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Abstract: This study conducts a comprehensive bibliometric analysis to explore the evolving relationship between
intellectual capital and Industry 4.0 within the logistics sector. The research identifies trends, key contributors, and
thematic developments in this interdisciplinary field using data from two leading scientific databases, Web of Science
and Scopus. The primary objective is to understand the critical areas of intellectual capital—human, structural, and
relational—and their application in Logistics 4.0, driven by technological innovations such as cyber-physical systems and
digital transformation. The methodology employs established bibliometric techniques, including co-occurrence and
thematic mapping, to evaluate research questions addressing publication trends, country contributions, source relevance,
and author influence. Data from 2001-2024 for Web of Science and Scopus datasets reveal key insights: consistent
publication growth, leading contributions by countries like China and the USA, and the emergence of themes such as
sustainability, innovation, and digital transformation. Comparative analysis highlights differences in keyword trends and
collaborative networks between databases, with Scopus displaying a notable time lag in topic evolution. Findings
emphasise the pivotal role of intellectual capital in driving logistics innovation, underscoring its integration with Industry
4.0 technologies. Limitations include potential database biases and a data lag for 2024. This study is a foundational
reference for scholars and practitioners who leverage intellectual capital for competitive advantage in the digitised
logistics era.

1 Introduction systems (CPS) has played a vital role in improving the flow

The Changes accompanying economic transformatioﬁg information between executipn and_ decisjon-making
have forced the company to adapt to the evolvingystems. These systems are increasingly important in
competitive landscape. In the twenty-first century, #gistics as well. Technological innovations supporting
product no longer plays as significant a role in building Bhysical logistics processes have led to systems with
competitive advantage, as its features can be easigvanced computational and communication capabilities,
replicated in other products. Today, the product and servi@ilitating seamless information exchange between all
strength is determined by the knowledge used in thdfsources and components of a product. Like the Industry
creation [1]. Intellectual capital is a significant aspect of-0 revolution in production, Logistics 4.0 represents a
the 21st century. In today's rapidly changing busines&ift from hardware-focused logistics to a software-centric,
environment, organisations continuously seek new waysittielligent, service-oriented landscape. The key areas
improve their Competitive edge and sustain |0ng-ter|Where intellectual capital is Closely linked with Industry
growth. As a result, acknowledging and efficiently utilisingt-O are human capital, relational capital, structural capital,
intellectual capital has become a crucial factor influencin@d innovation and knowledge management. The first
organisational success [2]. three fields are the primary components of intellectual

Intellectual capital is integral to Logistics 4.0, a conceptapital [1,3,4]. - . _
that applies Industry 4.0 principles to the logistics sector. This study is structured as follows: The first part is
The logistics industry has undergone significant changesdgdicated to the theoretical background, where we explain
recent years due to rapid technological advancements.tit¢ terms “Intellectual capital” and “Industry 4.0” and how

production  engineering, integrating cyber-physicaihey re_late to logistics. The second part describes ’ghe data
collection process and the methodology used in our
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(3

bibliographic research. We also describe the researab a general concept of a cycle or wave. Each wave
questions of this study. The third part is devoted tmepresents a distinct phase in a series of technological
empirical results, where we describe descriptiveinovations that create new economic sectors and
country/sources/author analyses, and co-occurrenopportunities for investment and growth. Since the
analysis to answer the research questions set in theginning of the Industrial Revolution at the end of tHe 18
beginning. The last part is the conclusion of the paper. Thentury, researchers have identified six waves [5,6]
main aim of this study is to analyse the intersection @Figure 1). The first wave (1785-1845) introduced
intellectual capital and Industry 4.0 in logistics to helfnydropower, textiles, and iron innovations, focusing on
academics and practitioners understand how knowledgssential goods production and leveraging improved
assets—such as human, structural, and relational capitairaritime and inland water transport to reduce costs and
drive innovation and competitive advantage in moderexpand colonial trade. The second wave (1845-1900) saw
logistics. By identifying key trends, influential coal and steam engines driving rail and steamship
contributors, and thematic developments, this researelpansion, opening new markets and boosting textile
equips academics and practitioners with insights to aligmoduction through mass-produced cotton. Electrification
their strategies with the evolving demands of digitadlefined the third wave (1900-1950), enabling urban
transformation, fostering more effective applications dfansport systems, machinery, and the automobile industry,
Industry 4.0 principles in logistics. which enhanced passenger and freight mobility. The fourth
This study investigates publication trends across Wetave (1950-1990) brought innovations in plastics,
of Science and Scopus, identifies leading countries electronics, and aerospace, with jet engines facilitating
research output, determines the most relevant publicatiglobal travel. The fifth wave (1990-2020) transformed
sources, highlights influential authors in the field, antbgistics and communication through information systems,
explores key trends and themes through keyword analygigrsonal computing, and e-commerce advancements. The
The methodology part of the study formulates researdixth wave (2020—present), or Industry 4.0, integrates
guestions. robotics, automation, and digitisation, emphasising
sustainability and IT-driven efficiency in operations.

2 Literature review
Technological innovation, information technology, and
economic growth are closely related and can be described

Automation
- Robotics
s?":%;::'a?: watks Digitalization
Electrici Petrochemicals New media Sustainability
3 ectricity Electronics Biotechnology
Water energy Steam engine Chemicals Outer space
Textlles Railway Internal combustion energy
Iron Steel
Mechanization Cotton

Commercialization

Innovation rhythm

3. wave 4. wave 5. wave 6. wave

2. wave

1. wave

1785 60 years 1845 Ssyears 1900 S0years 1950 40years 1990 30vyears 2020 25 years(?)

Figure 1 Waves of the industrial revolution

The Industry 4.0 phenomenon emerged in Germany standardise logistics business processes. Using ICT
2011 as a proposed economic policy development basedtechnology defines smart logistics as increasing
the High-Tech Strategy [5,7]. It involves the application afransparency through higher levels of automation and
the Internet of Things (IoT) and Internet of Services (loS)fficiency. This transformation has been driven by the
to industrial processes. Using digital technologies thatvention of the internet and the 4th industrial revolution
bridge the physical and virtual worlds, manufacturingindustry 4.0), leading to the use of Cyber-Physical
companies are rapidly transitioning from mass producti®ystems (CPS) for monitoring and controlling the physical
to custom production [8,9]. flow, a concept referred to as "Logistics 4.0" [3,4].

Digitally transformed logistics, also known as "Smartntellectual capital is crucial for the success of Logistics
logistics," "Logistics 4.0," or "supply chain managemend.0, as it encompasses the required skills, systems,
4.0", involves the use of the internet to formalise ancklationships, and innovation capacity to utilise advanced
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digital technologies effectively. Human flow, structural3  Methodology

and relational capital interaction empower logistics This study involves analysing literature to gain insights
companies to revamp their operations and excel in t{igo research trends and gaps in the evolution of intellectual
digital logistics era [10]. Intellectual capital is crucial incapital concerning Industry 4.0 in logistics. The analysis of
driving the innovation required for developing andyyblished literature data informs the study and highlights
implementing Logistics 4.0 technologies. This involvegital themes [19]. The research applies mathematical and
creating new solutions for automation, Al-based decisioRtatistical methods to books and other forms of
making, and loT-enabled logistics management. Th&ymmunication-based on Pritchard's approach [20].
innovative capacity of a company’s intellectual capital is a Qur research used the standard science mapping
crucial competitive advantage in Logistics 4.0 [11]workflow created by Borner et al. [21] and improved by
Effective knowledge management within Logistics 4.Q\ria and Cuccurullo, Cobo et al., and Zupic abater
ensures capturing, sharing, and utilising valuable insights2-24]. This workflow involves five stages: study design,
from data analytics, customer interactions, and operationgita collection, data analysis, data visualisation, and

experiences. This continuous loop of knowledge flowhterpretation. For our study design, we developed the
enhances decision-making and operational efficiency [13b|lowing research questions:

Recent research emphasises integrating soft skills,

advanced technologies, and innovative approaches Rity1: What are the specific trends in publication patterns
modern logistics and supply chain management. Cantoni et concerning intellectual capital and Industry 4.0 in

al. highlight the significance of soft skills, such as logistics in the Web of Science and Scopus
communication and adaptability, in fostering collaboration databases?

and addressing complex logistics challenges [13]. Fareggh2: Which countries have contributed significantly to
et al. explore how digital technologies like Al, loT, and research on intellectual capital and Industry 4.0 in
blockchain enhance efficiency and sustainability in logistics, based on publication metrics?

multimodal logistics operations [14]. Pekikova et al. RQ3: What are the most relevant publication sources that
(2024) focus on improving logistics efficiency in storage advance intellectual capital and Industry 4.0
and picking processes, providing practical insights into knowledge within the logistics domain?

specific operational challenges [15]. Pozzo et al. and Rej@ipy4:  Who are the most influential authors contributing
et al. reveal key trends in Logistics 4.0 and loT to intellectual capital and Industry 4.0 in logistics?
applications, highlighting their transformative impact oRQ5: What are the key themes and emerging trends in
automation, data-driven strategies, and real-time decision- intellectual capital and Industry 4.0 in logistics, as

making in supply chains [16,17]. Straka et al. demonstrate reflected in publication keywords?
the utility of simulation modelling in optimising

production processes, showcasing its relevance for on August 11, 2024, we gathered data from the Web
logistics efficiency [18]. Lastly, Nufiez-Merino et al.of Science and Scopus databases to answer the research

identify research gaps in Industry 4.0 and supply chaijuestions. Table 1 describes the inclusion criteria for data
integration, providing a roadmap for future advancemenfgering.

[18].
Table 1 Inclusion criteria for data collecting
Web of Scienc | Scopu
Keyword: intellectual capital, intangible assets, industry 4.0, logistics
Document Typ Article
Languag English
Subject Area / Category | Business Finance; Management; | Business, Management and Accounting
Business; Economics; Economics, Econometrics and Finance
Multidisciplinary Sciences. Multidisciplinary
Exclude all other Limited to the mentioned area
Total number of selected
documents 5,866 documen 739 documen

To better understand the evolution of our research We used the latest version of RStudio (2024.04.2+764)
topic, we collected data from all available years withoub analyse the collected data on a Windows 11 platform.
limiting any specific time. We analysed data from 2001 tWe used the "bibliometrix" package for bibliometric
2024 for the Web of Science and Scopus. As 2024 is stlhalysis. Data from both databases were imported as ".bib"
ongoing, our analyses may be updated by the end of files, and we utilised the "bibliophily" package in the R
year. However, we anticipate changes only in the numbesmmand to remove duplicate articles and conduct the
of published documents, not in the research area itself. \&ealyses [22,25,26)].
included the year 2024 to capture the most current trends.
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4 Results

Table 2 provides essential information about the

selected samples.
Table 2 Summary of selected samples

Web of Scienc Scopu
Timespal 2001 - 2024 2001 - 2024
Sources (Journals, Booletc.’ 618 359
Document 5,866 739
Annual Growth Rate ! 19.69 18.11
Document Average A( 6.39 4.9
Average citations per d 18.32 27.07
Author's Keywords (DE 15,327 2,372
Authors 12,893 1,915
Timespal 2001 — 2024 | 2001 - 2024

Between 2001 and August 17, 2024, 12,893 authc2®01 to August 17, 2024. Figure 2 illustrates the
produced 5,866 documents across 618 sources listed in ploblication trend for both scientific databases. Both

Web of Science database. Additionally, for 359 sourceftabases show a consistent increasing trend

listed in Scopus, 1,915 authors produced 739 papers framblications related to intellectual capital in logistics.

750
700
650
600
550
500
450
400
350
300
250
200
150
100

50

Number of Articles

20034
2005 ¢
2007 ¢
2000 ¢
2023

2017
2019
2021

— (40} Lo

— — —

& I &
Year

—e— Web of Science —e— Scopus

Figure 2 The publication trend. Source: own proceeding

in

Understanding the creators of these publications is nptiblications), the USA (2,238 publications), India (1,162
less important. We provide structural analyses gfublications), the United Kingdom (1,044 publications),
producing countries, sources, and authors in this cased Australia (858 publications). The results for all

Based on our findings, the top five most productivavailable countries are illustrated in Figure 3.
countries in the Web of Science are China (2,603
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Figure 3 Country scientific production: Web of Science

On the other hand, the top 5 more productive countrigsiblications) and Malaysia (92 publications). The results
are China (198 publications), the USA (131 publicationsjor all available countries are illustrated in Figure 4.
Italy (130 publications), the United Kingdom (98

Frequency (Scopus)
198

Powered by Bing
© Australian Bureau of Statistics, GeoNames, Microsoft, Navinfo, Open Places, OpenStreetMap, TomTom, Zenrin

Figure 4 Country scientific production: Scopus

As international collaboration drives the quantity antbetween China and the USA (109), China and Australia
quality of research, understanding the structure of thef&7), China and the United Kingdom (51), the USA and
collaborative networks is crucial. In the case of the Web #&forea (50), and the USA and the United Kingdom (46).
Science, the most frequent research collaborations darke entire collaboration map is illustrated in Figure 5.
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Figure 5 Collaboration world map: Web of Science

The collaboration map in the Scopus sample i@nd the United Kingdom (9), Malaysia and Pakistan (8),
the weakest, with lower levels of collaboration. The mosind the USA and France (8). The complete collaboration
frequent research collaborations are between China amép is illustrated in Figure 6.

Pakistan (10), the United Kingdom and France (10), Italy

Figure 6 Collaboration world map: Scopus

The following essential aspect of every research is tie "Supply Chain Management—An International
publication sources for these articles. According to oulournal,” with 216 publications. The third spot in the top
results, the most relevant source in the Web of Sciencetlisee is taken by "Industrial Marketing Management,” with
the "Asia Pacific Journal of Marketing and Logistics," withl01 publications. The top 10 relevant sources are
1,097 published articles. The second most relevant souitiestrated in Figure 7.
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Figure 7 The most relevant source is the Web of Science

In the case of Scopus, the most relevant source is thlanagement" with 26 articles, and the top 3 is closed by
"Journal of Intellectual Capital" with 62 publications.the "Journal of Business Research" with 12 publications.
Following a significant gap in counts, the second modthe top 10 relevant sources are illustrated in Figure 8.
relevant source is the "Journal of Knowledge
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Figure 8 The most relevant sources: Scopus

Based on our findings, the top 10 authors in the casepiblications solely within their own country or if they
Web of Science are: Liu Y., Wang X., Li X., Zhang Y.participated in international co-authorship. We utilised
Wang Y., Liu M.T., Wang J., Zhang J., and Li Z. Themaps to illustrate the collaboration between corresponding
number of published articles by each of them is illustrateaithors and countries to gain better insights into these
in Figure 9. connections. Results for Web of Science and Scopus are

In the Scopus sample, the top 10 authors are Lonnqviliistrated in Figure 11 and Figure 12, where MCP stands
A., Laihonen H., Xu J., Bontis N., Grimaldi M., Ramayalor Multiple Country Publications, and SCP stands for
T., Sillanpda V., Soewarno N., Al-Hawamleh A.,Single Country Publications.

Chatterjee S. The number of published articles by each of The following part of this article provides a co-
them is illustrated in Figure 10. occurrence analysis, which helps identify the main topics

Furthermore, we examined the country of thand trends inresearch. We analysed 15,327 keywords from
corresponding author. We analysed the collaboratithe Web of Science sample and 2,372 keywords from the
patterns among countries to ascertain whether they had
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Scopus sample. Table 3 lists the top 20 most frequent
keywords for both samples.

Table 3 The 20 most frequently used keywords

Web of Science Scopus
Keyword Frequency Keyword Frequency
Logistics 259 Intellectual capite 145
Logistic regressic 241 Knowledge manageme 57
Supply chain managem 197 Human capit: 55
Innovatior 170 Innovatior 44
Chine 140 Relational capit: 29
Consumer behavio 136 SME:¢ 27
Supply chail 110 Social capite 25
Managemel 99 Intangible asse 24
Sustainabilit 99 Firm performanc 23
Performanc 96 Performanc 23
India 93 Sustainabilit 22
Entrepreneursh 91 Structural capit 20
E-commerc 87 Competitive advanta 19
SMEs 86 Organisational performan 18
Covid-1¢ 82 Financial performant 17
Regressio 77 Value creatio 17
Customer satisfactic 73 Resourc-based vie 15
Reverse logistic 73 Business performan 14
Trus! 71 Digital transformatio 14
Gendel 66 Corporate socieresponsibilit 13

logistic regression

=

congumer behaviour

Figure 9 Co-occurrence analysis: Web of Science

ain management ¢

All available keywords are analysed using the ccsecond cluster (blue) contains 14 keywords describing
occurrence method. The keywords were split into thremistomer behaviour and e-commerce. The last cluster
clusters in the Web of Science sample. The first clustégreen)
(red) consists of 19 keywords summarising topics relategbvernance and competitiveness. The results are illustrated
to logistics supply chains and their management. The Figure 9.

includes 16 keywords describing corporate

-_—
k-

=

Based on the keywords analysis, we created theto four quadrants based on their relevance and level of
thematic map for the Web of Science data (see Figure ¥velopment. In other words, we categorised key issues
and Scopus data (see Figure 12). All topics were dividéato four groups: niche themes, motor themes, emerging
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(3

themes, and basic themes. In the case of Web of Scierissyes are detected as emerging or declining themes. Basic
logistic regression is the niche theme. Between motthiemes include logistics, supply chain management, and
themes belonging to research about consumer behaviganovation.

China and India. Entrepreneurship, SMEs and COVID-19

china
consumer behaviour
india

logistic regression
logistic
regression

logistics
supply chain management
innovation

Development degree
(Density)

entrepreneurship
smes
covid-19

Relevance degree
(Centrality)

Figure 10 Thematic map: Web of Science

In analysing Scopus, we have identified five clusteradvantages. The fourth cluster (purple) includes ten
The first cluster (red) consists of nine keywords describirgeywords that summarise the topic of value creation and
intangible assets and their management. The second clust@nagement of intellectual capital and supply chains.
(blue) contains eight keywords related to intellectudtinally, the fifth cluster (orange) contains eleven keywords
capital, industry 4.0, and research and development. Ttlescribing intellectual capital and innovation capability
third cluster (green) comprises eleven keywordsomponents. The results are illustrated in Figure 11.
summarising innovations and their competitive

4

human Capita - L
- @ @
— - =

intellectual capital ®

Figure 11 Co-occurrence analysis: Scopus

Scopus's thematic map is broader, as visible in Figuits components, knowledge management, innovation,
12. Niche themes include value creation and strategittangible assets, sustainability, and corporate social
management research, digitalisation, open innovation, aresponsibility.

Industry 4.0. Basic themes include intellectual capital and
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Figure 12 Thematic map: Scopus
5 Discussion the Web of Science, key contributors include Liu Y., Wang

This study provides a comprehensive bibliometri&., Li X., Zhang Y., and Wang Y., among others. In
analysis of published research on intellectual capital afRfopUs, prominent authors such as Lonnqvist A., Laihonen
|ndustry 4.0 in |ogistics based on data from the Web &., XuJd., Bontis N., and Grimaldi M. are identified. These
Science and Scopus databases. The analysis spansifinors significantly shape the intellectual landscape of the
available years, covering 2001 — 2024 for the Web &eld. Additionally, an analysis of corresponding author
Science and Scopus. It addresses key research questio®ttries highlights the geographical distribution  of
elucidate trends, contributors, and thematic developmerigsearch leadership and collaboration networks. The fifth
within this field. research question (RQ5) delves into key trends and themes

The first research question (RQ1) examines trends fi@sed on publication keywords. In the Web of Science,
publication patterns. The findings reveal a consistekgywords cluster into three themes: niche topics such as
increase in publications in both databases, underscoriiggistic regression, basic themes like logistics, supply
growing academic interest in integrating intellectus#hain management, and innovation, and motor themes such
capital and Industry 4.0 in logistics. This upward trajector§s consumer behaviour and research activity in China and
reflects the field's relevance in addressing the challengésglia. Scopus reveals five clusters, with niche themes
and opportunities of digital transformation in logistics. Théncluding value creation and digitalisation, basic themes
second research question (RQ2) identifies the leadiggch as intellectual capital components and corporate
countries in publication metrics. The Web of Sciencgocial responsibility, and emerging themes like Industry
results highlight China, the USA, India, the UK, and*O and open innovation. These clusters provide a nuanced
Australia as the top contributors. At the same time, Scoptgderstanding of the field’s thematic evolution, pointing to
identifies China, the USA, ltaly, the UK, and Malaysia afoundational topics and emerging research frontiers. This
the most productive. Collaboration patterns differ betweefiudy answers critical questions regarding the trends,
databases; Web of Science showcases strong internatiditributions, and thematic focus of research on
partnerships' such as those between China and the US’A_G”GC':U&' capital and Industry 4.0in |OgiStiCS. It provides
Scopus highlights more regionally focused collaborationg,valuable resource for academics and practitioners seeking
including China, Pakistan, and the UK and France. Thetgunderstand and advance the integration of these concepts
findings underscore the importance of global and regioni# the logistics domain.
collaboration networks in advancing research. The third
research question (RQ3) explores the most relevadt Conclusion
sources. In the Web of Science, the "Asia Pacific Journal This study's findings are informative and provide a
of Marketing and Logistics,” "Supply Chainprofound understanding of the evolving relationship
Management—An International Journal," and "Industrigbetween intellectual capital and Industry 4.0 within the
Marketing Management" emerge as the leading publicatidogistics domain. Through a comprehensive bibliometric
platforms. In Scopus, the "Journal of Intellectual Capitaldnalysis, significant trends and themes have been
"Journal of Knowledge Management," and "Journal afincovered, shedding light on the current state of research,
Business Research" are the most significant sources. Thigse geographical distribution, key contributors, and
journals play a pivotal role in disseminating research aridematic focus areas.
advancing the theoretical and practical understanding of The analysis revealed a consistent upward trend in
intellectual capital in logistics. The fourth researchpublications related to intellectual capital and Industry 4.0
guestion (RQ4) focuses on the most influential authors. In logistics, highlighting growing academic and practical
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interest in the field. However, notable differences betweepplications. We hope that future studies could build on
the Web of Science and Scopus databases were obsertteid. foundation by incorporating qualitative analyses,
For instance, Web of Science demonstrated a longexploring case studies, and examining the role of
historical trajectory, while Scopus showed a higher annuiaktellectual capital in specific logistics technologies, such
growth rate, suggesting a more recent intensification e blockchain, 10T, and Al-driven supply chain
research activity. This discrepancy underscores timanagement. These efforts would further enrich the
importance of leveraging multiple databases to captureuaderstanding of how intellectual capital drives innovation
holistic view of the research landscape. and competitive advantage in the digital age.
Geographically, China and the USA emerged as This study has some limitations. First, there is a data
dominant contributors across both databases, reflectitag issue. We chose not to exclude 2024 to ensure we have
their leadership in technological innovation and logistiche most current information available. It's important to
research. However, the collaboration patterns differatbte that while the basic information might remain mostly
significantly between the databases. While Web of Scientee same, the number of publications could still vary.
demonstrated robust international collaborations, Scop8gcond, there is a coverage bias due to the databases
highlighted less extensive but regionally focusedeeding to cover all languages uniformly. These
partnerships. These differences suggest collaboratibmitations emphasise the need for cautious interpretation
networks are critical in shaping research productivity anof our findings, particularly regarding the currency of data
quality. Identifying key sources, such as the Asia Pacifend the language bias inherent in our database selection.
Journal of Marketing and Logistics and the Journal of
Intellectual Capital, underscores  the field':Acknowledgement
interdisciplinary nature. These sources are pivotdlhis research was funded by The Slovak Grant Agency of
platforms for disseminating cutting-edge research arkhe Ministry of Education of The Slovak Republic and
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Abstract: Uncertainty is a factor that affects many decision-making situations in practice. Supplier management and its
flows in companies is no exception. This paper focusses on the choice of the most appropriate strategy towards suppliers
in a company. This topic is unfairly neglected in the literature compared to other decisions related to suppliers, such as
supplier selection or evaluation. For the sake of robustness, two different hybrid methods of multicriteria decision making,
allowing managers to capture the uncertainty, are applied and compared. Namely, the AHP method together with
Stochastic Multicriteria Acceptability Analysis (SMAA), and the fuzzy extension of the PROMETHEE method. The goal

of this paper is twofold. First, the best strategy is explored with respect to time and uncertainty before the nomination of
a supplier is done and after that. Second, it is pointed out how much oversimplifying and distorting the aggregation of
opinions using the averaging operator can be. The results showed that examining individual evaluations helps better
understand the impact of the uncertainty on the most suitable strategies towards suppliers, in comparison with the final
ranking based on averaging individual opinions. The performed survey revealed that choosing the best strategy before
nominating a supplier is more difficult than doing so after the nomination.

1 Introduction essential during negotiation. In this paper, the most suitable

Decision-making plays a vital role in numerousStrategy towards suppliers during negotiation process is
organizations and for individuals, who employ variouinvestigated (before and after nomination of a supplier),
approaches to evaluate its effects on the comparand the impact of imprecise inputs on this strategy is
themselves, and the surroundings. The nature of decisicarefully explored. o
can depend significantly depending on the level of This paper builds on the contribution presented at the
certainty or uncertainty faced by the decision-makegonference and published in its proceedings, see [5].
Additionally, the framework within which decisions areUnlike this work, this study is extended by the
made may evolve over time, resulting in circumstances tHRBROMETHEE analysis which enables one to understand
differ from those at present. By delving into a real-worldhe impact of the uncertainty in a more systemic and
scenario within the flows in logistics within the automotivecomplex way. The basic structure of the introduced model
sector, we explore how alterations in cost management ds already been published in [5]. This paper uses

be impacted both before and after the selection of &xtensive survey data collected from a car manufacturing
supplier. company, previously utilized in [5]. Unlike that study, the

Numerous studies in the literature have examind®&in objective here is not to rank alternatives but rather to
Supp“er management and its ﬂOWS, with a predominamoroughly investigate the inﬂL.]ence of Uncertainty on the
focus on identifying optimal suppliers for inclusion in théssue at hand at the two considered moments — before the
portfolio [1], developing negotiation models to determing@omination of a supplier is done, and after this nomination.
order quantities [2], or a combination of both [3]. In thisthe uncertainty can impact the results in two ways: first,
study, we operate under the assumption that suppli@flividual opinions may carry inherent uncertainty (all
selection has been completed and cannot be altered furti§éiteria in the model are nominal and subjective), and
As precise price bids and quantities are not yet known, thécond, variability in opinions can also potentially impact
model presented merely suggests a broad strategy toth@ final recommendation.
implemented both before and after a supplier is designated. In [5], the fuzzy-AHP method was used to find the best

Suggested strategies are tools, that could R&haviour towarc_is suppliers of a car manufacturer. Th|§
implemented during negotiations process. The study [RpPer uses a different method. Namely, the Stochastic
shows that the process preparation and information dYBulti-criteria Acceptability Analysis [6] and fuzzy-
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PROMETHEE [7] are used. The motivation for this choic.1 ~ Analytical Hierarchy Process (AHP)
is that the optimal strategy obtained by Fuzzy-AHP in [5S] The AHP is based on pairwise comparisons using the
was surprisingly unambiguous. SMAA (StochastiGaaty’'s matrices, see [8]. The Saaty’s matrix pair-wisely
Multicriteria Acceptability Analysis) together with the compares either the importance between two criteria, or the
AHP (Analytical Hierarchy Process) method and @erformance between two alternatives in terms of a given
different way of capturing the uncertainty in fuzzy setsriterion. The matrix for weights’ determination will be of
within Fuzzy-PROMETHEE will help us to exploresize k x k and each ofk matrices comparing the
whether this unambiguity was caused by the fact that th@ernatives will be of size x n. Each Saaty’s matrix must
solution is really absolutely clear, or if it was brought by &e reciprocal and its elements must belong to the Saaty’s
simplifying aggregation operator which was used tgcale (the values from 2 to 9 to express the preferences in
aggregate individual opinions together. favour of an entity in a row over an entity in the column,
The rest of the paper is organized as follows. Sectionadd their reciprocals to express the opposite preference; 1
introduces the necessary methodological background ief used for equal preferences). Before the priorities are
the used methods: AHP, SMAA and Fuzzy-PROMETHERerived, each Saaty’s matrix should be checked for the
methods. Section 3 recalls the model taken over from [&Jonsistency, e.g., using the consistency ratio, see [8]. The
The core part is Section 4, where the results of SMAAveightsw; from the Saaty’s matrix are calculated using Eq.
AHP and fuzzy-PROMETHEE methods are providedi, the utilitiesy;;, revealing the performance of tjh

discussed and compared with the results of the Fuzzy-ARRernative in terms of the criteriépwould be analogical.
method presented by [5].

. Mo i)

2 Methodological background Wi = S @

If one has a decision problem whéreriteria are used
to assess alterna}tives (where both sets are finite, discrete The ranking is determined according to the value of
and ‘reasonably’ small), we talk about a multi-criterigota| utilities of alternatives is calculated using Eq. 2.
decision-making problem (MCDM). Since many MCDM
methods exist, one must be very careful when selecting the Yk .

. . Uy =Xjawj-u
one for some particular real-life problem. The methods
differ in many parameters: a way, how the final value
the alternatives is calculated, how a decision-makéer
evaluates parts of the model, suitability for some of all data h hod h inciole that i
types, ability to work in dynamic or uncertain environment, e SMAA method operates on the principle that it
etc. For this study, we have decided for two differer€arches for the percentage of weights for which a given
settings: (a) the combination of the AHP [8] and SMAA [6PPtion is the best — this metric is referred to as the
and (b) fuzzy-PROMETHEE method. The reason for th cceptability index and wh|ph weight vector is the ce_ntr0|_d
first choice is straightforward. The AHP method is by faP the hyperplane of all weights where the given variant is
the most popular MCDM method all over the worldhe best. In cases where we have stochastic evaluations of

(according to the number of records obtained Whjé%[ions, we also obtain a confidence factor that tells us how
|

L-]-,i=1,...,n (2)
2 Stochadic Multicriteria Acceptability
Analysis

searching the name of the method in the Web of Scient! it is that the weight vector, which is the centroid of
database), the input data from the decision-makers h weight hyperplane that was best forag_wen variant, will
been adapted to this method, and its fuzzy extension tgually turmn out to be the best for that variant. _
already been used by [5], thus making the comparability of According to [6], the acceptability index;is
the results will be easier. However, group decision makirfg/culated using the ratio of the volume of the weight
with AHP usually works with the aggregation of opinion&/€CtorW; to the total volume of the weight vector. Here,
using some averaging function. On the other hand, SMAK represents f[he set of all possible weight vectors that
allows us to consider all individual opinions without théneet the criteria of the user or the problem, #hds a
necessity of using some simplifying aggregation operato%'bset of W that corresponds to the best variant. The
such as the geometrical mean in [5]. In line with [G]functlon vol represents ‘'volume', or the measure of how
SMAA is a highly suitable method when the robustness #fuch of the weight vector space the given sulbget
the results is explored. As for the fuzzy-PROMETHEEQCCUpies compared to the total spicesee Eg. 3.

this method is built on a different logic than AHP and

allows one to define the set of strengths and weaknesses of a; = rolwy) 3)
each alternative. votw)

In order to keep the length of this paper acceptable, both In the case of stochastic evaluations, we calculate

methods will be outlined rather than completely describe . using the ratio with the expected value of the weight
An interested reader can look at many descriptions in t Sctor volume (Eq. 4)

literature.
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a — EQ@olWi(r)) (4) where w;represents the weight assigned to thth
vol(w) criterion, indicating its relative significance among the
criteria, k indicates the number of criteriathe number of

The central weight vector for alternative i is defined a3jternatives

the expected centre of gravity and can be calculated as|, line [7], the preference degrees are expressed with

follows in deterministic case (Eg. 5) and stochastic cage, triangular fuzzy numbeP = (p,, p,,p,) (denoted by

(Eq. 6). tilde), see Figure 2. This fuzzy number captures the
uncertainty by admitting that the corresponding variable
wf = [, wdw/[, dw (5) can reach any value from some interval with the assigned
value of the membership degree (u € (0;1]). This
membership degree anwers the question to what extent
some value belongs to the given set. The binary operators

and © extends the classical binary operations of

. . . @
The confidence factor is obtained as the area of th@gition and multiplication for fuzzy sets, see Egs. 10, and
probability distribution function for which it holds that for 11

a random variable, the utility of variainis greater than the

W= I, 100 (o™ W Sy @) &y ©)

utility of other variants, see (Eq. 7). P®O=,p.p) ® Q4. q,) =
- o ) @+ qupe + qopi + a) (10)
pi = yui(y.wf)zug vew!) 4 d)/, 7 ~
o POk = (@up,p)Ok=
+
wherewf is the central weight vecter-in for which the (kpy, kpe, kpy), k € R (11)

varianti is optimal. . -
P The fuzzy positive flow indicates to what extent the

Aflternative surpasses, on average, the other alternatives.
dde other way around, the negative flow indicates the
gree at which the alternative falls short, on average,
compared to all other alternatives. To ensure a complete
ranking of the alternatives, the positive and negative flows

For more detailed description of the SMAA metho
and its application in various fields, see [9]. For purpos
of this work, the results of the integrals are calculated usi
Monte Carlo simulation for the sake of convenience.

2.3 Fuzzy PROMETHEE must be combined into net flows using (Eq. 12).
The PROMETHEE ranking method, introduced by - - -
[10], has gained widespread popularity during the last ¢(@) =¢"(a) © ¢~ (a),forva (12)

decades, see the review paper by [11], or its particula , ,
application in logistics, see [12]. At its core,WE‘eree stands for the fuzzy extension of classical

PROMETHEE ranking employs a preference functiorsubtraction given by Eq. 13.
which assigns a preference degPg@, b) to each pair of

alternativest, b with regard to each criteriagrfrom the set PO Q= upeprr) © (14c,0r) =

of considered criteria. This preference degree is determined (1 = 4. pc = 4erpr — Q1) (13)
based on the difference in performance values between the

alternatives compared with respect to the given criterion. PA

Decision-makers have the flexibility to select from various
types of preference functions, each with different
configurations for individual criteria. The authors of [10]
work with six predefined shapes of preference functions.
Among the published applications, as reviewed by [11], the
linear function type, with indifference and preference
thresholdsq and p, stands out as the most commonly
utilized (see Figure 1). After comparing all pairs of 0 q p d
alternatives across all criteria, the positive and negative . .

flows of the alternative are calculated using Egs. 8 and 9. Figure 1 Linear preference function and preference degree

n k 5
~ i< . i(a,b
¢t (a) = eaaib@l—;(ivl‘@})‘(a )),for va. (8)
~ n k OB
¢ (a) = eaaib@l:;(ivl‘@})‘(b'an,for va, 9
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another topic. All six criteria are considered categorial
Ha(x), (qualitative).

3.2 Alternatives
The alternatives in the presented model are three
particular strategies which can be adopted by a company.
These strategies can rarely be applied separately, but their
combination with different ‘power’ is expected to be used:
» Change catalogue or pre-negotiation of possible
0 - X changes in the future,
af am a?‘ Im H H
) . . provement of the technical requirements and
Figure 2 Triangular fuzzy number e
specifications,
* A decrease in overhead and profit surcharge or a
question of the ‘Surcharge calculation’ used by
many OEMs, is future orientated.

3 Decison model
This section recalls the decision model introduced by
[5]. The criteria and alternatives (strategies) have been

expgrtly dd_eflnr?d expertly bas?d on the mterwe;/]vs The use of a change catalogue after nomination can be
conducted In the same car manufacturing company Whe[€af| for example, to negotiate changes better and more

the case study was performed. The selection of criteriadfactivel ; ; ;

. y. A high-quality change catalogue is developed
supported by [13] and [14], where the authors considgy ~ose cooperation between the purchasing and
speed of process, complexity of process, and cost (ﬁ’évelopment teams.
processess in man-hours important factor for the \ynhen specifying the details and quality of the
evaluation. Despite the fact _th_at the model has beg ecifications, the company can avoid many changes
proposed based on expert opinions from the automotiy,,gh the development of the product in the future, so
company, it does not use any criterion or strategy, whi

. p t the change catalogue can be made redundant or at least
could not be reasonably expected in case of any mdustréz? atly reduced in complexity
company. :

The third main strategy, when trying to reduce the costs
of product development and its delivery, is a decrease in

31 Criteria _ _ overhead and profit surcharges. Many OEMs use a
The following criteria for evaluations are considered: grcharge calculation as a calculation basis. The

*  Speed of implementation, calculation uses the bottom-up approach to calculate the
Complexity, cost components and then adds the overhead and profit
+  Capacity effort, surcharges as a percentage of the material and production
+  Setting of premises, costs. This is determined primarily during the nomination
* Internal know-how, and is agreed with the supplier.
e Output.

4 Casestudy

The speed of implementation is a very important factor This section begins with the introduction of the input
in the selection of the tools. It is very important how fasiata. Then, the results obtained by [5] of the
each topic can be implemented in practice; how compléxplementation of the fuzzy-AHP and fuzzy-
are the topics in the preparation and how much capac®ROMETHEE approach to the presented model. The core
must be used in terms of manpower and time. Furthermopgrt of this section focusses on the results of the application
itis also very important whether premises can be set for tbg the hybrid AHP-SMAA and fuzzy-PROMETHEE
respective topic. For example, if premises are kept tegethod. The results of all three methods are carefully

coarse and generous in a change catalogue, the costs cagm@ipared, and recommendations are provided.
be precisely defined. A precise and detailed definition of

the premises also enables a detailed statement of costs4far Input data

a specific measure. It is also important to ask whether the |n this paper, we present the implementation of the
know-how is available internally. The employees and thejfiodel on the data brought by the survey in a single car
experience are essential. Employees from development afinufacturer. That is, 113 managers (out of approximately
purchasing can bring the topics into the lessons learnt toad®0) from the fields of purchase and logistics have been
These topics have to be evaluated by the supplier. Finalljgked (in the fall, 2022) to evaluate the importance of
output is the last, also very important criterion. It ca@riteria and performance of the alternatives using the
happen that everything can be implemented very fast, wifhaty’s scale with the possibility to express their hesitance

low capacity and high know-how, but if the output is smallsing the interval within the scale. All evaluations have had
or it brings little savings, the focus is usually placed on

~ 520 ~

Copyright © Acta Logistica, www.actalogistica.eu



bc’ Acta logistica - International Scientific Journal about Logistics
g Volume: 11 2024 Issue: 4 Pages: 517-526 1SSN 1339-5629
3 / Towards efficient logistics through suitable negotiation strategies: the role of uncertainty
?}o Frantisek Zapletal, Jan Volny, Radim Lenort

(3

to be done twice — first for the period before nominatioto calculate the lower and upper bound of the triangular
(before the contract is signed) and second after nominatidnzzy number, the vertex of the triangle (wijth= 1) is

As for the AHP-SMAA method, the evaluations wereequal to the mode of the empirical distribution (i.e., the
considered random variables with discrete empiricahost frequently chosen value). Due to the same scale used
distribution. The probability of each grade on the Saatyfer all criteria, an identical preference function was used
scale corresponds to the relative proportion between & all criteria. Namely, the linear function with= 1 and
decision-makers. For instance, if all 113 decision-makegs= 9 was set (it means that the maximum preference on
chose in total 200 different values for some compared pait®e Saaty's scale leads to the maximum value of the
of alternatives (note that each decision maker could selggtference degree, the lowest possible value of preference
more values from the scale because of the uncertainty), §0d125) corresponds with the value 2 on the Saaty’s scale
if the value 2 (a very weak preference in favour of the firgind then, the preference degree increases by 0.125 with
evaluated alternative) occurs 20 times, its relativeach grade.
proportion is 0.1. In this way, each individual opinion is
considered without loss of data. 42 Reaults

As for fuzzy PROMETHEE, the input values were The authors of [5] applied the fuzzy AHP method to the
handled in a completely different way. Unlike the AHPsame dataset and get an unambiguous ranking of the
SMAA, not all opinions were preserved for the evaluatiogiternatives, see Figure 3 and Figure 4. In other words, the
process. Namely, only the grades with at least 10% of th@certainty does not impact the final ranking at all. This
evaluations were kept, the rest was ignored as outligfRes rise to the idea that the solution is absolutely robust
(otherwise, the ranges were too wide, and almost lhd that no hesitance about the prioritization of the
possible rankings could occur then). The fuzzy inputs feftrategies seems to be justified.
fuzzy-PROMETHEE were derived in the following way:
the minimum and maximum of the 80% range were used

1
Ha

03
0.8 | Change Catalogue
0.7 Technical requirements |
0.6
0.5
0.4
0.3
0.2
0.1

0

-0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8

Figure 3 Final results of alternatives by fuzzy-AHP method before the nomination [ Trumi¢ and Zapletal (2023)]

1
Ha

0.9

0.8

0.7 Change Catalogue | | Technical requirements Owverhead

0.6
0.5
0.4
0.3
0.2
0.1

0
-0.6 -0.4 -0.2 0 0.2 0.4 0.6

Figure 4 Final results of alternatives by fuzzy-AHP method after the nomination [ Trumi¢ and Zapletal (2023)]
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In the lead-up to the supplier decision befor¢he decision-makers were lost by their aggregation. This
nomination, it is crucial to prioritize the development of aneans that the method reflects all assessments, even
cost catalogue, while defining highly detailed technicaxtremely outlying ones. Such an approach checks very
specifications is of lesser importance. This is reasonabiell to what extent the final ranking is stable and
because negotiating the list of changes with the beastambiguous.
conditions is only possible before the contract is signed. The results of the application of the AHP-SMAA
Good prices for future changes after signing a contragtethod are shown in Figure 5. Namely the acceptability
cannot be expected. The reason why these future chanigekices for all three positions of the strategies before and
should be negotiated before the contract is signed is thiter the nomination are provided there. For the situation
better power position of purchasing and the leverage to bfter nomination, the results are not so surprising.
able to place the order with another supplier. Althought each strategy can potentially be ranked at all

For the period after nomination, the ranking obtainedositions, 3% of the cases are omittable for both, the first
by [5] is also unambiguous, but differs substantially. Thposition of ‘Change catalogue’ and the last position of
most important tool is the overhead, followed by th&verhead’. These results were expected in light of
technical requirements and the catalogue of changes. Afierowledge of the previous fuzzy AHP results. The results
the nomination, the lever towards the suppliers is gone abdfore nomination are much more interesting. It can be
purchasing loses its position of power. For this reason, theen that the most frequent individual ranking need not
prioritization of the change catalogue slipped to third plageecessarily correspond with the aggregated ranking.
after a nomination, which is also understandable, becaugechnical requirements are ranked in almost 50% as the
negotiating the change costs after the nomination maksscond one, however, according to aggregated results, this
little sense. alternative is clearly the last one. ‘Overhead’ was ranked

However, these results were based on the aggregatiging the aggregated opinion as clearly second, but the
of the individual uncertain opinions using the (fuzzy-AHP-SMAA analysis revealed that this position is the least
geometric mean, and as for any other use of an aggregatiguent at all. The results indicated how much simplifying
operator, a part of information is potentially lost. the aggregation can be, despite the included uncertainty.

The results pointed out how unwise would be to focus only
421 Resultsof AHP-SMAA method on the ‘winning’ strategy and ignore the remaining two
Now, let us have a look at the results of the AHPstrategies.
SMAA analysis. Unlike the fuzzy AHP, no evaluations by

100% 100%

18% ‘ q
80% 40% 38% B0%
,, - |
60% o 60%
| | g 7% ‘ =
40% ‘ 4-”‘ |
Technial Change catalogue Overhead Technical Change Overhead
requirements requirements catalogue
m First ® Second Third H First ® Second Third
Figure 5 Final results of alternatives before (left) and after (right) the nomination
Table 1 Central weight vector for the results before nomination
Top ranked/criterion Speed | Complexity | Capacity | Premises | Know-how Output
Change catalogue 0.32 0.20 0.09 0.05 0.07 0.27
Technical requirements 0.29 0.22 0.12 0.06 0.08 0.23
Overhead 0.30 0.19 0.13 0.06 0.07 0.26
Since the ranking of the strategies before thihe average weights of some criteria are the same or very

nomination is by far more ambiguous, the central weiglsimilar, regardless of the winning strategy (premises,
vector for this situation was calculated, see the results know-how). On the other hand, the mean weights differ
Table 1. The weights in this table represent the mean vakignificantly (the statistical significance has been checked
of the weights when one of the strategies is ranked the firgsing the Mann-Whitney test in IBM SPSS statistics at 5%
This analysis reveals to what extent the first positiolevel of significance) in case of speed (the highest priority
depends on the weights of the criteria. It can be seen tifathange catalogue wins), complexity (the highest priority
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if technical requirements win), and output (the highestf fuzzy-AHP, ‘Change catalogue’. The remaining two
priority is assigned to this criterion if change catalogue @trategies are more or less equally suitable. After the

overhead are ranked the first). nomination, the alternative ranking matches that of fuzzy
AHP. However, there is a reduction in the gap between the
4.22 Reaultsof Fuzzy-PROMETHEE method leading ‘Overhead’ and the second-place ‘Technical

Now, let us focus on the results of the fuzzyequirements’. The removal of the outliers for the fuzzy-
PROMETHEE method, see Figure 6 and Figure 7. THRROMETHEE did not substantially impact the final
results before the nomination closely align with the AHPranking. Moreover, for managers, the resulting fuzzy flows
SMAA findings, indicating a less clear ranking comparedre easy to interpret when compared with the acceptability
to fuzzy-AHP. The strategy that should be prioritized thindices in SMAA.
most is, as well as the one that showed the original results

1
Ha
09

0.8 ‘ Change Catalogue

|
0.7 Technical requirements ‘

0.6
0.5
0.4
0.3
0.2
0.1
0

-0.6 0.4 0.2 0.2 0.4 0

0

.6 0.8
Figure 6 Final result of alternatives by fuzzy-PROMETHEE method before the nomination [ Trumié and Zapletal (2023)]

1
Ha

0.9

0.8

0.7 Change Catalogue ‘ ‘ Technical requirements Overhead

0.6
0.5
0.4
0.3
0.2
0.1

0
-0.6 -0.4 -0.2 0 0.2 0.4 0.6

Figure 7 Final result of alternatives by fuzzy-PROMETHEE method after the nomination [ Trumi¢ and Zapletal (2023)]

One significant advantage of PROMETHEE is itseducing the total net flow (such a criterion can be seen as
capability to break down the net flow values, see Eq. (12).disadvantage of the alternative). On the contrary, if the
Essentially, the net flow can be decomposed into individueddividual contribution is positive, it signifies the strength
contributions of criteria. This means that the net flow caim that criterion, boosting the total net flow. These
be seen as the sum of contributions from each criteriamdividual criterion contributions are illustrated in Figure 8
separately. If a criterion's individual contribution to the nedind Figure 9.
flow is negative, it indicates that the alternative is weaker When looking at Figure 8, we can see unicriterion net
in that criterion compared to others, on average, thereigws before supplier nomination. The alternative of
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creating a change catalogue has no got any significant When looking at the structure of the net flows at the
weaknesses and has three important strengths. It period after the nomination (Figure 9) four criteria are the
relatively fast to create a change catalogue and it provide®st driving (the size of their columns is the greatest).
a good performance in premises and outputs. Thehange catalogue’ is the most preferred strategy because
alternative of improving technical requirements hasef its outstanding performance in outputs, premisses and
advantage, that it is not a complex task, but on the othggeed (the contribution of all these three criteria to the net
hand, it is not easily specified at this stage, and it would niddw is more or less the same). The strategy of ‘Overhead’
make a large difference in outcomes. The remainirig mainly undermined by poor performance in complexity
alternative (Overhead) has two main weaknesses: it take@tas too high) and related slow speed.

lot of time to negotiate overheads and it is difficult to know

overheads before the production starts.

