following effects (Air Quality Improvement Priority Programme...,
2017):

e energy production from renewable sources at least 100 thousand MWh/year;

e reduction of primary energy consumption by at least 157.16 thousand MWh/year

e reduction of CO2 emission by at least 47.6 thousand Mg/year.

The programme scheduled funding of thermo-modernization of buildings, inter alia,
museums, hospitals, dormitories, religious buildings, monuments, and other buildings for the
purpose of culture, science and education (Air Quality Improvement Priority Programme...,
2017). The data pertaining to the delivery of the programme by individual voivodship funds in
2018-2022 is outlined in Table 6.
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Table 6.
Delivery of the Air Quality Improvement Programme. Part 2) Reduction of energy consumption
in the construction sector in 2018-2020°

Number of signed q Value of disbursements to
S > E E contracts (pcs.) Viathirs i e e (L) beneficiaries (PLN)
No. | VFEP& | 8 E 3 ;
WM § E Ei 2018 | 2019 | 2020 2018 2019 2020 2018 2019 2020

=
1. | Bialystok 3 0 0 1 0 0 961 367 0 0 961 367
2. | Gdansk 6 0 4 0 0| 10258289 0 0| 689816| 7001099
3. | Katowice 43 0 27 3 0 24 379 682 2 801 199 0] 15296914 12963 010
4. | Krakow 37 0 5 9 0] 5147522 4946206 0 0| 8161512
5. | Lublin 53 14 16 7 13 420 182 18 388 697 10 533 391 830131 7060 678 16 389 433
6. | Lodz 13 1 7 0 516500 | 9852515 0 0| 1077519 2202608
7. | Olsztyn 10 2 8 0| 1378599| 3925137 0 0] 3332540 | 1971196
8. | Poznafi 16 5 1 0| 5073039 318 585 0] 225412 1199633 645 746
9. | Rzeszow 41 0 26 6 0] 16314832 2472613 0| 4057305| 10162107
10. | Toruf 8 0 5 2 0| 5206000 | 2888000 0| 6247000 | 1883000
11. | Warszawa 24 0 9 12 0] 19932053 | 18322086 0] 3934173 | 11862 660
12. | Wroctaw 8 0 3 3 0| 1161569 | 16740278 0| 679011 | 1308245
13. | Total 262 22 111 43 20388 320 | 114 884 881 59 665 140 1055543 | 43574589 75 511 982

Source: Own elaboration based upon data made available by the voivodship funds and data included in
the reports of these institutions.

The study indicates that between 2018 and 2019 the largest number of applications was
evaluated by the Fund in Lublin, and the lowest by that in Biatystok. The case was similar as
far as the number of signed contracts for funding is concerned. The Fund in Lublin concluded
37 contracts and that in Biatystok merely one. Therefore, a difference between the funds
emerged as regards the number of evaluated applications and delivered projects.
The discrepancy stems from a different number of applications transferred to the voivodship
funds by the National Fund®. In the first year of the programme's delivery, the voivodship funds
completed two payments to the beneficiaries totaling over PLN 1 million. In the following
years, the payments to the beneficiaries totaled over PLN 120 million.

The study also showed that the requirements for preparing institutions for the
implementation of the programmes may result from the specificities of the programmes
themselves. The Air Quality Improvement Programme required a slightly different preparation
of the implementing institutions than the Clean Air Programme. The number of evaluated
applications and signed contracts in 2018-2020 was much lower in this programme than in the
Clean Air Programme. Assuming that the National Fund, as part of cooperation in 2018-2020,
transferred 353 applications for implementation to the voivodship funds, on average

23.5 applications (Common Strategy, 2020) per institution were evaluated and settled!’.

8 The table does not include data from the Funds in Kielce, Opole and Szczecin due to the information not being
made available. The fund in Zielona Goéra did not deliver the programme.

9 For example, as part of the contract concluded on 29 May 2018 the Voivodship Fund for Environmental
Protection and Water Management in Lublin received 53 applications for evaluation (data from the fund's
operational report in 2019, Available online: https://www.wfos.lublin.pl/materialy/_upload/sprawozdanie
/Sprawozdanie2019r.pdf) whereas the Voivodship Fund for Environmental Protection and Water Management
in Torun received eight applications (data from the fund's operational report in 2019, Available online:
http://bip.wfosigw.torun.pl/uploads/files/Sprawozdania/ SPRAWOZDANIE%202019.pdf).

10 Assuming that the Voivodship Fund for Environmental Protection and Water Management in Zielona Gora did
not participate in the programme.
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The study revealed that the implementation of projects submitted to the voivodship funds for
evaluation and delivery proceeded quite slowly. In 2018, merely 22 funding contracts with

11

beneficiaries'' were signed, which translated into just two of the examined funds disbursing

funding.

4.3. Programmes and projects delivered by the voivodship funds in the framework
of own resources

Pursuant to the Environmental Protection Act, by each 30" November, voivodship funds
for environmental protection and water management must adopt plans for their operation for
the consecutive year (Environmental Protection Act..., 2022). Individual funds schedule the
execution of own programmes and projects concerning environmental protection within the
scope of own funds at their disposal.

As far as air protection is concerned, individual funds allocate own resources for the
delivery of initiatives aiming to reduce air pollution and for thermo-modernization purposes.
The funds also deliver own programmes. For example, in 2019, the Fund in Warsaw, delivered
the OA-1 programme entitled "Reduction of air pollutants emission, reduction of heating
consumption, and exploitation of renewable energy sources", as well as OA-2 programme
entitled "Modernization of electrical lighting" (Voivodeship Fund report, 2019).
In 2017, the Fund in Lublin executed the "EKODOM" programme (Regulations for the call...,
2017). Data pertaining to the delivery of programmes and initiatives regarding air protection by

the voivodship funds is outlined in Table 7.

' Considering the data from the studied voivodship funds.



Table 7.
Data pertaining to the delivery of programmes and initiatives regarding air protection excluding those executed jointly with the National Fund for

Environmental Protection and Water Management (own programmes)’?
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1. | Bialystok 0 14 5317 198 5994 070 6 3 143 000 143 000 19 16 1400 842 1400 842
2. | Gdansk 197 69 28 224 604 15672711 16 18 45517 214 4963 496 26 12 8362 139 8393778
3. | Katowice 518 366 40 695 583 | 199913 825 243 338 | 214048 149 172 184 527 229 242 | 221 657 401 223265 426
4. | Krakow 173 117 28 867 272 26 756 262 82 75 38 733 888 38 713 362 39 38 13932 512 13 909 596
5. | Lublin 153 114 80 084 508 20 445 830 65 40 95 932 789 19 374 433 46 29 16 098 623 10 101 614
6. | Lodz 172 131 70 840 941 63 706 714 195 125 49 946 494 60 091 751 356 153 65 667 663 38 439 397
7. | Olsztyn 48 21 12 255 115 15 873 196 52 22 577 934 1132 561 50 35 3919572 2 858 539
8. | Poznan 121 38 33 879 568 63 723 702 63 28 34 909 965 21517 519 133 84 17 253 282 33 517 384
9. | RzeszoOw 228 194 30 554 273 28 500 369 51 45 6 583 705 10 543 105 97 41 8583252 7 190 558
10. | Szczecin 247 179 5861212 8 095 697 45 27 458 760 9487 053 91 37 1 438 407 479 076
11.| Torun 272 170 18 158 000 26 747 000 47 44 15 437 000 11 442 000 53 33 1 904 000 3488 000
12.| Warszawa 66 23 8 701 898 14 343 955 51 22 13309 793 14 411 277 196 139 19 761 326 30 414 692
13. | Wroctaw 115 93 44 131 000 39 758 000 54 57 98 721 000 71 510 000 52 41| 116387 000 113 200 000
14. | Total 2310 1529| 407571172 529 531 332 970 844 | 614319690 435514084 | 1387 900 | 496 366 021 486 658 902

Source: Own elaboration based upon data made available by the voivodship funds for environmental protection.

12 The table does not include data from the funds in Kielce, Opole and Szczecin due to their not being made available.
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The study revealed that in 2018-2020, the largest number of applications pertaining to air
protection were submitted to the Fund in Katowice - 990, and the fewest to the Fund in
Bialystok - 25. A similar observation was made concerning signed funding contracts. Between
2018 and 2019, the voivodship funds disbursed over PLN 1.4 billion of their own financial
resources to the beneficiaries. Interestingly, in certain cases, the number of signed contracts
exceeds the number of applications submitted to the funds in a specific year. This is due to the
fact that the evaluation procedure may not be have been completed by the end of the specific
year. Occasionally, applications go under evaluation in the following year, thus the number of
signed contracts may exceed the number of applications, which was the case in e.g. the Fund in
Katowice in 2018-2019 (Voivodeship Fund report, 2018).

4.4. Factors determining environmental effectiveness of the Clean Air Programme

In order to verify the relationship between the environmental effect and economic and social
variables, an r-Pearson correlation analysis was carried out. Based on the literature on the
subject (Pello et al., 2021; Begum & Mahanta, 2017), for the Clean Air Programme, the author
selected such variables as the reduction of CO, emissions in 2021, the level of urbanization,
the amount of financing disbursed under the programme, as well as disposable income per
capita. Significance level p < 0,05.

Table 8.
Correlation between the environmental effect and economic and social variables for the Clean
Air Priority Programme

. . Reduction of CO> Disposable Urbanization Disbursed
Voivodship . . . g
emission income level funding
podlaskie 19 272,9 415,6 2,808849 52 841
pomorskie 29 409,7 876,2 2,748661 59 191
Slaskie 57 475,7 18473 2,686767 121 519
swigtokrzyskie 62 610,6 431,7 3,050998 79 212
malopolskie 25 098,0 1229,7 3,104854 113 596
lubelskie 36 752,1 771,1 3,150392 94 337
todzkie 42 765,0 972,6 3,443650 87 096
warminsko-mazurskie 19 639,6 546,1 2,686594 45554
opolskie 16 019,7 3394 2,711650 37 386
wielkopolskie 46 828,7 1273,5 2,399934 86 622
podkarpackie 29 358,3 676,6 3,498706 77 190
zachodniopomorskie 11 766,5 661,6 2,663452 23413
kujawsko-pomorskie 53 425,6 769,5 3,137206 63 550
mazowieckie 48 268,1 22229 2,849209 99 478
dolnoslaskie 23 187,6 1157,8 2,901037 40 629
lubuskie 13 419,0 385,3 2,427276 25 402
Reduction of CO, emission
Disposable income 0,483836024 1
Urbanization level 0,265877616 -0,033847719 1
Disbursed funding 0,701048721 0,672998961 0,372914616 1

Source: Own study based on data made available by the voivodship funds and statistical data — Eurostat.
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The results indicate that the strongest correlation occurs between the reduction of CO»
emissions and disbursed financing. It can be concluded that the increase in the disbursed
funding reduces CO> emissions. There is also a strong correlation between the disbursed
funding and disposable income, r = 0.67. Therefore, it can be argued that in more affluent
regions, more funding was disbursed under the Clean Air Programme.

However, no correlation was found between the amount of funding and the level of

urbanization. These variables are therefore not related to each other.

5. Conclusions

The objective of the study was to determine the role of voivodeship funds in disbursing
funding for air protection in Poland. The study revealed that the voivodship funds, jointly with
the National Fund, have started to implement air protection programmes since 2018. Initially,
the pace of implementation was slow. In the case of the Clean Air Programme, implementation
accelerated significantly only in 2021 when the number of submitted funding applications more
than doubled compared to applications submitted in the two previous years. Similar conclusions
can be drawn as regards the number of contracts concluded under the programme. The study
revealed that there are differences between the individual voivodship funds in the number of
submitted applications and signed funding contracts. One of the factors influencing this
situation is certainly the population in each voivodeship, which translates into the number of
applications submitted and contracts signed under the program and indirectly into the value of
per capita funding. Initial problems related to the implementation of the programme were also
due to the lack of experience and proper organizational structure of the institutions. In order to
implement the Clean Air Programme, the funds had to prepare for dealing with a much larger
number of applications and projects to be settled than before. These institutions faced new
challenges and needs. Until 2018, the institutions did not implement such an extensive
programme designed for natural persons. This is confirmed by the results of the audit by the
Supreme Audit Office which indicates that in the period from 19 September 2018 to 19 July
2019, the implementation of the programme in the Fund in Opole was assessed negatively
(Post-inspection report — Opole..., 2020). The fund did not establish an appropriate
organizational structure that would allow for efficient processing of incoming applications and
did not train the staff who were to become responsible for this area of the programme's
implementation. At the same time, in the institution that faced the largest number of applications
and signed co-financing contracts, i.e. in the Fund in Katowice, the audit showed that the
organizational structure was being adapted on an ongoing basis in order to manage tasks
emerging from the implementation of the programme (Post-inspection report — Katowice...,
2020).
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The results pertaining to an overly slow submission rate concerning project applications at
the onset of the Clean Air Programme delivery are reflected in another report (Adamkiewicz
et al., 2021). The report argues that between 19 September 2018 and 14 May 2020, the daily
submission rate'* merely amounted to 18% of the expectations (822 applications daily).
As a result, the initial version of the programme, valid until 14 May 2020, required reforms in,
among others, the improvement of the service for beneficiaries at the level of the voivodship
funds for environmental protection. The introduced changes resulted in a 30% increase of the
daily submission rate, compared to expectations, in the period from 15 May 2020 to 31 March
2021(Adamkiewicz et al., 2021). However, despite the observable significant acceleration of
the submission rate, the results were still unsatisfactory. Should the trend continue for a longer
period, a risk may arise that the budget of the programme may not be fully disbursed.
The lack of effective disbursement may affect the delivery of environmental and material
outcomes scheduled in the project.

The study indicated that challenges the implementing institutions face may stem from the
specific character of programmes themselves. The Air Quality Improvement Programme
required a slightly different preparation of the institutions than the Clean Air Programme.
The number of evaluated applications and signed contracts in 2018-2020 was much lower in
this programme than in the Clean Air Programme. However, as studies show, the delivery of
the programme was still relatively slow.

Since 2018, in connection with air protection, the voivodship funds have been performing
and increasingly redistributive function, i.e. they disbursed funding to specific entities.
Such a conclusion can be drawn when we analyze the data on the implementation of air quality
improvement programmes and projects financed exclusively from own resources.
In 2018-2020, the voivodship funds implementing their own initiatives and projects on air
protection faced fewer challenges than while implementing joint priority programmes with the
National Fund, including such an extensive programme as the Clean Air Programme.
The number of submitted applications and signed contracts for financing from own funds in
2018-2020 accounted for only over 2% of applications and contracts handled by these
institutions under the Clean Air programme during this period'*.

The study confirmed the significant role of the voivodship funds in financing air quality
projects. The present study contributes to broadening the knowledge of aspects related to the
operation of the voivodship funds for environmental protection, their role in and responsibility
for the implementation of air protection programmes. A limitation of the study is the inclusion
of data on the programmes implemented only by 12 voivodship funds. The desk research

method applied in the study covered the period between 2018 and 2020, and in the case of the

13 The results of the study did not refer to all submitted applications, but only to applications for the replacement
of a heat source without applications related exclusively to thermal modernization activities.

14 The calculation pertains to 13 voivodship funds that enabled access to data on implemented programmes and
initiatives funded from own resources in 2018-2020. Therefore, it does not include the funds in Kielce, Opole
and Zielona Gora.
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Clean Air Programme also 2021. Therefore, future studies should be extended to include data
from all funds and cover further periods of implementation of air quality programmes by these
institutions. However, with regard to the evaluation of factors influencing environmental
efficiency, future studies may take into account other variables in the analysis of correlations,
both in terms of environmental effects and socio-economic variables. This would allow for the
development of a more complete picture of factors determining the environmental efficiency of

the Clean Air Programme.
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Purpose: The aim of this article is to explain how manufacturing companies approach the
outsourcing of processes/functions to external entities and to identify the benefits they gain
from using outsourcing arrangements. An effort was also undertaken to diagnose the factors for
not using outsourcing services.

Design/methodology/approach: The formulated objectives of the study influenced the
hypotheses and structure of the survey. The survey was conducted in 2020 in the pre-pandemic
period, with a sample size of N = 120, including owners/managers of manufacturing companies.
Non-random sampling was used. Questionnaires were sent to 200 companies, and only
126 were completed, of which 6 were not completed in full, and were therefore rejected.
Hypothesis verification was carried out in turn using a chi-square test.

Findings: When considering the premises for the use of outsourcing by business entities,
one should first of all take into account the fact that in each enterprise there are many different
internal factors, the existence of which affects, to a greater or lesser extent, outsourcing
decisions.

Research limitations/implications: The study carried out for this thesis does not fully explore
the issues involved. It is recommended that studies of this type be conducted again in the future.
Practical implications: Outsourcing is undoubtedly a concept consistent with the current
trends in the management of economic entities which result primarily from changes occurring
in their turbulent environment. Therefore, outsourcing should be seen as a complex business
management tool that has a solid theoretical basis, with its impact covering many various
aspects of the functioning of modern economic entities.

Social implications: Outsourcing as a management concept is one of the easiest ways for
companies to achieve greater efficiency. The vast majority of respondents using outsourcing
assessed it positively from the perspective of expected benefits.

Originality/value: The research carried out in the article potentially extends the literature on
the subject by presenting the importance of outsourcing for Polish manufacturing companies.

http://dx.doi.org/10.29119/1641-3466.2023.176.13 http://managementpapers.polsl.pl/
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1. Introduction

Modern economic actors operate in a variety of cooperative arrangements that are primarily
aimed at creating competitive advantage and strengthening themselves to meet the requirements
of competitors (Hoff, Stiglitz, 2000, p. 33). The strategic nature of the competitive advantage
has been determined by the content of the project, and its importance, essence, competences
and values have been brought to the alliance (Vivas Lopez, 2005, pp. 662-663). In the latter
half of the 1980s, cooperation between enterprises has taken on a completely different meaning
than before (Dunning, Lundan, 2008, p. 35, 46). There has been a rapid development of

cooperation on a partnership basis (Figure 1)

|
ethe widespread and highly frequent strategic\
partnerships and alliances of various kinds between
companies, regardless of the location of the entity or
the sectors/branches and markets in which it operates;
the whole forms an organisational set-up considered as
Basic features a network,
of cooperation * individual networks are composed of smaller and
smaller units that bring together a range of basic skills,
their appropriate configuration creates a competitive
advantage; organisations are formed in resulting in the
outsourcing of areas of activity that can be performed
cheaper and better by others. /

A

Figure 1. Characteristic features of the cooperation between modern business entities.

Source: Obtoj, K. (2007). Organisation strategy. In the search for sustainable competitive advantage.
Warszawa: PWE, pp. 22-23.

The acceleration and development of business processes in modern companies are also
greatly influenced by the appropriate integration and organisation of the value chain (Rajendra
et al., 1999, pp. 168-169; Swink, 1999, pp. 694-695; Kopishynska et al., 2016, pp. 105-107).
This causes companies to focus their attention in particular on innovations that concern
management and organisation (Laursen, Salter, 2006, pp. 132-133). As a consequence,
tendencies to increase the fluidity and flexibility of organisational structures are becoming
increasingly noticeable and widespread (Whitley, 2006, pp. 82-83). This is achieved mainly by
reducing and flattening them — decreasing hierarchical levels along with outsourcing areas that
are less important from the perspective of the functioning of the company (Sandhu et al., 2018,
pp. 2201-2202).
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This has been caused by the dynamic development of new concepts, methods and systems
of business management. Modern solutions accentuate the tendency to treat the management
system as a whole, granting it a characteristic orientation and a certain identity (Thierauf, 1999,
p. 45; Brickson, 2007, pp. 865-866).

The ongoing globalisation, together with the increase in competition on the global market,
means that companies are now looking for effective organisational and management methods
to increase their efficiency and competitiveness (Shah, 2014, Su, Levina, 2011, pp. 717-719;
Grossman, Helpman, 2005, pp. 143-144). This is most often carried out by increasing the value
of economic entities and maximising their profits while reducing the costs of their activities
(Gospel, Sako, 2010, pp. 1369-1370; McLaren, 2000, pp. 1240-1241). One of the possible ways
to reduce costs may be outsourcing (Garcia-Castro, Francoeur, 2014, pp. 415-417). It consists
in outsourcing a part or the entirety of certain tasks, processes and functions of an enterprise
which are necessary for the proper functioning of a specific entity, however they do not
represent its core business (Kabus et al., pp. 2-3; Holcomb,;Hitt, 2007, pp. 467-469, Churkina,
2016, pp. 72-73). Using this solution helps to reduce operating costs while improving the
quality of individual processes and controlling them more effectively, and enables the company
to focus on its core business.

A review of current literature highlights the growing role of outsourcing in business
management. Outsourcing is studied by scientists in terms of multidimensional aspects,
e.g. benefits, threats, application of IT tools. This topic is also relevant from the perspective of
human resources, cost measurement and the impact of knowledge management on outsourcing
success. Few literature items discuss/focus on detailed analysis of outsourcing applications in
manufacturing enterprises, therefore the primary objective of this article is to analyse the use
of outsourcing by Polish manufacturing companies. The issues presented in the paper are
focused around a multifaceted characteristics of outsourcing, with particular emphasis on
operational areas of the company that are most frequently outsourced and a diagnosis of the
greatest benefits of outsourcing.

Therefore, the authors have attempted to demonstrate how manufacturing companies view
the outsourcing of processes/functions. The diversity of aspects of the research subject,
oscillating around the main objective, influenced the necessity to distinguish theoretical and
empirical levels which in turn contributed to the formulation of specific objectives of the
dissertation:

e gsystematisation of the theoretical background covering issues covering issues related to

outsourcing and its role,

e defining the determinants shaping the functioning of outsourcing in contemporary

enterprises,

e defining the benefits gained by Polish companies when using outsourcing solutions,

e diagnosis of reasons for not using outsourcing services.



214 J. Kabus, S. Cichon, R. Lenort, I. Maciula, D. Kabus

2. Literature research

When considering contemporary theories of entrepreneurship, it can be noticed that
outsourcing has taken many elements from the previous scientific work. It mainly concerns
agency, transaction cost, resource or contractual theories (Carter, Yan, 2007, pp. 215-216,
Chongvilaivan et al., 2009, pp. 20-22). New approaches to the management of economic entities
include the relationships between the various entities operating within the company,
and the generation of financial surplus (profit) is no longer the sole and most important
objective of the company (Damanpour et al., 2020, pp. 770-772).

Outsourcing is undoubtedly a concept consistent with the current trends in the management
of economic entities which result primarily from changes occurring in their turbulent
environment (Bilan et al., 2017, p. 178). Therefore, outsourcing should be seen as a complex
business management tool that has a solid theoretical basis, with its impact covering many
various aspects of the functioning of modern economic entities (Greenemeier, 2002, pp. 49-50;
Warner, Hefetz, 2012, pp. 313-314; Kirillova, 2015, p. 329).

Ford is considered to be one of the precursors of the outsourcing idea. He formulated
an extremely revolutionary and controversial, as for his time, hypothesis, according to which
a company that is not able to produce something better, cheaper or more efficiently than its
competitors, should not do it, but hire someone else (an entity, person) to do this work, assuming
that this person (entity) will do it better. 1980s are considered to be the beginning of the
outsourcing era since in this period the establishment of long-term cooperation between
companies in terms of outsourcing projects began to become common (Cheshmberaha et al.,
2019, pp. 233-234).

The functioning of companies using outsourcing in their activities shows the existence of
differentiation of such undertakings, which may result from the criteria presented in the figure

number 2.

+the purpose for which the function/area was outsourced,
«the type of outsourced functions/areas,
Criteria sthe scope/degree of outsourcing,
*durability (time period) of outsourcing,
«forms of subordination of a outsourced function/area.

Figure 2. Criteria influencing the differentiation of outsourcing in enterprises.

