


University of Novi Sad, Technical faculty “Mihajlo Pupin”,
Zrenjanin, Republic of Serbia

Budapest Business University, Faculty of Finance and
Accountancy, Budapest, Hungary

Voronezh State University, Faculty of Economics,
Voronezh, Russia

X1V International Symposium

ENGINEERING MANAGEMENT AND
COMPETITIVENESS

(EMC 2024)

Proceedings

21-22nd of June 2024, Zrenjanin, Serbia



X1V International Symposium
Engineering Management and Competitiveness (EMC 2024) - Proceedings

Organizer of the Symposium:

University of Novi Sad, Technical faculty
“Mihajlo Pupin”, Zrenjanin, Republic of
Serbia

Partners:

Budapest Business University, Faculty of
Finance and Accountancy, Budapest, Hungary

Voronezh State University, Faculty of
Economics, VVoronezh, Russia

Publisher: University of Novi Sad, Technical
faculty “Mihajlo Pupin”, Zrenjanin, Pure
DPakovica bb, 23000 Zrenjanin, Serbia

For publisher: Milan Nikoli¢, Ph.D, Professor,
Dean of Technical faculty

Editor: Sanja Stanisavljev, Ph.D, Professor,
University of Novi Sad, Technical faculty
“Mihajlo Pupin”, Zrenjanin, Serbia

Reviewers:

Ivana Berkovi¢, Ph.D, Professor, University of
Novi Sad, Technical faculty “Mihajlo Pupin”,
Zrenjanin, Serbia

Agnes Slavi¢, Ph.D, Professor, University of
Novi Sad, Faculty of Economics Subotica,
Subotica, Serbia

Technical treatment:

Dragan Coékalo, Ph.D, Professor, University of Novi
Sad, Technical faculty “Mihajlo Pupin”, Zrenjanin,
Serbia

Mihalj Bakator, Ph.D, Assistant Professor, University
of Novi Sad, Technical faculty “Mihajlo Pupin”,
Zrenjanin, Serbia

Verica Gluvakov, M.Sc, Assistant, University of Novi
Sad, Technical faculty “Mihajlo Pupin”, Zrenjanin,
Serbia

Dragana Kova¢, M.Sc, Assistant, University of Novi
Sad, Technical faculty “Mihajlo Pupin”, Zrenjanin,
Serbia

Stefan Ugrinov, B.Sc, Teaching associate, University
of Novi Sad, Technical faculty “Mihajlo Pupin”,
Zrenjanin, Serbia

Cover design:

Ivan Palinkas$, Ph.D, Assistant Professor, University of
Novi Sad, Technical faculty “Mihajlo Pupin”,
Zrenjanin, Serbia

Lecturer:

Edit Terek Stojanovi¢, Ph.D, Professor, University of
Novi Sad, Technical faculty “Mihajlo Pupin”,
Zrenjanin, Serbia

ISBN: 978-86-7672-374-4

CIP - Karanoruzauuja y myOauKaujun
bubmorexe Marune cpricke, Hosu Cax

62:005(082)(0.034.2)

Zrenjanin)

elektronski opticki disk (CD ROM) : tekst, slika ; 12 cm

ISBN 978-86-7672-374-4
a) Nmkemepcku MeHaUMEeHT — 300pHHIT

COBISS.SR-ID 146767881\

INTERNATIONAL Symposium Engineering Management and Competitiveness (14 ; 2024 ;

Proceedings [Elektronski izvor] / XIV International Symposium Engineering Management and
Competitiveness (EMC 2024), 21st-22nd of June 2024, Zrenjanin, Serbia ; [organizer] Technical
Faculty "Mihajlo Pupin®, Zrenjanin. - Zrenjanin : Technical Faculty "Mihajlo Pupin", 2024. - 1

Dostupno i na: http://www.tfzr.rs/emc/index.aspx. - Nasl. sa naslovnog ekrana. - Elektronska
publikacija u formatu pdf opsega 288 str. - Bibliografija uz svaki rad. - Registar.

©2024 University of Novi Sad, Technical faculty “Mihajlo Pupin”, Zrenjanin, Republic of Serbia. This
Proceedings is a part of the internal informational materials of EMC 2024.


http://www.tfzr.rs/emc/index.aspx

Program Committee:

Sanja Stanisavljev, Ph.D, Professor, University of Novi Sad, Technical faculty “Mihajlo Pupin”,
Zrenjanin, Serbia — President of the Program Committee

Dragan Coékalo, Ph.D, Professor, University of Novi Sad, Technical faculty “Mihajlo Pupin”, Zrenjanin,
Serbia — Vice President of the Program Committee

Jesa Kreiner, Ph.D, Professor, California State University, Department of Engineering, Fullerton, CA,
USA

Poor Jozsef, Ph.D, Professor, Szent Istvan University, G6doll6, Hungary

Ali Reza Afshari, Ph.D, Assistant professor, Islamic Azad University, Iran

Mohammad Anisseh, Ph.D, Assistant professor, Imam Khomeini International University, Qazvin, Iran

loannis Filippopoulos, Ph.D, Professor, University of Thessaly, Department of Computer Science, Lamia,
Greece

Bostjan Antonéi¢, Ph.D, Professor, University of Ljubljana, Faculty of Economics, Ljubljana, Slovenia

Larisa Nikitina, Ph.D, Professor, Voronezh State University, Management Department, Russia

Danilo A. Purovié¢, Ph.D, Professor, University of Montenegro, Maritime Faculty, Kotor - Dobrota,
Montenegro

Robert Minovski Ph.D, Professor, “Ss. Cyril and Methodi” University in Skopje, Faculty of Mechanical
Engineering, Skopje, North Macedonia

Bojan Jovanovski, Ph.D, Associate professor, “Ss. Cyril and Methodi” University in Skopje, Faculty of
Mechanical Engineering, Skopje, North Macedonia

Masa Magzan, Ph.D, Assistant Professor, University of Rijeka, Croatia

Teodora Rutar Shuman, Ph.D, Professor and PACCAR Professor Mechanical Engineering, Seattle
University, College of Science and Engineering, USA

Zoran Filipi, Ph.D, Professor, Clemson University, Department of Automotive Engineering, South
Carolina, USA

Zdenek Dvoiak, Ph.D, Professor, University of Zilina, Faculty of Special Engineering, Slovakia

Vesna Spasojevi¢ Brki¢, Ph.D, Professor, University of Belgrade, Mechanical faculty, Serbia

Cari$a BeSi¢, Ph.D, Professor, University of Kragujevac, Faculty of Technical Sciences, Cacak, Serbia

Matej Cerne, Ph.D, Associate Professor, University of Ljubljana, Faculty of Economics, Ljubljana,
Slovenia

Milan Deli¢, Ph.D, Associate Professor, University of Novi Sad, Faculty of Technical Sciences, Novi Sad,
Serbia

Laszl6 Szabd, Ph.D, Professor, Budapest Business School, Faculty of Finance and Accountancy,
Budapest, Hungary

Judit Sagi, Ph.D, Associate Professor, Budapest Business School, Faculty of Finance and Accountancy,
Budapest, Hungary

Jasna Auer Antonéi¢, Ph.D, Assistant Professor, University of Primorska, Faculty of Management,
Koper, Slovenia

Violeta Cvetkoska, Ph.D, Associate professor, “Ss. Cyril and Methodius” University, Faculty of
Economics, Skopje, North Macedonia

Miroslava Petrevska, Ph.D, Lecturer, The College of Tourism, Belgrade, Serbia

Srdan Bogeti¢, Ph.D., Belgrade Business and Arts Academy of Applied Studies, Belgrade, Serbia

Milo§ Vorkapié¢, Ph.D., Scientific associate, University of Belgrade, Institute of Chemistry, Technology
and Metallurgy (ICTM) - Center of Microelectronic Technologies, Belgrade, Serbia

Zvonko Sajfert, Ph.D, Professor, University of Novi Sad, Technical faculty “Mihajlo Pupin”, Zrenjanin,
Serbia

Edit Terek Stojanovi¢, Ph.D, Professor, University of Novi Sad, Technical faculty “Mihajlo Pupin”,
Zrenjanin, Serbia

Mila Kavali¢, Ph.D, Assistant Professor, University of Novi Sad, Technical faculty “Mihajlo Pupin”,
Zrenjanin, Serbia

Mihalj Bakator, Ph.D, Assistant Professor, University of Novi Sad, Technical faculty “Mihajlo Pupin”,
Zrenjanin, Serbia



Organizing Committee:

Edit Terek Stojanovi¢, Ph.D, Professor, University of Novi Sad, Technical faculty “Mihajlo Pupin”,
Zrenjanin, Serbia - President of the Organizing Committee

Milan Nikolié, Ph.D, Professor, University of Novi Sad, Technical faculty “Mihajlo Pupin”,
Zrenjanin, Serbia — Vice President of the Organizing Committee

Dragan Cockalo, Ph.D, Professor, University of Novi Sad, Technical faculty “Mihajlo Pupin”,
Zrenjanin, Serbia— President of the Program Committee

Sanja Stanisavljev, Ph.D, Professor, University of Novi Sad, Technical faculty “Mihajlo Pupin”,
Zrenjanin, Serbia

Mila Kavalié, Ph.D, Assistant Professor, University of Novi Sad, Technical faculty “Mihajlo Pupin”,
Zrenjanin, Serbia

Mihalj Bakator, Ph.D, Assistant Professor, University of Novi Sad, Technical faculty “Mihajlo
Pupin”, Zrenjanin, Serbia

Dragana Kovaé, M.Sc, Assistant, University of Novi Sad, Technical faculty ‘“Mihajlo Pupin”,
Zrenjanin, Serbia

Verica Gluvakov, M.Sc, Assistant, University of Novi Sad, Technical faculty ‘“Mihajlo Pupin”,
Zrenjanin, Serbia

Stefan Ugrinov, B.Sc, Teaching associate, University of Novi Sad, Technical faculty “Mihajlo
Pupin”, Zrenjanin, Serbia



INTRODUCTION

Department of Management and Technical faculty “Mihajlo Pupin” from Zrenjanin have started the
organization of International Symposium Engineering Management and Competitiveness (EMC) in
2011. Since 2013 the organization of the EMC symposium has been supported by the following foreign
partners: Szent Istvdn University, Faculty of Economics and Social Sciences, G0ddolls, Hungary,
Voronezh State University, Faculty of Economics, Voronezh, Russia and University of Montenegro,
Maritime Faculty, Kotor, Montenegro. Since 2024 the partners are: Budapest Business University,
Faculty of Finance and Accountancy, Budapest, Hungary and Voronezh State University, Faculty of
Economics, Voronezh, Russia.

The objectives of the Symposium EMC are: presentation of current knowledge and the exchange of
experiences from the field of Engineering management, consideration of development tendencies and
trends in Serbia and the world as well, gathering researchers from this field with the aim of expanding
regional and international cooperation, raising the level of professional and scientific work at
Technical faculty “Mihajlo Pupin” from Zrenjanin, expanding cooperation with economic and
educational institutions and encouraging young researchers within this field. Taking into account that
this Symposium is international, the importance of this event is obvious for the town of Zrenjanin,
Banat region, Vojvodina and Serbia. Organization of EMC by the Technical faculty “Mihajlo Pupin”
from Zrenjanin represents this scientific-educational institution as one of the major representatives of
economic and social development in Banat.

Within this Proceedings all accepted papers received for XIV International Symposium Engineering
Management and Competitiveness (EMC 2024) are presented. This year at the symposium we have 45
papers and 2 abstracts. The authors come from 9 countries: Boshia and Herzegovina, Estonia,
Hungary, Iran, North Macedonia, Russia, Slovenia, USA and Serbia. The papers are divided into
seven sessions: Plenary session, Session A: Management and operation management, Session B:
Human resource management, Session C: Marketing management, Session D: Economy, Session E: IT
Management, Session F: Abstracts.

We wish to thank the Technical faculty “Mihajlo Pupin” from Zrenjanin and the dean Prof. Ph.D
Milan Nikolié for their active role concerning the organization of the Symposium. We are also
expressing our gratitude to all authors who have contributed with their papers to the organization of
our thirteenth Symposium EMC.

The EMC Symposiums become a traditional meeting of researchers in June, every year. We are open
and thankful for all useful suggestions which could contribute that the next International Symposium
Engineering Management and Competitiveness become better in an organizational and program
sense.

President of the Programming Committee
Professor Sanja Stanisavljev, Ph.D.

Zrenjanin, June 2024.
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ELICITING CONSTRUCTION PROJECTS PERFORMANCE INDEX IN
IRAN USING DELPHI METHOD

Ali Reza Afshari
Islamic Azad University, Department of Construction Management, Shirvan Branch, Shirvan, Iran.
E-mail: ar.afshari@iau.ac.ir

ABSTRACT

This paper reports an empirical study which applies the Delphi technique to formulate a model to assess the
success of Construction Projects in Iran. Four rounds of Delphi were conducted with 22 construction experts in
Iran. The Delphi selected eight Key Performance Indicator (KPIs) to evaluate the success of Construction
Projects. These KPIs included: (1) client’s satisfaction; (2) cost performance; (3) quality performance; (4) time
performance; (5) effective communications; (6) safety performance; (7) trust and respect; and (8) innovation and
improvement. Construction senior executives and project managers can use the index to measure, monitor, and
improve the performance of their individual Construction Projects. It also broadens the existing body of
knowledge of both academics and practitioners in the construction industry because the research method could
be replicated in other geographical locations to create similar indices for international comparisons, thus
assisting in the understanding of managing Construction Projects.

Keywords: Construction management, Construction Projects, Key Performance Indicator (KPI), Delphi Method.

INTRODUCTION

Research into the area of key performance indicators (KPIs) to assess the success of Construction Projects
is vital because it can help set a benchmark for measuring the performance of these projects (Arowoiya et
al., 2024). However, few, if not any, comprehensive and systematic research studies have been so far
conducted (Ghorbany et al., 2024). It is thus difficult for construction senior executives and project
managers to objectively evaluate the performance level of their Construction Projects. The research
question for this study is whether there exist a series of KPIs which can be used to comprehensively,
objectively, reliably, and practically measure the performance of Construction Projects in Iran. This paper
reports an empirical study which applies the Delphi method to develop a model in assessing the success of
Construction Projects on a conceptual framework encompassing 25 different performance measures for
evaluating the performance of Construction Projects. It should be pointed out that a similar research
method was applied to develop a partnering performance index for partnering projects in Hong Kong
(Yeung et al., 2007). In fact, Construction Projects need different KPIs from Construction Projects in
general. The reasons behind were stated by Crane et al. (1999) and Cheung et al. (2003). Crane et al. (1999)
introduced three types of measures for partnering projects. Two of them, result measures and relationship
measures, are crucial to measure the performance of partnering projects. They defined result measures as
“hard” measures based on performance, such as cost, schedule, quality, and safety. Crane et al. (1999)
argued that since result measures tell the decision maker little or nothing about the condition of the
environment in which the performance is attained, a partnering relationship must make use of relationship
measures to achieve a greater degree of foresight and realize the benefits of increased time to react to
problems in the relationship. Cheung et al. (2003) also pointed out that hard measures alone do not provide
a clear picture of partnering performance, as partnering is about cooperative working relationships between
contracting parties. They also suggested that it is necessary to use relationship measures to assess the
behavioral aspects of partnering. Crane et al. (1999) defined relationship measures as “soft” measures and
they are used to track the activities and effectiveness of the partnering working team. Examples of the
relationship measures include: (1) internal communication; (2) external communication; (3) meeting
effectiveness; (4) worker morale; (5) internal trust; (6) external trust; (7) internal leadership; (8) external
leadership; (9) accomplishment of objectives; (10) utilization of resources; (11) problem solving; (12)
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creativity and synergy; (13) timely evaluation and appropriate response; (14) definition and adherence to
roles and responsibilities; (15) continuous improvement; and (16) teamwork. On the other hand, both the
result and relationship measures can be divided into objective and subjective measures. The first group uses
mathematical formulae to calculate the respective values. Examples include time performance, cost
performance, safety performance, and productivity. The other group uses subjective opinions and personal
judgment of the project stakeholders. Examples include quality, trust, and effective communications.

The paper reports an empirical study that applies the Delphi technique to formulate a model to evaluate the
success of Construction Projects on the consolidated conceptual framework for Construction Projects. A
formula for calculating the performance index (PI) for Construction Projects can be finally derived. By
doing so, the performance of different Construction Projects can be compared and assessed objectively.
Four rounds of Delphi were launched with 22 construction experts in Iran. The selected experts were either
industrial practitioners equipped with rich hands-on experience in Construction Projects or prominent
academics with demonstrated research experience in Construction Projects. The iterations of the Delphi
exercise enable the experts to both select the most appropriate KPIs for Construction Projects, and to
provide ratings to each KPI. A more reliable result could thus be achieved. A statistically significant
consensus on the ratings of each KPI was also derived from the 22 experts. The Delphi technique is first
used to select a series of the most important KPIs for Construction Projects, and second to obtain ratings for
each identified KPI. As a result, a series of weighted KPIs is developed from the four rounds of Delphi.
Finally, the findings of this Delphi will be discussed in this paper and the significance and limitations of the
study to the construction industry will be highlighted, followed by the difficulties encountered in
conducting the four rounds of Delphi will be provided.

DELPHI METHOD

The concept of “Delphi” was originally developed from the American defense industry (Chan et al., 2001).
A study titled “Project Delphi” was conducted by the Rand Corporation for the US Air Force in the early
1950s, which was related to the use of expert opinions (Helmer, 1967). The aim of a Delphi study stated by
Linstone and Turoff (2002) was to get the most reliable consensus of opinion of a panel of experts by a
series of intensive questionnaires interspersed with controlled opinion feedback. Goldfisher (1992) pointed
out that the Delphi method was initially developed for market research and sales forecasting purposes. The
Delphi method involves the selection of procedures for suitable experts, development of appropriate
questions to be put to them, and analysis of their responses. The process is typically carried out by remote
correspondence, such as mailed questionnaires and e-mail, rather than involving face-to-face group
discussions. This enables all participants to respond individually and reduces the impact of group dynamics
on the resulting consensus. The method is based on the judgment of the selected experts, and does not rely
on previous historical data being available. In addition, the method is typically intended to provide a
judgment or opinion on the specific subject area, rather than producing a quantifiable measure or result.
Because of this, the method can easily work well in new areas that are frequently subject to unpredictable
forces, which are not easily quantifiable in most of the cases. The Delphi technique can also be
characterized as a method for structuring a group communication process so that the process is effective in
allowing a group of individuals as a whole to deal with complicated problems. Linstone and Turoff (2002)
pointed out that Delphi is primarily a communication device that is applied when the consensus of experts
on an uncertain issue, often intangible, is desired. It is generally conducted by several rounds interspersed
with group opinion and information feedback in the form of relevant statistical data. The three major
features of the Delphi method are: (1) anonymity; (2) iteration with controlled feedback; and (3) statistical
response (Adnan & Morledge, 2003). Generally, the number of rounds varies between two and seven and
the number of participants ranges from three to 15 (Adnan & Morledge, 2003). The desired outcome is that,
by using an iterative forecasting procedure on reaching the final round, the experts will have achieved
unanimity on the issues put before them.

Corotis et al. (1981) mentioned that panel members remain unknown to one another and respond to a series
of questionnaires. The iterative nature of the procedure generates new information for panelists in each
round, thus enabling them to change their evaluations and project them beyond their own subjective
opinions. It can therefore represent the best forecast available from a consensus of experts. In addition, the
Delphi approach offers a fringe advantage in situations where it is important to define areas of uncertainty
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or disagreement among experts. Furthermore, Delphi can highlight topics of concern and assess uncertainty
in a quantitative manner. Though the group view has a higher probability of being correct than an
individual, its success mainly depends on the careful selections of the panel and the formulation of
guestions. Nevertheless, the major difficulty is to maintain a high level of response and to reach and
implement a consensus (Chan et al., 2001).

RESEARCH METHOD

The research method adopted for this paper is to use a Delphi method. Chan et al. (2001) stated that the
Delphi approach is being increasingly adopted in many complex areas in which a consensus is to be
reached, for example, (1) the development of residential areas (Anatharajan and Anataraman 1982); (2)
theory and design application (Corotis et al., 1981); (3) and procurement selection (Chan et al., 2001). The
Delphi technique is a highly formalized method of communication that is designed to extract the maximum
amount of unbiased information from a panel of experts. Therefore, it is suitable to adopt the Delphi
method for this study because it is a rather subjective and new area of research.

Format of Delphi Rounds: The key issues in preparing a Delphi study were: (1) the definition of experts
and their selection; (2) the number of rounds; and (3) the questionnaire structure in each study round. The
Delphi method used in this research consisted of four rounds. In the first round of the Delphi questionnaire,
the respondents were asked to identify a minimum of five to a maximum of ten KPIs that they believed to
be the most vital KPIs to assess the success of Construction Projects in Iran. In Round 2 of the Delphi sur-
vey, they were asked to reconsider their options and see whether they would adjust their original ratings
with the provision of consolidated results of Round 1. In the third round of Delphi questionnaire, they were
requested to provide ratings on the top eight KPIs based on a five-point Likert scale (the top eight KPIs
were selected for further analysis based on a criterion that they were selected by at least 50% of Delphi
experts). While analyzing the data, the focus is on the opinion of the group rather than of individuals.
Therefore, a concordance analysis measuring the consistency of the experts’ responses over successive
rounds of the Delphi was used. In Round 4 of the Delphi questionnaire, they were provided with the
consolidated results from Round 3. They were asked to reconsider the ratings of each of the eight selected
KPIs and see whether they would change them. The consistency of the results of Rounds 3 and 4 were
analyzed and compared by the Kendall’s concordance analysis statistically.

Selection of Expert Panel: Chan et al. (2001) emphasized that the success of the Delphi method depends
principally on the careful selection of the panel members. A group of experts was selected to determine the
KPIs of construction projects. As the information solicited requires in-depth knowledge and sound
experience about KPIs for Construction Projects a purposeful approach was adopted to select this group of
experts. The following three criteria were devised in order to identify eligible participants for the current
Delphi study: Practitioners having extensive working experience in Construction Projects; Experts having
current, recent or direct involvement in the management of Construction Projects. In order to obtain the
most valuable opinions, only practitioners/academics who met all three sampling criteria were selected. A
total of 45 industrial practitioners were identified and invited to participate in this study and they represent
a wide spectrum of construction professionals in Iran, with 29 from the private sector, 12 from the public
sector, and 4 from the academic sector. The composition of this group of experts provides a balanced view
for the Delphi study.

FINDINGS

1. Selecting Most Vital KPIs: The first round of Delphi together with an invitation letter was sent to the
group of panel members by e-mail in early September of 2023. The invitation letter explained the aim of
the research, and the experts were informed that there would be a total of four rounds of Delphi in the
proposed survey. In this first round, the 45 experts identified were asked to select a minimum of five to a
maximum of ten KPIs that they believed to be the most important KPIs to evaluate the success of
construction projects. However, only about one fourth of the experts completed the questionnaires within 1
month. A reminder e-mail was therefore sent to all the experts who had not yet returned the completed
questionnaires within the stipulated deadline. Finally, 22 responses were collected and 23 experts withdrew
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in late October of 2023. The main reason for their dropping out was the heavy commitment of their current
workload. The sample size is justified to be adequate because the respondents for a typical Delphi usually
range from 3 to 15 (Adnan & Morledge, 2003). Table 1 shows the indication of relative importance of each
KPI by the 22 Delphi experts. Only KPIs which have been selected by 50% of experts or above will be
selected for further consideration. Seven KPIs met this criterion in the first round of the study. The seven
selected KPIs selected were: time performance; cost performance; quality performance; safety
performance; client’s satisfaction; harmonious working relationships; trust and respect. In addition, five
new KPIs which had not been identified from the literature review were suggested by the panel of experts.
They included: (1) value for money; (2) sustainability; (3) community acceptance of the delivery and for
outcomes of the project; (4) alignment of project objectives; and (5) issue management. Nevertheless, they
were not selected for further study since they did not meet the 50% cutoff criterion.

2. Reevaluating Selected KPIs: Similar to Round 1 of the Delphi, the second round of the Delphi
questionnaire together with an invitation letter was sent to the panel members by e-mail in early November
of 2023. In this round, the experts were requested to first reconsider whether they would change any of the
options that they provided in the questionnaire for Round 1; and second reselect a minimum of five to a
maximum of ten KPIs which they viewed to best evaluate the success of Construction Projects. The
consolidated result of Round 1 was shown in Round 2. About half of the experts in this round completed
the questionnaire within 1 month. A reminder e-mail was then sent to all the experts who had not yet
returned the completed questionnaires. Finally, a total of 18 respondents returned their completed
questionnaires in early January of 2024. Table 2 provides the relative importance of each KPI by the 18
experts after their second thoughts. It is of interest to note that two more KPIs, innovation and
improvement, and effective communications, that meet the 50% cutoff criterion, were added but one KPI
identified in Round 1 that did not meet the 50% cutoff criterion, was removed. In addition, the order of the
eight resultant KPIs was changed to some extent as follows: (1) time performance and (2) cost performance
(equal frequencies for them); (3) client’s satisfaction and quality performance (equal frequencies for them);
(4) innovation and improvement; (5) safety performance; (6) trust and respect; together with (7) effective
communications. The first two rounds of the Delphi study indicate that the most important eight selected
KPIs for construction projects emphasize project success, relationship and people, and total quality
management. The reasoning behind this is that it is widely accepted that project success is measured by
project performance in terms of time, cost, and quality. The research findings are consistent in respect of
project success because time performance, cost performance, and quality performance take the first,
second, and fourth positions, respectively, at this research stage. In addition, the findings stress on
relationship and people. There is no doubt that three of the eight selected KPlIs, including: (1) innovation
and improvement; (2) trust and respect; and (3) effective communication are vital goals pursued by a
number of project stakeholders who procure construction projects. On the other hand, the findings
emphasize the client’s satisfaction and safety performance. This implies that many industrial practitioners
focus on total quality management in procuring construction projects. It should be noted that a large
number of other KPIs were selected by less than one third of the Delphi experts, implying that they are
perceived to be less important by most project participants when compared with the above-mentioned
goals. The results are in line with another part of the same research on KPIs for partnering projects in Hong
Kong (Yeung et al., 2007).

3. Ratings Obtained from Experts: In the third round, experts were asked to provide ratings on the
eight resultant KPIs based on a five-point Likert scale to evaluate the success of construction projects.
In addition, the five-point Likert scale, ranging from 1=least important, 2=slightly important,
3=important, 4=very important, to 5=most important, is used because the dimension for measuring
KPIs should be unipolar, referring to different degrees of the same attribute, but not bipolar, referring
to the presence of opposite attributes (Schwarz 1996). More than half of the experts in this round
completed the questionnaire within 2 weeks. A reminder e-mail was sent to all the experts who had not
returned the completed questionnaires. A total of 16 completed survey forms were eventually received
in mid-December of 2023. A statistical analysis was performed of the 16 questionnaires received in
which the mean ratings for the eight resultant KPIs were computed. A preliminary series of weighted
KPIs was developed based on the mean ratings advocated by the 16 experts. Table 3 shows the eight
resultant KPIs together with their corresponding weightings. They are: (1) client’s satisfaction, with
the weighting of 0.143; (2) cost performance, with the weighting of 0.135; (3) quality performance,
safety performance, and effective communications, with equal weightings of 0.126; (4) time
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performance, with the weighting of 0.124; (5) trust and respect, with the weighting of 0.111; and (6)
innovation and improvement, with the weighting of 0.109.

Table 1: Results of Round One Delphi Table 2: Results of Round Two Delphi
KPIs for construction Total |Percentage Rank KPlIs for construction Total |Percentage Rank
Projects in Iran frequency (%) Projects in Iran frequency (%)
1. Time performance 16 72.73 1 1. Time performance 16 88.89 1
2. Cost performance 16 72.73 1 2. Cost performance 16 88.89 1
3. Quality performance 14 63.64 3 3. Client’s satisfaction 15 83.33 3
4. Safety performance 13 59.09 4 4. Quality performance 15 83.33 3
5. Client’s satisfaction 12 54.55 5 5. Innovation and improvement 13 72.22 5
6. Harmonious working relationships 12 54.55 5 6. Safety performance 11 61.11 6
7. Trust and respect 11 50.00 7 7. Trust and respect 10 55.56 7
8. Environmental performance 10 45.45 8 8. Effective communications 9 50.00 8
9. Innovation and improvement 10 45.45 8 9. Harmonious working relationships 8 44.44 9
10. Effective communications 10 45.45 8 10. Environmental performance 7 38.89 10
11. Dispute occurrence and magnitude 8 36.36 11 | [11. Profit and financial objectives 6 33.33 11
12. Top management commitment 8 36.36 11 | [12. Dispute occurrence and magnitude 6 33.33 11
13. Customer’s satisfaction 7 31.82 13 | [13. Top management commitment 5 27.78 13
14. Profit and financial objectives 6 27.27 14 | [14. Customer’s satisfaction 4 22.22 14
15. Long-term business relationships 6 27.27 14 | [15. Employee’s attitude 4 22.22 14
16. Professional image establishment 6 27.27 14 | [16. Value for money 3 16.67 16
17. Employee’s attitude 4 18.18 17 17. Alignment of project objectives 3 16.67 16
18. Scope of rework 3 13.64 18 | |18. Long-term business relationships 2 1111 18
19. Job satisfaction 3 13.64 18 | [19. Issue management 2 11.11 18
20. Introduction of partnering workshop 3 13.64 18 | [20. Scope of rework 1 5.56 20
21. Productivity 1 4.55 21 | [21. Job satisfaction 1 5.56 20
22. Claim occurrence and magnitude 1 4.55 21 | [22. Introduction of partnering workshop 1 5.56 20
23. Value for money 1 4.55 21 | [23. Sustainability 1 5.56 20
24. Sustainability 1 4.55 21 | [24. Community, acceptance of the 1 556 20
25. Community, acceptance of the 1 455 21 delivery and for outcomes of the project '
delivery, and for outcomes of the project ) 25. Professional image establishment 0 0.00 25
26. Alignment of project objectives 1 4.55 21 | [26. Productivity 0 0.00 25
27. Issue management 1 4.55 21 | [27. Claim occurrence and magnitude 0 0.00 25
28. Litigation occurrence and magnitude 0 0.00 28 | [28. Litigation occurrence and magnitude 0 0.00 25
29. Reduction of paperwork 0 0.00 28 | [29. Reduction of paperwork 0 0.00 25
30. Pollution occurrence 0 0.00 28 | [30. Pollution occurrence 0 0.00 25
Table 3: Results of Round Three Delphi

KPIs for construction projects  |Mean rating Rank | Corresponding weight

Client’s satisfaction 4.50 1 0.143

Cost performance 4.25 2 0.135

Quality performance 3.94 3 0.126

Safety performance 3.94 3 0.126

Effective communications 3.94 3 0.126

Time performance 3.88 6 0.124

Trust and respect 3.50 7 0.111

Innovation and improvement 3.44 8 0.109

Number (n) 16

4.Reevaluating Weighted KPIs: Regarding Round 4 of the Delphi questionnaire, the experts were
provided with feedback of the consolidated result obtained in Round 3. The mean ratings of the 16 experts
for each KPI and the respondent’s own ratings in Round 3 were provided. The respondents were asked to
re-evaluate their ratings in light of the mean scored obtained by the 16 experts. The final round
questionnaire was distributed to the 16 experts by e-mail in mid-December of 2023. Similarly to Round 3,
more than half of the experts in this round completed the questionnaires within 2 weeks. A reminder e-mail
was forwarded to all the experts who had not yet returned their questionnaires. Finally, all the experts
completed and submitted their questionnaires in Mid-December of 2023. Most experts had reconsidered
their ratings provided in the previous round and had made adjustments to their ratings. Table 4 shows that
there is no change in the order of their mean ratings except that time performance is raised from sixth to
fourth rank; effective communications are lowered from third to fifth rank (being equal to safety
performance); and safety performance is also changed from third to fifth rank. In addition, their
corresponding weightings are similar to those of the third round.
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Table 4. Comparisons of Rounds Three and Four Delphi

Round 3 Round 4

KPIs for Construction rojects Mgan Rank Corre_spopdmg Mgan Rank Corre_spopdmg

rating weighting rating weighting
Client’s satisfaction 4.50 1 0.143 4.81 1 0.151
Cost performance 4.25 2 0.135 4.19 2 0.131
Quality performance 3.94 3 0.126 413 3 0.130
Time performance 3.88 6 0.124 4.00 4 0.125
Safety performance 3.94 3 0.126 3.94 5 0.124
Effective communications 3.94 3 0.126 3.94 5 0.124
Trust and respect 3.50 7 0.111 3.50 7 0.110
Innovation and improvement 3.44 8 0.109 3.38 8 0.105
Number (n) 16 16
Level of significance 0.054 0.000

DISCUSSION

The research findings indicate that the eight weighted KPIs for construction projects in Iran emphasize
project success, relationship, and people, and total quality management. It is widely accepted that
project success is measured by project performance in terms of cost, quality, and time. The research
findings are consistent in this regard because cost performance, quality performance, and time
performance take the second, third, and fourth positions, respectively, in this research study. In
addition, the findings stress relationship and people. There is no doubt that three of the eight weighted
KPIs, encompassing: (1) effective communications; (2) trust and respect; and (3) innovation and
improvement are essential objectives pursued by a number of project stakeholders who procure
construction projects. On the other hand, the findings emphasize client’s satisfaction and safety
performance. The results are in line with another part of the same research on KPIs for partnering
projects in Hong Kong (Yeung et al., 2007), in which six of their KPIs were the same, which included:
(1) time performance; (2) cost performance; (3) quality performance; (4) trust and respect; (5)
effective communications; and (6) innovation and improvement. It should also be noted that the
Delphi technique by its inherent nature serves as a self-validating mechanism because each expert is
given a chance to re-evaluate their scores with reference to the consolidated mean scores as assessed
by other experts. By using the Delphi method, the maximum amount of unbiased and objective
information can be obtained from the panel of experts.