09 1 Netflow

0.4

0.3

0.2

0.1

0.138

0 e
Change catalogue

0.1 0.211

-0.2

Overhead

0.4

Technical requirements
-0.5

ClSpeed ®mC2Complexity ®mC3Capacity ®C4Premises ®C5 Know-How @ C6 OQutput
Figure 8 Results from fuzzy-PROMETHEE before the nomination
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Figure 9 Results from fuzzy-PROMETHEE after the nomination
5 Conclusions exploration of the weight values of the average criteria

In this paper, an optimal strategy of a company towardéeights for each ranking could be beneficial. The main
its suppliers was explored for the periods before and aftéfpitation of this study is that the conclusions are made
the nomination of a supplier is done. The model introducdt@sed on the survey conducted in a single company, despite
by [5] has been solvedusinga completeljhe fact.thqt. the company is a key playgr on the market, and
different approach to investigate the impact of uncertainﬁggf}it a significant number of expert opinions were collected.
on the results. Rather than aggregating individual opiniod0ve that, the model does not consider the dependencies
to derive a single outcome, every individual opinion waketween evaluation criteria at all, which can potentially be
taken into account, including the hesitations of theimplifying too. Future research will focus on verifing the
participants. The findings showed that meanwhiléesults using further datasets. Then, an impact of other
aggregated rankings may appear clear and straightforwal@gtors, that are not considered in this study, can be
analyzing individual evaluations could potentially reveal &xplored, like different type of products (or their parts), or
completely  different perspective. The researcke aforementioned dependencies between the criteria.
demonstrated that, based on survey data, selecting the best
strategy before supplier nomination is more challenginycknowledgement _ S
compared to the post-nomination scenario. A drawback bfis article has been produced with the financial support
detailed results is their complexity in interpretatiorff the European Union under the REFRESH — Research
compared to aggregated results. If the proportions f&xcellence For Region Sustainability and High-tech
alternatives are closely similar, a supplementary analydpglustries project number
becomes necessary. For examp|e’ Segmentation (‘01100301/00/22_003/0000048 via the Operational
individuals to understand the variability of the ranking or
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Abstract: The growing interest of companies in sustainability affects various areas of logistic activities, including
packaging. There is a clear tendency among industrial companies to enhance the sustainability of packaging for their
products. In doing so, companies contribute not only to the environmental behaviour of society but also to its overall well-
being. However, for ultimate success in both business and society, it is important that consumers can recognise and
appreciate these packaging efforts. The paper addresses the challenge of identifying sustainable packaging from the
perspective of consumers, particularly in relation to the purchase of household chemicals such as detergents and
cosmetics. Based on the literature review and focus group discussion, the paper reveals packaging indicators that enable
consumers to identify sustainable packaging. A subsequent questionnaire survey involving 400 Czech consumers defines
the relative importance of these indicators. Through exploratory factor analysis, the paper identifies six main factors in
recognising sustainable packaging, namely graphic design, amount of material, type of material, brand, labelling, and
reusability. Furthermore, the paper reveals differences in the perception of sustainable packaging based on the socio-
demographic characteristics of consumers. Reusability, type of material, and labelling emerge as the most significant
factors in packaging recognition within the Czech consumer market for household chemicals. While the impact of
labelling and type of material factors varies depending on the education, age, and environmental inclination of consumers,
the reusability factor equally influences all Czech consumers, regardless of gender, age, education, or lifestyle.

1 Introduction sustainability of product packaging [5] and contribute to

Increasing environmental problems, such as globBigher —business  performance.  Higher  business
warming, have led to a growing awareness of theerformance is based on both resource savings and higher
importance of sustainable development [1]. At preserfales.
sustainability has a significant impact on the direction of However, if higher sales are to be generated, consumers
human society. It has become one of the main trenf§/st have access to these innovations. They need to be able
influencing corporate strategies in the last decade [2]. TH identify what sustainable packaging is, differentiate it
principles of sustainability influence individual corporatdrom conventional packaging, and consider its benefits
strategies to varying degrees, and changes in the¥Ben making purchasing decisions [Therefore, it is
strategies also have a different impact on the sustainabilffcial for businesses to understand what indicators
of the company and society. One strategy with a significa@@nsumers look for when recognising sustainable
effect on Sustainability is the packaging Strategy_ Chang@@Ckaglng. However, this is still |nSUff|C|en-t|y CI.arIfled on
to this strategy concern the use of renewable materials, thetheoretical level. Current knowledge in this area of
reduction of materials [3], the rethinking of packagingesearch is limited because previous research worked with
structure [4], and the introduction of recyclable, returnabléelected features of sustainable products [4,7,8] and did not
and reusable packaging [5]. Each of these changes &@s@mine the significance of the considered indicators of
significantly affect the amount and composition ofroduct sustainability from the perspective of customers
municipa| waste, a |arge part of which is packaging Wast@n_rough quantitative research, for the pOSSIbIlIty of some
In addition, appropriately designed packaging can mawneralization. The issue of diffgr_ent perceptions of these
more efficient use of space during transport and storagei@ficators has also not been sufficiently explored, although
facilitate product handling. This can reduce waste durirgpme studies point to a specific perception of sustainable
transport and reduce energy consumption and emissidteckaging depending on environmental concerns [8],
[6]. For this reason, current packaging strategies foclifgstyle [9],the country in which consumers live [1], or the
specifically on the redesign of packaging to increase ttigaturity of this country [10].
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The paper aimed to identify the main factorconsumers are also interested in biodegradable or
contributing to consumer recognition of sustainableompostable packaging [18].
packaging and to evaluate their significance when When assessing sustainability, it is not only about the
purchasing household chemicals. This aim was achievgge of packaging material but also about its quantity [1].
using mixed-methods research (a combination of foc&ustainable packaging should be reasonably large, have a
group discussion and questionnaire survey) on the Czeshart shape, and have a small footprint compared to the
consumer market. Therefore, the paper has the potentiaptickaged product (optimisation of the free space in the
contribute to the development of knowledge both in theackaging should be conducted). Inappropriately chosen
importance of sustainable packaging features and shapes and sizes of the packaging may make consumers
different perceptions depending on several factors, namébel that the packaging is not sufficiently filled with the
demographic factors and attitudes towards environmengaloduct [19]. Similarly, the optimisation of the one-off
protection. At the same time, it contributes to theuantity of a product should be conducted in relation to the
understanding of the different perceptions depending oreeds of consumers [7] to avoid product waste. However,
the origin of respondents, as it adds the perspective tbhe size and shape of the packaging (which also, for

Czech consumers. example, facilitates storage and transport) are not decisive
when assessing the sustainability of the packaging [1,20].
2 Literature review A probable reason for this is that consumers do not

Sustainable packaging helps protect the environmegitfficiently perceive the link between waste and packaging
by reducing waste and societal healthcare costs whfliZ€, as suggested by studies by Boesen et al. [18].
reducing environmental health risks [1]. The sustainability The colour of the packaging [1] also helps consumers
of the packaging’ and as a resu":’ the environmen@$Sess SUStalnabll!ty. This |S. one of the .mOSt d.IS.tInCtlve
friendliness of the packaging, matters to a large group tFatures of packaging that drives purchasing decisions for
consumers. For example, Martinho et al. [tdted that Organic products [21]. It attracts attention and can also
44.1% of respondents consider environmentally friendi§ignal naturalness and sustainability [22]. Earth-coloured
packaging to be very important or important, while 35.698ackaging (e.g., brown, cream, or green) is a common
have a neutral attitude. Prakash and Pathak [12] conclud@glicator of sustainable products. Transparent packaging or
that up to two-thirds of consumers are interested {pAckaging in colours that are associated with the
environmentally friendly packaging for products intende@aturalness of the product are also considered more
for daily consumption. sustainable options [22]. Lindh et al. [17] report that

When recognising sustainable packaging, consumé#gbleached paper is often perceived by customers as an
often look for simple ways to do it [1]. They often identifyideal form of packaging. However, consumers perceive
sustainable packaging by the feeling of environment&Hstainable packaging as less appealing because it tends to
friendliness [4]. Herbes et al. [1] identified four mainPe simple and not as colourful [15].

groups of indicators, namely: Other.indicators of the sus.tainabilijcy of packaging are
- structural indicators (material, size, and shapBrands, images, and other information in the form of
of the packaging numbers and text. Scott and Vigar-Ellis [10] report that
. visual indicators (colour, branding, and%4% of_respondents read the Iabel on the packaging when
images) evaluating the environmental friendliness of a product, and

d 30% of respondents rate the same based on an image or
(e.g., recycle) logo on the packaging. According to a study
by Herbes et al. [1], around 80% of consumers assess the

gstainability of packaging based on labelling. Eco-labels

rovide consumers with information on the environmental

» information provided (text and figures), an
» sensory indicators (texture and smell).

For a certain group of consumers, packaging materiall

the primary indicator of the degree of environmental . .
frienglinessy (3], Up to 83% of %onsumers consider gerformance of the product and packaging, which should

important for packaging to be made from recyclabl acilitate the choice ofsustalna.ble products [23]. However,
e current way of eco-labelling products on consumer

materials [14]. Materials that are routinely sorted an arkets is burdened by the fact that manufacturers use
recycled have received an incredibly positive respons@. y

Typical environmentally friendly materials include papemany e_:co-lab_els: Each of them is .based on dnfferent
[1,15], glass [4,15] and cardboard [1]. According toevaluatlon_ criteria and qften provides dlam_etrlcally

research by Orzan et al. [16], paper was identified asOQIOOSed information, .Wh'Ch can be confusmg for

suitable material by 74.2% of respondents; in research Bgnsumers [24]. According fo Navas et al. [25], the impact
Lindh et al. [17], paper was spontaneously identified as i eco-Iangs O CONSUMETS IS mlnlmal.

least environmentally negative packaging material by 79% Packaging information in various forms can also

of respondents. Glass was identified as an environment vide consumers with ad.ditional information regardlir)g
friendly material in a study by Orzan et al. [16] by 51.1% e sustainability of packaging. For example, recyclability

of respondents. In addition to recyclable material f packaging (together with reusability) is_one of the most
fequently requested properties of sustainable packaging
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[4,15,18]. Bech-Larsen [26] reports that 82% of consumetaking approach to the environment (eco-consumers) and
want them. These consumers need to be reassuredtraflitional consumers (conventional consumers). Eco-
recyclability. According to Jerzyk [27], the information onconsumers are people who try to reduce their
the packaging about the possibility of recycling is one @nvironmental impact [32]. Over traditional products, they
the most important pieces of information for consumergrefer products whose production saves energy, saves
83% of consumers believe that this information should beater, reduces water pollution, or generates their own
easy to find and 77% of consumers believe that it shoutdntribution to improving the state of the environment
be displayed directly on the packaging [14]. There mg$3]. Conventional consumers are highly influenced by
also be additional information on the packaging, such acansumerism. The main priority for them is to satisfy
label or text describing the material or a number indicatinpemselves through many products, often without regard
the percentage of recycled material [1]. They also signal for the waste that burdens the environment [34].
customers the degree of sustainability of the packaging.  The perception of the sustainability of packaging can
Consumers can also assess the sustainability afo be influenced by the country of origin of the
packaging based on other information, for exampleonsumers. For example, Herbes et al. [1] found that
information known or obtained from other sources, or onlifrench consumers often rely on colour or perceived
because of knowledge and trust in the manufacturensaterial. They rely on it more often than consumers in the
brand. If consumers know and trust the manufacturetited States and Germany, but they are much less inclined
brand, they are more likely to believe sustainability claim® search for more information, for example, on the
on packaging [28,29], which can influence their purchasirigternet. For consumers from Germany and France, the
decisions. quantity or size of packaging is a much more important
Reusable or refillable packaging is particularlyindicator of sustainability than for US consumers.
preferred by green consumers. In addition, they add a
requirement to use one material type, namely glass or pager Methodology

[22]. However, this requirement is not very widespread. A mixed-methods approach that combines qualitative
According to Boesen et al. [18], only 9% of respondenignd quantitative research methods in a single research
say they consider it important that packaging is made &fudy was proposed to achieve the aim of the paper. The
only one material. In any case, the reusability of packagir@alitative research aimed to reveal how consumers
should be supported by packaging design, as according¢ognise sustainable packaging and then define potential
Greenwood et al. [30], the consumer is willing to use th@dicators of sustainable packaging. The follow-up
packaging more than once only if the packaging hasg@antitative research aimed to measure the significance of
tasteful and timeless design. “these indicators when purchasing household chemicals in
It is therefore clear that consumers can recognigge population of Czech consumers and to identify the key
sustainable packaging based on several indicators fgttors in recognising sustainable packaging in consumer
characteristics. The question is how deep their knowledgigarkets through subsequent analysis of the data obtained.
is to rigorously evaluate these characteristics angtthe same time, the validity of four research hypotheses
indicators. According to Otto et al. [22], consumergyas verified, which result from the literature review and
evaluate packaging primarily through their feelings. Theyerify the differences in the recognition of sustainable
most often associate sustainability with the recyclability qyackaging depending on the socio-demographic
reusability of packaging, and their knowledge of othegharacteristics of consumers. The hypotheses were
aspects of sustainable packaging is limited. For examptgrmulated as follows:
they do not perceive the facts that condition the
recyclability of packaging, or these facts are notimportant H1: The way of recognising sustainable packaging
to them. As a result, consumer behaviour may be much Igfpends on the gender of consumers.
sustainable than they anticipate [3]. H2: The way of recognising sustainable packaging
According to El Oraiba and Kiygi-Calli [31], packagingdepends on the age of consumers.
design preferences are not influenced by demographic H3: The way of recognising sustainable packaging
factors such as gender, age, education, income, and martigfends on the education of consumers.
life. ACCOFding to POpOViC et al. [9], consumer attitudes H4: The way of recognising sustainable packaging
towards environmentally friendly packaging are influenceglepends on the lifestyle of consumers.
by two main factors, namely lifestyle and the ability to
apply knowledge in the field of environmentally friendly3 1  Data collection

packaging in their daily lives. Lifestyle can also be Tne qualitative research was conducted using the focus
characterised by an inclination towards environmentghoyp discussion, which included six Czech consumers of
protection. _ . o different genders (three men and three women) and ages
Regarding the intensity of the inclination toward§os g5 years). All participants in the discussion were
environmental protection, two main groups of consume(gited by their inclination towards a sustainable lifestyle
can be distinguished, namely consumers with an initiativgnq their preference for purchasing goods in sustainable
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packaging. An audio-visual recording of the discussiodemographic characteristics of the respondents (gender,
was made, which was transcribed into written form analge, and education) and their attitudes towards a
subjected to content analysis. The content analysis madstistainable lifestyle (willingness to adapt to trends in
possible to define eighteen potential indicators dfustainable development, interest in information related to
sustainable packaging, which were used in the creationsfstainable development, frequency of purchase of
a questionnaire for follow-up quantitative research. sustainable products, and waste sorting in the household)
The quantitative research was conducted in the form wfere also identified. A five-point frequency scale was used
a questionnaire survey among 400 Czech consumers agedneasure respondents' attitudes towards a sustainable
18+ in the period from January to February 2023. THédestyle (where 1 = never; 2 = sometimes; 3 = often; 4 =
sample of respondents was compiled by quota samplikgry often; 5= always). Based on these attitudes, the
with bound quotas for gender and age according to datample of respondents was divided into two segments (eco-
from the Czech Statistical Office [35]. The data wereonsumers and conventional consumers) using the two-
collected using personal questioning and a structuratep cluster analysis method.
guestionnaire. In the first part of the questionnaire, The structure of the research sample is shown in Table
respondents assessed the extent to which they were ablg.tBased on the chi-square test, the research sample can be
recognise sustainable packaging when purchasiegnsidered representative of gengér(0.002;p = 0.968)
household chemicals according to eighteen pre-specifiadd age of respondentg € 0.002;p = 0.968), but it is
indicators. A four-point rating scale was used to measud@minated by consumers with higher educatigh =
the significance of the indicators (where 1 = no; 2 = rathé@50.248p < 0.001) compared to the structure of the Czech
no; 3 = rather yes; 4 = yes). During the interview, the bagmpulation.

Table 1 Structure of research sample

- Frequency in the | Frequency in the
Characteristic | Segment reqsearcr): (%) po;?ulatioﬁ (%)?
Gender Males 51.C 51.1

Female 49.C 48.¢
Age 18-34 23.C 23.2

35-54 36.¢ 36.¢

55+ 40.C 39.¢
Education Priman 17.5 44.¢

Secondar 41.¢ 34.C

Tertiany 41.C 21.]
Lifestyle Ecc 32.5

Conventione 67.¢

a. Structure of the Czech population according to SLDB 2021 [35].

3.2 Statistical data processing and verification Based on the factor analysis model, each respondent
of research hypotheses was evaluated with a factor score, the value of which can
Methods of exploratory and inferential statistics werf€ used to infer the degree of influence of factors in
used in the IBM SPSS Statistics (version 24) software fé@cognising sustainable packaging. Because the factor
processing quantitative data. To compare the significanégore has a standardised normal distributiomN of0;1),
of eighteen indicators, an average ranking on tHeositive score values point to a more significant effect of
measuring scale was determined for each indicator, ait¢ factor, while negative score values point to a less
this ranking was Subjected to the Friedman test at the ggignificant effect. This fact was used to verify the validity
significance level. This made it possible to uncover tHef the H1-H4 research hypotheses. In each group of
most important indicators of sustainable packaging. ~ consumers (by gender, age, education, and lifestyle), the
To identify the main factors of sustainable packaging}/efage values of factor scores were determined, a_md the
recognition and to verify the research hypotheseSifferences between the averages were tested using the
exploratory factor analysis was used. The quality of tfeNOVA test at a 5% significance level. This made it
data for factor analysis was evaluated using the Bartlett t®&ssible to decide on the validity of the research hypothesis
and the Kaiser-Meyer-Olkin criterion. The principal@nd to evaluate how the way of recognising packaging
component method was used for the extraction of tigffers between individual consumer segments.
factors, but the initial solution was orthogonally rotated by
the Varimax method in order to improve the interpretatiod ~ Results and discussion
of the analysis results. The reliability of the analysis results The first part of the analysis focused on revealing the
was evaluated usingronbach's alpha indicators of sustainable packaging used by consumers
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when purchasing household chemicals. The conteoffers the product, and the placement of the product in the
analysis of the focus group discussion made it possible store. Conversely, the indicators we identify do not include
identify 18 indicators (see Table 2) that do not diffesensory indicators of packaging sustainability, such as
fundamentally from the indicators described in previougxture or smell, as reported by Herbes et al. [1]. However,
research [1,7,10,22]. However, three new indicators haitecan be estimated that this difference is due to the nature
been identified, namely the brand of the product or thef the products that were the subject of research.

name of the manufacturer, the type of sales network that

Table 2 Relative importance of sustainable packaging indicators
Response raté (%)

. Average
Indicator No Rathen Rather Yes rankin%
na yes
Returnability of packagir 2.5 | 128 | 48.2 | 37.C 12.7¢
Recyclability of packagir 1.C | 12.¢ | 53.2 | 33.C 12.66
Refillability of packagin 2.3 | 17.2 | 49.t | 30.t 12.17°
Use of recycled materi: 2. | 21.C | 53.C | 23t 11.3C
Sustainability product certification lal 3.C | 21.C | 51.t | 24t 11.2¢
Type of material use 2.C | 24.C | 59.C | 15.C 10.5:
Rate of filling the packaging with the prod 6.6 | 28.F | 42.C | 22.t 10.4¢
The nurpber of types of material used and their Pasyy | -7a| 513 164 997
separabilit
Amount of material us¢ 6.6 | 29.F | 46.5 | 172 9.8¢
Sustainable/ecfriendly claims on packagi 4.& | 32.2 | 1.t | 11¢ 9.5¢
Product brand or manufacturer's ni 12.5 | 29.2 | 44.6 | 13t 9.2(
Number of layers cthe packagin 9.C | 35.£ | 40.C | 15 9.0¢
The type of sales network in which the product is ofl 13.C | 37.E | 43.¢ | 5.k 8.0¢
Used images and natural motifs on the packe 20.C | 37.2 | 355 | 7.t 7.4¢
Placement of the product in the store (-shop 15.C | 44.2 | 33t | 7.C 7.44
Packaging colot 215 | 435 | 276 | 7.3 6.7t
Minimalist graphic packaging desi 215 | 445 | 305 | 4.C 6.47
Packaging sha| 28.5 | 45.£ | 20.6 | 5.t 5.9¢

a. Frequency of responses to the question of whether respondents are able to recognise that purchased goods are
sustainably packaged according to the indicator.

b. There was no statistically significant difference between the values of the average rank (post hoc Friedman tests
with Bonferroni correction

In the next phase of the analysis, the significance &dctors of packaging recognition using exploratory factor
eighteen indicators was compared based on the analysisinélysis were revealed in the subsequent step of the
data obtained from the questionnaire survey. Table ghalysis. The adequacy of the use of factor analysis can be
presents the results of the data analysis, including the valleclared by the significant result of the Bartlett tg$t(
of the average ranking of the indicator (the significance @763;df = 153;p < 0.001) and by the high value of the
the indicator increases as the ranking value increases). Kaser-Meyer-Olkin criterion, which reached 0.851 in the
result of the Friedman tegf?(= 1419;df = 17;p < 0.001) research. The resulting solution of the rotated component
shows that the examined indicators are not comparabhatrix, presented in Table 3, explains 70.3% of the
important in recognising sustainable packaging. Czecfariability of the input data. All extracted factors achieve
consumers most often orient themselves according to tthe required reliability (values dfronbach's alphaare
information provided on the possibilities of reusinghigher than 0.7).
packaging (returnability of packaging, refillability of Table 3 shows that six main factors influencing
packaging), recyclability of packaging, use of secondagonsumer recognition of sustainable packaging can be
materials, and eco-labels. The importance of indicators identified. These factors are as follows:

the field of recyclability of packaging corresponds to the « graphic design,
revealed importance of this characteristic of packaging for e amount of material,
consumers in previous research [1,4,15,18,26]. However, « type of material,

the revealed significance of eco-labels contradicts Navaz et «  brand
al.'s [25] claim that the impact of eco-labels on consumers
is minimal.

Regarding the fact that several indicators were
evaluated by respondents in an analogous way, the main

* labelling, and
* reusability.
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Table 3 Results of exploratory factor analysis

Factor loading®
u— >
L c S T |6 s gl g =
Rotated component matrix %_-% Sc|loao 5 = <
fo o T S8| 5 2 2
O Z E|FE «© 2
Minimalist graphicpackaging desic 0.821
Packaging colot 0.80¢
Packaging sha| 0.721
Used images and natural motifs on the packe 0.68¢
Number of layers of the packag 0.86¢
Amount of material us¢ 0.82(
The number of types material used and their easy separal 0.63¢| 0.52¢
Rate of filling the packaging with the prod 0.63:
Use of recycled materi: 0.76¢
Type of material use 0.73:
Recyclability of packagir 0.711
Product brand cmanufacturer's nar 0.791
The type of sales network in which the product is of 0.78¢
Placement of the product in the store (-shop 0.68¢
Sustainable/ecfriendly claims on packagii 0.82¢
Sustainability produccertification labe 0.76%
Returnability of packagir 0.80¢
Refillability of packagin 0.75¢
Cronbach's alpha 0.806| 0.822| 0.746| 0.740{ 0.711] 0.706

a. Factor loading values lower than 0.5 are hidden.

The above-mentioned finding expands on and refingmckaging can be reused (returnability of packaging and
already published conclusions, especially by Herbes et edfillability of packaging).
[1], who identified four groups of these indicators From the comparison of the results presented in Table 2
(structural, visual, sensory, and information). Thand Table 3, the key factors in recognising sustainable
difference was identified not only in the number of thespackaging among the population of Czech consumers are
groups but also in their structure and content. The graph&usability, type of material, and labelling factors. When
design factor identified by our research is closely related tecognising sustainable packaging, consumers are
the visual perception of packaging design. It therefotberefore primarily guided by whether the packaging can
includes consumer reactions to the colours and motifs useé, reused and recycled and whether the packaging is
which evoke the sustainability of the packaging. Thenarked with appropriate symbols, claims, or eco-labels
material aspects of packaging are recognised by consumitna declare the responsibility of producers for the
in two basic ways, namely the amount of material and tlseistainable management of packaging materials
type of material factors. The amount of material factahroughout the entire life cycle of the packaging.
represents the consumer's perception of the amount of The last part of the analysis verified the research
material used and how it is used to package the prodingtpotheses about differences in packaging recognition
(including the division of products into batches and the ustepending on the socio-demographic characteristics of the
of excess packaging layers). On the other hand, the typee$pondents. Tables 4-7 present the values of average
material factor is related to consumer perceptions of tifiector scores (the degree of influence of sustainable
type of material used and the possibility of its recyclingpackaging recognition factors) in respondent segments
The brand factor is closely related to the purchasirdgpending on their gender (Table 4), age (Table 5),
orientation of consumers according to the sustainabdslucation (Table 6) and lifestyle (Table 7). The tables also
image of the manufacturer, the brand of products, theclude the results of the analysis of variance (ANOVA)
placement in the store, or the specific classification of thest, which verify the significance of the reported
product in the e-shop. The labelling factor involveslifferences.
consumer perceptions of the symbols, brands, and other An analysis of differences in the recognition of
claims on the packaging that are used to identifyustainable packaging by gender of respondents revealed
sustainable packaging. Finally, the reusability factaignificant results only in the case of the brand fadtor (
includes the consumer's perception of whether the922;p = 0.027). The values of the average factor scores

in Table 4 show that women are more likely than men to
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assess the sustainability of packaging by brand ¢@he way of recognising sustainable packaging depends on
manufacturer of the product, or the product distribution ithe gender of consumérs
consumer markets. The results support the H1 hypothesis

Table 4 Gender differences in factor scores

Average Factor Score ANOVA Test

Factor
Men Womar F p

Graphic desig -0.07¢ 0.07¢ 2.39¢ 0.12¢
Amount of materie -0.04: 0.04: 0.71¢ 0.39:
Type of materic -0.07: 0.07¢ 2.27¢ 0.132
Brand -0.113 0.108 4.922 0.027
Labelling -0.05¢ 0.05; 1.34: 0.24;
Reusabilit -0.057 0.04¢ 0.98:¢ 0.32:

In the case of the analysis of differences by age & the symbols, brands, and claims used on packaging
respondents, significant differences were confirmed onbjecreases in recognising their sustainability. The results
in the case of the labelling factd¥ € 3.516;p = 0.031). support the H2 hypothesis(the way of recognising
The values of the average factor scores in Table 5 sheustainable packaging depends on the age of consymers
that with increasing consumer age, respondents’ sensitivity

Table 5 Age differences in factor scores

Factor Average Factor Scor ANOVA Test
18-34 35-54 55+ F p

Graphic desig 0.05¢ -0.07( 0.031 0.581 0.56(
Amount of materie 0.02( 0.12:¢ -0.12¢ 2.38] 0.09¢
Type of materic 0.15¢ -0.08¢ -0.01¢ 1.71¢ 0.181
Branc -0.15¢ 0.06¢ 0.03( 1.58¢ 0.20¢
Labelling 0.22] -0.00¢ -0.12¢ 3.51¢ 0.031
Reusabilit 0.07(¢ -0.02] -0.02] 0.29¢ 0.74:

An analysis of the differences in recognisingactor scores in Table 6 show that as consumers become
sustainable packaging according to respondents' educatinare educated, their ability to judge the sustainability of
revealed significant results in the case of both factorsackaging by the amount of material used in the packaging
which are closely related to the material aspects ahd the type of material from which the packaging is made
packaging. In the case of the amount of material faEtor (ncreases. The results support Hi& hypothesigthe way
= 15.662;p < 0.001), these differences are significantlyof recognising sustainable packaging depends on the
more significant than in the case of the type of materialducation of consumers
factor & = 3.802;p = 0.023). The values of the average

Table 6 Education differences in factor scores

Factor _ Average Factor Scorg ANOVA Test
Priman | Secondar| Tertian F p
Graphic desig 0.15] 0.00¢ -0.06¢ 1.16¢ 0.31:
Amount of material | -0.440 -0.105 0.292 15.662 <0.001
Type of material -0.103 -0.118 0.164 3.802 0.028
Branc 0.197 -0.01( -0.07( 1.69: 0.18¢
Labelling -0.01¢ 0.03: -0.02¢ 0.14¢ 0.86¢
Reusabilit 0.01: 0.00; -0.01: 0.02¢ 0.97¢

The confirmation of the H1-H3 hypotheses points taspects of a consumer's perception. While there is an
differences in the recognition of sustainable packagirigfluence of demographic factors on recognition, the
depending on the demographic characteristics of tipeeference for sustainable packaging design may be
respondents. If we compare this finding with théndependent of demographic factors.
conclusions of El Oraiba and Kiygi-Calli [3t¢garding The most significant differences were revealed when
packaging design preferences, we can conclude tlatalysing the differences according to the lifestyle of the
recognition and perceived preference are two differentspondents. Consumer recognition of sustainable
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packaging differs for amount of material factd¥ € material aspects of the packaging as well as the brand of
10.449;p = 0.001), type of material factdf € 10.329;p the purchased product when recognising sustainable
= 0.001), and brand factoF (= 9.632;p = 0.002). The packaging. The results support the H4 hypothésesway
values of the average factor scores in Table 7 show thut recognising sustainable packaging depends on the
eco-consumers are more likely to orient themselves to &festyle of consumeys

Table 7 Lifestyle differences in factor scores

Average Factor Score ANOVA Test

Factor .
Ecc Conventione F p

Graphic desig 0.13¢ -0.06¢ 3.481 0.06:
Amount of material 0.194 -0.092 7.300 0.007
Type of material 0.230 -0.109 10.274 0.001
Brand 0.253 -0.120 12.514 <0.001
Labelling -0.06 0.03: 0.86: 0.35¢
Reusabilit 0.09¢ -0.041 1.83: 0.175

The importance of the involvement of eco-consumeesxtension of current knowledge, as previous studies
in the process of recognising sustainable packaging wasrked directly with individuals and often only selected
expected in advance. Therefore, the surprising result of timelicators. This approach also allowed us to understand
research is the fact that graphic design, labelling, atidat the most significant factors in recognising sustainable
reusability factors were not identified as more significamackaging among the population of Czech consumers are
factors in the eco-consumer segment. At the same time, teesability, type of material, and labelling.
results of the research showed that the factors of graphic The analysis of differences in the impact of factors on
design and reusability affect all consumers to the samensumers revealed significant variations depending on the
extent, regardless of their gender, age, education, smcio-demographic characteristics of consumers. The
lifestyle. results suggest that:

The conducted research also highlighted specificitess Women are more likely than men to judge the
depending on the country from which the research data  sustainability of packaging by the brand or
originated. Comparing our results with those from Herbes manufacturer of the product or how the product is
et al. [1], it emerges that Czech consumers, like consumers  distributed to consumers.
from France, Germany, or the USA, base their orientation.  As consumers age, respondents’ sensitivity to the
on the type of packaging material and the eco-labels used.  symbols, brands, and claims used on packaging
However, unlike them, Czech consumers also place great  decreases when recognising their sustainability.

emphasis on the reusability of packaging. « As consumers become more educated, their ability
_ to judge the sustainability of packaging by the
5 Conclusions amount of material used in the packaging and the

Our research focused on the area of recognising type of material from which the packaging is made
sustainable packaging. Based on the qualitative research, grows.
we have defined a wide portfolio of sustainable packagings Eco-consumers are more likely than conventional
indicators from the perspective of consumers buying consumers to look at all material aspects of the
consumer chemicals (detergents and cosmetics). This  packaging as well as the brand of the purchased
allowed us to expand the group of indicators described in product when recognising sustainable packaging.
the literature to include other indicators, namely the brand
of the product or the name of the manufacturer, the type of The results of the study can be generalised to a certain
sales network that offers the product, and the placementedftent regarding the structure of the research sample,
the product in the store. which was representative only by age and gender.

Based on the quantitative research, we have found thaierefore, the results may be partially distorted, for
Czech consumers most often orient themselves accordimgample, by the fact that the sample contained more
to the information provided on the possibilities of reusingducated consumers than there are in the population.
packaging (returnability of packaging, refilling ofNevertheless, we are convinced that our research
packaging), recyclability of packaging, use of secondamontributes to the development of knowledge in the field of
materials, and eco-labels. Using factor analysis, we hagastainable packaging indicators.
grouped the individual indicators into six factors behindthe The study suggests that there are also regional
recognition of sustainable packaging. These are graphiifferences in recognising sustainable packaging.
design, amount of material, type of material, brand’herefore, we would recommend further investigation of
labelling, and reusability. This can be considered ahese regional differences for follow-up research. It would
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seem useful to us to examine not only the differencggd] POPOVIC, I., BOSSINK, B.A.G., VAN DER SIJDE,

themselves but also the factors influencing or causing these P.C., FONG, C.Y.M.: Why are consumers willing to
differences. We assume that the reason for these pay more for liquid foods in environmentally friendly
differences may not only be the culture or maturity of packaging? A dual attitudes perspectestainability,

individual countries but also different attitudes towards Vol. 12, No. 7, 2812, pp. 1-14, 2020.
environmental problems and ways of solving them, and https://doi.org/10.3390/su12072812
within this also the form and maturity of the wastg10] SCOTT, L., VIGAR-ELLIS, D.: Consumer

management systems.
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Abstract: The article deals with the issue of creating an information system through an object-oriented approach, which
is suitable for ensuring an efficient and properly functioning logistics network. An object-oriented approach to the creation
of a business information system pays attention to a set of cooperating objects and reacts more flexibly to events in the
environment. The main effort within the object-oriented approach is the reuse of created objects for a new system, which
significantly contributes to shortening the development of new systems. For this fact and based on practical experience,
the mentioned approach was chosen by the authors of the article. The overall design and functionality of the information
system were influenced by the strategic direction of the company, which was also necessary to consider when preparing
the article. In the end, a comparison of specific and object-oriented approaches to the creation of information systems for
the company is processed.

1 Introduction Logistics generally has a clearly set objective, which is
Managing business processes using informatid® reduce the costs associated with logistics and to
support means connecting and cooperating with peoplesieamline the use of its. activities_. The result of having
a virtual environment to achieve the desired result in tigIch an objective is an increase in company profit over
highest possible quality. The connection of PLM/Produd@gistics costs. Therefore, long-term strategic planning also
Lifecycle Management and ERP/Enterprice Resouigcludes improvements in operational areas such as the
Planning enables selected work processes (repetitive sypply chain. Just as it is difficult to characterize logistics
based on a common algorithm of solutions) to b@ﬂ ge;neral term.s,.it is equally difficult to determine 'Fhe
automated and thus speed up their course, to improvedi¥ision of logistics. In terms of the extent of its
quality by reducing the error rate and to make theomplexity, applicability and arrangement in practice, it
processing of large volumes of data more efficient. Suchvéll be used a division into three main groups: supply
change in the way business processes are managed mégistics (also called procurement logistics), production
it possible to simplify the implementation of even the mod@gistics and distribution logistics.
complex processes, to ensure the correct distribution of
tasks, the correct distribution of data to the right person addl ~ Object-oriented approach to  the
at the right time [1-3]. establishment of business information
While increasing competitiveness and customer systems
orientation of services in the form of added product value, The first step of the object-oriented approach to the
logistics has undergone major modernization periods. Thetablishment of business information systems is the
role of logistics is to integrate, regulate and generaligentification of all objects of interest, as well as the
control the material flow, including semi-finished andknowledge of relations between these objects. Every object
finished parts. By monitoring and reacting to informatiomepresents a structure that has a defined identity, behaviour,
in the course of simple logistics operations (transporind state. Objects can be material matters, interactions,
packaging handling, etc.), it optimizes their conduct iRarious events, etc. Object identity ensures the
order to reduce costs and satisfy customer requiremenififerentiation of an object from other objects, i.e. its
Logistics does not stand out as a separate process idehtification. Object behaviour is the ability of an object
interferes with every area of the company's functions i react to environmental events at state changes (Figure 1).
accordance with the established company strateg9bject state is defined by persistent properties and their

Logistics represents a complex system of managemewilues throughout the life of the object [4-7].
monitoring, and regulation of company flows.
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Figure 1 Structure of an object-oriented approach

Basic principles of the object-oriented approach to

business information systems include [1-3,8,9]: In object-oriented programming, objects are grouped into

» Encapsulation — a state when objects keep their stattigsses that generalize objects according to similar or
inside classes, while other objects do not have accessdentical properties and behaviour models. An object class
this status. Objects manage their status throuds characterized by certain attributes which are common to
methods. As long as there is a requirement fall objects in the class and by methods that represent object
communication with an object, this communication idehaviour. A class generally represents a pattern for the
possible only through available methods, while thereation of a specific object.
object's status cannot be changed or affected.

« Abstraction — within the object-oriented approach, il.2 Comparison of object-oriented approach to
many cases, extremely large programs are generated. the creation of information systems of the
Implementation of the abstraction feature ensures that company
internal implementation details are hidden, while only Based on the foregoing analysis of theoretical basis for
operations relevant to other objects are displayed. object-oriented approaches, it is possible to state the

+ Heredity — ensures the principle of repeated use withigllowing [1-3,8,9]:
the object-oriented principle of business information A typical feature of a structured approach is the
system establishment. In the case of heredity, a subclasssegregation of data structures into a single module and
is generated by derivation from another class, i.e. processes into another module. In the case of the object-
mother class. In this way, hierarchy arises. The created oriented approach, a combination of data and processes
subclass takes over all methods and objects from the gpplies. It can therefore be concluded that by using the
mother class and can implement its unique elements.  object-oriented approach a greater consensus between

» Polymorphism — enables the use of the subclass in the reality and business information system can be
same way as the mother class is worked with, while the achieved.
subclass keeps its unique characteristic. It emphasizes The model within the object-oriented approach enables
the most frequently used methods which can be an analysis of internal relations between objects, which
consequently implemented by sub-classes in a suitable |eads to the design and establishment of the information
way. In case of polymorphism, while applying one system precisely according to the requirements of the
method, different behaviour or reaction of multiple fyture user.
objects might occur. « Ready software applications within the object-oriented

* Within the object-oriented approach to the creation of approach can be used repeatedly ability, which shortens
information systems, a great number of techniques and the development time of the future information system.
methodologies is developed nowadays. These |n comparison to the structured approach, the object-
techniques and methodologies are dedicated 10 oriented approach provides possibilities for more

modelling of future software solutions. Their fexiple adaptation of the ready system to changes. This
development is, however, based on object-oriented enaples quicker reactions to user requirements.
design and object modelling technique.
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« The structured approach, considering its concegtroduct innovation and development, monitoring and
glossary, and expressions, belongs exclusively to theanagement of information and product configurations
field of information technologies. The object-orientedhroughout their life cycle, management of production
approach is a more comprehensible tool that is suitateocesses, and cooperation between engineering
for the establishment of business information systensiepartments, then we can say that PLM is data-driven
even by the general public. Through the involvement ¢10-14].
the general public in information systems it is possible In contrast to business information systems that
to avoid mistakes that result from a misunderstandirganage finances, contracts, production order processes,
between the author or requirements and theroduction planning, logistics, and warehouse
programmer. management, here we can say that information systems are

« In comparison to the structured approach, the objedtansactionally managed. PLM and ERP play different,
oriented approach requires greater computing time ag@mplementary roles in product innovation and execution,
memory space. and therefore their mutual integration helps companies to

be more efficient in their activities related to the
The implementation stage or the stage of busineggvelopment and management of the manufacturing
information system integration, in our case the Kanbapprtfolio of products. An example of this cooperation is
system, follows the design stage. The above-statétfached in Figure 2, where we can see the mutual sharing
comparison shows that for these purposes and und¥rinformation about the structure of products, items,
existing conditions it is more appropriate to use the objegthanges,  production information,  technological
oriented approach with its methods and tools. procedures, etc. The construction of such infrastructure
will be provided by the company:

1.3 Architecture of Integrated Information ° digitize, optimize, and standardize your processes,

Systems » reduce costs by executing processes with less manual
The architecture of integrated information systems effort,

represents a hardware and software infrastructure that minimize cycle times with process automation,

offers tools for process analysis, creates a holistic view of improve productivity for all stakeholders with the right

the creation and management of processes and the flow ofinformation at the right time,

values. It is a general methodological framework and tools ensure consistency and completeness by standardizing

for modelling business processes in the PLM interface, best practices.

with ERP support. If the main task of a PLM solution is

PLM PLM gate ERP
supported entity types: Dociiments supported entity types:
£ |« [item/revision of product + material
< [+ structure of product » bill of materials
£ |+| database with works » information record with original
§ |7] change infostatus classification files
2 |+] status information » Classification
g e efficiency — « status information
Process direction 2
= + efficiency
* _process plan * Routing
[ Information + Order
. |*| processed instructions + Operation
£ |*| work environment + work instructions
2 |7] resources context of cooperation « workplace functional
< [+| attributes for all of the above « location resources
+| version/revision information « attributes for all of the above
=“relationships between entities « version/revision information
* object bindings between entities

Figure 2Interface between PLM and ERP data models

This integration must of course be parametric to be aldgstem is the controlling system for which attribute and
to connect different data models of PLM and ERMhich only shares information. Among the key suppliers
databases and thus enable the sharing of monitor@dPLM solutions that set the long-term direction and trend
attributes, including the possibility of defining whichin PLM software development include:
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» Siemens Industry Software - software PLM producbcheduling processes have a short duration and must be

Teamcenter. rerun for each change. The average accuracy time of the
« Dassault Systemes: software PLM product Enovigchedule is very short, and therefore most authors report a
software cPDM product SmarTeam. continuous scheduling process in the literature. Scheduling
« PTC- software PLM product Windchill. is usually thought of as an iterative scheduling process that

varies. Scheduling methods:

All the solutions mentioned above are fully modulat Capacity planning (forward, backward, combined).

and cover the entire application portfolio of modern PLM® Accobr_ding) to the running time (to front, back,
combined).

2 Casestudy * Weighted planning (for example, for resources such as

Below are the outputs from the implemented case technologist, designer). _
studies, which are related to the object-oriented approath Planning according to production bottlenecks.
in solving logistics. case studies were handled through the Operational planning common.

workplace of the authors of the article.
The APS/Advanced Planning and Scheduling solution

2.1 Dynamic production scheduling itself communicates bilaterally between the ERP System
Production Scheduling can be considered as a usua d production. For each new schedule, he needs to get the
demanding discipline at the production level due to thfatus of new orders from the ERP system and the status of
possibility of different combinations even in the case diroduction equipment and work-in-progress directly from
only a few products that the production produce§he factory. In most cases, this horizontal communication
Scheduling can also be considered one of the mdgtenabled by the MES/Manufacturing Execution System
important processes for every manufacturing compangolution, as described in Figure 3 [15-18].
Schedules are usually presented in Gannt Charts.

Process Part Program
Definition (BoP) & Instructions
Requirements -
‘_‘_.—-l 2 >
‘ . F= MES Shop Floor
’ - - { - o (Prosuction svnEhranization) - E | TPrordinoe)
= 1
g .
Compenent I T Engineering Production
List (BoM) Feedback Feedback
2 ,'_:
O E
Component Production
Availability Order List Scheduled
‘ Customer Operations
Tidbing E’l—.‘ e APS
Ay g (What and when to Bz (Best sequence to
produce) "’ | = e o produce)
Pirchope Production "L J—— @ Production
Performance Snapshot
(As Built)
Figure 3InterfaceMES + PLM + ERP + APS position [15-18]
Grouping work orders by material and also improves the results of failures. Figure 4 describes

Combining production orders according to the materia Gantt chart in which production orders are connected. If
that enters the production process can also be a methodveocompare it with the first optimization method - forward
optimize production and overall results. Consolidation afcheduling, the difference is in the improvement of delayed
production orders improves the overall downtime causextders and also the improvement of downtime when
by changing tools when changing from one type to anothgwitching from one product to another.
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Figure 4 Optimization by combining work orders based on material - Opcenter APS Gantt Chart [15-18]

Forward scheduling is production in the forwarc increase of data rate,
direction from a defined starting point. The goal of such greater system transparency,
scheduling is to complete the process of each production support for the existing Kanban system,
order as soon as possible when the resource assigned {0 itontinuous improvement in the Kanban system.
is available with little or no waiting between individual
processes. Planning logic: If the resource is available (the The electronic Kanban system must follow the same
device itself, a specific role) the process is finished, but H(inciples as the traditional manual Kanban system. These
the resource is not available at a given time, the procesgifnciples include mainly the creation of a smooth flow of
waiting until the point when the resource is available agaipyaterials, synchronisation of production operations,
Forward scheduling does not allow us to generai@imination of bottlenecks and the establishment of a turn-
unfinished work orders but assigns them a delayed statygaseq production system. The electronic Kanban system,

similarly to the manual system, must continuously support

2.2 Online Kanban implementation improvement which is generally considered the most

With manual Kanban system the demand informatioimportant sign of the Kanban system. The objective is to
is transferred through physical Kanban cards. Productiominimise stocks and production batches, which uncovers
launch signals are also sent manually from the customersioortcomings in the production process and removes them
the supplier. However, this traditional Kanban system haster corrective measures are taken. The electronic Kanban
its limits. Production continuity is endangered througkystem provides data collection, reporting on production
incorrect manipulation with cards, either by theipperations and the flow of material and reserves and, in this
movement in incorrect time, or by their loss or duplicatiorway, contributes to the improvement as possible for data
As production times are constantly shortening anarchiving. Working environment of the online Kanban
production volumes are constantly increasing, the amouwtstem should be intuitive and easy to use properly. The
of Kanban cards and, as a result, the amount of relateléctronic Kanban system should be user friendly as much
problems with Kanban system maintenance arwk possible to meet possibilities of all users in the
transparency is rising. Technical progress enables graduaganization.
replacement of the physical Kanban system through an In comparison to the traditional approach, electronic
electronic system, where signals are generated aft€anban system brings solutions in many areas, mainly
demand and are automatically sent based on current ne¢g$,10]:
These signals are transmitted electronically. Every signal elimination of card manipulations,
is recorded and kept which enables the comparison ©f elimination of problems related to a frequent loss of
historical data. The implementation of an electronic cards,

Kanban system may bring [3,6,10]: « Dbetter visibility of signals for the launch of production,
» Kanban data management,
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« improved communication with suppliers within theplant. Users and management staff can track and evaluate

manufacturing process, current data on the manufacturing process in real time.
« analysis of supplier effectiveness within the The online Kanban system enables mediation of
manufacturing process, information on the status of every production station. The
« delivery of required material, ongoing production oglectronic Kanban system enables the_lmplementatlon of
ready-made products at the right time, the turn-based production system even in places where the
« minimisation of downtimes caused by the lack of ~traditional Kanban system often fails. Such places are
material, production facilities with frequently changing customer
« improvement of supply chain transparency. demand. In such acase the electronic Kanban system

within a computer application reacts to changes more

The electronic Kanban system solves many probleangxibly a_nd adapts the production accordingly. E_Iectronic
which occur when using physical Kanban cards. TH&anban is currently also ablg to evaluate Fhe impact of
process is more transparent, quicker and more reliable€ffors and failures on machines and equipment in the
helps with solving problems associated with an error raRsoduction process, thus minimizing the negative impact
of production devices, manufactured production quality &" the production plan. o
the flow of materials and values within the manufacturing 1he following Table 1 records main differences
process. An indisputable advantage of the electrorffétween the traditional Kanban system, which uses
Kanban system is the access to the system even outside/{fiBban cards and Kanban boards for the transmission of

manufacturing process or even outside the manufacturiffjormation, and the electronic Kanban system, which runs
as a programme in a personal computer.