Source: Cheshmberaha, M., Rahbinb, R., Eftekharia, M. (2019). An integrated framework (CTSR-
BWG) for outsourcing decisions in a marine manufacturing firm. Uncertain Supply Chain Management,
7, p- 233.

Outsourcing, considered as a restructuring project, is undertaken in order to rectify the
existing situation, to adapt to the requirements, conditions and changes occurring in the

environment, as well as to provide conditions for future development (Linder, 2004, p. 37).
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This results in the following types of outsourcing (Klochko et al., 2019, p. 2; Foltys, 2012,
pp. 40-43):

e recovery — used by economic entities threatened with liquidation or in crisis,

e adaptive — used by economic entities that want to develop, be competitive and become
market leaders,

e developmental — includes strategic decisions and activities of a developmental or
innovative nature; in its essence, it promotes seizing the opportunities and market
chances of the company while limiting any threats.

Outsourcing, having a significant impact on the strategic and organisational situation of
an economic entity, at the same time influences the economic aspect of operation of the
company (Li, Wei, Liu, 2010, pp. 1457-1458). It is commonly equated with the reduction of
costs incurred by the entity. This approach should be seen as natural, bearing in mind that the
cost reduction criterion is one of the most important factors that are considered when deciding
to outsource. On the other hand, most outsourcing decisions are not purely financial, and if
costs are the only criterion for making them, most often the decision turns out to be wrong.

In conclusion, it should be noted that outsourcing has specific reasons which are the
objectives of outsourcing projects, and to a significant extent determines the behaviour of
an economic entity which manifests itself by generating specific events that are important from
the perspective of the functioning of every enterprise (Morales-Gualdron, Roig, 2005, pp. 479-
480). In practice, many different divisions of outsourcing can be distinguished. They can be
found by analysing the rich literature on the subject. According to the author of the paper,
the essence of the outsourcing process is most accurately captured by types based on the model
of mutual relations considered as a whole (Shi, 2007, p. 29). These include the nature and
relationship of these processes (indirect and direct) and their thoroughness which can be
manifested in the mutual benefits of the project for the various partners involved (Lacity,
Willcocks, 2013, p. 63).

The literature review conducted by the authors revealed a research gap in the state of
knowledge on the topic in question. According to what was found, there are no studies referring
to and reporting on the importance of oustourcing in Polish manufacturing companies in terms
of the benefits achieved and the reasons why some companies do not use external services.

The issue raised is important and potentially fills a research gap.

3. Methods

The subject of the study conducted for the purpose of this thesis is the use of outsourcing
by Polish manufacturing companies. Outsourcing is understood in this case as commissioning

tasks in the execution of particular areas of the company to external entities (e.g. production,
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logistics, human resources management, cleaning, security, etc.). The aim of the study in turn
is to diagnose how manufacturing companies view the outsourcing of processes/functions.
The authors set themselves the task of answering two research questions:

e What are the greatest benefits of outsourcing?

e  Why do enterprises not use outsourcing services?

Hypotheses were also put forward:

HO1: Majority of Polish manufacturing companies use outsourcing services, and the greatest

benefit of outsourcing is the ability to focus on the core business of the company.

HO2: The main factor why companies do not use outsourcing is the lack of sufficient

financial resources,

For the purposes of this study, the diagnostic survey method, which involves collecting data
using techniques such as a questionnaire or an interview, was applied. The survey method was
used. The research tool used for this study was a survey questionnaire that included four
sections:

e an introduction which contained a request to participate in the study and outlined: the

purpose of the study along with an assurance of its confidentiality,

e a main part for companies using outsourcing services which consisted of 6 closed

questions,

e a main part for companies not using outsourcing services which consisted of 3 closed

questions,

e aquestionnaire with 4 closed questions.

The survey was conducted in 2020 during the pre-pandemic period, with a sample size of
N = 120, incl. owners/managers of manufacturing companies. Non-randomised sampling was
applied. Questionnaires had been sent to 200 companies, only 126 were completed, of which
6 were not filled entirely and were therefore rejected.

MS Excel was used to process the obtained results, which enabled their graphical and
statistical presentation. Hypothesis verification was in turn conducted with the use of the chi-

squared test.

4. Results

Based on the survey, data was obtained proving that 65% enterprises participating in the
survey (78 entities) use outsourcing in their activities. The remaining part — 35% (42 entities)
do not use this type of services. The data presented in Table 1 indicate that all medium and large
enterprises use outsourcing services, among small enterprises this percentage is 81.1% (30 out
of 37 entities), and for micro enterprises it is 36.4% (20 out of 55 entities) (Table 1).
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Table 1.
Characteristics of the research sample by company size and use of outsourcing

. QOutsourcing Used
Company size Yes No Total
Micro-sized 20 35 55
Small-sized 30 7 37
Medium-sized 21 - 21
Large-sized 7 - 7
Total 78 42 120

Source: Own elaboration.

Considering the scope of company activities, it can be observed that all participating entities
with international operations outsource certain functions, and that no entity operating locally
uses this type of service. In the case of companies with a regional scope, the percentage of
outsourcing is 25% (3 entities out of 12) and 50.9% (3 entities out of 12), and 50.9% for those

operating regionally (28 entities out of 55). Detailed data on this issue are presented in Table 2.

Table 2.
Characteristics of the research sample in terms of the scope of company activities and the use
of outsourcing

N Qutsourcing Used
The scope of company activities Yes No Total
Local - 6 6
Regional 3 9 12
Domestic 28 27 55
International 47 - 47
Total 78 42 120

Source: Own elaboration.

Exploring the cross tabulation showing the research sample from the perspective of the
market operation duration and the use of outsourcing, it can be noted that companies operating
in the market for less than 1 year do not use this type of service. The percentage of companies
that operate on the market for 1 to 5 years and use outsourcing is 46.7% (7 out of 15 entities),
from 6 to 10 years — 66.7% (18 out of 27 entities), from 11 to 15 years — 60.9% (14 out of
23 entities), and over 15 years — 84.8% (39 out of 46 entities). Detailed data on this issue are
presented in Table 3.

Table 3.
Characteristics of the research sample by market operation duration and use of outsourcing
Market operation duration Outsourcing Used Total
Yes No

Less than 1 year - 9 9
1-5 years 7 8 15
6-10 years 18 9 27
11-15 years 14 9 23
More than 15 years 39 7 46
Total 78 42 120

Source: Own elaboration.
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The last area that needs to be analysed is the use of outsourcing from the perspective of the
place of business (headquarters) of the company (Table 4).

Table 4.
Characteristics of the research sample by market operation duration and use of outsourcing

Place of business Outsourcing Used Total
Yes No
City 58 30 89
Village 20 11 31
Total 78 42 120

Source: Own elaboration.

As it can be concluded from the data presented above, the percentage of companies using
outsourcing by location of their business is similar. In the case of enterprises located in urban
areas, 65.2% of them use outsourcing (58 out of 89 entities). Among enterprises located in the
countryside this percentage is 64.5% (20 entities out of 31).

The use of outsourcing by companies is also associated with certain benefits that are
expected by contractors. Figure 3 shows the answers of respondents on how the benefits
identified influenced their decision to use outsourcing.

Overall improvement of company operations 15,4% 23,1% 20,5% 24,4% 16,7%
Costreduction 9,0% 14,1% 48,7% 28,2%
Possibility to focus on the core business activities of the company  7,7% 25,6% 34,6% 32,1%
Increasing the flexibility | 15,4% 20,5% 39,7% 24,4%
Better employee management 25,6% 32,1% 26,9% 15,4%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Very little importance M Little importance = Medium importance " Greatimportance M Very great importance

Figure 3. Evaluation of the impact of selected benefits on the use of outsourcing (N = 78).
Source: Own elaboration.

In the opinion of 42.3% of respondents (33 entities), the overall improvement of company
operations was a benefit that had a high and very high impact on the use of outsourcing.
Its medium impact was indicated by 32.9% (25 entities) and low impact by 25.6% (25 entities).

Cost reduction was perceived by 64.1% of respondents (50 entities) as a benefit with a high
and very high impact on the decision to use outsourcing in their enterprises. 20.5% (16 entities)
stated that it had a medium impact on the phenomenon discussed. In turn, 15.4% (12 entities)
believed that it influenced the issue to a small extent.

According to 66.7% of respondents (52 entities), the possibility to focus on the core business
activities of the company when outsourcing certain functions to external entities was a factor
that had a high and very high impact on the decision to use outsourcing. 25.6% (20 entities)
stated that this factor influenced them to a medium extent, and 7.7 percent (6 entities) described

its influence as low.
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Increased flexibility was, according to 76.9% of respondents (60 entities), a factor with
a high and very high impact on the use of outsourcing. 14.1% (20 entities) described the
contribution of this element as medium, and 9% (7 entities) identified it as low.

The last factor evaluated — better employee management — was rated as a high and very high
impact by 41% of respondents (32 entities). 20.5 % of respondents (16 entities) were of the
opinion that the impact of this factor was medium, and 38.5% (30 entities) described its
contribution as small.

Table 5 provides a synthetic assessment of the impact of selected benefits on the use of
outsourcing by the companies under the survey. The average of the individual benefits was

calculated in the same manner as in the previous cases.

Table 5.
Average rating of the impact of selected benefits on the use of outsourcing (N = 78)

Benefits of using outsourcing N Mal.‘g.mal response v?lues Average Mode
Minimum Maximum
Overall improvement in the functioning of the enterprise 78 2 5 3.32 3
Cost reduction 78 2 5 3.73 4
The ability to focus on the core business of the enterprise 78 2 5 391 3
Increasing the flexibility 78 2 5 3.96 3
Better employee management 78 1 5 3.04 4

Source: Own elaboration.

The analysis of the data presented in the table above clearly shows that the benefits that
determine to the greatest extent the decision to use outsourcing are: increased flexibility
(average answer — 3.96, mode — 3) and the possibility to focus on the core activities of the
enterprise (average answer — 3.91, mode — 3). The benefits that have the least impact on the
above-mentioned phenomenon include: better employee management (average response — 3.04,
mode — 4) and a general improvement in the functioning of the company (average response —
3.32, mode — 3).

To conclude this part of the discussion, it is necessary to refer to the last question answered
by the respondents from the companies using outsourcing. This concerned whether the use of

outsourcing brought the expected benefits (Figure 4).

Definitely not 2,6%
No 2,6%
Probably not 6,4%
To a small extent 19,2%
Probably yes 33,3%
Yes 26,9%
Definitely yes 9,0%

0,0% 5,0% 10,0% 15,0% 20,0% 25,0% 30,0% 35,0%

Figure 4. Assessment of the use of outsourcing from the perspective of the expected benefits (N = 78).

Source: Own elaboration.



220 J. Kabus, S. Cichon, R. Lenort, I. Maciula, D. Kabus

As it can be seen from the above summary, 88.5% of respondents (69 entities) expressed
greater or lesser satisfaction with the benefits of outsourcing in their companies. Dissatisfaction,
on the other hand, is 11.5% of those participating in the survey (9 entities). The average of the
answers given by the respondents was 0.95 (answer: "definitely yes" — weight of 3, answer
"to a small extent" — weight of 0, answer "definitely not" — weight of -3) with a mode value of
1. Therefore, it can be concluded that the companies participating in the study are rather
satisfied with the benefits brought by using outsourcing.

Subsequently, it was necessary to diagnose the reasons why 42 participating companies did
not use outsourcing. The responses to this issue are presented in figure 4.

The figure 5 shows 92.9% of respondents (39 entities) believe that the lack of sufficient
financial resources causes, to a large and very large extent, that they do not use outsourcing.

For 7.1% (3 entities), this factor has an average impact on the discussed phenomenon.

The need to dismiss some of the staff 35,7% 52,4% 11,9%
Problems with choosing an... 33,3% 35,7% 14,3% 16,7%
Possible loss of confidential data 4,8% 40,5% 21,4% 21,4% 11,9%
Possible deterioration of the quality... 38,1% 7,1% 28,6% 26,2%
Risk of losing control over processes  19,0% 33,3% 31,0% 16,7%
Insufficient financial resources 7,1% 52,4% 40,5%

0% 20% 40% 60% 80%  100%

Very little impact = Little impact Medium impact

Huge impact Very Huge impact

Figure 5. Assessment of situations determining the non-use of outsourcing by enterprises (N = 42).
Source: Own elaboration.

The risk of losing control over processes is a factor that discourages 47.6% of respondents
(20 entities) to a large and very large extent to outsource the implementation of specific services
to external companies. 33.3% (14 entities) described the share of this factor as average,
and 19% (8 entities) as small.

In the opinion of 45.2% of respondents (19 entities), the risk of service quality deterioration
is not important in terms of their company not using outsourcing. The medium influence of this
factor on the phenomenon in question was indicated by 28.6% (12 entities), and large and very
large - 26.2% (11 entities).

The risk of losing confidential data has a low and very low impact on the fact that 45.2% of
respondents (19 entities) do not use outsourcing. The risk of confidential data leakage is
a problem of average importance for 21.4% of respondents (9 entities), and for 33.3%
(14 entities), it is a great and very great threat. Problems with choosing an outsourcing operator,
according to 69% participating in the survey (29 entities), have little impact on their non-use of
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outsourcing. 14.3% (6 entities) indicated that the problem has a medium impact on the
mentioned phenomenon. In turn, 14.3% (6 entities) indicated that this problem has a medium
impact on it, and 16.7% (7 entities) described it as large or very large.

According to 52.4% of respondents (22 entities), the necessity to make some employees
redundant at the time of outsourcing has a medium influence on not using this type of service.
35.7% (15 entities) thought that the risk of such a situation occurring had little influence on the
phenomenon in question, while 11.9% (5 entities) thought that the risk had little influence on
the situation.

In order to deepen the discussed issue a synthetic assessment of the significance of selected
situations that determine the fact that the surveyed companies do not use outsourcing.

The average was calculated in the same manner as in the previous cases.

Table 6.
Average rating of importance of situations determining the non-use of outsourcing by enterprises
(N=42)

Situations determining the non-use of Marginal response values
. N o ; Average | Mode

outsourcing Minimum Maximum
Insufficient financial resources 42 3 5 4.33 4
Risk of losing control over processes 42 2 5 3.45 4
Possible deterioration of the quality of services 42 1 4 2.43 1
Possible loss of confidential data 42 1 5 2.95 2
Problems with choosing an outsourcing operator 42 1 4 2.14 2
The need to release some of the staff 42 2 4 2.76 3

Source: Own elaboration.

The table 6 shows, the situations that to the greatest extent determine the non-use of
outsourcing services by the surveyed enterprises are: insufficient financial resources for this
type of activities (average response — 4.33, dominant 4) and the risk of losing control over
processes (average response — 3.45, mode — 4). On the other hand, the situations which have
the least influence on the phenomenon in question are: difficulties in selecting an outsourcing
provider (average response — 2.14, mode — 2) and the risk of deterioration in the quality of
services (average response — 2.43, mode — 2). Therefore, it can be concluded that the
respondents have no major issues with choosing an outsourcing operator and are little
concerned about the possible deterioration of the quality of services. This is mainly due to
a lack of sufficient resources and, to a lesser extent, the fear of losing control over the
outsourced processes.

Hypothesis 01 - The greatest benefit of using outsourcing is the ability to focus on the core
activities of the business, was verified by analysing the responses to assess the impact of
selected benefits on the use of outsourcing. When exploring the answers it can be seen that the
benefits that are most relevant from the perspective.

Conducting the chi-squared test allowed the examination of the relationship between the
number of the highest answers given by the respondents (high and very high impact) in terms
of the ability to focus on the company core activities, and the highest answers given in terms of
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other benefits. The relationship between the indicated variables was not statistically significant
— the statistic value of 2 was 3.233, the p-value — 0.072167 and was higher than the adopted
significance level of 0.05. Therefore, it should be concluded that the greatest benefit of
outsourcing is not the ability to focus on the company core activities. The auxiliary hypothesis
was rejected.

Hypothesis 02 - The main reason why enterprises do not use outsourcing is the lack of
sufficient financial resources, it was verified by analysing the responses in terms of assessing
the significance of the situations determining the non-use of outsourcing by enterprises.
When exploring the answers, it can be noticed that the basic reasons indicated by enterprises in
this regard are: insufficient financial resources and the risk of losing control over processes.
Conducting the chi-squared test enabled the possibility to examine the relationship between the
number of the highest answers given by respondents (high and very high impact) in relation to
the lack of sufficient financial resources, and the given highest answers in relation to other
situations that determine not using outsourcing. The relationship between the indicated
variables was statistically significant - the statistic value of 2 was 4.7423, the p-value —
0.029429 and was higher than the adopted significance level of 0.05. Therefore, there are no
grounds to reject the hypothesis. It should thus be considered that the main reason why
companies do not use outsourcing is the lack of sufficient financial resources.

The HO2 hypothesis was also confirmed.

5. Discussion

Outsourcing directly influences both the strategy and the organisational structure of
an enterprise, resulting in its significant impact on economic and social conditions within the
business entity. The outsourcing impact power depends in particular on the outsourced areas
and functions of the company and their greater or lesser strategic significance (Ktos, 2017,

p- 42). Figure 6 depicts the outsourcing impact power of activities on corporate strategy.

Key (strategic) Very high
activities impact force
A

OUTSOURCING Supporting activities High impact

(complementary) force
-

Side effects Lo act

force

Figure 6. Impact power of activities conducted within outsourcing on corporate strategy.

Source: Ktos, M. (2017). Outsourcing in Polish enterprises. CeDeWu Publishing House. Warsaw,
p. 42.



Outsourcing in the management of manufacturing companies... 223

As it can be observed in the above diagram, side activities usually have a marginal impact
on achieving strategic objectives. Outsourcing of auxiliary (supplementary) functions is more
significant for the company, while the core (strategic) activities, which both create value and
contribute to achieving superior objectives, are the most important (Rothaermel et al., 2006,
pp-1034-1035; Fisher et al., 2008, p. 173). When outsourced, it can weaken the position of the
outsourcer, which is most often due to poor identification of areas/functions that may be the
subject of outsourcing. There are also cases in which a company has several strategic areas of
activity and outsourcing some of them can be an effective solution if an analysis is carried out
in advance (Sdiri, Ayadi, 2016, pp. 3-4).

It should be noted that the benefits for an enterprise that result from outsourcing cooperation
are in most cases dependent on such factors as: the size of the business entity,
the industry/sector, the scale of operations or the type of outsourced function/activity.
In practice, however, there are certain positive aspects that usually occur in a business entity
after the implementation of outsourcing, regardless of the factors indicated above. They include
mainly (Holcomb, Hitt, 2007):

e asignificant increase in the flexibility of a particular economic entity,

e the ability to focus and develop those activities that are strategically important for the

company,

e the opportunity to save time, and the opportunity to use their experience and knowledge

due to cooperation with external entities,

e the possibility of reducing costs related to areas/functions excluded from the economic

entity,

e an increased liability of external entities — transactions made as part of outsourcing

result in sharing risks incurred,

e the possibility of reducing financial obligations and employment.

The individual benefits of outsourcing can be considered in the terms of strategic,
organisational, technological and financial gains, as presented in Figure 7.

Effective cooperation with external entities may also greatly improve customer service. It
could be manifested by, e.g. much faster decision-making (e.g. handling complaints) or order
processing. This fact can improve the manner in which the company is perceived by customers,
as much as it can increase its credibility (Bhide, 2005, pp. 44-45). Another important aspect
from the perspective of the functioning of a business entity is the impact of outsourcing on its
organisational structure. Along with the constantly changing economic, technological, formal,
legal and social conditions, an objectively determined necessity arises for both continuous
improvement and adaptation of the organisational structure to the changing and turbulent
environment. Stable organisational structures are perceived nowadays as a brake on intensive
company development (Wernerheim, 2012, p. 437). The new conditions, together with
progressive globalisation, require a flexible organisational structure to facilitate the
implementation of increasingly difficult tasks.
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-
| ofocus on key competences,
eimproving flexibility in terms of a rapidly changing environment and conditions,
. ebenefits of reengineering and transformation,
Strateglc eaccelerating business transformation,
benefits ematching internal functions/auxiliary activities to stronger competition,
ereducing the risk resulting from the existing conditions, e.g. market changes, industry
consolidation, competition activities, legal regulations, financial and technological conditions,
| etc
S
T

ereorientation of the company internal resources to more valuable from the perspective of
quality - benchmarks,

e the possibility of gaining access to very high quality business, industrial or technical expertise
that is not available from within the company,

e introducing discipline into individual processes through standardisation,
e focus on the business (financial) benefits of individual processes,
¢ involvement of employees in cost reduction.

Organisational
benefits

-
DN

\
e the possibility of introducing the latest technologies without incurring investment outlays or
Technological the resulting risk,

benefits eachieving economic scale, which is achieved by suppliers (external entities) interfering with
the infrastructure costs of an increasing number of contractors.

a0

*a change in the structure of incurred costs (fixed and variable),
eachieving transparency of costs incurred,

e creating incentives for service providers/contractors by reducing costs while improving quality
and productivity,

’ ® an increase in the revenue generated through the capital redeployment (financial resources)
benefits in key processes that generate profits,

esecurity by converting the customer internal cost centre into a supplier benefit centre,
 a positive response from the market (cooperators) to actively reduce costs and improve ROI

! by freeing up capital.

Financial

Figure 7. Characteristics of the benefits of outsourcing in the company.

Source: Bhide, B.D. (2005). Strategic: Decision, Analysis, Best Practices and Emerging Trends. In:
Brudenall (ed.): Technology and Offshore Outsourcing Strategies. Palgrave Macmillan, New York, pp.
44-45.

In the age of globalisation, outsourcing is becoming one of the most important tools for
bringing order to organisational structure (Piersiala, 2019, p. 169)

However, amongst the typical disadvantages/threats and issues arising from the use of
outsourcing by companies, the following can be distinguished (Bhagwati et al., 2004,
pp. 94-95):

e wrong managerial practices related to outsourcing functions/areas from the company
activity (the reasons may be numerous, e.g. badly conducted/prepared preliminary
analysis, choosing the wrong external entity, improperly (badly) formulated outsourcing
agreement),

e higher start-up costs for outsourcing than initially assumed; the risk of additional hidden

costs (in the case of cooperation with a dishonest outsourcer),
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e the risk of losing control over the method used to conduct the unbundled business,
¢ increased dependence on external parties (suppliers),
e the risk of losing confidential information,
e the risk of having to make some employees redundant, which causes problems between
employer and employee,
e the risk of deterioration in the quality of the products provided, which may be the result
of inadequate workmanship by an external entity,
e the risk of losing certain competitive advantage sources in the market.
Depending on the nature of a specific threat/problem/disadvantage, they can be divided in
a similar manner as advantages into: strategic, organisational, technological and financial,
as presented in Figure 8.
'- _\\ e |imited cost-effectiveness when the relationship with the external party (supplier)
-:iltlas:chreat to confidentiality of data/strategic information,
¢ high exit barriers, limited profitability if the relationship with the external party
(supplier) fails,
ethe threat to confidentiality of data/strategic information,
ehigh barriers to exit.

Strategic
issues

/
| ethe possibility of losing control over the outsourced activity,

ethe lack of motivation on the part of the external actor (supplier) to improve the

Organisational mistakes made,

issues edependence on suppliers,
ethe need to dismiss employees, which has a negative effect on the atmosphere at
| work.
4
N

e the risk of technical disturbances,

ethe possibility of fraud on the part of the supplier as to the innovation/modernity of
the technologies used.

Technological
issues

-

f )

Financial
issues

ehigher service costs than originally assumed,
edisclosure of the company financial capacity,
sthe possibility of additional and unforeseen costs.

g

Figure 8. Characteristics of potential disadvantages/problems resulting from the use of outsourcing in
the enterprise.