CONCLUSION

Over the past decade, the topic of KPIs in the construction industry has been discussed. However,
there are not many comprehensive and systematic studies on construction projects. This study has tried
to develop a model for measuring the performance of construction projects in the Iranian construction
industry through the Delphi technique. The order of the eight weighted KPIs identified were: (1)
client’s satisfaction, with the weighting of 0.151; (2) cost performance, with the weighting of 0.131;
(3) quality performance, with the weighting of 0.130; (4) time performance, with the weighting of
0.125; (5) effective communications and safety performance, with the equal weightings of 0.124; (7)
trust and respect, with the weighting of 0.110; and (8) innovation and improvement, with the
weighting of 0.105. This KPIs’ framework for construction projects helps develop a unique composite
index and set a benchmark for measuring the performance of construction projects. Different
construction projects can then be evaluated and compared objectively based on this PI. As a result,
construction senior executives and project managers can use this index to measure, monitor, and
upgrade the current performance of their construction projects. It also enriches the knowledge of both
academics and practitioners in the construction industry about the KPIs for construction projects in
pursuit of better project management and performance. Since the model was developed for Iran only,
further research should be conducted in other geographical locations.
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ABSTRACT

The use of metro lines as one of the fastest and cheapest ways of transportation is always expanding.
Underground transportation systems are known as one of the most consuming elements of the power grid. In
recent years, a lot of research has been done to reduce energy consumption in metro lines. In addition to these
services, serving our passengers is of great importance. Reducing the time between two consecutive trips and
optimally using the capacity of trains in order to serve more passengers are among the goals that have been given
special attention in recent research. For this purpose, in this paper, a three-objective optimization model has been
presented to reduce the service time at the same time as increasing the passenger transportation capacity and
reducing energy consumption. The proposed model includes non-linear constraints that NSGA2 algorithm is
used to solve. Then, in order to select the best possible solution from among the answers obtained from NSGAZ2,
TOPSIS method was used. In the end, the proposed model was implemented on line 5 of Tehran Metro. The
findings confirm the effectiveness of the proposed model, revealing a solution that efficiently serves passengers
in the shortest time and with minimal energy consumption.

Keywords: Metro Movement Scheduling, NSGA 1l Algorithm, TOPSIS, Multi-Objective Optimization.

INTRODUCTION

Rail transportation systems are passenger displacement systems, typically located in underground tunnels
or on elevated concrete structures above street level. These systems, due to their high capacity and regular
presence at stations, have a significant impact on urban traffic. To ensure the effectiveness and efficiency
of rail transportation systems, defining a timeframe for service is essential. Generally, the timetable
includes scheduled times for trains to arrive at and depart from stations. Due to the physical complexity of
rail transportation systems in the future, scheduling has become one of the most challenging and difficult
issues in rail planning, attracting researchers' attention for decades. Current studies in the scheduling
problem domain focus on meeting transportation needs, increasing reliability, and so on. In addition to this
issue, electricity consumption in the rail transportation industry is becoming increasingly prominent. Many
people pay close attention to energy efficiency strategies. Energy consumption for train traction, which is
related to train operation, accounts for a significant portion of energy consumption in this system.
Therefore, reducing traction energy consumption through optimizing train operation is of paramount
importance. Many studies focus on energy efficiency in train operation. New research is based on the
assumption that there are no speed and slope constraints on the lines.

Given the pivotal role of efficient scheduling in enhancing rail system performance, extensive research has
been dedicated to investigating different scheduling approaches. The widespread advancement of computer
technology has led to mathematical optimization emerging as the predominant method for achieving
practical and effective operation. Since the pioneering work of Amit in 1971, where optimization
techniques were first applied to analyze train scheduling, researchers have developed numerous models
targeting scheduling optimization. These models address various objectives such as minimizing travel time
(as demonstrated by Szpigel in 1973), reducing passenger waiting time (explored by K. Nachtigall in
1997), optimizing transportation load (as studied by Cordonea et al., 2011), minimizing energy
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consumption (as explored by Nourbakhsh et al., 2010), and managing delay time and operational costs (as
investigated by Li et al., 2013).

Given that effective scheduling should account for the interests of railway companies, passengers, and the
imperative to reduce energy consumption, scheduling is commonly perceived as a multi-faceted decision-
making challenge. Numerous studies have delved into this scheduling complexity by devising multi-
objective optimization models. For instance, Higgins et al. (1996) introduced an integer nonlinear
programming model aimed at minimizing both delay and interest costs, typically resolved using the
intelligent branch and bound method. Ghoseiri et al. (2004) proposed a multi-objective model focused on
minimizing fuel consumption costs and overall travel time. Yang et al. (2009) devised an expected value
programming model targeting the minimization of delay time and total downtime, integrating fuzzy
variables to account for the uncertain number of passengers boarding or alighting at each station. Similarly,
Wang et al. (2013) presented a multi-objective train planning model aimed at minimizing energy
consumption while optimizing overall travel time.

While the rail transportation system stands out as one of the most energy-efficient modes of transportation,
energy consumption remains a significant cost factor within this system. In recent times, there has been an
increased focus among researchers on reducing energy consumption. For instance, Nag et al. (2004)
introduced a scheduling model incorporating recycled energy, while Ishikawa (1968) explored an optimal
control model, treating traction efficiency as a constant. This paper introduces a method for planning the
movement and halting of city trains at stations. The method, outlined in section 3, considers the objective
function of time, cost, and energy. The aim is to minimize time and energy while maximizing cost. The
proposed solution is presented as a constrained three-objective optimization problem, incorporating both
equality and inequality constraints. The decision-making variables in this model consist of five parameters:
duration of acceleration for train movement, duration of braking acceleration, acceleration value during
movement, braking acceleration value, and stopping time of trains at each station. The paper then discusses
the NSGA2 multi-objective optimization algorithm and the concept of Pareto dominance. The TOPSIS
method is employed to select the optimal solution. Finally, the study examines the specifics of Line 5 of the
Tehran Metro.

NSGA2 ALGORITHM

Evolutionary algorithms offer a solution to multi-objective optimization problems, drawing inspiration
from Darwin's theory of evolution, where the fittest individuals survive. In such algorithms, solutions are
likened to individuals within a population, and their optimality is assessed based on their ability to tackle
the problem at hand. Individuals within the population can mate and produce offspring, leading to a
competition between parents and offspring to survive into the next generation. Through this process, the
most suitable and compatible solutions persist, driving the population towards increasingly optimal
outcomes across generations (Pratap et al., 2002).

In this algorithm, after generating the initial population, each individual in the population is assigned a rank
based on the number of individuals it dominates. Based on this rank, the entire population is sorted. Then,
according to Equation (1), the crowding distance of individuals within a rank is calculated, where F(i).M

. . . L. . min max .
represents the objective function value for individual i and fm 3 fm .. represent the maximum and

minimum objective function values for objective m. In the next step, individuals are selected as parents
based on binary tournament competition. In this competition, individuals with higher ranks have priority,
and if there is a tie between individuals with the same rank, the individual with greater crowding distance
takes precedence. Subsequently, genetic algorithm crossover and mutation operators are applied to produce
offspring, and the population of offspring is added to the original population. Then, from this new
population, individuals are selected based on binary tournament competition to form the next generation,
and this cycle continues until termination conditions are met.
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THE CONCEPT OF PARETO DOMINANCE

Among all possible solutions, there are some solutions that dominate over other solutions; meaning that the
objective function values for these dominating solutions are more acceptable than those of other solutions.
However, there are also solutions that, in comparison with other solutions, only have some acceptable
values for the objective functions, and the values assigned by other objective functions cannot be
considered more acceptable. Therefore, we say solution x dominates solution y, X<Y, if and only if the
following two conditions are met:

- Solution x should not be worse than solution y in any objective function.

- Solution x is superior to solution y in at least one objective function.

Therefore, if we assume that our objective is to minimize all objective functions, the concept of Pareto
dominance can be expressed as follows:

X<y = folx) = f(¥)v¥m =12 ... .M~"3i f(x) < f.(¥) )
We call solution x a Pareto optimal solution if and only if there is no other solution x' that dominates X, i.e.,

X is pareto Optimmal < 3 x":x' < x 3

TOPSIS METHOD
Hwang and Yoon (1981) introduce the TOPSIS method with the premise that the optimal alternative should

be the one closest to the ideal solution. The procedural steps of the TOPSIS method are outlined as follows:
1) The normalized decision matrix is computed as follows.

(4)

Vyo Vi Vi
V=N, W, =| : : : (5)
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n
Here, w; represents the weight of the jth attribute or criterion, and ij =1.
j=1

3) Determine the positive ideal and negative ideal solutions.

A" :{(max v liel ),[m_in Vi |ieJ)|i:1,2,...,n}
J J

A ={(m_in v licl j,(max v, |ier|i=1,2,...,m}
J J

"I'"is linked with benefit criteria, whereas "J" is linked with cost criteria.

4) The separation measures are determined by employing n-dimensional Euclidean distance. The
separation measure for each alternative from the ideal solution is depicted as:

. b
d. :{Z(vij —v})z} , i=12,..,m O
i1

Likewise, the deviation from the negative ideal solution is provided as

) b
d. :{Z(vij —vj‘)z} , i=12,..,m ®)
-1

5) Determine the relative proximity to the ideal solution. The closeness of alternative A; relative to A* is
described as:

d_

cl. = ! , 0<cl.<1 |, i=12..m
" T{dvd) ' ©

The ranking orders of the alternatives are established based on the closeness coefficient, and the optimal
alternative is chosen from a set of feasible alternatives (Jahanshahloo et al. 2006).

DECISION PARAMETERS AND VARIABLES

The table (2) shows all the parameters of the scheduling problem, among which 5 parameters, al™*?* «

«TOD TOBM*! ;7oA *1 b™*1 which had sufficient flexibility in the problem, were selected as
decision variables.

Parameterization of The Problem

The variable TDC{"”“ is determined based on the distance between the stations; therefore, it is not
considered as an independent decision variable. Additionally, the decision regarding the time interval
between the entry of two consecutive trains into station TOC” a+l depends on the number of active trains
on the line and lacks sufficient flexibility for scheduling decisions. Therefore, by setting upper and lower
bounds for it, it is used as a constraint in this problem.
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Toc? “"’“:—ﬁ:l nf_:‘;;};n — - %* (TGAF'”+1+TG B! "”“) (10)
] I
Table 1: Modeling parameters of metro scheduling problem
Description of parameters Symbol

Number of line stations N
Number of stations n=12,..N
Distance between stations nto n+1 dnn+1
Number of active trains on the line |
Train number i=1,2,..,1
Weight of each train without passengers M
Weight of each passenger m
Acceleration of the train i at the start of the movement in the distance from the station n ann+l
ton+1
Acceleration of the train i during braking in the distance from the station n to n+1 b+
The time that train i accelerates in the distance from station n and n+1 TOAM1
The1 time period when train i moves at a constant speed at the distance of station n and TOC*
n—+
The time it takes for train i to brake at the distance from station n and n+1 TOB"1
The duration of train i in the distance of station n and n+1 TOT;"*!
The duration of stop of train i at station n TOD"
Time interval between train i and i+1 at station n TOH" i+1
The rate of passengers entering station n per unit of time Or"
The passenger rate of exiting station n per unit of time De"
Number of passengers waiting on platform n to board train i B"
The number of passengers who got off at station n from train i L"
Capacity of each train Cr
Coefficient of sliding friction of train wheels with rails Jk
Acceleration of gravity g

Constraints of the problem

Each decision variable must be bounded by upper and lower limits or constrained by relationships. So that
their values do not exceed certain bounds in optimization. To ensure that geometric, cost, and human
constraints are satisfied, and the values obtained for them in optimization can be implemented in the real
world.

1. Upper and lower bounds for the duration of train stops at stations.

TOoD!

min

<TOD!,, <TOD._. 1)
Considering the passengers who want to disembark from the train at a station and the passengers waiting on
the platform to board the train, a minimum value is defined for the train stop at that station to allow all
passengers the opportunity to disembark and board the train. In any case, considering the satisfaction and
comfort of passengers, it is necessary that this value does not exceed a certain limit. Therefore, we have:

or"+npe"
TUD;E:: = ﬂ’(:—) - b (12)
TUD:Z:IHI = a’f ® TDD::‘IE?!
2. Upper and lower bounds for the time interval between the entry of two consecutive trains into the
station.
TUHmiu £ TUH;.EHJ. £ TDHmﬁx (13)
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In general, the time interval between the entry of two trains should neither be too short nor too long, so as
not to incur excessive operational costs for the metro operator.

TOH!.,,=TOH+Xo_, (TOTEE*L 4 ToDE ) -T2_ (TOTF**! + TODK) (14)
3. The maximum acceleration and velocity of the train are expressed as:

ar = Cmax
bpni < b (15)

max

ﬂ.';:z.:'z+1 - TDH;{:.H+1 <

E 3 - max

4. The correlation between the duration of acceleration and braking and the magnitude of train
acceleration can be stated as follows:

CI;!'”-H' & TUH;:.::+1 — _b:z.:lz+1 & TUB::.:-:+1 (16)

5. The upper and lower limits of the duration of acceleration, movement at constant speed and braking
of trains are:

WDWJ. 4 TUT?!.?!‘l'l _q: TUA:'!.:'!'FH. q-'_: qlgu_wz - TUTE-”'”-I-l
0{ TUC” :'z+l { [VI}W - TUT” g+l (17)
Ohw, = TUT:-::-:+J. < TUB:-: :lz+J. < WE}W "'TUT””_H'

1 -

Given that a train cannot be accelerating, moving at a constant speed, or braking throughout the entire
distance between two stations, we consider the upper and lower bounds of time as a percentage of the total
travel time between two stations. This is to ensure that the acceleration and deceleration values do not
become unreasonably low. However, since it's not necessary for the train to travel any portion of the route
without acceleration, we set the lower bound TOC*"* 1 to zero.

6. The upper bound of the total distances of acceleration and braking of the train is represented by:

1 1 : 2
E 11+1{Tﬂ '1'1+_1:| + .E? 1+l{_Tﬂ'Bir‘ﬁ+l:| +{.a?n+l =T E’L.‘i-l-l:'* T{}Binﬁ+l£dnn+l (18)

The total distance that each train accelerates at the beginning of its journey and brakes at the end of its
journey should not exceed the distance between those two stations.

The assumptions considered for the problem are as follows:

TGJ‘-‘LH n+l _ ropRatl — TGJ—"F n+2 _ roanatl n=1,2...,N
TDB:LH+J._TGB:1.H+J. = _TGBn.n+l TOBn.r.I+J. n=1,2...,N
TGDH nt+l _ TGDH n+l _ _ TGD:‘J nt+l _ = Topna+l n=1,2...,N
EL? n+J. = g n+l _ — El? n+J. = gt n+J. n=1, 2 19
]Jnn+l bnn+l -hnn+J. peatl n=1,2...,N ( )
TDHH antl _ = TOH™ I!'.I+J. — TGHEI.I!‘.I'FJ. ToHﬂ-ﬂ"'J- n:1,2...,N
TOHLZTGH-:...zTGHn_TGH n=1,2...,N

Optimization functions
Objective functions
For each of the criteria mentioned in scheduling design, an objective function is formulated based on

decision variables. In optimization, we seek solutions for which the values of these functions are minimized
or maximized.
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Fl= Zﬂ-‘—l[ dnn+ _% # (TOA™™*1 4 TOBm"+1) 4 TOD™ ]

n=1| ann+,.roqnn+L
Fo=XY-1p" « TOD™
F3=%0-1 (M +m= ?)* (20)
[é (a™™* 1+ frxg) . qnntl (TOA™™ 1)) + fio # g # @™+ & (TOA™ 1)) + fr x g+ @™«
TOA™1 .« TOC™™1 + (b™1 = fi x g) # TOB™* s (2« TOB™™1 4 g1, TOA™1 |

CASE STUDY

The study focuses on Line 5 of the Tehran Metro. To simplify the complexities associated with determining
travel direction, only the movement of trains from Golshahr (Karaj) to Sadeghiyeh (Tehran) is considered.
Therefore, in this paper, stations 1, 2, ..., n refer to the eastern platforms related to travel from Golshahr
(Karaj) towards Sadeghiyeh (Tehran). Data related to peak travel hours and the population density of
inbound and outbound stations have been collected. Accordingly, the day's travel hours have been
categorized into three groups based on low, medium, and high densities. In this study, the time interval
from 7:00 to 8:00 a.m. with high travel density has been emphasized.

The data analysis involved consulting three experts to determine the weights of the cost, energy, and time
criteria. These weights, used in the TOPSIS method, are outlined in the table below.

Table 2: Calculating the weights of criteria

Expert1 | Expert Expert3 | Weights
Cost 0.55 0.53 0.56 0.55
Energy 0.19 0.19 0.17 0.18
Time 0.24 0.27 0.25 0.25

Configuring the parameters of the NSGA-II algorithm and initializing the optimization’s initial
population: Matlab software has been employed for implementing the optimization algorithm and the
TOPSIS method. The NSGA-II algorithm comes with parameters that need to be adjusted depending on the
nature of the problem. In this study, the optimization program was executed multiple times, and through
trial and error, the impact of influential factors on the algorithm's performance, such as convergence speed
and the rate of deletion of lower-ranked solutions, was assessed. Based on the obtained results, the
algorithm parameters were adjusted, as outlined in Table (3).

Table 3: The tuning parameters of the optimization algorithm

Parameters The tuning value(s)
The size of the initial population 200
Mutation rate 0.2
Crossover rate 0.8

The plotted pairwise levels of the objective functions for 250 and 300 algorithm iterations are shown in
Figures (1) and (2), respectively. Observing these two figures, it can be seen that increasing the number of
iterations from 250 to 300 does not result in significant improvement in the triple objective functions.
Therefore, the algorithm iteration count is set to 250.

Analyzing the impact of variables on the objective functions

- Investigating the impact of the variable TOD on the objective functions

The effect of the variable TOD on the objective functions was evaluated by increasing the coefficient a in
the TOD-related constraint. Increasing a implies increasing the minimum stopping time for trains at

stations. At each stage, the algorithm was run with a doubled, and the values of the objective functions at
each stage were compared. The results obtained are presented in Table 4.
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Figure 2: The triple objective functions for 300 algorithm iterations

Table 4: Changes in the objective functions with variations in the parameter a

Variations in
parameter a

The average
stopping time of
trains at stations

The value of the
first objective

The value of the
second objective

The value of the third
objective function

(TOD) function (time) function (cost) (energy)
a 2.1448 49.05 13644 324029117
2a 5.8356 80.037 32267 296381450
4a 11.6363 143.155 57816 292932439

According to Table (4), increasing a leads to an increase in the stopping time of trains at stations. The
increase in train stops at each station implies an increase in the number of passengers who can board the
train. Therefore, the value of the cost objective function has increased. On the other hand, increasing the
stopping time of trains at stations results in an increase in the duration between trips. This can be observed
from the third column of Table (4), where the value of the first objective function (time) has increased.
However, concerning energy, unlike the two previous objectives, no significant change has been observed
in the corresponding objective function. This can also be explained by Equations (20). The cost and time
objective functions have a direct relationship with the TOD variable, and increasing this parameter leads to
an increase in their values. On the other hand, the energy objective function is independent of the stopping
time of trains at stations. The results of this analysis are depicted in Figure (3).
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Figure 3: The impact of changes in parameter a on the objective functions
- Investigating the effect of the variable TOA on the objective functions

The allowable range of acceleration time for movement, considering the constraint (17) on the train travel
time between two stations (TOT), depends on the coefficients wl and w2. In this section, by simultaneously
increasing both coefficients wl and w2, and consequently increasing the allowable range of the variable
TOA, the final acceleration of train movement increases. The impact of this increase on the objective
functions under analysis is then evaluated. For this purpose, the two coefficients are incrementally
increased step by step according to Table (5). With the increase in acceleration time according to the speed
relationship in accelerated motion, the final acceleration of the train and consequently its speed increase.
With the increase in the speed of trains, their travel speed along the route will also increase. Increased
speed also implies a reduction in the service time intervals of trains. The column corresponding to the time
objective function in Table (5) supports this notion. As evident, with the increase in the allowable range of
train acceleration, the service time has decreased.

On the other hand, with the increase in the acceleration time of trains, the energy consumed to reach the
final speed increases. The column corresponding to the energy objective function demonstrates this fact.
However, since the number of passengers boarding the train at each station depends only on the TOD
variable, the cost-related objective function does not see a significant change.

Table 4: Changes in the objective functions and the average speed of trains with variations in TOA

Chan_g(_es n The average The objective The objective The ObJ?Ct'Ve
coefficients duration of . . ; function
. function (time) function (cost)
W1 — W, acceleration (energy)
0.1-0.2 0.9099 28.873 197.24 337158989
0.2-0.3 1.3699 11.767 196.287 501869298
03-04 1.811 6.915 207.354 701918213

Since in Equation (20), the service time is inversely related to the duration of acceleration, increasing the
acceleration time results in a decrease in the provision of services to passengers. On the other hand, the
energy consumed is directly related to the square of the acceleration time, meaning that with an increase in
the duration of acceleration, the energy consumption also significantly increases.
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Figure 4: The effect of increasing the acceleration time on the objective functions

Among the results obtained from the analysis of the TOA variable, its effect on other variables can be
highlighted. The variable with the most significant impact from TOA is the braking time (TOB).
Consequently, with an increase in the acceleration time, the final speed of the trains increases. On the other
hand, during braking and complete stopping of the train, in addition to the increase in energy consumption
to maintain the train, the braking time also increases to comply with constraint (16). The next parameter
influenced by the acceleration time is the acceleration itself. Assuming reaching a specific speed, the train
requires less acceleration time to reach this speed with an increase in the acceleration time. This means that
the locomotive acceleration decreases with increasing acceleration time. Considering the relationship
between the duration of acceleration and braking, and also considering constraint (16), and taking into
account that the train comes to a complete stop after braking and its speed becomes zero, the braking
acceleration also decreases. Table (5) illustrates the mentioned cases.

Table 5: Changes in objective functions with variations in parameters a

Changes in The average
2 The average . The average The average
coefficients . . braking S e
acceleration of trains - acceleration time acceleration time
Wi —W» acceleration
0.1-0.2 1.3038 1.3661 0.9099 0.8863
0.2-0.3 1.2417 1.2837 1.3699 1.2928
0.3-04 0.9298 0.8704 1.811 1.779

- The result obtained from the TOPSIS method

Based on the explanations provided in the previous two sections, which thoroughly examined the impact of
each parameter on the objective functions and other variables of the problem, in this section, the adjustment
of these coefficients using the TOPSIS ranking technique has been employed to select the best solution for
train scheduling. The weights of the criteria used in TOPSIS are provided in Table (2). Therefore, by
running the NSGA-II algorithm, chromosomes placed in the last front of the first iteration are ranked using
TOPSIS. Finally, one chromosome is obtained as the best solution from TOPSIS. The results of running the
genetic algorithm and then TOPSIS are presented in Table 6.

CONCLUDING REMARKS

The proposed model utilizing data from Tehran's Metro Line 5 was executed, and the results of solving the
three-objective optimization problem using NSGA2 were thoroughly analyzed. One of the significant
findings from these analyses is the impact of the stopping time of each train at the station on the objective
functions. It was observed that by increasing the allowable time interval for each train's stop at the station,
the time between trips increased, while the cost of travel, or the number of passengers serviced, also
increased. The energy function remained unaffected by this variable.
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One of the variables that was extensively analyzed due to its importance was the acceleration time variable
for movement. It was observed that increasing this time interval led to a decrease in service time with the
increase in coefficients determining the range of allowable acceleration. Since an increase in acceleration
time results in an increase in final speed, this reduction in service time was accompanied by a significant
increase in energy consumption. The cost objective function remained independent of this variable and
unchanged.

Table 6: Optimal values for the objective functions can be achieved by varying parameters such as a and

W1-W2
Station Number TOA TOB TOD a b
1 0.847 0.965 4.854 1582 1.406-
2 1.062 0.984 5 0.757 1.889-
3 12 1114 3.764 1.64 1.410-
4 0.865 1.29 2.286 1.748 1531-
5 1.088 1.054 1.69 1.24 1.316-
6 0.856 1.233 3.229 0.624 0.883-
7 0.687 0.657 2.494 0.528 0.574-
8 0.519 0.792 3.05 1.94 1.313-
9 0.748 0.896 1.901 1917 1.124-
10 0.728 0.448 4.996 0.595 0.949-
Fur%tt’i‘srft'\‘/’aelue Time =75.945 Cost =21053 Energy= 223176481
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ABSTRACT

This paper explores the interplay between entrepreneurship and the evolving frameworks of Society 5.0 and
Industry 5.0, particularly within Serbia's unique socio-economic context. The authors analyze how these
advanced technological paradigms influence the domestic entrepreneurial ecosystem, focusing on the integration
of high-tech solutions in everyday business practices and their impact on national competitiveness. The study
addresses key factors such as finance, knowledge, government policies, culture, social responsibility, and
technology evaluation, highlighting their crucial roles in improving the entrepreneurship landscape. By
examining these elements, the paper proposes methods for fostering an environment that encourages innovation,
economic growth, and sustainable development. Through a detailed analysis, the authors suggest that embracing
the principles of Society 5.0 could significantly improve the entrepreneurial ecosystem in Serbia, making it more
competitive and resilient in the face of global challenges. The research underscores the importance of strategic
government involvement and the potential for technology-driven solutions to revolutionize entrepreneurship in a
manner that aligns with societal and economic advancements.

Keywords: Entrepreneurship, Society 5.0, Industry 5.0, Innovation.

INTRODUCTION

Society 5.0, a concept originating from Japan, represents a vision for the next stage of human
evolution where a digital transformation enables a more integrated, smart society. This framework
aims to harness advancements in technology, such as artificial intelligence (Al), the Internet of Things
(10T), and big data, to achieve a balance between economic progress and the resolution of social
problems. Entrepreneurship plays a pivotal role in this paradigm, offering unique insights and
applications (Fukuda, 2020; Shiroishi et al., 2018). For instance, entrepreneurs might develop Al
systems that improve healthcare accessibility or loT applications that enhance disaster response
capabilities, aiming to elevate the quality of life and reduce inequality (Solehudin et al., 2023). The
entrepreneurial spirit, characterized by innovation and agility, is crucial for driving these sustainable
initiatives at a pace that matches the urgency of environmental issues (da Costa Tavares et al., 2021).
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In summary, entrepreneurship in the context of Society 5.0 is about more than just economic activity;
it is about driving a transformative agenda that aligns technological advancements with human-centric
values. Entrepreneurs are envisioned as key agents in building a society that not only thrives
economically but also addresses major societal challenges, making life better for all. This shift towards
integrative and purpose-driven entrepreneurship is what sets Society 5.0 apart from previous societal
models (Bakator et al., 2022). Industry 5.0 marks a significant evolution in the industrial landscape,
building upon the automation and efficiency gains of Industry 4.0 by reintroducing human creativity
and craftsmanship into the manufacturing process. This approach aims to balance technological
advancements with personalized and sustainable production methods, creating a more holistic
industrial ecosystem. Entrepreneurs play a crucial role in this new phase, driving innovation and
shaping the integration of human touch with cutting-edge technologies (Pordevi¢ et al., 2023).

Entrepreneurs in the context of Industry 5.0 are often seen as visionaries who leverage advanced
technologies such as artificial intelligence, robotics, and the Internet of Things to improve production
processes while focusing on customizability and sustainability. They innovate by developing solutions
that allow for more adaptive and intelligent manufacturing systems which are not only efficient but
also capable of producing bespoke products that meet individual customer needs. This shift is crucial
in markets where differentiation and personalization are increasingly important (Smuts & Van der
Merwe, 2022). Sustainability is another critical aspect of entrepreneurship in Industry 5.0.
Entrepreneurs are tasked with finding ways to make industrial processes more sustainable, reducing
waste and energy consumption. This involves developing new materials, improving recycling
processes, and implementing more efficient production techniques that have a lower environmental
impact. By prioritizing these goals, entrepreneurs not only contribute to the economy but also address
pressing environmental challenges, reinforcing the role of businesses in fostering a sustainable future.

The main goal of this paper is to develop a theoretical model for improving entrepreneurship.
Additionally, suggestions and guidelines for improving entrepreneurship within the framework of
Society 5.0 are discussed. The paper consists of five main sections: Introduction, Society 5.0 and
Industry 5.0, Entrepreneurship and Industry 5.0 in Society 5.0, Suggestions and guidelines, and
Conclusion.

SOCIETY 5.0 AND INDUSTRY 5.

The future of work in the context of entrepreneurship is poised for transformative changes driven by
technological advancement, shifting economic landscapes, and evolving societal expectations.
Entrepreneurs are expected to navigate these changes, adapting to new modes of working and
innovating within their business models to thrive in an increasingly competitive and digital landscape.
One significant trend influencing the future of work is the rise of remote and flexible work
arrangements. Entrepreneurs are leveraging these trends to access a broader talent pool, reduce
overhead costs, and improve work-life balance for their teams. This flexibility also opens the door for
a more diverse workforce, which can bring varied perspectives and ideas that are crucial for
innovation. Furthermore, as digital collaboration tools become more sophisticated, the ability to
manage and grow a business remotely becomes more feasible, allowing startups to operate without
geographical constraints (Bryukhovetskaya, 2022).

Sustainability is becoming a central theme in entrepreneurial strategies as well. With increasing
awareness of environmental issues and corporate responsibility, entrepreneurs are innovating to create
sustainable business practices and solutions. This involves everything from utilizing sustainable
materials in products to implementing energy-efficient practices in operations. These efforts not only
contribute to environmental conservation but also resonate with consumers and investors who are
increasingly prioritizing sustainability (Grabowska et al., 2022). Lastly, the concept of gig economy
and freelance work is reshaping entrepreneurship. Many entrepreneurs are now operating on leaner
business models, employing freelancers and part-time workers to manage various aspects of their
business. This approach allows for greater scalability and flexibility, enabling entrepreneurs to adjust
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their workforce based on current needs and demands without the commitment of a full-time staff
(Kraus et al., 2023). Society 5.0 represents a vision for a new societal model that integrates advanced
technologies into every aspect of life to solve existing social challenges and achieve a higher quality of
life. In the context of Society 5.0, innovation in entrepreneurship is crucial for turning these
technological potentials into real-world solutions. Entrepreneurs in Society 5.0 are expected to drive
the development of innovative products and services that leverage cutting-edge technologies to
address significant societal issues. For instance, entrepreneurs might focus on creating Al-driven
health care applications that improve access to medical services for underserved populations or
develop smart city technologies that optimize energy use and reduce waste, thereby promoting
sustainability (Holroyd, 2022). Industry 5.0 seeks not only to optimize production but also to make it
more sustainable and adaptable to individual needs, thus creating a more human-centric manufacturing
environment (Adel, 2022). In Industry 5.0, entrepreneurs might focus on developing solutions that
make manufacturing processes not only more efficient but also more adaptable to the needs of a
diverse workforce and consumer base. This includes creating products that are customizable and
produced sustainably, aligning with the broader goals of Society 5.0 (Lachvajderova & Kédarova,
2022).