Table 1 Comparison of the the traditional and the electrical Kanban sy8t6710]

Traditional Kanban Electronic Kanban

Useally chaotic data management — Acces, Excel or ptAespecific system developed for Kanban
generasysten

Difficult handing or large quantilies of Kanban ca A large number of items are n¢problem

Limited ability to send Kanban cards over lond dista | Automatic sending of data worldwi

Low order and stock transparer—not in real tim An ug-to-date view fo orders and inventory in real t
Problematic definition of prioritie Priorities generated automatica

No record of historical da Data is archived and evaluated using various
Manual transmission of data to the master sy Automatic data and report trans

Contrary to the traditional manual Kanban system, ttepplies in the area of production planning and
online Kanban system in many cases works using bar coseanagement. In view of the fundamental principle of the
or RFID chips which mark materials, ongoing productiotanban system, which is a continuous improvement, the
and ready products. The RFID technology applies maingstablishment of the electronic Kanban system is a natural
internally within an organisation. Bar codes are suitable fatep.
the introduction of the Kanban system in the entire
production chain, i.e. from material and componer®.3 RTLStechnology usein TestBed
suppliers up to the final customer. These technologies also The practical example shown below was implemented
help record material movement in the production, eithéf the specialized TestBed 4.0 laboratory, which is part of
through bar-code scanning or through data collection kije KPaDI laboratories in cooperation with the SOVA
means of RFID readers. Data are displayed on an electrobigital company, see Figure 5. To simulate the processes
Kanban dashboard. This board can be visualised @fat can be implemented in the laboratory, a model was
personal computers and various mobile devices such dsveloped in the TX Plant Simulation software, which
tablets, mobile phones, etc. The tendency during lastade it possible to test variant options during teaching.
decades is to continuously increase flexibility and
effectiveness of manufacturing processes. This trend also
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Figure 5 Project activity with RTLS technology in TestBed and 2D model in TX Plant Simulation

2D model was processed for tracking movement usirggsential for success. The digitization of production data
RTLS/Real Time Location System software, Figure 5. Bysing industrial localization elements such as RTLS
tracking the movement of the students through the taggstems is increasingly recognized. This is due to the
they were wearing, it was possible to process thesults of these systems in the area of workers' health
movements in the form of the above-mentioned graphprotection, but mainly for saving production time,
outputs. The collection of data on the movement gfrotecting property and products, and last but not least, for
students around the floor plan of the laboratory was carrisdving business finances. Managing business processes
out, with the identification of activities within the using information support means connecting and
laboratory and the identification of the most populacooperating with people in a virtual environment with the
equipment of the workstations located in the laboratomim of achieving the desired result in the highest possible
from the student's point of view. With the help, it waguality [19]. The connection of PLM and ERP enables
possible to control and view the activity of students duringelected work processes (repetitive or based on a common
their presence in the laboratory in real time. The outpusgorithm of solutions) to be automated and thus speed up
are shown in Figure 6. their course, to improve its quality by reducing the error

The implementation of RTLS technology together withrate and to make the processing of large volumes of data
the simulation model and its 3D display will make itmore efficient. Such a change in the way business
possible to create a more realistic and accurate modelppbcesses are managed makes it possible to simplify the
the TestBed 4.0 training laboratory in order to further findnplementation of even the most complex processes, to
new potential for increasing the efficiency of theensure the correct distribution of tasks, the correct
educational process. Today's manufacturing companidistribution of data to the right person and at the right time.
and plants are subject to constant modernization, which is
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Figure 6 Previews the analysis from the RTLS software

The spaghetti diagram determines the continuity of the effectively coordinate company resources,
material flow for the possibilities of further optimization ofe  clearly understand impacts across projects,
processes and identification of inefficiencies in the implement changes quickly, accurately, and
organization of work, as well as wasteful transport and comprehensively,

unjustified reduction of activity. maximize the visibility of work progress, resources,
Heatmaps in general can provide a relatively high IeveI costs, and project status,

of process clarity in that they can reveal the distribution simplify all types of processes in the company
and density of in-house operations as well as vulnerabilities digitize, optimize, and standardize production and non-

that uItlma'c_e!y cause d?'a.ys- - production processes.
The activity can optimize the overall efficiency of use,

e.g. fleet, employee, etc. Elements such as an inactive
renewal and repair period are used. The data can beg,
compared with each other.

It is a sequence of steps, the aim of which is to
ectively implement the customer's requirements into the
desired output through the interactive cooperation of the
. concerned entities. In addition to a high-quality form of
3 Conclusions data analysis, it includes digitalization of models,
Result of a logical sequence of steps that lead to tBgnulation, evaluation of results, and standardization of
optimization of logistics processes through ERBrocesses. It enables interactive cooperation in the
collaboration with the business information system argevelopment of the proposal and the implementation of the
processed in the algorithm presented in Figure 7. The geallected proposal with entities that have access rights to the
of the created algorithm is: system anytime and anywhere, which is an indisputable

+ optimize the portfolio with a holistic view of advantage of this system, thereby increasing the quality
information,
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and flexibility of work and reducing the costs associated
with project implementation.

o

Figure 7 Algorithm for optimizing logistics processes through a business information system [used ARIS [20]]
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The goal of the logistics information system is td5] TEPLICKA, K., KHOURI, S., MUDARRI, T.,
achieve the interaction of physical processes with FRENAKOVA, M.: Improving the Quality of
simulations in the digital model. This provides more Automotive Components through the Effective
detailed information into the functionality of production Management of Complaints in Industry 4&pplied
and logistics processes. The synergy between production SciencesVol. 13, No. 14, pp. 1-16, 2023.
practice and simulation technologies based on the https://doi.org/10.3390/app13148402
principles of the digital twin enable complex analyzes d6] EDL, M., LERHER, T., ROSI, B.: Energy efficiency
the cyber physical system, i.e. the physical device model for the mini-load automated storage and retrieval
connected to its digital twin. The scope of these analyzes is systems, International Journal of Advanced
not only the proposal of possible production situations and Manufacturing Technology/ol. 70, No. 1-4, pp. 1-19,
conditions, but also the backward applicability of the 2014. https://doi.org/10.1007/s00170-013-5253-x
design output to the physical model. It is the area ¢T] KNAPCIKOVA, L., BEHUNOVA, A., BEHUN, M.:
analysis or the causality of change that brings about the Using a discrete event simulation as an effective
development of areas of use of digital twins in the area of method applied in the production of recycled material,
sophisticated algorithms for solving specific situations in Advances in production engineering & management
production processes. The great benefit of the digital twin Vol. 15, No. 4, pp. 431-440, 2020.
lies in solving complex logistical tasks and in the https://doi.org/10.14743/apem2020.4.376
construction of e.g. electronic kanban, implementation 8] MALKUS, T., KOZINA, A.: The features of
RTLS for real-time motion tracking, and other examples negotiations within reverse logistics cooperatiaata

given in the article. logistica, Vol. 10, No. 1, pp. 111-119, 2023.
https://doi.org/10.22306/al.v10i1.364
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Abstract: Logistics plays a very significant role in contemporary management. The aim of the article is to present the
results of the research regarding the impact of logistics on business management and the overall firm competitiveness.
The research started in 2009 and was conducted in the Chair of Logistics and Strategic Management at University of
Opole, Poland, EU. The most important research findings show that logistics concept, logistics capacities (i.e. logistics
resources, logistics capabilities, logistics competences) and logistics strategies have significant impact on business
management and the overall firm competitiveness. The most distinctive characteristic of firm competitiveness is its
competitive advantage. The pillars of the firm competitive advantage creation as well as the overall firm competitiveness
building and strengtheniraye the market outcomes as well as economic outcomes achieved by the firm. Thanks to these
outcomes firms are able to reach the desired financial performance and market position compared to the competitors. The
research results were presented based on two projects named: (1) Logistics Determinants of Business Management,
carried out in the Chair of Logistics and Strategic Management in years 2009-2011, and (2) Logistics Competences
Affecting Business Competitive Advantage Creation, carried out in this chair in years 2012-2014. Several detailed issues,
in particular the impact of logistics resources as well as logistics capabilities on business management as well as the
overall firm competitiveness, have been the topic of the further, in-depth research carried out in the abovementioned chair
in the next years.

1 Introduction outcomes a very important role is also played by the firm

The development of logistics can be observed withigirategy. o
the worldwide literature as well as business practice since The aim of the article is to present the results of the
the mid-20th century. The most important outcome of tH&search concerning logistics impact on business manage-
logistics development is growing significance of logisticg"ent and firm competitiveness conducted in Chair of
especially in the practice of business management [1-7]Jegistics and Strategic Management at University of
concerns both the changes in the internal conditions @pPole, Poland, EU. The research started fifteen years ago,
business management as well as the changes in the extelfhZ009 within the project nameabgistics Determinants
conditions of firm activities. A very special place and rol@f Business Managemew&rried out in years 2009-2011.
is assigned to the logistics concept. The research results concerned primarily the impact of the
Logistics, whose inherent feature is the integration d@gistics (in particular logistics concept) and its
flows and processes, plays a very important role ifstruments, especially logistics strategies, on the overall
contemporary business management. Logistics as tpdsiness management. The next stage of the research was
materials, goods and information flow managemerfe second project namedgistics Competences Affecting
concept affects the efficiency, effectiveness, success ddsiness Competitive Advantage Creatiamried out in -
the overall performance of a firm, as well as the buildingears 2012-2014, concerning the impact of logistics
and Strengthening the Competitive advantage and tﬁ@mpetences on the firm Competltlve advantage creation.
overall competitiveness of a firm. In the next years the above issues were expanded, including
The most significant symptoms of firm success are bothe influence of logistics resources as well as logistics
market as well as economic outcomes reached by the firi@pabilities on business management as well as the overall
These outcomes are also the basis for creating sustainaffg) competitiveness.
long-term firm competitive advantage and, as a final result, _ _
the overall firm competitiveness. 2 Literature review
The basic condition to achieve market outcomes (e.8.1  Logistics concept and its impact on business
customer satisfaction, customer loyalty, market share) as  management and firm competitiveness
well as economic outcomes (e.g. profit, profitability, return | the development of logistics, especially in the recent
on invested capital) by a firm is the proper identificatiojears, there is a very significant shift from logistics
and use of the firm’s most important strategic capacitiefderstood as the transformation of tasks and activities in
comprising: (1) resources, (2) capabilities, and (3he field of the flow of goods, towards logistics seen as a
competences. In striving to achieve the abovementionggjistical, integrated concept concerning the materials,
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goods and information flow management within the firnfirm, as well as the strategic firm capacities comprising
and the entire supply chain (supply network). resources, capabilities, and competences.

In general, the concept of logistics means a decision- The most significant outcome of the logistics strategic
making model comprising four basic parts: (1) strategignalysis is a comprehensive, systemic and strategic
analysis, (2) logistics goals, (3) logistics strategies, and (@ncept of logistics. Based on the assumed logistics goals,
logistics tools [8]. it leads to the development of logistics strategies.

The concept of logistics has a multidimensional an8imultaneously, both, logistics goals and logistics
often very significant impact on the business managemesitategies should be consistent and integrated with the
system as well as its parts (subsystems). During the lasterall firm goals and the overall firm strategy, as well as
several years logistics is more and more often understoath the long-term directions of the firm (corporate)
and conducted as one of the most significant, efficient adévelopment.
effective business management tools that allow firms to The strategic logistics concept is the pillar for
reach success and create their long-term competitispecifying further management decisions as well as
advantage. Both, such a success as well as competitfprecesses and activities. This is primarily related to the
advantage are the pillars of widely understood firmformulation of the operational logistics goals, as well as the
competitiveness. selection and use of logistics tools referred to as logistics-

Logistics understood as the materials, goods amdix.
information flow management concept, and consequently The last stage of the logistics management, related to
logistics management, can be considered in two basie implementation of logistics operational plans and
dimensions: strategic and operational [9]. programs, includes organizational and implementation

Within the strategic dimension logistics is perceivedolutions, as well as control processes and activities. The
first of all as a business management concept. As a resaipst important role is assigned to logistics controlling.
from that point of view logistics management plays ahogistics controlling has both diagnostic and prognostic
equally important role at the highest levels of busine$anctions. It is closely related to the arrangements adopted
management comparing to other functional areas like the planning stage and allows for the assessment of the
marketing or finance. Within the strategic dimensioimplementation of the assumed goals.
logistics is also implemented as a cross-sectional function
of the firm in relation to the basic areas of flows, i.€2.2 Logistics resources  affecting  firm
supply/purchases, production and distribution/sales. competitiveness
Moreover, together with research and development | ogistics resources are the first group of the firm
(R&D), supply/purchases, production andstrategic capacities affecting business management and the
distribution/sales, logistics as a cross-sectional functidftoadly understood competitiveness of the firm.
determines the framework conditions for shaping and within the resource-based theory (RBT) of the firm it
forming logistics systems and processes. is assumed that gaining a long-term, sustainable

In turn, within the Operational dimension |OgiStiCS Oftertompetitive advantage by a firm depends’ among otherS,
plays a subordinate role for the highest levels of businegg the ability for using resources to achieve the assumed
management and is not implemented as a cross-sectiofigls. According to the assumptions of this theory,
function comparing to marketing or finance. Individuatesources are understood as tangible and intangible assets
logistics systems and processes are then formed and shapgs to carry out tasks that result in achieving the assumed
separately in the case of R&D, supply/purchasegoals. However, not all resources are of an equal
production and distribution/sales [9]. importance in firms' efforts to gain a long-term,

The most significant requirement for the concept ofystainable competitive advantage. Resources of a
logistics understood as the materials, goods afrticular importance in building and strengthening of the
information flow management is the proper and systemfgm competitive advantage are referred to as key
integration of logistics and logistics management with th@sources. According to J. Barney, key resources can be
overall and holistical logic as well as the entire businesgnsidered when they meet the following criteria (the so-
management system. This is already manifested in thgiled VRIN criteria): (1) they are valuable, (2) they are
definition of the firm (corporate) mission, which concerngare, (3) they are difficult to copy by competitors, and (4)
all stages of the logistics management process, in particugéy have no substitutes [10].
the stage of strategic analysis of logistics and the stage of Appropriate involvement of the firm resources in
strategic logistics planning. achieving the firm goals is a basis for achieving the firm

The first stage of the logistics management process, ilgng-term competitive advantage. Among the resources
strategic analysis of logistics, serves primarily analyticajhat can significantly contribute to building such an
diagnostic and forecasting functions. The most significagidvantage as well as widely understood firm

role is assigned to the analysis of the logistics system og@mpetitiveness an important role is assigned to logistics
firm and its parts (subsystems), taking into consideratiopssouyrces.

trends and circumstances concerning the environment of a
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Permanently growing importance of logistics resourcesffering logistics services accordingly to the customers’
results from — among others — the fact that in recent yeargpectations, or ensuring the level of logistical service
logistics itself as a concept of materials, goods ardemanded by the customers. On the road to achieve such
information flow management is increasingly perceived aals firm have to develop the effective and efficient
a systemic and holistic factor affecting the overall firntogistics capabilities, enabling customers to be offered the
competitiveness. Logistics understood in such a way is alsght goods, at the right place and time, in the right quantity
perceived as the basis for achieving firm success aadd quality, at the right costs and with the right
building a sustainable, long-term competitive advantage liyformation.

a firm. At the same time, logistics strategy and logistics- Logistics capabilities are the *“tools” for the
mix are used as effective and efficient tools for the firndentification of customer preferences and the presentation
competitive advantage creation. of the market offer solving the customers’ problems and

Logistics as the capacity of the firm competitivenesadapting logistics services to customers’ preferences and
concerns the creation of the value systems more effectivelypectations, as well as ensuring the level of service
and efficiently than competitors. It can be said that strategiequired by customers, delivering products on terms that
management of logistics resources involves their use ame adequate from the customers’ point of view, etc.
such a way that the firm gains a competitive advantage by The firm capabilities are a “set” of its individual
offering a unique value for the customer, which igbilities used to perform activities and/or tasks. The basic
significantly different from the values delivered and servefitature (determinant) of the firm capabilities is the
by the market rivals. orientation leading to achieving expected (i.e. planned, not

There are three basic strategic options in logistiesg. accidental) outcomes, obtained in purposeful as well
resources management: (1) development of the own fims coordinated ways of actively engaged resources [11].
logistics resources through investments in logistics The firm capabilities are oriented towards the effective
systems, (2) acquiring logistics resources by taking theamd efficient use of the resources in achieving the planned
over from the competitors, (3) development of logisticgoals [12,13]. The active nature of resource involvement
resources in cooperation with business partners within theeans that they are assigned to specific tasks in the
supply chain or even supply network. implementation of which they may be useful. The

The first of the above-mentioned solutions ofterffectiveness and efficiency of the use of the resources
involves the need to incur quite significant expenditures tncern the creation of the products and services offer for
expand the firm logistics resources base. It is important tostomers (customer value creation) and reaching the
select the types of resources that are most desirable to cgignned market and economic outcomes by the firm. This,
out the designated tasks. The basic selection criterion is theurn, may constitute a premise for achieving success as
assessment regarding the efficiency and effectivenessvadll as competitive advantage by the firm, and — as a result
the use of logistics resources within the implementation efthe creation and strengthening the firm competitiveness.
tasks. Logistics capabilities can be defined and developed in

The second solution also requires incurring theawo major areas: (1) the real area, and (2) the regulatory
necessary expenditures, i.e. taking over resources from #rea. Capabilities related to the real area are related to
competitors. The main issue, apart from the difficulties gfrocesses such as transport, warehousing, storage,
acquiring resources, may be the adequacy assessmentrarisshipment, manipulation, packaging, commissioning,
these resources in relation to the tasks that the firm shoplaickaging and labeling. In turn, capabilities related to the
perform. Logistics resources successfully used to carry aeigulatory area concern processes related to the flow
the designated tasks by one firm do not have to meet thimnagement of goods and information within the firm as
criterion in the case of another firm. well as the entire supply chain.

The third solution to expand the logistics resources base Logistics capabilities comprise two major types: (1)
is to develop it jointly with the market partners. It is themperational capabilities and (2) dynamic capabilities.
possible to determine not only the ways in which resourc&perational capabilities concerning logistics area include
are involved in the implementation of tasks by the firm, bigeveral routine activities related to the day-to-day
also the ways in which they can be used, taking inimplementation of logistics tasks, usually related to short-
account the capabilities of suppliers, intermediaries, amerm guidelines for the firm activities such as “registration”
other partners in the supply chain (network). of the amount and structure of revenues from the provided

logistics services, assessment of the size and structure of
2.3 Logistics capabilities affecting firm inventories held, or assessment of the effectiveness and
competitiveness efficiency of current warehouses use. So it may be said,

Logistics capabilities are the second group of the firfhat logistics operational capabilities allow the firm to use
strategic capacities affecting business management #rent success capacities, especially the firm resources.
firm competitiveness. In turn, dynamic logistics capabilities are oriented not

The firm |Ogistics resources are Supposed to B much towards the use of the firm eXiSting Success
involved in several goals concerning — among otherscapacities, but rather towards their long-term forming,
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shaping and development. These capabilities are thereforeAccording to D. Bowersox and P. Daugherty, firms
a certain “carrier” of changes taking place both in businebgghlighting the strategic aspects of logistics,
management systems and on the market. Dynamic logistiogplementing the strategic logistics management concept
capabilities make possible more effective and efficient within both forming and shaping their business models as
compared to operational capabilities — use of the firmell as formulating and developing business strategies, are
logistics resources by creating their new, innovativeainly looking for the opportunities conditioning the
configurations, allowing for better adaptation to changeffective and efficient use of the unique (distinctive)
taking place on the market, and leading to building armbmpetences related to the area of logistics [18].
strengthening the overall firm competitiveness. The most significant condition for the effective and
efficient development of logistics competences is the prior
2.4 Logistics competences affecting firm identification of the appropriate logistics capabilities,
competitiveness based on logistics resources [19]. Thus, logistics
Logistics competences are the third group of the firfompetences are embedded and underpinned on the
strategic capacities affecting business management andlggistics resources owned by the firm and the logistics
competitiveness of the firm. capabilities to use such the resources effectively and
Basically, the issue of competences can be conside@iciently.
in two main approaches: (1) in the managerial approach, Logistics competences are the compositions of the
and (2) in the personal approach. Iong-'germ logistics capabilitigs condi;ioning the use of the
Within the managerial approach competences includgistics  resources, — actively involved in  the
bundles (compositions) of capabilities enabling the use plementation of the set goals and tasks, leading to the
resources owned by the firm. The condition for using th@xpected market and economic outcomes achievement by
opportunities inherent in resources is the development {6 firm, which are the basis for reaching business success
appropriate capabilities of the firm. We can then talk abo@fd firm competitive advantage. The logistics competences
the resources and capabilities integration and coordinatidfe developed as a result of the integration and
in the development of the firm competences. coordination of logistics resources and logistics
In turn, within the personal approach competences afapabilities. Moreover, knowledge, perceived as a special
related to the human characteristics thanks to which peoff®e of resources, related to logistics processes and
can effectively and efficiently perform the tasks entruste@ctivities carried out by the firm, plays a crucial role in the
to them. The topic of personal competences has bel@imation and development of logistics competences.
considered within the area of human resources A significant complement to the logistics capacities
management for many years, where it has a numberigfiuencing business management and the overall
modern and advanced concepts and extensive modepnpetitiveness of a firm is logistics strategy.
[14,15].
Competences, especially the distinctive competencd® Logistics strategies and their impact on
introduced by P. Selznick, I. H. Ansoff and K. R. Andrews, business management and firm
have evolved towards significant strategic capacities of the competitiveness
firm, playing the key role in the value chain and The comprehensive involvement of logistics resources,
influencing the forming and shaping the firmcapabilities and competences in firms’ efforts to build a
competitiveness, as well as building its competitiveompetitive advantage and strengthen the overall firm
advantage [16]. competitiveness requires the development of the proper
It can be said that competences are the compositionssefategies that could take into account the logistics systems
the long-term capabilities to use resources engaged in gpabilities in meeting the needs and wants of customers
firm goals and tasks implementation, leading to thas well as ensuring the effective and efficient level and
expected market and economic outcomes achievementdiyucture of costs. Trying to achieve the most efficient
the firm, and — as a result — to the forming anekelations between the results obtained from the use of
strengthening the overall firm competitiveness. The basiesources and the costs incurred, it is necessary to
for the competences development is the integration asfectively integrate the logistics strategy within the overall
coordination of the firm resources and capabilities, takingprporate strategy. In a situation where logistics, especially
also into account the significant type of the firm resourcesgistics capacities play a key role in building a firm
that is knowledge. competitive advantage and its overall competitiveness,
Within the firm competences the very significant roleogistics may constitute the core of the strategy influencing
is assigned to the logistics competences. In addition #ehieving and sustaining this advantage, as well as
logistics resources and logistics capabilities, logisticstrengthening the overall firm competitiveness. It can be
competences are the third type of strategic firm capacitiesid that then a specific transformation takes place,
related to the logistics area that affect the firm competitivgonsisting in a transition from perceiving logistics as a
advantage as well as the overall firm competitiveness [1filinctional strategy to treating logistics as a key component
of the overall strategy of a firm.
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One of the first studies on logistics strategies and theitrategies as well as logistics tools playing the crucial role
impact on business management as well as the fiim achieving business competitive advantage by a firm
competitiveness showed that logistics strategy is [23]. The most significant outcomes performed by the
functional strategy, being the composition of the longfirms and supply chains, conditioning the creation of the
term, internally and externally coordinated decisions a®mmpetitive advantage should be related both to costs as
well as activities within the areas of location, transportyell as customer service.
storage, inventory control and customer service, leading to Logistics strategies which are the pillars of the firm
achieve the competitive advantage by a firm [20]. Despitompetitive advantage building and strengthening are
the logistics strategy often being assigned to the group aften classified taking into account the criterion of
functional strategies, it was already perceived as aompetition and competitiveness. Based on this criterion,
important factor affecting the firm competitive advantag&. Rao, J. Steenger and R. Young distinguish three basic
creation, as well as building and strengthening the overédgistics strategies: (1) strategy for cost minimization, (2)
firm competitiveness. strategy for additional value maximization, and (3) strategy

The significance of logistics strategies in building andébr achieving flexibility and control of the logistics system
strengthening firm competitive advantage, as well g48]. The abovementioned logistics strategies primarily
broadly understood firm competitiveness has beeoncernthe most significant development directions within
confirmed by the results of many world-wide studies. Orhe strategic management of business logistics. In
of the most important and innovative research was tiparticular, it relates to the identification of the main sources
studies conducted by D. Bowersox and P. Daugherty, wiod the firm competitive advantage achieved thanks to
defined three basic orientations which are the pillars for thegistics.
logistics strategy development, based on the resources andLogistics strategies are also classified taking into
capabilities of a firm. These orientations are [21]: (1¢onsideration the type of logistics concept implemented in
process orientation, (2) market orientation and (3 firm. Taking into account the challenges regarding the
information orientation. market environment, as well as the long-term firms’ goals

Process orientation assumes that all logistics processegarding the performed market and economic outcomes,
and activities are the parts of the value added creatibmo main logistics strategies can be defined: (1) logistics
system. The logistics strategy plays a crucial role in firrstrategies concerning the entire supply chain management,
competitiveness building and strengthening, mostly by ttend (2) logistics strategies concerning time compression
concentration on the effectiveness and efficiency ¢24]. The abovementioned logistics strategies should
logistics processes concerning purchasing, manufacturingidely and deeply consider the set firm goals, as well as
delivery scheduling and physical distribution. the firm strategic capacities comprising resources,

In turn, in market orientation the coordinatedcapabilities and competences. Such logistics strategies go
implementation of all logistics processes as well aseyond the classical functional framework, playing the
logistics activities in the area of physical distribution is o$ignificant role in strategic management decisions related
a key importance. It enables achieving the synergic effet¢tsthe building and strengthening of the firm competitive
by a firm. The most effective logistics strategyadvantage as well as the overall competitiveness of the
conditioning the overall firm competitiveness building andirm.
strengthening is the strategy embedded on the customer

service. 3 Methodology

Finally, the information orientation is based on the The growing Significance of |Ogistics concerns mainiy
integration and coordination of the logistics processes as crucial influence on changes in the entire firm
well as |0gi5tiCS activities within the entire Supply Chainmanagement System as well as on the overall firm
Such an orientation require the wide and deep cooperati@npetitiveness. These changes contribute first of all to the
between supply chain partners, which is based on thgyre effective and efficient market outcomes as well as
integrated goods and information flow managemengconomic outcomes achievied by the firms. As it was
conditioning building and strengthening the overall fiminentioned above, logistics is perceived as a
competitiveness. o ~_comprehensive factor afecting the entire business

The growing significance of logistics strategies ifmanagement system and its subsystems, conditioning and
building and strengthening widely  understoodstimulating several significant changes within the specific
competitiveness of a firm emphasizes G. Persson [22]. fjysiness management subsystems, including planning,
his opinion, logistics plays the crucial role in the process @fganizing, motivating and controlling. Such changes also
the business strategies formation and development, takigignificantly affect the key parts of business management
into account first of all the strategic aspects of logisticoncept, including strategic analysis, goals, strategies and
concept concerning logistics systems as well as logistisols, as well as business management levels, i.e.

processes and activities. _ normative level, strategic level, tactical level and
M. Christopher also draws attention to the constantiyperational level.

growing importance of logistics, according to logistics
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The key importance within the research concerningompetitiveness, including firm competitive advantage as
logistics impact on business management and firmell as firm competitive position on the market.
competitiveness is assigned to the logistics determinants of
business management. 4  Results and discussion

Logistics determinants of business management affect | ogistics determinants of business management are of
not only the expected changes concerning the entifekey importance within the research carried out by the
business management system and its subsystems, ®Hhir of Logistics and Strategic Management at University
influence on the overall firm competitiveness as welf Opole, Poland, EU, related to the impact of logistics on
These determinants fulfill the following criteria [8]: business management and the competitiveness of the firm.

1) They influence the changes of forms, parametershe basis of the research was the concept of logistics and
features and/or structure of “object” on whichthe identification of its most important characteristics. The
they have an impact, concept of logistics is primarily related to the flow

2) They form and determine the expected changsrientation in business management and the degree of its
directions of the “object’ and its parametersimplementation.

features and structure, ~ Based on the logistics determinants of business
3) They generate the expected effects of changes, ifanagement, the most important logistics capacities
market and economic outcomes. influencing business management and the competitiveness

~ The scope and symptoms of logistics determinangg the firm were defined. Among these capacities the most
impact on business management system were the subjgagbortant role is assigned to logistics resources, logistics
of the research project namedgistics Determinants of capabilities and logistics competences. At the same time,
Business Managemergonducted in years 2009-2011 bythe condition for the proper use of logistics capacities is the
the Chair of Logistics and Strategic Management @jentification and development of appropriate logistics
University of Opole, Poland, EU. The aim of thestrategies, allowing the achievement of planned goals and
abovementioned research project was to identify the megitaining the expected market and economic outcomes,
important  multidimensional  relationships ~ betweeRyhich are the basis for the firm success and its competitive
logistics and business management system, as well as da¢antage, as well as for building and strengthening the
possibilities of expected market and economic outcomegerall competitiveness of a firm.

achievement by a firm, concerning the overall firm p.paugherty, H. Chen, D. Mattioda and S. Grawe point
competitiveness. As a result the following logisticshat logistics resources can be treated as the firm strengths,
determinants of business management have been identifiggd in the development of competitive strategies that

[8]: . _ determine the achievement of a long-term, sustainable
1) Flow orientation, competitive advantage of a firm [25]. Key logistics
2) Logistics and supply chain competences, resources are the significant parts of the logistics systems
3) Logistics strategies, that are of the greater value compared to other resources.
4) Logistics management tools, This value is manifested not only in the level of
5) Logistics planning, expenditures that must be incurred on their acquisition
6) Organizational solutions related to logistics an@nd/or development, but also in the level of logistics
supply chain management, services that can be offered. As a result, the key logistics
7) Logistics controlling. resources may constitute the core of the firm strategy

related to forming, shaping and developing a sustainable,

Within this research project it was assumed thagng-term competitive advantage on the market, and —as a
logistics determinants of business management are #igal result — the overall firm competitiveness.
specific factors related to logistics and supply chain |n addition to logistics resources, logistics capabilities
management areas, affecting business management sysigi) a key role in building and strengthening the firm
and its subsystems, as well as providing the opportunitiggmpetitiveness. The original concept of logistics
for the expected market and economic outcomegpabilites embedded on the firm competitiveness
achievement by the firm. capacities has been proposed by Mentzer et al. [26]. Within

Logistics determinants of business management affis concept is was assumed that the basis for the expected
specific factors affecting the planned changes occuring fRarket and economic outcomes achievement by the firm is
business management system as well as in the overall fifiie active, effective and efficient involvement as well as
competitiveness. Such changes concern first of all thge of the logistics resources and logistics capabilities in
transformation within the specific business managemepiiilding and strengthening the firm competitiveness. As a
subsystems including planning, organizing, etc. Thgsult, logistics resources as well as logistics capabilities
transformation is related to the shift from up-to-novgffect the changes within the entire business management
solutions to solutions Conditioning the achievement of tl”ﬁ/stem, as well as leads to the expected market outcomes
expected market and economic outcomes. Apart from thigad economic outcomes achievement by the firm.
such a transformation also concerns the overall firm
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Mentzer et al. defined three groups of logistics Apart from logistics resources and logistics
capabilities concerning the firm competitiveness buildingapabilities, also logistics competences play a very
and strengthening [26]: significant role in building firm competitive advantage and

1) Capabilities concerning the firm competitivenesstrengthening the overall competitiveness of the firm.

building and strengthening based on customéwithin the research carried out by the Chair of Logistics
needs, wants, preferences, and expectationsand Strategic Management at University of Opole, Poland,
these capabilities are referred to as deman&U, a significant role is assigned to the original concept of
oriented capabilities, logistics competences, being the result of the research
2) Capabilities concerning the firm competitivenesproject named_ogistics Competences Affecting Business
building and strengthening based on cost€ompetitive Advantage Creati@gnducted in years 2012-

referred to as supply-oriented capabilities, 2014, related to the impact of logistics competences on
3) Capabilities concerning information flow business competitive advantage creation as well as the
management. overall firm competitiveness.

Within the above research project three main topics
The demand-oriented capabilities relate to the customsere examined [8]:
orientation. These capabilities are also named and/or 1) Competencies of logistics managers concerning

described as customer-centric capabilities, customer value human resources (people) responsible for the
adding capabilities, or customer integration capabilities. logistics objectives reaching, as well as for the
This group of logistics capabilities allow to acquire logistics tasks implementation,

customers and meet or even exceed their expectations, 2) Logistics competences related to logistics goals as
offering them unique values compared to the competition. well as logistics strategies positioning within firm
These capabiliies are also characterized by and businesses’ goals and strategies,
multidimensionality = concerning customer service 3) Logistics competences  concerning  the
capabilities as well as logistics quality shaping capabilities, cooperation and integration with all partners in
and long-term perspective related to pre-sales, sales and supply chain, in particular with suppliers,
after-sales service capabilities. As a result, demand- distribution companies, wholesalers, retailers,
oriented capabilities significantly affect building and customers, etc.

strengthening the firm competitiveness embeded on

customers’ needs and preferences. The most significant result of the abovementioned

In turn, supply-oriented capabilities relate to total cosesearch is the original model of firm success capacities
minimization, being the key premise for the superioand symptoms, comprising a very important role of
performance concerning logistics systems, processes adogistics competences affecting the firm competitive
activities. This group of logistics capabilities contribute t@advantage creation and the overall firm competitiveness
defining methods allowing for solving specific customestrengthening. This model comprises four groups of the
problems. It requires the effective and efficienkey (superior) logistics competences [8]:
implementation of such the solutions as just-in-ime 1) Competences concerning the logistics concept

deliveries, quick response to customer needs, or vendor embedding within  business management,
managed inventories. Supply-oriented logistics capabilities particularly in relation to goals, strategies, tactical
concern the optimization of all activities that ensure that programs and operational tasks, as well as to
logistics processes carried out within the entire supply planning and organizational structure
chains lead to the minimization of total costs, as well as to development — these competences are referred to
building and strengthening the firm competitiveness based as ‘“logistics positioning and integration within
on costs. business management”,

Finally, the information flow management capabilites 2) Competences concerning the integration
are related to the area of information technology, including perceived as an inherent feature of the logistics
the exchange and sharing of the information. These concept, which can apply to processes carried out
capabilities contribute to balancing demand and supply within the entire value chain as well as within the
within the supply chain nodes and, as a result, to improving firm — these competences are referred to as
the processes of goods exchange. Information technology “vertical and internal integration”,
plays a crucial role in logistics capabilities developmentas 3) Competences concerning: (a) the adaptability and
well as determines the information flow effectiveness and flexibility regarding relationships with suppliers,
efficiency both within the firm and the entire supply chain. distribution companies and customers, (b) the
Logistics capabilities concerning information flow coordination of materials and goods flow, (c) the
management are very often implemented together with logistics processes and activities carried out by
capabilities related to materials and goods flow the firm, as well as (d) the execution of customer
management. orders — these competences are referred to as

“flow management”,

~ 555~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 11 2024 Issue: 4 Pages: 549-557 ISSN 1339-5629

Logistics impact on business management and firm competitiveness - 15 years of experience
Rafal Matwiejczuk

4) Competences concerning ERP systems, as wellasll as the growing importance of the logistics concept,
EDI and RFID technologies — these competencdggistics  capacities (resources, capabilites and
are referred to as ‘“information systems andompetencés and logistics strategies in building and
technologies”. strengthening the firm competitiveness. Within two

projects: (1) Logistics Determinants of Business

Additionally, in the area of logistics competencedManagement and (2) Logistics Competences Affecting

named “vertical and internal integration” the followingBusiness Competitive Advantage Creattamas examined

competences may be specified [8]: that logistics not only strongly influences business
1) Integration with suppliers, management system and its subsystems, but also
2) Integration with distribution companies, significantly affects the overall firm competitiveness.
3) Integration with customers, The research results also highlighted the crucial

4) Internal integration (integration within the firm). importance of the strategic aspects of logistics. D.
Bowersox and P. Daugherty point that firms which

In turn, in the area of logistics competences namgghrticularly value the strategic aspects of logistics,
“flow management”, the following competences may banplementing the concept of the strategic logistics

specified [8]: management in forming and shaping their business models
1) Agility, including adaptability and flexibility, as well as formulating and developing business strategies,
2) Flow leaness and transparency, are primarily looking for opportunities to use unique
3) Logistics processes, (distinctive) competences related to the area of logistics
4) Order management. [18]. This is why logistics competences play a crucial role

in contemporary business management, and — together

Research concerning the concept of logistics as well agth logistics resources and logistics capabilities — create
the key logistics capacities (resources, capabilities atitk “capacity base” for building and strengthening the firm
competences), should be supplemented with the reseacampetitiveness.
on logistics strategies, linking all the above logistics topics The possibilities for the creation of the firm competitive
related to the firm competitiveness building anddvantage as well as firm competitiveness embedded on
strengthening. widely understood logistics, including in particular

The results of the several research carried out in wolldgistics strategies, also points J. Heskett [30]. In his
as well as in Poland point that logistics strategies are vespinion, the significantly growing role of logistics,
often supposed to go beyond the functional level, havirgspecially the concept of logistics in business management,
an important share in the process of business strategmeakes the logistics strategy more and more important in
formulation and implementation. Logistics strategies athe formulation and development of the overall firm
also a significant part of the comprehensive, globdtorporate) strategy. A logistics strategy perceived in such
strategies of the firm (corporate strategies), strongly way is more and more often defined as a “logistically
affecting a sustainable, long-term competitive advantageafiented firm strategy”, influencing the building and
the firm [27,28]. sustaining of the firm competitive advantage and — as a

Strategic aspects of logistics concerning the logistiegsult — strengthening the overall competitiveness of the
strategy influence on the expected market and econonfilen, taking into account the capacities comprising
outcomes achivement by the firm, and — as a result — on thgistics resources, logistics capabilities and logistics
creation of the firm competitive advantage are alscompetences.
presented by A. Stainer. As he points, the logistics strategy Nowadays, logistics concept, logistics capacities and
is very strongly related to the firm environment, as well dsgistics strategies became not only the most important
to the measures and indicators presenting the achievemgitiars of widely understood firm competitiveness, but
of the expected market and economic outcomes by the fimore and more significant drivers for the development of
[29]. Such a comprehensive look at the logistics strategiye mentioned above modern business models in logistics.
not only goes significantly beyond the classical function@uch models play a key role in contemporary logistics
approach concerning logistics strategy, but also shows tlm&nagement, influencing the entire business management
logistics strategy can be a key part of the business stratexygtem and its subsystems, as well as leading to
and even the overall, logistically oriented strategy of th&trengthening widely understood firm competitiveness.
firm.
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Abstract: The widespread adoption of electric vehicles (EVs) has played a significant role due to their much smaller
carbon footprint compared to their internal combustion engine counterparts. This trend also applies to public
transportation in Hungary, where battery electric buses (BEBs) are gradually being incorporated into the fleets of major
passenger transport operators. In assessing the total cost of ownership (TCO) of these vehicles, factors such as the
expected daily mileage, the current price, capacity, lifecycle, and degradation of the integrated drive train batteries—
typically lithium-ion based—play a significant role. This is also considered, if the batteries' second life and reuse can
significantly improve the TCO value. Based on the examination of domestic and international literature, it can be
established that the selection of the appropriate vehicle fleet exclusively considers the TCO value, which disregards
neither the significant benefits arising from the batteries' secondary life cycle, nor considering various quality indicators.
This deficiency in fleet selection could result incorrect decisions. In our opinion, the consideration of both logistical and
sustainability aspects is indispensable in the decision-making process. To prove this, the paper presents an innovative
decision-making method developed by us, which considers the effects of battery degradation related to the secondary life
cycle and key quality indicators when selecting the ideal fleet meeting the expected mileage performance. To validate the
theoretical background, a case study was also prepared, which is included in the paper. The article also contains
considerations related to the topic by Volanbusz Zrt.

1 Introduction fleet, the rest of this paper will analyse literature on the

Although buses appeared in road transport muélpgradation and second life cycle of electric.bus pane_ries,
earlier, electric vehicles (EVs) really burst into publi@nd then present our research results in this field.
transport fleets in the early 2020s. An important element fronsidering this, an innovative decision-making method
their uptake has been the fact that their carbon footprint'4!l be presented that takes into account the positive effects
much smaller comparing to internal combustion engirféf the second life cycle resulting from battery degradation,
counterparts, and thus they comply with the legislation ard the relevant quality indicators for the selection of the
environmental protection requirements resumng from tr@ptimal fleet. The results of the calculations based on this
European Union’s climate protection efforts. decision-making method are presented in the final section

Battery electric buses (BEBs) are being progressiveff the paper.
integrated into the fleets of major passenger transport
operators [1,2], typically leading to mixed fleets [3]. The2 = Thematic literature review
retention of fossil fuel buses in mixed fleets is primarily In relation to the objectives stated in this article, a
related to the driving range of electric vehicles, whickhematic review of literature on batteries for electric buses
determines the types of timetabling that - taking intéocused on the following areas:
account the capacity of the batteries and the way they are  types and characteristics of batteries,
charged - allow for the safe covering of route distances..  the degradation process in batteries,

» optimal operation and charging of batteries for a

Volanbusz Zrt., which plays a dominant role in long battery life,
suburban and local public transport in addition to domestic.  gpplication of reverse logistics in the second life
intercity bus transport, has been gradually increasing the  cycle of batteries,
number of eIeptnp_buse_s in its flget since the early 2_000 S. integration of battery electric buses into mixed
[4]. Due to a significant increase in the number of lithium- fleets.
ion based batteries and their role in the sustainability of the
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21 Typical types of batteries for battery eectric The acronyms for the three most popular types of

buses (BEB) lithium-ion technologies are derived from the
As in all areas of life, lithium-ion batteries have als@bbreviations of the minerals used in cell chemistry: LTO

found applications in electric vehicles. As the technologffithium titanium oxide), LFP (lithium iron phosphate) and
has evolved, competition has started in the followinMC (nickel manganese cobalt). Figure 1 is based on
parameters: energy consumption measured in kWh/km; tRMZ Poland’s analysis, showing that NMC leads in terms

reduction of overall battery weight; and achievement of tHef energy density, but also in unit weight and volume [5].
highest energy density.

BEB battery technology comparison

g
&

Energy density, Wivk

Year
e NMC — cell level LFP —cell level LTO —cell level
=== NMC - pack level LFP - pack level LTO — pack level

Figure 1 Comparison of the evolution of NMC, LFP and LTO technologies in terms of energy density at the levels of cells and battery
packs [5]

2.2 Degradation of batteries geographical location of buses can also have an impact on

Battery degradation is the result of a number dhis, as one of the main causes of battery degradation is
complex processes, in which cyclic aging and calendenfavourable ambient temperature, with lifetime
ageing play a combined role, leading to an increase $ignificantly dependent on local temperature - i.e. climatic
internal resistance. During cyclic ageing the capacity of the conditions. Geography affects not only the lifetime of
battery decreases, mainly due to an increase in tuehicles, but also their operating costs. Charging costs can
frequency of charging and discharging cycles. This is dw@ry depending on the time of year and time of day, and
to an increase in the internal solid electrolyte interphagee carbon emissions of buses also depend on the energy
layer, degradation of the electrodes, and cyclic lithium losglix of the power grid in a given country [7]. The lifetime
Conversely, calendar ageing - which also leads to loss @farantee of batteries is between 5 and 10 years, depending
capacity - refers to self-discharge reactions influenced i the manufacturer. The guarantee is defined by
charge state, time and temperature. These phenomenara@aufacturers as a function of chemical composition,
particularly relevant for electric vehicles, as significaneperation and charging.
degradation of batteries can increase the total energy Studies aimed at optimising the operation and charging
consumption of electric vehicles and their greenhouse galsbattery electric buses estimate battery lifetimes of 8 to
emissions per kilometre on a given driving cycle. 12 years, however, this is closely related to the charging

process, and also the development of battery
2.3 Optimal operation and charging of batteries r_nanufacturing technologies can undoubtedly increase the
for along battery life lifetime outlook[8]. .

Some studies suggest that battery life can vary between But for assessing the long-term return on investment

2,500 and 9,000 charge/discharge cycles [Bhe and fleet operational efficiency, a detailed analysis of the
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effects of degradation is essential. All this is influenced byerformance of the system is determined by the

a number of factors, such as charging rate, temperatuperformance of the individual cells. Ageing of the cells can

depth of discharge and time/discharge cycle, as well ksad to ageing of the system, but the performance of the

battery design, manufacturing and operating conditions. battery system is greatly affected by inconsistencies and
If we want to look at the degradation of a whole batterglisparities between cells [9].

system and not just one cell, we have to note that the

A Capacity

.
.
.
.
.

Time
Cycle number

.

i

presssnsfeccssssssnnnnsnns
I

—

1 P

sssssssssssssssfesssssnsssssnsnnnnnnnnnnns

resssssmessnupe

- Continuous growth Lithium plating,
% g of SEI Contract loss of active
3 S Structure materials caused by:
g8 SEI formation Transformation of - Loss of electrolyte;
Z Cathode material - Volume change;
Continuous loss of - Binder failure.
Electrolyte

Figure 2 Mechanism of degradation [9]

The non-linear ageing of batteries can be divided into Generally speaking, most batteries currently used in
three stages: electric vehicles exhibit the characteristics of non-linear
ageing, which can basically be divided into the three phases

« Stage |: solid electrolyte interface formation;shown in Figure 2. In the first stage, the battery capacity

sudden, rapid degradation. decreases rapidly during the first few charging cycles. In
« Stage II: further solid electrolyte interfacethe second stage, the battery performance decreases
formation, structural change in cathode materiagontinuously due to the different reactions taking place
electrolyte loss; linear stage. inside the battery. In the third stage, a rapid decrease in
« Stage IIl: lithium plating, continuous loss of Capacity and increase in resistance occurs towards the end
material; sudden, rapid degradation. of the battery’s life. This may be due to a rapid loss of

lithium-ion supply and/or a loss of active material due to
loss of electrolyte, failure of the binder and volume
changes.
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Figure 3 Effect of charging on battery degradation [10]

The state of charge (SOC) of a battery has a significap4 ~ Application of reverselogisticsin the second
impact on battery life. The SOC value indicates the amount life cycle of batteries
of available capacity stored in the battery. Itis importantto The process known in the literature as reverse logistics
note that the SOC and the voltage of the battery afg4] can play a significant role in creating a second life for
interdependent values. The battery voltage can be derivigskteries. The reverse logistics network design of Hao et al.
from the battery SOC and current. In general, a higher SQ§h21) for electric vehicle batteries focused on recall risks
results in higher terminal voltage, which means lowgHs). viikseltiirk et al. (2021) discussed the design of a
anode potential and higher cathode potential. This cagverse logistics centre for end-of-life electric vehicle
accelerate the ageing process of the battery. A lower SQ{atteries based on fleet size prediction [16]. Azadnia et al.
on the other hand, means higher anode potential and lowg21) analysed the barriers to the application of reverse
cathode potential, which is generally beneficial for battenpgistics using the TISMA-MICMAC approach [17].
life. If the SOC is too |OW, however, corrosion of the Harris at a|’ (2018) deve|0ped a novel framework to
copper current collector of the anode and decomposition gdsist decision-makers in assessing the uncertainty of the
the active material structure of the cathode can negativeiie cycle impacts of alternative bus technologies, [18]
affect battery life. while Jefferies at al. (2018) presented a comprehensive

DOD (depth of discharge) also has a complex effect ofto evaluation method for electric bus systems based on

battery life. According to professional opinion, there is agjscrete-event simulation including bus scheduling and
Optlmum DOD for battery ||fe, but this DOD is genera"ycharging infrastructure Optimisation [19]

too small to meet driving range requirements.