Source: Bhide, B.D. (2005). Strategic: Decision, Analysis, Best Practices and Emerging Trends.
In: Brudenall (ed.), Technology and Offshore Outsourcing Strategies. Palgrave Macmillan, New York,
pp- 45-46.

Summarising the above considerations, it can be concluded that outsourcing is
a management concept that implies significant changes in the organisation of company
activities (van Jaarsveld,Yanadori, 2011, p. 3, 10). This applies not only to changes in the
economic and organisational area, but also to shifts in the social area. What is important here is
that the human factor plays an extremely important role in outsourcing. People can be both the

creators of any innovation and the primary source of resistance to it. They are also the essence
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of economic entities (Brecher, Chen, 2010, pp. 990-992). It is reflected in their skills, abilities,
motivation, knowledge, creativity and potential (Bhide, 2005). These factors are highly
important from the perspective of the economic benefits of outsourcing.

In view of the above, research was conducted to determine which manufacturing companies
and what percentage of them use outsourcing services and what benefits they gain from doing
so. The study involved a total of 120 business entities with manufacturing operations in Poland.
According to the data, micro-enterprises (employing up to 9 workers) were the most numerous
group, with 45.8% (55 entities). Small enterprises (employing from 10 to 49 employees) also
had a significant share in the total number — 30.8% (37 entities) and medium-sized enterprises
(employing 50-249 employees) — 17.5% (21 entities). Large companies (employing 250 and
more employees) accounted for only 5.8% (7 entities).

The businesses participating in the survey were operating at different ranges. The largest
percentage of them —45.8% (55 entities) operated on a national scale. Enterprises that operated
on the international market accounted for 39.2% (47 entities). The smallest share in the sample
was recorded in the case of companies operating locally — 5% (6 entities) and regionally —
10% (12 entities). A detailed summary of the feature concerning the examined enterprises is

presented in Figure 9.

5,0%

"10,0% Local
39,2% Regional
Domestic
45,8%

International

Figure 9. Structure of the research sample by business scope.
Source: Own elaboration.

The survey was dominated by the oldest companies, operating for over 15 years, which
accounted for 38.3% in total (46 entities). Enterprises operating on the market for 6 to 10 years
accounted for 22.5% (27 entities), and from 11 to 15 years old — 19.2% (23 entities). The total
share of enterprises that have been in the market for up to 5 years was 20% (24 entities).
Most of the analyzed enterprises are based in urban areas - 74.2% (89 entities). Enterprises

located in rural areas account for only 25.8% (31 entities).

6. Summary

When considering the premises for the use of outsourcing by business entities, one should
first of all take into account the fact that in each enterprise there are many different internal

factors, the existence of which affects, to a greater or lesser extent, outsourcing decisions.
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Critical analysis of the literature on the subject, on the basis of which the theoretical issues
presented and the survey with the use of the questionnaire, were described, allowed to answer
the research questions and verify the hypotheses. The following hypotheses were confirmed:

HO1: Majority of Polish manufacturing companies use outsourcing services, and the greatest

benefit of outsourcing is the ability to focus on the core business of the company.

HO02: The main reason why companies do not use outsourcing is the lack of sufficient

financial resources.

Most of the surveyed entities used outsourcing, however to a different extent and scope.
Taking into account the size criterion, all medium-sized and large entities, the majority of small
entities and almost every third micro-enterprise used outsourcing. From the perspective of the
scope of their activities, outsourcing was used by all entities operating on the international
market, nearly half of the companies operating on the domestic market and every fourth
company operating locally. On the other hand, entities operating locally did not use outsourcing.
Considering market operation duration, the percentage of companies using outsourcing
increased proportionally to their existence, with companies operating on the market for up to
1 year not using it at all. There were no significant differences in terms of locating the enterprise.
In both cases (city, village), the percentage of enterprises using outsourcing was similar and
amounted to approx. 65%.

Representatives of enterprises using outsourcing services noticed many benefits of using
this type of solution. Among the most important of these, they pointed out: the ability to focus
on the core business of the company and increased flexibility of operation. Benefits such as
an overall improvement in the functioning of the company and better personnel management
were of little importance to them. It should also be noted that the vast majority of respondents
using outsourcing assessed it positively from the perspective of expected benefits.

Failure by companies to use outsourcing is primarily due to the lack of sufficient financial
resources and the risk of losing control over outsourced processes. Despite not currently using
outsourcing, the majority of respondents wish to use this type of service in the future. They
would cover areas such as finance (incl. accounting), health and safety, IT and public relations.

In conclusion, it should be noted that outsourcing as a management concept is one of the
easiest ways for companies to achieve greater efficiency, and therefore it is necessary to pay
great attention to it. This is because it fits in very well with the trends set by globalisation
processes and the development of information technologies, which enable companies to cross
national borders and sectors. It is thus necessary to monitor the use of outsourcing by economic
entities. It is also important to mention that the study carried out for this thesis does not fully
explore the issues involved. It is recommended that studies of this type be conducted again in
the future. Particular attention should also be paid to enterprises from the SME sector as they
constitute the backbone of the Polish economy and their use of outsourcing may have a positive
impact on increasing the efficiency of their operations and increasing their competitiveness,

especially in the current post-pandemic economic situation.
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Purpose: The aim of the work is to analyze the accidents at work in the selected manufacturing
enterprise from automotive industry.

Methodology: The research includes three workplaces: warehouseman, machine operator and
transport worker. The accidents investigation was based on the methodology and work accident
model developed by the EU Statistical Office (Eurostat) as a part of the European Statistics on
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and causes of the accident.
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1. Introduction

Occupational health and safety in enterprises is a subject of discussion and research
conducted by organizations around the world (Alali et al., 2016). Maintaining the proper safety
level in a workplace is an important element of the whole company operation (Niciejewska,
2018). Furthermore, conditions created by an employer in the working environment have a large
impact on occupational safety (Rahimi Pordanjani, 2015).

The causes of accidents are usually associated with inadequate human behavior and poor
work organization (Lu, 2022; Jafari et al., 2019; Dembe et al., 2005). In the work (Vasconcelos
et al., 2015), there was shown that accidents at work were caused by organizational factors in
the workplace, including irregularities and/or errors in the management. It also was found,
that 6.9% of serious and fatal accidents in the construction industry could have been avoided if
measures had been taken in the design of equipment. The level of accident rate, apart from the
situation on the labor market and the financial condition of companies, is significantly affected
by a level of work safety culture and technical culture in enterprises. Mohammed Abubakar et
al. conducted an analytic predictive analysis using artificial neural network and survey data
from 306 metal casting industry to study the relationship among workplace injuries, safety
climate, and safety-related behaviors. Authors reported that an organizational safety climate
mitigates workplace injuries. Moreover, safety behaviors amplify the strength of the negative
impact of a safety climate on workplace injuries.

Despite the fact that in recent years there has been a downward trend in the number of
accidents at work, the prevention of accidents is one of the most important tasks of both
employers and employees. To make strategic decisions in the field of occupational safety,
deep analyzes of data on accidents at work are used (Szostak, 2019; Betsis et al., 2019).
The article (Szostak, 2019) presents the results of a statistical analysis covering 630 accidents
at work that took place in Poland in 2008-2017 in selected voivodeships. For this action to be
effective, it is necessary to know those areas, where there are the most accidents and where they
are associated with the most serious consequences, to know the mechanisms of these accidents
and their real consequences. The author stated that staff training should be conducted taking
into account the needs of each group of employees. Moreover, particular attention should be
paid to the group of employees with no or little work experience (up to 1 year). All activities
carried out by the employer to ensure health and safety of working conditions are related to
accident prevention (Dyreborg, 2022).

First, the concept of an accident at work needs to be identified. The accident at work is
considered to be a sudden event which occurred in connection with work caused by an external
causes, causing injury or death. Lack of person injury (i.e. no damage to human body tissues or
organs due to an external factor) indicates, that an event qualifies as a potentially accidental
event (Journal of Laws, 2002). There is lack of obligation to record and analyze information on
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potentially accidental events in accordance with applicable law. However, many enterprises
that have implemented an occupational health and safety management systems consistently
maintain such a register. Nevertheless, it is important, that the analysis of accidents at work was
realized in a detailed and reliable manner to implement appropriate corrective actions (Szostak,
2019; Vasconcelos et al., 2015).

In case of an accident at work, the employer is obliged, among others, to (Polish Labor

Code, 1974; Raczkowski, 2009):
e taking actions to eliminate or reduce the hazards,
e providing first aid to victims,
e determining the circumstances and causes of the accident (appointment of an accident
team),
e measures to prevent similar accidents at work in the future,

e prepare and archive of an accident documentation (accident report or accident card,

statistical card),

e keeping a register of accidents at work.

The established accident team determines the circumstances and causes of an accident,
inspects the place of an accident, technical condition of machinery and other technical devices,
and protective devices, as well as evaluates the conditions of work and other circumstances that
could have had a significant impact on the occurrence of the event.

Analyzing the circumstances of an accident, the accident team should take into
consideration (Polish Labor Code, 1974):

e activities which the injured performed or activities belonged to his duties,

e what machines (devices) he operated, which substances or agents he worked with,

e whether he used the required personal protective equipment and other protections,

e whether the protections were functional and properly selected for the duties
performed,

e whether the injured respect the health and safety regulations and rules, had
appropriate qualifications to perform the work,

e whether the injured had up-to-date training, medical examination and whether he was
familiar with the occupational risk at the workplace as well as occupational health
and safety instructions, operation of the machine.

After determining the circumstances and causes of the accident, no later than within
14 days from the date of obtaining a notice of the accident, the team draws up the protocol
establishing the circumstances and causes of an accident at work. In this report the team
performs legal classification of the accident, specifies preventive measures, and verifies the
occupational risk assessment at the workstation in which the accident occurred.

Accident report relating to fatal, serious and collective accidents shall be forwarded without

delay by the employer to the competent Labor Inspector (Kazmierczak, 2017).
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Based on the approved accident report, the employer is obliged to prepare a statistical card
of accident at work. The statistical card for accident at work was introduced by the regulation
of the Minister of Economy and Labor of 8 December 2004 concerning the statistical card for
accident at work. This regulation has been in force since January 2005. The supplemented
accident card at work includes the data of: employer, at which the accident at work occurred,
injured person, the consequences of the accident, its course and circumstances, as well as the
causes of the accident. The causes of accidents in the statistical accident card are defined as any
deficiencies and irregularities that directly or indirectly contributed to the accident. They are
closely related to the employee’ activities, material (technical) agents, general organization of
work and the workstation equipment.

The statistical accident card classifies the accident causes as follows (Wegrzyn, 2017):
incorrect condition of the material agent (19 subcategories),
incorrect general organization of work (15 subcategories),
incorrect organization of the workplace (7 subcategories),
lack of material agent or incorrect its use by employee (9 subcategories),
not using protective equipment by employees (4 subcategories),

incorrect arbitrary behavior of an employee (8 subcategories),

N =

psychophysical state of the employee does not ensure safety performance of the work
(6 subcategories),

8. improper employee behavior (9 subcategories),

9. other reason.

It should be noted, that most of these 9 categories relate to various types of incorrectly
performed actions by the employee, which affect the recording of the causes of accident and
the results of statistical analysis.

Currently in Poland, due to the pandemic and the planned adoption of remote work on
a permanent basis, additional information will be introduced in the Labor Code and for the
purposes of national statistics. It will concern the injured person’s work in a remote form.
This is to obtain data on possible accidents that have occurred in connection with the
performance of work organized in a remote form.

The current statistical card is based on the methodology and model of an accident at work
developed by the EU Statistical Office (Eurostat) in the framework of the European Statistics
on Accidents at Work (ESAW) project. The ESAW project was launched in 1990,
and the ESAW methodology was published by Eurostat in 2001. Member states of the European
Union provide data on accidents at work to Eurostat. In connection with the Eurostat system
application, a new classification has been made in the statistical cards, including occupations,
citizenship, employment status, causes and sources of the accident. Unification of the system

allows for comparative analysis of data from Poland and other EU countries (Obolewicz, 2011).
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The statistical accident model based on ESAW methodology distinguishes three phases:
pre-accident, accident and post-accident (Bojanowski, 2005; Pietrzak, 2007; Eurostat, 2013).

In a pre-accident phase, the employee is taken into account in his broadly understood work
environment. The working environment should be understood not only as the place where the
victim was at the time of the accident, but also as elements related to the organization of the
injured person's work. It should also be noted that all elements of the pre-accident phase are not
related to the accident and should be considered as such (Eurostat, 2013).

Accident phase — means the last event that led to the accident. The accident situation is
a deviation, non-compliance with the accepted standard. The element associated with deviation
is the material agent that caused or was associated with the work process. In the accident phase,
it is also important to identify the event that led to the injury.

Post-accident is the last stage in which information is collected regarding: the type of body
injured, the number of days unable to work, material losses.

Figure 1 presents the diagram of the statistical accident model based on the ESAW
methodology.
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Figure 1. Statistical model of an accident at work based on the ESAW methodology.

Source: Raczkowski B. (2009). OHS in practice. XII edition. Gdansk: Human Resources Consulting
and Improvement Center.

As a part of the ESAW project, Eurostat records: fatal accidents at work and accidents at
work that result in more than 3 days of absence from work. Moreover, the following variables
are taken into account in the ESAW methodology (Eurostat, 2013):

e information about the accident and injured (the economic activity of the employer;
occupation of the victim, employment status of the victim; age, sex, and nationality
of the victim; geographical location of the accident, the date and time of the accident,
size of the enterprise; the working environment, the workstation and the working
process),



238 A. Kania, K. Cesarz-Andraczke

¢ information on how the accident occurred, in what circumstances, and how the
injuries arose (the specific physical activity at the time of the accident, deviation from
normal practice, way in which the injury was incurred, details about associated
material agents — there are three variables on material agents: material agent
associated to the specific physical activity, material agent associated to the deviation,
material agent associated to the contact — mode of injury),

¢ information on the nature and seriousness of the injuries, the consequences of the
accident (the part of body injured, the type of injury, the number of days lost).

The use of statistics for accident at work allows to evaluate the safety state in an enterprise.
The statistics also allows to formulate various factors that can be used to evaluate accident rates,
workstations with a special risk of accident, realization of various comparative analyzes in the
area of investigation of accident situations, and corrective actions towards hazards reduction.

The work describes the principles and practical application of ESAW in a manufacturing
company on the example of three workplaces: warehouseman, machine operator and transport

worker. The analysis of the work accidents and the victims covers the years 2019 to 2021.

2. Methodology

Based on the model presented in Figure 1, statistical analysis of accidents at work in the
selected manufacturing enterprise from automotive industry was presented. Steel car parts are
manufactured in the company. The plant consists of: a warehouse, a press shop, a paint shop,
a welding shop, assembly and an office part. The enterprise attaches a great importance to the
occupational health and safety and keeps a high level of safety culture among employees.
It is important for them to be aware of the hazards at the workstations. Due to the nature of the
industry, the production in this plant lasts for twenty-four hours a day, seven days a week.
Stopping and restarting a production come with enormous costs that no company can afford.
Every employee has the required qualifications necessary to work at the workstations.
The employee is trained in occupational health and safety before being allowed to work and
undergoes periodic training in this area. All new employees undergo general training before
being allowed to work. On the other hand, before the work at a given workstation, toolbox talks
carried out. Each of the machines/devices in the plant has a technical documentation.
The devices meet the requirements of the occupational health and safety, and ergonomics.
Their arrangement ensures convenient passageways, free access to them and access to
emergency exits. Each device is marked accordingly. Near the machine there is also a manual

and a description of personal protective equipment that should be used before starting the work.
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The analysis of accident at work includes three workplaces: warehouseman, machine
operator, transport worker. In the ESAW methodology, the term workstation is precisely
defined. This is the place/workplace occupied by the victim at the time of the accident.
Therefore, the work can be permanent or occasional. The term ‘usual workstations’ should be
understood in a restrictive way, always inside the premises of a normal local work unit.
It can be a permanent workplace in a workshop, shop, office, etc. (Eurostat, 2013). Another
aspect that needs to be defined is the working process. By definition, the working process is
actually the main type of work or possibly the tasks that the victim was performing at the time
of the accident. Therefore, it must contain a proper description of the type of work and its
broadly understood task that the victim was performing at the time of the accident. It should be
noted that the work process does not have to be related to the physical activity performed by
the injured employee (Eurostat, 2013). According to the ESAW methodology, the working
process should be coded according to a two-digit classification (Table 1).

Table 1.
Examples of codes in classification of working process by ESAW methodology

Working process

Code Description

00 Lack of information

10 All types of manufacturing, production, processing

11 Production, manufacturing process

12 All types of storing

19 Others

20 All types of excavation, construction, repair, demolition
21 Excavation

22 Building of new construction

23 Civil engineering, infrastructures, roads, bridges, etc.
24 Repairing, extending, remodeling of all types of buildings
25 Demolition of all types of constructions

29 Others

Source: European Statistics on Accidents at Work (ESAW). Summary methodology. Eurostat European
Commission, 2013.

In order to identify the activity during which the accident occurred, it is important to
analyze the ordinary working day of the victim. In the analyzed case, at the warehouseman
workstation the following activities are carried out:

e unloading and loading material,

e issuing and receiving materials,

e supply control,

e warehouse operation, computer operation, record keeping,

e handling of transport devices,

e manual transport,

e use of chemical substances,

e cleaning the warehouse.
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Warehouseman performs a work 8 hours a day. It is, above all, work in a standing position

that requires considerable physical exertion.

The activities performed at machine operator workstation include:

service of machines, tools, including hand tools,
handling of transport equipment and transport of parts,
set of process parameters,

production of components,

process control,

cleaning job,

keeping records and computer skills,

use of chemical substances,

personnel management.

The work at the machine operator lasts for 8 hours a day. It is primarily work in a standing

position, which requires considerable physical effort.

Activities carried out at the transport workstation are following:

repair of machines, devices and production stands,

connection of machines, equipment modifications, retooling and setting machines and
production stations,

operating machines, devices and hand tools, power tools,

welding works, works at heights,

manual transport,

servicing of in-house transport equipment with a mechanical drive,

use of chemical substances,

record-keeping and maintenance of computer,

clearing job,

personnel management.

The transport worker works 8 hours a day, usually in a standing position. These works

require considerable physical exertion.

According to the ESAW methodology, the so-called specific physical activity at the time

of the accident are specified. In other words, how the incident differed from normal practice,

the exact manner in which the injury occurred, and details of any material factors involved
(Eurostat, 2013).
The scope of the research, based on the statistical ESAW model, was narrowed to the

following categories of analysis of the statistical accident card:

the type of injury and the part of body injured,
the physical activity at the time of the accident,
an event that is a deviation from normal practice (state),

causes of the accident.
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The results of the analysis should provide the basis for the enterprise to implement
additional corrective actions. The analyzed enterprise performs the 5 Why analysis after each
accident. Such an analysis allows to notice additional causes of an accident that were not taken
into consideration during the post-accident procedure.

The next phase according to the ESAW methodology is the accident phase (Figure 1).
In this section, materials agent related to the deviation are specified. There are three variables
that provide information about the material factors involved in an accident (Eurostat, 2013):

e the ‘material agent’ associated to the ‘specific physical activity’,

o the ‘material agent’ associated to the ‘deviation’,

o the ‘material agent’ associated to the ‘contact — mode of injury’.

In practice, usually all three types of agents can be differ significantly. There are also cases
identical or significantly related to each other. In some cases there is no ‘material agent’ to be
recorded or encoded. According to the ESAW methodology, if several ‘material agents’ are
revealed with a (last) ‘deviation’, the last ‘material agent’ involved, i.e. effective at the time of
contact causing the damage, should be recorded (Eurostat, 2013). The last group — material
agent associated to the contact with the tool, object or instrument with which the victim of the
incident came into contact. It can be both physical and psychological. This is the main ‘material
agent’ associated with the injury. If there are several ‘significant agents’ associated with the
injury, the ‘significant agent’ with the most severe injury should be recorded (Eurostat, 2013).

The last phase of the ESAW statistical model is the post-accident phase. It covers the scope

and type of consequences of the analyzed accident at work.

3. Results and Discussion

3.1. Analysis of accidents at work at the selected workplaces

The first analyzed group of the accidents at work, from the statistical card, is the type of
injury with its location. For the analyzed case (analyzed workplaces) the injury codes are
summarized in Table 1. Analyzing the Table 2, it can be concluded that the most repeated are
the following types of injuries:

e wounds and superficial injuries (code 010),

e bone fractures (code 020),

e dislocations, sprains and strains (code 030).

However, it should be noted that there is a significant difference in the number of these
types of injuries. Most accidents, which resulted in wounds or superficial injuries were reported.

The reason for this type of injury may result from the employees’ contact with devices or tools
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that may cause this type of injury or wound, e.g. contact with knife used to open the box with
parts. In addition, some machine have sharp components. If the employee does not keep enough

concentration, this can cause injury.

Table 2.
Injury codes according to the statistical card
. . A year of accidents TOTAL
Code Type of injury 2019 2020 2021
000 Unknown or unspecified 1 0 0 1
010 Wounds and superficial injuries 8 3 2 13
020 Bone fractures 1 2 1 4
030 Dislocations, sprains and strains 1 2 1 4
040 Traumatic amputations (loss of body parts) 1 1 0 2
070 Poisonings, and infections 0 0 1 1
TOTAL 12 8 5 25

Source: European Statistics on Accidents at Work (ESAW). Summary methodology. Eurostat European
Commission, 2013.

The next step of the ESAW analysis was to determine the location of the type of injury
(the part of body injured). In the analyzed enterprise collected data are presented in Table 3.
The codes for the location of injuries by individual body parts, developed according to the
statistical accident card were presented in Table 4.

The analyzed data presented in Tables 3 and 4, and in Figure 2 show that the injuries are

often located in the area of upper extremities — hand (code 53), especially of fingers (code 54).

Table 3.
The results in the placement of trauma in the 2019-2021
Location of the injury Year of accidents
2019 2020 2021
Head/face 2 1
Lower extremities 1 1
Upper extremities 9 8 3
Table 4.
Injury location codes for individual body parts
Code | Location of the injury Code | Location of the injury
12 Facial area 54 Finger(s)
19 Head 58 Upper extremities, multiple sites affected
30 Back, including the spine 59 Upper extremities, other parts not mentioned above
52 Arm, including elbow 63 Ankle joint
53 Hand 64 Foot

Source: European Statistics on Accidents at Work (ESAW). Summary methodology. Eurostat European
Commission, 2013.
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Figure 2. Location of the injuries for individual body parts in the years 2019-2021.

Finger injuries are a result of the production process, which mainly consists of manual
work using machines, tools or manual means of transport. Injuries of arm, including elbow
(code 52) usually occur at warehouse position like back injuries, including the spine (code 30).
Work at the warehouse workstation mainly consists of loading, unloading materials or manual
transport actions. The job specifications at this position increase a probability of such injuries.
But this is not the only position with those identified hazards. Machine operators also have
similar accidents, but with a reduced frequency.

Analyzing the collected data, it can be concluded that foot injuries usually occur during
manual transport works. Transport of parties from one position to another is an example of such
injuries. Traumatic amputation is connected with a machine operator and this accident was
classified as a serious accident.

3.1.1. The activities performed by the victims at the time of the accident

For a better understanding of the course of the accident, according to ESAW model, the

focus on the activities performed by the injured at the time of the accident was made.

Explanations of the codes from the statistical card for these activities are presented in Table 5.

Table 5.
Type of physical activities performed by the injured at the time of the accident
Code Type of activities Code Type of activities
12 Feeding the machine, unloading the machine: supplying/ 51 Carrying vertically — lifting,
receiving materials, semi-finished products, products, raising, lowering an object
etc.
13 Monitoring the machine, operating or driving the 52 Carrying horizontally — pulling,
machine pushing, rolling (an object)
31 Driving a means of transport or operating machines and 53 Transporting a load — carried by
other self-propelled mobile devices a person
41 Manually taking hold of, grasping, seizing, holding, 61 Walking, running, going up,
placing — on a horizontal level going down, etc.
42 | Tying, binding, tearing off, undoing, squeezing, 65 Getting up, pitting down
unscrewing, screwing, turning
45 Opening or closing the box, package, etc.