The integration of Industry 5.0 and Society 5.0 through entrepreneurship is essential for realizing a
future where technology is used not just for economic gain, but for the greater good. This synergy
aims to create a more sustainable, inclusive, and human-centered future, where the benefits of
technological advancements are accessible to everyone.

ENTREPRENEURSHIP AND INDUSTRY 5.0 IN SOCIETY 5.0

Based on the analyzed literature a theoretical model for improving entrepreneurship in the context of
Society 5.0 is developed. The model is presented on Figure 1.

Resilience and crisis
management

< Cybersecurity > ( Automation and robotics ) ( Workplace development >

Innovation (new products, new
services)

Risk management (identification and
prevention)

stakeholders and collaborators)

ildi i ENTREPRENEURSHIP IN :" S\gnificar!l positive social
Neowark building (relationships with ENTREPRENEURSHIP INDUSTRY 5.0 > SOCIETY 5.0 ‘-. mpact /

Scalahility and Adaptability (room for
growth and changes)

Sustainable manufacturing (minimizing ;-' Public-private parinerships “:
waste) \ 7
Customization and Smart product S ——
Human-centric technology personalization mart production

Figure 1: Model for improving the entrepreneurial ecosystem within the framework of Society 5.0

Ethical Al application

Entrepreneurship is fundamentally linked to its sub-elements through the core processes and
characteristics that define entrepreneurial success. Innovation is the heartbeat of entrepreneurship,
allowing for the development of new and disruptive products or services. This innovation is closely
tied to risk management, where entrepreneurs assess and navigate uncertainties to capitalize on new
opportunities effectively. Resource mobilization plays a crucial role in acquiring the necessary assets,
such as capital and talent, which are critical for scaling new ideas. Network building supports this by
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providing access to a broader ecosystem of advice, funding, and potential customers. Scalability and
adaptability are essential as they determine an enterprise's capacity to grow and respond to changing
market and technological conditions.

Industry 5.0 emphasizes the symbiosis between humans and machines, aiming to improve productivity
and customization while retaining a human touch in manufacturing. This main element involves
several crucial processes: Human-centric technology focuses on augmenting human skills with robotic
precision, which directly impacts customization and personalization, allowing products to be tailored
to individual specifications. The integration of automation and robotics enhances efficiency but
requires a strong foundation in cybersecurity to protect against data breaches and system disruptions.
Sustainable manufacturing seeks to reduce environmental impact, aligning with global efforts toward
sustainability. Smart production leverages 10T and Al to make manufacturing processes more
intelligent and responsive, which necessitates continuous workforce development to ensure employees
can manage and collaborate effectively with new technologies.

Entrepreneurship within the context of Society 5.0 is driven by the goal of using technology to solve
societal challenges, making the role of entrepreneurs critical in shaping future societal landscapes.
Technology-driven solutions enable entrepreneurs to address complex social issues with innovative
approaches, which often requires forming public-private partnerships to scale these solutions
effectively. The focus on social impact ensures that these innovations contribute positively to society,
emphasizing the need for inclusivity in offering benefits across diverse social groups. Ethical Al use is
crucial in maintaining trust and integrity in new technologies, aligning with the broader goals of
responsible entrepreneurship. Additionally, promoting digital literacy and access ensures that more
individuals can participate in and benefit from technological advancements, while resilience and crisis
management reflect the increasing importance of businesses being able to respond flexibly and
robustly to societal disruptions.

These relationships highlight how the sub-elements not only support but are essential to the
actualization of their respective main elements. Each set of relationships is crucial for the effective
realization of the benefits that Industry 5.0 and Society 5.0 aim to bring to the world, with
entrepreneurship acting as both a catalyst and a beneficiary in this multifaceted ecosystem.

Furthermore, entrepreneurship potential development scenarios are presented on Figure 2.

A

., EVALUATION .
I, !

Starting point  "Crossroads"

Development level*

&

>

2024 2025 2026 2027 2028
(entrepreneurship development over the years)

Figure 2: Potential entrepreneurship development scenarios

Scenario A: This scenario represents the most favorable outcome, where entrepreneurship
development reaches its highest potential. It assumes the implementation of highly effective strategies
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and supportive actions that foster a robust entrepreneurial ecosystem (comprehensive support systems,
education and training, government and policies, global networking). Scenario B: In this scenario,
entrepreneurship development progresses to a moderate level, reflecting a balance of successes and
challenges. It represents a situation where some supportive strategies are implemented, but with
limited scope or effectiveness (selective support systems, basic education and training, incremental
technological integration). Scenario C: This is the least favorable outcome, where entrepreneurship
development remains low or declines. This scenario occurs in the absence of significant supportive
actions or effective strategies, or possibly due to adverse external factors (lack of support systems,
stagnant technological adoption, restrictive government policies, isolated networking).

SUGGESTION AND GUIDELINES

Based on the analyzed literature and the developed model, the following suggestions and guidelines

for improving entrepreneurship are noted:

- Provide grants and subsidies for startups focused on developing smart technologies and
sustainable solutions.

- Offer tax incentives for investments in sectors critical to Industry 5.0 and Society 5.0, such as
Al, robotics, and green technologies.

- Integrate digital literacy and technology-focused curriculums in educational institutions to
prepare a future-ready workforce.

- Support vocational training programs that focus on skills required for Industry 5.0, including
data analysis, cybersecurity, and system integration.

- Create clear regulations that encourage the ethical use of Al and other new technologies while

- Develop standards for new technologies to ensure compatibility and security across devices and
platforms.

- Facilitate collaborations between startups, established businesses, and academic institutions to
drive innovation.

- Engage in public projects that utilize entrepreneurial ventures to solve societal challenges.

- Encourage continuous learning and experimentation among employees to foster innovative
ideas.

- Set up internal incubators or innovation labs to develop and test new technologies and business
models.

- Design products and services that meet real human needs by engaging with customers and
communities to gather insights.

- Invest in user experience research to improve the personalization and functionality of products.

- Adopt sustainable practices in manufacturing and operations to reduce environmental impact.

- Develop products with a longer life cycle and that are recyclable or biodegradable to minimize
waste.

- Integrate 10T, Al, and machine learning to improve decision-making processes and operational
efficiency.

- Ensure that technological adoption is accompanied by adequate training for staff to maximize
utility and productivity.

CONCLUSION

In conclusion, the research presented in this paper provides a comprehensive analysis of the
entrepreneurial ecosystem within the context of Society 5.0 in Serbia. It highlights the critical
interconnections between advanced technologies and entrepreneurial practices, emphasizing the role
of government policies, social responsibility, and technological integration in fostering a competitive
and sustainable business environment. The study identifies key factors that can significantly improve
the entrepreneurial landscape, suggesting that an effective synergy between these elements is essential
for achieving economic growth and sustainable development within the framework of Society 5.0. The
authors argue that embracing Society 5.0 not only offers opportunities for enhancing the quality of
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entrepreneurial endeavors but also presents challenges that require thoughtful policy interventions and
educational reforms.

The paper calls for continued research into the specific mechanisms through which Society 5.0 can
influence entrepreneurship, proposing future studies to explore empirical evidence and further develop
the theoretical models introduced. Overall, this work serves as a foundational step towards
understanding and implementing Society 5.0 principles in a way that maximizes benefits for
entrepreneurs and stakeholders within the emerging smart society.
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ABSTRACT

The paper analyzes the changes in the understanding and practices of corporate social responsibility (CSR) of
regional industrial enterprises after the adoption of sanctions against Russia in 2022. The study was carried out
using a questionnaire-based survey, conducted in 2021 and 2024. The empirical base consisted of questionnaires
from 30 industrial enterprises in the VVoronezh region. The results of the study show that the level of CSR of
these enterprises remains low and is mainly limited to the compliance of mandatory requirements. The paper
reveals potential risks of reducing the relevance of CSR for regional enterprises, primarily in the environmental
area. However, there are significant incentives and opportunities for the development of CSR practices in terms
of social support for employees, their training and occupational safety. In general, as part of adaptation to new
geopolitical and geoeconomic conditions, most of regional enterprises not only did not reduce their existing CSR
programs, but also managed to increase them in some positions.

Keywords: Corporate social responsibility, Sustainable development, Sanctions, Industrial enterprises.

INTRODUCTION

International sanctions imposed against Russia in February 2022 had a huge impact on the activities of
most companies in the country. Restrictions on imports of machinery and equipment, components, and
a complete or partial ban on exports to Western countries are just some of the difficulties faced by the
Russian economy. In these conditions, there are suggestions that the relevance of issues of sustainable
development, corporate social responsibility (CSR) and ESG transformation is decreasing. Studies
show that 88% of companies note the negative impact of sanctions on their transition to sustainable
development. Only 35.5% of companies consider ESG principles relevant, especially its social and
environmental issues (Kuvalin et al, 2022).

A number of circumstances have contributed to the decline in attention of Russian companies to issues
of social responsibility and sustainable development . Firstly, the anti-Russian sanctions jeopardized
the implementation of ESG principles in companies that were involved in international cooperative
relations, actively collaborated with Western partners and followed their socially responsible policies
without having their own. Secondly, under the conditions of sanctions, leading rating agencies (S&P
Global, Sustainalytics, Bloomberg, Refinitiv, Dow Jones, etc.) stopped including Russian companies
in their ESG ratings. This decision closed access to the world's best ESG practices and consulting and
reduced the ability to predict its development in accordance with advanced trends in the field of
sustainable development. (ESG practices of Russian companies: stability VS variability, 2023).
Thirdly, the decline in revenues during the crisis forced companies to reconsider spending on
environmental and social goals in order to maintain business profitability. Some enterprises were
forced to cut jobs, reduce wages and investment in environmental protection. This increased the risks
of environmental degradation and negative social consequences (Kudryashov, 2022).
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Despite the ongoing crisis, most companies still do not abandon the implementation of CSR and ESG
transformation programs. The idea is expressed that this period can be a breakthrough for the country's
transition to a new economic model based on the principles of sustainable development (ESG: Three
letters that change the world, 2022).

Most companies are moving from the Western market to the East Asian market, where non-financial
reporting also has a significant impact on exchanges. In contrast to the limited participation of Russian
companies in international ESG ratings, national ratings have begun to gain popularity. It makes
possible to maintain information openness for investors in Russia and friendly countries, including
countries of the African continent, Asia and South America. There are growing interest in ESG
projects from the stakeholders, especially the government, business partners, consumers, and
investors, which can provide an incentive for companies to continue socially responsible practices.
(Izmailova, 2022).

Thus, in the absence of strict external incentives in the business environment, the lack of direct
positive effects from the implementation of environmental, social and managerial practices by
enterprises and, at the same time, increased responsibility for maintaining socio-economic stability, an
urgent task is to understand the real involvement of regional enterprises in issues of social
responsibility and sustainable development and the changes that have occurred in recent years.
Empirical studies of these issues are quite widespread. However, they mainly cover the activities of
public companies operating in various industries and do not sufficiently reflect the regional aspects of
CSR development. Meanwhile, for such a large and diverse country as Russia, regional peculiarities
can significantly affect any aspect of companies' activities, including CSR practices. This article
analyzes a wide range of issues related to CSR in relation to a "homogeneous™ group of non-public
industrial enterprises in the Voronezh region.

RESEARCH METHODOLOGY

The industrial sector traditionally carries a large number of environmental threats, is characterized by
difficult working conditions and has a serious impact on the local community. In accordance with this,
the object of this study was the sector of industrial enterprises of the Voronezh region engaged in the
processing of raw materials (manufacturing industry). In general, the volume of industrial production
in 2023 increased by 7.6% in the Voronezh Region by 2022. In manufacturing, output increased by
9.7% compared to 2022 (About the industrial production of the Voronezh region in 2023). Industrial
enterprises are among the key employers of the region. The number of workers employed in industry
is 142.9 thousand people, or 21.7% of the figure for the Voronezh Region as a whole. In particular, the
number of employees in the manufacturing industries is 109.1 thousand people.

In the spring of 2021, the authors conducted the first round of a cohort study of the social

responsibility of industrial enterprises in the VVoronezh Region (Nikitina & Pertseva, 2021). The study

was carried out using a questionnaire method of collecting information, which has shown its

effectiveness in CSR and sustainable development studies. In the spring of 2024, a second round of

research was conducted on an adjusted questionnaire, which additionally included questions regarding

the impact of current economic and socio-political conditions on the implementation of CSR

programs. The questionnaire covers the following topics:

- defining the understanding of CSR, the main programs in the field of social responsibility and
the benefits of their implementation;

- identification of key stakeholders, the nature and level of interaction with them;

- the use in practice of international and national documents regulating CSR and sustainable
development issues and the preparation of non-financial reporting;

- identification of prospects and barriers to CSR development.
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In this paper, we will focus on data characterizing the changes in the understanding and practices of
CSR at regional industrial enterprises that occurred after the introduction of sanctions restrictions.

The data was collected using the Google Forms online service. The active link to the questionnaire
was distributed via e-mail. The mailing list consisted of 100 manufacturing enterprises. A total of 33
companies filled out the questionnaire. In the subsequent analysis, questionnaires containing
contradictory answers were excluded (3 questionnaires). Thus, the empirical base of the study
consisted of questionnaires from 30 enterprises (large — 53.3%, medium — 36.7%, small — 10%). The
form of ownership of most enterprises is private (93.3%). These are mostly non-public enterprises that
have been operating for over 10 years. The respondents were general directors / directors — 6.7%,
deputy directors / chief specialists — 23.3%, heads of structural divisions — 50%, others (advisor to the
General Director, leading specialists) — 20%.

RESULTS AND DISCUSION

In the process of the conducted research, the respondents' opinion was revealed regarding the most
significant elements revealing the content of CSR (Table 1).

Table 1: Substantive characteristics of CSR (selection of the three most significant positions)

Percentage of

CSR Characteristics respondents, %
2021 2024

Timely and full payment of taxes, social security contributions, salaries to employees 83.3 80.0
Production of high-quality products 46.7 56.7
Compliance with laws and other regulations 70.0 40.0
Staff development programs, labor protection 30.0 26.7
Charitable activities 0.0 23.3
Implementation of environmental protection measures 6.7 13.3
Responsibility to the owners (shareholders, owners of shares) 10.0 13.3
Development of the region of presence 20.0 13.3
Information openness, accuracy of reporting 6.7 10.0
Implementation of anti-corruption measures 0.0 10.0
Sponsorship 0.0 6.7
Business strategy aimed at strengthening competitive positions 13.3 6.7
Ethical relationship with business partners and suppliers 6.7 3.3

It should be noted that the top three most popular answers remained unchanged. However, it is
noteworthy that the number of respondents who associate CSR with compliance with laws and other
regulations has significantly decreased. At the same time, the production of high-quality products, as
the main element of CSR, strengthened its position (an increase from 46.7% to 56.7%) and took the
second most popular place. The least significant in the content of CSR (10% or less) in 2024 were:
Information openness, accuracy of reporting; Implementation of anti-corruption measures;
Sponsorship; Business strategy aimed at strengthening competitive positions; Ethical relationship with
business partners and suppliers. In general, the understanding of CSR by representatives of enterprises
continues to correspond to the initial, mandatory level and focuses on payments that have legal
regulations.

In practice, managers place slightly different accents than in the little-binding declarations. The
greatest discrepancies were found in assessing the importance of personnel development on the one
hand and the implementation of relevant programs on the other (Table 2).

Programs related to personnel and safety of activities are being implemented steadily and on an
ongoing basis. Most areas of external social responsibility remained uncovered. An extremely limited
number of enterprises are taking measures to improve the territories of their presence (16.7%), and the
healthcare sector is supported (6.7%). It is worth noting the passive attitude of enterprises to
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environmental programs: on an ongoing basis, environmental protection measures are common only in
40.0% of enterprises, resource conservation programs are noted in 43.3% of enterprises. In three years,
the number of enterprises engaged in cultural and sports events, financing scientific and educational
projects has increased. In general, the number of enterprises that do not implement any CSR programs
has decreased.

The range of effects expected by enterprises from the implementation of CSR programs is quite wide
(Table 3).

In the process of analyzing the results of the survey, a rather pronounced and constant attention of
respondents to such possible effects of CSR as improving business reputation and increasing employee
loyalty was noted. The decline in the importance of CSR for improving the effectiveness of marketing
and sales, increasing investment attractiveness, and strengthening business ties with counterparties
means that enterprises do not see the current conditions as an opportunity to influence the market and
organize effective interaction with the external environment. The only remaining opportunity is to
attract financial resources from government sources (26.7%) and improve their own financial
condition (30.0%).

Table 2: CSR programs and the frequency of their implementation
The percentage of enterprises, %

CSR programs Regularly Sometimes No programs
2021 2024 2021 2024 2021 2024

Staff development 86.7 83.3 13.3 16.7 0.0 0.0
Cultural and sports events 26.7 43.3 53.3 46.7 20.0 10.0
Environmental measures 43.3 40.0 26.7 43.3 30.0 16.7
Financing of educational and scientific projects 13.3 23.3 46.7 50.0 40.0 26.7
Ensuring safe working conditions 93.3 96.7 6.7 3.3 0.0 0.0

Improvement of the urban infrastructure of the

L 16.7 16.7 60.0 63.3 23.3 20.0
territories of presence
Industrial safety 86.7 86.7 13.3 13.3 0.0 0.0
Charity 26.7 20.0 60.0 73.3 13.3 6.7
Resource-saving 56.7 43.3 40.0 46.7 3.3 10.0
Protection of vulnerable groups 20.0 16.7 50.0 60.0 30.0 23.3
Investments in the healthcare sector 10.0 6.7 26.7 43.3 63.3 50.0
Sponsorship 16.7 16.7 53.3 63.3 30.0 20.0

Table 3: Advantages of CSR implementation (several possible answers)

Percentage of
Advantages of CSR respondents, %
2021 2024
Improving business reputation, creating a positive image 80.0 76.7
Increase employee loyalty 80.0 70.0
Improving financial performance 40.0 30.0
Strengthening business relations with contractors 30.0 23.3
Improving the quality of management 23.3 23.3
Increasing investment attractiveness 20.0 13.3
Improving the effectiveness of marketing and sales 13.3 3.3
Loyalty from the market regulator, public authorities 10.0 26.7
Reducing non-financial risks 3.3 10.0
Stimulating innovation 3.3 3.3
No advantages 0.0 3.3

The study showed that the understanding of CSR, its practical implementation and expected effects do
not fully correspond to the composition of stakeholders whose interests should be taken into account
in the course of activities (Table 4).
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Traditional stakeholder groups remain the key recipients of CSR programs: the company's staff, its
consumers and owners. However, in 2024, the importance of the interests of the state has increased
significantly, as indicated by half of the respondents. In the context of the disruption of existing supply
chains and logistics links, the interests of suppliers were noted by twice as many respondents as in
2021. It should be noted that the growing importance of the interests of the government and suppliers
in the new conditions has reflected an increase in their involvement in CSR programs. Regional
industrial enterprises consider non-profit organizations to be the most insignificant stakeholder for
themselves, only 2 out of 30 enterprises indicated the involvement of NGOs in their CSR programs. It
is characteristic that this position has not changed during the period under review. In general,
according to table 4, it is calculated that in 2024, enterprises noted 26.0% more significant
stakeholders than in 2021.

Table 4: Key stakeholders of enterprises and their involvement in the formation and implementation of CSR
programs (several possible answers)

The share of enteprises that have endied the elovantsakeholdor
Stakeholders identified the relevant key stakeholder, % involved in CSR programs, %

2021 2024 2021 2024
Employees 76.7 86.7 76.7 83.3
Consumers 73.3 80.0 23.3 26.7
Owners 60.0 73.3 70.0 96.7
Government 23.3 50.0 20.0 26.7
Management 20.0 20.0 53.3 43.3
Local community 16.7 16.7 13.3 13.3
Suppliers 16.7 30.0 6.7 10.0
Creditors 13.3 23.3 3.3 10.0
NGOs 6.7 6.7 3.3 6.7

A more in-depth study of the composition of NGOs with which enterprises cooperate and the
frequency of their interaction showed that enterprises cooperate most actively and on an ongoing basis
with educational and scientific organizations (56.7%), most likely the interaction consists in training
employees. In the new conditions, there has been an increased interest in cooperation within the
framework of associations and associations of entrepreneurs. So far, the noted growth is provided by
occasional contacts, but in total 28 out of 30 enterprises in 2024 indicated such cooperation.
Enterprises have extremely passive relations with environmental organizations, with which about a
third of enterprises do not interact at all. Trade unions focused on protecting the rights and interests of
employees were established only at 8 enterprises out of 30. During the period under review, the
approach to choosing forms of interaction with stakeholders has not changed. The information
strategy, aimed at one-sided communication of information about the company's activities, continues
to dominate. Thus, the leading positions, noted by more than half of the respondents, are occupied by:
"open days", excursions to enterprises, participation in conferences, forums, publications in the media
or a corporate website. The forms of bilateral and multilateral cooperation containing more obvious
elements of dialogue are the least widespread (26.7% implement joint programs and participate in
expert commissions).

In general, about a quarter of respondents assessed the impact of the international economic sanctions
regime on their activities as unambiguously negative or rather negative. For most industrial
enterprises, the pros and cons of the imposed restrictions are approximately the same (43%) or have a
rather positive (13.3%) or unambiguously positive impact (6.7%). The remaining respondents (10%)
indicated that the sanctions had no effect on their activities. Approximately the same trends can be
seen in individual CSR indicators (Table 5).

Units of enterprises report job cuts (3 enterprises), employee training costs (2 enterprises) or a
reduction in the company's participation in the political life of the country (4 enterprises). For the vast
majority, the changes that have occurred at the enterprise in the field of CSR are positive or neutral.
Half or more of the enterprises declare an increase in jobs, an improvement in the quality of their
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products, and an increase in employee training costs. For the rest of the CSR indicators, the vast
majority noted the absence of changes.

Table 5: Changes that occurred at the enterprise in the field of CSR in 2022-2023.

Percentage of respondents, %
Changes in the field of CSR Growth Remained Reduction
the same

Number of jobs 56.7 33.3 10.0
Working week duration 10.0 86.7 3.3
Professional development programs for employees 33.3 60.0 6.7
The cost of training one employee 50.0 43.3 6.7
Product quality 50.0 50.0 0.0
Industrial safety costs 46.7 53.3 0.0
The volume of social investments 26.7 66.7 6.7
Saving resources 26.7 53.3 20.0
Environmental protection costs 26.7 73.3 0.0
Wage gap between managers and staff 6.7 80.0 13.3
The company's participation in the political life of the country and 20.0 66.7 133
the region

Tax burden 43.3 56.7 0.0
Difficulties in raising funds to pay taxes 16.7 76.7 6.7

In 2024, 66.7% of respondents predicted optimistic prospects for the development of CSR, whereas in
2021 only a third of respondents (33.3%) believed that CSR would develop successfully. The lack of
skepticism among representatives of industrial enterprises certainly inspires hope for further positive
changes in the sustainable development of enterprises in difficult geopolitical and geo-economic
conditions.

CONCLUSIONS

The research results show that there is no decrease in the relevance and demand for issues of social
responsibility and sustainable development for regional industrial enterprises. As part of the adaptation
to the new economic conditions, enterprises not only did not lose their existing CSR programs, but
also managed to increase them in some positions.

Despite the fact that the CSR level of these enterprises remains low and is often limited to the
compliance of mandatory requirements, issues of social support for employees, their training and
occupational safety are priority practices for the vast majority of surveyed enterprises. The relatively
low level of development, as in 2021, remains in the environmental area. For the studied enterprises,
environmental protection and resource conservation issues are not a significant characteristic of CSR,
and relevant activities are not carried out regularly without interaction with environmental
organizations.

The transformation of the views and practices of regional industrial enterprises in the field of CSR
occurred in relation to the role and interests of the government. The government became one of the
key stakeholders of the surveyed enterprises, and its loyalty became the desired effect of the
implementation of CSR programs. This is largely due to the government support provided to the
manufacturing industry in the face of sanctions restrictions. The changing supply chains and
international cooperation have also transformed the role of business associations, whose membership
was previously perceived formally. In the new conditions, the development of network interactions is
considered as a tool to increase economic sustainability.

The further development of social, environmental and management practices of the enterprise is
associated with obtaining preferences in the form of tax and credit benefits, government subsidies. In
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this regard, the government should take a more active position in promoting the ideas of social
responsibility, in particular, updating the measures of regional industrial policy.
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ABSTRACT

As global systems evolve, logistics plays a major role in the movement of goods and the operation of supply
chains. However, sustainability is increasingly becoming a priority for companies and society. Integrating this
into logistics processes is a major challenge. Sustainability in logistics is important not only from an
environmental perspective, but also in its economic and social dimensions. Here we should mention the concept
of green logistics. The public exploitation of the benefits of green logistics helps companies to attract customers,
although in many cases greenwashing can also be encountered. In this paper, we focus on the role of
greenwashing.

Keywords: Greenwashing, Green logistics, Sustainability, Supply chain.

INTRODUCTION

Introducing sustainability into logistics processes presents several challenges. These include the
complexity of global supply chains, volatile fuel prices, infrastructure constraints and lack of
coordination between business actors. In addition, increasingly stringent sustainability regulations and
growing societal expectations are putting further pressure on the logistics sector.

Sustainability is also important in the field of logistics. (see also Figure 1) Sustainability in logistics

can be considered in three main areas:

- environmental sustainability: reducing fuel consumption, minimizing emissions, and increasing
energy efficiency,

- economic sustainability: reducing costs, using resources more efficiently and optimizing
business processes,

- social sustainability: respecting people and communities, promoting the well-being of
employees and social responsibility (Csaba and Csaba, 2024) .

GREEN LOGISTICS

Also known as eco logistics, green logistics is a set of sustainable logistics practices and measures in
supply chain management and transportation operations. It aims at minimizing the negative impact of
logistics operations such as transportation, warehousing, inventory management, and distribution on
the environment. It encompasses various strategies and initiatives emphasizing carbon footprint,
energy consumption, waste generation, and resource depletion throughout the supply chain processes
(Dekker, 2023).
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Figure 1: Sustainable logistics parameters (Source: Yontar, 2022)
Green Supply Chain Management

The Green Supply Chain Management (GSCM) practices offer significant benefits for both companies
and the environment. On the one hand, striving for supply chain sustainability reduces carbon
emissions and other air pollutants by using less energy. Furthermore, greening the supply chain
reduces waste and conserves non-renewable resources (Czékus, 2022).

Their nations, organisations and companies aiming to take their commitment to sustainability to the
next level are taking emissions regulation one step further. They require companies to not only track,
report and strive to minimize emissions for which production is directly responsible in addition to the
energy used to produce and operate, but also to reduce their Scope 3 emissions. Scope 3 emissions are
those that are not produced by the company itself but by its suppliers, up and down the value chain
(Csaba and Csaba, 2024).

Sustainable Supply Chain

Digital transformation and the increasing sophistication of digital supply chain technologies play a
significant role in the evolution of supply chain sustainability. Big Data management, advanced
analytics, artificial intelligence (Al) and security tools such as blockchain and RFID sensors have
brought unprecedented visibility and accountability to modern supply chains. Companies now have a
much greater ability - and obligation - to demonstrate corporate social responsibility and share best
practices in green supply chains and sustainable logistics (SAP, 2023).

Three components of Sustainable Supply Chains

Twenty years ago, the word sustainability was almost synonymous with eco-friendliness. Today it is a
much more holistic term.

Elements of a sustainable supply chain:
- green supply chain

- transparent supply chain

- circular supply chain (SAP, 2023).
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GREENWASHING

Greenwashing is washing green or dyeing green. It is a marketing and public relations strategy that
makes consumers and the public believe that a company is doing more to protect the environment than
it is (Greendex, 2023). (see also Figure 2 and Figure 3)

Figure. 2: How we at Around Zero define ‘Greenwashing’ (Source: Medium, 2021)

The Six Sins of Greenwashing

Fibbing .
making environmental . Vague -
claims that are simply false being purposely non-specific
about operations or materials
No Proof
making an environmental
claim that cannot be Lesser Evils
substantiated
applying a do-good label to an
environmentally unfriendly product
Hidden Trade-off
suggesting a product is b Irrelevance
“green” based on a single claiming to avoid using a
environmental attribute material or practice that is

already illegal or non-standard

©Businessoffashion

Figure 3: The Six Sins of Greenwashing (Source: Medium, 2021)
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New EU rules to tackle greenwashing in freight and passenger transport services. In July 2023, a new
draft EU regulation was published to set rules for accounting for greenhouse gas emissions from
transport operators, both freight and passenger, that originate or arrive in the European Union.

The regulation is linked to the Green Claims Directive, which is also currently under discussion, and
sets out a rigorous methodology for substantiating green claims for transport services (e.g. "emissions
from this flight are 15% lower than ..."), so that, if adopted, it will become an important tool in the
fight against greenwashing.

Once the Regulation is adopted, there will be two main obligations for operators to measure emissions

and thereby substantiate green claims:

1. The greenhouse gas emissions will be calculated according to the methodology set out in EN
ISO 14083:2023.

2. The calculation shall give preference to the use of primary data, i.e. values quantified by direct
measurement or calculation based on direct measurements for the process or activity in
guestion, and the use of secondary data (e.g. estimates or representative data) will be allowed
only in a very limited range (Méarkus et al., 2023).

CONCLUSION

Overall, the greening of logistics can only be achieved with the right approach and technologies. As in
other areas of the economy, greenwashing can be found in logistics. Hopefully, the new legislation
that the EU is preparing will curb this phenomenon in the logistics sector, among others.

Greening must play a bigger role in the future economy. But it can only be effective if we think in
terms of closed supply chains.

In this, the IT industry has a critical role to play in promoting sustainability and reducing its carbon
footprint.
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ABSTRACT

Construction Project Financial Management involves managing the costs, budgeting, and tracking all financial aspects
related to a construction project. Proper financial management can help ensure that projects are completed on time and
within budget, while also reducing risks associated with construction finance. Little has been done to relate and
theories construction financial management to financial performance of construction projects. Since few studies have
been conducted on this topic in developing economies, future studies that focus on this region, reporting's failure of
construction projects are encouraged. Discovery and establishing the significant issues on construction financial
management could serve as a guide to project managers. The guide could support project managers to develop
construction financial management models that mitigate financial risks on construction projects. This will put forward
technical ideas about improving the existing to increase the financial success of construction projects. Also, this paper
contributes to scanty the literature on construction financial management of construction projects. It will also assist
future researches which examine holistically issues relating to construction financial risk management of construction
projects.

Keywords: Construction Project Financial Management, Project finance, Construction management, Construction
Projects.