In scientific publications there has been analysis of 5 Findings from a review of the literature
several other aspects of the degradation of lithium-ion pyplished material on the degradation of electric bus
batteries typically used in electric buses. Chen et al. (2033} tteries has been associated with a number of sub-
established a prediction model by analysing discharggsciplines. The results acquired can be used in a more
characteristics, [11] while Tseng et al. (2015) [12] carrieflyjistic operational model, in which an accurate
out an in-depth investigation into the effect on batterynowledge of battery degradation allows for planning the
condition of voltage and internal resistance variationsecond life of batteries in order to optimise the whole life
O'Kane et al. (2022) were the first to publish a modelycie cost of a fleet. A key element in the second life cycle
linking two degradation mechanisms [13]. planning of batteries is precise knowledge of the

Degradation measurements make it clear that the lif2.gradation and charging characteristics of the batteries in
cycle of batteries is shorter than the designed service life 9t fjleet  which can be achieved by having actual
electric buses, so that when a battery is no longer suitable s surement results from the operator. A degradation

for its original function but still has significant Value’study carried out by the company and its results are
environmental and economic considerations support tB?esented below

need to address its second life.
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3 Degradation measurements for universities. The project’s purpose is to investigate how,

Volanbusz Zrt. based on the principle of circular operation, batteries from

As a public transport bus operator, Volanbusz Zrt. hgec’gnc buses can further serve the company’s operations
developed a concept for the development of electr d interests by being used as storage in the infrastructure
vehicles as a strategic alternative, and has set itself &secondﬁry use. The b(;:nﬁﬂts o_f this re-tése_ ar%manlfold.
objective of significantly rejuvenating and upgrading it e purchase costs of batteries used in buses are
bus fleet. In line with this vehicle development, theuPstantial. Based on experience from manufacturers and
company is already operating 102 purely electric buses, YS€rs, 1N principle b_attenes shoulq be replac_ed every 10

Among the main driving forces behind theYears, due to capacity loss. By using functioning batteries
development of electromobility are the need to impro S storage units beyond this ma_nufactl_Jrers warranty
technology and service levels, to improve energ enod,_';he company can keepthe_:m In service f_qranumber
efficiency and reduce emissions. A further aim is t f additional years, thus preserving their usability for the
produce electricity as a fuel for the company itself, there mpany and improving return on_investment. In the
reducing its use of fossil fuels and increasing its ener revious chapter we saw that if bqttenes are used optlmally
security and independence r 15 years, there is still potential for other uses, which

Alongside exploration of the development of its owdil! facilitate use of the circular economy model. The
energy generation capacity, the company has Iauncheg/%-?fagat'or]z mlea(\jsurerr]nefml? on batter||es carried out by
research project in cooperation with market players ananousz Zit. led to the following resuits.

Valencia U27-36XP Battery Cycle Testing: Measurement 1

Capacity - State of Health [%]
Temperature [°C]

I-.II-\:'.‘II.‘;l.nb:t’.l‘r ofcycles S

Initial Temperature - Capacity Estimated
temperature range SoH % capacity

Figure 4 Valencia U27-36XP battery cyclic test: Measurement 1

Figure 4 summarises Valencia U27-36XP used batte(yYhe capacity loss of batteries under the same conditions
test results from Volanbusz Zrt. The X-axis represents tloan be said to be linear.)
total number of cycles. The cycles were performed with a In our experience, this linearity is true up to about 60%
0.5C charge rate and a 1.0C discharge rate. On the left, tfieremaining capacity, after which the capacity loss
Y-axis shows the remaining capacity of the battery relatideecomes progressively more severe (battery ageing), and
to its original capacity, i.e. the percentage of capacithen at a certain level collapses completely. So in general
remaining, with measurement points represented by oranggilance is advisable when capacity drops below 60%.
dots. The broken orange line shows a linear extrapolation Figure 5 summarises the battery measurements of the
of the data, i.e. an estimate of the further capacity loss thgttery test in a refrigerated medium. The axis descriptors
can be expected for the same rates of charge and dischaagel diagram elements are the same as in Figure 4, but the

measured values are different.
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Valencia U27-36XP Battery Cycle Testing: Measurement 2
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Figure 5 Valencia U27-36XP battery cyclic test: Measurement 2

The measurements clearly demonstrated the needrégardless of the type of fleet being assessed and the way
measure degradation under specific operating conditiomswhich batteries are managed and used. The examination
for the use of batteries in vehicles and for second life cyghmssibilities are contained in Figure 6. During the
planning examination, the optimal selection of a fleet consisting of

a given vehicle type - suitable for achieving the expected
4 Aninnovative decision-making method daily mileage performance - is carried out. If the study
for bus fleet selection taking battery 0 Tee B C A ¢ an be considered. I
. . . - ife cycle i I I .
degradation into consideration the first life cycle of batteries, the possibility to operate
. . . vehicles and sell spare capacity to the electricity supplier

The selectlt_)n ththe ”gh(tj flegt forfthe ope{)atmg: n also be examined. If the capacity of batteries falls

company requires the consideration of a number @b, 5 predefined limit and they are longer capable of

decision criteria and_ the appllcanon of a normalisatio erforming the required tasks, i.e.,daily mileage, secondary
based decision-making method which takes all relevalli, pacomes necessary. The latter may involve the

aspects into account. This ch_apterwill describe t_he .SySt?H'Iowing: sale of the battery on the market, for example
variants that can be considered and the criteria a

o . ; X storage; as a captive reserve, for instance, storage of
decision-making method for selecting the appropriate ﬂeeénergy generated by captive solar or wind power, storage

of peak-period electricity in order to power vehicles during

4.1 Description of the system variants that can peak periods, etc.; or a combination of these.

be tested
The decision-making method developed can be applied
to all companies involved in public transport bus services,
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System under

examination

Management of batteries Second life cycle

. . Vehicle use and sale . i )
Use of batteries [ Vehicle use ] [ of spare capacity ] { Sale of batteries ] l Captive power use } [ Mixed ]

Figure 6 Description of testable system variants

4.2 Description of the decision-making method *  Customer satisfaction factor.
The decision-making method is used to determine the
type of fleet to be operated under predefined conditions, in 5. Normalisation of objective function values
the following steps:
6. Selection of the type of fleet to be purchased
1. Determining requirements for fleet utilization
In this section the requirements to be met in thg 21 Total Cost of Ownership

operation of the fleet are specified, the most important of Thjs is the sum of the capital expenditure (CAPEX)

which are the following: used to acquire the vehicle, and its associated operating
« average ambient temperature and fluctuations in ibxpenses (OPEX). The model does not take inflation and
+ the expected average speed of vehicles, depreciation into account, as these two factors impact
+ expected mileage, equally on the economic rates of return for both electric
+ available resources, buses and diesel buses. The definitions in the literature do
« environmental requirements, not take into account the potential second life cycle of

« infrastructure available and capable of bein%atteries, which in business practice is increasingly
developed for operation. ecoming a cost-reducing factor. Accordingly, the TCO for
the fleet type under consideration should be defined as

2. Determining the number of vehicles to be follows.

purchased Capital expenditure for the period under examination
Determination of the number of vehicles needed td):

cover the forecast mileage and to provide an adequate level

of service. CFAP = ¢ 4 ¢ — RIT— R? 1)

3. Determining the types of vehicles to be tested in which:
In this step, the types of fleet that meet the requirements . 4™ the present value of the amortised cost of
in Step 1 are selected. In essence, the analysis will select vlehicles in fleet typé
the variant most suitable for the company’s needs. AMy, .
« (/7" the present value of the amortised cost of the

4. Determining the decision criteria |n1f1rastructure for fleet type "

A fundamental problem with many assessment ° R;": present value of the additional revenue from the
methods is that they only make cost-based comparisons, ~S&cond life cycle of the batteries of the vehicles in
without taking into account other factors such as quality fI%e.t typel,
and subjective considerations. When applying the * Ri: present value of the revenue from the sale of
decision-making method we have developed, the following ~ Vehicles in fleet typeand related infrastructure.
aspects may need to be considered: ) . N

. Total Cost of Ownership (TCO) Operating expenses for the period under examination

e Carbon footprint indicator, (2):
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coP =M+ cfr e (2)
in which: 4.2.5 Selection of the types of fleet to be purchased
- €™M the present value of the maintenance costs N this step, the experts from the company under
for fleet typei consideration need to determine the weighting of each of
OPF. 1 ’ | h | | the assessment criteria in order of importance (the sum of
* (7 the present value of the fuel costs for fleefyase should be 1, as shown in the following). Following
tygpel, ~ this, the weighted sum of the components of the normalised
« C; °:the present value of the wage costs associatejective function is formed, whereby the fleet type with
with fleet typei, the minimum value is the most appropriate choice for the
« 7™ the present value of other costs (road tollompany’s criteria.
parking fees, etc.) associated with fleet tipe Determination of the weights of the objective function
components (10), (11):
Total life cycle cost for the period under consideration
(3): 0<0d,<1 (10)
Yh=10p =1 (11)
Cle0 = ¢4 + PP 3) . o .
Determination of objective function (12):
4.2.2  Carbon footprint indicator - N
This indicator expresses the amount of carbon dioxide F= mym h=10n Tay (12)
equivalent greenhouse gases associated with the

production and subsequent operation of a fleet associajgd Application of the decision-making method

with a given vehicle type over the period under The system under examination relates to the operation
examination. This is an important indicator from & 5 mixed fleet of electric and diesel buses in Hungary’s
sustainability point of view, and is denoted’d$ for fleet  |5rgest public transport bus company. The aim of the study
typel. is to select the fleet that best fits the company’s criteria for
the future under the given circumstances. Based on a
. S reliminary assessment, the company’s requirements are

This is a subjective indicator that expresses thae py o types of fleet: one diesel and one electric.

expected custom_er satlsf_actlon fqr a given flee_t type, for eor the purposes of the decision-making method
example, amenities provided, reliability of vehicle typeyescrined in the previous section, only the whole life cycle
The indicator is defined on the basis of a survey of servigggt was considered, assuming that, based on this indicator
users, and is denoted Hf; for fleet typei. For this gi5ne the electric bus is the better choice (the carbon
indicator, values range from 1 to 10 (10 being the begfoiyrint for the electric bus is clearly better, and in terms
rating). of customer satisfaction there is no significant difference
between the options). For reasons of company

4.2.4  Normalisation of objective function values confidentiality, a large amount of factual data cannot be

In this step, the values of the decision criteria relevapf p|ished, but the following general conclusions can be
to the decision are determined and then normalized. Duriggawn:

normalisation, the defined values are transformed so that
they fall between 0 and 1, allowing them to be included in
the objective function.

Full life cycle cost normalisation (4), (5):

4.2.3 Customer satisfaction factor

the cost of batteries accounts for almost 50% of the
price of the electric buses to be purchased, but this
is expected to decrease in the future,

» the expected daily mileage performance for the

vehicles is 300 km, for which a capacity of about

TCO — TCO
creoman = max{C; "} (4) 300-320 kW is necessary. Thus, in the case of a 400
al = ¢I¢0/cTeomax) (5) kKW battery, a maximum degradation of 25% is
acceptable.
Normalization of carbon footprint indicator (6), (7): » empirical measurements show that the average
consumption of electric buses is 1 kWh/km,
CFM) = max{CF;} (6)  the second life cycle of batteries after degradation is
a? = CF, /CFL("“”) @) a significant factor in reducing costs/increasing
revenue,
Customer satisfaction factor normalization (8), (9): * gg%rg‘éit;’s';g‘g&sé‘]figﬁgzssggg éh_ag )?jz;tres”gjeige
(max) — . capacity loss, while the significant remaining
¢S ma HCS:) (8) capacity can be used in the second life cycle,
a} =1-CS;/CSM) (9)
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« maintenance costs for electric buses are about half The TCO value for the second life cycle of batteries has

those of diesel buses. been determined for the two fleet types, and is shown in
Figure 7.
OPEX+CAPEX expenditures of new purchased buses
. diesel buses
billion solar park + valley period current + geothermal power plant + electric bus project
HUF difference
period

Figure 7 TCO comparison of electric and diesel buses (source Volanbusz Zrt.)

It can be seen, that for the fleet types studied, the usecohsideration of batteries' secondary life cycle,
electric buses is more advantageous for the company afiestainability, and logistics. A general and innovative
12.4 years. Of course, the fact, that the carbon footprint décision-making method have been developed that
electric buses is preferable to their diesel counterparts aadidresses these deficiencies in selecting the appropriate
that there is no significant difference in terms of customdleet type. The method's correctness was verified through a

satisfaction, adds weight to the decision. case study using data from Volanbusz Zrt. In the next phase
of our research, it is planned to develop innovative
5 Conclusion operational models related to the secondary life cycle of

The proliferation of electric vehicles in transportatiorPatteries.
can be considered a lasting and irreversible trend,
reinforced by legislation and environmental expectatiof3eferences
formed in the wake of the European Union's climatfl] VALENTI, G., LIBERTO, C., LELLI, M., FERRARA,
protection efforts. The bus fleet of Volanbusz Zrt., M.: The impact of battery electric buses in public
operating in Hungary, is already considered a so-called transport 2017 I|EEE International Conference on
mixed fleet. The proportion of electric buses used in Environment and Electrical Engineering and 2017
scheduled services, currently at 0.9%, is expected to reachlEEE Industrial and Commercial Power Systems
50% by 2032. The operation of electric buses increasingly Europe  (EEEIC/I&amp;CPS  Europe), 2017.
emphasizes the importance of batteries' capacity, lifespan, http://dx.doi.org/10.1109/EEEIC.2017.7977517
and aging process (degradation). Therefore, Volanbusz 4] VERBRUGGE, B., HASAN, M.M., RASOOL, H.,
is already focusing on implementing a recycling strategy GEURI, T., EL BAGHDADI, M., HEGAZY, O.: Smart
that significantly affects sustainable operation, including Integration of Electric Buses in Cities: A Technological
the planning of the second life cycle of lithium-ion Review, Sustainability,Vol. 13, No. 21. p. 12189,
batteries. As a result of a detailed literature analysis in the pp. 1-23, 2021. https://doi.org/10.3390/su132112189
paper, we determined that the ideal fleet selection procd8%LlI, L., LO, H.K., XIAO, F.: Mixed bus fleet scheduling
lacks several relevant components, leading to erroneousunder range and refueling constrainisansportation
decision-making. Among these factors are the
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Abstract: In the dynamic landscape of industrial operations, the effective management of material master data within the
supply chain is paramount for organizational success. This study investigates the challenges and solutions associated with
Material Master Data Management (MMDM) at FLSmidth (FLS), a leading supplier in the cement and mining sectors.
FLS operates within a complex and diverse supply chain environment, serving global clientele across various sectors. The
study aims to understand the impact of MMDM implementation on supply chain performance at FLS, specifically
focusing on performance metrics such as inventory turnover, order fulfillment accuracy, and lead time reduction. The
moderating role of PiLog, an External Service Provider (ESP), is explored in this context. Employing a mono-qualitative
approach, the study delves into MMDM implementation through in-depth interviews with 18 FLS employees and 4 PiLog
customers. Thematic analysis reveals that well-implemented MMDM systems enhance visibility, planning, and inventory
management, leading to improvements in supply chain performance. Challenges in stakeholder persuasion and
infrastructure access are identified as common implementation hurdles. PiLog emerges as a crucial moderator, providing
structured frameworks, emphasizing standardization, and addressing governance challenges. The findings underscore the
importance of strategic partnerships between organizations and ESPs in successfully implementing and sustaining
MMDM initiatives. Recommendations include strategies for overcoming infrastructure challenges, leveraging ESP
expertise, and aligning with best practices in standardization and governance. This study contributes to the academic
discourse on MMDM implementation and offers practical insights for organizations seeking to enhance supply chain
performance through meticulous MMDM practices.

1 Introduction overall performance. FLSmidth (FLS), a prominent
In industrial operations, the management of materigHpplier offering engineering, equipment, and services to
flows, information flows, and financial flows within the the global cement and mining sectors, operates within a
supply chain is the foundation of organizational triumpH}otably intricate and diverse supply chain environment [3].
ensuring a smooth flow of materials, information, aniven its expansive operations and extensive range of
services from Suppliers to end-users in enhancing Va|wustrla| prOdUCtS and services, |nC|Ud|ng Centrlfugatlon,
addition [1]. Supply chain performance (SCP) refers t&lassification, crushing, filtration, and milling, the RBV
how effectively and efficiently a supply chain achieves itf1eory underscores MMDM as a crucial resource for
goals, including metrics such as inventory turnover, ordéaintaining supply chain performance and enhancing
fulfilment accuracy, and lead time reduction. Theoverall operational performance, thereby reinforcing FLS's
Resource-Based View (RBV) theory emphasizes thgompetitive advantagd]. .
organizations can achieve superior competitive advantagesnconsistencies or inefficiencies in MMDM can disrupt
by effectively managing their internal resources, includingrocurement, production, and distribution activities,
material master data (MMDM), alongside their capabilitie§nPacting organizational performandg]. The lack of
and competencies [2]. Material master data (MMDMintegrated MMDM practices due to historical mergers and
consists of critical information related to materials, such &¢duisitions has led to fragmented product information
specifications, inventory levels, and procurement detail§lanagement, disrupting procurement, production, and

which are essential for smooth supply chain operations afi$tribution activities. This disarray manifests in duplicate
data records, increased risk of fraud, suboptimal inventory
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control, and reduced operational efficiency, particularly iaddress potential disruptions and reduce their impact [10].
FLS's logistics operationgdowever, a critical challenge These challenges not only affect profits but also diminish
underlying this complexity is the efficient management ofustomer satisfaction and loyalty in the context of market
material master data (MMDM). The relevance of MMDMcompetitiveness [11]. From this standpoint, these
is underscored by the challenges FLS faces in harmonizipgpcesses necessitate  enhanced logistics  service
material master data across its global operations. Frommanagement alongside an integrated approach, merging
RBV perspective, the fragmentation of MMDM due tgorocess integration for assessing satisfaction and
historical mergers and acquisitions represents a misseeéntifying potential risks that could hinder the delivery of
opportunity to leverage this strategic resource effectivelgatisfactory logistics services. In this complex scenario, the
leading to inefficiencies in procurement, production, anginportance of thoroughly understanding (MMDM)
distribution activitie46]. implementation and its influence on supply chain
This study addresses the critical challenge of managipgrformance applied in logistics becomes a crucial
MMDM within FLS’s complex supply chainfthe absence concern.
of a unified MMDM framework at FLSmidth has led to  This urges the investigation of efficient solutions to
significant inefficiencies insupply chain performance, improve FLS's supply chain efficiency and overall
negatively impacting the company’s competitive edge iaperational effectiveness. Therefore to improve supply
the global market. By applying the RBV framework, thichain performance, companies should implement
research explores how MMDM can be optimized tsustainable methods that reduce logistics expenses while
strengthen FLS’s internal capabilities, resulting inncreasing financial returns, specifically by decreasing lead
enhanced supply chain performance and sustainBohes and boosting inventory turnover. This approach will
competitive advantage. The theoretical contribution of thsgnificantly enhance the profitability of firms [12].
study lies in its application of the RBV theory to MMDM  Implementing robust MMDM practices is akin to
within a complex industrial setting like FLSmidth, filling aadministering a precise remedy to the challenges faced by
gap in the literature on how strategic internal resourcesganizations like FLSmidth (FLS) in their supply chain
such as MMDM, can be harnessed to improve supply chgerformance. A well-coordinated MMDM strategy
performancePractically, it guides the implementation ofguarantees the uniformity, precision, and thoroughness of
MMDM practices that align with FLS’s broadermaterial master data, thereby addressing the
organizational goals, ensuring that the company remaimgonsistencies and inefficiencies that disrupt supply chain
competitive in the global market. This study also extendsperations [13]. By establishing clear naming conventions,
the RBV theory by illustrating how external servicesuch as standardizing the format for product coded,
providers, like PiLog, can moderate the relationshipodification standards, like adopting a universal coding
between internal resources and competitive advantaggstem for materialgs well aglata governance policies,
thereby offering a more comprehensive understanding which include regular audits and data validation
how organizations can optimize their resourcerocedureshelp organizations harmonize their material
management strategies. master data across disparate systems. This fosters seamless
Organizations must diligently monitor and evaluateommunication and collaboration between various
their integration strategies to ensure effectiveness addpartments [14,15].
maximize their benefits [7]. Firms must focus on Automation of data cleaning processes and part
developing innovative manufacturing models andescription creation further eliminates manual errors,
accessing capabilities for managing new technologies teducing delays and streamlining supply chain workflows.
enhance value creation, including financial managemenhrough MMDM, organizations can optimize inventory
aspects such as cost and profit [8]. The emphasis createmnagement, enhance procurement accuracy, and
the necessity of this broad and desjglerstanding to gain minimize the risk of errors in production and distribution
economic benefits within the logistics chain [9]. processes [16]. A comprehensive and accurate material
Consequently, the supply chain performance withimaster data repository is crucial for organizations to make
FLS are marred by inefficiencies stemming from poonformed decisions, enhance customer service, and secure
material master data management. Duplicate data recor@gompetitive advantage in a highly competitive market. In
increased risk of fraud, suboptimal inventory control, ancbcent years, many organizations have increasingly
reduced operational efficiency have become commdacused on quality as a sustainable competitive strategy to
challenges in logistics. The complexity of logisticsstay ahead [17].
increases the risks faced by enterprises, exposing them toGlobally, several approaches have been adopted to
various challenges such as natural disasters, geopolitittkle material master data management challenges and
tensions, operational issues, and cybersecurity threats. Tédance organizational supply chain performance by
highlights the urgent need for stability and reliability acrosaddressing the primary obstacles organizations face when
all levels of logistics. To achieve this, a comprehensiviategrating master data to achieve successful MDM
framework is essential for identifying, assessing, aradoption [18]. One prevalent approach involves the
mitigating risks, with a focus on proactive strategies tomplementation of standardized data quality frameworks
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such as ISO 8000. ISO 8000, the international data quality Moreover, fostering a culture of continuous
standard developed by organizations like PiLog, providésmprovement and data stewardship within organizations is
guidelines and best practices for data quality managementegral to effective MMDM. Training human capital,
ensuring that material master data adheres to globa#lyppliers, and other stakeholders on the importance of
accepted standards [19]. By aligning with ISO 8000nformation management quality, governance, and
organizations can establish a common language for datampliance encourages proactive data management
quality, enabling seamless data exchange and integratfmactices [28]. Defining the distinct contribution of
across supply chain partners. This standardizatidogistics elements and responsibilities for data stewardship
promotes interoperability, reduces data discrepancies, agmsures consistent review, updates, and validation of
fosters collaboration, thereby optimizing supply chaimaterial master data. Regular financial management audits
performance [20]. and performance metrics enable organizations to gauge the
Moreover, use of technologies such as Machinefficacy of their MMDM initiatives, pinpoint areas for
Learning (ML) and Artificial Intelligence (Al) has enhancement, and adapt strategies accordingly [29].
revolutionized MMDM practices and acts as &ncouraging a culture centered on information flow
transformative force, influencing diverse aspects ahanagement and equipping individuals with the expertise
contemporary society by allowing systems to learn arahd tools for proficient material master data management
evolve from data [21]. Al-powered algorithms carfosters sustained high logistic information quality. This
automatically cleanse, enrich, and classify material mast@pproach optimizes supply chain performance, fostering
data, detecting patterns and inconsistencies that might dreduring operational excellence.
missed by manual processes [22]. These technologies notMeanwhile, MMDM external service providers (ESPs),
only enhance data accuracy but also enable predictile PiLog, offer expertise in post-merger data
analytics, allowing organizations to foresee demartshrmonization. PiLog, a global provider established in
patterns, optimize inventory levels, and enhance suppli#®78, specializes in data cleaning, classification,
relationships. Blockchain technology is another innovativgovernance, and material criticality analysis. These
solution that enhances transparency and traceability in theviders offer specialized expertise and advanced tools
supply chain. By implementing Blockchain-based MMDMailored to the unique challenges faced by organizations
systems, organizations can create an immutable recordliké FLSmidth (FLS). By leveraging their knowledge and
material master data transactions, ensuring data integiitglustry best practices, MMDM ESPs help establish robust
and authenticity throughout the supply chain [23]. Thifameworks aligned with international standards such as
heightened level of transparency reduces the risk 80 8000, ensuring that material master data is consistent,
counterfeit products, enhances trust between supply chaiccurate, and compliant. For instance, PiLog, a reputable
partners, and improves overall supply chain performanddMDM ESP, has developed tools and processes compliant
Blockchain-based models can provide a secure amdth 1SO 8000 standards, offering services like data
transparent record of all supply chain transactions amteaning, classification, and material criticality analysis
activities. This transparency allows participants to identiff80].
potential issues and inefficiencies, minimize waste and Additionally, MMDM ESPs often provide
delays, and enhance collaboration andophisticated software solutions powered by Al and ML.
communication [24]. These tools automate data cleaning, classification, and
Additionally, the adoption of cloud-based MMDM enrichment processes, enhancing the accuracy and
solutions has gained traction in recent years. Cloumbmpleteness of material master data. Automation reduces
platforms offer scalable and flexible MMDM servicesmanual errors, optimizes inventory levels, and improves
allowing organizations to centralize their material mastetemand forecasting, leading to more efficient material
data in secure, easily accessible repositories and hdlmv processes. Standardized data models, as advocated by
emerged as an approach to improving the operations|80 8000, promote interoperability, reduce data
manufacturing organizations [25]. Cloud-based MMDMiliscrepancies, and foster collaboration, enhancing supply
systems facilitate real-time data updates, collaboration, addain efficiency and communication across international
data sharing among geographically dispersed teams @wulindaries among logistics organizations [31].
supply chain partners [26]. The flexibility of these Continuous support and maintenance provided by
solutions enables organizations to adapt swiftly t8IMDM ESPs are instrumental in ensuring the longevity
changing market demands and scale their logistand effectiveness of MMDM implementations. Regular
operations without the constraints of traditional on-premisgpdates, training sessions, and consultations empower
systems by facilitating the production flow of various itemfogistics organizations to adapt swiftly to market changes.
employed in discrete batch manufacturing processes, suidiis ongoing support ensures that supply chain
as those found in the aerospace sector [27]. Cloud-bagsformance remain agile and responsive to dynamic
MMDM solutions enhance supply chain agility, enablingnarket demands, response to consumer needs enhancing
organizations to respond promptly to market trendsverall operational efficiency [32,33]. However,
customer demands, and supply chain disruptions. organizations must carefully assess the selected ESP's
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solutions and certifications to mitigate concerns aboptractices streamline supply chain performance, optimize
logistics data security and confidentiality. Adequate daiaventory management, and enhance operational
protection measures are crucial to maintaining the integrigfficiency.
essential to guarantee the safety of the increasing use ofFurthermore, integrating an external service provider
ICT systems across various elements of logistics [34jke PiLog, an established player in the field, can
Logistics operations involve the entire process dfignificantly enhance the impact of MMDM
producing and distributing a product or service, beginningiplementation. PiLog, with its expertise in data cleaning,
with the acquisition and flow of raw materials anctlassification, master data governance, and material
culminating in the final flow to the ultimate customer [35]criticality analysis, aligns its services with international
Therefore Measures for data protection and informatiatata quality standards such as ISO 8000. In today's data-
security should be implemented throughout all supplgriven  world, organizations are increasingly
chain activities. The transparency and traceability at eaalbknowledging the crucial importance of Master Data
stage determine the achievable level of security [36]. Management (MDM) and Data Quality for improving
In the competitive landscape of the cement and minifgusiness performance [41].
industries, FLSmidth has emerged as a global leader, Considering the challenges faced by FLSmidth in its
providing innovative engineering solutions, equipmensupply chain performance and the potential benefits
and services to its clients worldwide. The companytffered by robust MMDM practices, studying how the
expansive growth is evident through its presence in monganagement of MDM is implemented as the ability of the
than 50 offices globally, catering to the demands of tteystem to handle huge volumes of data as the business
ever-evolving market. FLSmidth's success can lexpands [42], and evaluating the moderating role of PiLog
attributed to its dedication to providing sustainablas an external service provider becomes imperative. Such
productivity to its clientele is attained through an extensive study can provide valuable insights into enhancing supply
range of industrial products and services in its portfoli@hain performance, ensuring data accuracy, completeness,
With expertise in key areas such as centrifugatioand fostering sustainability in FLSmidth's logistics
crushing, milling, and grinding, Tumbling mills areoperations [43]. Additionally, understanding the dynamics
extensively used across various industries for grinding butif this implementation within the specific context of
materials [37]. FLSmidth has demonstrated performanédSmidth can contribute to broader knowledge in the field,
excellence in the sectors it serves. offering practical implications for similar companies in the
However, alongside its successes, FLSmidth, like mampgineering and mining sectors.
companies in the engineering and mining sectors, faces
challenges inherent to these industries. Fluctuatir®y Literaturereview

commodity prices, economic uncertainties in differerp 1  Master Data and Master Data Management
regions, and evolving environmental regulations pose \aster data, as outlined by [44], comprises vital entities
ongoing challenges [38]. Additionally, managing a globalithin an organization, encompassing not just the entities
supply chain in these sectors demands precision, safgfamselves but also their definitions, classifications, and
and efficiency. Sustaining uniformity and precision ingmminology that serve as the foundation of business
material master data (MMD), incorporating descriptiongformation. Effectively gathering, managing, and utilizing
and qualities of all acquired, manufactured, and stockeflta has become a crucial determinant of business success
materials is crucial. Material Master Data refers to all thﬁu_—,]_ These essential reference data, such as the customers,
core information required to manage specific items withigh a1t of accounts, materials, and vendors play a critical role
a supply chain, such as part numbers, descriptiong, preserving transactional integrity, aiding analysis, and
technical specifications, and stock codes. This data dhsuring compliance.  Historically, master data
central to logistics processes in a firm’s basic i”formatioﬁanagement (MDM) evolved alongside advancements in
management system Inadequate management of mategiahnology, transitioning from flat data files to centralized
master data can lead to inefficiencies, errors, andmputing systems [46]. Organizations began recognizing
disruptions within the supply chain, impacting thgpe significance of MDM, storing critical business data,
company's overall operational performance. It can resu”i‘l’i‘cluding customer information, products, services, and
product returns and customer complaints, reduce t@ﬁpplier details [47].
efficiency of supply chain operations, and endanger the Gariner Group's contributions, emphasizing MDM as
level of stock [39,40]. _ both a technical and organizational challenge, underscored
The significance of addressing these challenges #$e multifaceted nature of MDM [48]. MDM, as a
underscored by the complexity of modern businesgcnnology-driven discipline, aims to establish distinct
operations. In this context, the implementation of Materighengifiers for data entities like customers, suppliers, and
Master Data Management (MMDM) practices becomesoqycts, facilitating unified data management [49]. The
pivotal. MMDM involves standardizing and centralizingcore of MDM lies in establishing an authoritative, precise,
material master data elements, ensuring accuragyy singular source of organizational information assets
consistency, and completeness. Effective  MMDMs 51]. This emphasis on data quality and governance is
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crucial for ensuring supply chain performangarticularly of well-maintained material master data in optimizing
in terms of operational efficiency and agility. The MDMinventory, understanding material expenditure, and
model outlined by [52] includes content, systemsgjltimately, ensuring efficient supply chain performance.
processes, governance, and establishing a strategle clear articulation of the historical evolution of Master
framework for proficient master data management. Data Management (MDM) and its transition from flat data
The Resource-Based View (RBV) theory provides fles to centralized computing systems adds depth to the
robust theoretical foundation for understanding howliscussion, establishing a solid foundation for
master data and MDM can serve as valuable resourecgglerstanding the complexities of MDM implementation.
contributing to a firm's competitive advantage. According
to RBV, resources that are valuable, rare, inimitable, a&i3  The impact of MMDM on supply chain
non-substitutable (VRIN) are crucial for sustaining a performance: the moderating role of PiLog
competitive edge. In the context of MDM, accurate and external service provider
well-maintained master data can be seen as a strategic ass@bj| og, an external service provider specializing in

that enhances supply chain performance through metriggster data management, plays a crucial moderating role
such as inventory turnover, order fulfillment accuracy, ang the implementation of MMDM within organizations like
lead time reductlon. Previous research _has applied RBVED smidth. Their expertise and tools provide essential
explore how organizations leverage their data managemefidance, ensuring that MMDM practices align with
capab|I|t|e§ to achle\{e superior performance. For InstanGRgustry standards and best practices. By moderating the
[54] examined the impact of master data managemegisiementation process, PiLog enhances the effectiveness
(MDM) on organlgat|onal performance throggh thesf MMDM in optimizing supply chain performance.
Resource-Based View (RBV) theory. It posited thaf, estigating this moderating role in the context of
accurate master data is a critical resource characterizedd)smidth is paramount, as it sheds light on how external
value offering the strategic role of MDM in improvingseryice providers influence the outcome of MMDM
decision-making and operational efficiency. initiatives, shaping the landscape of the supply chain
Similarly, [55] investigated the impact of master dat%erformance within the organization.
management (MDM) in enhancing supply chain — applying the RBV theory, PiLog's involvement can be
performance, employing the Resource-Based View (RBYjerpreted as a strategic partnership that enhances the
theory. The study revealed how effective management gfyy's resource base. By providing specialized knowledge
master data can influence supply chain efficiency anghq technology, PiLog augments FLSmidth’s capabilities
effectiveness. The study highlighted that well-managefl managing material master data, thereby contributing to
master data serves as a critical resource, contributingff firm’s competitive advantage. However, the literature
superior supply chain performance and providing Ras yet to thoroughly examine how such external
competitive edge. _ _ _collaborations influence the strategic value of MMDM.
However, there is a gap in the literature regarding thehis study aims to address this gap by exploring the
specific mechanisms through which MDM contributes tghsderating role of PiLog in enhancing the strategic impact
competltlveladvant_age, partlc_ularly in the context of globa} MMDM within FLSmidth's supply chain, using RBV as
supply chains. This study aims to address this gap Bytheoretical framework. The study also emphasizes how
examining the role of MDM as a strategic resource ipj| og's involvement contributes to performance metrics
enhancing supply chain performance, drawing on thgch as lead time reduction, accurate order fulfillment, and

principles of RBV. inventory optimization, critical indicators of supply chain
) ) performance

2.2 Material Master Data and MMDM in supply However, while the importance of MMDM and the

chain involvement of external service providers like PiLog are

Material master data management (MMDM) focusesighlighted, the critique here lies in the lack of specific
specifically on materials an organization procuresxamples or case studies demonstrating the impact of
produces, and stocks. Effective MMDM ensure$IMDM, particularly within the context of FLSmidth.
standardized, accurate, and consistent material data, layP@viding concrete instances or real-life applications of
the foundation for streamlined supply chain operation®MDM implementation in organizations, especially in
However, challenges in MMDM, especially withincomplex industrial settings like FLSmidth, would have
complex organizations like FLSmidth, require a nuancestrengthened the argument. Real-world examples would
approach. Implementing MMDM systems and addressingt only add credibility to the discussion but also offer
these challenges have far-reaching implications for supglyactical insights into the challenges faced and the
chain performance. solutions implemented.

The discussion on MMDM provides a comprehensive Furthermore, the moderating role of PiLog as an
overview of its importance within modern businesgxternal service provider is briefly mentioned, but the
operations, especially within the domain of supply chainuances of their involvement are not elaborated upon. How
management. The authors aptly underline the critical roéxactly does PiLog navigate the unique challenges faced
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by FLSmidth? What specific tools or strategies do thefyequent or key customers who interact regularly with
employ to moderate the implementation procesBiLog's services.

effectively? These questions remain unanswered, leaving a

gap in the understanding of PiLog's impact on MMDM3.1.3  Data analysis

within the organization. The data were analyzed using thematic analysis, which
involved coding interview transcripts and identifying key
3 Methodology themes related to MMDM and supply chain performance.

The research methodology adopted in this studyhe analysis, guided by the Resource-Based View (RBV)
specifically focusing on the moderating role of PiLogheory, focused on how FLS's internal resources,
External Service Provider (ESP), utilized a monoParticularly MMDM, contribute to competitive advantage.
qualitative approach. This choice was guided by tr@ddl_tlonally, it explored how PiLog, as an exte_rnal service
definition of qualitative research provided by [53], whictProvider, moderates these performance metrics, extending
describes it as a process of immersing oneself in tHee RBV framework to include external factors in resource
research to gain a deep understanding of the scenario. THghagement. Patterns in interviewees' perceptions of
approach is particularly well-suited for exploring thePiLog’s contributions were examined qualitatively to
nuanced aspects of MMDM implementation, especiall§ssess its moderating role in MMDM implementation.
when considering the moderating influence. Additionally,
the Resource-Based View (RBV) theory, which highlight3.1.4  Validity and reliability _ _ o
the importance of an organization’s internal resources and Credibility was ensured through triangulation, aligning

capabilities for achieving competitive advantage, furthéf-depth interviews with secondary data. Transferability
supports this exploration. was addressed as findings held general applicability to

Despite potential criticisms of subjectivity in MMDM and supply chain performance, with a focus on the

qualitative research [54], its appropriateness for this stuéyoderating role of PiLog. Dependability was established
lies in contextualizing MMDM within FLS through in- by rigorously conducting and aligning themes from
depth interviews, capturing participants’ perspectives, aHigrature with collected data. Objectivity (confirmability)
understanding the moderating role of PiLog. was maintained through open and truthful reporting,
The research questions were exploratory, centering Bf€venting data misrepresentation [56].
"What" and "How." Therefore, the exploratory approach The research methodology, guided by the research
was deemed necessary following suggestions by [55]. THigion, aligned with the study's exploratory nature,
study employed pragmatism; a philosophical approa@inphasizing —qualitative insights into ~MMDM
selected to comprehend the implementation of MMDM ifmplementation and its influence on supply chain
FLS under the moderating effects introduced by PiLog. Performance in FLSmidth, with PiLog explicitly
considered as a key moderating factor.
3.1 Research design
3.11 Unitsof analyss, population, and sampling 4 Results
The study delved into MMDM implementation within4.1  Impact of Material Master Data
FLS, PiLog, and PiLog's customer base, with a specific Management (MMDM) implementation on
emphasis on PiLog's moderating role. We used purposive  sypply chain performance in Flsmidth
sampling to select participants whose data aligned with the The implementation of MMDM at FLSmidth,
study's objectives, focusing on the impact of PiLog ofcilitated by PiLog, has demonstrated several positive
MMDM  implementation. Non-probability purposive impacts on supply chain performance, as supported by
sampling ensured that FLS employees, PiLog Staff, angBv theory.Enhanced visibility, better planning, reduced
PiLog's customers met the study's criteria. A sample siggad times, and increased stock availability contributed to
of 25 respondents from FLS, 3 from PiLog, and 11 froffimproved inventory turnover, order fulfilment accuracy,
PiLog's customer base was chosen considering thfd lead time reduction, key indicators of supply chain

intricacies and complexities of MMDM. performance. These improvements align with RBV's
) assertion that strategic resources like MMDM can provide
312 Datacollection a competitive edge by optimizing internal processes and

Data was collected through semi-structured interviewsapapilities.
with 18 Strategically selected employees from FLS and 4 However, Cha”enges emerged' particu|ar|y in

of PiLog's main customers. The selection of employe@snvincing stakeholders of MMDM's value and accessing
was tactical, focusing on those involved in criticahecessary databases and infrastructure. This deviation
functions related to material master data managemeijjjhlights a potential gap in the RBV application, where
(MMDM), such as supply chain management, IT, anghe expected seamless integration of internal resources
procurement, where they directly influence or manage thgiMDM) was impeded by external factors like
MMDM processes. Similarly, the customers selected wefgfrastructure and stakeholder resistance. This discrepancy
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suggests that while RBV emphasizes the importance abnstraints reveal limitations of RBV, which assumes that
internal resources, successful implementation also requiiaternal resource management alone is sufficient for
effective management of external constraints. competitive advantage. This highlights the need to
Standardization, as emphasized by PiLog, significantiptegrate RBV with additional frameworks to account for
contributed to improved supply chain performance. Thexternal influences on resource management.
implementation of Master Data Record Manager The study further extends RBV by incorporating the
(MDRM), Structured Text Generation, and Technicamoderating role of external service providers like PiLog.
Dictionary enhanced content quality and governanc&raditionally, RBV focuses on leveraging internal
which aligns with RBV’s focus on leveraging resources fatresources for competitive advantage [58], but this study
competitive advantage. Nonetheless, challenges $hows that external support can enhance the value of these
governance, such as integrating standardization practicesources. PiLog’s  structured frameworks and
within existing business structures, emerged as a notabtandardization practices addressed challenges such as
issue. This finding underscores that while RBV providesstakeholder resistance, illustrating that strategic
robust framework for understanding resourc@artnerships are essential for optimizing internal resource
management, practical implementation may revedakenefits. This finding offers a more nuanced understanding

additional complexities. of RBV, emphasizing the role of external moderators in
complex organizational settings.
4.2 Themoderating role of PiLog Moreover, the study reveals that RBV alone cannot

PiLog's role as an External Service Provider (ESP) wéglly capture the complexities of MMDM implementation,
instrumental in moderating MMDM implementation atas governance issues also play a crucial role.
FLSmidth. PiLog's structured frameworks and emphasis Integrating Governance Theory with RBV provides a
on standardization were crucial in overcoming challengé@gore comprehensive perspective on how internal resources
related to convincing stakeholders and accessigld governance structures interact to influence supply
infrastructure. This supports RBV’s perspective thathain performance. Practically, the study recommends
external support can enhance the value derived froptrategic partnerships with external service providers to
internal resources, aligning with the theory’s assertion thanhance MMDM, particularly in addressing stakeholder
strategic partnerships can optimize resource manageme@gagement and infrastructure challenges. It also suggests

PiLog's focus on governance and process managemeproving governance frameworks to optimize MMDM
particularly in data cleaning, played a significaneffectiveness and supply chain performance.
moderating role. This involvement addressed some of the
governance challenges faced by FLS, enhancing tBe Conclusions
effectiveness of MMDM implementation. The positive  This study highlights the impact of Material Master
impact on visibility, planning, and inventory managemerbata Management (MMDM) on supply chain performance
reported by PilLog's customers further supports the RBM FLSmidth, with PiLog, an External Service Provider
theory, demonstrating how effective external moderatiofESP), playing a moderating role. Utilizing the Resource-
can amplify the benefits of internal resources. Based View (RBV) theory, the research frames MMDM as

Unexpectedly, while PiLog's moderation improvedh strategic internal resource that enhances supply chain
MMDM outcomes, some issues persisted, such as stqeérformance and competitive advantage. The study
visibility and planning inefficiencies at FLSmidth. Theselemonstrates that effective MMDM implementation
challenges indicate that external support alone may rigiproves visibility, planning, and inventory management,
fully address all internal resource management issu@sinforcing FLS’s competitive position. PiLog’s external
highlighting a potential limitation in applying RBV solely support further optimizes MMDM, illustrating the
focused on internal resources without considering theportance of strategic partnerships in maximizing internal

broader context. resources.
However, the study also identifies limitations within
5 Discussions the RBV framework, particularly in addressing external

The study’s findings demonstrate that Material Mastethallenges like stakeholder persuasion, infrastructure
Data Management (MMDM) at FLSmidth, supported byccess, and governance issues. These limitations suggest
PiLog, aligns with the Resource-Based View (RBV) theorihat RBV alone is insufficient for fully understanding the
by enhancing visibility, planning, and inventorycomplexities of MMDM.For future research, integrating
management, leading to improved supply chaiRBV with Governance and Institutional Theories is
performance. According to RBYV, internal resources likeecommended to address both internal and external factors
MMDM can provide a competitive advantage if effectivelyaffecting MMDM. Governance Theory could explore how
managed [57]. At FLSmidth, the successfubrganizational structures influence resource management,
implementation of MMDM improved key performancewhile Institutional Theory could examine external
metrics, reinforcing this theory. However, challengepressures. Empirical studies on the long-term effects of
related to stakeholder persuasion and infrastructubeSPs like PiLog are also suggested to refine the theoretical
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Abstract: This study employs Failure Mode and Effect Analysis (FMEA) and Fault Tree Analysis (FTA) to
comprehensively investigate product defects in Biyan Konveksi's manufacturing processes, one of the growing SMEs
producing clothing pieces. Analyzing critical failure modes, including tear failures, stitching irregularities, sizing
discrepancies, and ribbon imperfections, the research employs FTA to trace root causes, revealing the interconnected
nature of these failures. The initial defect percentage, attributed to human, machine, material, and environmental factors,
stood above 3%, with culottes experiencing the highest defect percentage at 3.95%. After the company implemented the
enhancement measures, the defect percentage dropped significantly, reaching a range of 1 to 1.25%. Subsequently,
targeted enhancement strategies are proposed, encompassing the implementation of additional worker rest breaks to
alleviate fatigue, comprehensive training for new staff, and stringent machine maintenance protocols. These interventions
aim to curtail tear failures, refine stitching precision, rectify sizing errors, and enhance ribbon placement. Anticipated to
yield a substantial reduction in overall defect percentages, the suggested improvements position Biyan Konveksi for
sustained excellence, emphasizing proactive measures to enhance worker performance and optimize manufacturing
processes. The study underscores the significance of a systematic approach, combining FMEA and FTA, in diagnosing
and rectifying complex failure scenarios within manufacturing environments, offering practical implications for
companies aiming to fortify their competitive edge in the market.