Source: European Statistics on Accidents at Work (ESAW). Summary methodology. Eurostat European
Commission, 2013.
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The activities performed by the workers (numerically presented) in the years 2019-2021
are presented in Figure 3. It can be stated that the workers at the time of the accident generally
supplied or received material or component used in the production process from each other
(code 12). These workers were usually machine operators. They constitute 80% of the injured
belonging to the group of 12. The reason for the fall of the production part may be the lack of
sufficient knowledge about the transport of such parts. This is confirmed by the fact that
4 injured workers have a small seniority in the company (up to half a year). They do not yet
have sufficient skills and experience. The company should focus more on training new machine
operators or, if possible, limit the work at the workstations where many activities are related to
the transport of the parts.

The next, most often repeated actions that occurred at the time of the accident were those
related to a vertical or horizontal transport (codes 51 and 52). The warehousemen and machine
operators are injured from these groups. But more accidents were noted at the warehouse
workstation. In the both positions, the workers are involved in transport. The main causes of
the accidents are rush and insufficient focus on the action being performed. Moreover,
the company imposes increasingly higher production standards, which means that workers do
not comply with the proper transport requirements. They do not transport the one part,
as 1s in the instruction, but they transport two parts at the same time, which speeds up the task,

but it is the cause of the accident.
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Figure 3. The activities performed by the victim at the time of the accident in the years 2019-2021.

The activities performed during the accident, classified with code of 41 (manually taking
hold of, grasping, seizing, holding, placing — on a horizontal level), are related to the injured
who worked as the machine operators.

The workers employed at transport workstation represent a smaller part of the analyzed
research group. During the analysis, it was found out, that they performed the activities of 13 —
monitoring the machine, operating or driving the machine, and 42 — tying, binding, tearing off,
undoing, squeezing, unscrewing, screwing, turning, etc. Based on the above data, it was stated
that the activities performed at the time of the accidents coincide with the job specifications in

the analyzed manufacturing enterprise.



Statistical analysis of accidents at work... 245

3.1.2. An incident that is a deviation from normal practice

Deviation should be interpreted, according to ESAW model, as an incident that causes the
disturbance of the normal course of the work process, which results in an accident. In many
cases, such an incident is not connected with the activity which was performed by the injured
at the time of the accident. The reason for choosing this group for analysis was to check where
in the system there is a nonconformity that causes the accidents. Removal of such ‘deviations’
from the normal practice may in the future reduce the number of accidents or at least decrease
the severity of the accidents.

The selected codes with their explanation concerning incidents that are deviation from the
normal practice are presented in Table 6.

The analysis of incidents with deviation from the normal state can be constricted
(Figure 4). For many accident events, lack of information about these events (00) or the incident
1s not specified in the accident statistical card (49).

In addition, a major proportion of incidents is associated with:

e the loss of control of object (44),

e the loss of control of machine (41),

e the loss of control of means of transport (42).

Table 6.
Incident codes that are deviation from normal practice according to the statistical card
Code Code explanation Code Code explanation
00 No information 49 Other, unspecified deviations in the group (loss
of control of machine)
33 Slip, fall, collapse of material agent — 61 Walking on a sharp object
from above (falling on the victim)
35 Slip, fall, collapse of material agent — on 64 Uncoordinated movements, spurious or
the same level untimely actions
41 Loss of control (total or partial) — of 69 Other, unspecified deviations in the group of
machine (including unwanted start-up) body movement without any physical stress
or of the material being worked by the
machine
42 Loss of control (total or partial) — of 71 Lifting
means of transport or handling
equipment (motorised or not)
44 Loss of control (total or partial) — of 72 Pushing, pulling
object (being carried, moved, handled,
etc.)

Source: European Statistics on Accidents at Work (ESAW). Summary methodology. Eurostat European
Commission, 2013.
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Figure 4. The incident that is a deviation from normal practice in the years 2019-2021.

The monotype of the work decreases the concentration on the actions performed, what can
increase the probability of losing control of object, machine. Therefore, it is important that
employees rotate to another operations or a machine from time to time. This allows to overcome
the routine and also engages employees to work. Thanks to rotation, employees are trained to
perform many operations, which make them more flexible. Change of position also allows to
meet other employees, and it is easier to work as a team.

As a result of the analysis, it was observed that the loss of control of machine (code 41) is
associated with the workers employed in the company over 5 years. Their mistakes could be
due to the long working time at one workstation which caused they were too confident in their
skills.

3.1.3. Event causing injury

An injury event describes the way in which the injured worker has suffered an injury.
The results of these investigations may be the basis for implementation of a new, additional
corrective actions in the enterprise that were not previously considered. Table 7 summarizes

the selected codes classifying events that are deviations from the state with their explanation.

Table 7.
Codes for the events caused an injury according to the statistical card
Code Event causing injury Code Event causing injury
31 Vertical motion, crash on or against (resulting 51 Contact with sharp material agent (knife,
from a fall) blade, etc.)
32 Horizontal motion, crash on or against 61 Trapped, crushed- in
39 Other, unspecified contact in the group of 62 | Trapped, crushed- under

horizontal or vertical impact with or against
a stationary object (the victim is in motion)

42 Struck — by falling object 63 Trapped, crushed-between

44 Struck — by rotating, moving, transported 64 Limb, hand or finger torn or cut off
object, including vehicles

45 Collision with an object, including vehicles — 71 Physical stress — on the musculoskeletal
collision with a person (the victim is moving) system

49 Other, unspecified contact in the group of
struck by object in motion, collision with
Source: European Statistics on Accidents at Work (ESAW). Summary methodology. Eurostat European
Commission, 2013.
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According to data presented in Figure 5, in the analyzed enterprise in 2019, 33% of all

accidents were caused by a contact with sharp material agent, e.g. knife (code 51).
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Figure 5. Codes for the events causing injuries according to the statistical card in the years 2019-2021.

This group of injured workers have been working in the company for over 5 years.
The workers, probably, did not keep their concentration. They performed this activity routinely,
ignoring the hazard. After the implementation of ‘safety knives’ and training of employees,
similar events did not occur in other years.

At the turn of 2019/2021, there was often accidents in which workers were injured as
aresult of being struck — by falling object (code 42) or by rotating, moving, transported object,
including vehicles (code 44). In both cases, the events concerned the transport of production
parts. The high number of similar accidents means that employees have limited awareness about
the hazard or they do not respect the health and safety rules. Another reason may be the lack or
unclear instructions for transport works. If an employee does not have sufficient knowledge and
skills, he is more exposed to an accident.

In 2020, two accidents indicated as being trapped or crushed between a given factor (code
63), resulting in a finger injury were observed. In the both cases, the employees did not work
in the company for one year. This may suggest that they did not have sufficient skills to operate
the machine. The musculoskeletal load (code 71) causing the injury is repeated at least once
each year.

3.1.4. Causes of the accidents

Definition of the causes of accidents at work can be present as all deficiencies or
irregularities that directly or indirectly contributed to the occurrence of an accident at work,
taking into account material agents, work organization and workspace (Eurostat, 2013).
The analysis of this category of the statistical card is one of the most important part of the
investigations. The analysis results will allow to introduce corrective actions that can eliminate
the repeated causes of accidents at work. It also creates a chance that a similar situation will not
occur in the future. In the statistical accident card can be selected more than one cause of

an accident.
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Selected codes of the causes of accidents at work with their explanation at the turn of
2019/2021 were collected in Table 8.

Table 8.
Codes of the causes of accidents at work according to the statistical accident card
Code | Code explanation 2019 2020 2021 Total
059 | Other, unspecified material defects 1 1
061 | Overexploitation of material agent 1 1
101 | Inappropriate division of work or task layout 1 1
119 | Other, unspecified irregularities related to the overall 1 1
organization of work
123 | Improper distribution and storage of work instruments 1 1 1 3
(raw materials, intermediate products, products, etc.)
139 | Other, unspecified irregularities of workstations 1 1
organization
147 | Inadequate fit, mounting, hanging 1 1
225 | Insufficient focus on the realized action 3 1 2 6
226 | Surprise by an unexpected event 3 2 1 6
227 | Improper pace of work 2 1 1 4

Source: Pietrzak, (2007). Analysis of accidents for prevention needs. Warsaw: National Labour
Inspectorate.

The results from Table 7 show, that a frequent causes of the accidents at work are:

e insufficient focus on the realized action (code 225),

e surprise by an unexpected event (code 226),

e improper pace of work (code 227).

From the above analysis, it can be concluded that the main cause of the accidents at work
is due to the mistakes done by the employee. According to data from the Polish Central
Statistical Office (CSO) about the causes of accidents at work in 2020, 60.8% of accidents were
caused by an inappropriate employee behavior. This indicates that a similar problem exists in
many other companies. The machine is not responsible for an accident but the employee.

The results presented in Table 7 also indicate that the cause of the accidents often was the
improper distribution and storage of work instruments (code 123). This information should be

a clue for the company that a reorganization of the workstations is necessary.

4. Preventive and corrective actions

In the analyzed enterprise the number of accidents at work in 2020 and 2021 is successively
reduced (Table 2). This is because of the preventive and corrective actions undertaken by the
management of the enterprise by the end of 2019. In addition to initial and periodic trainings,
the health and safety department started organizing ‘shoptalks’ about OHS. Important safety
information was given on the bulletin board. Weekly audits carried out by the health and safety

department allowed to check all areas in terms of safety and employees’ knowledge on the
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hazards occurring at workstations. If in a given area there is low risk awareness, then supervisor
is obliged to conduct an additional training for employees. Top management also realized its
own audit based on a prepared check-list. Such audits are a good example for employees and
show that management is also involved in building a safety culture. The employees are kept
informed about new hazards in this way. Moreover 5S principles were implemented at the
workstations at the beginning of the year 2020. The 5S program is a collection of methods and
techniques that are developed to keep a well-organized, clean and safe workstation (Veres
et al.,, 2018; Costa et al., 2018). The motto of the method is ‘a place for everything and
everything in its place’. The 5S method owes its name to five successive steps leading to
a correctly organized workstation, when each of these five stages start with ‘S’: sort, set in
order, shine, standardize, and sustain. A lack of order at the workstations made the employees
work more difficult what led to mistakes. That is why trainings in the scope of the 5S method
were introduced for employees and managerial staff. The management also implemented
a suggestion submission program. Each employee can submit its suggestion, e.g. on safety.
Once a month, the commission which was appointed checks the suggestions and selects the best
individual or group change proposal. The awarded person or group of employees receive a cash
prize, that contributes to raising awareness and care for the occupational safety state in the

company.

5. Conclusions

In this work the statistical analysis of accidents at work according to the ESAW
methodology in the selected automotive enterprise was presented. In particular:

e collected data providing reliable information on working conditions at workplaces, like:
warehouseman, machine operator and transport worker;

e defined areas which were characterized by the highest number of accidents at work —
that was manual transport work, including vertical or horizontal transport. This applied
to the positions of warehousemen and machine operators. The accidents often were
associated with the improper distribution and storage of work instruments;

e identified areas where accidents at work were associated with the most serious health
consequences for employees — it can be concluded that foot injuries usually occurred
during manual transport works. The most serious accident was traumatic amputation
and it was connected with a machine operator;

e specified, that probable causes and mechanisms of identified accidents at work were the
mistakes done by the employee. The monotype of the work decreases the concentration
and then workers loss of control of machines. That is mechanism for workers employed

in the company over 5 years.
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All the actions carried out enabled the selection of effective tools and corrective, and
preventive actions adequate to the current working conditions.

Summarizing, statistical data on accidents at work are one of the basic sources of
information on working conditions used to develop policies in the field of occupational safety
both in Poland and at the European Union level.
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1. Introduction

E-commerce has rapidly expanded around the world, entering some of society's most
dynamic sectors. Over the last two decades, e-commerce has grown significantly,
and the COVID-19 pandemic has increased the dynamics of the e-commerce environment
(Kraenzlin et al., 2020; Satar et al., 2023). It can be said that e-commerce has become
an important tool in today's economy, because it allows companies to reach a wide range of
customers from around the world, without time and space restrictions. In addition, e-commerce
can help companies reduce operational costs and increase business efficiency by automating
sales and customer service processes (Yingzi, Zhaoji, 2022). Unlike traditional retail,
most e-commerce activities take place virtually in the pre-purchase stages (i.e. information
search), purchase and post-purchase (i.e. feedback and after-sales service) (Ayob, 2021).
One of the most important challenges for e-commerce companies is ensuring the security of
transactions and the protection of customer data. Companies must use appropriate technical
safeguards and procedures to ensure the security of online transactions and protect the privacy
of their customers (Moiseev et al., 2023).

Due to the fact that e-commerce is developing more and more, a number of companies,
holdings, companies, etc., wanting to be successful, try to operate within this commerce.
This is because e-commerce allows companies to achieve global reach and increase business
efficiency. This, in turn, requires the right strategy and management to deliver positive results
for customers and businesses. In view of the above, the purpose of this study is to determine
an attempt to assess the use of e-commerce in the hotel industry. The study was of a practical
and analytical nature and was carried out in the first half of 2023. The article aims to fill the
gap in the use of e- commerce in the industry most affected by the COVID-19 pandemic,
1.e. in the hotel industry. With regard to the issues adopted in this way, it was assumed that the

use of e- commerce plays an important role in hotel management.

2. An overview of the literature

E-commerce is conceptually nothing new (Lin et al., 2015). As Shi (2021) argues, this trade
broke the pattern and boundaries of the traditional exchange of goods, so there is no need for
direct transactions between sellers and consumers. For this reason, e-commerce has become
one of the most important sales channels for many enterprises, both for those that sell only

online and for those that have traditional points of sale (Huang et al., 2007; Krzepicka, 2010).
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In the narrow sense, e-commerce refers to the buying and selling of goods, services and
information over the Internet. However, e-commerce also includes maintaining business
relationships and collaboration, as well as serving customers and enabling various processes
throughout the organization. Moreover, the concept has a broader scope and includes not only
small e-businesses, but also large corporate entrepreneurship (Satar et al., 2023). Kanan and
Glavee-Geo (2021, p. 4) define e-commerce as "the process by which entities and individuals
exchange goods online using Internet systems with the support of both data transmission
between Internet systems and electronic monetary systems".

In turn, Chaffey (2016, p. 12) e-commerce refers to sales and purchases via the Internet,
and in his opinion e-commerce should be considered all electronic transactions between
an organization and a third party. Gibbs et al. (2003, p. 4), describe e-commerce as: using the
Internet to buy, sell or service products and provide services, while e-commerce should not be
limited only to financial transactions (buying and selling), but also to other activities such as
information exchange, marketing and pre- and post-sales support. An interesting take on
e-commerce 1s introduced by Kalakota and Whinston (1997), who define it through the prism
of four perspectives, i.e.: communication, business process, transaction handling and online
perspective.

In management and quality sciences, e- commerce is perceived mainly as: business
processes, a global business network, platforms for internal and external cooperation of
enterprises, a tool for providing broadly understood services (Turban et al., 2004; Awad, 2004).
Liu et al. (2022) is of the opinion that e- commerce changes consumer behavior. In the authors'
opinion, the development of e-commerce has enabled companies to contact potential consumers
in new ways, while becoming a modern communication medium. According to Skare et al.
(2023), e- commerce has gradually become a mechanism replacing many economic activities
carried out in enterprises, and its initial function of an effective intermediary and information
aggregator has become even more pronounced. For this reason, e-commerce also strongly
supports the competitiveness of companies and the economic development of countries.
It can be said that e-commerce includes a lot of content that keeps up with the times. Within
recent two decades trade electronic evolved into different types: B2B (Business-to-Business),
B2C (Business-to-Consumers), B2G (Business-to-Government), C2C (Consumer-to-
Consumer), C2B (Consumer-to-Business) (Al-Bakri et al., 2010 Jain et al., 2021; Ho and Chen,
2023). E-commerce is undoubtedly a range of benefits for the entrepreneur and contractor.
Compared to traditional trade, it has an advantage in many aspects, such as the chance to
communicate remotely with virtually the entire world, as well as unlimited access to the global
economy. E-commerce is also a series of savings when confronted with traditional trade.
There is no need to employ a person whose task would be to provide direct service to the
contractor, and above all, there is no obligation to rent or purchase premises for business activity
(Bartczak, 2016; Kawa, Dziura, 2022). It should be mentioned that the dynamically developing

electronic economy allows entrepreneurs to run an e- commerce business in a flexible and even
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more effective way. E-commerce has gained tremendous importance as a technological medium
that enables businesses to serve consumers, expand geographic reach, respond to external
pressures and reduce spending (Martin, Matlay, 2003). What is more, the improvement speaks
for the superiority of e- commerce management process, building a positive image of the
company, improving supply chain management, saving time, efficient financial service,
increasing employee productivity, and improving customer service (Makowiec, 2008). Studies
by Islam et al. (2021), Zhou et al. (2022) suggest that in the emerging digital economy,
the adoption of an e-commerce platform significantly impacts transaction costs, speed of
delivery, customer satisfaction and subsequent company performance. According to research
by Andonov et al. (2021), enterprises are able to significantly increase their level of productivity
due to an increased market, better growth opportunities, lower operating costs, less investment
requirements. The literature on the subject also discusses issues regarding the negative impact
on the functioning of e-commerce. Among those that are discussed most often, there are issues
related to the security of transactions on the Internet, trust in sellers, high costs incurred by
entrepreneurs in connection with the need to have extensive computer and Internet tools,
applications and programs, as well as the lack of appropriate legal regulations on e-commerce
(Flis, 2009; Wieczerzycki, 2013; Rodrigues et al. 2023).

It should be mentioned that the high competitiveness of the e-commerce sector forces
managers to search for and implement innovations, personalize activities and communication
channels, especially in individual industries. Due to the changing values of modern society,
technological development and generational changes, tourism should follow the expectations
of modern - sophisticated consumers (Polasik, 2016; Mréz-Gorgon, Szymanski, 2017).
For this reason, tourism enterprises wanting to develop their activities more and more often use
the Internet as an additional distribution channel (Marek, 2011). The effective use of
e-commerce — where transactions and other activities take place entirely via the internet —
is widely regarded as a key competency required for growth and an important way to gain
a sustainable competitive advantage. That is why many hotels are integrating more and more
IT capabilities into their core business, aiming not only to improve customer satisfaction, but
also to increase operational efficiency by streamlining processes, creating a communication and
transactional channel. Such activities can strengthen online customer engagement,
communicate product offerings and provide a platform for customer service (Hua et al., 2019).
In this way, through technology, the consumer forced to choose from among similar
products/offers available to him, turned into a new consumer, referred to as an e-consumer
(Skorupska, 2017). The benefits that companies can obtain thanks to high customer satisfaction
are difficult to overestimate and usually impossible to achieve in other ways. A satisfied
customer is an informal and thus the most reliable source of information about the organization

and its products.



Enterprise management using e-commerce... 257

3. Research methods

In order to achieve the main goal of the study, the author conducted a diagnostic survey
aimed at examining opinions in terms of attitudes, social norms, aspirations, etc. by means of
interviews with specific respondents, most often using a previously prepared questionnaire
(Shapiro, 2001) regarding the use of e-commerce in the hospitality industry.

The characteristics of the study environment showed that 152 people participated in the
study, and:

—  44% were women, 56% were men,

— the average age of study participants was 41 years old with a range of 25 to 65 years,

— the average monthly gross income per person in the household k is PLN 6,626.95,

— the vast majority of respondents are people with higher education, with 48% of the
respondents having full higher education, 29% reported that they have an engineer or
bachelor's degree,

— 64% of the respondents came from cities with more than 100,000 inhabitants.
inhabitants, 31% from the city of 50-100 thousand. people from small towns and
towns, 13 people (25%) from rural areas, and 5 respondents (10%).

The choice of such a research group was not accidental. Namely, efforts were made to
ensure that the study yielded the most representative results. It was satisfactory that as a result
of the data analysis, the structure of respondents due to these demographic and social factors
turned out to be diverse. What's more, the people participating in the study are people who use
hotel services using e-commerce channels.

To examine the relationship between hotel management and e-commerce, the Y2 statistic
was used, and T-Czuprow convergence was calculated to evaluate the strength of the

relationship between the selected features.

4. Results and discussions

Based on the data obtained through the survey, correlation tables were built for factors
evaluating the use of e-commerce in hotel management, thanks to which it was possible to
determine: is there a relationship between hotel management (y;) and individual variables

(aspects) characterizing e- commerce (individual x; variables) (Table 1).
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Table 1.
Value of y° statistic and the T-Czuprow coefficient of variables characterizing e-commerce
Variable Statistic value T-Czuprow
2 convergence
X coefficient
X Page content management 48,78 0,41
X, Transaction conditions 120,47 0,7
X3 Preparation for special offers 34,29 0,37
X4 Personalized promotions 55,73 0,46
Xs SMS campaigns 20,9 0,29
X Social media presence 64,10 0,49
X7 Offer distribution via the welcome page of the hotel 10,77 0,28
Xg Online purchase process 73,61 0,6
Xo | Photos of the facility and its surroundings on the website 36,88 0,38

Source: Own calculations.

Analyzing the data presented in Table 1, it can be concluded that the value of the chi-square
statistic after calculating the values of theoretical numbers n;;, and auxiliary activities takes the
form: for x;-y? = 48,78, x,-x? = 120,47, x3-y? = 34,27, x4-x* = 55,73, x5-x% = 20,9, x,-
x? = 64,10, x;-y* = 10,77, xg-x* = 73,61, x4-y% = 36,88.

Since the y? value for individual variables characterizing e-commerce in hotel management
is different from zero (y2 # 0) it can be concluded that there is a relationship between the
examined x; and y; values. Analyzing the value of the T-Czuprow coefficient, it can be seen
that it ranges from 0.7 to 0.28. This means that the selected factors, in the opinion of hotel
customers, have a diverse impact on the e- commerce of the facility. Hotel managers should
certainly pay attention to two key variables for which there was a strong relationship.
This concerns variable x; (transaction conditions) and the online purchase process, where the
convergence coefficient was at a level of T = 0,7 and T = 0,6 respectively. An average
relationship was noted for three features, i.e.: x; (page content management), x, (personalized
promotions) and the x4 variable (social media presence) the T-Czuprow convergence
coefficient reached alevel of x; T = 0,41, x,-T = 0,46, x¢ T = 0,49. The remaining variables
identified in the course of the research achieved a weak dependence on the level from T = 0,28
to T = 0,38. The study confirmed (Abebe, 2014; Gao et al., 2023) that the adoption of
electronic commerce facilitates the functioning of enterprises from the SME sector, including

the hotel, improving its functioning, and thus its management.

5. Conclusions

The COVID-19 pandemic has posed many challenges for entrepreneurs, as well as for
consumers. The physical limitations associated with the COVID-19 pandemic meant limited
mobility. This resulted in a change in many shopping habits, shifting them from traditional

channels to online channels. In view of the above, the e-commerce industry has become the
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most modern and popular industry around the world. The increased use of the internet by people
during this period has encouraged them to shop online more often, where they can avoid wasting
time and energy (Nanda, Patnaik, 2023). This is also reflected in the hotel industry. Constantly
increasing requirements and expectations of guests as well as growing competition force
hoteliers to look for the most effective methods of maintaining and strengthening on the market.
Research shows unequivocally that the level of services is, apart from the price, the basic
criterion determining the choice of a hotel by a guest, and a wealthy guest will usually choose
a more expensive but reputable hotel. Therefore, the quality of services is increasingly
perceived as a key factor for the success of a hotel on the modern tourist market.
In the conditions of increasing competition, the fight for guests, the level of services and the
richness (attractiveness) of the service and commercial offer will be the main priority for hotel
enterprises. In order to stay on the market in the long term, hotels must expand and make their
offer more attractive. Accommodation and meals plus connectivity is not enough and guests
are not satisfied. The analysis of the collected material leads to the following conclusions:

— the area of e-commerce in the hotel industry is becoming more and more popular,
not only from entrepreneurs, but also from consumers, for whom it is an attractive and
quick form of shopping,

— modern hotels try to provide their guests with the widest possible range of services
related to recreation, while looking for an attraction that would distinguish it from other
hotel establishments of this type and attract customers.