INTRODUCTION

Construction financial management is allocating and accounting for financial resources to cut project costs,
maximize profits and assure long-term company financial health. In the construction industry, financial
analysis involves reviewing income statements, balance sheets, cash flow statements, and other financial
reports to understand revenue, expenses, assets, liabilities, and cash flow patterns. Project financial
management is the process of controlling the financial aspect of a project, such as its cost, revenue and
profit. To do this requires planning, estimating, budgeting, funding, managing project expenses and billing.
Construction risk in project finance is a significant project finance risk to which the project is exposed from
the commencement of construction through completion, performance testing, and turnover to operations.
Considering gaps in literature, this paper aims to present up to date review of critical issues relating to
financial management of construction projects. Specific objectives of the paper are: (1) To analyze trends
in the annual publications on financial risk management of construction projects (2) To assess research
methodologies of construction projects which have been affected by financial from previous studies (3) To
identify the key financial management elements, gaps and future directions. The results of this study could
provide a guide for project managers in developing holistic financial management models to control
financial of construction projects. Moreover, project managers, key partners of construction projects and
policymakers will obtain valuable information from this study that will broaden their understanding of
financial management. This study will contribute to empirical literature for discussions in academia and
future studies. The techniques used to examine the key contributors to studies on financial management of
construction projects are also presented. Finally, a brief conclusion with practical implications sums up the

paper.
CONSTRUCTION PROJECT FINANCE
Project finance is the long-term financing of construction projects based upon the projected cash flows of

the project rather than the balance sheets of its sponsors. Usually, a project financing structure involves a
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number of equity investors, known as 'sponsors', and a 'syndicate' of banks or other lending institutions that
provide loans to the operation. They are most commonly non-recourse loans, which are secured by the
project assets and paid entirely from project cash flow, rather than from the general assets or
creditworthiness of the project sponsors, a decision in part supported by financial modeling (Hoffman,
2007). The financing is typically secured by all of the project assets, including the revenue-producing
contracts. Project lenders are given a lien on all of these assets and are able to assume control of a project if
the project company has difficulties complying with the loan terms. Generally, a special purpose entity is
created for each project, thereby shielding other assets owned by a project sponsor from the detrimental
effects of a project failure. As a special purpose entity, the project company has no assets other than the
project. Capital contribution commitments by the owners of the project company are sometimes necessary
to ensure that the project is financially sound or to assure the lenders of the sponsors' commitment. Project
finance is often more complicated than alternative financing methods. Traditionally, project financing has
been most commonly used in the extractive, transportation, telecommunications, and power industries, as
well as for sports and entertainment venues (Cardenas et al., 2018).

The essence of project financing is that potential lenders base the credit assessment of a project on the
projected ‘cash flow’ from the operation of a project, rather than on the physical assets of a project or the
credit of sponsors of the project-implementing company (Hoffman, 2007). Hence, in a project-financing
scheme, lenders cannot hedge their risks 100 percent but share some risks of the project. In other words,
unlike mortgage loans that allow lenders to sell the secured property of a borrower in order to recover their
loans in the event that the borrower fails to pay back the loans, lenders in a project-financing scheme
cannot recover their loans safely if something should go wrong and the cash flow weakens. Therefore, it is
natural that potential lenders of a project employing project-financing techniques would be far more
cautious than potential lenders for a project with safe collateral. To summarize, once financial resources are
mobilized and a project goes into full operation, the project implementing company usually repays its debts
gradually with profits from selling the infrastructure service to the government or the public over a long
period. The following will show how these two project models can be implemented in the green
infrastructure market of developing countries (Myong Koh, 2018).

Risk identification and allocation is a key component of project finance. A project may be subject to a
number of technical, environmental, economic and political risks, particularly in developing countries and
emerging markets. Financial institutions and project sponsors may conclude that the risks inherent in
project development and operation are unacceptable. Several long-term contracts such as construction,
supply, off-take and concession agreements, along with a variety of joint-ownership structures are used to
align incentives and deter opportunistic behavior by any party involved in the project (Sorge, 2011). The
patterns of implementation are sometimes referred to as "project delivery methods." The financing of these
projects must be distributed among multiple parties, so as to distribute the risk associated with the project
while simultaneously ensuring profits for each party involved. In designing such risk-allocation
mechanisms, it is more difficult to address the risks of developing countries' infrastructure markets as their
markets involve higher risks (Myong Koh, 2018). A riskier or more expensive project may require limited
recourse financing secured by a surety from sponsors. A complex project finance structure may incorporate
corporate finance, securitization, real options, insurance provisions or other types of collateral enhancement
to mitigate unallocated risk (Alijani, 2023).

Finance has extended over the following years. These results were later supported by the formal works on
the optimal scope of firms from Leland (2007). These finance models positioned project finance as a
superior form of financing for high risk investments, but they strongly focused on financial benefits and
applied rather restrictive formal modelling. Following the works of Kleimeier and Megginson (2000),
Finance researchers extended theoretical perspectives on project finance. Picking up on work from
corporate finance, scholars incorporated real options theory into infrastructure finance and identified non-
recourse provisions as a sort of real put option for sponsoring firms (Smit, 2003). Later, Esty and
Megginson (2003) teamed up to publish a seminal contribution linking legal institutions to the composition
of project finance banking syndicates. They integrated arguments from institutional theory and comparative
institutional economics into project finance research to explain the formation of partnerships among project
finance lenders. At the same time, Esty (2004) documented his empirical experiences with project finance
as a clean and undistorted research setting in a conceptual paper, and called for more systematic use of
project finance in both Management and Finance research. In the paper, Esty admits that: “large
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investments frequently fail to achieve their intended financial and operating objectives.” This critical view
indicates a soft deviation from the optimism of the project finance boom in the late 1990s. Another
indication of the growing acknowledgement of the fallibility of project finance was an increase in
publications related to more realistic valuations of projects using methods such as Monte-Carlo simulations
(Gatti et al., 2007), and towards more stakeholder-inclusive measures of project value (West, 2015).
Despite this increasing skepticism, the structural benefits of project finance were still undisputed and
empirically verified in later quantitative studies (Subramanian & Tung, 2016).

Along with the rising popularity of financial contracting theory, the majority of later Finance research
extended its focus from capital structure-related benefits to contractual risk management (Byoun et al.,
2013; Byoun & Xu, 2014). Research highlighted the pivotal role of contractual agreements between parties
in project finance. It also recognized the risk mitigating role of specific project partners, such as
international development banks (Hainz & Kleimeier, 2012), and reputable lead arranging banks (Gatti et
al., 2013). Overall, financial research provides clear and consistent evidence of the benefits of project
finance resulting from agency cost reduction, higher debt capacity, lower cost of debt, financial distress and
optimized tax shields. The over-arching agreement is that the separation of a project to a separate entity
reduces information asymmetry between lenders, allows for tailored capital structure and provides optimal
incentives for all participants.

Overall, Management research has provided detailed insights into the functioning, or indeed the
malfunctioning, of megaprojects. As opposed to Finance researchers, Management scholars have
predominantly addressed the hidden, ex-post cost of Project Finance. Their work has provided important
explanations as to why project fail, or suffer from enormous delays and cost-overruns, despite optimal
financial structuring. As such, Management scholarship provides valuable complements to financial
research which has focused mostly on the benefits of a-priori structuring and less on the ex-post costs.

CONSTRUCTION PROJECTS FINANCIAL RISK MANAGEMENT

Construction risk can be described as the possibility of an incident that will harm the project’s feasibility.
Different threats that impact businesses may be found in the construction industry as elsewhere. Moreover,
construction projects face significant risks that put building projects at the risk of cost, over time, and poor
standard of execution. The results showed that the construction industry in is exposed to many risk sources,
internal and external, and the most important ones are financial risks such as fluctuation of the currency,
inflation, and lack of solvency. Interpretation of various law codes and regulations is essential within
construction processes; however, it also requires the collection of significant resources such as human
resources, equipment, and materials. Moreover, good communication between the parties is important in
every construction project. Additionally, diverse factors may be unknown at the beginning of the project,
but the risk is an anticipated element of this business. In construction projects, risks are defined as the
probability of an event that may negatively affect the life cycle or the schedule of the project and will
expose the project to a viable loss. Various damaging consequences may occur on the project because of
risks and uncertainty. The project success is correlated with three major aspects of cost, time, and quality
where risks cannot be eliminated but can be effectively managed. Numerous risks that affect the
productivity of the work can be recognized in construction projects. However, those risks differ between
projects; to assure the wealth of any project, the contractor must identify and allocate those risks to be able
to manage them at an early stage of the project, where the purpose of effective risk management is to
reduce risk exhibition and it’s a cost in construction projects (Burtonshaw-Gunn, 2017).

Numerous construction projects have encountered setbacks due to financial risks of high project cycle
costs, poor quality, construction delays, and increased cost of borrowing, cost overruns and shortfall of
revenue among others. To manage these financial risks on construction projects, project managers need to
implement a holistic financial risk management models. The limited studies on a handful of construction
projects appear biased in presentation and focus as they only identify the financial risks, neglecting other
pertinent elements of a holistic financial risk management such as planning, assessing, responding,
monitoring and controlling of financial risks. A supporting evidence of this claim is how most studies on
construction projects (Fischer et al., 2010; Jung et al., 2012; Zou et al., 2008) mentioned financial risk
management as a topmost determinant of performance of construction projects but little attention was paid
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to investigate it holistically. Moreover, existing studies lump up all risk factors including financial risks of
construction projects with no attempt to critically investigate and assess their impact on different sectors of
construction. The results together with discussions of this study are organized into three sections:
background analysis of relevant papers, key elements of financial risk management of construction projects
and research gaps with future directions. In this section, the specific financial risks of construction projects
are aligned to four lifecycle stages, namely: pre-construction, construction, operate and maintain, and
disposal and decommission:

Pre-construction stage risks: This stage of the construction project has subdivisions such as project
identification and inception, feasibility studies, tendering, competitive negotiations and award of contracts
to construct the project. Due to their significance to the direction and completion of the construction
projects, the financial risks commonly identified in this stage center around the high costs of tendering,
competitive negotiations and feasibility studies with the engagement of professionals and consultants to
assess the suitability, value for money, as well as the rate of return of the projects. Also, the adequacy of
capital or investment to the project which normally turns to be a challenge when the project takes off due to
fluctuations in macroeconomic factors is determined (Sun et al., 2019). Sound market testing is performed
to know the interest of stakeholders in the projects and this comes with a huge cost. Consultative and
brainstorming meetings are held between the potentially affected stakeholders and the project managers to
ascertain the likely costs to be settled on the project such as resettlement and relocation costs. Next, the
specific financial risks are identified on the documentation, planning and designing of the project (Liou &
Chen, 2011). Drafting of the construction project contract documents, awarding the contract to a
competitive bidder and the comprehensive design and development of the project increased the preliminary
expenses of the project.

Construction stage risks: Huge construction costs emanate from many sources such as raw materials, labor,
land, site preparation, supervision, construction insurance, health and safety as well as professional fees
paid to sub-contractors, architects, planners and quantity surveyors (Shen et al., 2006; Valipour et al.,
2015). An increase in any of these construction cost elements has the potential to derail the fruition of the
project or setback the project. Project managers must envisage these challenges, and put measures to
mitigate them before the construction starts. Additional costs of construction from delays in completing the
project above the budgeted costs lead to cost overruns. Inefficiencies surrounding project cost management,
inability to deliver projects on time, increased costs of operations, maintenance due to unfavorable external
factors and budget forecasting errors could cause cost overruns. Cost overruns lead to delay in the
construction of the project and escalate the project costs and completion deadlines. The project becomes
more expensive when the cost overruns, and investors of the project lose trust in the project managers
because unexpected costs is brought forth for them to pay. It ends up jeopardizing the financial success of
the project.

Operation and maintenance stage risks: The financial successes and losses of construction projects are
usually realized at operate and maintain stage. Expensive administrative costs of operating the project as
well as maintenance expenditure for the project are the biggest challenges at this phase (Ke et al., 2011).
When the anticipated patronage of the project falls below expectation, it triggers a low stream of cash
inflows. Interest charges on borrowed capital on the project are not able to be paid, and if they’re paid,
there must be debt renegotiations and extension of timelines leading to additional charges (Flyvbjerg et al.,
2004). This means the investors are likely to be denied of their investments and they will push investors
away from investing in similar projects in future. Increased expenses on transfer of the project, concessions
fees, contract cancellation as well as insufficient finance impede project (Han et al., 2017).

Disposal and decommissioning stage risks: As an extension of the maintenance, disposal and
decommission of the project constitute a significant last stage of the construction project. The financial
risks identified include the cost of deconstructing a plant, completely refurbishing a building, recycling of
wastes and settlement of disputes on road tolls (Demirag et al., 2011; Xenidis & Angelides, 2005).
Financial risks on decommissioning and disposing of construction projects could be very complex and
should be critically considered, managing it to prevent the consequences of lasting financial burden on
partners.

44



EMC 2024, 21-22nd June 2024, Zrenjanin, Serbia

Systematic financial risks: systematic financial risks are explained as financial risks that affect a greater or
entire lifecycle of the construction projects. Also, these risks are uncertain events that could occur to derail
the completion and financial success of the construction projects. A number of local and international
factors such as fluctuations in a country’s macroeconomic indicators as well as global financial markets
could account for these risks (Kardes et al., 2013). The economic conditions of a country or a geographical
region in which a construction project is constructed plays a key role in the success of the project. An
economy characterized by unstable economic conditions with no robust economic policies could affect a
construction project, and unleash a couple of impediments to the financial strides of the construction
project (Vasudevan et al., 2018). Factors such as unfavorable fluctuations in interest rate, exchange rate,
unemployment, inflation rate and other macroeconomic indicators could escalate the economic risks.
Project managers have no or little control over these issues. Thus, project managers must know these
challenges in advance and put in place measures to hedge or do away with financial losses associated with
them. High interest rates on loan finances is a prime example of this challenge. Debt finances contracted to
support construction project cover a long-time frame, thus, they are normally long-term in nature. The
interest charges on the principal amount contracted could be fixed or floating depending on the terms and
conditions of the loan agreement. It has been noted that the value of these charges keep increasing
irrespective of the form it takes (Xenidis & Angelides, 2005) especially after the global financial crisis in
2007-2008. This challenge has been heightened by the unfavorable economic policies which affect debt
finances, high non-performing debts, increased loan loss provision, oversized bad debt, conflicting issues
between the interests of lenders and borrowers, repayment risks, unrealistic timeframe to repay loans, poor
returns from investments etc. These impediments discourage potential lenders from supporting the
construction and the operation of a construction project. And those lenders who are willing to sponsor the
construction projects enforce stricter terms and conditions, guarantees, higher charges, and quick debt
repayment plans. In the end, borrowers either abandon the project or delay in completing the projects
because of the high interest charges and other conditions which limits the financial benefits from the
construction project. Another systematic challenge which affects all the stages of the project’s lifecycle is a
soaring inflation rates. This causes an increase in the prices of the materials used in the construction,
operation, maintenance and disposal of a construction project could be attributed to high inflation rates.
High inflation rates could also affect the wages, costs of designing, building, operating and maintaining the
construction project (Wibowo & Kochenddrfer, 2005). The cost from the high inflation is given to users
and private investors to bear. This cause disaffection to them leading them to abandon the usage and
investment in the project. High inflation rates affect returns negatively and increase the interest charges on
a debt finance of a construction project. Also, unfavorable movements in the market prices and market
forces of demand and supply affect the construction project negatively. This affects the investment
portfolio of the project together with volatile movement in market conditions (Medda, 2007). Market risk
encompasses a wide range of risks that affect the project such as a project-specific problem or generic
macroeconomic factors including interest risk and exchange risk. A commercially unsuccessful project as a
result of market risk hinders the concessionaire from satisfying its financial commitments to investors and
in some cases, the lenders of the project (Aladag & Isik, 2017).

Assessment of financial risks: The relevance of assessing, estimating and ranking of financial risks on
construction projects has been ascertained in literature by different researchers (Kokkaew & Chiara, 2010).
For instance, Aladag and Isik (2017) assessed and ranked risks faced by construction projects. The study
used the mean score ranking technique which resulted in financial risks placing third on the list of risks that
affect construction projects. The occurrence and severity of these financial risks were scored as 3.52 and
3.80, respectively. Based on a risk significance index score, Ke et al. (2011) listed the top ten financial risks
of construction projects. (Flyvbjerg et al., 2004) assessed the financial risks of 258 complex construction
projects in 20 countries. They concluded that almost 90% of these projects suffer from cost overruns (a
form of financial risks. Aside these studies, others researchers used different techniques in assessing,
estimating and ranking financial risks. We summarize the techniques used to assess financial risks from the
relevant papers. The top three most utilized techniques are briefly explained. The most used techniques for
assessing, estimating and ranking financial risks of construction projects include the following:

Monte Carlo Simulation: It is used by researchers to compute numerical results with repeated sampling
process through applied computer software or algorithms (Jung et al., 2012). The probability density
function of the key variables on financial risks reflects as inputs. A random selection of the variables is
captured by the Monte Carlo Simulation and processed repeatedly. The results are presented in the form of
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cumulative density function or probability density function. Despite its numerous advantages of capturing
and processing large data, Monte Carlo Simulation could be time-consuming, and generate unnecessary
repeated outliners or iterations. It can also produce large variances which suggest an incoherent relationship
between the variables. Stochastic financial risks analysis has been Monte Carlo Simulation has been used in
various research areas to conduct stochastic risk analyses on construction projects have been conducted
with Monte Carlo Simulation. Twelve research papers representing 25% of the relevant selected research
papers utilized construction in assessing financial risks on construction projects. Han et al. (2017)
employed Monte Carlo Simulation to assess and rank financial risks relating to construction projects on a
toll charges of a construction project. Jung et al. (2012) utilized Monte Carlo Simulation and multi-
optimization linear programming to determine the optimal cash flow from revenue distribution of a
construction project. A model was developed, using Monte Carlo Simulation and a multi-objective generic
algorithm, to draw an optimal level of equity ratio. Yun et al. (2009) employed Monte Carlo Simulation
and generic algorithm to assess a range of financing options of construction projects by considering project-
specific risks under varied conditions.

Net Present Value (NPV): It was employed by researchers to assess the rank projects which were
financially viable. Also, some of the studies assessed the appropriate financing options for the construction
projects with the aid of Net Present Value. Traditionally, Net Present Value examines the net discounted
cash flows of a construction project over a while (Fischer et al., 2010; Kumar et al., 2018). In cases where
there are multiple projects, investors and project managers invest in projects which have positive and
higher Net Present Value values compared to others. Although it is useful for the assessment of cash flows
from projects by considering the time value of money and cost of capital. However, researchers have
criticized it for its assumptions such as stable cost of capital over some time, and too much emphasis on
Net Present values to make decisions without other considering realistic issues that affect a project. Kumar
et al. (2018) investigated financial risks relating to cash flows of highway road projects in India with Net
Present Value at-risk model. The findings of the study identified relevant parameters which could be used
to assess the financial viability of a project like traffic flow, cost of investment as well as inflation and
interest risks.

Internal Rate of Return (IRR): Internal Rate of Return is determined at a point where NPV is zero or nil. It
reveals the appropriate cost of capital or discount rate at which Net Present Value break-even or a project
will record either a profit or a loss. Internal Rate of Return was found to be used alongside Net Present
Value in some of the research papers selected. A study conducted by Fernandes et al. (2016) employed a
type of Internal Rate of Return called “hidden IRR” which contributed to the theories on financial risks of
construction projects. The least utilized and reported financial risk assessment techniques consisted of a
mean score with Likert scale and Kendall’s concordance analysis, the least-present value of revenue,
simulation-based bargaining model, discrete stochastic model, concession period and price model,
bargaining game model, pareto-optimal model, option game model, simulation-critical path model,
Bayesian algorithm, regression analysis and multi-linear programming.

RESEARCH GAPS AND FUTURE DIRECTIONS

Some significant contributions have been made to financial risk management of construction projects as
shown in the previous sections. However, huge research gaps on this topic still exist. The present section
highlights some of these gaps and suggests future directions for addressing these gaps.

- Struggling, low financial returns and failed construction projects are associated with poor financial
risk management (Shen et al., 2006; Sun et al., 2019). Nevertheless, financial risk management
models to control these financial risks on construction projects were found to be limited in literature.
In addition, existing studies covered only identification of financial risks leaving other aspects of
financial risk management models unexplored. A holistic financial risk management should be
researched and designed to assist project managers to mitigate financial risks of construction
projects.

- Analysis and selection of critical financial risk control factors underpinning financial risk
management models is yet to be examined and developed. Studies should employ diverse analysis
and selection criteria to choose the suitable financial measures to support the development of
financial risk management framework.
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Pertinent external factors such as climate change, sustainability of projects, gas emission standards,
geopolitical trade sanctions and trade wars, diversity, and regional competitiveness and the influence
they have on financial risk management of construction projects have not been highlighted. Research
that assesses and forecasts ways to mitigate financial risks are encouraged.

The effects of financial risk management on the financial performance of construction projects have
not been theorized and investigated in previous studies. Conceptualizing the relationships between
these concepts and drawing support from practical construction projects will help broaden the
understanding of financial risk management of construction projects.

Financial research on Project Finance has focused very strongly on the a-priori benefits of
structuring investments as Project Finance. Therein, it has not sufficiently acknowledged the ex-post
dynamics in complex, multi-partner investments, especially when a project fails to achieve its pre-
defined financial goals and as a-priori structures lose their efficiency. Finance research would benefit
greatly by integrating findings from Management research and seeking to more thoroughly address
deadlocks, cost-overruns and harmful social-dynamics. Ultimately, this would allow Finance to
devise more flexible and responsive structures that could improve the efficiency of Project Finance.
Including game-theory and real options perspectives more strongly, would enable Finance
researchers to learn more about ex-post dynamics of Project Finance and the pitfalls that have
resulted in so many project failures.

Institutional perspectives in Finance research have focused almost exclusively on the legal
environment of the host-country of the project. Project Management research, however, have
identified inter-partner differences as important barriers to efficient collaboration

Given the considerably shorter tradition of Project Finance research, there are numerous possible
research avenues for Management research. First, Project Finance provides a practical example of
how firms devise strategies to address clearly identifiable sources of risk in international
investments. In its analysis, Management research has been very much focused on the much broader
concept of uncertainty as a determinant of strategy. Early economic scholarship, however, has been
very clear on the difference between unmeasurable uncertainty and measurable risks. Management
research would benefit greatly from sharpening its perspective to differentiate between very broad
uncertainty and specific sources of risk that are both measureable and manageable. This would allow
Management to depart from very broad uncertainty related mechanisms such as hierarchy, control
equity towards more micro, contractual risk management tools, with high practical relevance.
Finance research has found early on that financial arrangements cannot be viewed in isolation from
other parts of the nexus of contracts. A similar, more holistic approach, including contractual and
socio-economic risk management, should be applied to internationalization strategy, in order to
achieve higher validity and practical relevance. Using the example of Project Finance as a practical
reference point, Management research could learn how firms orchestrate complementary risk
management strategies in a way that allows firms to realize investments without the use of control or
hierarchy.

Project Finance provides evidence that, contrary to most applications of transaction cost theory,
firms do not minimize transaction costs. In fact, transaction cost economics has been criticized for
low managerial practicability, its static nature and for providing false normative prescriptions.
Project Finance illustrates that firms base their strategy on risk-adjusted transaction costs and real
options. Under certain circumstances, as found in large infrastructure investments, risk reduction can
be the key driver of strategy, rather than transaction cost efficiency. Since firms differ in the degree
to which they can manage a certain sources of risk, cooperating with firms that dispose of superior
risk-management capabilities can be economically feasible, despite potentially higher costs. Further
research in Construction Management should put more emphasis on important firm-specific
advantages in terms of risk management and finance. Acknowledging these firm-specific advantages
would help Construction Management researchers to learn why some investments are made despite
high transaction costs and why some companies are more capable of taking on risks from uncertain
environments.

Project Finance clearly illustrates the pivotal role of lenders in financing foreign investments in risky
contexts. This is in stark contrast to contemporary Construction Management research, which
commonly focuses very strongly on equity side strategies. The role of the liabilities’ side and the
actors that it inevitably connects to the investment is often disregarded. Project Finance is practical
proof that lenders can serve as political allies and providers expertise. Future Construction
Management and Management research needs to address the important role of the liabilities’ side as
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a strategic complement to equity-based strategies. Additionally, Management research on
international investments would benefit from addressing the pivotal role of debt providers in the
dynamics of megaprojects’ failures.

- Project Finance offers not only a superior empirical setting for Finance, Management and
Construction Management research. It also instigates important theoretical contributions for both
disciplines. Interdisciplinary perspectives, in particular, can help to advance our understanding of the
financing and management of risky investments. Project Finance involves the most complex and
challenging projects of our time, often in high-risk environments. It has repeatedly challenged the
frontiers of financing and management practice, and it is time that research makes appropriate use of
Project Finance in order to test the boundary conditions of existing theories.

CONCLUSION

This paper has shown that increasingly construction financial management is gaining attention of
researchers and the construction market. The most reported financial risks identified were high interest
charges, huge construction cost, cost overruns and increased market risk. From the lifecycle stages of the
construction projects, the study classified and discussed financial risks. The study assessed financial risks
on construction projects with techniques such as Monte Carlo Simulation, Net Present Value, and Internal
Rate of Return. A further critical analysis of the relevant papers revealed that a holistic financial
management models is limited in the literature. Little has been done to relate and theories construction
financial management to financial performance of construction projects. Since few studies have been
conducted on this topic in developing economies, future studies that focus on this region, reporting's failure
of construction projects are encouraged. Discovery and establishing the significant issues on construction
financial management could serve as a guide to project managers. The guide could support project
managers to develop construction financial management models that mitigate financial risks on
construction projects. This will put forward technical ideas about improving the existing to increase the
financial success of construction projects. Also, this paper contributes to scanty the literature on
construction financial management of construction projects. It will also assist future researches which
examine holistically issues relating to construction financial risk management of construction projects.
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ABSTRACT

In facing environmental challenges for enhancing environmental conservation, the aim of the paper is to examine
the role of green innovations in modern business. The paper explores the possibilities of generating green
innovations with the intention of sustainable development in the global context. It seeks to encourage all
business entities, especially with a recommendation for the implementation of green innovations in companies in
the Republic of Serbia. An analysis of selected, according to the latest publications, scientific literature has
enabled answering research questions and forming a theoretical model for the green transformation of companies
based on green innovations. Based on theoretical considerations, proposals and guidelines have been identified.
In addition to the implementation of new knowledge and technological solutions, the motivation of managers for
green entrepreneurship and green financial incentives are just some of the significant factors for the development
of green innovations with effects on the environmental and business performance of companies.

Keywords: Green Innovation, Sustainability, Performance, Green Transformation.

INTRODUCTION

Green innovation is defined as innovation created with the intention of reducing the negative impact
on the environment through green methods and products (Yousaf, 2021:7), as an improvement of
products, processes, or production in a way that minimizes environmental burden while achieving
sustainability goals (Soewarno et al., 2019; Akbari et al., 2022). Green innovations represent an
opportunity to simultaneously address consumption and conservation of available resources (Khanra et
al., 2022), serving as a strategic driver in energy savings, pollution prevention, and waste recycling
(Akbari et al., 2022), contributing to sustainable development and thus providing a competitive
advantage (Mubarak et al., 2021; Khanra et al., 2022; Akbari et al., 2022).

According to Akbari et al. (2022:4), the research literature has identified four dimensions of green
innovations: green management innovation (green supply chain management and environmental
management systems), green product innovation, green process innovation, and green technological
innovation. Improvements in the quality and variety of products from an environmental perspective
are associated with green product innovations and market orientation. Enhancements of existing
processes towards environmental efficiency determine green process innovations. Green technological
innovations involve investments in equipment, machinery, and technological solutions to reduce the
negative impacts of production on the environment.

Theoretical research for the purpose of this paper is focused on scientific references that have covered
green innovations in the last three to five years. Through the analysis of selected literature, an attempt
is made to answer the following research questions:

- What is the role of green innovations in contemporary business?

- How do green innovations enhance company performance?
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GREEN TECHNOLOGIES AND GREEN INNOVATIONS

In achieving the goals of sustainable development set by the United Nations (UN), it is necessary to address
environmental issues and implement cleaner production, which can be achieved through the application of green
technologies. Some countries with environmental obligations can utilize investments in green technologies to
reduce negative impacts on the environment, such as energy savings, waste recycling, and pollution prevention.
In support of this, a study was published, which conducted an assessment of green technology indicators for
cleaner production and sustainable investments in Pakistan. In the hierarchical structure, the authors presented 8
indicators (Environmental Quality, Resource Utilization, Agriculture & Forestry, Green Building, Energy
Utilization, Green Transport, Life Health, and Ecology Safety) and 43 sub-indicators of green technologies
according to which they assessed investments in cleaner production with investment for sustainability (Ikram et
al,, 2021:11).

ENV1e  Quality of Environmental Management System

ENV2+  Solid waste treatment and Management
Eco-tourism  LEF1=
e ENV3=  Drinking Water quality and waste-water Management
Rural living environment  LEF2+ |

= —————— Environmental Quality = ENv4=  Air Quality
Urban living environment  LEF3- \ Life Health

ENV5-  Noise Pollution

Environmental health management system LEF4= {

| ENV6 = Radiation Pollution and Ozon Depletion
Sustainable design for indoor environment ~ LEF5= |

ENV7=  Analyzing and controlling of Environmental Risk
Sustainable site selection ~ BLD1=

RES1= Resource Exploitation and Utilization

Innovative, energy efficient material for construction ~ BLD2= |

‘F Green Building Resource/Material Recycling

( RES2-
Resource Utilization

Occupants health, safety, and comfort ~ BLD3
RES3=  Resource/Material/Conservation

Increase ventilation efficiencies  BLD4= |

RES4=  Resource/Material management

Sustainable forest management ~ AGR1=

Green Technologies TRA1=  Energy efficient vehicles

Ecosystems conservation and restoration ~ AGR2=
TRA2=  Less Polluted Vehicles
Biodiversity conservation and Land degradation e

AGR3= |
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Figure 1: The hierarchical structure of green technology indicators and sub-indicators
Source: lkram et al. (2021:11)

The most important investments, sustainable investments, and priorities of green technologies for cleaner
production in the case of Pakistan are indicators of energy and agriculture (Ikram et al., 2021:10-11). Globally,
the adoption and implementation of green technologies will reduce negative impacts and risks to the
environment, enable social equity, and promote greater well-being (Guo et al., 2020). Considering the
complexity of green technologies and multifunctional green innovations, new knowledge is needed to meet
various shared goals, production efficiency, and product quality under standardized requirements, infrastructure,
and institutional frameworks (Barbieri et al., 2020).

Green practices, according to Yousaf (2021), refer to practices and procedures adopted by a business
organization so as not to harm the environment. Furthermore, green practices focus on green innovations guided
by ethical effects on the environment (Yousaf, 2021:3). The results of research conducted in small and medium-
sized enterprises have confirmed that green dynamic capabilities (the ability of a company to transform existing
processes into green activities using its resources), green practices, and green value co-creation (the process of
creating value for customers through environmentally safe activities and end products) enhance green
innovations (Yousaf, 2021). Industry 4.0, in the context of open innovation, plays an important role in promoting
green behavior and thus improving the performance of green innovations. This has been confirmed in
manufacturing, small, and medium-sized enterprises in Malaysia (Mubarak et al., 2021). Another study suggests
the exchange of external knowledge and open innovation, highlighting the application and advantages of smart
technologies with the impact of Industry 4.0 on green innovative behavior (green process innovation, green
product innovation), and the improvement of green innovation performance in manufacturing companies
(Ogiemwonyi et al., 2023).
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According to current knowledge, in the Republic of Serbia, companies are following sustainability trends and
green innovations within their capabilities. In mining companies, research results by Jovanovi¢ et al. (2023) have
shown significant direct effects of knowledge management on green innovations and sustainable business, as
well as a significant positive and direct impact of green innovations on sustainable business. In the construction
industry, Mosurovi¢ Ruzi¢i¢ et al. (2021) have confirmed that energy efficiency is supported by innovations.
However, there is still insufficient activity in the green direction. In the context of eco-innovation and
sustainability, authors llic et al. (2022) focus on the development of technology and knowledge, and the creation
of green strategies. For the development and implementation of green innovations, Milojevi¢ et al. (2023)
emphasize incentives in knowledge transfer, external and internal communication, and the exchange of
environmental knowledge and information. Besides knowledge (llic et al., 2022; Milojevi¢ et al., 2023), green
financing, which is not sufficiently present, is also necessary (Ostoji¢, 2023).

GREEN STRATEGIES AND GREEN INNOVATIONS

In synergy with the United Nations (UN) Sustainable Development Goals, multinational companies implement
appropriate strategies to promote green innovations for sustainability. These strategies aim to design products
that require fewer raw materials in production, are lower energy consumers, have less harmful environmental
impacts, and are easily recyclable (Khanra et al., 2022). With the results of economic, environmental, and social
impacts, for example, Coca-Cola is one of the major multinational companies that have engaged officials to
design sustainable development strategies (Khanra et al., 2022). In the era of climate change and various
environmental impacts, certain countries such as Japan, South Korea, and China, to maintain economic growth,
have established policies to promote green innovations and provide funding for this purpose. These countries
have seen an increase in green patents and the issuance of green bonds. According to Tolliver et al. (2021), the
two fundamental components of sustainable development are green innovations and green financing.