1 Introduction segment, anticipated to reach a market volume of

The consumptive landscape of ready-made clothing {S$10.25 million by 2023 [3]. o _
Indonesia is undergoing a positive developmental trend, The growth of the ready-made clothing industry in
showcasing the pivotal role played by the textile antpdonesia propels the development of Small and Medium
fashion industry in the nation's economic growth, poverlg_”'[efp”SeS (SMEs) in this sector. A notable example is
alleviation, and job creation. In 2019, this sectoBiyan Konveksi, located in Cirebon, West Java, producing
demonstrated an outstanding performance, registering’@ious women's products such as culottes, pleated skirts,
growth rate of 15.35% [1], solidifying its position as onéind baggy pants using raw materials like thread, fabric, and
of Indonesia's top 10 commodities. Moreover, it hadbbed rubber obtained from suppliers. However,
emerged as a fundamental element in the 2015-2088ightened consumer demand and intense regional
National Industrial Development Master Plan (RIPIN)competition have led to an increase in final products that
strategically aligned with the objectives outlined in théleviate from the intended specifications. Manufacturing
Indonesia 4.0 roadmap [2]. The ready-made clothingefects exist when the product comes off the production
industry significantly contributes to the Gross Domestiine in a condition different from what the manufacture
Product (GDP), amounting to Rp139.33 trillion in 2022 dihtended [4]. The average defect rate exceeded 3% from
constant prices [3], this reflects a noteworthy 9.349May 2021 to April 2022, marking an increase from less
increase compared to the preceding years figure ®@n 2% inthe preceding year. _ _
Rp127.43 trillion. The impetus behind this growth can be Defects ranging from color disparities, material cutting
attributed to the burgeoning middle class in Indonesig!Tors, tears, uneven stitching, poorly applied ribbed
propelling a surge in demand for affordable and locallfibber, weak stitching, to stains necessitate rework, adding
produced clothing, particularly in the women's apparép the production time for workers. Failures can lead to
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unmet production targets and discrepancies in the qualdy ldentifying all known or potential failure modes of a
grade of products, thereby reducing profits for Biyan system.
Konveksi. Although some defective products can ble. Confirming the causes and effects of each failure.
rectified through rework, the existence of defects resulting Ranking the recognized failure modes by their risk
from rework imposes additional costs on the company [5]. priority numbers (RPNSs).
These failures can lead to unmet production targets, Taking remedial actions for higher-risk failures.
differences in the quality grade of products, reducing
profits for the company, and undermining consumer trust. The smallest RPN value is better than the largest
In response to the challenges faced by Biyan Konveksiecause the largest value indicates the severity of the risk
the company must implement stringent quality contraf failure. Although FMEA is a useful and popular tool for
measures to minimize defective products, uphold existirggfety and reliability analysis, it suffers from various
quality standards, and enhance the overall quality of ishortcomings when used in practice [12].
products. This study employs the Fault Tree Analysis
(FTA) and Failure Mode and Effect Analysis (FMEA)2.2 Fault Tree Analysis (FTA)
methods, with the objective of identifying factors causing The second method for failure analysis is Fault Tree
defects in clothing products at Biyan Konveksi and furtheknalysis (FTA), a top-down method used to identify
provides improvement suggestions based on prioritgelationships between events, such as subsystem failures
aiming to mitigate the occurrence of defective products. and their causes. The logic gates commonly used in the
FTA manufacturing process include AND gates used when
2 Literaturereview all input events occur and OR gates used when one of the
Efficient optimization of the reliability analysis procesgnput events occurs [13]. The commonly used logic gates
requires the application of suitable quality control tools, @8 FTA are the (1) OR-gate, (2) AND-gate, and (3) inhibit
exemplified by Failure Mode and Effect Analysis (FMEA)or conditional gate. The commonly used event types in
and Fault Tree Analysis (FTA) [6]. Both Failure Mode andFTA include the (1) top or intermediate event, (2) basic
Effects Analysis (FMEA) and Fault Tree Analysis (FTA)event, (3) diamond or undeveloped event, and (4)
emerge as widely accepted methodologies for conductiagnditional event [14].
failure analyses, providing a means to scrutinize critical Although Fault Tree Analysis (FTA) is a highly
parameters in the analyzed processes. effective and widely-utilized method for dependability
Recognized as a reliability management techniquapalysis across various systems, it has several limitations,
Failure Mode and Effects Analysis (FMEA) finds commorsuch as an inability to model sequence- or time-dependent
usage across diverse industries to ensure the security diiamic behavior and to conduct quantitative analysis with
reliability of systems, services, and projects [7]. FMEAuncertain failure data [15]. Despite its advantages over
operating as a bottom-up method, demands a considerab#ilure Mode and Effects Analysis (FMEA), particularly
time investment, particularly in systems with intricatevhen analyzing complex systems, FTA's structured
components and parts. Conversely, Fault Tree Analygigproach is most beneficial for new systems with limited
(FTA), a top-down method, dissects the top event into sulteld-based failure data. This structured and deductive
events, creating a fault tree. This tree aids in identifying ttieasoning process reduces reliance on the analyst's
least cut-set and least path set of the fault tree, crucial foactical experience, adding rigor to the analysis compared
reliability control. The FTA used in this study is to find outo FMEA. However, combining FMEA and FTA
factors causing failures in the FMEA manufacturingnethodologies can enhance the overall efficiency of failure
process, namely at the phase of determining the causeaoglysis [16].
failure [8].
3 Methods
2.1 Failure Modeand Effects Analysis (FMEA) FTA provides a comprehensive breakdown of faults
The industry faces challenges such as increasitgading to the undesired top event, while FMEA furnishes
quality demands from customers, the necessary cdbe exact fashion in which these faults exist and their direct
optimization of products and processes, higher complexitgffects on the top event, making the combination suitable
and product liability imposed by legislation. Therefore, théor safety and reliability analyses [17]. The integration of
FMEA method is employed to proactively address thEMEA and FTA presents a promising approach to enhance
technical aspects of risk reduction. Unlike other reliabilityeliability control, especially in the post-detail design
management tools, FMEA serves as a proactive methodpioase [18]. By combining these methodologies, a more
prevent system failures, rather than an after-the-facomprehensive and structured approach can be achieved,
analysis method [9,10]. FMEA, originating in the Unitedeveraging the strengths of both FMEA and FTA. This
States Defense Department in 1949, was applied by timegrated approach enhances the ability to manage
national aeronautics and space administration (NASA) foeliability effectively, providing a robust framework for
the Apollo plan to enhance system reliability in the 1960snsuring product reliability throughout its lifecycle.
[11]. A complete FMEA typically consists of four stages:
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The study employs Fault Tree Analysis (FTA) with themployed to identify failure causes and discern prevalent
aim of determining the root causes of failures in Biyadefect types, aiding in pinpointing the root causes that may
Konveksi's production by modeling them into a problentead to product failure. The outcomes of the failure mode
tree. Subsequently, the causes are identified using FMEB#Aentification based on FTA are subsequently processed
aiming to determine variable values (failure impact levelsing the FMEA method to analyze each production
failure cause level, and assessment capability of productmocess sequence contributing to errors. This facilitates the
process control). The Risk Priority Number (RPN) isinderstanding of failure sources and the results of the
calculated using the values derived from the variables BMEA identification are proposed as design improvements
severity, failure detection, and frequency, this computatido address the current issues at Biyan Konveksi.
highlights the relationship between these variables to
identify risks that necessitate corrective action [194.1 Identifying types of defects
Further analysis is conducted using 5W+1H (What, Where, The initial step involves the identification of failure
When, Why, Who, How) to provide recommendations tenodes. Potential failure modes are outlined by detailing

improve Biyan Konveksi's production. each production process stage, followed by data processing
using a Pareto diagram. The Pareto diagram is instrumental
4 Resaultsand discussion in prioritizing defect data, emphasizing the most critical

Data processing was conducted to analyze produgsues for immediate rectification based on the 80/20
defect-related data, employing tools and methods relevaninciple, where 80% represents problems (mismatches)
to the identified issues. The utilization of Fault Tregaused by triggers (causes) accounting for 20%. Figure 1
Analysis (FTA) in conjunction with Failure Mode anddisplays the Pareto diagram for each type of disability.
Effect Analysis (FMEA) is pivotal in this research. FTA is

Pareto Chart of Defect Types at Biyan Konveksi

3000 100.00%
100%
2500 93.90% 80.00%
85.91%
2000
76.19% 60.00%
1500
2518 52.52% 40.00%
1000 2131 2095 ’
500 | 28.45% 20.00%
6 861 707 10
0 0.00%
Uneven Tear Uneven Incorrect Weak Dirty
Stitching Elastic Ribbon Size Stitching
T total defects (pcs) cumulative percentage of defects

Figure 1 Pareto chart of defect types at Biyan Konveksi

Based on the Pareto diagram, dominant defectxamination towards other basic events. Logic gates are
constituting the 80% principle include uneven stitchinggmployed to determine the root causes of product failures
tears, irregular ribbons, and incorrect sizing. That Biyan Konveksi. The identification of factors causing
cumulative defect percentage depicted in the Parefmilure using fault tree analysis is illustrated in Figure 2 -
diagram highlights the most prevalent or recurring defectBigure 6.

4.2 ldentification of Defect Causes Using FTA

The outcomes of the Pareto diagram are further
analyzed using the Fault Tree Analysis (FTA) method,
constructing a fault tree diagram for an in-depth
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Figure 6 FTA incorrect size

4.3 Calculating RPN Values and potential causes for each failure mode. The results are
Risk Priority Number (RPN) is a priority risk value thatranked by the magnitude of these products, prioritizing
aids in assessing the significance of various risks. It issues with the highest RPN values for risk reduction.
based on the severity of the risk's effect, the likelihood dfitially, three indicators—occurrence probability (O),
failure causes, and the speed of detection if a failure occuseverity (S), and detection probability (D)—are defined.
RPN values are calculated to determine the highest failUd@sed on the scoring criteria (see Table 1), the relationship
risk level for each failure mode. The RPN value i®RPN =S x O x D is established. Values are assigned to S,
calculated by multiplying the severity, occurrence, an@® and D, then converted using the entropy weight method,

detection values derived from assessing the effect of failui@lowed by a consistency check [20]. Table 2 presents the
top RPN value as a reference for enhancement.

Tabel 1 Scoring standards of S, O, D

Severity Occurance Detection
Probability Rating Probability Rating Probability Rating
Extremely serious 9-10 h';!? dr;;/”t?elz( Zfia\\/cotic:jre, 9-10 Extremely low 10
Very serious 8 High-risk factor, 7-8 Very low 7-9
recurring
The risk factor is
More serious 7 moderate, happens| 5-6 Lower 5-6
occasionall
General serious 5-6 IThe risk factor is 3-4 Higher 3-4
ow, rarely occur
The risk factor is
Relatively slight 4 extremely low, 1-2 Extremely high 1-2
hardly occur
Slight 2-3
No effec 1
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Table 2 RPN values calculation using FMEA

- ) al| 22
n = = O o
Potential Failurel Potential Failure| 2 % s| 2C | <
= H = o X
Mode Effect 5 Pontetial Causes o Current Control = ¥ 3 =
] 3 g | gE | ©
) a x s
O p4
Worker negligenc Owner’s supervisic 4 14¢
Worker ignores Worker receives
Uneven stitching owner’s X 3 108 8
S ) . reprimand
Uneven rough stitching, 6 instruction: 6
stitching stitching not Lack of training Providing training to 5 180 >
straight for worker: workers
Incorrect tension Adjusting tension for
X . 2 72 12
setting each type of mater
) Providing break time
Voided produc.ts, Worker lacks focug during productio 4 192 1
loss of aesthetic Worker's
Tear elements, reducg 8 |. S 6 | Worker receives
inattention in . 3 144 5
product . ; reprimand
X . material sortin
functionality - =
Worker in rus| Owner's supervisic 2 9€ 1C
Worker fatigue Pro_wdmg brea_k time 4 168 4
during productio
Uneven elastic Reduced comfor Lack pf ‘ Wor_ker receives 3 126 7
fibbon or prpduq 7 | attentivenes 6 | reprimant
functionality Poor quality raw Senarating poor
materials from the pe 9p . 3 126 7
. quality raw materials
supplie
: Enhancing productio
Worker.pursumg control through 4 140 6
production targets L
superyvisiol
Product does n( . o -
Lack of machine Providing guidance
. meet pre 3 105 9
Incorrect size : 7 | usage procedur 5 | for worker:
determined ” ok
standards Insufficient e S L
. machine conditions if
machine . 5 175 3
) the production
maintenance
proces
Inexperienced Providing training to 3 75 11
o . workel worker:
Stitching  easily - .
. Enhancing productiof
comes off, th¢ Worker pursuing
o . . control through 3 75 11
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5 Reaultsanalyss and irregular ribbons, with RPN values of 175 and 168

The primary focus of our analysis lies in identifyingrespectively, contribute significantly to the overall product
critical failure modes and assessing their severity througigfects. - . o
Risk Priority Number (RPN) values. Tear failures, with an The identified failures stem from a combination of
RPN of 192, emerged as the foremost concern, leadinghtéman, machine, material, and environmental factors. Tear
the loss of both aesthetic appeal and product functionaliffilures result from workers' lack of focus due to
Following closely is the uneven stitching issue, rankintjisufficient rest breaks, while uneven stitching is attributed
second with an RPN of 180, highlighting its significant0 @ lack of training for new workers. Incorrect sizing is
impact on product quality. Additionally, incorrect sizinglinked to inadequate machine maintenance, emphasizing
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the importance of regular checks on production machingrcentage significantly decreased, reaching a range of 1 to
The irregular ribbons issue is connected to worker fatigug,25%.
emphasizing the need for periodic rest breaks. The proposed enhancements, derived from these
Understanding these causal factors is crucial for devisirgalyses, provide a strategic roadmap for Biyan Konveksi
effective strategies to address and mitigate these failureto elevate its production processes and enhance product
To address the identified failures and improve overatjuality. Addressing issues such as inadequate rest breaks,
product quality, several enhancement measures ansufficient training for new workers, and lax machine
proposed. These include implementing consistent rastintenance can significantly reduce the occurrence of tear
breaks during specific production periods to combdailures, uneven stitching, incorrect sizing, and irregular
worker fatigue and improve focus. Providingribbons. These improvements are aimed at optimizing
comprehensive training for both new and existing workersjorker performance, refining manufacturing processes,
especially in the context of using production machines, camd ultimately lowering the overall defect percentage. The
significantly enhance the precision of stitching. Moreoveproactive implementation of these suggestions positions
introducing direct supervision from Biyan Konveksi'sBiyan Konveksi on a path toward sustained improvement.
management during crucial production stages, such as thelt is recommended to further investigate the long-term
stitching process, can ensure meticulous attention to deiailpacts of these enhancements on production efficiency
and reduce defects caused by worker oversight. and product quality. Additionally, exploring the integration
Post-implementation of the proposed improvemendf advanced quality control technologies and continuous
measures, there is a noteworthy decrease in the ovetedining programs for workers could provide deeper
defect percentage. The initial defect percentage, attributeights and further improvements. Continued monitoring
to human, machine, material, and environmental factormnd adaptation of the implemented measures will be crucial
stood above 3%, with culottes experiencing the highefir maintaining the trajectory of sustained improvement
defect percentage at 3.95%. After the compargnd ensuring the highest standards of product quality at
implemented the enhancement measures, the defBggan Konveksi.
percentage dropped significantly, reaching a range of 1 to
1.25%. This substantial reduction underscores thecknowledgement
effectiveness of the suggested enhancements The authors extend their sincere gratitude to the Faculty of
minimizing defects and improving the overall quality ofEngineering at Universitas Islam Bandung (UNISBA) for

Biyan Konveksi's products. the steadfast support and invaluable assistance provided,
which significantly contributed to the realization of this
6 Conclusion research endeavor.
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Abstract: In today's rapidly evolving business landscape, effective supply chain management (SCM) is crucial for
achieving success. Accurately predicting product demand is a significant challenge for companies, impacting customer
satisfaction, inventory optimization, cost reduction, and operational efficiency. This study focuses on demand forecasting
within intelligent supply chains (SCs) and supply chain risk management (SCRM), aiming to enhance overall SC
efficiency and mitigate risks, highlighting the use of deep learning hybrid and singles models to address SCRM
challenges, specifically in mitigating uncertainty and improving demand prediction accuracy. Our research paper
investigates predictive modeling techniques for demand forecasting within the automotive sector. Specifically, we assess
the effectiveness of Seasonal Autoregressive Integrated Moving Average (SARIMA), Long Short-Term Memory
(LSTM), Artificial Neural Network (ANN), Recurrent Neural Network (RNN), and a hybrid RNN-ANN model with
Gradient Boosting (GB). Through meticulous analysis and evaluation, we demonstrate the superior predictive accuracy
of the hybrid model compared to individual models. The results indicate consistent outperformance of the hybrid model,
as evidenced by lower Mean Absolute Error (MAE) and Mean Squared Error (MSE) values across electric and thermal
product categories. This research aims to provide valuable insights and practical tools for businesses to refine their
demand prediction processes. By addressing demand uncertainty, organizations can streamline their SCs, minimize costs,
and establish a responsive and adaptable framework for sustainable growth.

1 Introduction have already incorporated advanced technological
In today's fiercely competitve manufacturingcomponents like digitalization, networking, and
|andscape' Companies are increasing|y turning to demarﬁwﬂOmation. This is especially noticeable in the automotive
driven SCs to navigate the complexities of fluctuatingC, where the adoption of new technology, particularly
customer demands. This shift underscores a fundamerflgep learning (DL), is a direct consequence of integrating
change in market dynamics, where customers wiefditting-edge scientific advancements and technological
unprecedented influence by specifying their desirdnovations to modernize traditional practices. The

products and delivery schedules to suppliers. integration of firtIfICIa| !ntelhgence (Al) technologies,
Effective demand forecasting is paramount in thiicluding machine learning (ML) and DL, has played a
environment, as it enables companies to optimize resou@nificant role in the intelligent evolution of the
utilization across production, inventory management, arf@nventional SC. _
transportation. Accurate predictions facilitate the Researchers have produced a plethora of work in the
alignment of production quantities with anticipatedield of forecasting, proposing numerous methods and
demand, resulting in cost savings and the maintenancet®ghniques mainly with ML and DL methodologies, which
optimal inventory levels while minimizing excess stockhave showcased their effectiveness in handling vast
This optimization not only fosters efficient SCM but als@mounts of data with numerous dimensions, revealing
ensures the timely fulfillment of customerlatent patterns crucial for decision-making and prediction
demands.However, inaccurate predictions can trigger tfd. These methodologies have displayed remarkable
bullwhip effect[1] a phenomenon in SCM where minorPerformance across various domains, such as demand
changes in consumer demand lead to magnifid@recasting and price prediction, often surpassing
fluctuations as they propagate upstream. This distortion @ditional - statistical approaches [3-4]. Notably, DL
information among wholesalers, manufacturers, arfjodels like Convolutional Neural Networks (CNNs),
suppliers can result in substantial variability within the SGANN and RNNs stand out for their capacity to
leading to excess inventory, wastage, operationgHtomatically extract meaningful features from data
inefficiency, and diminished profits. decreases the need for manual feature engineering.
Moreover, as traditional SC undergoes development, The application of DL extends to various SC
technology is becoming increasingly ingrained. Many Sdgrecasting tasks, covering domains like production
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forecasting, pricing forecasting, and demangerspectives, the study seeks to demonstrate a
forecasting.For instance, [5] explored the multi-step aheadmprehensive understanding of how effectively
prediction of coal prices by employing a hybrid DL modelmanaging demand uncertainties contributes to the overall
[6] investigated optimal pricing challenges faced byesilience and risk mitigation of intelligent SCs through DL
members of the automotive SC, emphasizing the pivottdchniques. It proposes an innovative approach that
role of prediction as the foundation for pricing decisioncombines single and hybrid models, including SARIMA,
[7] utilized statistical and econometric theories antdSTM, ANN, RNN, and GB, with the goal of improving
methodologies to predict future demand for new enerdiie accuracy of customer demand prediction.
vehicles within the automotive SC domain. These studies The rest of this document is structured as follows: the
demonstrate the superiority of these models oveubsequent section comprises an in-depth examination of
traditional statistical methods, which, being fundamentallgxisting literature, the third section presents the research
linear, struggle to effectively handle uncertainty andnethods and the procedural details employed as the
demand fluctuations. While single models have provefoundation for this paper, the fourth section scrutinizes and
effective in various fields, there is limited adoption ofleliberates on the experimental findings, analysis and
hybrid models in demand forecasting, indicating discussions,the fifth and final section encapsulates the
potential area for further exploration. Furthermore, there éonclusions drawn in this paper, along with future
a prevailing tendency to rely on single models rather thamospects for the field.
adopt combined hybrid models.

This study is grounded in the context of intelligent SCS  Literaturereview

acknowledging the crucial role of demand forecasting in  pemand forecasting involves predicting future market
SCM, the incorporation of demand forecasting into thgemand, and the accuracy of this forecast directly affects a
SCRM context offers several nOteWOfthy contributions: Company's production p|an, inventory management [8] and
Risk anticipation: The precision of demand cystomer satisfaction [9]. It can be classified into two
forecasting aids in anticipating potential risks associatgfimary types: qualitative forecasting and quantitative
with fluctuations in demand. By comprehending demangrecasting. Qualitative forecasting depends on subjective
patterns, SC managers can proactively identify and prepaligigments and expert opinions, using methods like group
for potential disruptions, enhancing risk anticipation.  discussions and the Delphi method for assessing and
Inventory ~ management:  Accurate  demand predicting product output. On the other hand, quantitative
forecasting supports the optimization of inventory level§orecasting employs data to establish mathematical models
leading to reduced holding costs, and mitigates the risksfgf prediction.Presently, statistical methods such as time
stockouts or excess inventory. ~ series models and grey forecasting models, along with
Supply chain resilience: Recognizing uncertainties in advanced algorithms like ANNs and support vector
demand empowers SC managers to design systems thatgé@hines, are commonly used in demand forecasting.
more resilient and adaptable to various scenarios. In recent times, due to the swift progress of Al, there
Supplier collaboration: Demand forecasting fostershave been numerous proposals for advanced demand
improved collaboration with suppliers. Understandingrediction methods employing DL models to enhance the
future demand patterns enables suppliers to align theifficiency of SCM. Al holds the potential to enhance
production schedules and capacities with anticipatehrious aspects of SCM, ranging from order forecasting to
requirements, thereby reducing the risk of disruptions iffelivery management. The utilization of DL techniques
the SC. facilitates the rapid analysis of extensive datasets and the
Resource allocation: Accurate demand forecastingconstruction of effective prediction models. Given these
guides decisions related to resource allocatiopgyvantages, diverse industries, including but not limited to
encompassing labor, transportation, and producti@gshion [10,11] retail [12-21], tourism [22], electricity
capacities. Aligning resources with forecasted demand aig®-26], among others [27,28], have endeavored to
in the effective management of operational risks. enhance their SCM through the incorporation of Al
Data-driven decision-making: The utilization of Al techniques.
and DL for demand forecasting facilitates more precise The subjective nature of qualitative forecasting often
predictions, supporting data-driven decision-making in th@sults in being influenced by the personal biases of the
realm of SCRM. researcher, leading researchers to frequently opt for
Scenario planning: Demand forecasting enables thequantitative forecasting methods. For instance, certain
creation of diverse demand scenarios. SC managers &@Rolars utilized the autoregressive integrated moving
leverage scenario planning to assess the potential impach@érage (ARIMA) model to predict the recall volume of
various demand-related risks, allowing for thears for companies engaged in auto importing [29]. In cases
development of robust contingency plans. where time series exhibit significant fluctuations and the
environment is less stable, traditional statistical forecasting
In essence, this research acknowledges the integral ref@thods may yield suboptimal results. Consequently, an
of demand forecasting in SCRM. By incorporating thesgcreasing number of researchers have introduced DL
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methods to enhance predictive accur&nyme researchers in subsequent production, transportation, storage, and sales
have recommended using the ARIMA model or multi-layeoperations within the intelligent SC. The accuracy of
perceptron (MLP) for forecasting flood flows [30,31]. Fodemand forecasting is a pivotal factor supporting
instance, [32] utilized an ANN model to forecast car saleasitomotive companies in expanding their market shares
in the Turkish region. In another context, [33] theyand boosting profits. Limitations exist within the
presented a short-term prediction system utilizingutomotive SC, although they have been less thoroughly
bidirectional long short-term memory (Bi-LSTM) for investigated. However, there is a pressing need for more
smart power grids. Additionally, [34]tilized a RNN to research in this specific type of SC, given its complexity
forecast the quantity of damaged car parts. In the pursuitasfd extensive nature.

improved forecasting precision, demand forecast models Hence, this research introduces a combination of single
are increasingly transitioning from single-model predictioand hybrid models, utilizing customer demand data for a
to combination-model prediction. Combination modelproducts purchased by an OEM. The model aims to
primarily involve the integration of traditional forecastingforecast future demand for these specific products,
methods [35] involves combining traditional methods otonsidering the volatility inherent in customer demand
econometric forecasting with DL forecasting methods [3G]ata.

and combination models founded on multiple DL single

models [37]. Scholars have significantly improved th@ M ethodology

accuracy of combined forecasting models by preserving |n our study, we are tasked with the complex challenge
and integrating the Strengths of individual mOde!S.SOI’Ttﬂ predicting customer demand' a critical aspect of
scholars predict the demand for spare automotive paggerations for our company in the automotive sector. To
using an enhanced LSTM model, and the accuracy gfidress this challenge comprehensively, we carefully
predictions can be increased by refining the predictiogelected a range of individual and combined models and

algorithm within DL [38]. Other studies employed ANNSprganized the process following the methodology outlined
and MLP integrated models for air pollution predictionn Figure 5.

[39,40]. When forecasting the traffic flow of port vessels,

[41] applied the SARIMA-BP model, highlighting that the3 1 Exploratory data analysis and preprocessing
joint utilization of l_Joth models yields greater optimality o, study leverages a comprehensive dataset spanning
compared to relying solely on the SARIMA modelfom 2019 to 2023, comprising 60 columns rich with
especially in handling more volatile data. Certaifyformation encompassing customer profiles, project
researchers choose to integrate DL methods to improve figails, product specifications, operational metrics such as
accuracy of forecasting models. For instance, [43)oyrs, pricing data, and vehicle attributes including age,
Predicted China's industrial carbon peak using the BBrand and model. To ensure data quality and consistency,
LSTM model, illustrating that forecasting with two deeQye embarked on a rigorous data preprocessing and
learning models is significantly more accurate than relying, a1y sing phase. This involves integrating exploratory data
on a single deep learning model. In essence, employmg‘ﬁawsis (EDA) into our process for gaining a deeper
combined forecasting model allows for the integration Qfnderstanding of the underlying data characteristics.
diverse model advantages, effectively addressing though EDA, we conducted an initial exploration of the
challenge of unstable time series, enhancing predictigRyaset, identifying trends, patterns, and seasonality that
speed, and reducing errors. informed  subsequent  preprocessing and feature
Currently, there is a limited amount of research ogngineering steps. Figure 1, illustrate key insights gleaned

demand prediction, highlighting the urgent need for greatgtm our EDA process, providing visual representations of
attention and exploration in this area. Accurate forecastinge data distribution and relationships.

of product demand is essential for guiding decision-making
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Some insightful observations from the trend wereapture meaningful information that can further enhance
identified, such as the initial increase indicating a period tifie predictive performance of our models.
growth in demand, subsequent stabilization suggesting
relatively constant demand, a slight smooth decrea883 Models architecture design
indicating a gradual decline in demand over time, and We commence our modeling approach by adopting
significant fluctuations in demand occurring at regulaBARIMA model, a classical time series forecasting model
intervals. This variability is mainly related to customerenowned for its ability to capture seasonal terms to capture
preferences, potentially influenced by seasonal factoperiodic patterns in demand data, autoregressive terms for
such as holidays, sales trends, or other external influencesrial correlation, differencing to remove trends, and
In seasonal decomposition, negative values represenbving average terms for residual errors. By leveraging
deviations from the average seasonal pattern observedtigse components, SARIMA stands poised to offer insights
the data, indicating periods where the actual demandiifo the nuanced temporal variations of customer demand,
lower than expected based on typical seasonal behavigiscerning seasonality, trends, and fluctuations in time-
These deviations present opportunities for improvemeneries data. Additionally, SARIMA's capability to combine
By identifying periods of lower demand, businesses cakRIMA components with seasonal components enables
explore strategies to stimulate demand during off-peake model to capture both non-seasonal and seasonal
seasons.By analyzing the trend and seasonalipatterns effectively as in equation (1).
components of the dataset, we are equipped to understand
the underlying patterns in the demand data and makey,=®, Y, , + 6,&,_, + &pY,_p + O, +u+€, (1)
informed decisions to optimize operations.

Where Y, represents the observed value at tindg,tand

32 Featureengineering 0, are autoregressive and moving average parametres for

In the feature engineering step, we focus on eXtra?“?%n-seasonal components ,respectivély, ande,_, are
relevant features from the data to enhance the predmtE

ower of our models. This involves the creation of bot\‘!ﬂ%Jged values of the time series and residuals from
P : revious observations,respectively. P and Q represent the

temporal and non-temporal features.For temporal featur Sasonal periods. is the mean of the time serias. Is
we leverage the time-related aspects of the data, to captiife b i -
on

trends, seasonality, and periodic patterns. Comm Ite noise.
temporal features include month, and year. These features

rovide valuable insights into the temporal dynamics of the Building upon the foundation laid by SARIMA, we
P 9 P Y incorporate the LSTM model,as it is structure is well-suited

data and can help improve the accuracy of our predictiorgg.r capturing long-term dependencies and complex

In addition to temporal features, we also engineer rlop'mporal relationships in sequential data as in equations

temporal features that capture other aspects of the d 3’,(3),(4),(5),(6),(7), Figure 2. Its inclusion enhances our

unr_elated to _time. These featu_rgs ir_mlude customer profil bdel's capacity to capture intricate patterns in customer
project details, product specifications. By encoding anai

transforming these features appropriately, we aim toemand.

\
(@ o | N
Fo;?éal | Inglt: | Candidaie Output
gF gl memaory T ga[e
"Le] "[e] ¢ [ten] ofe ]
Hidd:ln state J J‘ J I
S I( J
Input X,
Figure 2 Cell gtructure of the LSTM
iy =0 Wyxe + Wpihey + Weicoy + by 2 0 =0 Wyoxe + Wyohe_y + Weocp + b, (5)
fe :O'(foxt + thht—l + Wepcrq + bf ) ¢ =fe *eoa i 7Ge (6)
ge = tanh Wygx, + Wyghe 4 + by 4) hy=o,*tanh (c;) (7)
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Where:x, is the input at time step k,_, is the previous data by retaining memory of past inputs through loops in
hidden state;,_, is the previous cell state (memoriy), its architecture in equation (9), Figure 4. This ability allows
f., 9., ando, are the input, forget, cell, and output gatedfRNNSs to effectively recognize patterns and dependencies
respectivelys is the sigmoid activation function. W and bwithin sequential data, making them suitable for demand
are the weight matrices and bias vectors for each gate. prediction.

In addition to SARIMA and LSTM, we consider the  The ANN model architecture
adoption of an ANN and RNN. These models offer
versatility and scalability, allowing us to explore different Y=1fC2", wix; +b) (8)
facets of demand prediction and complement the strengths
of SARIMA and LSTM.We deploy the ANN model with Where: y is the outpout of the neuron,f is the activation
its capacity to learn intricate mappings between inptitinction,w; are the weights of the connections from the
features and output predictions as in equation (8), Figure@evious layery; are the inputs to the neuron,b is the bias
as well as RNN model is ability to analyze sequences tafrm,n is the number of inputs to the neuron.

Input layer @ Middle layer

'(‘ 1]

[reaf— \-®—> £(53)

Figure 3 Cell gtructure of the ANN

The RNN model architecture connectionsh,_, is the hidden state at the previous time
step,x; is the input at time step#;,, is the bias term for the
hy=fWpphe_y #Wanxe + bp) ye=£f{wyhe +by) (9)  hidden layerw,,, is the weight matrix for the output layer,
h. and b, are the bias vectors for the hidden state and
Whereh, is the hidden state at time step t,f is the activatiogutput layer respectively.
function,w,;, is the weight matrix for the input

A
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Figure 4 Cell gtructure of the RNN
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3.4 Gradient boosting and final output predictions by minimizing errors from individual weak
prediction learners. By focusing on poorly predicted data points from
After selecting the ANN and RNN models based oRrevious iterations, the model gradually refines its
their performance metrics, we developed a pioneerifjedictions.
hybrid model that integrates predictions from both models Once trained on the combined predictions from the
as inputs to a gradient boosting algorithm, as depicted N and RNN models, the GB model generates final
Figure 5. This innovative approach aims to capitalize dpHtput predictions. These predictions leverage insights
the diverse strengths of each model to enhance the ovef@m both models to accurately forecast future demand
predictive performance. patterns. _
GB, a powerful ensemble learning technique, combines BY incorporating the strengths of both the ANN and
multiple weak learners (such as the ANN and RNMRNN models through GB, the final output predlctlons_a_re
models) to create a robust predictive model. During tHfxpected to be more robust and accurate, providing

training phase, the GB model iteratively improves ityaluable insights for decision-making and resource
allocation in demand forecasting scenarios.

Exploratory Data
Analysis and
Preprocessing

Feature Engineering

Model Architecture
Design for RNN

RNN Output

Model Architecture
Design for ANN

Model Architecture
Design for LSTM

IModel Architecture
Design for SARIMA

ANN Output

LSTM Output

SARIMA Cutput

Gradient Boosting

Final Output

Metrics Evaluation

Figure 5 Demand forecasting with single and hybrid models

4 Resultsanalysisand discussion data.These plots in, Figure 6 and Figure 7, provide a
4.1 Modelsoutput graphical representation of the predicted values compared

The models were compiled to visualize theito the actual values, allowing for a qualitative assessment
performance. Through visual inspection of these plots, i €ach model's predictive capabilities.When comparing
can observe the performance of each model in capturiftf LSTM and SARIMA models, we observe distinct
the underlying patterns and trends in the demarftterns in their predictive capabilities.
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ELECTRIC Product: Actual vs Predicted Demand with SARIMA
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Figure 6 Product demand prediction using the SARIMA model (Actual vs. Predicted)
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ELECTRIC Product: Actual vs Predicted Demand with LSTM
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Figure 7 Product demand prediction using the LSTM model (Actual vs. Predicted)

The LSTM model uses the following hyperparameters: The LSTM plot demonstrates stronger performance
a look-back period of 12 time steps, 50 LSTM units wittompared to SARIMA, aligning more closely with the
'relu’ activation, an input shape of (12, 1), a dense layactual demand values. Despite its complexity, LSTM
with 1 unit, the 'adam’ optimizer, 'mse' as the loss functioeffectively captures long-term dependencies in sequential
900 epochs for training, a batch size of 32, and a verbositgta, contributing to its ability to predict customer demand
level of 0.For the SARIMA model the hyperparametres the automotive sector. However, while LSTM excels in
used are: order (p, d, q) for both thermal and electr@apturing complex temporal relationships, there may still
products: (1, 1, 1) and seasonal order (P, D, Q, s) for bdie room for improvement in certain aspects of its
thermal and electric products: (1, 1, 1, 12). predictive accuracy.

~ 597 ~

Copyright © Acta Logistica, www.actalogistica.eu



bc’ Acta logistica - International Scientific Journal about Logistics
g Volume: 11 2024 Issue: 4 Pages: 589-604 ISSN 1339-5629
3 / Deep learning hybrid models for effective supply chain risk management: mitigating uncertainty
?}o while enhancing demand prediction

& Nisrine Rezki, Mohamed Mansouri

In contrast, the SARIMA plot shows relatively weakethe automotive demand dynamics, resulting in less
predictive performance compared to LSTM. Whileaccurate predictions compared to LSTM.
SARIMA is capable of modeling seasonality and temporal As the performance of both LSTM and SARIMA still
dependencies, it may struggle to fully capture thfalls short of desired accuracy levels, we address this by
complexities of the demand data in this context. Itexploring an ANN model.
performance may be affected by the challenges posed by

ELECTRIC Product: Actual vs Predicted Demand with ANN
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Figure 8 Product demand prediction using the ANN model (Actual vs. Predicted)

The ANN model, in Figure 8, demonstrates superidayer with 'relu’ activation, 1 unit in the output layer, the
accuracy compared to both LSTM and SARIMA for bothadam' optimizer, 'mse' as the loss function, 800 epochs for
products. Its ability to effectively capture the complexraining, a batch size of 32, and a verbosity level of 0.
patterns in the demand data suggests that ANN's In light of the superior performance demonstrated by
architecture and learning mechanisms are well-suited flve  ANN model and the inherent ability of RNN
modeling the intricacies of automotive demand dynamicsrchitectures to capture sequential dependencies

The ANN model uses the following hyperparameters: effectively, we employ the RNN model to further enhance
look-back period of 12 time steps, 50 units in the first dengegedictive accuracy and address the challenges.
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ELECTRIC Product: Actual vs Predicted Demand with RNN
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Figure 9 Product demand prediction using the RNN model (Actual vs. Predicted)

The RNN model hyperparameters are as follows: effectively captures the underlying patterns and temporal
look-back period of 12 time steps, 50 SimpleRNN units, asiependencies in the data, making it the most reliable
input shape of (12, 1), a single unit in the dense laygaredictor among the single models evaluated.

‘adam' optimizer, 'mse' loss function, 900 epochs for To further boost the model's performance, we employ a
training, a batch size of 32, and a verbosity level of 0. hybrid approach that leverages the strengths of multiple

The RNN model demonstrates, in Figure 9, the highestodels. Specifically, we combine outputs from both the
level of accuracy, with predicted values closely aligningdNN and RNN models and use them as input for the GB
with actual ones. This suggests that the RNN modeiodel.
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ELECTRIC Product: Actual vs Predicted Demand with Hybrid models ANN RNN and Gradient Boosting
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Figure 10 Product demand prediction using the hybrid model ANN-RNN and Gradient Boosting model (Actual vs. Predicted)

The GB model employs default hyperparameteradditionally, it leverages the ensemble learning technique
provided by scikit-learn's GradientBoostingRegressaf GB to enhance predictive accuracy.
(Figure 10). These include using decision trees as baseBy integrating diverse modeling approaches, we
estimators, 100 estimators, a learning rate of 0.1, a magtimized the model's performance, aiming to achieve
depth of 3 for each tree, a minimum number of samplasiperior accuracy in forecasting automotive demand
required to split an internal node set to 2, a minimumdynamics. This makes the hybrid model the optimal choice
number of samples required to be at a leaf node set tofdr, customer demand forecasting in our case.
and subsampling of the training dataset set to 1.0.

The GB emerges as the most effective model among the Metrics evaluation
ensemble, outperforming the ANN, RNN, LSTM and We conducted a comprehensive evaluation of the
SARIMA models. The hybrid architecture combines th@erformance of our demand forecasting models using two
complementary capabilities of ANN and RNN, effectivelycommon metrics, MAE (10) and MSE (11).
capturing complex patterns and sequential dependencies.
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MAE =1 LN A (10) models, they capture different aspects of model

" performance. MAE focuses on the average magnitude of
errors, while MSE considers both the magnitude and
variance of errors.

By comparing MAE and MSE across SARIMA,
Where:Y; represents the actual vallig,represents the LSTM, ANN, RNN, and GB models, we analyzed each
predicted value, anai represents the total number ofmodel's accuracy and precision. The Table 1, below
observations. summarizes the performance metrics for both single and

hybrid models.

These metrics were selected due to their effectiveness
in quantifying the accuracy and reliability of predictive

MSE == 31, (Y, - 7,)? (11)

Table 1 Performance metrics analysisfor single and hybrid models for products

Metrics Products SARIMA LSTM ANN RNN  GB (Hybrid
model)
MAE Electric 619.8¢ 616.2" 239.4( 88.8( 12.71
Therma 3014.9¢ 776.6. 248.0¢ 96.7( 37.18
M SE Electric 924692.2 662561.5 111265.4 33114.5 332.34
Therma 20399280.6  1067173.7 111110.7 35855.7. 2916.64

SARIMA exhibits relatively high MAE and MSE prediction errors and enhances the overall predictive
values across both electric and thermal product categoripsrformance.
This suggests that SARIMA's predictions deviate
significantly from the actual values, indicating limited5 Conclusions

accuracy in demand forecasting. In conclusion, this research paper has investigated
LSTM performs better than SARIMA but still showsyarious predictive models for demand forecasting in the
relatively high MAE and MSE values. While LSTM gutomotive sector. Through comprehensive analysis and
effectively captures some long-term dependencies in tB@aluation, we have demonstrated the effectiveness of a
data, its predictive accuracy falls short compared to th§brid model combining RNN and ANN with GB in

hybrid model with gradient boosting. predicting demand, surpassing single models such as
ANN demonstrates improved performance comparegarIMA, LSTM, ANN, and RNN.

to SARIMA and LSTM, with lower MAE and MSE values.  The results indicate that while single models exhibit

However, it still lags behind the hybrid model with GByarying degrees of accuracy in demand prediction, the
indicating room for improvement in accuracy. hybrid model consistently outperforms them. By

RNN exhibits relatively low MAE and MSE values leveraging the strengths of multiple models and ensemble
compared to SARIMA, LSTM, and ANN. It demonstratesearning techniques, the hybrid model demonstrates
strong performance in capturing underlying patterns ar@perior predictive accuracy, as evidenced by lower MAE
temporal dependencies, making it a reliable predicteind MSE values across both electric and thermal product
among the individual models. categories.

However, despite the similarity in products |n the context of demand forecasting, we looked into
characteristics, there are significant differences in the MAfae performance difference between LSTM and ANN
and MSE values between the thermal and electric produgtgdels. Remarkably, our test findings showed that, in
across all models. This discrepancy indicates that therms of prediction accuracy, the ANN model performed
predictive accuracy varies depending on the type @ktter than the LSTM model, contradicting the widely
product, with the thermal product consistently yieldingccepted belief that LSTM performs better when it comes
higher MAE and MSE values compared to the electrig time-series data processing. Despite the surprising
product. These findings suggest that the models m@grformance difference that was found, this study
perform differently when applied to different types ofemphasizes how crucial it is to comprehend how various
products. _ o models behave in practical settings. We can learn many

Overall, the hybrid model combining RNN and ANNthings about the advantages, disadvantages, and task-
with GB consistently achieves the lowest MAE and MSEpecific applicability of LSTM and ANN models by
values across both electric and thermal product categorififethodically investigating the elements causing the
This indicates superior accuracy in demand predictigferformance disparity between them. Future studies and
compared to individual models. The ensemble of RNN angal-world applications in demand forecasting and other
ANN, combined with GB, effectively minimizes time-series prediction challenges will be greatly impacted

by this insight. It highlights the requirement for careful
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model selection, thorough experimentation, anfb]LIU, C., SHU, T., CHEN, S., WANG, K., LAI, K,
continuous refinement to ensure optimal performance and GAN, L.: An improved grey neural network model for
reliability in real-world settings. predicting transportation disruptiorSxpert Systems
It's crucial to recognize this study's limitations, though. with Applications, Vol. 45, No. 2, pp. 33840, 2016.
The use of historical data, which might not accurately https://doi.org/10.1016/j.eswa.2015.09.052
reflect unexpected or unexpected shifts in demand patterpg,LIAN, R., PENG, J., WU, Y., TAN, H., ZHANG, H.:
is one drawback. Furthermore, the specifics of the Rule-interposing deep reinforcement learning based
automobile industry and the accessibility of data may have energy management strategy for power-split hybrid
an impact on how effective the hybrid model is. electric vehicleEnergy, Vol. 197, No. April, 117297,
Future studies should investigate how external factors 2020. https://doi.org/10.1016/j.energy.2020.117297
like customer preferences, changes in legislation, af] SINGH, D., VERMA, A.: Inventory Management in
economic situations affect the accuracy of demand Supply ChainMaterialsToday: Proceedings, Vol. 5,
forecasting. Furthermore, examining the hybrid model's No. 2, pp. 38673872, 2018.
scalability and computing efficiency in scenarios of real- https://doi.org/10.1016/j.matpr.2017.11.641
time demand forecasting would vyield importan{9] ABOLGHASEMI, M., BEH, E., TARR, G,
information for useful application in the automobile sector. GERLACH, R.: Demand forecasting in supply chain:
Moreover, the integration of advanced methodologies The impact of demand volatility in the presence of
like anomaly detection algorithms and reinforcement promotion,Computers & Industrial Engineering, Vol.
learning may improve the resilience of demand forecasting 142, No. April, 106380, 2020.
models, especially in situations that are uncertain and https://doi.org/10.1016/j.cie.2020.106380
dynamic. Furthermore, investigating the incorporation dfilO] LI, Y., YANG, Y., ZHU, K., ZHANG, J.: Clothing
data from non-traditional sources like social media, IoT  Sale Forecasting by a Composite GRU-Prophet
devices, and SC networks may present new perspectives Model With an Attention Mechanism,|EEE
into demand forecasting and enhance its precision. Transactions Industrial Informatics, Vol. 17, No. 12,
In summary, this study offers valuable insights into  pp. 83358344, 2021.
demand forecasting within the automotive sector. https://doi.org/10.1109/T11.2021.3057922
However, it identifies specific limitations and areas fofl1] GIRI, C., CHEN, Y.: Deep learning for demand
improvement, underscoring the need for further researchto forecasting in the fashion and apparel retail industry,
advance the field towards more accurate and actionable Forecasting, Vol. 4, No. 2, pp. 56581, 2022.
forecasting methodologies. https://doi.org/10.3390/forecast4020031
[12] LINGXIAN, Y., JIAQING, K., SHIHUAI, W.:
Online Retail Sales Prediction with Integrated
Framework of K-mean and Neural Network, In:
Proceedings of the 2019 %0 International
Conference on E-business, Management and
Economics, Beijing China: ACM, Vol. 4, No. 2, pp.
115118, 2019.
https://doi.org/10.1145/3345035.3345048
[13] KILIMCI, Z.H.: An improved demand forecasting
model using deep learning approach and proposed
decision integration strategy for supply chain,
Complexity, Vol. 2019, 9067367, pp. 1-15, 20109.
https://doi.org/10.1155/2019/9067367
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Abstract: The article discusses the topic of available solutions related to process automation in companies. The focus is
on intralogistics solutions, especially in the context of robotization of transport, using the example of automatically
controlled vehicles. Industry 5.0, in addition to automation, pays attention to the human factor, stabilization and the
environmental aspect, which is a challenge for many companies. Large organizations are automating their processes in
an effort to increase flexibility and respond quickly to customer requirements. Wanting to match market requirements
will be a particular challenge for small and medium-sized companies. The purpose of this article was to study and describe
the case of a manufacturing company that decided to change the means of internal transportation - to automated. The
article answers the research questions posed for what reasons companies are interested in intralogistics solutions and wha
challenges organizations face when implementing such solutions. The paper uses literature analysis and qualitative
research in the form of a case study. The benefits to organizations of automating material handling are presented, which
can be particularly beneficial information for the small and medium-sized business sector. A qualitative study conducted
at a Polish automotive company shows that the implementation of AGV robots has significantly improved the efficiency
of internal logistics, reducing the risk of accidents and increasing process systematization. These results confirm the
growing interest in automation, which contributes to reducing costs, increasing revenues and meeting environmental
requirements.

1 Introduction internal processes. Organizations are also striving to

The global market and e-commerce are contributing ditize internal processes. S
the increasing demands of stakeholders, who expect high-As the very definition of intralogistics indicates, such
quality products, delivered at the right place and time af@lutions should include and enable the organization,
at the lowest possible price [1]. Constantly changingentrol, implementation and optimization of the internal
consumer buying behaviour requires manufacturers #w of materials and information, as well as the handling
individualize production, variety, flexibility and shorter©f goods in both the business sector and public institutions.
delivery times [2]. The aforementioned factors influenc€urrently, there is a strong emphasis on automation and
Organizations' search for proven solutions to meet tmltlzatlon of processes that will take into account and
expectations set by customers. facilitate human work and cooperation with robots [6]. For

Logistics [3] focuses on how to use new technologie®is, it is important to learn about intralogistics solutions,
in a way that will increase the efficiency of anwork on them, and point out good practices to others or
organization's operations. Modern solutions aim tguggestions for their improvement on the way to
improve the level of service so that logistics igutomating and digitizing the organization's operations.
characterized by faster response and better use of Many recognize that the future of the logistics industry
resources. Innovative solutions can support thand its development is related to the application of
transformation of businesses to meet Industry 4.0. Bihovative solutions to improve the quality of logistics
Industry 5.0. services [7]. Taking into account the organization's pursuit

Currently, companies are looking for solutionsOf Industry 4.0, environmental aspects and meeting
investing in improvements that integrate processes afdStomer requirements, companies are striving to
information flow [4,5]. The internal ordering and deliverystreamline internal processes. Using available equipment
system should allow for fluidity in the processes takingnd systems, and implementing them correctly, enables a
place, preventing waiting for material or even stoppingompany to improve the flow of products and information.
entire lines. The speed of goods and information flow§)dustry 4.0 is a concept for the transformation of
maintenance of quality and efficiency of the logistic€nterprises, related to the improvement of processes
processes being carried out depend on the selectionc@fried out internally using available technologies. Above
appropriate equipment or software. The use of availabd, it seeks to digitize and automate processes
technologies and devices in manufacturing companiesGgnsequently facilitating the meeting of increasing market

conditioned by the search for opportunities to improveXpectations [8]. Logistics for the Fourth Industrial
Revolution focuses on how to use new technologies in a
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way that will increase the flexibility, efficiency and?2 Literaturereview

productivity of an organization's operations. The key areas of intralogistics are the use of appropriate
The current fourth stage of logistics development offefifrastructure and storage systems for the implementation
the possibility of new business models, leading tef internal logistics processes, management and the use of
standardization, reduction of material transportation anfformation technology. The right combination and
storage, thus creating added value in the processes takdfignment of solutions, promotes transparency of
place, including from an environmental perspective [9processes, information exchange and efficient execution of
Today's logistics can be described as globalltended tasks. Intralogistics defines a future-oriented
interconnected supply and value chains that are highlydustry, representing all suppliers of conveyor
flexible and complex, thus underpinning modern supph&chnology, warehousing, systems, services and logistics
and production concepts. Companies are looking f@bftware, enabling the organization, optimization and
solutions to meet current challenges in the form Qfontrol of material and information flows in industry,
individualization, while optimizing production processegommerce and public institutions [17]. It emphasizes the
and costs [10]. The challenge is to apply availablgse of appropriate equipment, and thus the proper selection
technologies and equipment in the field of Industry 4.8f suppliers of equipment, systems, software, along with
[11]. Key technologies include intra-organizationahccompanying services.
logistics - called intralogistics. Currently there is talk of Industry 5.0 - focusing
Intralogistics refers to organizations whose activitiegttention, in addition to automation, on the human aspect.
involve the internal movement of materials. It is applicabl¢he available digital solutions, modern technology is
to manufacturing companies or those involved in receivingesigned to facilitate work and/or cooperation with
goods and/or moving them between specific points. fumans, placing human needs with the solutions of
includes subsystems such as warehousing, storage, pickiRgustry 4.0. Additional aspects that Industry 5.0 pays
and conveyor and transport systems [12]. In publicatioRgtention to are the environment and resilience to crises -
describing Industry 4.0 enterprises, intralogistics occupigsuring stability [18]. Automation of logistics processes,
a key position [13-15]. The implementation of availablgncluding intralogistics, is one of the key elements of
intralogistics solutions in the industrial world is playing anndustry 5.0.
increasingly important role, due to the optimization and The concept of moving to the target level in
automation of processes and facilitating the flow ohtralogistics, is linked to the Internet of Things (loT).
information and materials within a company [16]Using automated and autonomous transport vehicles,
Technological advances, emerging systems, and robots g#trol and communication between units is performed
designed to facilitate human work, automating itautomatically through software. Being able to react in real
eliminating the possibility of error and streamliningiime to changes in the surrounding environment, self-
processes within the organization. controlled entities increase the level of flexibility [19].
Given the advances in technology, widespreaglith the rapid development of loT, networks based on
automation of production processes, increasingireless communication technologies are increasingly
stakeholder demands and changing environmemiging used in Automated Guided Vehicle - AGVs [20].
(pandemic, armed conflict, price increases, environmental |ncreased interest in intralogistics solutions can be
aspects), companies face a huge challenge. It's hardoisserved. This trend is confirmed by a report published by
adapt to the changes taking place without knowing whee International Federation of Robotics which noted an
solutions are available, or because they lack the necess@gtease in robot sales. According to the ISO 8373:2012
skills to sensibly select and apply something that can ma$igfinition, a robot means “"an automatically controlled,
work easier and allow further automation of processegprogrammable, multifunctional manipulator,
Manufacturing companies are also reluctant to shagogrammable in three or more axes, that can be stationary
knowledge and experience with other entities. From @ mobile for use in industrial automation applications.” A
scientific and business perspective, there should Bgstinction can be made between industrial and service
research and publication of works that can help othgghots. An industrial robot is "an automatically controlled,
companies, especially small and medium-sized ones, ffprogrammable multifunctional manipulator
the road to automation and digitization of processes.  programmable in three or more axes,” while a service robot
In connection with the topic addressed, two researgferforms tasks for people or equipment excluding

questions were posed: industrial automation applications.