It should be remembered that no enterprise will survive on the market only because the

quality of services and customer service by competitors will be even worse. Customer
orientation will become more common as companies finally understand that partnership is the

key to success in these difficult economic conditions.
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Population-based Incremental Learning.

Design/methodology/approach: To reach the objectives of the paper the solver based on
algorithms was developed. Certain test functions were applied to test them and evaluate their
performance.

Findings: Modifications of Genetic Algorithm reach optimal values faster and more precisely.
Research limitations/implications: Problem of optimization of certain cost functions
frequently occurs in many management problems of organizing the optimal workflow in
organizations. It can be used also in engineering problems of designing optimal devices at
lowest possible cost.

Practical implications: One can optimize function faster using discussed algorithms than by
using standard evolutionary algorithm.

Originality/value: The paper shows results of comparisons of three algorithms, discusses how
tuning meta parameters helps to increase their efficiency and accuracy.

Keywords: optimization, genetic algorithms, applied mathematics.

Category of the paper: research paper.

1. Introduction

In the first half of 18™ century one of the most notable mathematicians of all times —
Leonhard Euler wrote that nothing at all takes place in the universe in which some rule of
maximum or minimum does not appear. So, from the beginning of development of modern
science the importance of the task of optimization of functions was well understood.
Many calculus-based methods were developed to deal with this problem. But with the
development of applications of mathematics plenty of functions needed to be optimized but
they did not satisfy conditions for such methods. That being said new approach had to be
developed. Plenty of different numerical methods were developed. They are not perfect,

for they do not necessary provide correct answer at first approach, but after certain

http://dx.doi.org/10.29119/1641-3466.2023.176.16 http://managementpapers.polsl.pl/
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considerations enable to find local extreme values of some wild functions. Many of such
algorithms are heuristics based on some biological phenomena. The algorithms can be inspired
by e.g., Ant Colony, Beehive or Wolf Pack. In this paper we shall discuss three algorithms
based on central biological theory - Genetic algorithm and its modifications.

The objective of this work is to compare three heuristic algorithms — Evolutionary
Algorithm, Extended Compact Genetic Algorithm and Probability-based Incremental Learning
based on their performance in the task of optimizing test functions. A thorough discussion of
many variants of Evolutionary Algorithms can be found in (Tamilselvi, 2022) and (Vikhar,
2016). Application of variants of EA to engineering problem of optimal design can be found in
(Kieszek et al. 2023) Interesting variant of ECGA using properties of machine-precision
arithmetic can be found in (Satman, Akadal, 2020). Applications of PBIL are depicted in
(Grisales-Norefia et al., 2016). It is even used to optimize nuclear reload (da Silva et al., 2018)
As it was shown, the matter of different variant evolution-based algorithms is still a topic of
active research. To the best of author’s knowledge, no direct comparison of those three

algorithms’ performance has been published.

2. Methods

Population-based optimization heuristics have been perceived as efficient and universal
methods of determining global extremes for a long time. The Evolutionary Algorithm is now
considered a classic population-based heuristic. Despite its indisputable advantages, there are
still attempts to modify it, aimed at increasing accuracy and reducing the number of assessments
of individuals necessary to obtain a solution. The latter feature is particularly important in the
case of optimization of complex problems where the evaluation of a single individual is very
time-consuming. If individuals with low fitness appear relatively often in the population,
their assessment takes time, but does not lead to a solution. Ensuring that low-value individuals
appear infrequently is one way to speed up optimization.

In alarge group of population-based algorithms, algorithms using probabilistic models have
recently started to play an increasingly important role.

These are usually methods with a structure very similar to the structure of the evolutionary
algorithm, with the difference that successive generations of individuals/solutions are generated
based on a probabilistic model of the population of promising solutions, and not because of
crossing or mutation of individuals from the current population.

The population of promising solutions is created from individuals selected because of
classical selection (usually a tournament). In such a population there are individuals with
a higher-than-average fitness, and the model built on their basis should promote those features

of the solution that lead to the optimized goal.
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The next generation of solutions is generated in a pseudo-random manner but taking into
account the probabilistic model. This means that in methods of this type, the way the model is
built is responsible for both the very convergence to the extreme and its pace.

In order to take full advantage of the features of the discussed methods, care should be taken
to build the probabilistic model in such a way that, with effective convergence, the ability to
properly search the space is not lost. If the population influences model changes in subsequent
iterations too much, it may lead to rapid unification of the population and improper exploration
of space. On the other hand, changing the model too slowly will make the optimization method
look like a random search.

The way in which the model will be built is crucial from the point of view of this type of
methods. Other elements of the algorithm, such as succession, usually have a classic form
(known from GA) and are used to conduct an iterative process.

In the presented work, two optimization methods using the probabilistic model PBIL -
Population based incremental learning and ECGA - Extended Compact Genetic Algorithm will
be presented. Both methods represent population heuristics belonging to the group of methods

considered as EA modifications.

2.1. Genetic Algorithm

Genetic Algorithm is based on evolutionary mechanisms such as reproduction,
recombination, mutation, and selection. It mimics the development of species that occurs in real
life. That development can be simplified to few observations:

1. There is some population of certain species.

2. Members of population that are best equipped to live in given conditions have the

highest chance of reproduction.

3. Members of population that are not best equipped also have a chance of reproduction,
but on the smaller scale — this fact is important in preserving some genomes that can be
useful in different conditions.

4. Reproduction consists of mixing genomes of parents — it is not just the replication, but
something new.

5. During reproduction some random changes in genome can occur.

To translate the observations some assumptions are needed. To simulate the environment
a function called fitness function will be used. Members of population will be points inside the
domain of the function. Then the algorithm can be expressed as follows:

1. Initialize metaparameters — size of population, probability of crossing, probability of
mutation.

Randomly build starting population P°.
Sett = 0.
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4. do{
Evaluate population P* according to fitness function.
Select best members of P* and make temporary population T*.

Use genetic operators (crossing and mutation) on T to produce O°.

Produce Pt*! by applying succession operators to O¢ and P?.

a
b
c
d. Evaluate population 0% according to fitness function.
e
f. t++

}

while (stop condition).

5. Return the best fitting element in the last population.

The genetic algorithm was applied to continuous, multidimensional problems, so some
genes to evolve had to be identified. In d-dimensional problems the coordinate in each of
dimensions was treated like one independent gene. For parent vectors Xp,X; of R® the
following formula has been applied:

y=x1+ 2U(0,1) * (7 — x1)
where:

y is child vector,
§u(0,1) 1s random variable vector with uniform distribution,

* denotes component-wise multiplication. It is called averaging crossing.

Another important genetic operation is random mutation of vector x which is modelled by

equation:

—

y=%+%
where:
y is child vector,

-
X — parent vector,

Vol

—random vector of certain distribution. In our case it was modelled by Gaussian distribution.

Next operator was the selection operator. In the paper the so-called tournament selection
was applied. To do this type of selection certain number of competitors had to be chosen from
the population. Then the best fitting competitor was found, and it was assigned to the child
population. So by number of tournaments the number of elements in child population could be
regulated.

Last operator was the succession operator. To do this elitist succession was applied — current
populations O and P* were joined and assigned number of best members was set to child

population.
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2.2. Population-based Incremental Learning

PBIL is a modified Evolutionary Algorithm using a learning process based on "observation"
of the current population. In the method, at each iteration step it builds new population using
normal distribution with given mean value. In fact, the role of the probabilistic model is played
by a vector i = (g, Uy, ..., Up)Whose components y; define mean value of the i-th component
of the generated individual.

It is characteristic of the PBIL algorithm that only the best individual in the current

generation is used to update the I vector, which means that the model is based on only one

promising individual, marked b. The value of the standard deviation in one iteration is the same
for each component. The population for the next iterative step is generated on the basis of the
model adopted in this way.

At the beginning of the iterative process, the components of the vector i1, are usually
assumed to be random or determined from data about the constraints of the set of feasible
solutions.

In subsequent iterations, the components of the [ vector are updated as follows:
p =1 =0 1P + 1 by

where:

ug-t) is the j-th component of the vector [ in generation t,

b; - the component of the promising vector b ,

A - the so-called learning rate.

Individuals of the t + 1 population are always drawn considering the current probability
vector. Contrary to the standard genetic algorithm, PBIL does not retain the best individual in
the population, but the specificity of the procedure gives a great chance of selecting it, because
it is on its basis that the probabilistic model is modified. However, it is also possible to use elite
succession, which transfers a certain number of the best individuals from the current population
to the next generation. Drawing the entire population, taking into account the model
(represented by i), gives a good chance of appearing more "good" individuals (from the point
of view of the objective function) of individuals, usually better than in the previous generation.

The value of the learning coefficient A is a parameter set at the beginning of the iterative
process and affects its course. It should be remembered that its small value slows down the
modification of the model, and its too high value may result in too fast unification of the
population. The A coefficient should be chosen to balance the ability for targeted exploration
with the ability to exploit space.

Generally speaking, it exchanges genetic operators with probabilistic model. At each
iteration step it builds new population it builds new population using normal distribution with

given mean value.



268 R. Kluger

The PBIL heuristic pseudocode is as follows:
procedure PBIL:
1. Initialize metaparameters — size of population, the starting mean value vector

fo = (Mio)' “go), e u,(qo)) and standard deviation gy,.

2. Randomly build starting population P° according to the normal distribution N (fiy, og)

3. Evaluate population P° according to fitness function.
4. Sett=0
5. do{

a. Select the best member of Pt(denoted as B).
Modification of the mean value vector coordinates according to the formula
=1 -1 + 2 b
¢. Modification of the standard deviation to o;, 1.
Generation of a new individuals according to the model N(fyq1,0:41)
to produce 0.
e. Evaluate population 0% according to fitness function.
Produce P'*! by applying succession operators to Ot and P*.
g t++
}
while(stop condition).

6. Return the best fitting element in the last population.

2.3. Extended Compact Genetic Algorithm

The Extended Compact Genetic Algorithm (ECGA) is another variant of the classic
evolutionary algorithm.

In this algorithm, because of selection (e.g., tournament) from the current population P?,
a set G is selected, the so-called set of "promising" solutions. Individual components of
individuals belonging to the set G are grouped into independent subsets, the number of which
is a heuristic parameter. A typical approach is to divide the range to which a given variable
belongs into several disjoint sub-intervals. Then, it is determined how many individuals from
set G have the observed variable in each of the subintervals. These values are used to determine
the boundary probability of each group, and the next generation is generated according to the
obtained distributions. Thanks to this, in the progeny generation, the appearance of individuals
from the ranges in which the number of promising solutions is significant is greater.

This construction of the heuristic has one disadvantage: in continuous case it does not find
optimal value exactly. It rather brackets the point at which optimum occurs. This can be dealt
with by slightly modifying the ECGA. Every dozen or so iterations, we narrow the search only
to the sub-interval for which the limit probabilities are the highest. This procedure causes that
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ECGA, which in the original version copes well with exploration, also begins to exploit space

well. Gradually reducing the set of feasible solutions significantly increases the chances of

finding an exact solution. This is like a variable-adjacency local search or one of the versions

of the ant algorithm.

The ECGA pseudocode in the version described above is as follows:
procedure ECGA:

1.

Initialize metaparameters — size of population and set G, spacing density in each
direction.

2. Randomly build starting population P°.
3. Evaluate population P° according to fitness function.
4. Sett =0.
5. do{
a. Select the members of the promising set G.
b. Determination of the limiting probabilities for each of the variables of individuals
belonging to the set of G.
c. Generation of a new individuals according to the probabilistic model in order to
produce O°.
d. Evaluate population Ot according to fitness function.
e. Produce P'*1 by applying succession operators to Ot and P*.
f. t++.
g. If necessary, reduce the set of admissible solutions to a subset containing
a significant number of individuals from the set of G
}
while (stop condition).
6. Return the best fitting element in the last population.
3. Results

All algorithms were tested against four test functions:

1.

2.

3.

Spheric function
f e, x5) = xf + 23

Rastrigin function

2
flxy,x) =20+ Z(xiz — 10 cos(2mx;))
i=1
Himmelblau function

flx,x) = (2 +x, —11)%2 + (xy + x2 — 7)?
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4. Rosenbrock function
fx1,x2) = (1= x1)% +100(x, — x,%)?

The first of the test functions was used to assess the correct operation of own programs.
The spherical function optimizes well and each method should find its minimum correctly.
Subsequent functions were selected to check how well the tested heuristics cope with various
difficulties in optimization. The Rastigin function is a typical multimodal function. Its tests are
to show how resistant the method is to being left in local extremes. The Rosenbrock function
reaches its minimum at one point lying in a very flat valley and is difficult to optimize due to
the small differences between the values of the objective function. The Himmelblau function is
a function having four equivalent local minima. Testing heuristics on it is to check whether the
optimization method is able to "capture" the existence of many equivalent global minima.

The following assumptions were made in the tests performed for the purposes of this work:

e the size of the population and the maximum number of iterations were the same for
each method and amounted to N = 30, max ., = 500.

e the halting criterion was no change (by more than 10~°) in 20 consecutive generations.

e tournament selection and succession were used, preserving the best individual from the
previous generation.

e cach test included 50 independent starts.

Optimisation results with the use of each heuristic for selected test functions are shown in
Table 1, Table 2 and Table 3. Vectors Xy , Xpest» Xmean are respectively the point where the
analytical minimum occurs, the best result found in 50 runs, the average result over 50 runs.

The tables also contain additional information about the relative error understood as

_ |f(5c)opt) - f(g_ébest)l

= - 1009
T Gl
and standard derivaions ¢ in 50 runs.
Table 1.
Results of Evolutionary Algorithm
Function Analytic minimum = EA S o
Xpest = (X1, %7) Sf Xmean = (X1, %) o
%0y = (0,0) x; = 0.0008197 % = —0.00185
Spheric x, = —0.001555 %, = —0.00176
f(Zopt) =0 f(Xpese) = 0.00175 | =~ 0.175% f ~ 0.00445 0.0615
.~ (00) x; = 0.004234 %, = 0.072767
Rastrigin Fopt = (0, x, = —0.00268 %, = —0.013564
f(Fope) = 0 F(xpese) = 0.00498 | ~0498% | f~179551 | 1.6114
= (1) x; = 1.03732 %, = 0072767
Rosenbrock pt ' x, = 1.06629 %, = —0.013564
f(Zopt) =0 f(tpese) = 0.01087 | ~ 1.087% 7 ~ 65147 17.302
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Cont. table 1.

fopt
(3,2)

x, = —3.77734 %, = 0.072767
, (-2.805,3.131) | ! 1
= = —3.28137 = —0.013564
Himmelblau (=3.779,—3.283) X, X,
(3.584, —1.848)
f(Zopt) =0 f(Rpest) = 0.00027 | =~ 0.027% F ~0.7248 1.3547
Table 2.
Results of Extended Compact Genetic Algorithm
. R ECGA
Function Analytic minimum = — S = =
Xpest = (xpxz) 5f Xmean = (x1:x2) o
2 = (00) x, = —2.68-10710 %, = —0.00076
Spheric ovt ' X, = 4.26-1078 %, = —0.00204
f(Xope) =0 f(Xpese) = 4.3-1078 |« 0.001%| f ~0.000983 | 0.00375
2 = (00) x; = 6.06-107° %, = 0.080108
Rastrigin ovt ' x, = —3.87-107° %, = —0.09905
f(%ope) =0 f(Xpese) = 1.03-107% [« 0.001%| f ~ 0.3138 0.86817
2 =) x; = 1.0002 %, = 0.919493
Rosenbrock | " ' x, = 1.0004 %, = 0.884791
f(%ope) =0 f(Xpese) =3.31-1077 [« 0.001%| f ~ 0.4694 0.0876
J_éopt =
(-2 8(5523 131) | %= 377932 %, = —1,10304
i e = —3.283177 %, = —1.63932
Himmelblau (-3.779,-3.283) | 2
(3.584, —1.848)
f(Zope) =0 f(Rpese) =1.1-107% |« 0.001%| f ~ 0.12695 0.2396
Table 3.
Results of Population-based Incremental Learning
PBIL
Function Analytic minimum S S ==
y Xpest = (X1, %7) 5)‘ Xmean = (1, %2) o
2 = (0,0) x, = 1.14-1076 %, = —0.000996
Spheric opt ’ x, = —2.26-107° %, = 0.0007844
f(Zope) =0 f(Xpese) = 2.5-107¢ |« 0.001% F ~ 0.003585 0.00517
2 = (00) x; = —0.00308 %, = 1.13311
Rastrigin ovt ’ x, = —0.00244 %, = 1.11427
f(Xope) =0 f(Xpest) = 0.00306 |~ 0.306%| f ~ 3.451923 2.1875
%, = (1,1) x; = 1.00031 %, =1.2217
Rosenbrock | " x, = 1.00063 %, = 1.54992
f(Zope) =0 Fpest) =1.1-1077 |« 0.001% f ~ 0.10692 0.1768
fopt =
(3,2) _ .
— (-2805,3131) | 1~ T o0 7o 1771
tmmetblat (-3.779,-3.283)| "2~ 2= =
(3.584, —1.848)
f(Zope) =0 f(Rpest) = 4.5-1077 |« 0.001% f ~ 0.0027 0.00491

The runs of the best optimizations are presented at Figure 1-Figure 4.
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Figure 4. Optimisation runs using the heuristics tested - Himmelblau function.
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The graphs show that in the EA, the stop condition intervened the fastest, but at the cost of
a loss of accuracy. Both modifications achieve much better results than the original EA.
This applies to both the accuracy and the level of standard deviation in 50 runs. Fig. 5 shows
that this deviation is the largest for EA, which proves that the best result presented in Tab. 1 is
not a typical result. EA is particularly bad at optimizing the Rosenbrock Valley. Although the
best result in the test is satisfactory, it should be remembered that it was obtained in 50 runs.
A very large standard deviation proves that in many optimizations the result was very
inaccurate. We do not observe such an effect in any test of algorithms with probabilistic models.

When it comes to comparing ECGA and PBIL, the results indicate that the second method
is worse at dealing with multimodal functions, although still better than the standard EA.

PBIL also needs more iterations to get accurate results.

17.3
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218
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0.18 0.24 @ EA
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040 - BD8 el b e L O ECGA
O PBIL
a0t ] OO b0 -
.{l{la‘_‘ ’_‘
spherical Rastrigin Rosenbrock Himmelklau

Figure 5. Standard deviation of the objective function values in 50 runs - logarithmic scale.

4. Discussion

The analysis of the obtained results shows that the replacement of genetic operators in the
evolutionary algorithm by a probabilistic model built on the basis of promising solutions
significantly increases the optimization accuracy. Both PBIL and ECGA determine function
minima with much greater accuracy. The slower operation of PBIL and its lower efficiency in
the case of multimodal functions result from a very simple procedure of building a probabilistic
model. The expectation vector is modified based on one solution, which must affect the rate of
optimization. Even such a simple model works better than the standard EA exchange of
information based on crossing and mutation.

Of particular importance are the results of optimization of the Himmelblau function.
It is a function with four equivalent minima. The population nature of the heuristics in a single
run did not capture the existence of several extremes, because in subsequent generations,

the population clustered around a single extreme. The existence of several points where the
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function reaches the same, minimum value was noticed by analyzing the results of several
dozen launches. The random nature of all the analyzed heuristics meant that in different runs,
extremes of similar value were found, but located at different points. Since the frequency of the
points found was approximately the same, the obtained results had to be interpreted as

indicating the existence of several equivalent minima.

5. Summary

An attempt to modify the classic Evolutionary Algotithm by replacing genetic operators
with a probabilistic model of promising solutions seems to be a good solution. Such heuristics
produce more accurate results and require fewer function evaluations to solve at the level found
by EA. The use of a probabilistic model results in fewer low-value individuals in the progeny
population. This may give a better chance of finding a solution using smaller populations.

The modifications used in the heuristics discussed in the article are not complicated either
from the mathematical or programming side and still remain methods with a simple idea.
There are also no requirements for the objective function. As in EA, the value of the evaluation

function is sufficient for the correct operation of EA with a probabilistic model.

References

1. Chen, Y.P., Chen, C.H., (2010). Enabling the extended compact genetic algorithm for real-
parameter optimization by using adaptive discretization. Evol Comput. 2010 Summer, pp.
199-228, doi: 10.1162/evc0.2010.18.2.18202.

2. Duque, T., Goldberg, D., Sastry, K. (2008). Improving the Efficiency of the Extended
Compact Genetic Algorithm. GECCO '08, pp. 467-468, doi: 10.1145/1389095.1389181.

3. Grisales-Norena, L.F., Gonzalez Montoya, D., Ramos-Paja, C.A. (2018). Optimal Sizing
and Location of Distributed Generators Based on PBIL and PSO Techniques. Energies, 11,
1018. https://doi.org/10.3390/en11041018.

4. Goldberg., D. (2006). Genetic Algorithms in Search, Optimization, and Machine Learning.
Boston: Addison-Wesley.

5. Kieszek, R., Kachel, S., Kozakiewicz, A. (2023). Modification of Genetic Algorithm Based
on Extinction Events and Migration. Applied Sciences, 13, 5584, doi:
10.3390/app13095584.

6. Michalewicz, Z. (1996). Genetic Algorithms + Data Structures = Evolution Programs.
Berlin/Heidelberg: Springer, https://doi.org/10.1007/978-3-662-03315-9.



Comparison of certain evolution-inspired algorithms 275

10.

1.

12.

Rastegar, R., Hariri, A. (2006). The Population-Based Incremental Learning Algorithm
converges to local optima.  Neurocomputing,  pp. 17772-1775,  doi:
10.1016/j.neucom.2005.12.116 8.

Satman, M.H., Akadal, E. (2020). Machine Coded Compact Genetic Algorithms for Real
Parameter Optimization Problems. Alphanumeric Journal , 8(1) , 43-58 . DOL
10.17093/alphanumeric.576919.

da Silva, M.H,, Legey, A.P., de A. Mdl, A.C. (2018). The evolution of PBIL algorithm
when used to solve the nuclear reload optimization problem. Annals of Nuclear Energy,
Vol. 113, pp. 393-398, doi: https://doi.org/10.1016/j.anucene.2017.11.043.

Tamilselvi, S. (2022). Introduction to FEvolutionary Algorithms. IntechOpen. doi:
10.5772/intechopen.104198.

Verma, A., Llora, X., Venkataraman, S., Goldberg, D.E., Campbell, R.H. (2010). Scaling
eCGA model building via data-intensive computing. IEEE Congress on Evolutionary
Computation. Barcelona, Spain, pp. 1-8, doi: 10.1109/CEC.2010.5586468.

Vikhar, P.A. (2016). Evolutionary algorithms: A critical review and its future prospects.
International Conference on Global Trends in Signal Processing, Information Computing
and Communication (ICGTSPICC). Jalgaon, India, pp. 261-265, doi:
10.1109/ICGTSPICC.2016.7955308.