Authors Soewarno et al. (2019) define the strategy of green innovations as the implementation of green
innovations by a company with the aim of creating competitive advantages, satisfying all stakeholders, and
primarily meeting market needs. It was examined in manufacturing companies. In the assessment of the green
strategy by Soewarno et al. (2019:3068), seven items were identified, including adjusting business practices to
reduce their impact on the environment (flora and fauna), environmental restoration actions, waste and emissions
reduction, reduced use of non-recyclable materials and chemicals, decreased use of fossil fuels by replacing them
with environmentally friendly alternatives, adjusting business practices to reduce energy consumption, and
minimizing product impact on the environment. The strategy of green innovations according to Soewarno et al.
(2019), based on the aforementioned items and maintained as a green organizational identity, will gain
ecological organizational legitimacy and result in positive effects on the performance of green innovations.
Viewing green innovations as a strategic resource of the company, Khanra et al. (2022), through bibliometric
analysis of 951 articles, identified four areas: green supply chain management (Yousaf, 2021; Akbari et al.,
2022), green product design, corporate environmental responsibility, and social sustainability. Through proactive
environmental strategy (pollution reduction, product management, sustainable development), green innovations
positively influence the environmental performance of companies (Rehman et al., 2021). In the same study,
which included manufacturing companies, it was confirmed that green innovations mediate between green
intellectual capital, green human resource management, and environmental performance.

In the era of environmental consciousness, green consumers, and green competitors, a focus on the green market
has shown positive effects on the business performance of micro, small, and medium-sized enterprises in
Indonesia. With the increasingly common purchase of environmentally friendly products, consumers encourage
companies to produce such products and innovate processes that will reduce negative impacts on the
environment. It has been confirmed that green innovations play a key role in these relationships. In addition to
sustainable production and better company reputation, green innovations improve product quality, cost
efficiency, and financial performance (Tjahjadi et al., 2020).

Green Entrepreneurship
In the context of small and medium-sized enterprises (SMES) aiming to stimulate economic development

and green economy in Saudi Arabia, a study by Abdelwahed et al. (2023) has shown that variables such as
green entrepreneurial skills, green opportunities, entrepreneurial motivation, green incentives, capital
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availability, and green entrepreneurial self-efficacy positively and significantly influence green
entrepreneurship. It is important to highlight that green entrepreneurial self-efficacy, which involves trust in
employees' ability to address environmental issues, mediates the relationships between the aforementioned
variables and green entrepreneurship. The authors concluded that the observed enterprises have
implemented environmental management education, green marketing strategies, and development.
Adopting green technologies enhances green procurement, leading to increased profits and competitive
advantages due to green activities and innovative solutions. According to the findings of the study by
Soomro et al. (2024), conducted in knowledge-based Pakistani enterprises, a business orientation towards
the green market, considering comprehensive factors (green product, green design, green supply chain,
green production), and green innovations, has a significant positive impact on green entrepreneurship and
sustainable development. To enhance green entrepreneurship and sustainable development, the authors
recommended the necessity of generating and consolidating a green culture within the business
organization (Soomro et al., 2024:1498).

Green Marketing

In promoting sustainable consumption, over the past decade, green marketing, according to Bhardwaj et al.
(2023), is characterized by key terms such as sustainable, ethical, green, ecological, and eco-friendly
marketing. In a study conducted among consumers familiar with environmentally friendly products in
urban centers in the USA, Ahmed et al. (2023) confirmed the positive and significant impact of green
consumer values, the green marketing mix, and attitude on the intention of green consumers. Additionally,
green psychological benefit as a mediator and green advertising as a moderator have a significant impact
between attitude and green consumer values, the green marketing mix, and green purchase intention. The
green marketing mix 5P, according to Ahmed et al. (2023:11477), includes: green product, green
packaging, green price, green promotion, and green place. In this regard, an explanation of the green price
component is provided, indicating that the long-term benefits of green products make them more expensive
due to the costs of factors in green production that cannot be changed. Companies opt for the green
marketing mix for various reasons, including gaining green opportunities, building a positive image,
increasing product value, competitive advantage, and following green trends (Ahmed et al., 2023:11477).

Based on theoretical considerations, a theoretical model for green business transformation based on green
innovations with effects on environmental and business performance has been developed. In the industry,
large corporations, small and medium-sized enterprises, the model for improving and sustaining business
systems is presented in Figure 2 and can be modified as needed.

RESOURCES ENTERPRISE MARKET

- Green Investments

- Law Regulation - Green Innovations - Environmental

- Standardization b | - Green Strategies Performance

- New Knowledge, Green - Green Processes - Business
Knowledge and Education - Green Products Performance

- Green Technologies - - Green Marketing

- Equipment, Tools

- Materials, Raw Materials

Optimization of Resources Feedback

Figure 2: A model for green enterprise transformation based on green innovations

The model consists of three basic components. The first is the necessary resources required by the
company to initiate green transformation and implement green innovations. The second component
encompasses the company's green innovative activities. The third component involves market output
with results on environmental and business performance. Market feedback indicates the necessary
requirements for resource improvement and optimization.

The preceding findings demonstrate that the research questions can be addressed as follows:
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- What is the role of green innovations in modern business? The role of green innovations is
recognized in the green transformation of existing business processes within companies. By
implementing appropriate green strategies for sustainable development, which will provide a
healthier environment and preserve natural resources through new technical solutions. This is
for the benefit of the global population and society as a whole in the creation and consumption
of environmentally friendly products.

- How do green innovations enhance company performance? Starting from acquiring new, more
complex knowledge and a broad range of applications, green innovations improve both the
environmental and business performance of companies. Additionally, companies committed to
green production behave responsibly towards society, not only creating a positive image but
also positioning themselves competitively in the market.

SUGGESTION AND GUIDELINES

Based on the analyzed literature and the developed theoretical model, the following recommendations
and guidelines could be derived for implementing green transformation in companies based on green
innovations for sustainable development:

- Towards green entrepreneurship. Companies intending green transformation already
demonstrate their responsibility towards society and readiness to embark on new business
ventures.

- Acquiring new knowledge for generating green innovations. Inputs of hew and more complex
knowledge, exchange and sharing of knowledge with external collaborators and internal staff.

- Adopting new technology. Inputs of technology and technological solutions imply international
cooperation, employee education, and knowledge management.

- Companies invest in processes for reduced consumption of natural resources according to their
industry, needs, and capabilities.

- Application of legal regulations and international standards.

- Establishment of a green strategy. For the development of green innovations and
implementation according to priority segments. Application of the 5P marketing concept for
promoting, placing, and distributing green products.

- Government incentives and assistance to companies intending green transformation, as well as
favorable bank loans for green business investments.

CONCLUSION

Green transformation of companies is a demanding process, simultaneously, initiating the
transformation creates space for the diffusion of green innovations. For these activities, green
entrepreneurial intentions are necessary, as well as some financial resources for investments in green
purposes. Society should provide support and green incentives to motivate managers to empower
themselves in green endeavors. Green innovations and green financing are a priority and the
foundation for sustainable development (Tolliver et al., 2021; Ostoji¢, 2023). In addition to adopting
new knowledge, education, and technology, adequate green strategies of companies ensure better
performance, position, and reputation of the companies in the market. In conclusion, the contribution
of all countries to achieving global goals regarding climate change (llic et al., 2022) is very significant
in green transformation. In preserving and enhancing a healthy environment and sustainable
development, the role of green innovations is crucial. Socially responsible behavior and developed
environmental awareness indicate a growing interest in cleaner production and environmentally
friendly products. In these intentions, the mutual encouragement of an increasing number of
consumers of green products and producers significantly highlights the necessity of developing and
accepting green innovations.
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ABSTRACT

The task of each of us is to choose from the multitude the option that will achieve the desired goal to the greatest
extent, taking into account the objective limitations, which limit our freedom of choice to a greater or lesser
extent. Decision-making is part of the managerial job, and the main job of a manager is decision-making. Due to
the needs of new requirements in business, it is necessary to have quality management that can support new
business concepts, an important part of the management process is making decisions, whether strategic, tactical
or operational. This paper provides examples of the application of game theory in military, political, legal and
economic sciences. Observing the models and examples in which game theory is directly applied, it can be
concluded that for each of the segments studied and examined so far, the main role is how, when, in what way
and with what intensity to make a decision.

Keywords: Decision models, Game theory, Models zero sum matrix games, Nash equilibrium.

INTRODUCTION

Every day, each of us makes a large number of decisions. We make most of these choices
unconsciously, out of habit, or with negligible mental effort, using established procedures and rules.
Our task is to choose from the multitude the option by which we will achieve the desired goal to the
greatest extent, taking into account the objective limitations, which to a lesser or greater extent limit
our freedom of choice. We make individual decisions, but we also make decisions in communication
with others. As members of society or its various formal or informal groups, we participate in the
process of so-called group decision-making (Fang et al., 2019).

THEORY

In recent decades, in increasingly complex business conditions, with growing uncertainty, as well as
an increasingly pronounced division of labor, the importance of proper decision-making has been
confirmed through the emergence of a new profession - manager, whose essence is decision-making
(Newton, 2018). Decision-making is undoubtedly the most important activity that managers perform
in all types of organizations and at all levels. It is an activity that clearly distinguishes managers from
other professions in society (Zhang et al., 2019).

It follows from the above that a good manager is actually a good decision maker. Although good
managerial decisions must rely on knowledge of the field in which the manager works, and although
intelligence, imagination and experience undoubtedly contribute to better decision-making, they are
still no guarantee of the correct decision (Garvin, 2006). Without intending to diminish the importance
of the mentioned factors, it is important to emphasize that correct decision-making is not only a
consequence of the mentioned factors, nor is it an ability acquired by birth, but it is a skill that can be
mastered.
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METHODS

Game theory as a field of operational research, is directly related to decision-making methods through
practical application will be described in this paper through two theories, namely "Theory of zero-sum
parent game" through three examples and "Theory of Nash Equilibrium", also through three examples
(Sandholm, 2020).

FINDINGS
A detailed explanation of two game theories

Theory Zero-sum matrix game: we only have 2 players; one move game; the first player's gain is equal
to the second player's loss, and vice versa — the sum of the payoffs is always 0; players have a finite
number of strategies (possibilities) for conflict behavior.

C,C
o {Cn C12 } @
21 22

The matrix C is called the payoff matrix, and its element cij represents the gain of player I and the loss
of player Il when player I chooses strategy ai and player Il bj; the normal form of a two-player zero-
sum game is triple (A,B,C) where: A={ai} set of strategies | players; B={bi} set of strategires Il
players; C is a function defined on the Cartesian product A x B so that cij=C(ai,bj), a real number
(Kréevinac et al., 2006).

The simplest case of zero-sum games are simple matrix games that have a saddle point. If some
element cij of the payment matrix C has the following properties: cij minimal element in a row i of
matrix C; cij the maximum element in the column j of matrix C then we say it is cij saddle point C.
Formal: cij*< ci*j*< ci*j; in saddle point it is valid: maxmin cij = minmax cij = ci*j*.

Mixed matrix games - Games that do not have a saddle point. An example is an even-odd game. The
solution to the game cannot be found in the area of pure strategies, but must be tried with the new
concept of mixed strategies. The answer was given by von Neumann's minimax theorem. Mixed
matrix player | can be given by the probability vector p=(p1, p2 ... pi ..pm) , where pi represents the
frequency with which the player | plays pure strategy ai.

Game with saddle - Players choose different strategies, and try to choose the best strategies in order to
maximize their minimum gain and minimize their maximum loss (Kréevinac et al., 2006).

Minimax theorem - For each final game, two sides count: there is a real number v called the value of
the game; there is a mixed strategy for player I that ensures him the highest expected minimum gain
equal to the value of game v, regardless of which mixed strategy player Il plays; there is a mixed
strategy for player | that provides him with the smallest expected maximum loss equal to the value of
the game v, regardless of which mixed strategy player I plays. Any matrix game with payoff matrix C
has a saddle point in the space of mixed strategies, i.e. there are probability vectors p and g such that:
maxmin pTCg=minmax pTCq=v (Ferguson, 2002).

Nash equilibrium theory
To determine the Nash equilibrium, we allow each player in the game to choose his probability

distribution over the set of possible actions. This distribution is called a mixed strategy. So, in order
for the player's mixed strategy to be fully determined, it is necessary to assign a corresponding
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probability to each action that the player can take, which indicates the chance of taking that particular
action. Let a be the portfolio of mixed strategies, and let ai denote the mixed strategy of player i.
Clearly, a mixed strategy of a player can be such that he assigns a probability of 1 to an action, and
this will mean that that player always chooses one and the same action, and this is also called a pure
strategy.

The essence of the Nash equilibrium of mixed strategies is - The Nash equilibrium is that portfolio of
mixed strategies a* which has the property that no player can be happier if he leaves it. Definition: A
portfolio of mixed strategies a* in the case of mixed games with VNM preferences is a Nash
equilibrium if for each player i and each mixed strategy o of player i and it holds that his expected
payoff from the portfolio o* is at least as large as his payoff from the portfolio (ai a- and ), relative to
a payoff function whose expected value reflects that player's preferences (Hou et al., 2020).

DISCUSSION

Theory Zero-sum matrix game

Three examples (by theory) of using selected game theory.
Example 1: Game “Letter — head”

2 players: Player | and Player I1; one-move game (each player can make only one move). Possibilities:
turn the coin to the side "head" - strategy | or "letter" - strategy Il; if both players turned "head" or
"letter" the winner is player I, and if one player chose "head" and the other "letter” the winner is player
I

When flipping a coin, player | chooses strategy | - (corresponds to the first row of the matrix) and
when flipping the coin, player Il chooses strategy | - (corresponds to the first column of the matrix),
then player | receives 5 din, which indicates the number 5 at the intersection of the first row and the
first column of the matrix . When flipping the coin, player | chooses strategy | - (corresponds to the
first row of the die) and when flipping the coin, player Il chooses strategy Il - (corresponds to the
second column of the matrix) then player | loses 5 dinars and player Il gains 5 dinars which indicates
the number -5 on intersection of the first row and the second column of the payoff matrix. In both
cases, the gain of one player is equal to the loss of the other player, so the sum of the gains of both
players is equal to zero (Maschler et al., 2020).

Example 2: Game ,, Paper - rock — scissors*

Paper-rock-scissors is a game played, for example, in a football match when two players cannot decide
which of the two will take a free kick, so they agree to play this game. Whoever wins - Kicks.
However, the game of Paper-Rock-Scissors is not only a game where the luckier one with the right
choice wins, but also a game of skill. It is possible to determine a strategy that will ensure a sure profit
for the player. In the game Paper-Rock-Scissors two players, each at the same time, show their hand in
one of three configurations. The straight hand represents a sheet of paper, the fist represents a rock,
and the outstretched index and middle fingers represent scissors. The possible outcomes of the game
are given by the following rule: the scissors cut the paper; paper wraps stone; rock breaks scissors.

The normal form of this game can be represented by a simple table, as shown in Figure 2, whose
utility values for win 1, loss -1, and draw O are shown from the point of view of the first player (the
"row" player). This table is also known as the game matrix A = (aij) of the game in question. The
game Paper - Rock - Scissors belongs to the category of 2-player zero-sum games. Anything one
player gains is simultaneously lost by the other. If we assume that B = (bij) is the utility value matrix
of the second player, then in a zero-sum game for 2 players the matrix ratio is always the same, that is,
B=-A. The game Paper - Rock - Scissors can be identified with a symmetrical game for 2 players. An
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intuitive approach to solving this game begins with the following considerations. The row player has a
unique best response for each player's action in the column (eg, always choose a stone when the
opponent chooses scissors). He can always come out victorious, assuming, of course, that he knows in
advance what choice his opponent will make. Therefore, the player in the column is forced to hide his
actions. In a replay game, such concealment can be achieved by the player's random selection of the
various options available to him. The rules of the game are such that the manner in which players
allow chance to determine their moves must be obvious to all players. The column player can now
own scissors with ability pl and stone with ability p2 . If this mixed strategy were known to the
opponent, then he would in turn choose scissors, rock, and paper with relative frequency 1 - pl - p2,
pl, and p2. We cannot base this conclusion on just one game example. Therefore, we now follow a
regular player who, as shown in Figure 3, with the help of a multi-round game, responds to each action
of his opponent in one round by responding with the best response to that action in the next round.

Column player

0 -1 1
Row player 1 0 -1
-1 1 0

Figure 2: Paper - rock — scissors

5 3 4 5 6 I+1 relative
frequency
0 -1 1 1-p1p2
The
best 1 0 -1 = pl
move
1 1 0 P2

Figure 3: Regular player answers

This consideration again leads us to a consistent choice with possibilities p2, 1 - p1 - p2, and p1, for
the actions of the column players. However, this conclusion agrees with the original assumption about
the behavior of this player, ie. that the relationship p2 =1 - pl —p2, p2 =1 - pl — p2 and pl = p2
holds. When this system of equations is solved, a valid mixed strategy p* = (1/3,1/3,1/3) is obtained.
What properties can we attribute to strategy p*? No other strategy is better than it! Of course, there are
other strategies, e.g. among (infinitely many) other so-called pure strategies, i.e. a strategy based on an
established principle, such as always showing scissors, which work just right. Another property of this
mixed strategy is that the player who implements strategy p* achieves at least the safety level of the
game. This value is the largest possible gain that a player can be guaranteed to achieve regardless of
the opponent's action (Jaskiewicz et al., 2018).

Example 3: Battle of the Bismarck Sea

A typical example of the application of zero-sum games to the problems of warfare is the famous battle in
the Bismarck Archipelago, which was fought by the Americans in March 1943, with the help of the
Australian Air Force, against the Japanese. During the fighting, the American command received disturbing
information that the Japanese wanted to move their forces from the port of Rabaul, located in the far east of
New Britain, to another port located in New Guinea. New Guinea can be reached in two ways: either along
the northern part of New Britain, which is a shorter way, but the conditions are worse because visibility is
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reduced, or along its southern part, where visibility is excellent, but the way is much longer. In both cases,
the trip will take three days. The American command was faced with a dilemma: where to place
reconnaissance and other air troops - on the northern or southern route. If the convoy is discovered, it will
be bombarded until it enters the new port. If it happens that the Japanese convoy and the American planes
are on different routes, it will take time to detect the convoy and to engage the available aviation. So, in
front of the headquarters of both sides is the following game: player | is presented horizontally, which are
the strategies of the American and Australian forces, while Player Il is presented vertically, which are the
strategies of the Japanese troops. From the "payoff" of the game, we can conclude that this is a zero-sum
game, that is, a game in which the gain of one player is equal to the loss of the other player. Players make
their decisions simultaneously.

What combinations of strategies are possible and what results (Deng et al., 2019)? If the convoy were to
move along the northern line and if American troops were also located on this line, the Americans would
need a certain amount of time to discover the convoy (say one day) and to reduce it in conditions visibility
after that and bombard. In this case, the Japanese command can expect two days of heavy bombing. If the
American forces were stationed on the northern line and the convoy went south, it would also take some
time for the convoy to be discovered and the available troops to be diverted, but when this happens,
bombardment follows with excellent visibility. In this situation, the Japanese convoy expects to be
bombarded for two days. The situation that best suits the Japanese command is for the Americans to be
stationed on the southern line, and for them to move along the northern line. Then, due to the time it takes
to detect the convoy and move the forces, as well as due to the poor visibility, the shortest bombardment
would take place and therefore the smallest losses for the Japanese. The worst possible outcome for the
Japanese is that they take the southern line, with the Americans stationed exactly on that path. This is
followed by rapid detection and, under conditions of excellent visibility, bombardment lasting three days.

What is balance ie. the solution to this game? US Command Headquarters. There is no dominating strategy
for them, ie. there is no strategy that would bring a better solution than some other strategy, regardless of
how the other party, that is, the Japanese command, would act. From the point of view of the Japanese
command, we see that there is a strategy that is weakly dominant in relation to the other strategy "southern
path" is weakly dominated by the "northern path" strategy. It is not in the interest of a rational player to
play a strategy that is weakly dominated, that is, he will not send a convoy on the “"southern path”. We
conclude that the equilibrium of this game is "North Track - North Track™" with the equilibrium result of
two days of bombing in low visibility conditions. We reach this conclusion if the players have the same
game matrix in front of them and adhere to the criteria of rationality. This is exactly how it happened in
reality. The convoy followed the northern line, was discovered during the first day and heavily bombarded
for the next two days. Although the Japanese suffered heavy losses (a large part of the convoy was sunk
and large human casualties), from the point of view of game theory, their commander cannot be
condemned as an irrational player. This game can also be solved using the maxmin criterion. We start from
the initial payoff matrix of the game and determine the guaranteed payoff of player | (the Americans).
According to the maxmin criterion, they will look for a guaranteed payoff for each strategy (a payoff that is
guaranteed regardless of player II's behavior). Since we are looking for the smallest payoff for each strategy
of player I, we write it in a separate column of the game's payoff matrix (we mark min in green). With
Player I1, everything is reversed. As this is a zero-sum game, he wants to minimize his loss and will find
the maximum loss value for each of his strategies. We record those values in a special type of game payout
matrix. Player | now wants to ensure the maximum guaranteed gain and chooses a strategy that will allow
him to do so, which is the "northern path" strategy. Player Il tries to minimize the loss, that is, he looks for
the smallest guaranteed loss and opts for the "northern path™ strategy. That's how we came to the solution
of the game and the result that we know from before. Player I gains two units, equal to player Il's loss.
(Hou et al., 2020).

CONCLUSION

Decision-making significantly affects organizational behavior. Decisions made by recognizing
perceptual biases are better than decisions we tend to make based on mistakes made. The approach to
decision-making should be adapted to the culture of the environment and the criteria of organizational
values. One should not feel compelled to follow models of decision-making or try to make decisions
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seem rational. The most important thing is to adapt your decision-making approach to ensure
compatibility with the organizational culture. Good decision making creates a healthy and positive
relationship between the hierarchy and the environment. If we want to make a decision with quality,
we must first think about whether there is really a need for it and be aware of the time limit that exists
when making a decision.

Since we spend most of our lives making various decisions, game theory can serve as both a guide and
a signpost in this movement, since we use it to model many situations from real life, and then, using
analytical tools, we arrive at the direction in which we need to go. to move and situations to avoid. On
the surface, it may seem that these tools are too simple, but it is precisely this simplicity and their
accessibility that allow us to gain a certain intuition about the complex problems that we face every
day by solving them. Game theory has many applications. This paper provides examples of game
theory application in military, political, legal and economic sciences. From everything studied, games
can be divided into zero-sum games and non-zero-sum games, where the optimal solution defined for
zero-sum games makes no sense in bimatrix games, which are divided into non-cooperative and
cooperative games.

By looking at the models and examples in which game theory is directly applied, it can be implicated
that for each of the segments studied and examined so far, the main role is how, when, in what way
and with what intensity to make a decision, and that it is precise, reliable and as fair as possible, i.e.
that it is the right decision.
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ABSTRACT

With the development of new technologies, industrial processes are nowadays changing rapidly. The essence of
logistics has remained unchanged — to enable the most efficient flow of goods between the two parties. However,
with changes in individual needs, it is now necessary to use new tools in order to be effective at a satisfactory
level. As a system for collecting, storing, analyzing and visualizing spatial data, Geographic Information System
(GIS) comes to the fore here. The aim of this paper is to show how GIS and GIS experts fit into the framework
of smart logistics and what would be the path for further development of GIS application in logistics.

Key words: Geoinformatics, Engineering management, Spatial analysis, Industry 5.0.

INTRODUCTION

In the age of digital revolution, new technologies are taking over all aspects of human lives. The same
applies to the industry. Currently the world is undergoing the fourth and fifth industrial revolution and
the underlying digital transformation. In both scientific and business world, these processes are
commonly referred to as Industry 4.0 and most recently Industry 5.0. Industry 4.0 is based on
information technologies (IT) and operational technologies (OT). Those technologies include, among
other, internet of things (1oT), cyber-physical systems (CPS), artificial intelligence (Al), big data and
analytics, cloud computing, mobile-based systems, social media-based systems, and many others (Bai
et al., 2020; Ghobakhloo, 2020; Winkelhaus, Grosse, 2019). The concept Industry 5.0 appeared soon
after Industry 4.0. While Industry 4.0 focuses mostly on making smart products and making machines
the most productive, Industry 5.0 focuses more on human-machine interaction, skills and knowledge
of the workers. It can be said that it combines human and artificial intelligence, through human
subjectivity and unconventional ways of thinking and precision of machines. Both Industry 4.0 and 5.0
are focused on sustainability, efficiency and solving individualized customer demands (Golovianko et
al., 2023; Leng et al., 2022; Rane, 2023; Zizic et al., 2022).

In this research the focus is put on logistics, as a part of industrial processes. Logistics is defined as
“planning, implementing and controlling efficient, effective flow and storage of goods and services
from the beginning point of external origin to the company and from the company to the point of
consumption for purpose of confirming to customer requirements” (Lummus, Krumwiede, VVokurka,
2001). With the development of new technologies, logistics is also changing. Based on the aspects of
mass customization, new digital technologies and human aspect, either as employees, customers,
stakeholders or as drivers of climate change, the definition of Logistics 4.0 is made. According to their
research of 114 papers on logistics and new technologies, Winkelhaus and Grosse (2019) define
Logistics 4.0 as “the logical system that enables the sustainable satisfaction of individualized customer
demands without an increase in cost and supports this development in industry and trade using digital
technologies. The conceptual framework of Logistics 4.0 consists of three dimensions: external,
technological and human factors. External dimension is defined by the changes of customer demands,
individualization of needs and products, as well as globalization and sustainability. According to the
reviewed literature in Winkelhaus, Grosse (2019) most common technological factors are 10T, CPS,
big data-based systems, cloud-based systems, mobile-based systems and social media-based systems.

62


mailto:nacanikolic@gmail.com

EMC 2024, 21-22nd June 2024, Zrenjanin, Serbia

Of course, many more technologies are used in Logistics 4.0, but these six are the main ones. The
human factor is related to human-machine cooperation. This factor is closely related to the definition
of Industry 5.0, which aims to use technology in favor of humans, and not change humans for
machines. With the development and definition of the term Industry 5.0, the term Logistics 5.0 can
also be discussed. The main difference between Logistics 4.0 and Logistics 5.0 is their focus. As with
industry, Logistics 4.0 is mainly technology-oriented, while Logistics 5.0 human-oriented. Goals of
Logistics 5.0 would be to create a balance among economic, environmental and societal sustainability
by using new digital technologies (Jafari, Azarian, Yu, 2022).

With the development of digital technologies, new perspective of geospatial data came about. The first
Geographic Information System (GIS) was developed in Canada in 1960’s for the Canada Land
Inventory. Since then, GIS came a long way, and in 2016 the GIS Market was valued USD 5.33
Billion and it is growing at a compound annual growth rate of 9.6%. There are many definitions of
GIS, but most importantly it is a “computerized system capable of assembling, storing, managing,
analyzing, modelling and displaying spatial information” (Zhou, 2021). Main components of GIS are
hardware, software, data, people and applications/methods. GIS methods can be used in the variety of
fields — from geography, geology, hydrology, geomorphology, to demography, economics, urban
planning, geodesy and civil engineering (Zhou, 2021). GIS can also be used in the domain of logistics
to optimize routes and significantly reduce the cost of distribution (Chen et al., 2021), make evaluation
of logistics performance (Ozceyan et al., 2016), plan routes for green vehicles and decrease air
pollution (Pamucar et al., 2016) and many more areas of logistics.

This paper aims to give a brief overview of using GIS in logistics, specifically in the light of Logistics
4.0 and Logistics 5.0, and discuss the future development of using GIS technologies in the field of
logistics.

BRIEF INTRODUCTION TO GIS

The combination of all the components of GIS makes this system able to analyze spatial data and
answer spatial-related questions. Broadly speaking, there are six main domains of using GIS for
mapping: mapping where things are, mapping quantities, mapping densities, mapping change,
mapping what things relate and how and answering ‘what if” questions (Zhou, 2021).

There are two main types of data models that can be used in GIS — vector and raster data. They are
actually mathematical constructs for representing geographic objects or surfaces as data. In vector data
model, the data is represented as collections of points, lines and polygons. On the other hand, the
raster data model depicts geographic data as cell matrixes that store numeric values — pixels (ESRI,
GIS Dictionary, 2024). Different types of data are visually represented by layers (Figure 1).
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Figure. 1: Map layers (on the left) and map view (on the right)(ESRI, Data Layers)
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On the left side of the Figure 1 different layers of data types are represented. The type of data chosen
for representation of geographic features depends on the size of the feature, map scale, but also on the
analysis that needs to be done. Some analyses are only conducted on raster data layers, and some on
vector layers.

Typical workflow in GIS is as follows:

1. The geospatial problem is identified,

2. The needed data is acquired and the project database is formed with all its attributes, coordinates
and accurate formatting;

3. The method of analysis based on the problem and data types is decided on;

4, The analysis is conducted:;

5 Visualization and presentation of the results is communicated to the parties involved in the
research. After this step, the GIS project is finished (Zhou, 2021).

As it can be concluded, conducting geospatial analysis and using GIS requires a high level of
knowledge about both geographic data and GIS tools that need to be used for analysis. After finishing
the analysis, the results then must be represented in a simple way, that all parties involved may
understand (Zhou et al., 2020). All this is closely related to the objectives of Industry 5.0, and
therefore Logistics 5.0 — to have knowledgeable and educated working force, that can provide
maximum results and performance, while working with advanced technologies.

GIS AND LOGISTICS 4.0 AND 5.0 TECHNOLOGIES

In this chapter, the role of GIS in the light of key digital technologies of Logistics 4.0 and 5.0 will be
presented. The technologies that will be reviewed are the ones sorted out by Winkelhaus, Grosse
(2019): 10T, CPS, big data-based systems, cloud-based systems and mobile-based systems (Figure 2).
As Figure 2 suggests, none of these technologies are isolated from each other, they are all a part of a
bigger system and many studies have used more than only one. The aim of this chapter is to examine
the place of GIS in Logistics 4.0 and 5.0.
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Figure. 2: Concept of integrating GIS and Logistics 4.0 and 5.0 technologies (Yan, Sakairi, 2019)
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Internet of Things is one of the most widely used terms regarding new technologies. It can be defined
as a “global network of machines and devices capable of interacting with each other...via physical
objects embedded with different types of sensors and actuators” (Kraijak, Tuwanut, 2015). GIS and
loT can be connected via sensors that collect spatial data in real time (Figure 2 and Figure 3). In this
case, the sensors are represented by satellites, drones, different types of sensors that detect soil
moisture, air quality, river water level and flow, etc. — any kind of measuring device that measures the
values of some spatial phenomenon and is connected to the internet. Sensors collect the data, and then
data management, query, analyses and display of the data can be done using GIS.

IoT Elements

Figure 3: The scheme connecting the elements of 10T and GIS (Safari Bazargani, Sadeghi-Niaraki,
Choi, 2021)

There are many possibilities for using these technologies combined — smart mobility solutions, disaster
management, smart environment solutions etc. As Miloudi, Rezeg (2018) indicate, some U.S.A.
airports, Indian and Japanese railways use sensors connected to the GIS software to track luggage to
overcome loss. Similar sensors are used in taxi services to monitor traffic, ensure the fastest
communication with the clients and best service. Some vehicles are even connected to the GPS sensors
so it is possible to track their geolocation, thus secure them from theft and enable the most efficient
transport (Ivankova, Mochalina, Goncharova, 2020).

CPS, loT and GIS are all closely related to each other — 10T is all about cyber systems, GIS about
physical world, and CPS about the intersection of the physical and cyber worlds and systems. The
traditional examples of CPS are smart electric power grids, intelligent transportation systems, urban
utilities etc. Adding spatial dimension to the cyber world adds complexity, since the real world comes
with a lot of factors that cannot always be integrated and analyzed inside only cyber systems. One of
the logistical examples of integration of 10T, GIS and CPS is City Brain in the city of Hangzhou
(population of about eight million) in China. By placing sensors in the downtown area of the city,
urban utilities, healthcare, hospitals and road transportation can organize in a most effective way
according to the real-life events. One of the results is that “traffic accidents can be detected
automatically with an accuracy of 92% in the city” (Yan, Sakairi, 2019).