- for what reasons are companies interested in One of the intralogistics solutions is automated robots
intralogistics solutions? (AGVs) or autonomous robots - (Autonomous Mobile
- - what challenges do organizations face iRobots -AMR). In 2020, there was a 41% increase in sales
implementing such solutions? of service robots compared to the previous year. The

largest number (44,000 units) were applied to
transportation and logistics, 34,000 to professional
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cleaning, 18,000 in medical robotics, 15,000 in hospitalityeducing the proportion of rejects, thereby reducing the

and 7,000 in agriculture [21]. carbon footprint.
Among the market trends contributing to robot sales The COVID-19 pandemic has also influenced an
growth in the report are: increase in robotization [23]. Companies have been forced

- localization and regionalization of supply chaingo look for ways to become less dependent on the human
(closer to the customer, avoiding problematic situatiorfactor. The global report “Intelligent Automation 2020"
related to politics, security rules, possible impediments shows a significant increase in the percentage of

supply chains), organizations in 2020 that have begun implementing
- lower cost of ownership (growing supply of low-costsolutions based on intelligent automation. In this regard,
robots), 73% of surveyed companies took action in 2020, compared

- individualization of production for a growing numberto only 48% a year earlier [24]. Disruption in the supply
of products (digitalization of production from orderchain, the need for greater productivity in a secure
acceptance to delivery, robots influence the reduction efivironment as long-term effects of pandemics will require
unit costs of mass production). automation and digitization strategies from executives.

Additionally, companies may be interested in intralogistics

Advances in other technologies (technology trendsplutions wanting to delegate employees to more absorbing
such as 5G, cloud computing, new machine visiomasks [25].
artificial intelligence (Al), are fostering the expansion of According to a report by Interact Analysis, automation
robot applications and improving their performance (speed warehouse operations is on the rise, and by 2027 more
and quality). Companies are implementing innovativthan a quarter (26%) will have some form of automation.
solutions to match Industry 4.0 hoping to reduc@his represents a significant jump from the 14%
production costs and wanting to gain a competitive edgautomation of warehouses a decade earlier. This is
They are betting on automation, improving the quality ahfluenced by labor shortages, flexible manufacturing and
the products they offer and improving productivity [22]. the rise of e-commerce. Figure 1 shows the penetration of

Often in tandem with the use of automated owarehouse automation. As a result of the changes,
autonomous vehicles in internal transportation, reusahbieanufacturing or warehousing companies should consider
packaging is being introduced in companies. As IFR&utomation or enabling automated solutions in adjusting
research confirms, the use of reusable packaging redubedl designs and/or layouts [26].
waste. Robotized production also has an impact on
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Figure 1 Warehouse automation penetration

The market for mobile robots (AGVs and AMRS)[27]. Revenue growth is projected to average 30-40% per
experienced strong growth in 2022. Interact Analysigear through 2027. Between 2022 and 2027, shipments of
forecasts the growth of automated (over 4 million) andhobile robots will grow about 50% per year [27].
autonomous vehicles through 2027, as shown in Figure 2
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Figure 2 Mobile robot revenue forecast

Considering the cost-effectiveness of automatiorbompanies automate processes hoping to reduce costs,
interesting survey results are presented by Deloitte. Figurerease revenues, which, as the chart shows, have been
3 shows the results obtained from a survey of 47@creasing in recent years. The payback period is also
executives from various industries in 35 countriesncreasing [28].

B Cost reduction M Increased revenue === Payback period

35% . 18
16
30%
13.3 13//0 is
25%
2% 12 2
20% 10 S
£
15% 8 s
6 5
10% £
4 2
5% 2
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Notes: 2019: N=302; 2020: N=320; 2021-22: N=341.
Figure 3Enterprise automation - increased revenue, cost reduction and payback period

Taking into account the countries’ policies orstudy was chosen - a case study. Of the eight case studies
sustainable development, it forces the introduction anducted, one description is presented in the paper due to
solutions that positively affect the work environment inthe same conclusions in the other companies, both small,
entities. For the SME sector, there is a financial barrienedium and large in size. In addition, a quantitative study
related to the cost of purchasing such solutions [29,3@}as conducted in Poland on a group of 35 companies that
Opportunities to  subsidize the purchase andad automated internal transportation, and the conclusions
implementation of intralogistics solutions may provevere the same. The research was conducted in 2020-2021
effective in this regard. Therefore, it can be assumed ttett companies located in Poland. These were companies
interest in the application of such solutions will growwith both Polish and foreign capital. Due to the lack of
depending on available subsidies or forms of support in tigenerally available information on the type of technology
implementation of innovative solutions for small andand equipment used internally in companies, the results of

medium-sized enterprises. the responding companies were relied on. It is worth noting
that often this kind of information is a company secret, as
3 Methodology it affects the preservation of the organization's

Taking into account the topic addressed, which is tfg@mpetitiveness.
competitiveness of manufacturing companies, a qualitative
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In order to achieve the set research questions, the AGVs make it possible to maintain safe working
method of analysis of available literature and reports aonditions, influence aesthetics, maintain good
automation and digitization was carried out. Therganization of the workplace, delivering the right
overarching goal is to explore and explain the phenomegaantities of products, at the right time, thus maintaining
taking place in enterprises. The search for answers to #entinuity of production. They make it possible to maintain
set questions is made possible by using the inductitt@nsparency of the processes being carried out. Attached
method applied by the qualitative study. The qualitativearts, on which components are transported, are more
study was conducted in 2021 on the basis of an intervie&pacious compared to the previously used solutions. They

guestionnaire. make it possible to take a larger number of containers on a
single trip, so that the necessary components are available

4 Resultsand discussion on production lines, eliminating unnecessary waiting or

41 Casestudy downtime. By the same token, the efficiency of internal

A qualitative study was conducted in a ugransportis significantly increased. o
manufacturing company located in south-eastern Poland. The company's biggest challenge has been to optimize
The company has approximately 100 employees. TH@nsportation pgths. The company is c_onstantly optimizing
means of internal transport used until now were forklifntérnal flows, implementing appropriate solutions and
trucks, hand pallet trucks and electric trucks. The use &ducing all costs. Simulation in a 3D environment was
such a large number of vehicles also impacted on the 10 considered, but such a solution, for the company, is a
of space on the production floor and increased the risk §atively expensive proposition, not necessarily allowing
workplace accidents involving forklifts driving on thefor athorough testing of the new solution. In addition, the
production floor. These three main reasons led tffgnployees involved in the project to change the means of
company to find a different solution in this area, transportation, lack training, information or instructions for

The “company, through reference visits to othe#Se: gxchange of experience on issues relfateq to all
organisations, tried to discern for itself the intralogistic@ctivities related to the preparation of the organization and
solutions used. It also looked for examples of solutions 4tformation on what to look out for. ,
various industry events (e.g. intralogistics trade fairs), Unfortunately, not all employees saw the benefits of the
talking to representatives of companies offering sudf'Provements. On the part of the other production
solutions, raising issues of potential benefits and risks. €MPployees, there was negative feedback after the change in

The company, by conducting its own market researdf@NSportation means. Managers had to motivate, support
and studying the experience of other companies, identifige others to show the positive aspects from the use of
several important aspects that led to the choice of AGYGVS: Often the change caused resentment and
robots. It was found that this type of vehicle influences tHSsatisfaction among employees, but after about a month,
aspect of improving work safety on the production floorit could be observed that employees got used to it and saw
reducing the risk of accidents at work, which is importari{'® benefits of the implemented improvements, especially
for a specific company with locations in differentn terms of improvements in order picking times at the
countries. Another aspect - the involvement of fewef@rehouse. _ _ _ _ _
people to implement internal transport. In 2016, two AGV _ T "e company has been richer in experience in handling
robots were implemented in one of the branches. BefdfdiS type of vehicle since 2016. Through the robotization of
changing the means of internal transport, the company w&ansportation, it is able to connect them to ERP system and
obliged to change the layout of the hall and designaf@onitor orders in real time. The transparency of the
transport paths. A decision was also made to use reusdfiplemented processes has increased. The organization
packaging in which components, products would be mov&gcognizes that this gives it an advantage over other
by AGV robots. An additional benefit of using suchtOmpanies in the market, and in the current situation it is
packaging is that it will not only be used interally, but alsB10ré ready to automate other processes, or use
for transport from external suppliers. The robots purchas@4tonomous robots, which is its next goal. According to the
have lithium batteries, which means zero emissions for tH€Cision-makers of the company surveyed, the key is to
environment. gradually change the means of the vehicle, adapt the work,

The benefits of the implemented change were evideffiust the processes, and get the employees used to
after the first week, and definitely influenced theVorking with and operating robots. Once processes are
systematization of internal logistics processes. ThH¥@bilized, one can move on to the next challenges with
organization has a Kanban system, which works well #merging new technologies.
conjunction with the use of AGVs. One warehouseman ) )
was assigned to each of them to complete orders, deliteg  Discussion . o
goods to the hall, and take empty containers to the The gradual automation of processes within the
warehouse. This organization of work made it possible &Mmpany is important. This includes transportation

delegate the other people previously involved in handlir@jitomation, real-time information exchange and product
internal transportation to other tasks. monitoring. Intralogistics solutions in the form of AGVs
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(2

and AMR vehicles make this possible. It is important tdata exchange. This introduces some novelty on an
support the move toward automation on the scale ehterprise scale. However, it is crucial to consider cyber
Industry 4.0 for small and medium-sized enterprises agcurity - network security so that unauthorized people do
well. They help achieve benefits for companies in theot have access to control such devices. The factors
implementation of internal processes. They representirdluencing the automation and use of intralogistics

positive change from the status quo. They allow real-timsolutions by enterprises are shown in Figure 4.

increase in
_ e-commerce workplace
industry 4.0 safety
- - automation of
industry 5. workstations

subsidies for \

smalland ~ __ . intralogistics automation and

medium-sized digitization of

enterprises solutions internal processes

shortage of \\ inadequate

ener :
9y staffing levels
resources

sustainability [idiaassii pandemic

flexibility of
production

Figure 4 Factors influencing the automation of enterprises - application of intralogistics solutions

Automation and real-time information sharing presemdditionally, all actions taken are to consider the impact
great opportunities for businesses, but also risks due to thethe environment [32].
possibility of cyber-attacks. Along with the application of Intralogistics solutions in the form of automated or
modern solutions, attention should be paid to any securéytonomous robots allow the use of environmentally
related to access to the enterprise information system [3ftlendly batteries and the way they are powered (e.g., solar
Access to the system, the exchange of information on anergy), the use of reusable packaging, relieving the
ongoing basis allows processes to be carried out efficienbyrden on human resources and delegating them to more
without human intervention. However, if an unauthorizedbsorbing work, automating processes and combining
person were to take control, robots and other devices cotiteem with other solutions, which facilitates real-time
threaten the safety of employees. tracking of task execution, thus allowing flexible

An important issue in automating processes aratoduction.
implementing intralogistics solutions is the human factor. Important aspects in raising the level of automation and
The case study described shows that people are often afra@ching intralogistics solutions to enterprises [33] will be
of change, of stepping out of their comfort zone. They ne¢lde exchange of experience and the popularization of
time to get acquainted with something new and differemesearch results on the characteristics of the transport
In the age of digitization and automation, it is crucial tsolutions under study. Larger entities, working with other
raise the competence of employees, familiarize them witbreign companies, have the opportunity to follow good
available solutions and teach them how to work with neexamples. However, despite this, the development of good
technologies. There is a reason for the emergence of firactices internally is often achieved by trial and error.
concept of Industry 5.0 - which emphasizes the focus on Manufacturing companies are reluctant to share the
the human being, who is supposed to operate and coopertperience they have developed. Each of them is
with the new technology, and who is supposed to lmncerned with being competitive. However, a general
facilitated by it. In addition, the post-pandemic experienceharacterization of the topic could prove to be a helpful
the turbulent environment and the changes that aselution for companies in various industries, aiming at
currently taking place are not supposed to affect thwverall economic development. Process innovations bring
processes taking place in companies, only their design ameheficial changes within an organization. They create an
operation are supposed to be immune to thermanvironment for the emergence of new opportunities for
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improvement, the application of available technical or The example given has its limitations. The benefits and

technological solutions. organizational impacts described will generally be more or
less the same in manufacturing companies. However, due
5 Conclusions to the increasing importance and application of artificial

Increasing awareness and presenting the essencengglligence and loT integration, research should be
intralogistics solutions can influence the decisions of othépnstantly ~ conducted on their impact on the
organizations. Automation and digitization of processes ifplementation of logistics processes and the prediction of
line with Industry 4.0 or 5.0 focuses on the implementatioigsource demand. An important issue is cybersecurity and
of solutions within the organization. This is especiallflata security research to protect enterprises from potential
important in an era of increasing market demandSyberattacks. After the COVID-19 pandemic should
automation of processes in which intralogistics is a centré®nstantly study the adaptation of new technologies in
point. The challenge of transport automation, the benefi§sponse to changing working conditions and supply
and their impact on the organization may be particular§hains. Another important issue is to study the impact of
beneficial in the exchange of experiences of enterprisésitomation on the employment, qualification and safety of
especially from the small and medium-sized enterprigiorkers.
sector. Considering the statistical data, an increase in robot
sales is evident. There is a lot of talk about automation, thtefer ences
digitization of production, the replacement of human labdf] SHI, X., TANG, J., DONG, C.: Should a domestic firm
with robotic work. Automation will continue, soitisworth  carve out a niche in overseas markets? Value of
popularizing the experiences of other enterprises to purchasing agent&uropean Journal of Operational
improve available technologies and solutions with a view ResearchVol. 300, No. 1, pp. 85-94, 2022.
to working with humans. https://doi.org/10.1016/j.ejor.2021.07.019

The described case study shows that companies are [BELMARAGHY, H., SCHUH, G., ELMARAGHY, W.,
always aware of the available solutions and what benefits PILLER, F., SCHONSLEBEN, P., TSENG, M,
they can introduce for themselves and the environment. BERNARD, A.: Product variety managemeiRP
Considering the organization's environment, companies Annals Vol. 62, No. 2, pp. 629-652, 2013.
are reluctant to share their experiences, given the https://doi.org/10.1016/j.cirp.2013.05.007
increasing competition. The example given can be helpfil] WINKLER, H., ZINSMEISTER, L.. Trends in
in presenting a practical take on the application of a digitalization of intralogistics and the critical success
selected solution that fits into Industry 4.0 solutions. It not factors of its implementationBrazilian Journal of
only has a positive impact on the organization, on the Operations and Production Managementol. 16,
processes taking place in it, on the safety of employees' No. 3, pp. 537-549, 2019.
work, but also has a positive impact on the environmental https://doi.org/10.14488/BJOPM.2019.v16.n3.a15
aspect (solid packaging, lithium-ion batteries). Arj4] DOBNI, C.B.: The relationship between an innovation
additional incentive may be European Union funds, grants orientation and competitive strategynternational
for innovative solutions, which may include intralogistics  Journal of Innovation ManagemeMol. 2, No. 14, pp.
solutions. The benefits presented in the case study 331-357, 2010.
described, can contribute to the justification of the project https://doi.org/10.1142/S1363919610002660
or grant to implement solutions that significantly improvg5] CHO, H.J., PUCIK, V.: Relationship between
the functioning of internal processes. Innovativeness, Quality, Growth, Porfitability, and

The described case study presents not only a positive Market Value Strategic Management Journadol. 26,
impact on internal logistics, but also on other areas of the No. 6, pp. 555-575, 2005.
organization. The use of AGVs has forced a change from https://doi.org/10.1002/smj.461
single-use packaging of transported materials to reusafg¢ URRU A., WEZEL, J.P.,, BONINI, M.,
packaging. As a result, the company has less waste, and thee CHELMEYER, W.: Dynamic Resource Allocation
packaging used is used in the warehouse, internal and Considering Ergonomics in Intralogistic23" IEEE
external transportation. Another positive environmental International Conference on Intelligent Engineering
impact is the batteries used to power the automated vehicle. Systems, pp. 81-88, INES 2021.

The company uses the Kanban system, which works https://doi.org/10.1109/INES52918.2021.9512930
perfectly with the automatic delivery of orders tg7] SCHUHMACHER, J., HUMMEL, V.Development of
individual stations. Another benefit is the overcoming of a descriptive model for intralogistics as a foundation
the Man-Machine barrier. Employees can learn how to for an autonomous control method for intralogistics
work with the automated vehicle, which will affect faster systems8" Conference on Learning Factories 2018 -
adaptation to work with more automated factories in the Advanced Engineering Education & Training for
future. Automated transportation will ease the burden of Manufacturing Innovation, Procedia Manufacturing,
employee involvement, so companies can delegate peopleVol. 23, pp. 225-230, 2018.

to more demanding tasks.
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Abstract: This study aims to improve ergonomic conditions for box-lifting operators in bottled drinking water companies.
Operators handling small packaging sizes (600 ml) report significant pain, as revealed by the Nordic Body Map
Questionnaire. Addressing this issue is crucial for preventing manual lifting injuries and ensuring worker safety in logistic
distribution. A combination of biomechanical analysis, anthropometric data, and the Nordic Body Map Questionnaire
was used to assess operator complaints and evaluate ergonomic hazards. The study utilized Catia software to simulate
work facility designs, focusing on the development of an adjustable-height hydraulic pallet to optimize operator posture
during lifting tasks. Key metrics included compressive and shear force calculations to evaluate injury risks. Operators
reported pain in the shoulders, lower back, buttocks, and thighs over the past year. Initial evaluations showed excessive
compressive forces (up to 19,778.2 N) and shear forces (over 500 N), indicating a high risk of injury. After ergonomic
interventions, simulations recorded compressive forces of 3,350 N and shear forces of 185.31 N, demonstrating a
significant reduction in risk and safe operational conditions. This study offers a novel, comprehensive approach to
ergonomic optimization in logistics, combining operator feedback, biomechanical analysis, and technological tools like
Catia for facility design. The findings provide a blueprint for improving worker safety and efficiency in manual lifting
tasks. The study’s outcomes benefit safety engineers, ergonomic specialists, and logistics managers, offering insights into
improving worker well-being and operational efficiency. Future research could explore further technological
enhancements in facility design and their impact on worker ergonomics.

1 Introduction PT X is a company engaged in bottled drinking water

To maximize income, manufacturing organizationd) several sizes. The company found that lifting work on
must minimize losses while meeting client requestfie SPS 600 mlbox was done by standing up when taking
effectively. Discrepancies between activities an#f from the conveyor, then the operator made a bending
equipment may result in idle time, lowering labormotion when storing the boxes onto the pallet according to
productivity, product quality, and cost savings. Ensurindle number of piles that were conducted repeatedly and
compliance across all locations and activities is crucial &@ntinuously. As a result of these conditions, workers at the
increasing manufacturing process efficiency and custom@@mpany face various problems in the industry such as
satisfaction. This emphasizes the significance of excelllidtigue, discomfort, and back pain due to non-ergonomic
ergonomics and well-designed workstations for decreasifiggchine or equipment design which causes stress to the
inconsistencies, increasing productivity, and ensuringusculoskeletal system [4]. Poor work posture reduces
worker safety [1]. productivity by increasing health issues, musculoskeletal

Workers' postural and manual material handling arilments, and physical stress [5,6]. Ergonomic difficulties
critcal components in determining the risk of2re caused by improper work posture, bending, raising, and
musculoskeletal injury in the workplace [2]. Ergonomics i{wering an object, twisting, pushing, and pulling [7].
a physical feature that deals with employee Workin[jurthe_r exz_ammapon_of the issues at risk of fqrther gnd
postures in the Workp|ace_ Awkward postures anGXtQﬂSlve |nvest|ga.t|0ns. TO estimate Wor-k.”Sk using
repetitive movements are primarily performance factofdécommended Weight Limit (RWL) and Lifting Index

and difficulties in the workplace [3]. (LI) for work physiology are used to calculate the energy
produced so that work limits can be estimated.

~ 615~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 11 2024 Issue: 4 Pages: 615-625 ISSN 1339-5629

Optimizing ergonomic work facilities in distribution logistics to prevent manual lifting injuries
Yan Orgianus, Eri Achiraeniwati, Muhammad Ridha Rausan Fiqri, Hirawati Oemar

Several studies indicate that obese workers are a The biomechanical method is the application of
contributing factor to musculoskeletal disorders, and thedewtonian mechanics to the neuromuscular and skeletal
findings also suggest that additional weight in obesg/stems to calculate the amount of force occurring in each
workers has a significant impact on the musculoskeletphrt of the worker's body as well as the internal forces
structures of the back, increasing the risk oficting within the body [12]. Implementing biomechanical
musculoskeletal disorders during load-handling [8]. and anthropometric methodologies in this study aids in the

Logistics activities present unique ergonomiccientific and detailed assessment of occupational hazards.
challenges that are significantly different from traditionalt serves as a solid foundation for building ergonomic work
manufacturing processes. Research indicates thatvironments. The biomechanical and anthropometric
incorporating ergonomic principles into logistics carechnique enables researchers to properly quantify the
enhance worker well-being and operational efficiency. Farccupational hazards associated with manual lifting jobs.
instance, the use of double-back support frameworks haksis offers a firm foundation for ergonomic improvements
shown promise in reducing the risk of musculoskeletdly verifying that suggested modifications fit the physical
disorders, improving posture, and decreasing perceivézhtures of the operator.
exertion during manual tasks in logistics environments. Catia software is used to support the design of work
Additionally, training programs aimed at enhancindacilities by enabling the visualization of ergonomic
logistics personnel’s understanding of efficient practicesolutions before implementation. This allows for
have demonstrated significant improvements in knowledgaljustments and refinements to be made effectively,
and performance, which are crucial for optimizing logisticeontributing to  the research  with  practical
operations. Furthermore, integrating Lean Six Sigma witttcommendations to improve work conditions and operator
ergonomic principles can boost internal logisticsvelfare in distribution logistics.
efficiency, address warehouse management complexities, The study makes a significant contribution to the field
and improve productivity. Overall, a comprehensivef ergonomic solution development in distribution logistics
approach that considers physical, mental, and social heattirough its focused examination of logistical ergonomics,
along with effective training and ergonomic design, ithe adoption of sophisticated evaluation methodologies,
essential for fostering a productive logistics environmerind the presentation of evidence demonstrating the
while minimizing hazard [9]. beneficial impact on worker well-being.

This research endeavors to fill a critical gap by
spotlighting the significance of ergonomics in logistic® Literaturereview
operations, with a particular focus on distribution logistics 1 Ergonomics

environments. It underscores the importance of operator Ergonomics is a scientific subject that enhances human
welfare—a pivotal element of the work environment—by,nq overall system performance by studying the
addressing the health and safety concerns of individuglgeractions between humans and other system elements.
engaged in physical tasks. Through a comprehensiy§e profession applies ideas, principles, data, and
approach that incorporates the Nordic Body Mapyethodologies [13]. Ergonomics is a systematic approach
Biomechanics, and Anthropometry methods, this study eyaluating and developing the relationship between
aims to enhance the comfort and safety of operatofggiyiduals and the systems they interact with. Its primary
ensuring they can perform their duties in an environmeghective is to optimize the quality of life for the particular
that supports their overall well-being. ~ group of individuals who engage with the system, taking
The Nordic Body Map technique is a subjectivgniy  consideration their  attributes, capabilities,
valuation approach, which means that the effeCt'Ve”eSSr%uirements, anticipations, tasks performed, and the
its use is heavily dependent on the settings and scenaii@fiection of factors (technological, environmental,
encountered by employees at the time of the researcho‘?&anizational, and cultural) that impact them [14].
well as the competence and experience of the observeidfyonomics is a concern in all manual handling jobs, and
question [10]. In the domain of logistics, the use of thg;omation is one of the primary methods for overcoming
Nordic Body Map questionnaire is a relatively recent,cp jssues. Because automation raises expenses such as
method. It gives researchers a deep insight into the hasgle§aation and maintenance, it is impossible to implement.
and disadvantages that operators face, allowing them (igji;ing ergonomic assessment instruments to ascertain
more accurately pinpoint issue areas. The use of the Norgiie. |evel of risk associated with one's work and work
Body Map questionnaire provides a highly effectivgynstyre, it is subsequently necessary to devise a workable
method for measuring the physical discomfort and paWse|ution to surmount such obstacles [15].
experienced by the operator. This allows research to
identify exactly the location and type of ergonomio, 5 \usculoskeletal disorder

problertr;ls _thdat nee;]d to bﬁ. Exed. V;/orkerslmktrlle ?artg Work-related musculoskeletal disorders (WMSDs) are
assembly Industry have a high rate of musculoskeletal pajp,, o 1ent occupational illnesses that predominantly impact

[11]. AS a result, it i_; vital to e_nhance the vv_orkplac e upper and lower limbs, the lower back, and the neck
amenities that are utilized to maintain appropriate bo 16]. Material handling activities that are conducted

posture. manually and inappropriately can cause losses to work
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accidents and result in complaints of musculoskeletaiusculoskeletal disorders. Research in biomechanics
disorders. Complaints of musculoskeletal disorders can bevers a range of applications, from sports performance to
complained of with pain ranging from very mild to veryclinical contexts, where understanding mechanical forces
painful in the skeletal muscle. Complaints regarding joinis crucial for designing medical devices and surgical
ligament, and tendon injury are the result of extended atethniques [20]. Additionally, biomechanics integrates

repetitive static load application to muscles. principles from engineering and biophysics to analyze the
structural and functional aspects of living organisms,
2.3 Biomechanics which is essential for designing ergonomic tools and

Biomechanical risk variables such as articulaworkspaces that alleviate stress on the musculoskeletal
positions, efforts, repetitive work, static posture, andystem [21].
vibrations have been extensively studied, and it is well
understood that the effects of biomechanical risk a24 Manual material handling
determined by the duration of exposure, the duration of Manual Material Handling (MMH) is the leading cause
recovery, and temperatures [17]. These studies showfaweariness, waist pain, and spinal cord damage. Lifting
relationship between risk factors, particularly theiactivity was found to be one of the causes of a high level
combined effects, and the development of upper limtf injury in some manual material handling activities. In
MSDs [18]. While correlations have been drawn betwedight of the risks associated with manual material handling,
the intensity of biomechanical risk factors at work and thi¢ is necessary to implement an intervention or enhance
risk of MSD development, Lanfranchi and Duveau pointedrgonomics to mitigate the potential for worker injuries
out that certain low physiological demand tasks, such §2].
working in front of a computer and assembling electronic
components, resulted in significant stress and men@b5 Nordic body map questionnaire
load [19]. The Nordic Body Map (NBM) is a tool used to pinpoint
Biomechanics, particularly occupational biomechanicsaireas of muscle or joint discomfort experienced by
studies how workers interact with their physicalvorkers. It categorizes body parts using numbers from 0 to
environment, including equipment and materials, t@7, ranging from the neck to the feet. Six factory workers
enhance safety and efficiency. This sub-discipline appliggre provided with and completed the NBM questionnaire
mechanical principles to understand human movement af2d]. Figure 1 is the questionnaire from the Nordic Body
the forces acting on the body, aiming to reduce the risk pfap [24].

Diid vou s22 2 dottor
of tharapist when vou
Body Secti Ifyou hawve aver axporienced problems (pain, discomiot) in this pert of vour body, exparisnced problems
CrRecton plazza rate the lzvel of pein or discomdort you have &1t (Circle the approprizte number) | (pein, discomiot) in
this part of your
by 7
|:| Never
Mack 1 1 3 4 5 3 - g a 10
I:l Tz
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Shoulder 1 1 | 4 5 g T g o 1o
I:l Yes
- i |:| Naver
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I:l Taz
|:| Maver
Kazs 1 1 3 4 3 s 4 2 z %
|:| Tas
|:| ¥e:z
Ankls 1 2 3 4 5 s 7 z 2 %
|:| Te=

Figure 1Questionnaire Nordic Body Map

2.6 Gapsfromthe previousresearch studies line by employing a comprehensive methodology. This
This investigation aims to enhance the ergonomics gfethod entails the identification of operator complaints,
work facilities for operators in a bottled water productiothe assessment of work hazards using biomechanical and

anthropometric methods, and the application of design
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through Catia to create more ergonomic work facilities. limited in scope and lacked a comprehensive, integrated
contrast, a previous study titled "Work Posture Analysis afpproach. In contrast, the present research offers a more
Manual Material Handling Using the OWAS Method"holistic and integrated methodology. It includes hazard
investigated a small-scale maize chip facility. Thevaluations using biomechanical and anthropometric
objective of the investigation was to quantify injury riskmethods, develops ergonomic interventions tailored to the
indexes and offer precise suggestions for improvin@cility’'s design, and addresses operator complaints
worker safety. The WinOWAS software was employed tthrough the use of advanced software like Catia. This
analyze work posture and evaluate injury risks based ensures more effective implementation of ergonomic
specific postures and loads, while the Nordic Body Magolutions, significantly enhancing the well-being of
(NBM) questionnaire was employed to identify workemorkers in logistics distribution environments.
complaints. In contrast to the previous research, which was Moreover, while previous studies often focused on
more focused on enhancing posture and burden inspecific industries or individual risk factors, the current
specific factory environment, the current study providesr@search takes a more comprehensive approach by
more comprehensive and integrated solution for enhancingmbining multiple assessment methods and cutting-edge
workplace safety [23]. technology. As a result, this research provides a more
A decision matrix was employed to emphasizeobust, technology-driven solution for improving
ergonomic procedures at a coal mining site in Soud#rgonomic work facilities, which not only fills the
Kalimantan, Indonesia, in another study. To ascertamethodological gap left by earlier studies but also offers
which workgroups necessitated additional evaluation joractical, evidence-based improvements. By addressing
light of ergonomic risks identified from physical distresdoth the physical and operational aspects of ergonomics,
and burden, this matrix combined incident data, respongbss study surpasses previous research, providing a new
from the Nordic questionnaire, and interviews wittstandard for ergonomic interventions in distribution
supervisors [25]. Musculoskeletal disorders (MSDs) welegistics.
the subject of another study, which concentrated on the
prevalence of MSDs in Indonesia's informal sector ar@ M ethodology

across industries. The study employed quantitative data, The research follows a systematic design, divided into
including the Nordic Body Map (NBM) and Rapid Entirekey stages to address the ergonomic risks associated with
Body Assessment (REBA), to investigate the prevalence gfanual lifting tasks in logistics operations. The stages are
MSD complaints and work posture among textile workergs follows:
They identified risk factors, including gender, age, work |ntroduction to the Study: Initial observations were
environment, and poor posture, that could contribute to made regarding operator complaints related to fatigue,
MSDs. The purpose qf this investigation was to ascertain |ifting frequency, and the distances involved in
the prevalence and risk factors of MSDs and to devise handling SPS 600 ml boxes. These insights guided the
comprehensive preventive strategies. Compared to the jdentification of ergonomic risks and informed the
previous study, which was more comprehensive and research direction.
focused on the analysis of MSD risk across a variety of | jterature Review: A comprehensive review of
industries, the current study is more focused on the |iterature related to ergonomics, biomechanics, and
ergonomic issues in bottled water production facilities and anthropometry was conducted. This review provided
integrates the most recent technology to enhance the theoretical foundation necessary for formulating the
ergonomic design [26]. o research problem and informed the design of
In a previous study on seafarers, the incidence of MSDs ergonomic interventions.
was also investigated by investigating the effects of age, Problem Formulation and Research Objectives: Based
years of service, and smoking behaviors. The Nordic Body on the initial observations and literature, key problems
Map questionnaire and health examination data of were formulated, including risks associated with
fishermen were the primary instruments utilized in this manual ||ft|ng tasks. The primary research Objective

cross-sectional study, which also employed statistical \as to design ergonomic interventions to mitigate these
anaIySIS methods such as Chl-Square. Musculoskeletal risks’ focusing on reducing musculoskeletal strain

disorders were not significantly associated with age, through improved work facility design.

according to the results. However, years of service wewg. pata Collection: Data was collected from a sample of 9
Nevertheless, this research procedure was deemed to bepperators using the Nordic Body Map questionnaire to
restricted by its dependence on questionnaires rather thanassess their physical discomfort during box lifting
comprehensive medical examinations [27]. tasks. Additionally, their work postures and movements
Previous research has generally focused on specific were recorded during the transfer of boxes from the
evaluations, such as identifying musculoskeletal risks conveyor to the pa"et_ The rationale for Se|ecting 9
based on factors like age and work environment or operators was based on representativeness and

analyzing work posture in specific factory settings using practicality, given the constraints of the workplace
tools such as the Nordic Body Map and REBA. While these environment.

methods were effective in certain contexts, they were
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5. Data Processing: The data were processed by analyzomerator stands and repeatedly bends while storing the box.
the questionnaire responses and conductirfggure 2 illustrates lifting and storing the 600 ml SPS box
biomechanical calculations, including forces such &som the conveyor to the pallet.
compressive (Fcompression) and shear (Fshear) forces.
Statistical tests were employed to validate the finding !
ensuring the reliability of the data. I

6. Analysis: The analysis focused on operator discomfo’;\_ -
and the biomechanical forces exerted during liftin(} = =
tasks. By correlating the Nordic Body Map results witt* =
biomechanical data, potential risks were identifiec|
leading to recommendations for ergonomict
improvements, including the potential introduction o}
lifting aids. .

7. Design of Work Facilities: Based on the analysis
ergonomic work facilities were designed using
anthropometric data and technologies such ¢
AutoCAD and Catia. These designs aimed to minimiz
operator discomfort and reduce the physical demand
of manual lifting tasks.

8. Conclusions and Recommendations: The research

culminated in recommendations for the implementation \yith these improvements, the research methodology is
of ergonomic interventions to improve operator well; ;

bei d saf h dati b structured as a clear research flow, with data collection and
eing and safety. These recommendations were a%ﬁ]tstionnaire distribution included as integral parts of the
on both biomechanical assessments and ergonomic,

hodology.
design principles. odology

S e
: -
~

-
b

“Figure 2 SPS box lifting and storage process 600 ml from
conveyor to pallet

4 Reaultsand discussion

lllustration of SPS 600 ml Box Lifting Process: The Fi 3 ts Nordic Bodv M hi h
current material lifting procedure involves lifting the 600 Igure 5 presents fvordic Body Map graphics, a grap

ml SPS box from the conveyor onto the pallet, where tﬁ’é the operator's specific concerns about the task.

SCORE 0-10 (PAIN,PAIN, DISCOMFORT) ON
THE PART OF THE BODY FELT BY THE WORKER

10

8

6

4

: ‘ il I “ |II“| I ‘|

o n

Neck Shoulder Up back Elbow Down  Wrist Bottom Knee  Ankle
back

W Operator 1 W Operator 2 Operator 3
B Operator 4 M Operator 5 Operator 6

Figure 3 Nordic body map graphics

Complaints about the shoulders, lower back, buttockergonomic aids to facilitate operators and minimize work

or thighs are felt by the operator when lifting loads abowveésks.

the conveyor and placing them on a pallet that is not at the The occupational risk assessment uses the

same height as the operator. This requires the operatobtomechanical method in equations (1) to equations (4) for

perform repeated bending movements. Prolonged injutlye calculation of occupational risk assessment using the

effects can occur if no immediate repair or additional worlower back model static method on the L5/S1 segment on

facilities are implemented. It is necessary to desigine 600 ml SPS box moving operator. The results of the
biomechanical calculation of the L5/S1 static model are the
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1%t stack to the ® pile of the ¥ load to the 60 load.
Figure 4 shows an example of lifting a load of 3 stacks 1
operator 3.

t\"

“f’hﬂ

4l

1

{

Figure 4 Example of load lifting 3 stack 1 operator 3

Based on the existing issues, research was conducteddel at the L5/S1 point of lifting is shown in Table 1
on six workers involved in lifting the 600 ml SPS box teshows the recapitulation of displacement biomechanics
determine the operator's complaints. The recapitulation célculations, Table 2 and Table 3 show recapitulation of
the calculation of the biomechanics of the lower back statitisplacement biomechanics calculations.

Table 1 Recapitulation of lifting biomechanics calculations

Load To- T O Muscle (N) Fc (N) Fs(N) Information
3 1 3 7,166.6 7,934.6 2,61¢ Risk
Table 2 Recapitulation of displacement biomechanics calculations
LoadTo- T O Muscle (N) Fc (N) Fs(N) Information
1 1 2 12,39( 12,694.. 717.€ Risk
2 1 2 11,46( 11,865.! 670.¢ Risk
3 1 3 18,283.. 18,547.. 76( Risk
4 1 3 19,30( 19,56« 76( Risk
5 1 4 17,976. 18,557. 581 Risk
6 11 9,65( 10,124.! 44z Risk
7 11 8,933.3. 9,342.8. 507 Risk
8 11 10,10( 10,444. 552.t Risk
9 1 4 17,473.. 17,971.. 664 Risk
10 1 4 18,41( 18,90¢ 664 Risk
11 2 2 10,34( 10,92¢ 507 Risk
12 2 2 10,50( 11,077.. 522.¢ Risk
13 2 3 15,40( 15,96( 56( Risk
14 2 3 16,616. 17,128. 61€ Risk
15 2 3 19,60( 20.19:. 53¢ Risk
16 2 1 8,716.6 9,243.1 383.t Risk
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Table 3 Recapitulation of displacement biomechanics calculations

LoadTo- T O Muscle (N) Fc (N) Fs(N) Information
17 2 1 8,55( 9,031 435.t Risk
18 2 1 10,65( 11,163.! 40z Risk
19 2 6 10,05( 10,563.! 40z Risk
20 2 6 12,933. 13,472. 364 Risk
21 3 2 11,42( 12,090.! 405.¢ Risk
22 3 2 14,81( 15,519.¢ 327.¢ Risk
23 3 3 11,683.: 12,363.: 42¢ Risk
24 3 3 11,35( 12,07¢ 33¢ Risk
25 3 3 11,833. 12,521. 41€ Risk
26 31 7,766.6 8,403.6' 110. Risk
27 31 8,5616.6' 9,153.6' 110. Risk
28 31 9,383.3: 10,000. 214k Risk
29 3 6 6,383.3: 7,020.3: 110. Risk
30 3 6 5,866.6 6,497.1 16¢ Risk
31 4 2 12,916. 13,535.1 282.8! Risk
32 4 2 12,965. 13,699.. 214.0¢ Risk
33 4 6 8,57¢ 9,205.6: 101.9: Risk
34 4 6 5,912.6 6,549.6' 0 Risk
35 4 6 6,027 6,651.2( 108.2¢ Risk
36 4 1 9,391.6' 10,022.: 89.1¢ Risk
37 4 1 9,21 9,842.6: 31.8¢ Risk
38 4 1 8,57¢ 9,205.6: 31.8¢ Risk
39 4 6 6,141.3: 6,771.91 76.4¢ Risk
40 4 6 6,37( 7,000.6: 44.5¢ Risk
41 5 2 12,91( 13,65: 257.¢ Risk
42 5 2 12,70( 13,456.1 171.¢ Risk
43 5 6 7,30( 7,943.! 32.t Risk
44 5 6 6,683.3: 7,326.8: 0 Risk
45 5 5 9,683.3: 10,376.: 112 Risk
46 5 1 8,00( 8,643.! 19t Risk
47 5 1 8,15( 8,80( 0 Risk
48 5 6 7,066.6 7,170.6 0 Risk
49 5 6 5.483,3: 6,126.8: 0 Risk
50 5 6 6,55( 7,193.! 0 Risk
51 6 2 10,133.: 10,706.! 496.8t¢ Risk
52 6 2 10,29( 10,855. 512.1¢ Risk
53 6 6 15,09: 15,640.! 548.¢ Risk
54 6 6 16,284.. 16,786.: 603.6¢ Risk
55 6 6 19,20¢ 19,788.. 525.2¢ Risk
56 6 1 8,5642.3 9,058. 375.8! Risk
57 6 1 8,37¢ 8,850.3! 426.7¢ Risk
58 6 1 10,43 10,940.: 394.9¢ Risk
59 6 6 12,142.: 12,784. 504.30i Risk
60 6 6 16,143.! 16,81¢ 455.5( Risk

Based on the findings, six operators with weights of 5@riterion, with the largest Fcompression being 19778.2 N,
55, 63, 65, and 68 kg were analyzed. The operators lift &fluenced by the operator's poor body posture when lifting
loads organized into six heaps on a pallet, with 10 loadsthie weight. The smallest Fshear value, O N, is observed in
the same weight of 15 kg in each pile. The results of thiee 48" load handled by the'6operator in the ' pile.
low back model calculation reveal that the compressiuespite the shear value showing 0 (not risky), the work is
force (Fcompression) and shear force (Fshear) do not mdetlared risky due to a compressive force of 7170.67 N.
safety standards. The 60 loads exhibit varied results; if oRecommendations for designing work facilities to reduce
criterion is not met, the operator's task is regarded a®rk risk during lifting transfers are necessary. Figure 5
unsafe. shows the facilities before the design, Figure 5 shows

The compressive force in the 6th pile, thé"38ad current work facilities, while Figure 6 shows Hydraulic
handled by the '6 operator, is more than the safetyPallet Work Facility Design and Size.
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Figure 6 Hydraulic pallet work facility design and size

Determine the needed body proportions initially whilelimension facilities, the specified body dimensions, and
developing work facilities. Table 4 displays worktheir applications.

Table 4 Work dimension facilities

Work facilities Work facility

No. design dimension Body dimension Reason
1 Hydraulic base 3 x box (2 x bowidth + 1 > To determine the maximum length of the
width box length’ hydraulic pallet hydrauli
Hydraulic base 4 x box (1 x boxlength+ 3 To determine the maximum height of the
Hydraulicpallet lengtt X box width) hydraulic pallet hydrauli
: To determine the maximum height of the
3 Hydraulic pallet Standing elbow hydraulic pallet sothe operator can work as

height comfortable & possibls
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(A

Figure 7 shows a work facility design in the form of a To mitigate these risks, we propose introducing a
hydraulic pallet that has been changed to the chosen bdgydraulic pallet that adjusts in height, allowing operators
dimensions and final facility size. Based on visualizatioto store or load items without bending. Simulation results
findings in the Catia program, the operator no longer benftem this intervention indicate a significant risk reduction,
while performing tasks, reducing work risk by adding newvith compressive forces (Fcompression) reduced to 3,350
work facilities since no shear force is created at locatiods—within safe criteria—and shear forces (Fshear)
L5/S1. Designing new work facilities using hydrauliceliminated at the L5/S1 point. By enabling operators to
pallets that function to raise and lower pallets preventsaintain an erect posture during storage tasks, the
operators from bending when storing or lifting loads onedesigned work environment significantly decreases the
conveyors. risk associated with repetitive bending actions.

The simulation of the work facility design, featuringan This study opens avenues for future research aimed at
adjustable-height hydraulic pallet, demonstrated that deeper and broader understanding of logistical
operators could maintain an upright posture during liftingrgonomics and manual lifting. Future work could focus on
tasks. The compressive force (Fc) and shear force (kg deployment and evaluation of ergonomically designed
recorded during all box-lifting activities from box 1 to 60work facilities, examining their impact on operator well-
were significantly reduced to 3,350 N and 185.31 Nyeing, productivity, and incidence of work-related injuries.
respectively, which are well within safe ergonomic limitsThe integration of monitoring technologies, such as motion
This represents a marked improvement from the earlisensors or wearable devices, in logistics settings presents a
measurements, where compressive forces exceedq@dmising area for investigation, offering the potential for
19,778.2 N, indicating a high risk of injury. By allowingreal-time monitoring of operator behaviors and quicker
operators to maintain proper posture and minimize bendingsponses to emerging workplace hazards.
movements, the hydraulic pallet effectively reduces Furtherresearch could develop more precise ergonomic
biomechanical risks, ensuring a safer workinguidelines for the distribution logistics environment,
environment. providing businesses with the tools needed to create safer

The upright standing position of the operator duringnd more efficient workspaces. An in-depth biomechanical
storage, without continuous and repeated bendiranalysis of operators performing manual lifting tasks could
movements, minimizes work risks and allows for thenhance our understanding of the physical impacts of these
implementation of new facilities. tasks, including posture and joint stress. Investigating the
effects of environmental factors such as temperature,
lighting, and noise on operator well-being could yield a
comprehensive view of the elements that influence
ergonomic conditions in the workplace.

Incorporating psychological aspects of work, including
stress levels and job satisfaction, could further elucidate the
complex interplay between physical and mental health in
occupational settings. Continued research in this field is
essential for generating actionable insights into improving
logistics ergonomics, leading to safer and more productive
work environments that benefit both operator well-being
and overall productivity.

Figure 7 Work facilities design
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Abstract: This study aims to develop a path analysis of marketing distribution efficiency of small pelagic fish in the
islands, particularly on Ambon Island, and investigate its most significant determinant. Producer price, consumer price,
marketing cost and marketing margin are examined as determinants of marketing efficiency. An efficient marketing
system provides benefits for business actors involved in the production process, so that their products can reach target
consumers. A longer marketing chain results in higher marketing costs, which ultimately determines the end consumer
price. The data was analysed in a descriptive-quantitative manner, conducting a supply chain analysis and a path analysis
to determine the marketing margin and marketing efficiency of small pelagic fish marketing distribution in Ambon City.
The results show that all distribution channels are efficient because the calculated efficiency value is <30%. First path
analysis producer prices (X1) have no significant effect on marketing margin (Y), consumer prices (X2) have a positive
and significant effect on marketing margins (X3); and marketing costs have a significant effect on marketing margin (Y).
The second equation, all variables (X1, X2, and X3) have a significant effect on marketing distribution efficiency (Z)
through marketing margin (). It can be concluded that marketing costs and marketing margins greatly influence the
efficiency of marketing distribution. These findings imply that to gain profits, small pelagic fish fishermen (as producers)
must estimate marketing costs accurately.