SILESTAN UNIVERSITY OF TECHNOLOGY PUBLISHING HOUSE

SCIENTIFIC PAPERS OF SILESIAN UNIVERSITY OF TECHNOLOGY 2023

ORGANIZATION AND MANAGEMENT SERIES NO. 176

STATISTICAL MULTIVARIATE ANALYSIS OF THE DOSING
PROCESS RESULTS FOR PREDICTIVE PRODUCTION
AND QUALITY MANAGEMENT -

A CASE STUDY FROM THE FOOD INDUSTRY

Krzysztof KNOP

Czestochowa University of Technology, Department of Production Engineering and Safety;
krzysztof.knop @ wz.pcz.pl, ORCID: 0000-0003-0842-9584

Purpose: The aim of this article is to perform a multivariate statistical analysis of package
filling process results for predictive production and quality management. The article presents
a case study from the food industry that demonstrates the feasibility of using an appropriate set
of control charts for ongoing and predictive production and quality management.
Design/methodology/approach: The objectives of the article were achieved through the use
of Statistical Process Control (SPC) tools, in particular control charts. The control charts used
include both traditional numerical chart such as Xbar and S and special charts such as MA,
EWMA, CUSUM and GCC.

Findings: SPC tools such as control charts have proven to be extremely useful in monitoring
the filling process and predicting future performance. By carefully monitoring the process using
traditional and special control charts, it is possible to quickly identify small, gradual or sudden
changes that may occur in the production process before the process gets out of control.
Research limitations/implications: The research will continue by identifying additional
factors that affect the quality of the product, particularly as regards precision and accuracy of
dosing, and by evaluating the process studied in terms of its ability to meet customer
requirements. Other statistical techniques will also be used to identify patterns and relationships
between the various parameters of the process under study. This approach will provide more
comprehensive information about the quality and ability of the dosing process to meet customer
requirements..

Practical implications: By implementing the right SPC toolkit and using dedicated software
that significantly speeds up data analysis, companies can effectively control the quality of the
production process. By monitoring the behaviour of the process over time and detecting small
changes and trends, it is possible to respond to potential problems in advance.
Originality/value: This article is intended for production process managers who want to learn
how to use the right SPC toolkit to obtain information about the process behaviour and the
moments when intervention actions should be taken.

Keywords: production and quality management, SPC, stability analysis, prediction,
improvement.

Category of the paper: case study.

http://dx.doi.org/10.29119/1641-3466.2023.176.17 http://managementpapers.polsl.pl/



278 K. Knop

1. Introduction

Filling packaging is a key process in industries involving bulk, liquid or semi-liquid
products (Fellows, 2009). The process involves placing the correct amount of product into
a package, which is then sealed and ready for distribution (Brennan, Grandison, 2011).
The quality of the filling process affects the cost of production, the efficiency, effectiveness of
the production process and the quality and safety of the products (Herod, 2006). Both too much
and too little product in packaging can have negative consequences for the company:
technological, legal, cost, image (Mettler, Toledo, 2011). Effective management of the
packaging filling process is crucial for efficient production management. Optimising this
process can contribute to optimising the use of raw materials, reducing production costs,
increasing productivity and reducing the duration of the production process (Kusinska, 2009;
Krynke et al., 2022). The quality of the filling process is an important factor affecting the quality
and safety of the final product (Fellows, 2009; Brennan, Grandison, 2011).

Organisations are constantly looking for new tools, methods and systems in order to
maximise profits and strengthen their competitive advantage (Rosak-Szyrocka, 2018).
Controlling, managing and improving the quality of any process, including packaging filling
processes, is possible with statistical process control (SPC) tools such as control charts and
quality capability indices (Montgomery, 2012; Lim et al., 2014; Knop, 2021a). Statistical
analysis of a process using SPC tools makes it possible to assess its behaviour over time,
identify trends and changes in the process, and understand the impact of common and special
causes affecting the process (Wheeler, 2000; Webber, Wallace, 2007). In this way, process
managers can react quickly to abnormal and unfavourable deviations in the process and prevent
quality problems, including product nonconformities in an effective manner (Ulewicz et al.,
2023). The results of using SPC tools can be the basis for process changes, staff training or
machinery upgrades (Madanhire, Mbohwa, 2016). The result can be a reduction in production
costs, increased efficiency and effectiveness of the production process (Soriano et al., 2017).
SPC tools are a very important tool in the Six Sigma concept (Wojtaszak, White, 2015).
Statistical Process Control (SPC) is a subset of Six Sigma and is used to monitor operations to
identify any anomalies and suggest possible solutions.

Modern production and quality management and control requires anticipatory actions
regarding the production process and quality creation processes based on the prediction of
process behaviour (Wolniak, 2021). Predicting future scenarios in a process, especially
unfavourable ones, enables appropriate preventive actions to be taken and keeps the process on
track (Spree, 2021; Knop, Ziora, 2022). SPC tools can assess the predictability of processes in
the future based on current and historical process behaviour (Wheeler, 2000). Control charts
can identify unusual large changes in a process, indicate trends in the process, small but

progressive changes in the process, thus enabling efficient and effective production and quality
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management (Oakland, 2003; Nolan, Provost, 1990). The efficient use of control charts in
production and quality management avoids negative scenarios in the process and corrects
problems in the process before they have more serious consequences (Lepore et al., 2016).
It is important for process managers to use the right SPC tools properly and to be able to read
the signals from them that tell them what is happening in the process and how the process can
be improved (Deming et al., 2012).

The aim of this study is to statistically analyse multivariate data from the dosing machine
for predictive quality and production management. The article is a case study, presenting
an approach to the statistical analysis of results from a process using SPC tools to alert process
managers to negative situations in the process. Through the use of the SPC tools presented in
the article, the author believes that it is possible to alert managers to small and minor changes
in the process so that they can take appropriate preventive action. As one of the principles of
a flexible and adaptive management approach states, it is better to act and make decisions based
on partial knowledge of the future than to rely solely on a full understanding of the past (Fred,
2010). Predicting the behaviour of a process over time can help managers prepare for different
scenarios and can be part of risk analysis. The company surveyed had not previously used SPC
tools. This article aims to show the benefits of analysing process data using SPC tools in the

context of predictive production and quality management.

2. Methods

The research was carried out at a food production facility located in the Silesian
Voivodeship in Poland. The process analysed was the filling of a product into packaging of the
Twist Off (TO) 190 jar type. The device tested was a dispenser of Dutch manufacture, 1988,
designed for filling glass containers with various thick masses, such as ketchup, tomato
concentrate, jams, etc. (Technical and operating documentation of the dispenser, 1988).
The research concerned the process of filling TO 190 jars with a product of the tomato
concentrate type with an extract of 30% with the declared nominal quantity in the jar - 180g.
The filling device under study performs the filling function by means of 12 suction and pressing
cylinders. The process analysed is therefore a multi-stream process, where 12 jars are filled
simultaneously during one machine cycle.

The temporal scope of the filling process analysis covered one year of operation of the tested
device, in which the Quality Control Department of the company recorded data on the actual
nominal quantity of tomato concentrate filled into TO 190 jars (net weight of the product in the

package) on the product manufacturing process chart in the inter-operational test protocol.
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In order to comply with the requirements of the Pre-packaged Goods Act of 7 May 2009
regarding the permissible negative value of the error of the quantity (shortage) of the pre-
packaged good and the average actual quantity of the product in the package in relation to its
nominal quantity (Pre-packaged Goods Act of 7 May 2009), the tested filling machine was set
to a dose size value of 183g (i.e. with an allowance in relation to the nominal value of 180g),
taking into account the potential variability of the dose size in the individual filling pistons of
the machine. While the Act does not specify a positive value for the error in the quantity of the
packaged good (over-packaging), dosage sizes above 189g are considered by the company to
be problematic in terms of the ability to properly close the jar in the next process step (which is
due to the inability to create the correct vacuum to properly close the jar) and expose it to
financial loss (every excess gram over the nominal value costs the company money). Too little
product in the package, not conforming to the declared weight, and on the other hand, filling
too much product - causes losses, and have legal and image consequences for the company.

The statistical analysis of the filling process data carried out was to show whether the dosing
process carried out by the filling machine under investigation behaved in a stable and
predictable manner over the time period analysed. The analysis was to indicate at which specific
time points there were signals of unfavourable changes in the process.

SPC tools from the numerical evaluation control chart group will be used, both classic and
special tools to analyse the filling process in terms of changes in stability and to assess the
predictability of the results. The analysis will include results from the unit under study and from
its individual streams, i.e. the 12 filling pistons. The main objective of the dosing process
managers is to keep the net product weight in the jars constant at 183g, regardless of the filling
piston used, with a possible minimum variation in results. If there are multiple extremes in
a particular piston compared to the others, there is likely to be a problem with that particular
filling piston.

As part of the initial statistical analysis of the filling process, an analysis of the distribution
of the results using a histogram will be carried out and the conformity of these results to
a normal distribution will be assessed (Frost, 2020). In addition, a box-and-whisker plot of the
median - quartiles - range type will be made to determine the shape of the data distribution,
the type of skewness and the presence of possible outliers in the data set (Frost, 2020; Knop,
2018).

Control charts will be used to assess the stability and predictability of the net mass results
for the entire period analysed. The control chart is a widely used Statistical Quality Control
(SQC) or Statistical Process Control (SPC) tool to find the assignable cause of variation and
detect any changes in the process (Satacinski, 2015). Generally, Shewart Control Chart for
variables, such as Xbar-R and Xbar-S are most commonly used (Kiutras et al., 2007).
An Xbar-S control chart will be developed and run pattern tests (also known as configuration
tests) (Nelson, 1984; Kiutras et al., 2007) will be performed to detect non-random patterns of

points on the control chart and to identify signs of process instability.
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Dosing process managers are keen to detect the timing of adverse process changes that cause
an increase or decrease in the average net weight of the product in the package in relation to the
process objective. There is a need to detect these changes earlier to avoid quality problems and
excessive financial losses. Special types of control charts will be used to identify and give early
warning of negative trends in the filling process. In some cases the traditional Shewart control
charts may not give good results, especially when the data has small average shift. Alternative
control charts are needed, such as Moving Average (MA), Exponential Weight Moving
Average (EWMA) (Kalgonda et al., 2011; Febrina, Fitriana, 2022; Sukparungsee et al., 2020),
Cumulative Sum (CUSUM) (Koshti, 2011; Papié-Blagojevi¢ et al., 2016; Riaz et al., 2011) or
others.

A MA moving average control chart will be used, with different window sizes, for noticing
small changes and trends. In the construction of the MA chart, a window size of 6 will be
adopted to notice minor changes in the process average, and a window size of 12 to help notice
a global trend in the process. The crossing of control boundaries by points on this control chart
will indicate a significant change in the process in terms of the mean performance value to
which a response should be made.

The EWMA Xbar-S control chart will be used to detect small variations in the dosing
process that may be difficult to spot with traditional control charts such as the mean and
standard deviation control chart. This will enable managers to react quickly to potential
deviations and identify special causes in the process. The EWMA chart takes historical data
and weighs it exponentially using the Lambda parameter, which determines the percentage of
influence of the current sample and previous samples on a point on the control chart. Typically,
Lambda values between 0.2 and 0.3 are considered to give an appropriately smoothed but still
sensitive control. In this case, a Lambda parameter value of 0.25 was adopted, which means
that 25 per cent of the weight is left for the current sample and 75 per cent for the historical
samples (Kalgonda, et al., 2011; Febrina, Fitriana, 2022; Sukparungsee et al., 2020).

A CUSUM single-value control chart will be used to accurately capture the moment in time
when there was an abrupt change in the dosing process compared to the process average
(Koshti, 2011; Papi¢-Blagojevi¢ et al, 2016; Riaz et al., 2011).

A graph of the mean + errors type will be used, where the errors are taken as the 95%
confidence interval for the mean value in order to identify the behaviour of the samples due to
the mean value of the results (Jobson, 1992), which indicate an abrupt change in the dosing
process.

In order to verify which filling machine pistons generated the most extreme results with
signs of instability in these net mass results, the use of the XM-R multiple-stream Group Control
Chart (GCC) was proposed (Boyd, 1950; Jirasettapong, Rojanarowan, 2011; Liu et al., 2008;
Mortel, Runger, 1995).



282 K. Knop

A box-and-whisker graph was used, which includes information on the mean, standard
deviation, minimum and maximum (Johnson, Wichern, 2007). Along with this graph, statistics
such as the mean, standard deviation and coefficient of variation were also presented to show
the variation in the amount of product in the pack for each filling machine plunger in relation
to the average performance value and to indicate the plunger that has the best and worst
performance from an accuracy and precision point of view.

A dose size stability analysis will be carried out for each piston separately using the IX-MR

control chart to identify pistons with unstable results (Meneces et al., 2008).

3. Results and discussion

The result of the analysis of the statistical distribution of the net product weight over
a period of 1 year of operation of the filler is presented by means of a histogram and a box-and-

whisker diagram (Figure 1).
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Figure 1. Distribution of the net product weight results using a histogram (a) and a box-and-whisker
plot of median - quartiles - range type (b).

Source: own study with the use of Statistica 13.3 TIBCO software.

According to Figure 3a, the range of net weight results was between 180 and 190 g,
with a net weight of 184 g being the most common value. The distribution of net weight is not
a normal distribution, which was confirmed by tests of the normality of the distribution (p < a).
The distribution of the function is right-sided asymmetric, as evidenced by the longer right tail
of the function. In the box-and-whisker plot, two net mass outliers were identified that are
significantly different from the other values.

The result of the X-bar and S chart build is shown in Figure 2.

As can be seen from the X-bar and S control chart, all results on both charts are within
control limits, meaning that the process is under statistical control. This indicates the stability

and predictability of the process and the presence of only natural (common) variation (so-called
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noise) in the process. The process is stable on the R chart, which means that the distributions in
the samples are consistent and there is no statistical difference between them. It is possible to
predict the net weight variation for 12 samples, where the average spread will be 2.04 g,
with a range from 0.72 g to 3.36 g. The process is also stable in terms of mean values, meaning
that the variation between sample averages is similar and there is no statistical difference
between them. It is possible to predict the average net weight for the 12 pack samples, where
the long-term average would be 183.89 g, with a range from 182.08 g to 185.70 g.
The configuration tests carried out on the X-bar and S charts also did not show any specific
patterns of points that would indicate a deregulation of the process. As a result, the analysed

process can be considered fully stable and predictable over the analysed time.

X-bar and S Chart; variable: NET WEIGHT [G]
Histogram of Means X-bar: 183.89 (183.89); Sigma: 2.0907 (2.0907); n: 12
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Figure 2. X-bar and S control chart for 1 year of filling machine operation.
Source: own study with the use of Statistica 13.3 TIBCO software.
The result of the MA moving average control chart design for window sizes 6 and 12 is

shown in Figure 3a and b.
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Figure 3. MA chart with a window size of 6 (a - left) and 12 (b - right).
Source: own study with the use of Statistica 13.3 TIBCO software.
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When the results are averaged and smoothed on the MA control chart, using different
window sizes, various changes and drifts in the moving average values and symptoms of
process instability can be observed. On the MA chart with a window size of 6 (Fig. 4a),
a worrying symptom of a drift of the process towards higher and higher values is observed,
which persists up to sample No. 12. The process then starts to drift downwards, i.e. there is
a decreasing trend in the results. A renewed upward trend is noticeable from sample No. 36 to
sample No. 41. Adopting a window size of 12 and a greater smoothing of the results
(Figure 4b) reveals a clear downward trend in the moving average of the results, which persists
until sample No. 35. In sample Nos. 34, 35 and 36, the MA chart signals the instability of the
moving average of the results by exceeding the lower control limit. From sample No. 36
onwards, there is again an increasing trend in the net mass results.

The result of using the EWMA X-bar and S chart with an assumed Lambda value of = 0.25

is shown in Figure 4.

EWMA X-bar: 183.89 (183.89); Sigma: 2.0907 (2.0907); n: 12;
Lambda: 0.25
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Figure 4. EWMA X-bar and S chart with Lambda = 0.25.
Source: own study with the use of Statistica 13.3 TIBCO software.

Based on the results from the EWMA chart, two significant points in time can be identified
where there was a change in the trend of the filling process. The first point of trend change in
the process occurred in sample No. 12, when the process started to move towards smaller and
smaller values. The second point occurred in sample No. 35, when the process started to move
towards larger and larger values.

The result of using the CUSUM single measurement control chart is shown in Figure 5.

As can be seen from Fig. 6, there were three moments in the filling process when there was
a significant deviation from the process mean value (183.89 g). This means that there were
rapid changes in the size of the dosage, which affected the overdrive of the process. The first
moment of deviation occurred in sample no. 12, which contained 12 net mass measurements
numbered 132-143. In this range of measurements, there were signals indicating a rapid process

change in samples 142-143. The second moment of deviation occurred in the results from
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sample No. 21, which contained a further 12 measurements numbered 252-263, with signals of
rapid change for samples Nos. 252-262. The third moment of deviation occurred in the results
from sample No. 29, which contained measurements numbered 348-359, where sample No. 348

showed a significant signal of process change.

CUSUM X chart; variable: NET WEIGHT [G]
X: 183.89 (183.89); Sigma: 2.1063 (2.1063); n: 1

20

10.531

6.3189

A 0.0000

-6.3189

-10.531

100 200 300 400 500

Figure 5. CUSUM chart based on individual observations of the mass of net product weight in jars.
Source: own study with the use of Statistica 13.3 TIBCO software.
A plot of mean + errors, where the 95% confidence interval for the mean was taken as the

error value, is shown in Figure 6.
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Figure 6. Mean = errors plot (95% confidence interval).
Source: own study with the use of Statistica 13.3 TIBCO software.

As can be seen from Figure 6, in samples 12, 21 and 29, the 95% confidence interval for
the mean value of these samples is either at the top of the graph (for samples 12 and 21) or at
the bottom (for sample 29), indicating significant differences in mean values compared to the
other samples.

The result of using the multiple stream X and MR chart type GCC is shown in Figure 7.
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Figure 7. GCC-type Multiple Stream X and MR chart for stability analysis of results from individual
filling machine pistons.

Source: own study with the use of Statistica 13.3 TIBCO software.

It can be seen from Figure 7 that the highest value of the dose size in the cross-section of
all pistons was recorded for piston No. 8 in sample Nos. 12 and 39, and for piston No. 7 in
sample No. 38. Among the pistons dispensing the highest amount of product into the pack in
successive samples, piston No. 8 appeared most frequently (8 times), while the piston
dispensing the lowest amount of product into the pack among all pistons was most frequently
piston No. 9 (7 times).

A box-and-whisker plot of the mean/standard deviation/minimum-maximum type, together
with statistics such as mean, standard deviation and coefficient of variation, is shown in
Figure 8.

The filling machine piston that was closest to the target for this process (NOM = 183) was
piston No. 12, 3 and 5. Piston No. 12 is also the piston that generated the least variation in
results against the average value. It was therefore the most precise and accurate filling machine
piston. The pistons of the machine that most outweighed the packages were, in turn, pistons
No. 2, 7, 1 and 8. The most imprecise (off target) piston of all the machine pistons was piston

No. 2, while the most inaccurate (with the greatest variability in results) was piston No. 8.
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192

No of piston AVG SD (6)%
190 PISTON 1 184.74 1.90 1.03
o PISTON 2 184.93 1.93 1.04
PISTON 3 183.05 1.77 0.97
. PISTON 4 183.63 2.02 1.10
PISTON 5 183.07 1.99 1.09
184 PISTON 6 184.02 2.05 112
PISTON 7 184.79 2.01 1.09
182 PISTON 8 184.70 2.46 1.33
PISTON 9 183.26 2.34 1.28
180 PISTON 10 183.91 2.30 1.25
PISTON 11 183.60 1.95 1.06
T e ooy e e PISTON 12 | 183.02 1.68 0.92

Figure 8. Box-and-whisker plot of mean/standard deviation/minimum-maximum for pistons 1-12,
together with statistics such as mean, standard deviation and coefficient of variation.

Source: own study with the use of Statistica 13.3 TIBCO software.

The use of the Individual and MR charts indicated that pistons numbered 4, 6 and 8 were
characterised by instability in terms of variability as measured by the moving range.
This instability was due to the significantly different values of the magnitude of the doze
between two consecutive results (the current sample, for which the divergence occurred, and

the previous sample) for these analysed pistons.

4. Summary

The article presents an analysis of the filling process, with net weight as the outcome
measure. Various SPC tools such as control charts (X-bar and S, MA, EWMA, CUSUM,
IX-MR multiple-stream charts GCC type, IX-MR chart) and mean =+ error plots were used to
monitor and identify changes in the filling process.

The results of using the traditional control chart showed that the filling process was under
statistical control throughout the entire study period. Using special control charts, signals of
process deregulation were indicated. Two significant points in time were identified where there
was a change in the process trend. Sudden changes in the size of the dosage were observed,
which resulted in an overdrive of the filling process. In addition, there were other points at
which the process showed a change in trend. Observation of the results on special control charts
provided additional information about the filling process, minor trends and changes in the
process that could not be observed with traditional control charts:

e insample No. 12 from result No. 141, in sample No. 21, from result No. 251, in sample

No. 29 for result No. 348 and in sample No. 35, the process should be considered to

have gone out of control,
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e the highest value of the dose size in the cross-section of all pistons was recorded for
piston No. 8 in sample Nos. 12 and 39, and for piston No. 7 in sample No. 38,

e the filling machine pistons that performed closest to the target in the filling process
were pistons No. 12, 3, and 5. Among them, piston No. 12 exhibited the least variation
from the average value, making it the most precise and accurate,

e pistons No. 2,7, 1, and 8 were the pistons that caused the greatest deviation in package
weights. Among them, piston No. 2 was the least precise (off target), while piston
No. 8 showed the highest level of inaccuracy (greatest variability in results).

The overall conclusions of the conducted analyses are as follows:

1. SPC tools such as control charts have proved useful in monitoring the filling process
and predicting the future. Careful monitoring of the process using a variety of control
charts, both traditional and special, allows for the rapid identification of minor,
progressive and sudden changes in the process and makes it possible to respond to these
deviations.

2. The use of SPC tools makes it possible to anticipate future changes in the filling process,
which allows for a rapid response and correction of the process.

3. The statistical analyses carried out in the area of the process under study provide
important information for the food company. They allow for better production control
and quality management by identifying unfavourable changes and trends in this process,
which provides an opportunity to take appropriate improvement actions.

The conclusions of this article highlight the benefits that the application of SPC tools can
bring to the food industry, enabling better production control and quality management of food
products.

The conclusion of the analysis is that improvement actions must be taken to improve the
precision and accuracy of the dosing process. It is recommended to analyse the technical
condition of the parts responsible for the dosage precision in the filling machine and possibly
replace these parts with new ones, as well as to continuously monitor the machine percentage
of planned production by means of the OEE indicator (Knop, 2021b). In addition, maintenance
of the filling machine should be systematic in order to keep it in good working order. In order
to further optimise the filling process, it is recommended to continue monitoring and analysing
the results and to introduce systematic process improvement using SPC tools and the Kaizen
concept tools, such as e.g. 3G analysis, Quick Kaizen (Gajdzik, 2023) and to implement
computer system supporting the management of machines operation and maintenance in the
analysed company for, among other things, efficient optimisation of maintenance-repair works
of the filling machine (White, Freis, 2019).

There is great potential for further research in the area of filling process analysis in the food
industry. Research into the optimisation of the filling process will be continued by identifying
other factors influencing product quality in terms of dispensing precision and accuracy,

and using other statistical techniques and combined quality management tools (Czerwinska,
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Piwowarczyk, 2022) to identify patterns and relationships between different process

parameters, which can provide more comprehensive information on the quality and ability of

the dispensing process to meet customer requirements. This type of research has the potential

to bring significant benefits in terms of improving the quality, efficiency and effectiveness of

production processes.

References

. Biaty, W., Fries, J. (2019). Computer Systems Supporting the Management of

Machines/Equipment in Hard Coal Mines. Case Study. Management Systems in Production
Engineering, Vol. 27, No. 3, pp. 138-143, doi: 10.1515/mspe-2019-0022.