In 2019, an overview study on transport decision-making via development of Public Participatory GIS
was conducted. The goal of this concept was to motivate the public to improve and influence
government policy on transportation and environment. In most of the reviewed papers (60%) the
citizens were involved in the collection of geographic data, and about one fourth of citizens were
involved in creating and editing the content. The data was being collected by mobile phones. Since the
amount of collected data was of considerable size, GIS was connected to big data-based and cloud-
based systems in order to facilitate data storage and processing. The conclusion was that future
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research and the involvement of the public in transport decision-making will significantly improve the
state of logistics and transportation (Giuffrida et al., 2019).

DISCUSSION

There are a lot of positive aspects of using GIS technologies in the field of logistics, such as greater
efficiency of transportation, saving time and fuel, thus protecting the environment as much as possible
and achieving greater safety with constant geolocation of objects. Nevertheless, there are also several
challenges. For instance, with the fast-paced development of new technologies, they are not always
completely compatable, some older versions of softwares and hardwares are not able to work with the
newer data, and the newest versions are usually very costly. Another problem is that all the data is
stored on the internet and cyber platforms, which are not perfectly protected from cyber-terrorists
(Yan, Sakairi, 2019). However, every progress has its challenges and it is up to the experts to find the
best solutions for all potential problems.

In Industry 5.0 and Logistics 5.0 a great emphasis is placed on experts and the link between humans
and machines. In order to build a stable foundation of smart industry, the most important thing is to
have expert people in the right positions. GIS is a very complex system, which is based on geospatial
data, and for which it is necessary to know a lot about the field of analysis (Zhou et al., 2020). GIS
analyses cannot be done by one person alone, but rather teams of qualified people from different fields
are needed in order to achieve maximum performance. Visualizing the results in an understandable
way is almost as important as the data analysis itself. If the results are incomprehensible to people
outside the scientific community, they will never be implemented in industry and there will be no
development. It is also the job of experts. Progress will only be achieved through the cooperation of
science, industry and humans with machines.

CONCLUSION

After analyzing the terms Industry 4.0, Industry 5.0, Logistics 4.0 and Logistics 5.0, it can be said that
the new technologies are essential for the development of these fields and for the future development
of the human kind. Implementing GIS technologies, as seen from previous examples, is something that
is being realized in the world and has positive outcomes, but there is still a lot to be done. The main
objectives of Industry 5.0 and Logistics 5.0 are human-machine interaction and having the experts on
the fields to give their contribution to the development of the industry by using their knowledge in the
best way possible. Through the use of GIS and new technologies by the experts, it is certain that the
goals of Industry 5.0 and Logistics 5.0 would be met and even exceeded.
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ABSTRACT

This paper shows the influence of the use of Lean technologies and tools on the improvement of organizational
activities and processes in administrative areas. Lean implementation requires the company to be flexible and
up-to-date with developments and innovations in the market, so that this transitional improvement process can
take place continuously. These processes are mainly carried out through certain projects, which require a long
time and the realization of complex activities. Also, in order for the Lean concept to be successfully applied in
any company, there must be equal desire and motivation of both management and all employees. The paper aims
to show the benefits of implementing Lean tools in manufacturing organizations in order to reduce delivery time
and meet customer requirements. Since the influence of Lean technologies is multiple, the paper highlights the
benefits of applying Lean tools and technologies to shorten delivery times to customers and reduce the time of
human resource engagement for service routines and administrative functions.

Keywords: Lean technology, Manufacturing Response Time, Administrative functions, Service routines.

INTRODUCTION

The unstable market the frequent introduction of innovations in production processes and the
development of technologies require the manager of the production system to constantly adjust the
system architecture and operating parameters in order to meet profitable business conditions and
remain competitive in the global market (Ali and Deif, 2014). Modern business conditions and the
complexity of production processes impose the need to use different techniques to improve
organizations' performance as a function of time as an important efficiency factor. There is no single
model or concept, the application of which would guarantee success in competitiveness in the market.
The Lean technology stands out as one of the most applicable organizational strategies in recent years.
The Lean concept is a systematic approach to the management and organization of industrial and
manufacturing companies, i.e. the way of interaction between human resources, production resources,
and means of work, organization, and technologies within the organization system. It is also a
systematic method for eliminating waste within the production system (Nagy and Wan, 2017). The
application of the Lean technology is conditioned by customer requirements and requires constant
improvement of work and production processes following the given circumstances. Lean technology
aims to shorten the length of the production cycle, which directly affects product delivery times, an
important factor in the fight for competitive dominance in the market. Industrial enterprises are
increasingly applying Lean technology in order to improve their operations, differentiate and innovate
their products, and improve the quality of services, using less resources and time. This technology
enables the successful elimination of various losses in organizational processes, such as excessive
production, unnecessary stocks, waiting, excessive processing, waste, excessive transportation,
unnecessary movements, and underutilization of employees' potential. The transition from traditional
to Lean production begins first of all in the production sector, where, among other things, most
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financial resources are spent. There are many reasons why many companies have started Lean
business transformation in the past few years, the most significant being the achievement of
economies of scale through cost control of the production support group, increasing speed to market,
and improving quality in production. It is not only the benefits in the area of production that justify the
Lean transformation, other benefits also make the beginning of the transformation in manufacturing
worthwhile. Manufacturing Response Time (MRT) can be significantly reduced after completing a
Lean transformation. It is possible to orient the production strategy to supply chain services with
random demand (Yang et al., 2023). Time reduction is also achieved by developing a system dynamics
model to examine the effects of continuous improvement in repair and setup time on the cycle time of
the production system (Filho and Uzsoy, 2013). A generic optimization model for order release
scheduling in stochastic, non-stationary manufacturing systems is developed that includes a well-
defined interface to the forecasting model (Missbauer et al., 2023). A general framework is also
presented that aims to provide an efficient modeling prototype for supply chain systems supported by
accurate quantitative analysis based on response time (Ding et al., 2022). Faster production completion
time for customer needs offers a huge competitive advantage for the company. Reduced
manufacturing response times mean shorter customer-specified delivery times. If the customer's
supplier selection criteria include the shortest lead time, the Lean manufacturer will often become the
supplier of choice for this customer.

This paper presents various possibilities of applying Lean tools and technologies to improve the
organizational performance of companies in administrative areas. Using these tools, possible solutions are
presented that achieve reduced delivery times and the reduction of resources needed for service routines
and administrative functions.

USE OF LEAN PRODUCTION TOOLS FOR IMPROVEMENT OF SERVICE ROUTINE FLOW
DOCUMENTATION

The results of the service routine require transformation into a final form, as a consequence of a series of
realized processes. These processes are grouped together in departments based on the experience of the
employees who perform them, such as: engineering department, customer service, financial service, and
accounting. In order for production processes to become Lean production, it is necessary to understand the
relationship between the processes used to complete the service routine and the sequence of procedures
used in it. It is necessary to answer the questions which process is performed before the other and where is
the document or service request forwarded. One way to visualize the sequence of the process would be to
remove the roof of the office spaces in the facility and then track the movement of service requests
throughout the facility. The paper presents the use of Lean manufacturing tools as a possible proposal for
documenting the service routine or document flow using a value stream map (VSM), process flow diagram
(PFD), standard wok definition (SWD), and value-added analysis (VA).

The value stream map. VSM is a very, practically applied, Lean tool used in the Lean transformation of
organizations in administrative areas to document the flow of information and materials, obtained based on
customer requirements before the delivery of finished products, in the conditions of serial production.
Masmali (2021) proposes the application of VSM to implement further improvement and makes an action
plan to mitigate unwanted activities. It can also focus on the quality of information for the control of
production processes (Busert and Fay 2021). By applying the ubiquitous VSM in Lean manufacturing, it is
possible to incorporate digital elements into traditional product value streams (Arey et al., 2021). VSM is a
tool that consists of two parts, the upper part documents the loop that shows the flow from receiving the
demand from the customer, to the planning and purchasing process from the supplier, to the production
plant, and back to the delivery of the demand to the customer. In the lower part of the map, the production
processes in which the transformation takes place are documented, and the location of the inventory, the
number of days of delivery time, the cycle time, the working time of the machine, and its utilization are
shown (Figure 1).
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Figure 1: A value stream map

If the same processes are used for the production of products, the use of VSM tools can achieve a
satisfactory level of documentation of repetitive processes. But there are also non-repetitive processes, as
well as processes that are divided into sub-processes, which are more common in production. The negative
characteristics of the application of this tool can be reflected in the fact that although it represents a flow of
material, it provides very little information and details necessary for the implementation of a new operating
system.

The process flow diagram. This tool provides a more detailed and better understanding of the flow of the
sequence of work processes in the conditions of mass production in contrast to VSM. A PFD is a tool used
to document processes and their interrelationships.
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Figure 2: A flowchart: customer order to shop order

Applying this tool ensures that all processes in which work is completed can be identified for each product
family and shows the relationships of the processes and how they flow together to produce the service
routine. This tool also shows the flow of processes necessary to provide service to the client, in the case of
service routines and administrative functions. By applying the PFD tool, it is achieved that there is no
mixing of cycle time with measures of utilization performance or overall efficiency of the equipment. In
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some processes, a flow chart can also be used to document service processes as a substitute for a PFD
(Figure 2). In the service routine, the process refers to the functional department of the company. A
department is formed to group them as if they work together and to concentrate the skills and knowledge
required for the function.

The standard work definition. For the processes defined for each product family using the PFD, SWD is
further used to document routine service tasks, consistently describe work tasks, standard times for each
task, and document quality criteria for each task for each PFD process. Although work can be completed
using multiple methods, a decision must be made on the best correct way to complete the service routine,
and that correct way is documented. All work in the service routine must be completed in accordance with
a predefined quality specification, which is determined by the management of the company, so that
decision-making for choosing the best way to complete the task is not left to individuals.

The value-added analysis. For each work task on SWD, the determination of VA or NVA must be
documented. A VA analysis document as a Lean tool documents the individual tasks for each process
chronologically and in detail (Table 1). Standard time is recorded in a separate column based on the work
task, work type, time, value-added (VA), or non-value-added (NVA), distance, and observation. The work
types are represented by icons for the different time categories: setup (A), queue (O), value-added (o), and
move (—). Setup time is the time spent preparing to perform other work, such as gathering all the
authorized signatures needed to approve a requested activity or to complete the value-added work of that
process. A queue represents the time that a workstation waits in an inbox or batch computer before the VA
work of that process is performed. A move represents the time required to move a job to the next process or
task within a process.

Table 1: A VA analysis template for a product process

Sequence | Work Task Type VA NVA Distance Observation
1 AOo—
2 AOo—
3 AOo—
4 AOo—
5 AOo—
Total 0 0 0

After identifying the times for the work tasks of the process, they are then recorded in the most appropriate
column on the VA work of that process. If the task does not change the form, fit, or function of the service
routine, its time is recorded in the NVA column. At the same time, the corresponding icon indicating the
type of work is selected. Once completed, the times recorded in the individual columns are summed to
indicate the time required for each category. Marking the date of time received and time of departure of
each functional department helps to determine the total elapsed time spent in the department. VA analysis
breaks down the individual activities that make up the total time spent in the department by separating the
times into VA and NVA activities. A series of NVA tasks can easily increase the cycle time of a service
routine, which is why they should be eliminated.

USING LEAN METHODOLOGY TO DETERMINE SERVICE ROUTINE VOLUME AND THE
REQUIRED RESOURCES

Production volume has the greatest impact on defining the number of production resources that should meet
customer expectations. It also affects the reduction of MRT, which allows to shorten the delivery time
specified by the customer. The forecasted volume of production can never be determined precisely enough,
and it is equally difficult to predict the volume of service routines and administrative functions. As a
possible solution for predicting the volume of service routines and administrative functions, it is proposed
to accept the probability of errors in the prediction and optimization of the number of resources by
harmonizing with customer requirements. Excessive use of resources in production processes represents a
significant waste of time. In the continuation of the paper, Lean methodologies will be presented, the use of
which enables a more precise determination of the scope of routine services and required resources.
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Using Takt Time to determine output speed for utility routines and administrative functions. Using
Takt Time, the company using the Lean methodology has the ability to regulate the production cycle on a
daily basis in accordance with customer requirements. The Takt Time application has the task of analyzing
the relationship between the total available production time on a daily basis and the daily produced
guantities (Hobbs 2004). The time that a productive resource is available to perform work is known as
available minutes per day (AMD) and can be calculated as follows (Hobbs 2011):

AMD = Total Time — (Time for breaks + Lunch+ Training
+ Personal time away from a workstation) )

By applying this Lean technology, the speed at which each service routine or administrative function must
be completed to meet customer demand can be identified by dividing the available minutes per day by the
expected volume of flow at full capacity. The flow volume for a service routine must project the expected
volume for that process for a predetermined period into the future.

Using Standard Work to determine how many labor resources are needed to complete a service
routine. The Standard Work must also be known to determine how many labor resources (human and
machine) are required to complete the service routine and administrative function within the target Takt
Time. The processes required to produce the routine service output are identified on the PFD for each
product. Standard work and individual work tasks are documented on the SWD and the value-added
analysis form. The required amount of resources for the planned volume can be calculated as the quotient
of the Standard Work specified on the SWD and the Takt Time. This relationship determines the required
number of people for the realization of that volume of Standard Work in order to achieve the rate of output
Takt Time. The number of workstations required to accommodate all the resources necessary for the
implementation of the work is also determined. Need to adjust resources on a daily basis, adding or
subtracting resources to match the volume of customer demand for that day. In the case when human
resources are not needed for Standard Work on a given day, it is suggested to allocate the resource to
another activity outside the process, there are always other unfinished activities, and this achieves
significant time savings.

Using Work Cells to complete Sandard Work. Most service routines and administrative functions
require the Standard Work of many processes. These processes typically involve work being assigned to
functional departments that may be located across the facility, in an adjacent building, or even in another
state or country. Because of this typical layout of administrative departments, SWD often finds that
significant wait and movement times are associated with completing service routines, even with high-speed
electronic records. Typically, wait time and movement time are required before Standard Work in the next
process of the service routine can begin. Applying this Lean methodology allows companies to regroup and
relocate human resources from distant departments. Also, the service routine, administrative functions, and
production processes must have the same goal: to complete the Standard Work only in the sum of the
value-added working hours. Developing the Work Cell helps to achieve that goal. Also may require
relocating human and workstation resources from their functional departments to a shared location where
all of the processes are laid out to resemble the PFD. The Work Cell must accept the number of resources
determined to be required to complete the Standard Work within capacity. The possibilities for developing
the flow of service routines and administrative functions are very limited and depend on the development
skills of the manager. Lean methodology can be used to develop multifunctional cells whenever multiple
processes are required to produce a specific solution, achieve a goal, or produce an outcome. Service
routine for cell formatting includes:

- The purchase order request and three-way match through the supplier payment cycle

- The research and development concept, engineering design, and manufacturing cycle

- The customer order receipt, manufacturing, and invoice cycle

- The receiving, quality approval, warehousing, material issues, and production cycle of raw materials
- The customer demand, manufacturing, purchasing, and supply chain cycle

A manager of a functional department may feel that moving his workers to other locations may jeopardize
the department's operations. Maintaining a primary reporting relationship with the department's current
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functional managers ensures that core competency and ongoing functional expertise and training are
maintained.

CONCLUSION

All organizations focus on customer demand and thus produce high-quality products and services in
the most efficient and cost-effective manner. The application of Lean technologies means that the
company is always in transition and constantly improving. If the implementation of Lean tools is
applied in an appropriate way, it can lead to various positive improvements in the organization, aimed
at increasing the flow of value in customer demand and eliminating losses in processes. The paper
shows the advantages of using Lean tools and Lean technologies, which can be used to reduce delivery
time to customers and reduce the time of human resources engaged in administrative areas in the
organization. This concept also shows many advantages and positive results that play a vital role in the
success of the company, related to the improvement of service routines and administrative functions.
The presented possibilities of using Lean technologies can be of significant help to many managers
who aim to transform traditional production into Lean production.
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ABSTRACT

Industry 5.0, an emerging strategy, has started to influence and transform the way of doing business on a global
level. The effects Industry 5.0 causes when intertwined with different life aspects, such as work, education, and
health have already been analyzed. However, the changes which Industry 5.0 causes when combined with the
Lean philosophy are not extensively investigated. Therefore, this paper aims at filling in the literature gap by
conducting a bibliometric analysis on the topic of Lean philosophy and Industry 5.0. The results presented in this
paper give information about the most productive authors, the most cited articles, the most relevant sources, and
main keywords in the mentioned field.

Keywords: Lean philosophy, Industry 5.0, Bibliometric analysis.

INTRODUCTION

Lean has originated in the automotive industry, and is also known as the Toyota Production System
(Holweg, 2007). Assembly line, which made mass production possible also originates from the
automotive industry, from the Ford Motor Company, and it is one of the main inventions of the
Second industrial revolution (Chen et al., 2021). Today, while Industry 5.0, also known as the Fifth
industrial revolution, is becoming a part of many companies worldwide, it is needed to adapt
manufacturing practices to Industry 5.0’s needs and values (Leng et al., 2022; Slavic et al., 2024).
Those needs and values are presented through Industry 5.0’s main pillars — human-centricity,
sustainability, and resilience (Slavic, 2023). Although Lean is known for emphasizing the importance
of people i.e. workers and respecting them, which suits Industry 5.0’s human-centricity, it is crucial to
enhance Lean practices so they can contribute to sustainability and resilience (Alves et al., 2023;
Branger & Pang, 2015; Shah & Ward, 2003).

With an aim to give insights into where to start the research of how to elevate Lean onto the Industry
5.0’s level, authors are proposing following research questions:

RQ1: Who are the most productive authors in the field of Lean philosophy and Industry 5.0?
RQ2: Which are the most cited articles in the field of Lean philosophy and Industry 5.0?
RQ3: Which are the most relevant sources in the field of Lean philosophy and Industry 5.0?
RQ4: Which are the main keywords in the field of Lean philosophy and Industry 5.0?
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The rest of the paper is structured as follows: section 2 describes the methodology of the conducted
research, section 3 shows main results and discussion, and section 4 concludes the research, discusses
the limitations of the paper, as well as suggestions for future research.

METHODOLOGY

Data sample for this research was conducted through the Scopus database. Terms “Lean” OR
“Continuous improvement” OR “Total Quality Management” OR “TQM” AND “Industry 5.0” OR
“Fifth industrial revolution” were included in the search query. Additionally, only articles and
conference papers which have these terms in their title, abstract or keywords, and which were written
in English language were used in the research, narrowing the data sample to 34 search results. The
gathered data was analyzed using the R studio bibliometric tool. The analysis includes author
production, article citation, relevant sources, and main keywords.

RESULTS AND DISCUSSION
The most productive authors

In this research, authors’ production was determined by the number of published articles in the
relevant field. Table 1 shows the most productive authors, and the number of articles they have written
in the field of Lean philosophy and Industry 5.0.

Table 1: The most productive authors in the field of Lean philosophy and Industry 5.0

Number Author Number of published articles
1 Alves A. C. 3

Margherita E. G.

Braccini A. M.

Pizon J.

Alarcén F.

Arezes P.

Balog M.

Barret J.

Bastos T.

Bauernhansl T.

OO |N|o(g|bWN

RiRrRRRR (NN w

=
o

As shown in Table 1, Alves and Margherita are the first and second most productive authors with 3
published articles each. They are followed by Braccini and Pizon, who took the third and the fourth
place, with 2 published articles each. The rest of the authors have 1 published article each, and they
are Alarcon, Arezes, Balog, Barret, Bastos, and Bauernhansl.

The most cited articles

Table 2 gives insights about the most cited articles in the field of Lean philosophy and Industry 5.0,
their first author, and the number of total citations.

Table 2 shows the most cited articles. In the first place is the article titled “Global Value Chains and
Industry 4.0 in the Context of Lean Workplaces for Enhancing Company Performance and Its
Comprehension via the Digital Readiness and Expertise of Workforce in the V4 Nations” written by
Kliestik et al, which has 28 citations. Next is the article “The Human-Centric SMED” which was cited
22 times, and written by Fonda et al. Third place is taken by an article which was cited 16 times, and
which is titled “ManuChain Il: Blockchained Smart Contract System as the Digital Twin of
Decentralized Autonomous Manufacturing Toward Resilience in Industry 5.0”. This article is written
by Leng et al. Following, article “Beyond playful learning — Serious games for the human-centric
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digital transformation of production and a design process model” written by Brauner et al has 14
citations. In the fifth place is an article written by Cantini, and cited 11 times. This article is titled
“Towards Forklift Safety in a Warehouse: An Approach Based on the Automatic Analysis of Resource
Flows”. Sixth place is taken by “Cobots Implementation in the Era of Industry 5.0 Using Modern
Business and Management Solutions” which is written by Pizon et al, and which was cited 9 times.
With 2 citations less, in the seventh place is the article titled “Human—Robot Collaboration and Lean
Waste Elimination: Conceptual Analogies and Practical Synergies in Industrialized Construction”,
written by Marinelli. In the eight place is an article which has 7 citations, written by Mladineo, titled
“Human-centric approach of the Lean management as an enabler of Industry 5.0 in SMEs”. Ninth
place is taken by article written by Alves and titled “Lean Thinking: An Essential Mindset”. This
article has 5 citations. Finally, tenth place is taken by article titled “Lean Thinking: An Essential
Mindset”, which has 3 citations and is written by Margherita et al.

Table 2: The most cited articles in the field of Lean philosophy and Industry 5.0

Number First author Article title Number of
citations
1 Kliestik T. Global Value Chains and Industry 4.0 in the Context of 28

Lean Workplaces for Enhancing Company Performance
and Its Comprehension via the Digital Readiness and
Expertise of Workforce in the V4 Nations

2 Fonda E. The Human-Centric SMED 22
3 Leng J. ManuChain Il: Blockchained Smart Contract System as 16
the Digital Twin of Decentralized Autonomous
Manufacturing Toward Resilience in Industry 5.0
4 Brauner P. Beyond playful learning — Serious games for the human- 14
centric digital transformation of production and a design
process model

5 Cantini A. Towards Forklift Safety in a Warehouse: An Approach 11
Based on the Automatic Analysis of Resource Flows

6 Pizon J. Cobots Implementation in the Era of Industry 5.0 Using 9
Modern Business and Management Solutions

7 Marinelli M. Human—Robot Collaboration and Lean Waste 7

Elimination: Conceptual Analogies and Practical
Synergies in Industrialized Construction

8 Mladineo M. Human-centric approach of the Lean management as an 7
enabler of Industry 5.0 in SMEs

9 Alves A. C. Lean Thinking: An Essential Mindset 5

10 Margherita E. G. | The impact of Industry 4.0 technologies and the soft side 3

of TQM on organizational performance: a multiple case
study analysis on manufacturing organisations

The most relevant sources

Key indicator which was used to define 10 most relevant sources is the number of articles published in
the field of Lean philosophy and Industry 5.0. Table 3 shows the most relevant sources.

According to Table 3, the most relevant source in the field of Lean philosophy and Industry 5.0 is
Lecture notes in Mechanical Engineering with 4 published articles. Second place is taken by
Sustainability (Switzerland) which has 3 published articles. With 1 published article less, Advances in
Science and Technology Research Journal, Applied Sciences (Switzerland), and IFIP Advances in
Information and Communication Technology come in the third, fourth, and fifth place. The rest of the
places are taken by Advanced Engineering Informatics, Arabian Journal for Science and Engineering,
ASME International Mechanical Engineering Congress and Exposition, proceedings (IMECE),
Buildings, and CEUR workshop proceedings. These sources have 1 published article each.
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Table 3: The most relevant sources in the field of Lean philosophy and Industry 5.0

Number Journal N_umber OT
published articles
1 Lecture notes in Mechanical Engineering 4
2 Sustainability (Switzerland) 3
3 Advances in Science and Technology Research Journal 2
4 Applied Sciences (Switzerland) 2
5 IFIP Advances in Information and Communication Technology 2
6 Advanced Engineering Informatics 1
7 Arabian Journal for Science and Engineering 1
8 ASME International Mechanical Engineering Congress and
Exposition, proceedings (IMECE) 1
9 Buildings 1
10 CEUR workshop proceedings 1

The main keywords

Total of 50 different keywords were conducted during this research. The authors have chosen to
present only 10 most used keywords in the field of Lean philosophy and Industry 5.0 by showing the
percentage of occurrence in articles used in the research. Results are presented in Table 4.

Table 4: The main keywords in the field of Lean philosophy and Industry 5.0

Number Author Occurrence (%)
1 Industry 4.0 38
2 Industry 5.0 38
3 Lean production 26
4 Human-centric 15
5 Knowledge management 12
6 Workers 12
7 Industrial revolutions 9
8 Lean 9
9 Lean thinking 9
10 Manufacturing 9

As shown in Table 4, two most used keywords are “Industry 4.0”, and “Industry 5.0” with 38% each,
meaning they have appeared as keywords in 38% of the selected articles. “Lean production” is a term
which has occurred in 26% of the articles, and it has taken the third place. Following, “Human-
centric” is in the fourth place with 15% of occurrence. “Knowledge management” and “Workers” are
in the fifth and sixth place with 12% each. “Industrial revolutions”, “Lean”, “Lean thinking”, and
“Manufacturing” have taken the rest of the places, and have the occurrence of 9% each.

CONCLUSION

In order to keep their place in the market or to improve their competitiveness, companies have to
follow globally emerging trends, such as Industry 5.0 (Akundi et al., 2022). Although both Lean
philosophy and Industry 5.0 emphasize the importance of people, it is crucial to incorporate
sustainability and resilience as a part of Lean processes (lvanov, 2023). With an aim to investigate
which articles give valuable information about combining Lean philosophy and Industry 5.0, this
paper gives insights in the most productive authors, the most cited articles, the most relevant sources,
and the main keywords. Dataset used in this research was gathered through the Scopus database, and
34 articles were analyzed.

The most productive authors are Alves and Margherita with 3 articles published in this field each.
However, the most cited article, which has 28 citations in total, is written by Kliestik et al and titled
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“Global Value Chains and Industry 4.0 in the Context of Lean Workplaces for Enhancing Company
Performance and Its Comprehension via the Digital Readiness and Expertise of Workforce in the V4
Nations”. The most relevant source is Lecture notes in Mechanical Engineering with 4 articles
published in the field of Lean philosophy and Industry 5.0. Finally, the main keywords are “Industry
4.0”, and “Industry 5.0” which have been used in 38% of analyzed articles.

The main limitation of this paper is that it uses data gathered only from the Scopus database.
Accordingly, future research should include data from other databases, such as Web of Science. Also,
future research could show in-depth analysis of e.g. most relevant affiliations, networks of authors
which collaborate when writing articles, as well as authors’ co-citation.
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ABSTRACT

In the mining industry, excavator uptime is crucial for maintaining productivity and meeting project deadlines.
Downtime, or periods when excavators are not operational, can significantly impact project costs and efficiency.
This paper examines various types of excavator downtime, including mechanical, electrical, technological,
organisational, and meteorological, to identify patterns and potential mitigating strategies. By comparing the
duration and implications of different downtime categories, this study seeks to highlight effective strategies for
minimising non-operational periods, thereby enhancing the overall productivity and safety of excavator
operations in the industry. The descriptive statistics indicated that the data exhibited non-parametric
characteristics. The non-parametric Mann-Whitney U-test was used to compare the data. The results of the
research showed that, in most cases, there is a difference in the duration of downtimes between different
categories of downtimes. This analysis aims to contribute to the optimisation of excavator use, offering valuable
insights for industry stakeholders.

Keywords: Mann-Whitney U-test, Excavator downtime, Mining industry.

INTRODUCTION

The operational efficiency of excavators in the mining industry is pivotal, directly impacting project
timelines and financial outcomes (Kassem et al., 2021). One of the critical factors influencing this
efficiency is excavator downtime, a period during which the excavator is non-operational due to
various reasons. Understanding and comparing the duration of different types of excavator downtime
is essential for developing strategies to minimise these interruptions, thus enhancing overall
productivity (Spasojevi¢ Brki¢ et al., 2023).

Excavator downtime can be categorized into several types, including mechanical, electrical,
technological, organizational, and meteorological, each with unique causes and impacts on operations.
Recent studies, such as those by Lee et al. (2019) and Patega and Rydz (2018), have delved into
aspects influencing excavator efficiency, from ergonomic cabin designs to innovative unmanned
excavation systems, shedding light on potential areas to mitigate downtime.

This paper aims to compare different types of excavator downtime, drawing on existing literature to
offer a nuanced understanding of each category's characteristics and implications. By synthesising
these insights, we aim to contribute to the ongoing discourse on improving excavator efficiency,
ultimately benefiting industries reliant on these crucial machines. The paper is divided into several
sections, starting with a review of the existing literature. It then goes on to discuss the methodology
and present the research findings. Finally, the overall findings are summarised in the conclusion.
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LITERATURE REVIEW

There are a few papers that provide a comprehensive analysis of factors affecting safety in the mining
industry. The study by Knights and Scanlan (2019) investigates the link between coal prices and
fatalities in Queensland's coal mines, revealing that economic downturns may compromise safety,
leading to an increased risk of multiple-fatality incidents when coal prices drop below a certain point.
In another study, Mirzaei Aliabadi et al., (2020) utilised a Bayesian network approach to pinpoint
critical human and organisational factors, like skill-based errors and environmental conditions, that
contribute to mining accidents, emphasizing the need for holistic safety management. Employs lost
workdays as a novel metric to assess safety performance, providing a nuanced understanding of the
injury impact across different mining sectors and highlighting the importance of this metric in
enhancing safety programming (Coleman and Kerkering, 2007).

The studies by Spasojevi¢ Brki¢ et al., (2022) and Edwards et al., (2002) focus on the impacts of
excavator downtime in the mining industry, emphasising risk management and cost prediction.
Spasojevi¢ Brki¢ et al., (2022) identify mechanical issues as primary downtime contributors,
advocating for proactive maintenance strategies. Edwards et al., (2002) introduce a model to estimate
downtime costs, enhancing operational and financial decision-making. Both papers highlight the
importance of integrating downtime analysis into mining equipment management to improve
efficiency and reduce costs. These papers collectively underscore the necessity of an integrated
approach to safety in mining, considering economic pressures, human behaviour, and organisational
dynamics to improve miners' safety and operational safety standards.

Komljenovic et al., (2017) advocate for integrating organisational factors into mine safety
management, drawing from nuclear industry practices to elevate safety performance in mining. Stemn
et al., (2019) focus on assessing and advancing the maturity of safety culture within mining
organisations, emphasising structured evaluation and improvement. Verster et al., (2023) explore the
use of simulation techniques using synthetic and real-world data to improve traffic management and
vehicle safety in mining operations. Together, these studies highlight the necessity of a comprehensive
approach to mining safety that includes organisational culture and advanced operational strategies.

Pontt et al., (2006) examine electrical system failures in mining, advocating for improved engineering
practices to boost safety and reliability. Ma (2020) explores constraints in coal mining safety
management, suggesting methods to identify and address these to enhance safety efficiency. Li et al.,
(2020) analyse trends in coal mine safety, emphasising the need for continuous improvement in safety
standards. Mondal et al., (2023) introduce a mathematical model for mining safety analysis,
highlighting its potential in risk assessment. Verma et al., (2023) investigate safety in the steel industry
using ARIMA models to predict incidents and improve safety protocols. These studies collectively
highlight the importance of innovative strategies and continuous advancements in safety management
within high-risk industries.

Patega and Rydz, (2018) highlight the importance of ergonomics in excavator cabin design, linking
operator comfort and safety to reduced downtime. They suggest that well-designed cabins can improve
operational efficiency by minimising fatigue and health-related absences (Patega and Rydz, 2018). Lee
et al., (2019) present an unmanned excavator system employing 3D scanning and remote controls,
reducing operator-related downtime by safely operating in hazardous areas, potentially minimising
health and safety-related downtime.