1 Introduction implies that a variety of factors influence the distribution
The welfare of communities on islands is influence@hannels, which eventually leads to the marketing
not only by the potential of plentiful natural resources, bifficiency. On the other hand, fish is a highly perishable
also by efficient marketing distribution. The marketing?roduct, so inaccuracies in distribution channel placement,
distribution refers to a marketing activity that acceleratd¥icing, marketing periods, and even transportation will
and facilitates a product's efficient delivery to endesult in losses for fishermen as producers. Furthermore,
consumers. This condition implies that if producers haJ@is condition will have an impact not only on the
efficient marketing distribution channels, they carlistribution channels and marketing efficiency, but also on
monopolize the market. An efficient marketing system wilhe macroeconomic level, making the welfare of
benefit business actors involved in the production procefighermen’s households more difficult to accomplish. As a
with the aim of getting their products to the consumers &8sult, the fishermen’s households remain impoverished,
a final sales process, because the longer the market@ffl it is most likely that they will grow even poorer than
chain, the higher the marketing costs and, ultimately, tfefore.
higher the price for the end consumers. Marketing Maluku Islands have a larger water area (92.4% or
efficiency is defined as the difference between the seIIir%&zgu59 km2), than land area (7.6% or 54,184.96 km2).
price received by the producers and the price paid by th&e domination of this marine area shows that Maluku has
end customers. a significant fishing potential. This fact is supported by the
This is related to the producers’ ability to select th€ontrol of three Fish Management Areas (Wilayah
appropriate marketing distribution channels, whicfengelolaan Perikanan, WPP), namely WPP 714, WPP
influences the marketing pattern of goods and services 45, and WPP 718. The control of this WPP has stretched
the consumers [1-4]. In other words, this distributioffom Seram Sea, Banda Sea, and Arafura Sea, with the
channels are such a structure that outlines the alternatfi@nificant potential for small pelagic fish and demersal
channels chosen as well as different marketing conditiofigh- The following Table 1 shows the fisheries potential of
used by various companies. Indirectly, this conditioMVPPs in Maluku in 2023.
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Table 1 Fisheries Potential of WPPs in Maluku Region in 2023
Fisheries Potential

WPP Small Pelagic Fish LargePelagicFish  Demersal Fish
(Tons) (Tons) (Tons)

WPP 714 (Tolo Bay and Banda £ 222,88: 370,65: 292,00(
WPP 715 (Tomini Bay, Maluku Sea,
Halmahera Sea, Seram Sea, and 443,944 74,908 80,226
Berau Bay
WPP 718 (Ar.u Sea, Arafuru Sea, 669.579 655,096 701,378
and Eastern Timor Se

Total 1,136,404 1,100,657 1,073,604

Sour ce: Decree of the Minister of Maritime Affairs and Fisheries of the Republic of Indonesia Number 19 of 2022.

The total capture fisheries potential in the three WPRsOfits, it takes several considerations on the determinants,
is dominated by small pelagic fish (669,579 tons in WP8uch as reserves/stocks, fishing equipment, and workforce.
718), followed by large pelagic fish (655,096 tons) antt is because if the fishing activities are not profit-oriented,
demersal fish (701,378 tons). This data demonstrates tkta¢ fishermen’s business sustainability will be at risk [8].
WPP 718 has huge potential for being capitalized on a#d a result, an effective marketing system must be able to
enhanced to increase the income of fishermen and tmeet two requirements: first, capable of collecting the
region. However, in fact, the fishermen in Maluku have yeesults from the producers and delivering them to the
to reap the benefits of owning such a vast marine area. Td@nsumers at low cost; and second, capable of sharing a
Statistics Indonesia of Maluku Province in 2023 show théir compensation to all parties involved based on the end
the province remains the fourth poorest province ioonsumer price, including from the production to
Indonesia. Ambon City is located on a small islandharketing activities [9] and [10].
surrounded by bays and beaches, which allows for the Furthermore, in recent years, numerous studies have
growth and development of the fisheries sector and wilaid attention to investigate marketing distribution
eventually contribute to the regional economy. Thefficiency. These studies explained that a marketing
fisheries sub-sector contributes 15% of Ambon City'distribution channel is considered efficient if there is a
Gross Regional Domestic Product (GRDP) on average p#ose distance between each marketing actor and the
year, with relatively consistent annual growth of roughlynarketing location which can reduce the marketing cost
4.5%. This significant contribution is supported by théncurred [11-13]; an influence of marketing institutions
majority of coastal communities/sub-districts (32 villagegj14-16]; a high fish selling price [17,18] and available fish
that engage in active fishing activities. stock [19-22].

The Ambon City Fisheries Department [5] reported Based on the previous studies on marketing distribution
total fisheries production of 29,010.53 tons with a value @ffficiency, this present study proposes that fish marketing
IDR 602,855,500. However, the poverty rate in 32 coastdistribution efficiency in the islands has significantly more
villages in Ambon City has been significantly highercomplex problem dynamics than continental areas. The
during the last four years, ranging from 16% to 18%mnarketing distribution frequently faces challenges of
Meanwhile, the poverty rate in all 50 villages/sub-districtBmited transportation access and high costs, affecting the
is between 14.9% and 17%. In fact, the efforts to grow thhew income and well-being of the fishing community on
fisheries and marine sector should be supported by optintlagé islands. Furthermore, there has been little research on
resource utilization and management capacities to havetae fish marketing distribution efficiency in the islands.
impact on increasing the community welfare, particularlifherefore, the context of this research is intriguing, with a
the fishermen who serve as both economic actors afatus on the marketing distribution efficiency of small
producers. pelagic fish in the islands and its determinants.

The fluctuating development of fish productivity, The results of this study are expected to contribute to
which is declining, suggests that the fish resources in thee development of studies on the fisheries resources in the
waters of Ambon Island have experienced overfishingslands, marketing distribution, island economy, and local
This overfishing condition has a number of consequencéshermen’s livelihood strategies. Thus, the research
for fishing activities, including the need for the fishermemuestions of this study are: “What is the marketing
to travel longer distances at higher prices. Furthermore, distribution channel pattern for small pelagic fish on
effective marketing strategy can determine the profitabilihmbon Island?”; “How significant is the marketing margin
that the fishermen can earn on Ambon Island, including tled distribution efficiency for small pelagic fish?”; and
utilization of transportation to distribute their products‘What factors influence the marketing efficiency of small
The marketing activities for catching small pelagic fistpelagic fish on Ambon Island?”.
provide a source of income for the fishing community on
Ambon Island. [6] and [7] believed that in order to obtain
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2 Methodology in the islands; and a statistical analysis to examine the
This study employed a quantitative approach determinants of marketing efficiency through a path
analysing the marketing margins and marketing efficiendggnalysis. The research was conducted on Ambon Island for
using ratios or marketing margin percentage values adoair months, August to December 2023 at four locations,
measure of marketing efficiency; a descriptive approachnamely in Latuhalat Country, Seri Village, Eri Village,

classifying the distribution channels of small pelagic fishiutumuri Country and Hukurila Country (Figure 1).
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Figure 1 Research location map, 2024

Sampling was carried out non-proportionally so that mstitution using the Marketing Margin formula [23] as
sample of 30 people was obtained at the research locatifollows (1):

The sample consists of fishermen,

collectors/auctioneers/gatherers, retailers and cold storage MM = Cr — Pf Q)
owners who buy fish from fishermen and then sell them to Note:

consumers during the lean season. MP = Marketing Margin

The parameters examined in field research are fish Pr = Consumer Price
landing locations, interviews about distribution channels, Pf = Producer Price
marketing costs, costs for each distribution channel
(transportation, ice, fees and labor) for fishing activities, Then, the marketing efficiency analysis was performed
purchase price (Rp/kg), and sales price (Rp/kg). Then, thising the total marginal price at the consumer level using
study conducted a data analysis to calculate the marketthg following formula (2) [24]:
margin to determine the distribution of costs and profits

from the marketing activities in each established marketing MT = Pr—Pf % 100% 2)
institution; in other words, the marketing margin analysis Pr

determined the level of competition from all marketing Note:

actors involved in the marketing process. MT = Total Margin (%)

The marketing margin referred to the difference Pr = Consumer Price
between the price producers received and the price Pf = Fisherman Price
consumers paid. The marketing margin was calculated by
reducing the sales price at each level of the marketing
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Next, an estimation analysis was performed by utilizing Meanwhile, administratively,
the path analysis with the following equations (3), (4):

Y =004+ L1yl + 22+ B3x3 +el 3

Note:

Y = Marketing Margin

X1 = Producer Price

X2 = Consumer Price

X3 = Marketing Cost

b0 = Constant

b1, b2, b3 = Regression Coefficient

Ambon Island was
separated into two regions: Ambon City and Central
Maluku Regency. Ambon City was the administrative and
economic centre of Maluku Province, located in the
southern Ambon Island, specifically in the coastal areas of
Ambon Bay and Baguala Bay. As a result, exploiting the
captured fisheries resources in the coastal areas played an
essential role in the community’s life by offering work
opportunities, ensuring food security, and meeting
nutritional demands. According to the data from the
Ambon City Fisheries Department (Table 2), the total
fisheries production in 2022 reached 29,010.53 tons, with

el = Error 36.68% coming from Nusaniwe District — Ambon City’s
largest fish producing district; and Teluk Ambon Baguala
Z = B4y4 + B5x5 + p6y6 + B7Y + e2  (4) District accounting for 23.12% [26].
Table 2 Development of fisheries production and value
in Ambon City, 2023

Note:
Z = Marketing Distribution Efficiency

b4 = Path Coefficient of X1 to Z through Y Year Production Production Value
b5 = Path Coefficient of X2 to Z through Y (Tons) (Thousand Rupiah)
b6 = Path Coefficient of X3 to Z through Y 201¢ 23,506.1 1,175,30
b7 = Path Coefficient of Y to Z 201¢ 25,176.9. 50,353,86
e2 = Error 202( 25,176.9. 2,824,85;
2021 28,482.6. 534,389,07
3 Result and discussion 2022 29,010.5: 602,855,50

SourceRegional statistics of Ambon City, 2023

3.1 Profile of capturefisheriesin Ambon Island

The fisheries resources in Maluku Province, . ) . .
particularly Ambon Island, indicated a high level of Meanwhile, flying fish was the most popular fish in

fisheries potential, both for capture and aquaculture. TRENPON City, but tuna fish production increased by
potential for capture fisheries was divided into nin&:638-41 tons in 2022, with a value of IDR 115,960,250.
categories: small pelagic fish, large pelagic fish, demersH® massive increase in production and production value
fish, coral, shrimp, lobster, crab, blue crab, and squid. TR¥Er the previous five years were also linked to the fishing
total production of capture fisheries in Maluku Provincé@cilities and infrastructure held by the fishermen in
covering 11 districts/cities reached 536,112.6 tons per yeabon City. According to the [26], the fishermen
in 2023, with a production value of IDR 13,820,522,19¢Mployed seven different types of fishing equipment,
[25]. Furthermore, geographically, Ambon City coveredncluding fishing nets, bubu nets, rakes, tug fishing rods,
approximately 786 km2, with 377 km2 of land (48%) anfluhate, hoisting nets, gill nets, purse seines, and beach
409.0 km2 of water (52%). The land area of Ambon Cit§€ines, as indicated in the following figure (Figure 2).

was also over half that of Ambon Island, with a 102.7-

kilometer shoreline.

Fishing Nets, Bubu Nets, Rakes
Gill Nets

m Tug Fishing Rods

m Purse Seines

m Huhate

m Beach Seines
Hoisting Nets

Figure 2 Type and number of fishing equipment in Ambon City in 2023
Source: Statistics Indonesia of Ambon City in 2023
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Aside from that, Ambon Island had 3,820 fisheriessland in 2020, divided into three categories: small,
households, according to the data by [5]. Meanwhile, themeedium, and large.
were 2,475 fishing boats of varying sizes in operation. The
most common size of fishing boats was small, with 1,768.2  Profile of small pelagic fish fishermen in
boats in total. Ownership of this size boat undoubtedly Ambon City
influenced the productivity of the fishermen themselves.  On Ambon Island, the fishermen had a unique role in

Further, it was explained that the fish captured by thexpturing the small pelagic fish. In addition to experience,
fisherman in Negeri Latuhalat, Seri ViIIage, Eri Vi”age,their understanding of Capturing fish was based on
Negeri HUtUmUri, and Negeri Hukurila were distributed t(know|edge passed down for generations and is still
Mardika market and a number of other small markets, ggacticed today. It was done by looking at natural signs,
well as to adjacent communities. The process of capturgdch as stars, moons, and clouds. The field observations
fish distribution to the markets involved a number oOfevealed that the fishermen were the traditional ones who
economic entities collaborating. Furthermore, Ambopan a modest business and resided along the coast. Most of
Island was small, having a bigger sea area than theem did not use modern fishing equipment, and their
mainland, and had several potential fisheries and maripghaviour remained subsistence-orientfile of small
resources. The small pelagic fish, such as trevallgelagic fish fishermen on Ambon Island could be classified
mackerel, and tuna, were among the fisheries resourcegiitording to gender, age, latest education, length of
Ambon Island that had economic value and the potential Eﬂlsiness | work experience' and mi|eage' as shown in the
be exploited. This variety of fish was typically capturedaple below (Table 3).
with the bubu nets. The results of this study also found that
there were 2,473 capture fisheries households on Ambon

Table 3 Profile of small pelagic fish fishermen in Ambon City

No. Characteristic Total % Average
Male 30 10C
1. Gender Femall 0 0
< 30 Years Ol 3 10
5 Age 30-40 Years Ol 10 37.3¢ 40 Years Ol
' 41- 50 Years Ol 10 37.3¢
> 50 Years Ol 7 23.3¢
Elementary Scho 0
3.  Lats Education Junior High Schot 0
Senior High Scho 30 10C
<10 Year 0
4 Length of Business / Work 10- 20 Year: 29 96.6 20 Years
' Experience 21- 30 Year 1 3.3¢
> 30 Year 0 0
5. Total Training Attende 0 0 0
_— . . < 5 Hour 14 Responder  46.6¢
6.  Fishing Time Allocation > 5 Hour: 16 Responder  53.3¢
7.  Fishing Frequenc 3-5Times/ Wee 5 Times / Wee
8. Mileage 3 - 4 Kilometer: 3.5 Kilometer

Source: Results of Field Research, 2023

According to Table 3 above, the fishermen activitieareas tended to seek additional income outside of their
could be identified based on the following characteristicavork as fishermen due to their inability to maximize their

Based on the fishermen'gender and age, the income [27-29].
fishermen on Ambon Island were mostly men of a Further, in terms of the fishermeratest education,
productive age, with an average age of 40 years old. Theiey were typically high school graduates. This condition,
age had a vital impact in productivity through physicabf course, contrasted with the reality of the low degree of
strength and work experience as a fisherman. Thesducation that the fishermen in the coastal areas typically
fishermen benefitted from their productive age and therad, who only graduated from elementary school or even
extensive expertise in pursuing this as their primary sourdél not graduate from the elementary school [27,30,31].
of income. On average, the fishermen who resided in thdis finding implied that, on average, the Ambon Island
coastal areas were of older ages, therefore fishing was fishermen understood the value of education for them. This
their sole source of income. The fishermen in the coasfakt demonstrated that they faced no limited access to high
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school education, because high schools existed fips. Meanwhile, the average mileage to fishing grounds
practically all research locations. However, they did faogas only 3.5 kilometres. The fishing time in question
limited funding problems to continue their studies at aovered the time they needed for preparation to after the
higher level (university). trip [39-41]. An increase in the fishing time allocation
Furthermore, according to the fishermeféagth of would have an impact on boosting their income, since the
business/ work experience, they had been in business forlonger they stayed at the sea, the farther the distance
an average of 15 years. This demonstrated that the busirteageled and the bigger the amount of fish captured — hence
activities in which they had been involved had beemcreasing their income [42-45].
ongoing for some time. People with more work experience
had better work abilities than those who were new to /83 Marketing channels of small pelagic fish
world of work, because they had learned from the activities in Ambon Idand
and problems occurred in their workplace. The work The distribution of small pelagic fish capture on
experience had resulted in an increase in knowledge a8ghbon Island also involved multiple actors or economic
abilities that could help self-development in the face @dntities working together, from the fishermen to end
current developments. An individual’s ability to carry outonsumers. The cooperative relationship between these
their work obligations would improve as they gainedctors had lasted for a long time; there was even a
experience [32-34]. In relation to this, the fishermen’gelationship between their parents that was still maintained
experience in fishing was usually driven by the efforts tgy their children. For obvious reasons, the goal of this
maximize their income [35]. _ cooperative relationship was to ensure that the fishing and
Then, in terms ofotal training attended, despite the fish-selling activities functioned smoothly and profitably.
fact that the typical length of business was regarded quitgrthermore, this  collaborative  relationship  was
IOng, the fishermen received no training that could devel%mmonly referred to as a ‘Supply chain’ or marketing
their knOWIedge and skills as fishermen. Although th@hanne|sl The marketing channels were a means of
trainings for fishermen could improve their knowledge ndjistributing products from the producers to customers in an
Only of how to Capture fiSh, but also of sustainable ﬁSheri%?ganized manner that was mutua”y dependent on each
and captured fish quality which ultimately determined thgther.
prices and opportunities for product marketing and fishing The empirical findings of this study reveal that the
industry in the coastal areas [36-38]. small pelagic fish supply chain on Ambon Island had four

_Finally, in terms ofFishing Time Allocation and  established supply networks as shown in the following
Mileage, the fishermen allocated more than 5 hours eagfigure 3.

day to capture the fish, with a weekly frequency of 4 to 5

V
\

\(
N

\. J \. J \ )

\

Figure 3 Small pelagic fish supply chain in Ambon Island, 2023

According to Figure 3 above, the supply chain patter) The third distribution chain involved of two
for small pelagic fish on Ambon Island could be explained intermediaries, followed by the end consumers. The
as follows: capture of small pelagic fish was transferred to cold
1) The first distribution chain involved the fishermen storage before being sold to the retailers, who

selling directly to local consumers, specifically at the subsequently sold them to the end customers.

time of landing. 4) The fourth distribution chain started with the fishermen
2) The second distribution chain involved the fishermen used the collectors’ service, then the collectors sold the

selling directly to retailers, who then sold them to the fish to the retailers, and the retailers would sell the fish

end consumers. to the end consumers.
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The business actors involved had different tasks as price no paid for the marketing cost. The collectors
ows (Table 4): would receive 10% of the total sales revenue.

The fishermen prepared the fishing facilities; The retailers were in charge of the purchasing activities,
determined the capture zone, captured the fish, sorted determined the price, and sold the fish to the end
the fish, and transported the fish. consumers.

The collectors distributed the fish, determined the fish The cold storage owners were in charge of the
price, and were in charge in retail sales. In this case, the purchasing activities, and storing and selling the fish,
fishermen as producers did not determine the selling particularly during the lean season.

foll

Table 4 Small pelagic fish sales distribution and volume on Ambon Island

. Per centage of Total
Marketing Channel Sales Volume (%) (Individual)
I Fishermer- Consumel 10 3
1] Fishermer- Retailers— Consumel 15 7
Il Fishermen — Cold Storage Owners — Retailers — 15 5
Consumet
IV Fishermer— Collectors- Retailers— Consumei 60 15

Source: Results of Field Research, 2023

Based on the data presented above, the distribution of These small pelagic fish collected by the fishermen
small pelagic fish capture on Ambon Island reveals thatere sold in pans, with the cheapest being IDR 300,000 per
only 10% of the fish captured were sold directly to thean and the most expensive ranging from IDR 800,000 to
consumers upon landing. These consumers were from {B&R 1,000,000 each pan. During the peak season, there
same Negeri as the fishermen, as well as from neanwgre plenty of fish, with the capture ranging from 20 to 30
villages. On the other side, the majority of sales volumgans at a time per trip. However, during a bad fishing
was distributed to Borok/auctioneers/collectors, with 60%eason, the capture was limited to only 5 to 10 pans. One
auctioned to the retailers and sold from the retailers to than weighted approximately 30 kilograms, and the
end consumers. Meanwhile, the remaining 15% of theansportation would cost IDR 20,000 each pan. According
capture were transferred to cold storage owners, which wasthe data above, the fourth marketing channel was the
then sold to the end consumers through the retailers. Ti@st commonly preferred marketing channel by the
fish sales in this channel were often conducted during tfishermen, accounting for up to 15 individuals or 60%
lean season. The other 15% were then sold directly by thercent of all existing marketing channels for the small
fishermen to the retailers, who then sold them directly foelagic fish.
the end consumers.

Table 5 Analysis of marketing margin and marketing channel efficiency of small pelagic fish on Ambon Island

Mar keting Fisherman Consumer Price/Pan Mar keting Efficiency
Channel Price/Pan (IDR) (IDR) Margin
I 600,00( 600,00( 0 0
Il 620,00( 700,00( 80,00( 11.4:
1l 620,00( 750,00( 130,00t 17.3:
v 540,00( 700,00( 160,00t 22.8¢

Source: Results of Field Research, 2023

The marketing margin and efficiency calculations
implied the marketing distribution channel patterns as
follow (Table 5):

The first marketing channel was a direct distribution of
small pelagic fish on Ambon Island from the fishermen
to the end consumers at the landing locations without
the help of intermediaries, and could sell the fish for
IDR 600,000 per pan. It was clear that there was no

The second marketing channel involved an assistance
of retailers as the intermediaries between the fishermen
and end consumers. The price from fishermen to the
retailers was IDR 620,000 per pan, which was then
resold by the retailers to end consumers in the market
for IDR 700,000. Therefore, the marketing margin was
IDR 80,000 per pan, with the fisherman receiving
88.57% of the share.

marketing cost paid as a result of costs borne by both
the fishermen and end consumers that could influence
the pricing; and that the marketing margin was equal to
zero.

The third marketing channel involved an assistance of
cold storage owners and retailers as the intermediaries
between the fishermen and end consumers. The price
from fishermen to the cold storage owners was IDR

620,000 per pan, which was then resold to the end
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consumers for IDR 750,000 per pan. Therefore, tHendings of this study suggest two crucial conclusions: first,

marketing margin was IDR 130,000 per pan, with théhe longer the marketing distribution channel, the more

fishermen receiving 82.66% of the share. ineffective it would be; and second, all distribution
» The fourth marketing channel involved an assistance dfiannels (I-IV) could be considered efficient, with each

collectors and retailers as the intermediaries betweeamarketing distribution channel ranges from 0% to 30%.

the fishermen and end consumers. The price from

fishermen to the collectors was IDR 540,000 per paB8,4 The path analysis of marketing distribution

which was then resold to the end consumers for IDR efficiency of small pelagic fish in Ambon

700,000 per pan. Therefore, the marketing margin was Idand

IDR 160,000 per pan, with the fishermen receiving The efficiency with which small pelagic fish were

77.14% of the share. marketed and distributed on Ambon Island was dynamic.

i , ) The consumer price, producer price, and marketing cost
This analysis shows that the consumer price was mughyq 5 significant impact on the marketing efficiency. In

higher than the selling price received by the fishermen ifiner words, there were various determinants of smal
each distribution channel, resulting in a big marketinge|agic fish distribution in the market. This study
margin, causing the consumer price to rise. Similarly, &nducted a path analysis based on the collected field

study by [46] confirmed that each institution performingesearch data, and the results can be seen in the following
different marketing functions would result in considerablg g 6.

pricing discrepancies between the fishermen/producers and
consumers, causing the consumer price to rise. Thus, the
Table 6 Results of path analysis of factors affecting the marketing distribution efficiency of small pelagic fish on Ambon Island

No. Variable B Sig. Prob. Result

I First Equation
Constant (13,622.3

Producer Price (1) 0.031 0.071 Not Significan

Consumer Price (2) 0.04¢ 0.02( Significan

Marketing Cost (%) 1.02: 0.00c¢ Significan

I Second Equation

Constant (0.05-

Producer Price (1) -0.000034 0.04: Significan

Consumer Price (2) 0.000090 0.03i Significan

Marketing Cost (%) -0.001 0.04¢ Significan

Marketing Margin (Y) -0.01¢ 0.03¢ Significan

The regression equations are as follow: phases, which would be even higher if the marketing cost

Y = 13622.323 + 0.034; + 0.045, + 1.023y3 + € was accumulated.
Z = 0.54 — 0.0000 3442,+ 0.00009022, - 0.00%s - A high consumer price would have a significant impact
0.014 Y+e on the marketing margin. In contrast, the producer price did

not appear to have a substantial impact on the marketing
The first equation shows that the producer prige ( margin. This suggested that the producer price was only

has a positive and insignificant effect on the marketindetermined by operational costs that remained within
margin; the consumer pricey2) has a positive and appropriate boundaries, implying that the producer price
significant effect on the marketing margin; and thevas determined reasonably and it had had no effect on the
marketing costy3) has a positive and significant effect ordetermination of consumer price or marketing margins.
the marketing margin. These findings confirm thaEurther, the marketing margin was positively impacted by
increasing the producer pricglj led to a higher marketing the consumer priceyZ) as a result of longer marketing
margin. It could be explained as the producer price, ehains, which caused the marketing cost to be greater and
selling price of the product, was defined by the producticsimultaneously would have an impact on the higher
cost incurred while the product was in the production stag@arketing margin. In addition, the high marketing cg3} (
which included operating costs, such as direct labour costsuld boost the marketing margin [47,48].
If the production cost was high, the producer price/selling [49] and [50] underlined in their respective research
price would also be high, and this would lead to a high¢hat the fishermen/producers had little bargaining power
consumer price/purchasing price in subsequent marketimpile conducting transactions. Thus, an increase in the

consumer price due to an increase in the marketing cost
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would not result in a major fisherman price increase. This It should also be noted that the marketing efficiency in
condition could also emerge as a result of the extensigach existing supply chain could be influenced by the
marketing chain of small pelagic fish established ohehaviour of producers and consumers, which might play
Ambon Island. Ultimately, it would affect the marketinga role in lowering a product’s selling price. Thus, the higher
margin and efficiency the small pelagic fish on Ambothe marketing cost, the higher the marketing margin, and
Island. The second equation above shows that bdtie more inefficient the marketing distribution would be.
producer price (1) and consumer pricexd) have a In conclusion, the longer the marketing chain, the higher
negative and insignificant impact on the marketinghe marketing cost, and the higher the discrepancies
distribution efficiency of small pelagic fish on Ambonbetween the selling price and the purchasing price. These
Island. Meanwhile, the marketing cogB) and marketing would cause the marketing margin to increase, and
margin (Y) have a negative and significant effect on theventually resulted in inefficiencies in the marketing
marketing distribution efficiency of small pelagic fish ondistribution [51-53].

Ambon Island.

The total effect of the analysis model can be calculated as follows:
Total Effect of Fisherman Pricel): - 0.0000344 + (0.001 x 0.031)
Total Effect of Consumer Pricg2): 0.0000902 + (0.001 x - 0.045) 0.000857
Total Effect of Marketing Cost8): - 0.001 + (0.001 x 1.023) -0.000001023
Total Effect = 0.00255098

-0.003409

Based on the above explanation, it could be concludéal obtain profits, the first thing they need to consider is to
that the marketing margin mediates the fisherman price ancurately estimate the marketing cost.
the marketing distribution efficiency of small pelagic fish
on Ambon Island, and that it has a negative and significaRtef er ences
effect, with a total effect of -0.0003409. Furthermore, the] CALISKAN, A., OzZKAN OZEN, Y.D,

consumer price has a positive effect on the marketing' OZTURKOGLU, Y.. Digital transformation of

distribution efficiency of small pelagic fish on Ambon  {raditional marketing business model in new industry
Island, with a total effect of 0.000857. Meanwhlle, the era, Journal of Enterprise Information Managern,ent

marketing cost has a negative and significant effect on the vol. 34, No. 4, pp. 1252-1273, 2021.

marketing distribution efficiency of small pelagic fish on  https://doi.org/10.1108/JEIM-02-2020-0084
Ambon Island, with a total effect of -0.000001023. Thugp] REIM, W., SJODIN, D., PARIDA, V.: Circular

the marketing margin, in its role as a moderating variable, pysiness model implementation: A capability
led the effect of all independent factors to decrease in the development case study from the manufacturing

same direction, with the exception of the fisherman price industry,Business Strategy and the Environmafil.
and marketing cost variables, which have a negative effect 30, No. 6, pp. 2745-2757, 2021.
on the marketing distribution efficiency of small pelagic https://doi.org/10.1002/bse.2891

fish on Ambon Island. [3] BENNER, M.J., WALDFOGEL, J.: Changing the
channel: Digitization and the rise of ‘middle tail’
4 Conclusions strategiesStrategic Management Journaiol. 44, No.
This study finds that there are four marketing 1, pp. 264287, 2023. https://doi.org/10.1002/sm;.3130
distribution channels for small pelagic fish on Amborj4] SMIGLAK-KRAJEWSKA, M.,
Island: Fishermen — Consumers; Fishermen — Retailers — WOJCIECHOWSKA-SOLIS, J., VITI, D.:
Consumers; Fishermen — Cold Storage Owners — RetailersConsumers’ Purchasing Intentions on the Legume
— Consumers; and Fishermen — Collectors — Retailers — Market as Evidence of Sustainable Behaviour,
Consumers. Furthermore, the longer the marketing chain, Agriculture Vol. 10, No. 10., 424, pp. 1-20, 2020.
the higher the marketing margin, reducing the efficiency of https://doi.org/10.3390/agriculture10100424
marketing distribution of small pelagic fish on Ambon5] AMBON CITY GOVERNMENT, Ambon City
Island. For this reason, it is best to develop marketing Regional StatisticsAmbon, Maluku, 2023.
distribution activities for small pelagic fish on Ambon[6] DIENTJE, R., SIAILA, S.: Analysis of the profitability
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marketing distribution efficiency of tiny pelagic fish on  Indonesia, Aquaculture, Aquarium, Conservation &
Ambon Island demonstrated that all four marketing Legislation BiofluxVol. 15, No. 2, pp. 608-620, 2022.
distribution channels were efficient, with a range of leg§] KAZUMI, S.: Case Study: A Simulation Model of the
than 30%. Then, the marketing cost and marketing margin Spawning Stock Biomass of Pacific Bluefin Tuna and
have a significant effect on the efficiency of marketing Evaluation of Fisheries Regulatiodsnerican Journal
distribution, implying that if the fishermen/producers wish  of Climate ChangeVol. 5, No. 2, pp. 245-260, 2016.
https://doi.org/10.4236/ajcc.2016.52021
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Abstract: Crypto technologies present a challenge for the field of logistics, which is associated with the change of
stereotypes in the management of logistics processes. It is practically another stage of development connected with a wide
range of logistics processes, resulting in the creation of new paradigms that bring increased efficiency and improved
process quality. The understanding of crypto technologies is generally associated primarily with cryptocurrencies.
However, the presented knowledge is wrong and very misleading. Crypto technologies are not only cryptocurrencies.
Crypto technologies, in connection with logistics, represent this field's future direction. This statement is also underlined
by the current trend aimed at the development of digitisation. The paper presents the issue of the relationship between
crypto-technologies and logistics. The effort will be to point out that crypto technologies are not only Blockchain, but
Blockchain is the base on which crypto technologies are built, thus bringing benefits to the field of logistics and supporting
its development.

1 Introduction because blockchain technology is key to the functioning of

Logistics needs to ensure the maximal possibRYpto technologies. On the other hand, however, the full
efficiency, reliability, and safety of its processes for it§otential of crypto technologies available in logistics is not
functioning. Several methods and technologies meet théed this way. The application of Blockchain is visible in
requirements, and in the last period, it has been possiblecgnnection with transport logistics chains using container
monitor the potential for significant application oftransport [6], within intra-company transport systems [7],
Blockchain technology and other crypto technologies. reverse logistics [8] or most often in the field of supply

Crypto technologies have a huge and, so far, unusgiains [9,10].
potential, which can gradually minimise even the main However, crypto technologies represent a challenge for
problems in logistics, such as order delays, damage legistics in searching for other possibilities for their
goods, mistakes and multiple data entries [1]. In connecti@actical application within various logistics processes. In
with the field of logistics, crypto technologies can beéddition to Blockchain, it is also necessary to cons!der
characterised as innovative technologies [2] with ke§ther crypto technologies based on decentralised
potential for developing logistics in the future. The graduaPplications  (dApps), Non-fungible —tokens (NFT),
application of crypto technologies in logistics can increagdyptocurrencies or WEB 3.0. The first signs of the use of
the effective implementation of logistics processes [3pther crypto technologies in the field of logistics can be
Specifically, crypto technologies can provide indisputablgonitored, for example, in the use of smart contracts
and immutable proof of the origin of raw materials[11,12] that are based on dApps. Smart contracts can be
products, and their sale to the final customer. This céifectively used again, e.g. within supply chains [13,14].
potentially increase customer confidence in the produgimilarly, NFTs are starting to be used in connection with
and gain financial benefit for the producer by protectinpgistics in the energy field.
their intellectual property rights [4]. Based on the above examples, the implementation of

So far, in most cases, the use of crypto technologiesGfyPto technologies in logistics is progressing very slowly.
connection with logistics has focused exclusively ofPhe reason for this is that many logistics experts do not
Blockchain [5]. On the one hand, this approach is logic&#alise the potential of crypto technologies. The paper aims
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to present the issue of crypto technologies from the poiotyptocurrencies, decentralised applications, smart
of view of logistics and indicate possible areas for thegontracts, or other technologies associated with

potential use. blockchain. 2008 was a turning point regarding the
perception of crypto technologies because it introduced
2 Cryptotechnologies and described the principle of the first successful

Crypto technologies are a term that has been appearfifyptocurrency, Bitcoin. The author of the allowlist
increasingly lately and used in various contexts. From tigescribing Bitcoin acted under the pseudonym Satoshi
point of view of searching for the meaning of what thidlakamoto. _ _
term denotes, it is necessary to mention the year 2008, However, blockchain technology was not created in
which represents a kind of imaginary turning point and %008 Its -eX|Stence- In connection Wlth |nf0rmat|.CS W?S
change in the understanding of its meaning. Until 2008, kpown quite a long time ago. However, in connection with
would have been possible to define crypto technology a$#&/ptocurrencies, blockchain was reborn, became widely
technology whose active use and functioning were bask@own, especially among the broad professional and
on various cryptographic tools, protocols, and methodsgcientific public, and began to develop further (Figure 1).
After 2008, however, crypto technology has been chieffpurrently, blockchain is considered a technology of the

understood as Blockchain and related technologies such@iire, which can significantly change the functioning of
our society and will affect many areas.

untl2008 __ o.....2014 2016 ° 2018 ®------2022
This period of technological The creation of Blockchain 2.0 | The Linux Foundation presented | The practical use of blockchain E Development of using another |
fevelopment will be usedto | means changes in the | the Hyperledger Fabric on February ! technology in container transport, ! type of blockchain (private, |
create and operate | interpretation that Blockchain is | 9 in San Francisco. Based on plug- | supply, supply chain management, | hybrid, and consortium) and |
Blockchain and the first | not only a tool of cryptocurrency | and-play, this modular system : production, and storage has begun. : their development in the |
speculations about | but can be used as an effective i allows for the creation of | The issue is searched by various ! various fields starts to be talked .
distributed databases. platform in different fields. | enterprise Blockchain platforms. E companies, such as IBM, Oracle . about Blockchain 3.0 |
Satoshi Nakamoto created Bitcoin The beginning of the Blockchain Running of Blockchain The beginning of the NFT token,
and presented the concept of network for the cryptocurrency EOS using open-source which is a unique cryptographically
Blockchain, which is used to Ethereum allowed the creation of code, easily readable generated token using Blockchain
create a decentralised accounting a decentralised application and accounts for easy technology for connection with
book managed by anonymous smart contracts. It was a sample remembering of own unique digital assets which is
CONSensus. for another type of Blockchains. ! accounts by users. unreplicable
2009 2015 2017 2021

Figure 1 Overview of Blockchain Technol ogy Devel opment

As already mentioned, crypto technologies are not ontiat can be labelled crypto-technologies (Figure. 2) and are
Blockchain. These are the technologies that Blockchatfirectly connected to blockchain technology. The link
uses for its operation. We currently know five technologiaseans that Blockchain is a prerequisite for their operation.

WEB 3.0 NFT
Crypto-technologies
use "
Blockchain
Blockchain Cryptocurrency

dApps . _H_v

Figure 2 Overview of Crypto technologies
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Crypto technologies were generally believed to be fanctioning of logistics processes. The first pioneering
highly speculative means of achieving a high financiafforts using crypto technologies have already been
commission and profit. They are often seen as technologiesmpleted in logistics. Progress in their use continues. For
for a specific group of users - enthusiasts who are the orilyto be successful and effective, it is necessary to know
ones who understand them and know how to use theanypto technologies from the point of view of logistics and
However, these technologies are largely unknown aiid processes.
difficult to understand in everyday life and for ordinary

people. 2.1 Blockchain
But this opinion is wildly inaccurate and wrong. Crypto |1 js possible to define Blockchain as a particular type
technologies represent a tool that, in the future, cjj gisyributed database that was initially exclusively
significantly impact various areas of our societyyecentralised, but nowadays, there are also variants in a
Regarding its functioning and future developmentenralised form. It is a continually expanding database that
logistics must pay adequate attention to the issue of crypigpres records and protects them against modification and
technologies and gradually implement them into it§teration.
functioning. . . Applying this technology does not directly belong to
However, crypto technologies must be looked at in gynto technologies (Blockchain does not mean that
completely different way from the point of view of oryptography must automatically be used). However, its
logistics. Their perception must be realised regarding thgjge as an accounting book database for the functioning of
potential benefits for the functioning of logistics processegryntocurrencies, for example, when cryptographic
For logistics, crypto technologies cannot only Dgnethods are used to ensure the immutability of entries and
synonymous with decentralised finance. On the contrayyfirm their authenticity, makes it a full-fledged crypto
decentralisation is not a condition for their use. Cryptschnology. The principle of Blockchain is relatively
technologies represent a technology with high potential fQfmple (Figure 3).
the field of logistics, which, if used correctly, will bring a
competitive advantage and significantly improve the

AN onlineasa ok —D—/- \_D_
Vo 3 |

o st

= =

Figure 3 One of the working principles of blockchain technology [15]

As mentioned, the Blockchain used in logistics does nother and communicate. Blockchain is increasing due to its
have to be fully decentralised. This means that its useggnerally known possibilities and advantages (Figure 4),
owners of full nodes, must be known. However, this variamthich have application potential for logistics.
of Blockchain does not decrease the possibilities of this
technology in logistics; on the contrary, it enables its full
use within processes where participants must know each
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The benefits of blockchain technology for logistics can

No 3' Party be classified into three basic levels. The first is the "High"
Involvement level, a significant advantage. This benefit is characterised
y Pr— by increased efficiency, acceleration of processes, or

' expansion of the capacity of provided services and

processes. The second level is "Middle". These are cases
when the application of Blockchain will bring a change to
the implementation of logistics processes; it will be
reflected in their efficiency, reliability, and security.
However, the benefit in that case is not so drastic, but it is

Technology o important and makes sense to use. The third level is
\ 'S 4 g represented by "Low". This is the lowest level that will
y manifest itself only in certain specific situations, and the
impact of Blockchain is not so significant or crucial. The
use of Blockchain within this level should be considered in
terms of investment, operating costs, and benefits. Based
on the mentioned assessment, it is thus possible to evaluate
the contribution of blockchain technology to logistics
activities (Table 1).

[ : ' Transparency

Blockchain

Figure 4 Blockchain advantages and potentials [16]

Table 1 Importance of Blockchain for the selected logistical activities

Traceability Data Transparency Quality Realtime| Service Trusted
Security Monitoring Transaction
Supply Chain High Middle High Middle Low Low High
Warehousin High Low Low Low High Middle Low
Production High Low Middle High High Middle Low
Transpor High High Low Middle High Low High
Manipulatior Middle Low Low High Middle Low Low
Planning Low Middle High Low Low High Middle
2.2 Non-fungible tokens (Table 2). Active use can significantly increase logistics

In crypto technology, a token is a coin (which may haverocesses' quality and reliability. In the future, NFTs could
its name) of a digital currency that does not have itBus become essential to various products and services and
Blockchain. Generally, a token is a carrier of value, and waarticipate in managing multiple logistics chains. It would
consider tokens interchangeable. Fungibility means thatti¢, for example, about guaranteeing the originality of
we have one specific token with some value, we cdnoducts, proving the right to service and additional
exchange it for another identical token with the same valugervices, and enabling the improvement of quality and
Therefore, the token is often called a "digital coin." Th&afety in the distribution of food and other commaodities.
token can be divisible into smaller units. In logistics, recording most NFTs within private

However, with the development of crypto-technologieblockchains seems logical, where access will be regulated
and blockchain technology, a unique token was createf)d controlled. On the other hand, however, for example,
characterised by its incommutability and indivisibility. Theby verifying the originality of products, it is also possible
name non-fungible token (NFT) was used for this tokei® use decentralised public Blockchains from the point of
type. view of availability.

NFT was primarily created and used to verify and prove The principle of operation of NFT is quite simple. It is
the originality of digital content. Its initial application based on a record of ownership of digital media based on
focused on digital creation, such as graphics, audio, atite Blockchain. The entry contains a link to the relevant
video. Over time, however, the application possibilitiegigital medium. However, this digital medium does not
begin to be further developed and explored. NFT is findingside directly on the Blockchain. However, the application
more and more new application areas, including logisticBossibilities of NFT are no longer limited to graphics and
NFT represents a massive potential for the field of logisti¢gultimedia. For example, it is possible to mention one of

the key areas of logistics, namely supply chain (Figure 5).
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Producer Distributor Store End User
3 2 3 4
T T T T
| I I I
[ I | I
] ] ] )
Generate smart QR code and NFT on Matic Network Scan batch QR code at arrival Scan batch QR code at arrival Scan item QR code in app + fill in receipt code to
for each item transfer NFT to Matic Wallet of end user
M tapoints anchored Datapoints anch i ”
’ Y 4 _Jy' ?
NFTID Receive date Receive date Date of item verification & Proof of ownership
Production date Shipping date with NFT token in Matic Wallet
Shipping date

Generate smart QR code per shipment (batch code) Scan batch QR code ot distributior Scan batch QR code ot receival

Figure 5 Tracing a supply chain with NFT and QR codes in the Matic Network functions on TO Network [17]

The application possibilities of NFT in logistics relateand traceability. These are parameters that directly affect
to criteria such as originality, quality, safety, transparencgeveral logistics areas (Table 2).

Table 2 Possihilities of NFT use for the selected logistics activities

Originality Quality Security Trangparency Traceahility
Supply Chain yes yes yes yes yes
Warehousing -- - yes yes yes
Productions yes yes - yes -
Transport - yes yes yes yes
Manipulation - - - yes yes
Planning - yes yes yes -
2.3 Cryptocurrencies transactions (Figure 6), public acceptance and trust of the

Cryptocurrencies are a technology that rediscovered thgblic, their expansion, quality of the used Blockchain and,
Blockchain, significantly starting and accelerating thef course, the rate of inflation.
issue of crypto technologies. Nowadays, cryptocurrencies Based on the mentioned criteria, it will be possible to
are mentioned more and more often, and they are not ofilyplement selected cryptocurrencies into the logistics
a means of interest for technology fans who see the futyrertfolio. =~ However,  the  implementation  of
of a functional and independent financial sector. cryptocurrencies cannot be realised massively in terms of

Logistics, from the point of view of its further acceptance of a broad spectrum of cryptocurrencies; on the
development, cannot overlook the issue ofontrary, the selection must be narrowly limited from the
cryptocurrencies and must be prepared for their acceptafgginning to one or two cryptocurrencies, which would be
as part of financial flows and payments. A specifisupplemented by one stablecoin. This way, it will be
deficiency causing  problems  with  acceptingoossible to use cryptocurrencies effectively, and logistics
cryptocurrencies, not only in logistics, can currently bprocesses will not be threatened. Also critical is an
their high volatility and possible limitations in the speed@pproach to logistics for cryptocurrencies. It is possible to
and amount of realised payments. However, these fadak about an alternative that is a full-fledged supplement
cannot be a reason for their rejection. to existing currencies. At the same time, it is necessary to

In the future, modern logistics must actively prepare tdecide at what level cryptocurrencies will be used, whether
accept cryptocurrencies as full-fledged financial means fail types of payments from customers will be realised
realising payments. The main emphasis must be placedtbrough them, or whether their acceptance will only be
their selection. At the same time, their key criteria must i@alised in connection with specific logistic processes.
considered (Table 3). The selection of a cryptocurrency fotowever, it is necessary to approach all the mentioned
logistics needs must reflect parameters such as the speegusfstions on a highly individual basis.
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Table 3 Cryptocurrencies criteria selection for logistics needs

Bitcoin | Ether XRP Cardanp Solang Tether Shiba Ihu
Transaction speed 1 2 4 3 5 3-5* 3
Acceptance by public 5 4 2 3 3 4 1
Expansion 5 5 4 3 4 5 2
Blockchain 5 5 5 4 4 3-5* 2
Inflation 1 3 3 2 3 4 4
Decentralisation 5 5 2 3 5 1 5

(1 - low level of criterion, 2 — below-average level of criterion, 3 — middle level of criterion, 4 — above-average level of
criterion, 5 — high level of criterion)
* According to the type of Blockchain

Another factor that significantly supports theare gradually making cryptocurrencies more accessible as
implementation and use of cryptocurrencies in the field gfart of regular payments and financial transactions, which
logistics is the gradual acceptance of cryptocurrencies bignificantly simplifies the use of cryptocurrencies in the
large payment and financial companies. These companfedd of logistics.

bitcoin
>

TASH 7

20
Bitcoiny 4 8

56
PayPal 60

ripple 193

VISA 1,500 'y

Company

24 O 0 0 Transactions
, per second

Figure 6 Cryptocurrencies transaction speeds compared to Visa and PayPal (2018) [18]

Therefore, for the successful implementation ofiecessary. Atthe same time, they must be accepted by the
cryptocurrencies into logistics processes, the conditions sxfibjects of the logistics chain, they must win their trust in
transaction speed and financial operations must also teems of reliability, and at the same time, it will be
met. Implementing cryptocurrencies without ensuring aecessary to implement them in the environment of
sufficient transaction speed would not be efficient anldbgistics systems. The implementation assumes they can
could be slightly problematic in terms of logisticsrealise financial operations without problems in full or
However, this condition is no longer such a problerfimited mode. However, the development in
nowadays because there are crypto technological solutiamgptocurrencies is huge, so the solution to these questions
that can fully ensure and reliably implement the mentionezhn be implemented soon. Cryptocurrencies, as a dynamic
requirement (Figure 7). field, bring new challenges and opportunities for the field

These and similar technological solutions mustf logistics, to which it must respond. Otherwise, there
negotiate various barriers, for example, in legislation. Theyould be a risk that logistics does not use the opportunity
must find and build their position within the financialand possibilities that implementing cryptocurrencies in
market, while compliance with applicable legislation idogistics processes can bring.
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Ripple
Wallet

Identity J

Service

Overview

Ripple Network

Figure 7 Example of using the XRP cryptocurrency for the realisation of financial operations [19]

24 Web30 possibility of targeted and relevant advertising, and
WEB 3.0 is a label associated with the future of theustomer support improvement.

Internet. This is practically its next stage of development, In logistics, WEB 3.0 represents development in

which will be based primarily on the use of cryptocommunication, information technology support, changes
technologies and the semantic web. It is the integration if classic business models, and the possibility of the
several information technologies into one unit, the purpos@ordination of logistics processes and their management.
of which is the verification of digital content, Its implementation in logistics processes will also use
decentralisation, and machine processing of a wide ranggificial intelligence tools.

of information to increase the total efficiency of the Currently, the supply chain is one of the first fields of

Internet. WEB 3.0 will bring more efficient browsing, thelogistics where WEB 3.0 could be successfully

implemented (Figure 8).