Boyd, D.F. (1950). Applying the group chart for Xbar and R. Industrial Quality Control,
Vol. 7, pp. 22-25.

. Brennan, J.G, Grandison, A.S. (2011). Food Processing Handbook, 2 Volume Set, 2nd

Edition. Hoboken, NJ: Wiley.
Czerwinska, K., Piwowarczyk, A. (2022). The use of combined quality management
instruments to analyze the causes of non-conformities in the castings of the cover of the rail

vehicle bearing housing. Production Engineering Archives, Vol. 28, No. 3, pp. 289-294, doi:
30657/pea.2022.28.36.

. Deming, W.E., Orsini, J., Deming, D. (2012). The Essential Deming: Leadership Principles

from the Father of Quality. New York, NY: McGraw Hill.
Diakun, J. (2005). Eksploatacja w praktyce inzynierskiej przemystu spozywczego. Koszalin:
Wyd. Politechniki Koszalinskiej.

7. Dokumentacja techniczno-ruchowa dozownika (1988). Utrecht, Holandia.
8. Febrina, W., Fitriana, W. (2022). Exponential Weight Moving Average (EWMA) Control

10.

11.

12.

Chart for Quality Control of Crude Palm Oil Product. International Journal of Management
and Business Applied, Vol. 1, No. 1, pp. 19-27, doi: 10.54099/ijmba.v1i1.93.

Fellows, P.J. (2009). Food Processing Technology. Principles and Practice. Sawston:
Woodhead Publishing.

Fred, R.D. (2010). Strategic Management: Concepts and Cases. New York, NY: Pearson
College Div.
Frost, J. (2020). Introduction to Statistics: An Intuitive Guide for Analyzing Data and

Unlocking Discoveries. State College, PA: Statistics By Jim Publishing.

Gajdzik, B. (2023). Kaizen in smart manufacturing (SM) projects: framework and examples
of improvement areas. Scientific Papers of Silesian University of Technology. Organization
and Management Series, No. 169, pp. 281-299, doi: 0.29119/1641-3466.2023.169.16.



290 K. Knop

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Herod, M. (2006). Wiasciwa kontrola masy netto towarow paczkowanych. Jak tatwo
zwiekszy¢ zyski. Wazenie, Dozowanie, Pakowanie, Nr 4.

Jirasettapong, P., Rojanarowan, N. (2011). A Guideline to Select Control Charts for
Multiple Stream Processes Control. Engineering Journal, Vol. 15, No. 3, pp. 1-14, doi:
10.4186/e5.2011.15.3.1.

Jobson, J. (1992). Applied multivariate data analysis: categorical and multivariate
methods. New York: Springer Science & Business Media.

Johnson, R.A., Wichern, D.W. (2007). Applied multivariate statistical analysis. Upper
Saddle River, NJ: Pearson Prentice Hall.

Kalgonda, A.A., Koshti, V.V., Ashokan, K.V. (2011). Exponentially weighted moving
average control chart. Asian Journal of Management Research, Vol. 2, Iss. 1, pp. 253-263.
Knop, K. (2018). Statistical Control of the Production Process of Rolled Products.
Production Engineering Archives, Vol. 20, pp. 26-31, doi: 10.30657/pea.2018.20.06.
Knop, K. (2021a). Managing and Improving the Drilling Process of Woodwork Furniture
with the Use of SPC Tools. Manufacturing Technology, Vol. 21, No. 4, pp. 492-501, doi:
10.21062/mft.2021.056.

Knop, K. (2021b). Analysing the machines working time utilization for improvement
purposes. Production Engineering Archives, Vol. 27, No. 2, pp. 137-147, doi:
10.30657/pea.2021.27.18.

Knop, K., Ziora, R. (2022). Statistical Analysis and Prediction of the Product Complaints.
In: R. Ulewicz, R. Nikolic, D. Klimecka-Tatar (Eds.), System Safety: Human - Technical
Facility - Environment (pp. 99-115). Warszawa: De Gruyter.

Koshti, V.V. (2011). Cumulative sum control chart. International Journal of Physics and
Mathematical Sciences, Vol. 1, No. 1, pp. 28-32.

Koutras, M.V., Bersimis, S., Maravelakis, P.E. (2007). Statistical process control using
Shewhart control chart with supplementary runs rules. Methodology and Computing in
Applied Probability, Vol. 9, pp. 207-224.

Krynke, M., Ivanova, T.N., Revenko, N.F. (2022). Factors, Increasing the Efficiency of
Work of Maintenance, Repair and Operation Units of Industrial Enterprises. Management
Systems in Production Engineering, Vol. 30, Iss. 1, pp. 91-97, doi: 10.2478/mspe-2022-
0012.

Kusinska, E. (2009). Doktadnos$¢ procesu dozowania na przyktadzie linii do rozlewu kefiru.
Inzynieria Rolnicza, Vol. 5, No. 114, pp. 139-145.

Lepore, D., Montgomery, A, Siepe, G. (2016). Quality, Involvement, Flow: The Systemic
Organization. New York, NY: Productivity Press.

Lim, S.A.H., Antony, J., Albliwi, S. (2014). Statistical Process Control (SPC) in the food
industry: a systematic review and future research agenda. Trends in Food Science &
Technology, Vol. 37, No. 2, pp. 137-151, doi: 10.1016/j.tifs.2014.03.010.



Statistical Multivariate Analysis... 291

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41

42.

43.

Liu, X., Mackay, R.J., Steiner, S.H. (2008). Monitoring multiple stream processes. Quality
Engineering, Vol. 20, pp. 296-308, doi: 10.1080/08982110802035404.

Madanhire, 1., Mbohwa, Ch. (2016). Application of Statistical Process Control (SPC) in
Manufacturing Industry in a Developing Country. Procedia CIRP, Vol. 40, pp. 580-583,
doi: 10.1016/j.procir.2016.01.137.

Meneces, N.S. Olivera, S.A., Saccone, C.D., Tessore, J. (2008). Statistical control of
multiple stream processes: a Shewhart control chart for each stream. Quality Engineering,
Vol. 20, pp. 185-194. doi: 10.1080/08982110701241608.

Mettler Toledo (2011). Package Quality Control. Available on:
https://www.mt.com/pl/pl/home/library/white-papers/industrial-scales/ind-package-
quality-control-pdf.html.

Montgomery, D.C. (2012). Statistical Quality Control. Hoboken, NJ: Wiley Publishing,
Inc.

Mortell, R.R., Runger, G.C. (1995). Statistical process control of multiple stream
processes. Journal of Quality Technology, Vol. 27, No. 1, pp. 1-12, doi:
10.1080/00224065.1995.11979554.

Nelson, L.S. (1984). The Shewhart control chart - Tests for special causes. Journal of
Quality Technology, Vol. 16, pp. 237-239.

Nolan, T.W., Provost, L.P. (1990). Understanding variation. Quality Progress, Vol. 23,
No. 6, pp. 70-78.

Oakland, J.S. (2003). Statistical process control. Oxford: Butterworth-Heinemann.
Papi¢-Blagojevi¢, N., Paszek, Z., Loncar, S. (2016). Monitoring the quality of production
process using CUSUM control chart. Skola Biznisa, pp. 127-139, doi: 10.5937/skolbiz1-
10581.

Riaz, M., Abbas, N., Does, R.J. (2011). Improving the performance of CUSUM charts.
Quality and Reliability Engineering International, Vol. 27, pp. 415-424.

Rosak-Szyrocka, J. (2018). Znaczenie jakos$ci i1 doskonalenia w przedsigbiorstwie
produkcyjnym. Zeszyty Naukowe Politechniki Slgskiej. Seria: Organizacja i Zarzqdzanie,
Nr 1996, Z. 117, pp. 471-483, doi: 10.29119/1641-3466.2018.117.31.

Satacinski, T. (2015). SPC — Statistical Process Control. Warszawa: Oficyna Wydawnicza
Politechniki Warszawskie;j.

. Saravacos, G., Kostaropoulos, A.E. (2016). Handbook of Food Processing Equipment. Cham,

Switzerland: Springer International Publishing AG, doi: 10.1007/978-3-319-25020-5.
Soriano, F.R., Oprime, P.C., Lizarelli, F.L. (2017). Impact analysis of critical success
factors on the benefits from statistical process control implementation. Production, 27,
e20162040, doi: 10.1590/0103-6513.204016.

Spree, F. (2021). Business Process Models in the Context of Predictive Process Monitoring.
Revista De Informatica Teorica E Aplicada, Vol. 28, No. 1, pp. 39-46. doi: 0.22456/2175-
2745.106828.



292

K. Knop

44.

45.

46.

47.

48.

49.

50.

Sukparungsee, S., Areepong, Y., Taboran, R. (2020). Exponentially weighted moving
average - Moving average charts for monitoring the process mean. PLoS ONE, Vol. 15,
No. 2, pp. 1-24, doi: 10.1371/journal.pone.0228208.

Ulewicz, R., Czerwinska, K., Pacana, A. (2023). A Rank Model of Casting Non-Conformity
Detection Methods in the Context of Industry 4.0. Materials, Vol. 16, Iss. 2, doi:
10.3390/ma16020723.

Ustawa z dnia 7 maja 2009 r. o towarach paczkowanych. Available on:
https://isap.sejm.gov.pl/isap.nsf/DocDetails.xsp?id=WDU20090910740.

Webber, L., Wallace, M. (2007). Quality control for dummies. Hoboken, NJ: Wiley
Publishing, Inc.

Wheeler, D. (2000). Understanding Variation: The Key to Managing Chaos. Knoxville,
TN: SPC Press.

Wojtaszak, M., Biaty, W. (2015). Problem solving techniques as a part of implementation
of six sigma methodology in tire production. Case study. Management Systems in
Production Engineering, Vol. 3, No. 19, pp. 133-137, doi: 10.12914/MSPE-03-03-2015.
Wolniak, R. (2021). The concept of operation and production control. Production
Engineering Archives, Vol. 27, No. 2, pp. 100-107, doi: 10.30657/pea.2021.27.12.



SILESTAN UNIVERSITY OF TECHNOLOGY PUBLISHING HOUSE

SCIENTIFIC PAPERS OF SILESIAN UNIVERSITY OF TECHNOLOGY 2023

ORGANIZATION AND MANAGEMENT SERIES NO. 176

EXOGENOUS STABILITY AND SUSTAINABLE DEVELOPMENT
OF ENERGY ENTERPRISES IN THE V4

Magdalena KOWALSKA', Anna MISZTAL?, Agata GNIADKOWSKA-SZYMANSKA?*

! Faculty of Economics and Sociology, University of Lodz; magdalena.kowalska@uni.lodz.pl,
ORCID: 0000-0002-5821-0305
2 Faculty of Economics and Sociology, University of Lodz; anna.misztal @uni.lodz.pl,
ORCID: 0000-0002-7455-5290
3 Faculty of Economics and Sociology, University of Lodz; agata.gniadkowska @uni.lodz.pl,
ORCID: 0000-0002-7321-3360
* Correspondence author

Purpose: The paper's main aim is to assess the impact of macroeconomic, social and
environmental stability on the sustainable development of energy enterprises in the Visegrad
Group (V4: the Czech Republic, Hungary, Poland and Slovakia) from 2008 to 2020.
Design/methodology/approach: To assess a statistically significant relationship, we use the
correlation coefficients, the Ordinary Least Squares and the Seemingly Unrelated Regression
method.

Findings: The research results indicate that macroeconomic, social and environmental stability
have a statistically significant impact on the sustainable development of the energy sector.
Research limitations/implications: The sample size is small for any generalization.

A mixed method approach in the future could contribute to a holistic finding.

Practical implications: It is recommended to coordinate macroeconomic, social and
environmental policies to achieve positive results in the energy sector. Renewable energy and
green energy sources can play a pivotal role here.

Originality/value: This paper fills the research gap regarding assessing the impact of
macroeconomic, social and environmental stability on the sustainable development of the
energy sector in the V4 countries; this is important for the policies of countries experiencing
political transformation. Moreover, the energy sector is important for countries' national
security in the current geopolitical conditions related to the raw materials crisis and the war in
Ukraine.

Keywords: sustainable development, energy sector, the Visegrad Group.

Category of the paper: Research Paper.

http://dx.doi.org/10.29119/1641-3466.2023.176.18 http://managementpapers.polsl.pl/



294 M. Kowalska, A. Misztal, A. Gniadkowska-Szymanska

1. Introduction

Sustainable energy enterprises (SD) development incorporates economic, social and
environmental goals. It is conditioned by many exogenous and endogenous factors and has
a decisive influence on the competitiveness and expansion of business entities (Pieloch-Babiarz
etal., 2021). The conditions for the SD are complex and a consequence of globalization process-
es, the development of modern ICT technologies, social changes and evolutions in the approach
to the procedure of economic processes (Misztal et al., 2022; Kuzma, Sehnem, 2022).

Enterprises limit the emission of air pollutants, and the amount of waste contributes to
maintaining the continuity of processes related to protecting natural resources and the
sustainability of economic processes (Simionescu et al., 2021). The implementation of SD by
enterprises is associated with the need to adapt to changing environmental conditions,
continuous learning and reorienting the business's goals towards increasing value for
stakeholders. SD occurs in specific socio-economic conditions, and its level is influenced by
both the external environment and the situation inside the company (Zhou et al., 2022; Wang
et al., 2022).

The last research results indicate that socio-economic conditions and regulations regarding
protecting the natural environment affect enterprises' decisions to implement SD goals (Nazi,
2022; Barska et al., 2022; Kostakis, Tsagarakis, 2022). Some studies indicate that economic
and social progress negatively affects the state of environmental protection, while nature
protection regulations contribute to the implementation of innovations and eco-friendly
solutions (Udemba et at., 2021). Some researchers show that economic growth has been
decoupled from environmental protection (Camporek et al., 2022; Misztal et al., 2021).

SD is significant for macro-social stability, and decisions to produce and supply energy
must include renewable energy sources (Cergibozan, 2022; Cader et al., 2021; Islam et al.,
2022; Simionescu et al., 2021). Some studies indicate that macroeconomic stability positively
impacts the sustainable development of energy companies (Misztal et al., 2022; Camporek
et al., 2022; Marti, Puertas, 2022).

The paper's main aim is to assess the impact of macroeconomic, social and environmental
stability (exogenous stability) on the sustainable development of energy enterprises in the
Vise-grad Group (V4: the Czech Republic, Hungary, Poland and Slovakia) from 2008 to 2020.
The research covers the period from the financial crisis to the Covid-19 pandemic. We want to
check how transformed economies cope with getting out of the eco-nomic crisis.

The Visegrad Group (V4) is an informal regional form of cooperation between four Central
European countries - Poland, the Czech Republic, Slovakia and Hungary, which are connected
not only by their proximity and similar geopolitical conditions but, above all, by common
history, tradition, culture and values. V4 has been operating since 1991. In addition to European

issues, cooperation within the V4 focuses primarily on Central Europe, information exchange,
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and cooperation in culture, science, education and youth exchange. The V4 are the sixth
economic power and the third consumer market in Europe. One of the key aspects of policy
sustainability and stability is macroeconomic stability.

We use the correlation coefficients (Pearson's r, Spearman's rho, gamma, and Kendall),
the Ordinary Least Squares (OLS), and the Seemingly Unrelated Regression (SUR).

A novelty in our paper is the creation of models of the impact of macroeconomic (MSP),
social (SSP) and environmental stability (EnvSP) on the SD. A contribution to the literature on
the subject is developing an original approach to creating social and environmental stability
indicators. For this purpose, we create the SSP and EnvSP pentagon. SSP is based on the
following pillars: population, health conditions, education, labour and social protection
expenditure. EnvSP is based on greenhouse gases emission, the generation of waste, water made
available for use, the production and consumption of chemicals, and biodiversity.

Our models have several limitations associated with the selection of analytical indicators
and the creation of the pentagons. Nevertheless, the research results are important for
operational and strategic decisions by company managers and for macroeconomic policy and
environmental protection. They can also support the authorities of the Visegrad Group in
making findings regarding the directions of reforms of energy economy factors.

The study includes an introduction, materials and methods, research methodology, results,
discussion, and conclusion. The review of scientific publications was based on the Scopus and
Web of Science lists. The data for the analysis come from Eurostat databases.
For the calculations, we used Statistica and Gretl software.

Our paper fills the research gap regarding assessing the impact of macroeconomic, social
and environmental stability on the sustainable development of the energy sector in the
V4 countries; this is important for the policies of countries experiencing political
transformation. Moreover, the energy sector is important for countries' national security in the

current geopolitical conditions related to the raw materials crisis and the war in Ukraine.

2. Selected theoretical problems - the overview

2.1. Enterprise sustainable development- definition

Sustainable development is a response to the degradation of the natural environment.
Its assignment is to protect the environment and counteract climate change to preserve natural
resources for present and future generations (Pieloch-Babiarz et al., 2021; Udemba et al., 2021;
George et al.,, 2022). States, institutions, organizations, households and enterprises must

cooperate to protect the natural environment.
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SD means implementing its basic economic goal and supplementing it with issues related
to taking care of its operation's social and environmental standards. It is de-fined in three key
areas, ecological (preserving the environment and its natural re-sources), economic
(maximizing the profit and wealth of owners through technological progress and increasing the
efficiency of the use of raw materials, materials and hu-man work) and social (improving the
living conditions and safety of people) (Table 1) (Pickering et al., 2022; Kaul et al., 2022;
Ashraf, 2020).

Table 1.
The sustainable development of enterprises- definition

Author Sustainable development- definition
J. Elkington (1998) i(;lclléz not only on maximizing profits, but equally on environmental and social

G. Hilson, B. Murcka It is based on three pillars: economic, social and environmental, and entails
(2000) implementing innovations and modern technologies
A. Wilkinson Sustainability includes the ethical dimension and the trade-off's fairness between
(2001) current economic pressures and future environmental needs
T. Dyllick, K. Hockerts | Meeting the needs of a firm’s direct and indirect stakeholders (...) without
(2002) compromising its ability to meet the needs of future stakeholders as well
M.E. Porter, M.R. Kramer | Take decisions considering the common value
(2002)
M. Drljaca A process in which less and fewer resources are being spent to meet the needs of
(2012) consumers and in which the environment is less polluted
G.F. Dias Sustainable development is a way for companies and governments to reverse the
(2015) negative effects caused by the economic growth model

Sustainable development of companies is an integral approach to business aimed

P. Taticchi, M. Demartini | at strengthening competitive advantage and profitability through the sustainable
(2021) creation of shared value due to close cooperation with all stakeholders and the

integration of ESG factors in the decision-making process

The concept of sustainable development should apply to the external

environment of the organization, in other words to a certain region (country,

state) in a certain period of time

Source: own elaboration based on the literature on the subject.

A.J. Costa
(2022)

The sustainable development of enterprises is a complex issue that requires a holistic
approach. In the literature on the subject, there are several definitions of SD. It can be defined
as meeting the needs of current and future stakeholders of the company (Dyllick et al., 2002).
It also means achieving success today and ensuring its potential in the future (Colbert, Kurucz,
2007). SD is taking decisions considering the common value (Porter, Kramer, 2007).
SD is a process aimed at reducing the consumption of resources in order to provide added value
for customers and other stakeholders (Drljaca, 2012). Sustainable is the company's ability to
survive over time, improving its liquidity and profitability, maintaining an appropriate level of
debt combined with environmental management and support for employees and local
communities (Giovannoni, Fabietti, 2013). SD is a holistic approach to business based on and
integrated the social, environmental and economic aspects (Silvestre, Tirca, 2019; Thacker
et al., 2019).
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2.2. Sustainable development of energy enterprises in the Visegrad Group

Sustainable energy development is a sustainable, safe and effective energy supply process
for the countries' economic, social and environmental development. Monitoring the SD should
be applicable in assessing the strategy's performance for responsible development (Siksnelyte
et al., 2018; Hosseini, 2020).

Energy is the basis for the development of society because the level of its consumption is
largely indicative of civilization and technological progress. Energy, on the one hand, increases
the quality of life and, on the other, causes the problem of environmental protection to arise and
grow. The increasing energy consumption and the wrong structure of its consumption impact
the degradation of ecosystems (Hernandez et al., 2019; Siksnelyte et al., 2018).

The socio-economic potential of the region is similar. The main driving factor of the
economies is domestic demand and foreign investments, which have been growing in the last
two decades. The main differences lie in the economies' size and growth potential. These
countries emphasize economic and social issues, while the dynamics of environmental
development are lower and recede into the background. These disparities may affect the
sustainable development of the energy sector. For example, Slovakia is the only country that
has counted on nuclear energy in the past decade (Nyzio, 2017; Kochanek, 2021; Rokicki,
Perkowska, 2020).

The energy sector in the Visegrad Group is based mainly on fossil sources, including coal
and lignite resources, crude oil and natural gas (Ugurlu, 2022). The share of primary renewable
energy is relatively small, but it is expected to have an upward trend (Surwillo et al., 2021).
The Czech Republic is accelerating its departure from coal, and its government financially
support the development of renewable energy sources. Their approach is changing under the
influence of new EU climate targets and rising prices of emission allowances. Slovakia is also
accelerating its climate and energy transformation and wants to in-crease the amount of energy
obtained from renewable sources and nuclear power. Hungary is also declaring a move away
from hard coal. In Poland, on the other hand, discussions are underway on developing energy
from renewable sources, although this problem is complex and largely a political decision
(Kochanek, 2021; Rokicki, Perkowska, 2020, Kacperska et al., 2021).

A significant problem in the V4 countries is the low level of renewable and green energy
sources in developing the energy sector due to the sector's backwardness, systemic
transformation, and socio-economic problems (Kacperska et al., 2021; Sulich, Sotoducho-Pelc,
2021). The key barriers to implementing green initiatives are the need for adequate financial
resources and the fact that environmental protection is not a priority for the government.

In the V4 countries, one of the critical factors affecting the sustainable development of
enterprises is the fact that these countries use European Union funds more effectively and

implement green technologies and programs supporting green activities. Economic
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development is still necessary because it determines investments and eco-logical development
(Wach et al., 2021; Ugurlu, 2022; Gostkowski et al., 2021).

Maintaining macroeconomic, social and environmental stability in the last decade is crucial
for developing green initiatives (Su et al., 2018; Kiss-Dobronyi et al., 2021). Therefore,
it should be emphasized that this relationship should be positive.

Further development of the energy sector in Czechia, Hungary, Poland, and Slovakia should
follow the idea of sustainable development, although it will be required large financial outlays
in implementing new technologies and removing damage al-ready formed in nature. In

implementing new technologies and removing damage al-ready formed in nature.

2.3. Economic, social and environmental situation and sustainable development
of energy companies - review of previous research

Numerous scientific analyses are devoted to the relationship between economic growth,
legal environment protection regulations, and social conditions for the sustainable development
of energy companies. Researchers conduct empirical research, create models of SD of the
energy sector (Szczepankiewicz et al., 2022), emphasize the importance of green solutions
(Ruiz, Duarte, Fan, 2022), create models of sustainable development (Pereyra-Marifiez et al.,
2022; Szczepankiewicz et al., 2022) and conduct theoretical research devoted to analyzing
findings on factors affecting sustainable energy (Schwanitz et al., 2022). It is emphasized that
both the internal situation of enterprises and the external environment impact the individual
pillars of sustainable development (Rosati et al., 2019; Gnanaweera et al., 2018).

In addition, researchers point to the important role of energy economy instruments,
including renewable sources, prices of futures contracts for CO2 emissions, outputs on R&D,
and the EU Emissions Trading System (Sikora, 2021; Kolosok et al., 2021). These instruments
affect investments in the energy sector, innovativeness, and openness to new technical and
technological solutions. At the same time, the direction of the impact of these instruments is
diverse and may depend on the internal economic conditions in a given country.