METHODOLOGY

This study examines the duration of various types of downtime, including technological, electrical,
mechanical, third-party, organisational, and meteorological factors. In addition, these periods of
inactivity can be further classified into two categories: planned and unplanned. Table 1 provides the
labels utilised for different types of downtime.
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Table 1: List of utilised labels

Label Meaning
TEH UP Unplanned technological
TheP Planned technological
El UP Unplanned electrical
Mech UP Unplanned mechanical
TP UP Unplanned third-party
Org UP Unplanned organisational
Org P Planned organisational
Met UP Unplanned meteorological
Table 2: Descriptive Statistics
TEH UP Teh P El UP Mech UP TP UP Org UP Org P Met UP
Valid N 2919 39 121 1044 35 31 589 70
Mean 6,948270 | 5,923077 | 6,851240 | 6,939655 | 7,171429 | 6,967742 | 6,212224 | 7,428571
Median 7,000000 | 6,000000 | 7,000000 | 7,000000 | 7,000000 [ 7,000000 [ 6,000000 | 8,000000
Minimum | 5,000000 | 0,000000 | 0,000000 | 0,000000 | 6,000000 | 6,000000 | 6,000000 | 6,000000
Maximum | 9,000000 | 8,000000 | 9,000000 | 9,000000 | 8,000000 | 9,000000 | 8,000000 | 8,000000
Range 4,000000 | 8,000000 | 9,000000 | 9,000000 | 2,000000 | 3,000000 | 2,000000 | 2,000000
Std.Dev. 0,470220 | 2,168975 | 1,130348 | 1,001053 | 0,746983 | 0,546740 | 0,612334 [ 0,693059
Coef.Var. 6,76743 36,61906 | 16,49844 | 14,42512 | 10,41609 7,84673 9,85691 9,32965
d 0,3894 0,32011 0,21624 0,21973 0,21933 0,35573 0,52689 0,24685
p <0,01 <0,01 <0,01 <0,01 <0,1 <0,01 <0,01 <0,01
n.p n.p n.p n.p n.p n.p n.p n.p
Table 3: Maan-Whitney U-test
Variable Maan - Whitney U p - value
TEH UP Vs Teh P 34107,50 <0,01
TEH UP Vs El UP 199194,00 <0,01
TEH UP vs  Mech UP 1575393,50 0,05
TEH UP Vs TP UP 60690,50 0,00
TEH UP Vs Org UP 45996,50 0,81
TEH UP Vs Org P 1449468,50 0,00
TEH UP VS Met UP 59351,00 0,00
Teh P VS El UP 1752,00 0,01
Teh P VS Mech UP 14377,00 0,01
Teh P VS TP UP 374,50 <0,01
Teh P VS Org UP 364,00 0,02
Teh P VS Org P 13107,50 0,11
Teh P VS Met UP 581,00 <0,01
El UP Vs Mech UP 66201,00 0,36
El UP VS TP UP 2577,00 0,04
El UP Vs Org UP 2107,50 0,25
El UP Vs Org P 19824,00 0,00
El UP VS Met UP 5796,00 <0,001
Mech UP Vs TP UP 21009,00 0,11
Mech UP Vs Org UP 16728,50 0,74
Mech UP Vs Org P 165428,00 0,00
Mech UP VS Met UP 47649,00 <0,001
TP UP Vs Org UP 645,00 0,13
TP UP Vs Org P 16995,50 0,00
TP UP Vs Met UP 991,00 0,08
Org UP VS Org P 2899,00 0,00
Org UP Vs Met UP 637,00 <0,001
Org P Vs Met UP 5271,00 0,00
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RESULTS

The observed data is presented in Table 2, containing descriptive statistics. According to the analysis
conducted using Kolmogorov test of normality, it was determined that the data is non-parametric,
meaning it does not follow a normal distribution.

Since the data fails to demonstrate parametric behaviour, the Mann-Whitney U-test was used to
compare the downtime groups. The test results are shown in Table 3. Results indicating a significant
disparity in the duration of various downtime periods are highlighted.

CONCLUSION

The outcomes of the study revealed significant differences in the duration of downtime across
different observed categories. There is no statistically significant difference between technological
unplanned downtime and organisational unplanned downtime alone. Technological planned
downtimes do not differ only from organisational planned downtimes, while there is no statistically
significant difference for electrical unplanned downtimes, mechanical unplanned downtimes, or
meteorological unplanned downtimes. In the case of mechanical unplanned downtime, a third-party-
caused unplanned downtime does not significantly differ from mechanical unplanned downtime. There
is also no statistically significant difference when comparing the group of unplanned downtimes
caused by a third party with the downtimes caused by organisational unplanned downtimes, that is,
with meteorological unplanned downtimes. In all other downtimes, it was found that there was a
statistically significant difference. It would be beneficial to conduct additional research by increasing
the database of downtime and developing a model that can predict the duration of downtime using
artificial neural networks, based on the specific type of downtime.
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ABSTRACT

In today’s dynamic business environment, the changes are going on as fast as can not be imagined.
Consequently, adopting new technologies poses one of the major challenges for organizations. Yet, embracing
new and advanced concepts brings numerous benefits alongside barriers and difficulties due to the high
robustness of the existing technology and proficiency of the current workforce. In that direction, the need for
well-structured training program development, customized for the specific field evolves as one of the key
organizational goals. Technically, the process of employee empowerment is laid on three pillars, (i) top
management commitment, (ii) employees' preparedness to accept the novel approaches, and (iii) the design of
training content including personalized programs tailored to diverse employees’ backgrounds. This paper aims to
create a conceptual model for the effective empowerment of employees to increase their ability to adopt and
utilize advanced technological know-how apart which leads to improvement of overall organization performance
and higher competitiveness in the market. The relations between the variables in the model are validated by the
survey conducted in IT organizations. The findings show that training program customization can increase
employees' commitment to adopting and utilizing new technologies and best practices.

Keywords: Advanced technologies, Employees, Personalized training programs, Organizational performances.

INTRODUCTION

Numerous researchers confirm that training and development programs are crucial because the
workforce gains the opportunity to acquire specific knowledge and enhance their abilities as a main
prerequisite for further improvement of the overall organizational performance. In other words,
training is the methodical development of the expertise, talents, and competencies that employees
must have to perform proficiently in a current activity or job. The training requirements analysis
should constantly supply information connected to every aspect of the current business (Chetana and
Noronha, 2023).

Additionally, the increasingly rapid growth of advanced and innovative technologies implicates the
need for appropriate adoption of business-changing practices (Maity, 2019). In that sense, the training
programs' content and quality, strongly influence the effective implementation of new technologies
and efficient utilization and task performance, especially in the IT industry organizations. The training
and development initiatives strongly prioritize employees' overall personality development (Siddiqui
and Sahar, 2019). From that point of view, the individual training programs should be designed for
each employee according to their level of knowledge and experience. Besides that, appropriately
structured training programs help employees to integrate the acquired skills into the workplace.
Therefore, personalized training that can fill the gap of required knowledge and lack of experience,
becomes standard practice (Kraft and Blazar, 2018). Moreover, the training and development
efficiency is determined by the employees’ preparedness to be couched and the suitability of the
program'’s content (Jeni and Al-Amin, 2021).

In the overall context, the organizations cope with two perspectives, substantial initial investments in
novel technology and workforce training are essential components of achieving higher
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competitiveness on the market. These are necessary investments to create a strong foundation for the
organizations in facing an increasingly changing future (Lindstrom et al., 2023).

However, the discussion regarding the initiatives for the implementation of new methodologies and
coaching programs always starts with the top management and their commitment. It is more than
clear, that the top management is responsible for coping with both perspectives. With mature
preparedness of employees and strong commitment of top management, organizations can successfully
adopt new technologies and achieve sustainable competitive advantages in the evolving business
environment (Régo et al., 2022). Therefore, the influence of top management to develop personalized
training programs customized to fill the gap in each employee’s knowledge and to fit to the
employee’s background diversity is crucial for the effective adoption of new technologies. In
conclusion, top management and their support towards designing personalized training programs, and
also the employee's readiness to be coached and sufficiently knowledgeable, can boost the
empowerment of the workforce. In that sense, the goal of this research is:

G: To evaluate the relationships in the created conceptual model regarding the importance of
personalized training programs tailored to employees’ knowledge, skills and the background, for the
successful adoption, and utilization of advanced technologies, in current operations.

The purpose of this paper is to examine how the three aforementioned pillars correlate with employee
empowerment to the successful implementation of new technologies in existing operations. This study
focuses on IT sector. In the next section, the designed conceptual model is given, followed by findings
gathered from the conducted survey, and a discussion of the findings. Finally, conclusions are drawn
in the last section of the paper.

LITERATURE REVIEW

It is more than obvious that businesses that incorporate advanced technology into their business
models are more competitive in the market (Perifanis and Kitsios, 2023; Gope et al., 2018; Lindstrém
et al., 2023). Many researchers stated that implementing cutting-edge technologies enhance the overall
organization's performances (Agustian et al., 2023; Diamantidis and Chatzoglou, 2019; Siddiqui and
Zamir, 2018; Kumari and Vangapandu, 2021; Parry and Battista, 2019; Sinha and Sengupta, 2020).
Hence, companies are expected to be more flexible in facing market changes, especially in IT
companies as a fast-growing industry (Wantini et al., 2022; Ibrahim and Ali, 2023; Jodi and Hapzi,
2023). In that sense, it is worth emphasizing top management's role and responsibility to provide
adequate training to their employees, in the same spirit. Moreover, the top management must actively
communicate the company philosophy to the employees and fully involve them in the implementation
activities (Stahl et al., 2020; Florkowski, 2018; Stanojeska, 2022). Thus, the inclusion of employees
should be permanently encouraged and strengthened towards the entire adoption of advanced
technologies and wealth maximization (Chowdhury et al. 2022; Batool et al., 2021; Wright and Geroy,
2001: Chetana and Noronha, 2023; Kum et al., 2014).). Additionally, the research of Pane and his
collaborators (2015) confirms that the adoption of personalized learning approaches has increased
significantly in recent years. From that point of view, it is expected that this new paradigm, which
employs advanced technologies will dramatically improve organizational performance and
competitiveness (Howaldt et al., 2017; Stentoft and Rajkumar, 2020; Ahmad et al. 2020; Demeter et
al., 2020; Ghobakhloo et al., 2021; Dalenogare et al., 2018).

RESULTS AND DISCUSSION
The conducted research included (1) collecting data from a survey to quantify the reliability between

the variables in the conceptual model, (2) developing the conceptual model, and (3) discussing the
gathered results.
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Data collection from the survey

The questionnaire was designed to gather data from the Macedonian IT organizations on the six
studied variables. For the evaluation, a five-point scale was used (1- poor significance, 2- below
average significance, 3- average significance, 4- high significance, 5- excellent significance). The
study was conducted in the period of 1st March, to 30th April, 2024.

A total of 80 IT organizations participated in the survey. The participation of surveyed organizations
according to criterion of number of employees was 47% of small organizations (number of employees
less than 50), 27% of medium-sized organizations (number of employees 50-251) and 26% of large
organizations (number of employees up to 251).

The collected data and the reliability of the gquestionnaire items were analyzed using a software for
statistical analysis (JASP 0.18.3.0 version). This included calculating Cronbach's Alpha to measure
internal consistency, item-rest correlations to see how each item relates to the rest, and the mean and
standard deviation to understand the average score and variability.

Design of the Conceptual Model

The basic conceptual model is presented on Figure 1. The model is created with the following
variables: top management commitment in motivating employees and supporting training programs;
employee’s preparedness to be empowered for successful adoption of advanced technologies;
designing personalized training programs structure; using flexible training program content tailored to
the employees experience background; empowerment of employees based on individually designed
programs’ structure; and improvement of the overall organization performance and the
competitiveness on the market.
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Figure 1: Conceptual model for employees empowerment based on personalized training programs
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The model is built on the three previously discussed pillars. Essentially, top management with their
strong commitment to improving the competitiveness of the organizations on the market encourages
the readiness of employees to be trained accordingly. Increased employee motivation correlates with a
greater willingness to participate in training programs. Establishing an effective system for employee
motivation is crucial. Top management is also responsible for organizing coaching tailored to the
organization’s needs. Training quality and content must address employees' knowledge gaps and be
customized to the organization's specific issues and challenges. Given the diversity of individual
competencies, training programs should be designed to address skill deficiencies on a personal level.
By enhancing individual knowledge, organizational learning improves overall. In addition, training
programs must be flexible and aligned with the employees' background experience. Consequently,
personalized and customized training fosters the empowerment of employees. On the other hand,
empowered employees are more efficient in adopting new technologies, which significantly benefits
organizational success and overall performance., enhances the organization's competitiveness. In
further, the organization becomes more capable of being more competitive. Those needs were
confirmed by the participants in the conducted survey (the findings are presented in the following
section of the paper). The model includes one more variable named the desired state of
competitiveness. Technically, top management strives to reach the goals continuously. Besides that,
the current level of the achieved position on the market can be improved. The difference between the
current and desired competitive levels represents a major trigger that positively influences the increase
of the top management commitment and effort to improve the other two pillars, presented at the base
of the created conceptual model.

Discussion of the results

By the analysis of the collected questionnaire data a strong relationship between the all the treated
variables used for the creation of the conceptual model can be confirmed. Specifically, 75% of
respondents, believed that the training of employees is an excellent significant for successful adoption
of new technologies and efficiently utilization in further, while 22% consider it very significant. The
vital role of top management in supporting the employees’ empowerment and providing the quality
and relevance of the training programs content, is high rated, 70% of respondents rate it as excellent,
19% as very high, and 10% as of average significance. The next variable used for model creation,
quality of the training programs and the properly structured content was highest rated by the 64%
participants in the conducted survey. Furthermore, the option for personal approach based on the
individual level of knowledge, skills and competences during coaching of employees are recognized
by 84% of respondents. Of these, 52% rate its significance as excellent and 24% as very high. Beside
this, the 63% of respondents evaluated the flexibility of the training content customized regarding the
background experience of employees with excellent significance, and 24% of them with very high
significance. Only 11% of total respondents assess the flexibility of training program as average
significant. At last, the influence of the employees empowerment through flexible and personalized
training on the improvement of the overall performance and competitiveness, by 66% of respondents
is rated with excellent significance and 26% of respondents evaluate it as high significance.

The reliability statistics values of conducted survey, measured using Cronbach's alpha to assess the
internal consistency of a selected set of variables is present in the Table 1.

Table 1: Frequentist Individual 1tem Reliability Statistics

Item Cronbach's a Item-re_st Mean SD
correlation
Top management commitment 0.650 0.464 4.56 0.74
Employees preparedness for coaching 0.643 0.471 4.747 0.496
The training programs quality and content 0.515 0.74 4.493 0.76
Personalization in coaching employees 0.648 0.452 4.56 0.663
Flexible training program content 0.691 0.333 4.04 0.257
Organizations performance and competitiveness 0.711 0.208 4.027 0.162
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The calculated Cronbach's alpha value, generally above 0.70 suggests that the items have relatively
high internal consistency and thus, the measurement is reliable (Table 2).

Table 2: Frequentist Scale Reliability Statistics

Estimate Cronbach's a mean sd
Point estimate 0.695 17.386 12.709
95% CI lower bound 0.619 15.053 11.247
95% CI upper bound 0.76 19.719 14.613

CONCLUSION

The created conceptual model and the validated correlations in the survey confirm the paper's objectives.
With a Cronbach's alpha of 0.695, the reliability of the data is considered acceptable. In addition, the
descriptive statistics provide basic information about each item. The survey findings highlight the
importance of personalization and customization in the training and development process. Specifically,
personalization and customization are drivers in the efficient empowerment of employees for the successful
adoption and utilization of advanced technologies. Thus it is necessary to retool the training programs and
tailor them according to the employees' needs and knowledge gaps, particularly in the fast-evolving IT
sector. Tailored individual coaching programs will facilitate the effective integration of acquired
knowledge into the workplace. In addition, the vital role of the top management and their commitment to
motivating employees to be coached and support adequate training programs represent the three initial
pillars of further increasing the IT organizations’ performance and competitiveness globally.

In the following step, the role of Al technology in designing personalized training programs will be
researched...
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ABSTRACT

In the course of the research, experimental studies will be conducted on a specific compressor station as well as
on specific compressor units, with the aim of increasing the efficiency and safety of gas delivery to the main gas
pipeline. The aim of the research is to increase the efficiency and safety of gas delivery to the main gas pipeline,
determining the operating parameters before and after the system modification, as well as justifying the newly
designed system. The expected results are for the newly designed system to be stable, meaning that the new
output operating parameters are constant and within permissible limits. By modifying the current gas delivery
system, i.e., by reducing the number of compressor units within the compressor station, efficiency is increased as
well as safer gas delivery to the main gas pipeline.

Keywords: Pipeline, Compressor station, Efficiency improvement

INTRODUCTION

In order to transport gas to the refinery, it is necessary to increase its pressure, which is achieved
through compressor stations. To prevent production delays and potential losses due to compressor
downtime, it is essential for compressor stations to operate flawlessly (Stroud, 1995; Cao, et al., 2022).
Compressor stations are responsible for compressing gas and are located within gathering and
dispatching stations. Modern compressor stations consist of container-type compressors, which require
less space than earlier compressor models. Gas pipeline transportation requires constant gas pressure
at the inlet, or at the beginning of the pipeline, hence autonomous operation of compressors is
necessary (Liu, et al., 2021; Cheng, 2019).

Newer generation compressors are designed to require minimal operator intervention, consisting
mainly of setting operational parameters, checking essential fluid levels, and conducting visual and
acoustic inspections.

If a compressor unit experiences downtime, it can result in reduced gas delivery to the refinery, while
any untransported gas must either be flared or redirected to another compressor station. To prevent
such occurrences, proper handling of compressors is crucial, and these situations can be mitigated by
utilizing information on potential defects from established fault trees, thus enabling proactive
maintenance of potential weak points in the system.
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Container-type compressors are designed to operate in harsh conditions and can compress gases of
varying compositions. They have no expiration date if properly maintained (Stroud,1995; Liu, et al.,
2021; GE High Speed Recip (HSR) compressor, 2020).

MATERIAL AND METHOD
Technological description of the compressor station

After the separation of oil and gas, it is necessary to increase the pressure of the gas for shipment to
the main gas pipeline as well as for the requirements of the gas-lift system. This compressor station
increases the pressure of the separated gas from low and medium pressure to high pressure (the
pressure required for operation for shipment to the main gas pipeline or the gas-lift system). Natural
gas at low pressure delivered from the gathering gas station, as well as dissolved gas separated from
oil at medium and low pressure, is directed to the compressor station where its pressure is increased by
compression to the operating pressure of the system (42-48 bar), and then it goes for separation in the
horizontal collecting separator installed at the gathering and dispatching station.

During the operation of the compressor station, gas balancing is carried out based on gas quantity
measurements and flow parameters at the following points: low-pressure suction 2 - 3 bar, medium-
pressure suction 7-8 bar, discharge gas from the compressor station at a pressure of 42 - 48 barg,
discharge gas for the needs of the "gas-lift" system.In order to increase the efficiency and safety of gas
shipment to the main gas pipeline, a new three-stage compressor unit RAM 54 of container type has
been installed at the compressor station, and thus a part of the station has been reconstructed
(Technical documentation, Nis Gazprom Neft, 2020, GE High Speed Recip (HSR) compressor, 2020).
This three-stage compressor unit is tasked with raising the gas pressure from 2-2.5 bar to a pressure of
42-48 bar.

During the connection of this three-stage reciprocating compressor, it was necessary to connect the
compressor unit to the pipeline of the technological system, connection to the low-pressure gas
collector - suction connection of the compressor, connection to the high-pressure gas collector -
discharge connection of the compressor, as well as other connections.

Pulsation testing at the newly installed compressor station

The project included acoustic and mechanical analysis of the discharge pipeline of the newly installed
compressor from the compressor flange to the connection to the existing discharge line. Existing
pipelines were also included in accordance with this analysis.

The acoustic analysis was conducted according to the requirements of the APl 618 standard.
According to the APl 618 standard, the analysis of the mentioned compressor includes: checking
pressure amplitudes, checking dynamic force amplitudes, and checking the mechanical natural
frequencies of the pipeline. Since the subject pipeline is of small diameter and at a low elevation, and
the risk of earthquakes at the subject location is not significant, occasional loads (wind) were not
considered in the calculation. Considering the rigorous requirements for pipeline support due to the
acoustic analysis, it can be expected that stresses due to occasional loads will also be low and within
allowable values (Liu, et al., 2023; Technical documentation, Nis Gazprom Neft, 2020).

According to the project requirements, the gas pressure is 42 + 48 bar, and the molar mass of the gas is
20,40 g/mol. Because the compressor manufacturer specifies that the gas is cooled to 50°C within the
compressor unit, with the consent of the investor, this temperature was adopted as the reference value
(GE High Speed Recip (HSR) compressor, 2020).

The computational model with characteristic nodes and boundary conditions is depicted in Figure 1.
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Figure. 1: The computational model of the pipeline

RESULTS AND DISCUSSION
Acoustic frequencies of the pipeline

The first step in the analysis is to check the natural frequencies of the pipeline. During the calculation,
assumed gas characteristics at a pressure of 48 bar are used. A shock wave is applied to the system to
obtain the values of the acoustic natural frequencies. The assumed profile (Figure 2) implies that the
specified pressure at the boundary of the model (node 5) suddenly jumps (as seen in the figure, the
time is very short, only 0,001 s), leading to the excitation of acoustic natural frequencies in the pipline.
(Technical documentation, Nis Gazprom Neft, 2020; Jankov, 2020).

Sudden jump in pressure at the boundary node

-
4
3
o,
Mean line pressure
o 0.002 0.004 0.006 0.008 0.01

Time (s)

Figure 2: Dependence of pressure on time line

By conducting a preliminary analysis, it was determined that it is necessary to install damping baffles
to eliminate certain acoustic frequencies of the system. When creating the acoustic model, the pipeline
route with damping baffles defined in the subsequent text was considered. These baffles are installed
to eliminate certain acoustic modes and are necessary for the smooth operation of the system
(Trifunovic, 2022).

Based on the acoustic analysis conducted, it has been determined that it is necessary to install damping
baffles with a 40 mm opening and a thickness of 3 mm on the flanges of all compressors, as well as
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damping baffles with a 50 mm opening and a thickness of 3 mm behind each blade valve, as shown in
the illustration (Figure 3.).

Damping baffles pugo (o= 40mm) Damping baftles %150 (..050mm)

Compressor

Figure 3: Detail of baffle installation

Further analysis was conducted based on the model that includes the above-defined baffles in front of
and behind each ball valve (Trifunovic, 2022; Jankov, 2020).

The pressure drop across the baffle (Ap, Pa) is determined by the formula:

0375

Ap = [(1 —j—) +0.707 * (1 —j—) ] " (j—) . ‘J*:'f "

A, - area of the free opening of the baffle,

Aj - area of the internal cross-section of the pipe,

P - ensity of the fluid,

Wy - velocity of the fluid flow reduced to the internal cross-section of the pipe.

The allowed pressure drop on the equipment expressed as a percentage of the average absolute
pressure in the line (Apmax, %) depends on the compression ratio of each stage of the compressor.
Analysis of 26 operating scenarios processed in the compressor operation report revealed that the
average compression ratio of the final stage of the compressor is R=2,35, corresponding to the
following values of the allowed pressure drop for the middle pressure in the 42 barg line: Apx=0,412
bar, and for the middle pressure in the 48 barg line: Apmax=0,470 bar. By performing these analyses,
it was concluded that the pressure drop value at the DN 80 baffle and the middle pressure in the 42
barg line is higher than prescribed but acceptable, considering that the installation of baffles avoids
complex modifications to the discharge (Trifunovic, 2022).

According to API 618 standard, pressure amplitudes must fall within the limits prescribed by the
following equation:

_ IE* 400
+ 350 SPpeDisf (2)

Py

P1— maximum pressure amplitude [%],
a — speed of sound in gas [m/s],

P — average absolute pressure[bar],

Di— internal diameter of pipeline [mm],
f — analyzed frequency[ Hz].

The analysis for this specific compressor station was conducted for two gas pressure values (42 bar

and 48 bar), as defined by the project task specifically tailored for this compressor unit. The input
pressure amplitudes at the model boundary for the first ten compressor harmonics were adopted based
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on the image (Figure 4) from the manufacturer's compressor acoustic analysis report (Jankov, 2020;
Trifunovic; 2022; GE High Speed Recip (HSR) compressor, 2020).
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Figure 4: Profile of pressure amplitudes in the frequency domain at the compresso?boundary

For frequency values (harmonics) not shown in Figure 4, values equal to 30% of the maximum
allowed amplitudes have been adopted. Considering that the amplitudes values after the first 5
harmonics are lower than 20%, a clear downward trend in maximum amplitude with increasing
harmonics is noticeable. All adopted values of frequencies and amplitudes are presented in Figure 5.
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Figure 5: Pairs of frequency, émplitude used in the analysis

The actual values of maximum pressure amplitudes in the pipeline obtained from the acoustic analysis
of the pipeline and the permissible values for each analyzed frequency are provided in Figure 6. As
can be seen, the actual pressure amplitudes are lower than the permissible values, i.e., within the limits

prescribed by the standard.

CONCLUSION

This study illustrates the increase in efficiency of the compressor station through: reducing the
consumption of process gas and increasing the gas delivery capacity to the main gas pipeline.

By installing the new compressor unit RAM 54, three other compressor units have been
decommissioned, reducing the total number of compressor units by two. The installation of the new
compressor unit has eliminated the need for gas compression from low pressure to medium pressure
and from medium pressure to high pressure, as the compressor station RAM 54 compresses the gas
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directly from low to high pressure. Despite the reduced number of compressor units, an increase in the
gas delivery capacity to the main gas pipeline has been achieved.

Reduced consumption of process gas has been achieved by reducing the number of compressors,
simplifying the system. As a result of reducing the number of compressor units, the number of
potential failures and maintenance requirements has decreased.

A pitnse
™

Prossues of pas on 45 bary Permensile vados *5 DN 5 1148 ) DO 0 ea1 »S72 0%12 y 4G ) 455 ) A0S O

Figure 6. Representation of actual and permissible pressure amplitudes for pipes DN150 and DN80
(gas pressure 42 and 48 bar)
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ABSTRACT

This paper deals with the analysis of onboarding processes in small IT companies, with special reference to the
adaptation of these processes for different roles and projects within a dynamic technological environment. Using
qualitative methodology and thematic analysis of interviews with managers, the paper identifies key exceptions
and adaptations in standard onboarding procedures that contribute to the effective integration of new employees.
The results of the analysis in two companies show the importance of customized approaches that include
technical, cultural and psychological aspects, necessary for successful adaptation and integration in small IT
firms. The analysis also highlights how flexibility and personalization of the onboarding process can improve
employee engagement, productivity and satisfaction, while simultaneously supporting corporate goals of
innovation and competitiveness.

Keywords: Onboarding, Small IT companies, Onboarding exceptions, Adaptive approaches.

INTRODUCTION

In the modern business environment, the onboarding process is a key element for the successful
integration of new employees into the organizational structure. Onboarding is not only an opportunity
for new employees to familiarize themselves with the technical and operational aspects of their job,
but also with the corporate culture and expectations that the company places before them (Becker,
2021). Organizations use onboarding to help socialize new employees, and the onboarding process
often includes specific adjustment practices (Klein, 2015). This process is particularly important in the
IT sector, where the speed of adaptation to changing technological requirements and projects can
significantly affect the company's productivity and innovation. In small IT companies, where teams
often work on dynamic projects and where each team member has multiple roles, the onboarding
process can be particularly challenging (Sharma, 2020).

This paper focuses on exceptions in the onboarding process in small IT companies through the prism
of qualitative analysis and thematic analysis of interviews with managers (Braun & Clarke, 2022).
Exceptions to the onboarding process may include adjusting the process depending on the specifics of
the job, the level of experience of the new employees, as well as their ability to adapt to the
organizational culture. These exceptions are important because they allow a better understanding of
how standard onboarding processes can be modified or adapted to maximize efficiency and minimize
the risks of failed integration.

The aim of this paper is to identify, analyze and explain the various exceptions that occur in the
onboarding processes in small IT companies, with an emphasis on the specific challenges and
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strategies that these companies use for effective onboarding of their employees. Through in-depth
interviews with managers and analysis of the data obtained, the research aims to provide insight into
the adaptive aspects of onboarding that can help small IT firms improve their practices and strategies
for integrating new team members.

THEORETICAL BACKGROUND

The onboarding process is a set of activities aimed at facilitating the integration of new employees into
the organization and equipping them for efficient work. Onboarding can be described as an important
factor for reducing employee turnover and increasing their engagement and job satisfaction (Kumar,
2017). The onboarding process is part of human resource management, important for the transition of
employees and represents the moral and ethical duty of managers. In addition to the transition of new
employees, onboarding participates in building trust, commitment, reduces the stress of new
employees and increases their productivity (Caldwell, 2016). In the context of the IT industry, where
technological advances and changes require rapid adaptation, effective onboarding becomes even
more important. Small IT companies in particular rely on the adaptability and flexibility of their
onboarding processes to stay competitive and innovative in the market (Brodsjo, 2023). The
onboarding process has been widely researched in various sectors, including the IT industry, with
particular attention paid to the impact of effective onboarding on employee retention, productivity and
overall job satisfaction. A structured and comprehensive onboarding program can reduce the risk of
early employee turnover and increase employee engagement (Klein and Heuser, 2008; Cable, 2013).
In the context of the IT sector, technical orientation is only one part of a complex process that should
include the socialization of employees within the organization (Pratiwi, 2018).

Today's employees expect onboarding experiences that allow for a much greater degree of flexibility,
customization and personalization. Similarly, many new hires expect recruitment, onboarding,
learning and development to be interconnected to create new learning and career opportunities.
However, these expectations require changes in how onboarding is implemented, evaluated and linked
to other HR practices, especially with the successful and dramatic increase in remote work
arrangements in response to the global impact of the 2020 pandemic (Jeske, 2021). Tailoring the
onboarding process to the individual can significantly contribute to the success of the overall
integration process. Adaptive approaches allow managers to address the individual needs and abilities
of employees, which is particularly relevant in the IT sector where different jobs require different
skills and knowledge. Small IT companies often have to be flexible in their working methods due to
limited resources and the high degree of innovation expected of their employees.

Small IT sectors face unique challenges that require tailored onboarding approaches and small IT
companies must be particularly agile and adaptable in their approach to onboarding due to frequent
changes in technologies and project requirements. Small companies often use innovative onboarding
methods to accelerate the adaptation of new employees while maintaining a corporate culture that
promotes creativity and innovation (Davidson, 2018). When it comes to the role of adaptability and
personalization in the onboarding process, adaptive approaches to onboarding are increasingly present
in the literature as a key success factor in rapidly changing industry sectors like IT. Personalization of
the onboarding process can increase the effectiveness of employee integration by tailoring education
and support to individual needs and experiences (Kassymtayeva, 2020). Therefore, adapting the
onboarding process is important in order to improve the speed and depth of integration of new team
members.

When it comes to the cultural aspects of onboarding, cultural adaptation is a key component of
onboarding, especially in globally oriented IT companies. Successful integration into the corporate
culture can improve long-term effectiveness and reduce feelings of isolation among new hires.
Understanding and embracing corporate values can significantly improve overall employee
satisfaction and commitment to the company (Godinho, 2023). Cultural adaptation is an important
aspect of onboarding that can have a long-term impact on employee success in an organization.
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Understanding and integration into the organizational culture are key to full employee engagement
(Frogeli, 2023). Small IT companies, which often have unique corporate cultures, can especially profit
from carefully designed onboarding programs that promote values and norms of behavior within the
company. Specific exceptions that arise in small IT company onboarding processes can include
different customization tactics for individual roles, experience levels, and project requirements. These
exceptions are essential to understanding how standardized processes can be modified to achieve
optimal results. For example, research shows that tailoring onboarding to the requirements of specific
projects can significantly affect the speed and efficiency of new employee integration.

METHODOLOGY

This paper is part of a qualitative research that deals with the onboarding process conducted in small
companies in Serbia. This section of the paper contains the presentation of data collection, thematic
analysis and the identified theme arising from it, as well as the identified codes generated during the
processing of the obtained data.

Data collection

Data from the qualitative research from which this paper emerged were obtained by conducting
interviews with employees of small IT companies on the domestic market. The identified topic for this
paper was created by coding two transcribed interviews, i.e. interviews with two employees in
managerial positions in two IT companies. The first respondent has over 20 years of experience in the
IT industry, while the second respondent has over 10 years of experience. The interviews were
conducted live and contained open-ended questions (Given, 2008). The interview consists of 25
questions divided into 6 sections:

- The basics of onboarding,

- Onboarding process,

- Alignment of onboarding with organizational issues,

- The impact of onboarding on business,

- Onboarding problems,

- Knowledge management in onboarding.

Thematic data analysis

Thematic analysis represents a framework with identified topics about the observed problem, or
phenomenon. By applying thematic analysis in qualitative research, themes were identified that
together represent one research concept. The application of thematic analysis in qualitative research
enables the identification, analysis and reporting of themes within the data, while at the same time
organizing and describing the resulting data set (Braun & Clarke, 2022).

All qualitative data were prepared in MS Word format and then coded using QDA Miner software for
qualitative data analysis. The codes were formed based on the responses of the respondents. Codes
generated using the software were analyzed and reviewed and then grouped to provide themes for
further analysis. One of the identified topics relates precisely to the exceptions in the onboarding
process, which this paper deals with. The list of codes created by the authors, which led to the
identified theme named ,,Onboarding process exceptions in small IT companies®, is shown in Table 1.

FINDINGS
Theme description

The identified theme named ,,Onboarding process exceptions in small IT Companies* revolves around
the specific nature of the onboarding process in small IT companies, highlighting the importance of
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tailoring onboarding experiences to accommodate various exceptions. These exceptions are pivotal
because they underscore the diversity of roles within IT companies and the necessity of adapting the
onboarding process to meet the specific needs of different positions. This theme is important for
describing inquired practices as it reveals the complexity of integrating new employees into an
organization, not just in terms of their technical skills but also their fit within the organizational
culture and their role-specific knowledge. It reflects on the dynamic nature of IT roles and the
criticality of a flexible onboarding strategy that can address the unique aspects of each position, from
administrative roles to project-specific developer roles, and even considers the individual's level of
experience and adaptability to the organizational culture. The theme of this research revolves around
the adaptive onboarding processes within IT companies, focusing on how these processes are tailored
based on job descriptions, employee experience, project requirements, and cultural fit. This theme
highlights the critical importance of customization in the onboarding process to address the diverse
needs and roles within IT companies. It reflects the understanding that the integration of new hires into
the company is not a one-size-fits-all procedure but requires a nuanced approach that considers the
individual's role, the specific project they will be working on, their level of experience, and how well
they adapt to the company's culture. This theme is crucial for capturing the essence of modern
onboarding practices in IT companies, where flexibility, adaptability, and personalized approaches are
key to successful integration and knowledge management.

Table 1: List of identified codes

Code Code name
C1 Exceptions depend on the employee’s position
C2 Differences in process based on employee position and experience
C3 The employee shows productivity, but does not adapt to the organizational culture
C4 The required characteristics of the employee are predetermined
C5 Exceptions in onboarding for beginners and experienced workers
C6 Onboarding includes managing different positions
C7 Getting to know the projects
C8 Depending on the role within a project
C9 Resourcefulness
C10 Psychological profile for the workplace
Cl1 Checking the level of acquisition of soft skills
C12 Being not adaptable
C13 Making harm to the team and the company
Cl14 Determining people profile for work positions
C15 Having different learning approaches depending on candidate experience

Parts from the interviews related to exceptions to the onboarding process and extracted codes

Participants’ responses highlight that the onboarding process is not universally applicable across all
roles within an IT company. Administrative roles require knowledge different from developers, and
even within the developer roles, the onboarding process varies significantly based on the project and
the individual's role within that project. Participant 2 highlighted the dilemma of integrating
individuals who are technically proficient but struggle with adaptability to the organizational culture,
emphasizing the importance of a fit beyond technical skills. The authors of this paper emphasize that
onboarding must be adaptable to the specifics of the job description and the individual's position,
suggesting a flexible framework that accommodates role-specific knowledge and skills. We also touch
on the importance of psychological adaptability and the necessity for a cultural fit within the
organization, indicating that technical skills alone are not sufficient for successful integration. The
interviews collectively suggest that while the core of the onboarding process might be standardized,
significant variations are necessary to address the diversity of roles, experience levels, and individual
characteristics within small IT companies. Selected interview excerpts illustrating these codes are:

Participant 1: ,,The characteristics of the person for each workplace are determined, and
based on that, the psychological profile for the workplace is defined...
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Participant 2: ,,Exceptions exist depending on the job description that person is supposed
to perform...«

Participant 2: ,,In general, exceptions do not exist, and there may be differences
according to projects...

DISCUSSION

This theme and its underlying codes suggest that a one-size-fits-all approach to onboarding may not be
effective in the diverse and dynamic environment of IT companies. The exceptions to the onboarding
process, as identified through the interviews, highlight the need for a more customized approach that
considers the specific role, project requirements, individual experience levels, and the psychological
fit of the new hire with the organizational culture. This nuanced understanding of onboarding can help
IT companies enhance their integration strategies, ensuring that new employees are not only
technically prepared but also well-aligned with the company's values and work dynamics, ultimately
contributing to a more cohesive and efficient organizational environment. The emergent theme from
the conducted interviews underscores the complexity and variability of the onboarding process within
IT companies. It demonstrates a clear need for a personalized approach that considers not only the
technical requirements of the job but also the adaptability of the individual to the organizational
culture and their role-specific knowledge and skills. This theme suggests that effective onboarding in
IT companies goes beyond mere technical orientation to include a comprehensive integration strategy
that promotes both individual and organizational growth. The identified codes and themes underline
the importance of flexibility, adaptability, and a detailed understanding of both the role requirements
and the individual's capabilities and fit within the company culture. This nuanced approach to
onboarding is essential for maximizing productivity, enhancing knowledge management, and ensuring
a harmonious and efficient workplace environment.

Trustworthiness of this paper refers to the credibility and reliability of the research findings.
Trustworthiness is highlighted in qualitative research in which the method of data collection and
interpretation is taken into account, so that the research has appropriate credibility (Given, 2008).
Considering the small number of respondents in this paper, different strategies were applied to present
the experience and perspective of the company's employees. Through semi-structured interviews,
respondents were enabled to freely express their opinion based on experience, through open
communication during interviews. All authors of this paper participated in data analysis and
development of conclusions, which increased the reliability of the findings. During data collection and
analysis, we followed a systematic approach, following guidelines for conducting thematic analysis
(Braun & Clarke, 2022). Researchers individually identified themes through data analysis, and coding
discrepancies were resolved by discussion between the authors.

CONCLUSION

This paper explored the specifics and challenges of the onboarding process in small IT companies,
emphasizing the importance of adapting the onboarding process to adequately address the needs and
expectations of new employees in a dynamic technological environment. Through qualitative analysis
and thematic processing of interviews with managers, key exceptions were identified that influenced
the adaptation of standard procedures, including variations based on the specifics of work, the
experience level of employees and the needs of projects. The paper shows that small IT companies
require flexible approaches to onboarding processes that are not only technically oriented, but also
promote cultural integration and psychological adaptation. Adaptive approaches, which are
personalized to fit individual characteristics and roles within projects, are key to the rapid and efficient
integration of employees, which directly contributes to their productivity and job satisfaction.
Adjusting the onboarding process in small IT companies is a key element that can significantly affect
the efficiency and success of organizational processes. The paper suggests that managers and HR
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professionals should continuously evaluate and adapt their onboarding strategies to ensure they remain
relevant and effective in light of the constant changes in the technology sector. This adaptability will
not only help integrate employees, but will also serve as a foundation for developing resilience and
innovation within the organization. Future research should investigate the impact of various
personalization techniques of the onboarding process on the long-term retention of employees in small
IT companies. Additionally, it is important to conduct comparative studies that would assess the
effectiveness of onboarding practices between small and large IT companies to identify specific needs
and challenges. Finally, further research is recommended on the impact of organizational culture on
the effectiveness of the onboarding process, especially in the context of globally distributed 1T
companies.
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ABSTRACT

The main goal of this work is to introduce the reader with the application called Discord, and the idea of using it
as an online classroom. The paper specifies the meaning of servers in the application, and explains Discord’s
most representative features and how they contribute to a better communication. It also lists challenges students
could run into while using it, and brings up their potential solutions. As the end of the paper approaches, an
example of a Discord server adjusted to work as an online classroom is given, with its elements, as well as parts
of user interface, thoroughly explained.

Keywords: Discord, Learning management system, Online classroom, Knowledge management.

INTRODUCTION

Even though the lockdown is no longer present and students are attending classes in person, learning
management systems are still very popular way of sharing data online in the field of student education
(Bradley, 2021). Professors and students got used to this way of contact, and the whole purpose of
these tools is to provide a simple and accessible communication. Main premise of this work is
presending Discord with its features, and how this application, even though developed for gaming
circles, can be used as an alternative to popular tools for having classes online.

APPLICATION OVERVIEW

Discord is a free communication application founded in 2015 by Stanislav Vishnevskiy and Jason
Citron, which can be used in a form of desktop or mobile aplication, or as a web application through a
browser. It was primarily supposed to be a voice chat application which would run in the background
and allow people to vocally communicate during gaming sessions, but as the years went by it became
much more than that (Lunden, 2020).

Since its release, it had a steady growth of users, but the period around the COVID-19 lockdown was
where the application gained in popularity. People started using Discord for many things, from private
chats and watch parties, all the way to creating large communities based on certain topics, or even
running servers for specific regions in the USA. Nowadays, it is used for a broad spectrum of things,
which include content creator communities, businesses and marketing, education and gaming of
course, and just about anything (Rodriguez, 2021).
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DISCORD SERVERS AND THEIR STRUCTURE

What differentiates Discord from other popular social media platforms is its potential to provide a
stable environment for real-time communication among larger group of users, both vocal and textual.
It does it through forementioned concept of servers and its channels, which are crucial for
understanding how to properly use Discord.

Discord server is a virtual hub, a space where people can gather and communicate. It holds a
collection of text and voice channels.

Text channels works as any other group chat, and are used for sending messages, images and files to
other participants. By default, messages are not deleted, and therefore a new member can view
messages sent prior to them joining the server.

\Voice channel, as the name suggests, are used for vocal communication, with the possibility of
becoming a video chat. Voice channels even have their own text sub-channels, which are preferably
used for sending images and files related to the current topic in the voice call, or for sending messages
by a user who, for any reason (personal or technical), is not able to speak. In voice calls, users are able
to use a feature to share their screen, whether it was showing only view of a single application or an
entire screen. Option to share only a view of a certain application comes in handy when users with a
single screen have to often switch applications during the time of screen-sharing, and want the viewers
to have access to only that one application.

Discord does support direct messaging as well, where two or more users can talk to each other without
that chat being a part of any particular Discord server, just like most of chat applications.

Setting up a server

When it comes to creating a Discord server, it is a feature available to each user, and can be done in
couple of seconds. After that, it is all up to the creator of the server — channels, permissions, and
basically any type of organization. It may be overwhelming for new users, but the potential of
customization is rather large, which can lead to arranging high quality servers.

After creating a server, first step is to create channels. By default, it already holds a general text and
voice channels, placed in their corresponding folders. When creating a new channel, it needs to be
selected which type, text or voice, the channel is going to be, it needs to be named, and whether or not
it will be a private channel. In case of it being a private channel, it is asked which roles or individuals
are going to have access to it. It is a rather simple process, and its custommization is completely split
from the process of creation.

In the goal of setting up Discord server as an online classroom, it can be used in many ways, some of

which could be:

- using a separate server for every subject,

- having a server for a group of subjects that all belong to a specific professor or assistant,

- or even having a huge server for an entire department of its university, and restricting access to
the subjects depending on which year of the coarse the student is attending.

Important features

Custommization of the server is what makes it stand out of the crowd and help its members more
efficiently navigate through it.
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Roles and permissions

Roles are a feature in Discord that act as a set of rules assigned to a user marked by the role. This rules
can vary from general rules about what a user can do on the server, such as if they have permission to
make a custom emoji or sticker, if they are allowed to participate in the administration of the server, all
the way to channel specific permissions. Channel specific permissions allow the administrator to
decide which roles can have access to certain channels, whether they can send the messages or only
view them, attach files and embed links, and many more. These options help in server organization a
lot when it comes to using Discord as a classroom, as it can be set that only professor and assistant can
act as moderators when it comes to deleting unnecessary messages and restricting the content to be in
appropriate form for their students.

TEXT CHANNEL PERMISSIONS

Send Messages

Send Messages in Threads

Allc hreads

Create Public Threads

Create Private Threads

Embed Links

L

Attach Files

Figure 1: Part of permissions for a specific role

Channel categories

Categories work as containers for holding channels inside of a server. Not only do they help in
organizing the structure of the server, but they also have the ability to apply permissions to all the
channels they are holding. They can be used as containers for multiple subjects, or to split parts of a
single subject into specific groups.

Markdown text

Markdown is a simple plain text formatting system that Discord uses in order to make text stand out
(Official Discord documentation, 2024). It helps in making certain information more visible,
especially when trying to find something specific quickly, making an important announcement, or just
making sure something is emphasized. Some of the most used text formatting options can be seen in
the Table 1:

Table 1: Commonly used text formatting in Discord [4]

Italics *italics™ or _italics_ Underline Italics __*underline italics*

Bold **pold** Underline Bold __**ynderline bold**

Bold Italics ***hold italics*** Underline Bold Italics __***underline bold italic***
Underline __underline__ Strikethrough ~~strikethrough~~

Header, with # big, ## smaller, Block Quotes > block quote

adaptable size ### even smaller Code Blocks “single-line” ““multi-line™
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Threads

Threads are yet another form of organizing text, as they allow users to instantiate a conversation inside
of a text channel, helping in reducing the clutter, and removing the potential of overlapping
conversations. This feature can be really useful in cases where literature needs to be split inside of a
channel to accomplish better visibility, or to split conversations with different students in case they
asked a question which requires a complex answer.

POTENTIAL PROBLEMS AND THEIR SOLUTIONS

In a study from 2023 (Lauricella, et al., 2023), amongst humerous positive comments, a couple of

negative ones emerged, which included:

- students being unfamiliar with the application and having difficulties navigating through
channels,

- forgetting to check for notifications,

- unexplained, general dislike for the application,

- technical issues due to bad Internet connection.

The problem of unfamiliarity with the application could be solved by introducing students to a written
guide, or by arranging an introductory class for them, where basics could be explained in an
interactive way. After that, the students could also mutually help each other, which would lead to
better development of the community, which Discord is all about.

When it comes to Discord being yet another application that students have to use, which leads to them
forgetting to check for notifications, potential solution could be having Discord application running on
their computers all the time in the background. Other option could be using Discord’s mobile
application, and receiving the push notifications on their phone. Discord also allows users to mute not
only servers, but even the single channels inside of it, which leads to a very good control over
notifications.

Third challenge could be tied with the previous two, where not understanding and not using the
application properly leads to disliking it, but could just be the general dislike towards Discord as the
students in the study gave no explanation to why that is the case.

As for the forth problem, the technical issues due to student’s bad Internet connection can’t be blamed
on the application, as it is not known with certainty if Discord had to do anything with that.

SERVER EXAMPLE

The next figure (Figure 1) shows an example of a Discord server made to work as an online
classroom. It is only an example whose purpose is to showcase a potential server structure.

Interface components marked with borders in the image represent:

- List of all the servers this user is a part of;

- Currently selected server;

- All the channels inside of the server, placed inside of their categories;

- Chat space, which shows a conversation in the selected text channel,

- Assingle thread, opened from the chat, with its content.
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#

Welcome to #literature!

Lecture 1- Intro

changed the channel name:
Lecture 1- Intro

(]

Figure 2: Example of a Discord server

As seen in the image, channels are split in a way to accommodate the structure of a subject, which is
split into theoretical and practical parts. Voice channels, which are marked by the sound icon (not to be
mixed with text channels which are marked by “#” symbol), are being split into couple of spaces, with
the main “Class call” being near the top of the list, while consultations and channels for potential
group calls can be found near the bottom as they are less important. The “Private call” for
consultations has restricted access to it, and it is intended for the professor to “drag” the student into it
when they are both ready.

As mentioned before, threads can be used to split the literature based on the lectures. It allows for
better visual clarity when searching for a specific information.

As for permissions, students would be restricted from typing in the announcement and literature
channels, as to avoid the unnecessary clutter. As expected, only the moderators would be able to
manage the server and its messages, but their options of using emojis, gifs and stickers would be
restricted based on decided level of formality.

CONCLUSION

Discord as an application provides a considerable amount of features that contribute to better
organization of communication. Well structured server arrangement helps in making information more
accessible to its students, and having channels for less formal texting can make contacting those in
charge of a subject more approachable. Slightly less formal communication can help both sides,
professors and students, as the students could answer each other’s questions without burdening the
professors as much as formal emails would.

With the appropriate utilization of Discord’s features, it is possible to further broaden the spectrum of
possible uses for its servers. Potential suggestion would be in the filed of Human Resource
Management, as servers structured similarly to the ones described in this work, could be used for
training employees in enterprises and organizations. With the right permissions and channels, it could
be ensured that the content for employees is published gradually in a manner that most effectively
helps them in overcoming potential challenges and tasks.
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As for the final conclusion, it would be fair to say that Discord requires more time investment when it
comes to customization than its alternative solutions in the field of knowledge management. Its out-of-
the-box product is not as appropriate for having classes online, since that isn’t primary goal of this
software. But with proper customization and structure organization, it can be adjusted to secure high
quality transfer of information in a way suited for universities and enterprises, which can potentially
surpass features of many software solutions solely made to serve this purpose.
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ABSTRACT

The world we live in today is characterized by rapid changes, faster than ever before. The globalization of the
market, the development of modern technologies and the development of society increasingly influence the fact
that organizations must be ready to respond to these challenges. The only resource that cannot be replaced by
any other appears as an adequate answer, namely employees. Employees with their knowledge and willingness
to improve and share that knowledge are one of today's key resources. In addition to knowledge, employees must
be creative and innovative in order to respond to the increasingly diverse demands of the market. In order for
organizations to achieve business success, they must invest in their employees. For this reason, it can be said that
the task of organizations is to encourage employees to learn, improve and share knowledge, but also to motivate
them to use their creative potential. This paper will show the effects of employees' knowledge and learning, as
well as their creativity and innovation on the business success of organizations, as well as ways to improve and
encourage the improvement of employees' knowledge and creativity.

Keywords: Knowledge, Creativity, Innovation, Business success.

INTRODUCTION

In the 21st century, due to the globalization of the market, increasing competition, rapid development
of technology, changes in the wishes and demands of consumers, organizations are forced to change
their business strategies (Shank, et al., 2012). Today, it is not enough for an organization to produce
and sell its product making a profit. It needs to achieve and maintain a competitive advantage in a
highly volatile market. Material resources contribute to business success, but they are not the key to
business success. The key resource that contributes to business success is employees with their
knowledge, skills and abilities. In addition to the knowledge and practical skills that employees
acquire through practice and experience, one of the key competencies required of employees today is
creativity.

The knowledge possessed by employees in an organization determines its economic strength and the
ability to develop other resources and increase the efficiency of their use (Krsti¢ & Vukadinovié,
2008). In the new era of development, modern society has no perspective of further progress without
lifelong learning and knowledge sharing (Kovacevi¢, 2019). The success of organizations today, and
especially in the future, will depend on highly educated employees, who will be ready to constantly
upgrade their knowledge and share it with other colleagues at work.
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Global competition has imposed the need for products and services to be different, more unique. To
meet these demands, employees must be creative. For this reason, employee creativity is considered a
necessary feature in modern business. It is the creativity of employees that is the starting point in the
workplace for creating innovations (Zhou & George, 2001). In order to survive and thrive,
organizations need to use the creative potential of their employees to respond to change, create
innovation, and ultimately achieve positive performance (McAdam & Keogh, 2004).

The success of the organization depends on the adequate use of knowledge and creativity possessed by
its employees. For this reason, in order to survive in today's market, it is necessary to invest in the
knowledge and creativity of employees in order to ensure the future of the organization.

KNOWLEDGE AS A FACTOR OF COMPETITIVENESS

In modern business, knowledge represents an important economic investment, that is, knowledge
becomes capital, which is also called knowledge-based capital (Svonja, 2018). According to Nonaka
(2007), knowledge is divided into explicit and implicit (tacit). Explicit knowledge is objective, open,
tangible knowledge, which is expressed in formal and systematic language. It can be found in the form
of written reports, books, manuals, various electronic forms. Implicit knowledge is subjective, hidden,
intangible, difficult to formalize. Explicit knowledge, unlike implicit knowledge, is very easily shared.
Knowledge sharing involves the exchange of knowledge, experience and skills of employees across
certain departments or the entire organization (Elrehail et al., 2016). However, knowledge sharing
among employees often encounters obstacles, i.e. employees do not share knowledge voluntarily or
are completely resistant to it. The reasons for this are most often the lack of trust in the team, i.e.
colleagues and in the leader (Edi-Valsania et al., 2016, Elrehail et al., 2018). For this reason, leaders
have the task of building trust, to motivate employees, to increase their level of self-confidence and to
build such an organizational culture in which their implicit knowledge will be openly shared
(Alzghoul, et al., 2018).

Knowledge by itself is not enough in today's times, which are characterized by neglect and constant
changes. It constantly needs to be upgraded and enlarged, so it can be said that modern society has no
perspective of progress without applying the concept of lifelong learning. Lifelong learning is a
concept that includes all general education, vocational education and training, non-formal and
informal learning during life, which results in the improvement of knowledge, skills and competences
within the personal, educational, social and/or employment perspective (ILO, 2019).

Organizations must "know what they know", that is, they must use the competencies of their
employees in the right way. For this reason, it is very important to manage knowledge in the right
way. Knowledge management implies the individual knowledge of employees into collective
knowledge, which is available at the legal moment and in the right way to all members of the
organization at all its levels (Risti¢ & Risti¢, 2012). The knowledge management process consists of

the following stages (Lackovi¢, 2024):

- identifying and collecting knowledge - first of all, it is necessary to determine what knowledge
the organization, i.e. its employees, possess, after that, the analysis and collection of the missing
knowledge is carried out. There are various techniques for identifying and gathering knowledge,
such as: knowledge mapping, interviews of different experts, document analysis, etc.;

- organizing and storing knowledge - storing and organizing collected knowledge. This allows
employees to use it more efficiently;

- sharing and transferring knowledge - creating a culture in the organization where employees
share everything they know and can do. Ways to do this include team meetings, training
sessions and using platforms where people can collaborate;

- application of knowledge - knowledge that has been collected is used to solve problems, make
decisions and create new ideas in the organization.
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The knowledge of employees in organizations determines its economic strength and the ability to
develop other resources and increase the efficiency of their use, thus positively affecting competitive
advantage. Knowledge is the only resource that increases with its use. For this reason, it is necessary
to motivate employees to constantly improve their knowledge and skills and strive to be the best in
their work. The main role in all this is played by the leader, who himself learns, upgrades and shares
his knowledge, but also rewards employees who do the same

CREATIVITY OF THE EMPLOYEES - "WEAPONS" OF THE ORGANIZATION'S
SUCCESS

In today's dynamic work environment, creativity and innovation are key resources for gaining
competitive advantage. To respond to fierce global competition, rapid technological development,
uncertain and turbulent economic environment, organizations must promote creativity (Alzgohul, et
al., 2018). Employee creativity refers to the generation of new and useful ideas related to products,
services, and processes (Amabile, 1983). Creativity can be based on curiosity about novelty, flexibility
of mind and adventurous spirit (Grant & Berry, 2011). According to Hargove and Nietfeld (2015),
creativity is defined as the ability of an individual to produce original and useful work. When
employees show creativity at work, they develop new responses, which are useful for solving certain
tasks and problems in the organization (Amabile, 2013).

Employee creativity is the starting point for innovation in organizations (Zhou & George, 2001). The
successful implementation of new products, services or procedures depends on whether a person or
group has a good idea and develops it. Every innovation starts with creative ideas (Gonz’lez-
Gonz’alez & Garcia-Almeida, 2021). Innovative work behavior is the behavior of an individual that
aims to achieve the initiation and introduction of new and useful ideas, processes, procedures or
products (De Joung & Den Hartog, 2008). Innovative proposals are a measure of an employee's
innovative behavior (Choi et al., 2016). Ideas or suggestions are the result of creative employees, and
that creativity leads to employee-driven innovation (Lasardo, et al., 2016). For this reason, in order for
the organization to have as many innovations as possible, it is necessary to stimulate creativity among
employees.

People are born with the trait of creativity, but if it is stifled and repressed, that trait remains neglected.
For this reason, it is necessary to develop creativity throughout life. Achieving creativity is the result
of an individual's interaction with the environment, i.e. with the family, close people, the workplace,
the environment in general. Individual interactions involve emotions, both positive and negative.
Therefore, if emotions are not managed properly, it will affect employees' ability to develop creative
ideas. By knowing their emotions, managing them and using them appropriately, employees can
motivate themselves and others to build lasting relationships that will encourage the sharing and
development of creative ideas (Atrhur, et al., 2022). Employees who are inclined to take risks, possess
internal motivation, think proactively, develop problem-driven ideas, believe in personal responsibility
for their choices, and are oriented towards the future and transformation are employees who possess
radical creativity (Wang, Wang & Xu, 2022). An important role in creating and encouraging creativity
is played by leaders who have self-confidence and who try to stimulate the code so that both the
employees build it. These are leaders who show positive emotions, creating a positive, fair and
transparent atmosphere that supports and stimulates creativity (Rego, et al., 2014). Subordinates will
be more creative if they are motivated by work, that is, if their task is challenging, they feel a certain
pressure to perform it and for the realization of which they will receive an adequate reward (Da Costa,
et al. 2015). What negatively affects employees and hinders their creativity is the restriction of
freedom and constant supervision by superiors.

Creativity is considered a powerful "weapon™ for organizations (Zhou, Zhong & Zhang, 2024).

Employee creativity can effectively promote organizational development as a key driver of innovation
within the organization and achieve organizational growth and competitiveness (Wang et al., 2022).
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For this reason, modern organizations invest all their resources in finding effective ways to encourage
creativity among employees, and this is the main task of leaders in the 21st century (Liu et al., 2020).

IMPROVEMENT OF KNOWLEDGE AND STIMULATION OF CREATIVITY AMONG
EMPLOYEES

Organizations that want to be one step ahead of their competition, in today's competitive market, must

have employees in their ranks that are ready to constantly improve and educate themselves. In addition

to formal education, which must be of high quality and at a high level, the task of organizations and

their managers (leaders in particular) is to stimulate their employees to constantly improve themselves.

For this reason, it is recommended to conduct training in organizations. There are different training

methods, such as: presentations, lectures, group work, case study, role play, practical exercises, etc.

After conducting the training, it is necessary to determine the results it brought and they include the

following categories (MeritPlan, n.d.):

- reaction of the participants - through feedback, it is determined whether and to what extent the
participants of the training are satisfied;

- learning - by conducting various tests, it is possible to determine how effective the training was;

- change in behavior - involves checking the results of training in practice;

- results - it is estimated what the final results are, if the goals that were set before the training are
taken into account.

Organizations must motivate their employees for continuous learning, and this can be done primarily
by managers by example. Also, the possibility of increasing earnings, secure job retention, different
types of praise, the possibility of advancement, etc. (Saop, 2021)

Creativity helps employees come up with ideas for new products, services, and ways of working. Any

problem or need that arises can be viewed from multiple angles and in this way come to new, better

and unigue solutions. For this reason, it is necessary to encourage creativity among employees, and

some of the ways to do this are (Vukovi¢, 2019, Miri¢, n.d.):
organize a work space - a relaxed work space, with comfortable furniture, the appropriate color
of the walls, plants, has a positive effect on the creative potential of people;

- encourage diversity - when hiring new people and forming teams, it is necessary to take care
that they are different, that they have different attitudes, ideas, thoughts, because then the best
ones will emerge from a bunch of ideas;

- encourage risk acceptance - in order to create something new, organizations must be ready to
take risks;

- reduce constraints — where there are strict and strict rules and too much bureaucracy, creativity
is stifled:;

- encourage ideas - people are afraid of presenting ideas, because they are afraid of judgment and
mistakes. For this reason, it is desirable to capture every idea and every effort.

CONCLUSION

The world in which today's organizations operate is changing more, and the challenges they face are
increasingly unpredictable. Due to constant changes, organizations need a workforce that possesses a
wide range of knowledge, where people think creatively and are able to innovate. These must be
people who are ready to constantly improve. In addition to formal education, which must be of high
quality, they must constantly upgrade their competences. It is precisely the task of organizations to
provide their employees with trainings, where they will invest in improving their knowledge and
skills. Therefore, a well-rounded businessman must strive for the concept of lifelong learning.
Knowledge as such is certainly not enough. In today's turbulent economy, organizations need the
creativity of their employees if they want to survive and be successful. To achieve this, organizations
must stimulate creativity in their employees. It is necessary to forget about strict rules and forms,
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because they largely stifle creativity. Employees should feel free to express their ideas, to take risks,
but also to take credit for successes and be adequately rewarded for them. If leaders, managers and
their employees in organizations do not become aware of the necessity and need for knowledge and
creativity, they will not be able to cope with changes in a turbulent environment and provide adequate
responses, in order not only to survive, but also to achieve a competitive advantage in the market
within who do business and function.
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ABSTRACT

Leadership is a term that has been studied for years. The situation with which encounters today's market is such that it
puts increasing emphasis on the individual who will be able to motivate all employees to act in the direction of
progress organizations. Leaders are recognized as individuals, who possess special characteristics, which are innate
and acquired, and which can be sources competitive advantages of the organization. Depending on the leadership style,
their changes are also opportunities in the organization. If it manifests itself democratically in the organization
leadership style, it will be supported by the opinions of all employees, who are bearers of numerous values,
knowledge, abilities and who will be under the influence appropriate motivational system, want to leave their
competencies organizational success. Then when the autocratic style of leadership is manifested, the leader is the one
who makes all the decisions, who does not create a positive atmosphere in collective, because certainly productivity is
not encouraged by treating the individual as a person in charge of work only. Situational leadership style adapts
specifics of the situation and leads to variable results, accordingly the response of employees to the manner of behavior
that the leader manifested. The leader has to take all important steps to motivate employees to achieve both personal
and organizational goals through effective and efficient work lead to mutual satisfaction.

Keywords: Leadership, Leadership style, Motivation, Successful organizational results.

INTRODUCTION

Leadership is manifested through a person's ability to use the right methods, techniques and procedures to act on
people, who in turn will mobilize their knowledge, skills and abilities in order to achieve the set goals. It is clear
that leadership as a phenomenon cannot be viewed in isolation, but only as part of a systematic set of factors that
influence it and predetermine it.

These factors primarily include motivation, leadership style, and risk appetite. It is very important to find an
adequate system of motivation within the leadership process that will enable the leader to mobilize his
employees so that they achieve the maximum within their business tasks. Thus, it is of key importance for the
employee to identify with his organization, so that by realizing its goals, he also realizes the realization of his
personal preferences. Employees are very productive when they are motivated, only success is finding a way to
motivate the leader. Which system will be applied depends on several factors, which are discussed in more detail
in this paper.

As leadership also implies motivation, it is clear that several different managers will apply different systems of
motivation and will approach employees and groups within the organization from different aspects. The process
of realization of the previously mentioned goals also depends on the style that the leader applies. Each leader,
depending on his character traits, knowledge, skills, abilities, situation, employee characteristics and other factors
that are precisely defined in the work, decides which style to apply within the leadership process. The overall
approach to employees and other activities in the organization depends on that style (Lutfi, Rivai, A., & Widodo,
D. S. 2018).

Each leader can manifest some kind of management of his followers. It is important that this style leads to
organizational success. Leadership style must be such that it fully supports the requirements, needs, desires of
individuals, because in this way it can lead to the commitment of the entire organization to achieve business
results. The study of the interdependence between leadership, motivation and organizational results is becoming
more common, because this connection is characterized as key to the prosperity of the business system.
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