According to some researchers, the impact of the market and environmental legal
regulations have a variety of consequences on energy productivity (Wahab et al., 2021;
Safarzadeh, Rasti-Barzoki, 2019). Moreover, sectoral regulations can hurt energy efficiency
(Wang, Chen, Li, 2022, pp. 48539-48557; Wilkinson et al., 2001, p. 12). In developed countries,
there is possible that regulatory reforms have contributed to (Komarnicka, Murawska, 2021;
Mufioz-Torres et al., 2021) productivity growth in the steam power generation sector (Nakano,
Managi, 2010). It is indicated that regulations and provisions should be adapted to the
determinants and situation of the energy sector in a particular country.

Most researchers indicate that economic growth and globalization cause an in-crease in the
emission of harmful substances into the atmosphere, degradation of the natural environment

and the need to increase energy consumption (Tahir et al., 2021; Acheampong et al., 2019).
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In turn, macroeconomic, social and environmental stability positively impacts energy
companies' sustainable development (Pieloch-Babiarz et al., 2021; Udemba et al., 2021;
Comporek et al., 2022). Macroeconomic stability is a configuration of economic indicators
corresponding to economic growth conditions.

Social stability means maintaining appropriate proportions in the development of society
concerning indicators such as population, health, education, salaries, and social protection
expenditure.

Environmental stability can be understood as reducing greenhouse gas emissions, reducing
the consumption of raw materials and access to water, reducing the production and consumption
of chemicals and preserving biodiversity.

The countries' economic, social and environmental situation should have an impact on the
sustainable development of the energy sector. Moreover, this relationship should be positive
because improving the quality and living conditions is conducive to undertaking ecological

activities.

3. Research methodology

The main aim of our research is to assess the impact of macroeconomic, social and
environmental stability on the sustainable development of energy enterprises in the Visegrad
Group (the Czech Republic, Hungary, Poland and Slovakia) from 2008 to 2020. We focus on
the period from the economic crisis through economic growth until the Covid-19 pandemic.
The Visegrad Group was established in 1991 and is an association of four Central European
countries - Poland, the Czech Republic, Slovakia and Hungary, aiming to deepen cooperation
between these countries.

Our study supplements the literature on the subject with an assessment of the impact of
macroeconomic, social and environmental stability on the sustainable development of the
energy sector. In addition to introducing the definitions of these concepts, we present a new
approach to determining these indicators. The central research hypothesis (H) is as follows:

There is a large variation in the strength and direction of the impact of macroeconomic,

social and environmental stabilization in the Visegrad Group between 2008 and 2020.

This research approach results from the fact that these countries that have undergone
economic transformation need to catch up compared to the west of the European Union.
Hence the fundamental decisions concern strictly economic issues, and social issues and

environmental protection recede into the background.
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We also formulate the following sub-hypothesis:

e 1 Sub-hypothesis (H1): In the Visegrad Group, SD increased from 2008-2020;

e 2 Sub-hypothesis (H2): The macroeconomic stability, social and environmental
stability have a positive trend line, but it decreased during the Covid-19 pandemic;

e 3 Sub-hypothesis (H3): The impact of macroeconomic, social and environmental
stability on the pillars of sustainable development, economic (E), social (S) and
environmental (Env) varies in the countries.

The research includes the following steps:

1) We create indicators: E, S, Env, SD. We considered numerous research and created
these factors based on own, proprietary approach.

Collecting analytical indicators and grouping them into three pillars of SD, including:

e E: stimulants: enterprises (number), turnover or gross premiums written
(EUR 1 million), — production value (mil euro), — value added at factor cost
(EUR 1 million), gross operating surplus (EUR 1 million), total purchases of goods and
services (EUR 1 million), gross investment in tangible goods (EUR 1 million),
— investment rate (%); and destimulants: cost level index from total activity (%);

e S:stimulants: wages and salaries (EUR 1 million), social security costs (EUR 1 million),
employees: number, apparent labour productivity, gross value added per employee
(EUR 1000), investment per person employed (EUR 1000), employer’s social charges
as a percentage of personnel costs: percentage (%), expenditure on training and courses.
Destimulants: personnel costs (EUR 1 million), share of personnel costs in production
(%), accidents at work;

e Env: destimulants: carbon dioxide, methane nitrous oxide, hydrofluorocarbones (CO2
equivalent), sulphur oxides (SO2 equivalent), carbon monoxide, ammonia.

We transform the explanatory variables into integrated, using the following formulas:

xij min xij
Eij; Sij; Envi]- = ?:1_ ?zlf; Eij; Sij; Envi]' € [O; 1] (1)

max xij xij
where:

Ejj; Sij; Envjj stands for the normalized value of the j-th variable in the i-th year,
xij 1s the diagnostic variable in i-year,

SD; indicates integrated variable in i-year.

We use the following formula to create the SD:

Envi]-

— SD € [0;1] ()

Ej; Sii
SD=E+S+Env= YL 2 +3L 2 +3L,

2) Wecreated MSP, SSP and EnvSP (Figure 1) indicators based on formula (3), (4) and (5).
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Figure 1. Macroeconomic stability, social stability, environmental stability.

Source: own elaboration.
MSP= [(AGDP-U)+(U-HICP)+(HICP-G)+(G CA)+(CA-AGDP)] k 3)

where:

GDP - gross domestic product,

U - unemployment rate,

HICP - Harmonised Indices of Consumer Prices,
G - government deficit,

CA - current account,

1
k= Esin 72° = 0,475.

SSP= [(AP-H)+(H-Ed)+(Ed-L)+(L-Exp)+(Exp-AP)]'k @)

where:

P - number of population,

H - healthy life year,

Ed - expenditure on education,
L — wages,

Exp - social protection expenditure,

1
k = Esin 72° = 0,475.

EnvSP= [(AGR-W)+H(W-Wat)+(Wat-Ch)+(Ch'B)+(B-AGR)]’k (5)

where:

GR - greenhouse gases emission,

W - generation of waste,

Wat - water made available for use,

Ch - production and consumption of chemicals,

B — biodiversity,

1
k = Esin 72° = 0,475.
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3) We examine the strength and direction of a linear relationship between the SD and
MSP, SSP, and EnvSP. To do this, we use Pearson’s R, Spearman-s Rho, Gamma and
Kendall rank correlation coefficients. We adopt the following ranges of correlation
strength: |rxy| = O—no correlation; 0 <[rxy| < 0.19—very weak; 0.20 < |rxy| < 0.39—
weak; 0.40 < |rxy| < 0.59—moderate; 0.60 < |rxy| < 0.79—strong; 0.80 < |rxy| < 1.00—
very strong.

4) We use the OLS method to estimate models, which is given by equation:
SD = o¢y+ o¢;+ MSP + ¢, MSPy_yy + o3+ SSP + 0¢4* SSP(_y) + o+ EnvSP + o¢g* EnvSP(_y) + g (6)

where:

Bois the intercept,

B1, B2, B3 is the slope,

¢i denotes the i-th residual,

i 1S an observation index.

5) We create the structural equation model and use the SUR method to estimate it:

E = B, + BiMSP, + ,SSP; + B;EnvSP, + 5,S + BsEnv + ¢;
S= Po+ BiMSP; + B,SSP, + B3EnvSP, + B,E + BsEnv + e; (7)
Env = B, + $MSP, + ,SSP, + B3EnvSP, + B,E + fsS + e

4. Research results

Table 2 presents SD in the Visegrad Group from 2008 to 2020. All countries show
a positive trend, which is a favourable situation. The activities in the Visegrad Group from 2008
to 2020 undertaken for the sustainable development of energy enterprises are effective.
The highest dynamics of SD is in Poland (SD = 0.0159 time + 0.6204). Hungary has the lowest
dynamics of SD (SD = 0.001 time + 0.7267). The highest average level of SD in the period
from 2008 to 2020 is in Poland and Hungary (mean = 0.73), and the lowest average level is in
Slovakia (mean = 0.68). The maximum level of SD is in Poland (0.85, 2020), and the minimum
is in Slovakia (0.62, 2008).

The highest level of the average SD is in Poland and Hungary because the energy sector
has been undergoing a deep transformation for several years related to reducing the general
share of conventional energy based on coal in favour of new technologies, particularly energy
from renewable sources. In turn, the lowest average level of the SD indicator in Slovakia may
be because, in recent years, this country has focused on nuclear energy; thus, the indicator level

after 2020 should significantly improve.
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Table 2.
The sustainable development of energy enterprises indicator in the Visegrad Group from 2008

to 2020

Czechia
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
0,64 0,67 072 0,73 0,74 0,73 0,68 0,70 064 069 0,72 0,75 0,76
Descriptive statistics
Mean Sd Median  Min  Max
0,71 0,04 0,72 0,64 0,76

1,00 SD =0.0046time + 0.6737
0,60
0,20

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Hungary
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
0,72 0,73 0,75 0,74 0,73 0,73 0,72 0,73 0,73 0,72 0,73 0,76 0,75
Descriptive statistics
Mean Sd Median Min  Max
0,73 0,01 0,73 0,72 0,76
SD = 0.001time + 0.7267

1,00
0,60
0,20

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Poland
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
0,67 0,65 0,69 0,67 0,68 0,69 0,72 0,75 0,73 0,76 0,80 0,85 0,85
Descriptive statistics
Mean Sd Median Min  Max
0,73 0,06 0,72 0,65 0,85

(1),28 SD =0.0159%time + 0.6204
0:20 ....... T

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Slovakia
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
0,62 064 0,66 0,62 0,67 0,66 0,74 0,67 067 068 0,73 0,76 0,77
Descriptive statistics
Mean Sd Median Min  Max
0,68 0,05 0,67 0,62 0,77

1,00 SD =0.0113time + 0.6044
0,68 ..........

5

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Source: own study on the basis of Eurostat https://ec.europ a.eu/Eurostat, 1.02.2023.

Table 3 shows MSP in the Visegrad Group from 2008 to 2020. All countries show
a positive trend. The policy in the Visegrad Group from 2008 to 2020 undertaken for the
macroeconomic stabilization of energy enterprises is efficient. The highest dynamics of MSP
are in Czechia (MSP = 0.0143 time + 0.4037). The lowest dynamics of MSP is in Hungary
(MSP = 0.0021time + 0,5162). The highest average level of MSP from 2008 to 2020 is in
Hungary (mean = 0.53), and the lowest is in Poland and Slovakia (mean = 0.44). The maximum
level of MSP is in Chechia (0.61, 2017), and the minimum is in Slovakia (0.32, 2009).
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Table 3.
The macroeconomic stability indicator in the Visegrad Group from 2008 to 2020

Czechia
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
042 039 042 0,46 0,43 0,49 0,54 0,58 0,60 0,61 0,58 0,57 045
Descriptive statistics
Mean Sd Median Min  Max
0,50 0,08 0,49 0,39 0,61
1,00 MSP = 0.0143time + 0.4037

0,60 e,
0,20

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Hungary
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
0,51 052 053 054 053 053 0,52 0,53 053 052 053 056 0,55
Descriptive statistics
Mean Sd Median Min  Max
0,53 0,01 0,53 0,51 0,56

1,00 MSP = 0.0021time + 0,5162

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Poland
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
0,37 042 042 043 0,43 0,43 0,42 043 043 042 056 057 0,40
Descriptive statistics
Mean Sd Median Min  Max
0,44 0,06 0,43 0,37 0,57

1,00 MSP = 0.0081time + 0.3839
060 r—
0,20

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Slovakia
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
038 032 035 035 046 0,50 0,51 047 046 049 049 046 044
Descriptive statistics
Mean Sd Median Min Max
0,44 0,06 0,46 0,32 0,51

é,gg MSP = 0.011time + 0.3602

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Source: own study on the basis of Eurostat https://ec.europ a.eu/Eurostat, 1.02.2023.

Table 4 presents SSP in the Visegrad Group from 2008 to 2020. In Czechia, Hungary and
Poland is a positive trend. The policy in these countries from 2008 to 2020 undertaken for the
social stability of energy enterprises is effective. The highest dynamics of SSP are in Hungary
(SSP = 0.0076 time + 0.439). The lowest dynamics of SSP is in Czechia (SSP = 0.0004time +
0.4562). In Slovakia is a negative trend (SSP = -0.0024time + 0.5166), which points to the need
for increased attention to social stability in this country. The highest average level of SSP in the
period from 2008 to 2020 is in Slovakia (mean = 0.50), and the lowest average level is in
Czechia (mean = 0.46). The maximum level of SSP is in Hungary (0.57, 2019), and the
minimum is in Hungary (0.40, 2020).
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Table 4.
The social stability indicator in the Visegrad Group from 2008 to 2020

Czechia
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
044 045 045 0,46 0,47 0,48 0,47 047 046 045 046 046 045
Descriptive statistics
Mean Sd Median Min  Max
0,46 0,01 0,46 0,44 048

1,00 SSP = 0.0004time + 0.4562
0,60
0,20

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Hungary
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
041 044 046 047 048 049 0,51 0,52 053 056 057 057 040
Descriptive statistics
Mean Sd Median Min Max
0,49 0,05 0,49 0,40 0,57

1,00 SSP = 0.0076time + 0.439
0,60 —
0,20

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Poland
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
044 046 049 046 047 048 0,45 047 049 048 047 049 047
Descriptive statistics
Mean Sd Median Min Max
0,47 0,02 0,47 044 049

1,00 SSP =0.0021time + 0.4571
0,60
0,20

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Slovakia
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
0,52 052 051 050 050 0,50 0,50 049 049 049 048 048 0,51
Descriptive statistics
Mean Sd Median Min  Max
0,50 0,01 0,50 048 0,52

1,00 SSP =-0.0024time + 0.5166
0,60
0,20

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Source: own study on the basis of Eurostat https://ec.europ a.eu/Eurostat, 1.02.2023.

Table 5 shows EnvSP in the Visegrad Group from 2008 to 2020. In Czechia, Hungary and
Poland is a positive trend. The activities in these countries from 2008 to 2020 undertaken for
the environmental stability of energy enterprises brought positive results. The highest dynamics
of EnvSP is in Czechia (EnvSP = 0.0036 time + 0.3645). The lowest dynamics of SSP are in
Hungary (EnvSP =0.0015 time + 0.452). In Slovakia is a negative trend (EnvSP = -0.0018 time
+ 0.5043), which means that attention should be paid to improving environmental stability in
this country. The highest average level of EnvSP in the period from 2008 to 2020 is in Slovakia
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(mean = 0.49), and the lowest average level is in Czechia (mean = 0.39). The maximum level
of EnvSP is in Slovakia (0.51, 2012, 2013), and the minimum is in Czechia (0.35, 2008).

Table S.
The environmental stability indicator in the Visegrad Group from 2008 to 2020

Czechia
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
035 037 037 038 039 0,39 0,40 040 041 041 042 041 037
Descriptive statistics
Mean SD Median Min  Max
0,39 0,02 0,39 0,35 042

1,00 EnvSP = 0.0036time + 0.3645
0,60
0,20

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Hungary
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
044 044 045 047 046 047 0,47 048 048 047 046 047 045
Descriptive statistics
Mean SD Median Min Max
0,46 0,01 0,47 0,44 048

1,00 EnvSP = 0.0015time + 0.452
0,60
0,20

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Poland
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
0,41 045 044 046 045 0,46 0,44 046 046 047 048 048 045
Descriptive statistics
Mean SD Median Min Max
0,45 0,02 0,46 041 048

1,00 EnvSP = 0.0032time + 0.432
0,60

0,20

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Slovakia
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
048 049 0,50 0,50 0,51 0,51 0,50 050 049 048 048 048 048
Descriptive statistics
Mean SD Median Min  Max
0,49 0,01 0,49 048 0,51

(1),28 EnvSP =-0.0018time + 0.5043

0,20

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Source: own study on the basis of Eurostat https://ec.europ a.eu/Eurostat, 1.02.2023.
Table 6 presents the Pearson’s R, Spearman-s Rho, Gamma and Kendall rank correlation
coefficients between SD and MSP, SSP and EnvSP in the Visegrad Group from 2008 to 2020.

There is a positive or negative relationship between these variables and different levels of
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correlation coefficients regarding the strength of impact. The strong or very strong correlation
is bolded in the table (p < 0.05). The highest positive level of correlation is in Hungary
(Gamma = 0.96, between SD and MSP), and the lowest positive level of correlation is in Poland
(Gamma and Kendall rank = 0.44, between SD and SSP). The highest negative level of
correlation is in Slovakia (Spearman-s Rho = -0.62, between SD and SSP), and the lowest is in
Slovakia (Gamma, Kendall rank = -0.49, between SD and SSP).

Table 6.
The Pearson’s R, Spearman-s Rho, Gamma and Kendall rank correlation coefficients in the
period from 2008 to 2020, p < 0.05 (n = 13)

Country Correlation MSP SSPSD EnvSP
Pearson’s R -0.06 0.27 0.14
Czechia Spearman-s Rho -0.02 0.24 0.08
Gamma -0.05 0.19 0.07
Kendall rank -0.05 0.18 0.07
Pearson’s R 0.88 -0.08 -0.07
Hungary Spearman-s Rho 0.92 0.05 -0.01
Gamma 0.96 0.03 -0.01
Kendall rank 0.86 0.03 -0.01
Pearson’s R 0.55 0.40 0.53
Poland Spearman-s Rho 0.26 0.59 0.55
Gamma 0.26 0.44 0.47
Kendall rank 0.23 0.44 0.47
Pearson’s R 0.55 -0.49 -0.53
Slovakia Spearman-s Rho 0.46 -0.62 -0.46
Gamma 0.31 -0.49 -0.38
Kendall rank 0.31 -0.49 -0.38

Source: own study on the basis of Eurostat https://ec.europ a.eu/Eurostat, 1.02.2023.

Table 7 shows the results of the OLS regressions between SD and MSP, MSP(t-1), SSP,
SSP(t-1), EnvSP, and EnvSP(t-1) in the Visegrad Group from 2008 to 2020. The results of the
OLS estimation include no autocorrelation, collinearity, homoscedasticity, and normal
distribution of variables. The relationship between the examined variables is positive or
negative, with a different level of strength.

In all countries, in the period from 2008 to 2020, the MSP (or MSP(t-1)) and En-vSP
(or EnvSP(t-1)) influence SD, the SSP (or SSP(t-1)) has an influence on SD only in Czechia
and Hungary. The highest positive level of relationship is in Czechia (3.480, between SD and
EnvSP(t-1)), and the lowest positive level of relationship is in Hungary (0.036, between SD and
SSP(t-1)). The highest negative level of relationship is in Slovakia (—3.368, between SD and
EnvSP(t-1)), and the lowest negative level of relationship is in Hungary (—0.086, between SD
and SSP).

The coefficient determination ranges from 0.739 (Slovakia, which means a satisfactory fit

to the model’s data) to 0.985 (Hungary, a very good fit to the model’s data).
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Table 7.

The Results of the OLS regressions in the period from 2008 to 2020 (p < 0.05):

SD = o¢y+ o¢; MSP + o¢,r MSP_y) + o3+ SSP + o;» SSP(;_y) + 5+ EnvSP + g+ EnvSP,_qy + &

Country Independent variable Coefficient Std. error p-value R?
const 0.156 0.242 0.5441
MSP —-0.320 0.116 0.0324
. MSP.1 —0.445 0.155 0.0287
Czechia SSP 1.346 0.685 0.0472 0.920
SSP.1) —2.255 0.682 0.0163
EnvSP.1) 3.480 0.493 0.0004
const 0.455 0.073 0.0004
MSP 0.868 0.046 <0.0001
Hungary SSP —0.086 0.014 0.0004 0.985
SSP.1) 0.036 0.013 0.0269
EnvSP —-0.335 0.136 0.0435
const —-0.571 0.321 0.1094
Poland MSP.1y 0.879 0.153 0.0003 0.842
EnvSP 2.003 0.712 0.0203
const 2.114 0.390 0.0004
Slovakia MSP 0.534 0.137 0.0036 0.739
EnvSP1 —3.368 0.815 0.0025

Source: own study on the basis of Eurostat https://ec.europ a.eu/Eurostat, 1.02.2023.
Table 8 presents the results of the SUR estimation between E, S, Env and MSP, SSP,

EnvSP, and E, S, Env (depending on the model type) in the Visegrad Group from 2008 to 2020.

In all countries, there is a high differentiation in the factors that affect E, S, and Env.
The relationship between the examined variables is positive or negative, with a different level
of strength.

In all countries, from 2008 to 2020, Env influences E, and E influences S and Env.
The highest positive level of relationship is in Slovakia (3.318, between E and EnvSP),
and the lowest is in Poland (0.275, between S and E). The highest negative level of relationship
is in Slovakia (—9.639, between Env and EnvSP), and the lowest negative level of relationship

is in Czechia (—0.265, between S and MSP).

Table 8.

Results of SUR regressions in the period from 2008 to 2020 (p < 0.05):
E =&y + - MSP + o5+ SSP + x3- EnvSP + oy § + X5 Env + g
S =g+ X MSP + o5+ SSP + 3- EnvSP + ¢4+ E + X5 Env + g
Env = oy + ;- MSP + o<y SSP + 3 EnvSP + &4 E + X5+ S + g

Country Depe‘ndent Indep‘e ndent Coefficient | Std. error p-value R?
variable variable
const -1.615 0.299 0.0004
SSP 1.654 0.450 0.0058
E S 1.461 0.209 6.40E-05 0.725
Env 1.020 0.136 3.71E-05
const 0.844 0.080 2.29E-06
. MSP -0.265 0.078 0.0079
Czechia S E 0.538 0.092 0.0002 0.703
Env -0.610 0.101 0.0002
const 1.566 0.248 0.0001
EnvSP -1.549 0.489 0.0114
Env E 0.937 0.129 4.63E-05 0.690
S -1.402 0.206 7.77E-05
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Cont. table 8.

const 1.151 0.212 0.0004
MSP 2.715 0.263 2.79E-06
E S 71350 0.169 2.27E-05 0.972
Env 1191 0.068 2.91E-08
const 0.864 0.097 8.99E-06
MSP 1.790 0.279 0.0001
Hungary S E 20.655 0.082 2.27E-05 0.958
Env 20.825 0.057 1.57E-07
const 1.005 0.141 5.48E-05
MSP 2231 0.240 6.50E-06
Env E -0.820 0.047 2.91E-08 0.990
S 1171 0.081 1.57E-07
const 0.165 0.094 0.1070
E Env 0.805 0.127 5.37E-05 0.546
const 0.494 0.117 0.0014
Poland S E 0275 0.154 0.0021 0.512
const 20,124 0.136 0.3814
Env E 1.135 0.178 5.37E-05 0.546
const 1.010 0.531 0.0864
E EnvSP 3318 1.028 0.009 0.440
Env 0.288 0.073 0.0029
const 1.419 0.242 0.0001
Slovakia S E 20.930 0.307 0.0115 0.367
const 3.563 0.791 0.0015
MSP 1.002 0.282 0.0063
Env EnvSP 9.639 1.635 0.0002 0.810
E 1.672 0.393 0.0021

Source: own study on the basis of Eurostat https://ec.europ a.eu/Eurostat, 1.02.2023.
The coefficient determination ranges from 0.367 (Slovakia, which means an unsatisfactory

fit to the model’s data) to 0.972 (Hungary, which means a very good fit to the model’s data).

5. Discussion

Sustainable development of enterprises takes place in strictly defined socio-economic
conditions. Like most researchers, we underline that it is a complex and holistic idea and
depends on internal and external factors (Pieloch-Babiarz et al., 2021; Udemba et al., 2021;
Dias, 2015; Taticchi, Demartini, 2021; Costa et al., 2022).

Our research results are in line with research conducted so far in the field of sustainable
development of energy companies in the V4 countries. Similarly to other researchers,
we obtained results indicating positive, small dynamics of sustainable development of energy
enterprises and their diversification in the surveyed countries (Sulich et al., 2021; Kacperska
et al., 2021; Wach et al., 2021; Ugur