STEP 01

Enhanced Transparency
Traceability and and Trust
Operational Building

Efficiency

STEP 05

Boosting
Compliance With
Real-time
Updates

STEP 04

Streamlining
Product
Recalls

STEP 03

Innovative
Tradability in
Asset
Management

Figure 8 Benefits of Web3.0 in logistics and supply chain [20]
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Although at first glance, it may seem that the benefitame time, creates new possibilities that will be of great
of WEB 3.0 are repeated with most of the benefits dfenefit not only to the field of logistics. Specifically, it will
individual crypto technologies, this is not the case (Figugnificantly increase logistics chain transparency and
9). WEB 3.0 must be understood from the point of view afupport their members' trust. WEB 3.0 will enable effective
logistics as an integrating unit that combines the mentionethnagement of products and services. It will contribute
crypto technologies with other information technologiesubstantially to updating information on the progress of
into one integrated unit. This increases their use and, at thgistics processes in real-time.

Apps and More
for Staying
Connected

Web3 Smart I
Moves That Work '\

The Allure of
Shared Records

Permissioned
Access

Peek-A-Boo for
Customers

Figure 9 Impact of WEB 3.0 on logistics [20]

Web 3.0 has the potential for use in several areas adcessible only to the circle of persons. Other benefits
logistics (Table 4). It can be presented in the form ofclude simplified control of the Peek-A-Boo service for
intelligent moves, which, based on the definition of variousustomers. In this way, the implementation of some
conditions, can activate multiple processes and actiomgerations becomes simple and convenient. At the same
significantly accelerating and automating the entirime, customers will have access to shared documents and
process. On the other hand, WEB 3.0 will provida permanent communication connection, contributing to
permission access within logistics, achieving control ovéhe speed-up and efficiency of logistics processes.
access to information. This means the information will be

Table 4 Possibilities of WEB 3.0 usein logistics

Permissioned Peek-A-Boo Shared Staying
Smart Moves

Acces: for Customet record: Connecte
Customer servic na yes yes yes yes
Orderfulfilment yes yes yes yes yes
Service and service pe yes yes yes yes yes
Supply and purchas yes yes yes yes yes
Good transportatic yes nag nag yes nag
Reverse logistic yes nag nag yes nag
Storag na yes na yes na

The development of WEB 3.0 is still in the initial phaseBlockchain  2.0. With its deployment, Blockchain
However, it is possible to say that its potential in the fieltechnology began to be viewed as a broad-spectrum tool
of logistics is huge. However, it should be remembered thatth much wider possibilities of use than just an "account
the development of the WEB 3.0 area will stimulate thbook" for the needs of various cryptocurrencies.
growth of other regions, such as information technology @ecentralised applications represent one of the youngest

business information systems. crypto technologies.
Although the name decentralised applications evokes their
2.5 Decentralized applications similarity to applications used in a wide range of smart

Decentralized applications (dApps), a cryptaglevices, this is not the case. The principle of decentralised
technology, began to be used only in connection witkpplications is based on smart contracts. They are digital
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applications (programs) that run on Blockchains, naif predefined rules (conditions), which, if met, will carry
centralised servers. All information that dApps contain isut the operation or operations the contract is supposed to
cryptographically protected. Smart contracts are made ugalise (Figure 10).

™
&

‘f.‘:‘.s‘ Browser
T . S .
Web server
Front-end

HTML, CSS, JavaScript

Smart Smart Smart Smart
contracts contracts contracts contracts
Ethereum Virtual Machine

m—m—w—mﬁam

Ethereum blockchain

Figure 10 Architecture Of Decentralized Applications (dApps) [21]

Decentralised applications or the idea of their operatiand it would not be desirable in specific logistics processes
represents a chance for logistics to automate vario(reon-guarantee of discretion). On the contrary, some
processes, primarily management and decision-makingpiiocesses have no problem with this. That is why it is
is possible to use private centralised or decentralised typexessary to analyse the deployment of dApps within
of Blockchain. However, the purpose for which dApps willogistics processes and then decide what type of
be used depends on the purpose. It is necessary to redfikkchain will be used. Table 5 presents an example of a
that the public decentralised Blockchain in connection witbomparison of the kind of Blockchain for the application
dApps may have certain disadvantages. For example, thfedApps within selected areas of logistics.
stored information will be available practically to anyone,

Table 4 Comparison of Blockchain types for the application of dAppsin the selected fields of logistics

A centralised type of Blockcha Decentralised type of Blockcha
5'.'9*‘ Limited Suitability | =OW Unlimited 1 o oty
iscreteness S discreteness| availability
availability

Supply chail advantag advantag yes disadvantac | advantag nag
Customer servic | advantag neutra yes neutra advantag yes/no
Advertising disadvantac | disadvantac | na advantag advantag yes
Public relatiol neutra disadvantac | no neutra advantag yes
Transpor advantag advantag yes disadvantac | advantag na
Automatisatiol neutra yes/no’ yes neutra advantag yes

* need to be considered according to the specific situation
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One big area where decentralised applications hatechnology requires further long-term research, which will
potential for logistics is their product life cycleaim to identify potential risks and opportunities (Figure
management implementation. However, the use of thid).

Farm Inspactor
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L 4
Coftee Family |-= Actions
Al L ]
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1 J _Address
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| Address | 20
S_.hnpNnme Transport info o/
- “Warehouse
Ship No. Name
M omate ~ Warehouse
| DateTime | —Address
Exporter ID Importer ID
Figure 11 Ethereum-Based Supply Chain Dapp [22]
3 Conclusion activities. Crypto technologies can bring a certain level of

Nowadays, crypto technologies are no longeflecentralisation to logistics in connection with trust among
exc]usive]y associated with Cryptocurrencies_ On th@e jndividual links of the Iogistics_chain. At th_e same time,
contrary, more and more areas are beginning to realise tHeiris necessary to emphasise that implementing
potential and possibilities. One reason for such a changecfiyptocurrencies in logistics and process management is a

perception is that their application primarily brings greatethallenge for logistics experts, especially for the current
transparency and security. understanding of the usual standards for solving logistical

Logistics is one of the dynamic fields that ardssues. It can be said that based on the current knowledge

characterised by an open approach to implementing néfycryptocurrency ideas and ways of their implementation
technologies to increase their activities. In connection wilR logistics, application areas of logistics and logistics
the growing trend of automation and extensive digitdifocesses, it is possible to move towards increasing the
transformation aimed at managing and operating logisti€fficiency and, finally, the quality of processes as essential
processes, Crypto technok‘)gies are becoming h|gf‘ﬂ)pst items within |OgiStiCS solutions. In COﬂClUSiOﬂ, it is

attractive for widespread acceptance within the mentiongégcessary to highlight the effort to digitise logistics
processes, which is currently preferred in almost all
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application areas of logistics. But as it was mentioned in Business & Management, Vol. 10, No. 2, pp. 1-24,
the presented paper, the possibility of implementing and 2023. https://doi.org/10.1080/23311975.2023.2216436
designing a way of realisation of a possible connection (] AHMAD, R.W., HASAN, H., JAYARAMAN, R.
logistics and crypto technologies is an excellent potential SALAH, K., OMAR, M.: Blockchain applications and
in the field of digitisation of logistics processes with an architectures for port operations and logistics
emphasis on managerial efficiency solutions of logistics managementResearch in Transportation Business &
processes with a focus on process performance andManagement, Vol. 41, No. December, 100620, 2021.
logistics cost-effectiveness. https://doi.org/10.1016/j.rtbom.2021.100620
Crypto technologies present the future of digita]7] WANG, B., WANG, Y.L.: AHI: Smart Logistics for
technology and logistics. One of the reasons that helps their Autonomous Transport Using IoT and Blockchain
promotion is the high level of efficiency and safety in their Technology, International Journal of Cooperative
use. Crypto-technologies' development has been carried Information Systems, Vol. 32, No. 3, 2023.
out exclusively on a general level, which was then https://doi.org/10.1142/S0218843021500064
gradually adapted to individual areas, including logistic§8] PANGHAL, A.,, MANORAM, S., MOR, R.S., VERN,
However, this trend will change progressively. P.: Adoption challenges of blockchain technology for
In the future, crypto technologies development will be reverse logistics in the food processing indusupply
more targeted and narrowly focused on specific areas Chain Forum, Vol. 24, No. 1, pp. 7-16, 2023.
where they will be deployed. Their principle will continue  https://doi.org/10.1080/16258312.2022.2090852
to be based on blockchain. However, development in tf@] NI, L.F., IRANNEZHAD, E.: Performance analysis of
field of blockchain will progress to meet the relevant Logistic Chain: A blockchain platform for maritime
requirements for the creation of blocks in terms of speed, logistics, Computures in Industry, Vol. 154, No.
capacity and access to the required information. Based on January, pp. 1-18, 2024.
the above-mentioned expected development, it is possible https://doi.org/10.1016/j.compind.2023.104038
to expect new crypto-technologies in the future, which, e.fil0] CHU, X., WANG, R., REN, L., LI, Y.T., ZHANG, S.:

in conjunction with WEB 3.0 and artificial intelligence, Enabling joint distribution with blockchain
will significantly change and push the boundaries of technology in last-mile logisticsSComputures and
logistics process possibilities. Industrial Engineering, Vol. 187, No. January, 2024.
https://doi.org/10.1016/j.cie.2023.109832
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Abstract: The impact of logistics service quality and perceived organizational image on firm performance, are explored
using the structural equation modeling analysis for Thailand's cold chain logistics provider. The objectives of this study
were to direct, indirect, and total impact of logistics service quality through perceived organizational image on the
performance of cold chain logistics providers, assessed by customers receiving services from cold chain logistics service
companies. This quantitative research method uses a questionnaire to collect data from 541 respondents. Moreover, the
results obtained from logistics service quality have a significant enhancing effect on the perceived organizational image,
and both have significant positive effects on performance. Additionally, the role of the perceived organizational image as
a mediating variable between logistics service quality and performance is emphasized. Logistics service quality has the
most direct significant effect on perceived organizational image. Additionally, corporate image perception significantly
mediates the relationship between service quality and logistics efficiency. These findings have contributions, relevant
support, and benefits in academic, managerial, and important implications for cold chain providers in Thailand. It
empirically demonstrates that the impact of logistics service quality can be supported through the perceived organizational
image. This image is built on past experiences, emotions, and perceptions about the organization's reputation and the
quality of its logistics services, including management logistic flow.

1 Introduction paramount in delivering value to customers [1,6]. This

The logistics and supply chain services industry a@ntails factors like on-time delivery, accuracy, reliability,
experiencing remarkable growth’ driven by an emphasis ﬂﬁXIb”Ity, and cost-effectiveness. Ensuring sustainable
both the depth and breadth of high-quality offerings [1,2fuality within business logistics presents both challenges
The multifaceted impact of the logistics industry boom oAnd opportunities. The complex nature of supply chains
national logistics costs, economic added value, and overdlth numerous variables and dynamic requirements makes
efficiency. The crucial role of business logisticgt @ demanding task [2,7,8]. However, mastering these
management in various aspects of the industry is al§pallenges unlocks significant potential for growth and
emphasized, making it clear that success goes beydficiency, impacting the company's overall smooth
distribution and transportation to encompass strategiperations. Furthermore, strong supply chain management
planning and efficient processes [3,4]. (SC.M) capabilities have a direct positive impact on

This holistic approach goes beyond mere produdusiness performance [4,9]. Streamlined logistics flows
movement, extending to managing the flow of data argRnd optimized inventory management contribute to
resources from manufacturers to consumers. As Cooperingreased profitability and enhanced customer satisfaction.
al. [3] highlight, effective logistics management support8y ~ continually ~ emphasizing quality, embracing
companies in adapting to changing customer needs dgghnology, and adapting to evolving customer needs, the
gaining a competitive edge [5]. Quality service remain®gistics and supply chain services industry can continue
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its vibrant growth and serve as a vital engine for econoncomprehensive, high-quality  temperature-controlled
prosperity [4]. Cold chain business involves thilogistics services. The assessment encompasses
transportation of temperature-sensitive goods throughcwarehousing, cold storage, and freezer transportation, all
the supply chain [4]. This is to protect and maintain tt powered by XYZ's modern and efficient technologies. To
integrity of transportation [10-12], for example in the are:cater to diverse customer needs, XYZ boasts a diverse fleet
of quality preservation, food safety, public healttof temperature-controlled vehicles. This includes (1)
economic benefits, which is a set of activities aimed Flexible urban transport: 1-ton trucks with high and low
managing and the safe transport of such goods frcroofs, ideal for maneuvering within cityscapes. (2) Large
upstream to downstream of the supply chain derived frctrucks: Optimized for efficiently transporting bulk
logistics service quality (LSQ) [13]. If a company caiquantities of temperature-sensitive goods. XYZ further
provide excellent products and services, it shows that it t distinguishes itself by its extensive logistics network,
a good image and reputation that is well accepted enabling them to design and execute efficient delivery
customers. It is considered to be a source of advantageplans throughout Thailand, tailored to specific customer
The competitiveness of the company's business canrequirements. Background: XYZ was established in 2018
determined by evaluating delivery efficiency. Servicthrough a joint venture between two industry leaders: XYZ
quality customer satisfaction and behavioral intentionwith MK Restaurant Group Public Company Limited:
This is important in monitoring and improving the qualityRenowned for its excellence and established network in the
level of the company's logistics services to be in line wii'Thai food industry. This strategic partnership leverages the
the expectations, satisfaction level and behavior strengths of both entities to provide XYZ with a robust
customers who continue to use the service. Thefoundation for success in the temperature-controlled
phenomena encompass a broad spectrum of interrelelogistics sector.
activities, ranging from the processing of raw materialsai  XYZ, a prominent leader in Japan's transportation and
semi-finished products to the intricate choreography logistics industry, extends its reach globally with over 500
logistics services. Logistics processes, as extensividistribution centers in strategically chosen locations
explored in works by Kuo and Chen [11], Mentzer, et gincluding the US, South Korea, China, Central Asia, and
[13], Riliandini, et al. [14], hold critical sway not only on ASEAN. Through a balanced 50/50 investment model,
operational efficiency but also on an organization's imaithey offer comprehensive logistics solutions encompassing
and subsequent performance. Notably, research warehousing, transportation, import-export services
Riliandini, et al. [14], Wallin Andreassen and Lindesta (forwarding), and product trading. This caters to both B2B
[15], Walsh and Beatty [16], and Wepener and Boshcand B2C segments, anticipating future customer needs. In
[17] highlights the mediating role of organizational image Thailand alone, XYZ's impressive delivery network covers
bridging the gap between logistics service quality (LS(682 MK Group branches, highlighting its substantial
and firm performance. potential, market compatibility, and customer appeal as a
The Cold Chain Logistics industry in Thailand ispreferred logistics provider. Consequently, we hypothesize
experiencing sustained expansion, fueled by the boomithat a strong Logistics Service Quality (LSQ) offered by
food and beverage sector, particularly the fresh, chilleproviders plays a significant role in shaping customer
and frozen fruit industry, a crucial export and domestperceptions of their organizational image and ultimately
product group. Essentially, Cold Chain Logistics manag influencing firm performance.
temperature-controlled storage and transportation
throughout the supply chain to maintain product quality, Objective to study
ensure consumer safety, and minimize losses, utilizing To analyze the direct, indirect, and total impact of
both freezing and chilling methods [18]. Whilelogistics service quality through perceived organizational
traditionally B2B-centric, the Cold Chain Logisticsimage on the performance of cold chain logistics provider.
landscape witnessed a remarkable shift towards B20sing an evaluation perspective from customers who use
during the COVID-19 pandemic. The e-commerce sectaervices with cold chain logistics company in Thailand.
catering to consumers' growing appetite for online fresh,
chilled, and frozen food purchases, thrived. Additionally? | iteraturereview

restaurants adapted by expanding online channels ap Previous studies on logigtics service quality
home delivery services. Kasikorn Research Center predicts and theoretical basis

a significant value of 2.9-3.0 billion baht for B2C - . . . .
T : The logistics service perspective provides a unique

temperature-controlled shipping in 2022, representing a h buildi ic foundation b

15-20% year-on-year growth. Further expansion of 4(Z_pproac to building a customer-centric foundation by

45% is anticipated, driven by both the high base effect a %flor_lr)g trad|.t|o_na| service qu_ahlty mode]s to incorporate
.—specific logistics characteristics. This aligns with
the temporary surge post-lockdowns. However, sustainég, ; . : S .

: : éstablished frameworks for assessing logistics service
consumer demand remains a key driver [19].

This case study evaluates the effectiveness of XY%a“ty. and SErves as a _sprmgboard for integrated
(Group) Holdings Company Limited in providing Mmarketing and logistics activities [13,20]. The research
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highlights the complexity of pinpointing key drivers ofin B2C logistics. Moreover, Service quality characteristics
service quality, customer retention, and consisteidentified in models like SERVQUAL hold potential for
delivery, emphasizing their significant value for servicenhancing customer satisfaction, particularly in B2C
organizations. Service quality demonstrably foste logistics [5,37].
customer retention, impacting perceptions and respor
behaviors, Zeithaml [21], Zeithaml, et al. [22], ZeithamR.2  The relationship between logistics service
[23], as supported by multi-organizational studies. quality and perceived organizational image
From the existing literature on Logistics Service The integration of service quality concepts, as defined
Quality (LSQ) measurement, key aspects emerge. Firgly zeithaml, et al. [22], Zeithaml [23], Parasuraman, et al.
LSQ s not simply a singular activity; it encompasses facesg], along with logistics quality dimensions, including
of facility management, transportation, and responsivenaggch quality, order fulfillment accuracy, information
to third-party needs. Second, delivering good logistic§jarity, and efficient ordering processes [13], has
involves a combination of desirable service featuregjgnificantly enriched the study of logistics service quality
diverse offerings, short order cycles, dependable and cogévelopment and performance evaluation in service-
effective deliveries, lean inventory levels with rapidoriented businesses. This enrichment is particularly
turnover, and accurate, immediate information readilbé|evantin cold Supp|ychainsl emphasizingthe importance
available [24, 25]. These align well with the classigf meticulous care, maintenance, and protection of
dimensions of timeliness, availability, and conditionemperature-sensitive goods throughout the entire supply
outlined by Mentzer et al.[13] for physical logisticschain [11,12].
operations. Preserving shipment integrity for customer receipt is
While LSQ and customer satisfaction are closelcrycial, as it directly influences their decision-making and
linked, they are distinct concepts. High-quality logistic purchasing behavior. Moreover, maintaining consistent
service boosts customer satisfaction, but external factdelivery of professional service, social and environmental
can also influence consumer satisfaction beyond logist responsibility, and ethical business practices over time

providers’ control [5,26,27]. Research primarily focuses (establishes a lasting positive impression and favorable
internal factors within LSP to enhance service delivery aiattitude in customers' minds. Aligning a company's

customer satisfaction [13,28]. Theoretical framework services with customer expectations in terms of

such as Gupta et al. [29] emphasis on operational qual characteristics, values, and operational efficiency results in
support this focus, showing that optimizing operationia clear and positive organizational image. This positive
elements leads to more satisfied customers [5,24,2jmage is associated with various benefits, including
Recognizing LSQ as a multifaceted concept encompassincreased customer satisfaction and behavior intention
internal and external factors, we can better understand[39-42], enhanced brand reputation, and market share
relationship with customer satisfaction and develop mo[43-45], as well as stronger customer loyalty and repeat
effective strategies for delivering excellent logistic pysiness intentions, and superior service and logistics
service. experiences ultimately lead to more positive customer
Leong et al. [30] define service quality as the gaperception, fostering trust and reliability as well as positive
between expected and perceived service performance, Vyord-of-mouth recommendations for quality logistics
the SERVQUAL and SERVPERF models identifying ke'services (e.g., Fu, et al. [46], Alam and Noor [47]).
dimensions for measuring this gap. Beyond these mod¢  The following hypothesis is proposed:
LSQ extends to creating value through timely, accural  Hypothesis 1 (H1): There is a positive impact of
and condition-specific delivery [31]. The "Seven Rs|ogistics service quality on perceived organizationalimage.
framework captures this notion, emphasizing cruci

aspepts of se_:rvice quality [13,32]. LSQ goes b.eyond_ the3  The relationship between logistics service

physical delivery of goods, encompassing intangibl uality and performance

elements like c_Lgstqmer care, marketmg,. :;nd.conng rHigh-quality logistics services exhibit responsiveness
services, contributing fo customer satisfaction [31ky customer needs, demonstrated through readily available
Bienstock et al. [32] further refine this concept byemployees and transparent solutions [4,26,34,48].

diffgr_entiating physiqal distribqtic_m service quali'_[y’Promptness, encompassing lead time minimization and
logistics process quality, and logistics outcomes quality, s ctive communication, ensures swift and accurate

The resga}rch draws inspiration from Mentzer et al. [13 livery [4,26,35,48,49]. Availability involves clear and
emphasm_mg relatlo.nal. competence and the r_ole. Qecurate delivery notes, accessible inventory, and efficient
organizational learing in improving LSQ and achievingiqjivery services [4,26,34,36]. Condition refers to
consistent performance [33]. Understanding how LS omprehensive support services, including proper

influences performance within the B2C context and acroﬁ?ickaging and product protection measures [4,36,48]

industries is crucial [26,34-36]. Service qualityr|ayipili ; : PR
T o ! exibility entails adapting to variations in customer needs,
characteristics identified in models like SERVQUAL hol hile )z;ssurance pinv%lves transparent  reporting

potential for enhancing customer satisfaction, particularly
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certifications, and professional conduct [4,10,50)2.4 The relationship between perceived
Assurance signifies reliability in service delivery, featuringr ganizational image and performance
transparent reporting of quality discrepancies, product and The corporate image formed through service provision
service certifications, and courteous and professiongignificantly influences the purchasing decisions of current
employee conduct, adhering to ethical guidelines anghd potential customers, playing a crucial role in
regulations [25,27]. Price competitiveness ensures servigfaintaining customer loyalty and engagement [44]. A
costs align with customer budgets [22,51,52]. Ultimately,ositive organizational image is associated with higher
high-quality logistics services aim to create a positiveystomer satisfaction [1,34,47,59]. and stronger behavioral
emotional experience for customers, fostering lastingtentions [34,59]. This positive image acts as a
loyalty and sustainable success [53,54]. competitive advantage, making it challenging for
Empirical evidence consistently demonstrates th€ompetitors to replicate [47,60].
positive impact of high-quality logistics services on a Qrganizational image is a multifaceted concept shaped
company's performance [55]. This impact manifests ify tangible and intangible factors like product variety,
several key areas: (1) Delivery efficiency refers t@ervice experience, company information, reputation,
streamlined logistics processes ensure quicker turnarowinmunication quality, and customer interactions [44,61].
times and reduced delivery costs (e.g., Fernandes, et®his overall impression ultimately influences customers'
[49], Fugate, et al. [55], Wang [56]), (2) Timely deliveryperceptions of firm performance [13,62]. A strong
of orders refer to consistent on-time deliveries enhanggganizational image increases brand preference and
customer satisfaction and build trust (e.g., Liu and Lyonsystomer loyalty, reducing marketing risks [63]. It
[50], Forslund [57]), (3) Product and packaging safety refgjositively impacts customer satisfaction and loyalty
to Reliable logistics protocols protect products frongyaluations, [15,44], and contributes to positive customer
damage, ensuring their safe arrival in customers’ hanglgtisfaction and service continuation intentions [46,54,64].
(e.g.,Huma, et al. [51], Li[52]), (4) Product and packaging Consistently positive customer experiences serve as a
suitability refer to Appropriate packaging and handlingey driver of a positive image, creating a sense of
methods prevent product deterioration and maintaépecialness and positive feelings [46,64,65]. Customers
quality (e.g., Tran [34], Huma, et al. [51]), and (S)with a positive organizational image are more likely to
Availability of products refer to Efficient logistics systemsconsider its products and services as reliable and of
keep inventory levels optimized, minimizing stockouts angkasonable quality [46,65].
maximizing sales opportunities (e.g., Fernandes, et al. [49], The formation of this image involves both direct
Fugate, et al. [55]). experiences and indirect exposure, such as word-of-mouth
Enhanced customer satisfaction, a direct consequenge44,59]. It is closely linked to the organization's
of these benefits, further bolsters a companygputation, including employee support for marketing and
performance: (1) Positive customer experience refers darvice activities [65,66] and commitment to social
timely and accurate deliveries, coupled with safe angésponsibility, ethics, and the environment [24,35,67]. A
suitable packaging, reinforce customer satisfaction argrong, positive image benefits the organization beyond
loyalty (e.g., Tran [34], Fernandes, et al. [49], Huma, et alystomer loyalty, enhancing market position, building
[51]), (2) Brand advocacy refers to satisfied customegtakeholder confidence, and translating into financial
become brand advocates, promoting the company anddisccess [65,67]. It also fosters a favorable public opinion
products through positive word-of-mouth and willingnesghrough positive customer attitudes and recommendations.
to try new offerings (e.g., Tran [34], Huma, et al. [51]), (3rhe above literature supports a positive link between
Increased customer retention refers to strong logistiggrceived organizational image and key performance
capabilities fostering customer loyalty, leading to repegidicators, including efficiency in delivery, customer

business and sustained revenue growth, and (4) Improvggistaction customer retention, and intention to continue
brand reputation refers to the consistent delivery @fsing the logistics service.

excellent customer service strengthens a company's brandrhe following hypothesis is proposed:

image and credibility [58]. o _ Hypothesis 3 (H3): There is a positive impact of
Thus, by prioritizing quality logistics, companies carperceived organizational image on performance.

reap significant rewards in terms of operational efficiency,

enhanced customer satisfaction, and ultimately, a mope5  The mediating effect of perceived

competitive and thriving business. organizational image |l ogistics service quality and
The following hypothesis is proposed: performance
Hypothesis 2 (H2): There is a positive impact of = o anizational image is not just a snapshot, but a

logistics service quality on performance. dynamic picture built from past experiences, emotions, and
perceptions of an organization's name, reputation, and
service quality [44]. Attributes like name, reputation, and
service quality collaborate seamlessly, shaping customers
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overall impressions through a constellation of feelingspfluences company performance directly (logistics
thoughts, attitudes, and experiences. This constellati@fficiency, customer satisfaction) and indirectly through
etched in the minds and hearts of consumers, forms e enhanced organizational image [4Wjvesting in
very essence of a brand, evoking a specific sense safperior enterprise service quality will raise the level of
meaning and feeling, this perspective is in harmony witbupplier service quality, helping to drive greater
Keller's concept, underscoring the significance abrganizational satisfaction and loyalty with service quality
holistically managing brand image by considering alhnd the corporate image it serves. Important bridges are
facets of the organization [63,68,69]. like a domino effecfl]. Logistics service quality has a
The previous study, Abd El Salam, et al. [70] researgbowerful impact on firm performance, as evidenced by
emphasizes the powerful link between exceptional supplistudies from Alam and Noor [47], Ozkan, et al. [72],
service quality, customer satisfaction, and loyalty towardsossain, et al. [74]. This impact occurs through both direct
both the organization and its distributors, especially thosend indirect influences.
with strong reputations. Satisfied and loyal customers The following hypothesis is proposed:
become vocal brand advocates, sharing positive Hypothesis (H4): There is a positive mediation of
experiences and post-purchase feelings and experienpesceived organizational image on the relationship
are crucial [71]. As, Ozkan, et al. [72], Choi [73], Hossairhetween logistics service quality and performance.
et al. [74] show how customer satisfaction, influenced by
service quality and organizational image, impacts overall These reviews encapsulate valuable recommendations
satisfaction, influencing future behavior, and repurchader both research and practical applications. The articles
intent. featured in this special issue not only complement the
In addition, Chien and Chi [1] supports the idea thaixisting reviews but also offer additional insights derived
organizational service quality enhances supplier servié®m the realms of marketing, logistics service quality,
quality, fostering organizational satisfaction, and loyaltyperformance evaluations, and related fields. We present the
Service quality and organizational image mediate betweenganizing framework in Figure 1.
service quality and satisfaction. Logistics service quality

Perceived Organizational Image
H1 H3
Logistics Service Quality
- Timeliness
- Availability H2 Performance
- - Logistics Efficiency

- Condition = . :

Flexibilitv - Customer Satisfaction
- Flexibility H4 - Continuance Intention
- Assurance

___________________ +
- Price
Figure 1 Conceptual frame work
3 Methodology 3.1 Research instruments

As an empirical research, we focus on using Logistics service quality measures were adapted from
questionnaires as a data collection tool, focusing dvientzer et al. (1999) and Mentzer et al. (2001). The last
customers who The group of customers within the MKne is composed of 12 items. The data collection
company's network utilizes the cold chain supply logistiogstrument consists of questionnaires, consisting of
services provided by XYZ Company. Statistical analysiguantitative attitude and demographic data questionnaires,
uses structural equation modeling techniques to answehich measure 3 latent and manifest variables Logistics

research objectives and research hypotheses. Service Quality (LSQ), Perceived Organizational Image
(PQI), and Performance (PER). We use the Likert scale, in

which a 6-point scale was scored as 1 = strongly disagree,
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2 = disagree, 3 = somewhat disagree, 4 = somewhat agree,
5 = agree, and 6 = strongly agree. In addition, the test

results for the validity of each variable had an alpha Table 1 Statistics Goodness of fit
Cronbach coefficient of .938-.979 (n = 541), appropriate _Relevant Statistic Criterie | Test Valu
for cognitive tests such as intelligence tests. Relative Chisquare y2ldf < 1.327
2.0C
3.2 Sampling method and data collection p-value p>.05 .053
We chose to use a simple random sample to estimaigoodness of Fit Indk GFI >.9¢ 081
the population proportion. Data collection was carried outadjusted Goodness of Fjt AGFI>.95 0963
using a questionnaire. The questionnaire data analyzeghdex
were used to determine the size of the sautgie collected ~ Comparative Fit Inde CFl >.9¢ 9cg
from the population consisted food cold chain compani€Syormed Fit Inde NFI>.9¢t .99¢
MK Restaurant Group Public Company Limited443 T\ ckerLewis Indes TLI >.95 997
branches, Yayoi Restauran182 branches, Laem Charoenm g0t Mean Square Error 6f RMSEA 025
Seafood = 32 branches, GRAM & PABLO = 15 bra”CheS’Approximatior <.0F
and Sushiro GH (Thailand) Ltd. = 10 branches, t6&# Default model. HOELTER| HOELTER 543
branches. ’ (.05)>20(

Set the sample size programmatically. G*Power 3.1.94

is equal to 497 samples, which is sufficient for analysis *3  Resultsof testing of the hypotheses
the Structural Equation Model. Questionnaires were sent tO Hypothesis testing shall provide the same as the

all branches and were returned and complgted for ructural Equation Modelling by considering the C.R.(t-
respondents, these pranche; are aIregd_y being service ime) andp-value used for the test of the hypothesis. The
XYZ Company, which provides logistics services forhypothesis analysis (Table 2) was executed using the IBM

constant-temperature food productshe nqmber_ of PSS AMOS software [76,77]. It indicates that values
complete questionnaires from respondents, including M igher than 1.96 for all hypotheses of statistical

Restaurant Group Public Company Limite356 branches significance. It can be concluded that the results support all

(65.80%), Yayoi Restauramt 145 branches (26.80%), ti d that th lts of th h .
Laem Charoen Seafood = 25 branches (4.62%), GRAM %i%lj;ng ;%%STZ%G 4aandeihree;sil;als n?odelel):/igirrelez own in

PABLO =8 branches (1.48%), and Sushiro GH (Thailand Hypothesis 1: Logistics service quality has a direct

Ltd. =7 branches (1.29%), tota#1 branches (100.00%) effect on perceived organizational image. The hypothesis
testing is concerned with standardized effect =.867, that
4 Data analysis supports a statistically significant hypothesip<®.001.
41 Descriptive statistics Hypothesis 2: Logistics service quality on performance.
Descriptive statistics on demographic profile. Among’he hypothesis is concerned with standardized effect
all the respondents (n = 541), only 69.69 percent are203, that supports a statistically significant hypothesis at
female, the average age is 34, 448 respondents (82.8194y79-001.

Gen Y, Completed a bachelor's degree 65.62%. Hypothesis 3: Perceived organizational image has a
direct effect on performance. The hypothesis testing is
4.2 Structural equation model analysis results concerned with standardized effect =.807, that supports a

The analysis of the Structural Equation Model (SEM§tatistically significant hypothesis p0.001. _
required a simple model with large samples should be held Hypothesis 4: The mediating effect of perceived
to strict fit standards [75]. We take precautions given tHganizationalimage on the relationship between logistics
large sample size used for structural equation modefrvice quality and performancBhe hypothesis testing is
analysis. The test of consistency between the goodnes$gRcerned with standardized effect =.700, that supports a
fit measures in the model was found to be in harmony wifi{atistically significant hypothesis p&0.001. _
the fit of the model, with result: Chi-squayé)(= 72.971, The results of the Structural Equation Modeling
df = 55, CMIN/DF §%/df) = 1.327 p-value = .053, GFI = analysis equations were formed (1), (2):

.981, AGFI = .963, CFIl = .998, NFI = .994, TLIl = .997, ] S
RMSEA = .025, and HOELTER (.05) = 543 (Table 1 and ~ Perceied Organizational Image =
Figure 2). .867(Logistics Service Quality), R?> = .976 (2)

It could be concluded that the form of the structural o ) ]
equation of the variables affecting performance wasPerformances =.203(Logistics Service Quality) +
consistent with the empirical data. Accordingly, the -807(Perceied Organizational Image),R* = .600
statistics of Goodness of fit as shown in Table 1. 2
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862 876 927 894 877
POIL POI2 POI3 POI4 POI4

773 TIM
762 AVA Perceived
Organizational
Image LOE 613
875 CON
Logistics Service 203% e
; Performance SAT
891 | FLE Quality 878
col 861
.848 ASS
821 PRI N=541, Chi-square = 72.971, df = 55, Chi-square/df = 1.327, p=.053
- GFI = .981, AGFI = .963, CFI = .998, NFI = .994, TLI = .997, RMSEA = .025

Figure 2 Final model

Table 2 Analysis on the relationship of the variables

Relationship of Variables Standardmed S.E. C.R. | p-value Squared Multiple Correlations
Regression Weigl
LSQ ---> POI 867 .035 | 25.583| p<.001 751
LSQ -—-> PEFR 202 .03Z | 6.44¢ | p<.001 97¢€
POI -—-> PEFR .807% .04f | 17.61¢ | p<.001 .861
LSQ -—-> TIM .87¢ -a - - 78
LSQ > AVA .873 .026| 35.663 p<.001 162
LSQ -—-> CON .93t .027 | 34.42¢ | p<.001 .87t
LSQ -—-> FLE .94¢ .02¢ | 35.10¢ | p<.001 .891
LSQ -—--> ASS .921 .02¢ | 33.08: | p<.001 .84¢
LSQ -—--> PRI .90¢ .02¢ | 31.62¢ | p<.001 .821
POI -—-> POI1 .92¢ -a - - .862
POI -—-> POIZ .93¢ .022 | 46.49: | p<.001 .87¢
POI -—-> POIz 962 .021 | 46.74¢ | p<.001 927
POI -—-> POI4 .94k .02% | 43.30¢ | p<.001 .89/
POI -—-> POIE .93¢ .02¢ | 41.737 | p<.001 871
PEF -—-> LOE 927 -a -2 -2 .61:
PEF -—-> CSAT 931 .03€ | 26.52( | p<.001 .87¢
PER --> col .928 .037| 26.182 p<.001 .861

Note: Logistics Service Quality = LSQ, Perceived Organizational Image = POI, Performance = PER, Timeliness = TIM,
Availability=AVA, Condition = CON, Flexibility = FLE, Assurance = ASS, Price = PRI, Logistics Efficiency = LOE, Satisfaction =
SAT, Continuance Intention = COI.

-& Fixed parameter does not display the Standard Error (S.E.), Critical Ratio (C.R.)

Table 3 Hypothesis test results

Hypothesi coef Result:
H1: Logistics Service Quality ---> Perceived Organizational Image 867*** Supported
H2: Logistics Service Qualit---> Performanc .807*** Supporte
H3: Perceived Organizational Image ---> Performance 203+ Supported
H4: Logistics Service Quality ---> Perceived Organizational Image ---> PerformanceF 700%** Supported

Note:* = p<.05; ** = p<.01; ** = p<.001

~ 657 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica

- International Scientific Journal about Logistics

Volume: Issue: 4 Pages: 651-663

ISSN 1339-5629

The impact of logistics service quality through the perceived organizational image on performance:

cold chain logistics provider in Thailand

Surasidh Boonchunone, Mariam Nami, Atchari Krommuang, Chumpol Karnpakdee, Opal Suwunnamek

Table 4 Standardized direct, indirect, and total effects of the factors test results

Effects Total direct Indirect
Variable: LSQ LSQ POI PEF LSQ POI PEF
POI .867 .867 - .807 - - -
PEF .90: .20: .807 - .70C - -

5 Discussion and implementation deliveries but also prioritize customer satisfaction and

This comprehensive research study provides valuadiand building. _ o
insights into the critical role of perceived organizational The findings highlight the importance for logistics
image in mediating the relationships between logistidoviders to focus on both service excellence and

service quality and key performance outcomes in the cofdlltivating a positive organizational reputation. Investing
chain logistics provider sector industry. in service quality and brand management can maximize
customer satisfaction, continuance intention, and overall

51 Management implications logistics efficiency performance.

This study analyzes the restaurant industry in Thailand Logistics Service Quality and Customer satisfaction
by surveying5 4 1 branches of reputable restaurant The results demonstrate that higher logistics service
companies. It examines the impact of logistics servic@ality, encompassing factors such as flexibility,
quality and perceived organizational image on thgonquljs, guarantees, price, timeliness, and_ service
Performance of transportation and logistics providergvailability, directly leads to greater customer satisfaction
Employing structural equation modeling, our analysi@nd continuance intention, efficient logistics operations
unveils a robust causal pathwapg(.001) where superior that reduce (_:osts_and lead times also_ p05|_t|vely impact
logistics service quality (LSQ) directly boosts bottfustomer satisfaction and continuance intention.
perceived organizational image (PIO) and firm The medlatmg role of perceived orgamzatlongl image
performance. This connection is demonstrably mediated by Crucially, the study found that perceived organizational
the resulting improved image acting as a key driver ¢f29€ playsas_|gn|f|cantmed|at]ng rolein the relaponshms
performance gains. As shown in Tables 3 and Table 4bgtween logistics service quality, customer satisfaction,
one-unit increase in LSQ leads to a significant 86.7gPNtinuance intention, and logistics efficiency. A positive
increase in PIO (.867) and a subsequent g0.7649anizational image enhances the perceived value of the
improvementin firm performance (.807). Interestingly, théoglstlg:s services, driving higher customer satisfaction and
mediating effect of PIO explains 70% of the total impact d€tention. o
LSQ on performance (.700), highlighting its crucial role in Actlona.ble insights: Managers can leverage these
this relationship. While LSQ exerts a direct effect ofindings to: L
performance (.203), the indirect effect through PIO is Quantify the ROI of logistics investments: Demonstrate
significantly stronger. The findings of this study may assiéf'e directand indirectfinancial benefits of improving LSQ.
the marketing business and organizations oftie chain Prioritize customer-centric initiatives: Design logistics
logistics providers: processes that deliver exceptional service experiences,

Prioritizing exceptional logistics: Our researchoStering positive brand perceptions. _ _
demonstrates the profound impact of superior logistics Align logistics with marketing and branding efforts:
service quality (LSQ) on both brand perception and tHeeverage.the positive spillover effect of superior logistics
bottom line. Investing in efficient, reliable, and customern brand image. o
centric logistics strategies is not just an operational MOI:]ItOI’ and measure key performance indicators
concern:; it's a strategic driver of competitive advantage(KP1): Track LSQ, PIO, and their impact on firm

Building image through excellence: The an(,j“ysigerformanceto identify areas for continuous improvement.
reveals that improved PIO acts as a powerful mediator BY embracing a strategic approach to logistics,
between LSQ and customer satisfaction, continuanB&sinesses can unlock its potential as a powerful tool for
intention, and logistics efficiency, which are cruciaP00sting both brand image and financial succeszlly,
determinants of firm performance. By exceeding custom&Pmpanies should support the development of reskills and
expectations through seamless deliveries and respongiiRSkills, and knowledge of employees in the quality of
service, businesses can cultivate a positive brand imdggistics services and the use of technology to support
that fosters trust, loyalty, and ultimately. socio-economic changes, and for business sustainability

Direct and indirect pathways to success: While LS(&S'SO]-
directly influences performance, its most significant o
impact comes through the indirect pathway of enhanc&?2 Research implications _

PIO. This underscores the importance of focusing on This research is a cross-sectional study. Therefore,

holistic logistics improvements that not only ensure timel{pngitudinal studies should be conducted so that changes
can be more accurate and their application in studies to
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look for other predictors, second precaution is concernédtknowledgement
with the small sample size used for multivariate statistid&/e extend our heartfelt gratitude to the stakeholders and
analysis, and finally the sample size should be collectedusers of cold chain logistics services for their invaluable
consistency with the parameters in the research model.cooperation in responding to the questionnaire.
Furthermore, the success of this study is indebted to the

6 Conclusons and limitations indispensable insights shared by our informants, who
6.1 Conclusions played a crucial role by providing pertinent information

This comprehensive research study provides valuagi@d offering exceptional support in completing the
insights into the critical role of perceived organizationgfiuéstionnaires. Your contributions have been instrumental
image in mediating the relationships between logistid8 the accomplishment of this research, and we sincerely
service quality and key performance outcomes in the coliPPreciate your collaborative efforts.
chain logistics provider sector industry.
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Abstract: The goal of the study is determining the key aspects of optimizing the strategic management of marketing and
logistics of modern companies as part of the realization of artificial intelligence technologies. It has been determined that
scaling a business and ensuring its profitability is possible by optimizing business processes and management strategies
using the implementation of artificial intelligence technologies. The key aspects of automation of marketing and logistics
management strategies of companies and their optimization based on the application of artificial intelligence technologies
are substantiated. The main trends in the development of artificial intelligence technologies in the global economy are
conceptualized. The evolution of artificial intelligence technologies in the world and its impact on the activities of
companies is structured with an argument for the main directions and tools. It has been proven that the application of
artificial intelligence into the marketing and logistics strategies of companies determines their transformational
development and maximum optimization. To determine the key aspects of optimizing the strategic management of
marketing and logistics of companies under the influence of artificial intelligence, multifactor correlation and regression
analysis tools were used. The correlation between key indicators of marketing (sales volumes) and logistics (logistics
efficiency index), their close relationship and an assessment of the impact of artificial intelligence technologies on the
transformation of management strategies of modern companies has been determined. Theoretical and scientific-practical
recommendations have been formed that are complete and reliable and can be applied in practice when optimizing the
marketing and logistics management strategy companies.

1 Introduction characterized by the use of artificial intelligence tools.

The evolution of the foundation and managing th@igital evolution increases the role of artificial intelligence
business of companies in the conditions of transparencytgthnologies in organizing the activities of companies and
global markets is due to the need to increase efficiency alfigir management, which makes them a conceptual factor
profitability through the introduction of innovative Of modification. Considering their implementation through
artificial intelligence technologies. The growing share dihe prism of strategic management of marketing and
innovative and information and telecommunicatiodogistics, it should be noted that both marketing and
technologies in all spheres of the world economy createdogistics have undergone strong transformations in their
dependence of business segments on the intensity &fficeptual components of management concepts. Which
speed of their evolution. Innovative technology stackare determined by the development of digital channels of
contribute to increased optimization and maximurfOMmmunication and interaction with consumers, promotion

automation of business processes of companies that @8Rél service, optimization of monitoring processes and

~ 665 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 11 2024 Issue: 4 Pages: 665-676 I1SSN 1339-5629

Optimization of strategic management of marketing and logistics of companies as part of the
implementation of artificial intelligence

Hassan Ali Al-Ababneh, Safa Suliman Al-Olimat, Salem A. S. Alrhaimi, Ayed Moh’d Al Muala, Olga Popova,
Valentyna Khrapkina

transport management, machine learning, growtrtificial intelligence as the main effective mechanism that
forecasting, transport routing and others, which confirmaill contribute to the modification of the global economy.
the relevance of this area and requires study that is mdention is focused on the intensity of the processes of
detailed. It is important to state that artificial intelligencepplying artificial intelligence technologies, but the
today is an integral tool that has widespread and everydegnceptual trends in the development of artificial
use in the life of every person and business segments. intelligence and its impact on the marketing and logistics
Artificial intelligence technologies are characterized bpf companies, which needs to be improved and studied in
the ability to recognize speech and mastery of machineore detail, have not been studied. Bharadiya, J. [2],
vision, which allows one to determine the basic parametgygesents the argumentation of the premises of a
of a person (age, gender, emotionality and the value otamparative study of business analytics and artificial
particular product or service). The capabilities of artificiaintelligence and their application in the analysis of large
intelligence technologies are expanding and improvingolumes of data. Business analytics a significant role in the
every day, which confirms the relevance of this issue amdanagement decision-making process and, for its
the need for a detailed study and identification of keseliability and accuracy, uses artificial intelligence
aspects of optimizing the strategic management tdchnologies, which ensures the rapid collection and
marketing and logistics of companies in contemporamgnalysis of large volumes of data. Large volumes of data
circs. For constructive formation of the main aspects afre typical for all areas of the company’s activities, these
strategic management of marketing and logistics @irerequisites can serve as the basis for decision-making,
companies within the framework of the use of artificiathe creation of a business intelligence system, but the
intelligence technologies, it is necessary to evaluate thesence and tendency in the evolution of the company is
modification of business processes of companies from thearketing, and logistics under the influence of artificial
point of view of justifying the evolutionary specifics ofintelligence technologies have not yet been revealed. It was
these technologies and their subsequent reflection rievealed that this approach requires improvement and
marketing and logistics tools. The interpretation of thé&urther study.
features of strategic management of marketing and A constructive approach to considering the use of
logistics and their modification based on thartificial intelligence in business is presented by
implementation of artificial intelligence technologies ig~euerriegel, S. [3], which focuses on the obstacles to the
relevant, in demand and requires detailed study to justifijnplementation of these technologies and substantiates the

their practical implementation and further evolution. need to delegate the management decision-making process
to artificial intelligence technologies. Maximum
1.1 Evolution of thetheory of artificial automation of routine processes of companies is provided
intelligence and modification of marketing by artificial intelligence technologies and ensures their
and logistics strategy management efficiency. The proposed aspects of delegation of the

The efficiency of the functioning of modern business i€€cision-making process are relevant in modern realities
a priority and necessary through the prism of strategit?d Will save time and resources of companies, but do not
goals and objectives, the implementation of which jeeveal its impacton the strategic management of marketing
possible only with the help of maximum optimization an@d logistics of ~companies, which requires the
automation in the ambush of artificial intelligence. The usgevelopment of this approach through further research.
of artificial intelligence technologies is because companié@rticular attention should be paid to the systematic
can achieve strategic business goals only through the prilfgrature review on the use of artificial intelligence tools in
of technological solutions that significantly simplify themarketing and logistics, which is presented in the scientific
management and decision-making process. Modefpticle by _Ch_lntalapatl, S. [4]. Dlgltallzatlon has been
management solutions are mainly aimed at optimizing tiftated, which is caused by the growing demand for the use
activities of companies and developing technologiczﬂf artificial intelligence technologies, which are a decisive
solutions based on the use of artificial intelligence, whicfiechanism for the prospects of business evolution. The
first, significantly simplify strategic management andhain scientific works in the field of application of artificial

determine the efficiency and profitability of companiesintelligence technologies in marketing and logistics are
The study of the evolution of artificial inte”igencesubstantlated, which can serve as a theoretical basis for

technologies and its impact on the functioning of studying this issue, but the transformation of these areas
business, including its marketing and logistics activities, inder the influence of artificial intelligence technologies is
in demand, which is confirmed by the variety of1Ot disclosed, which determines the relevance and need for

approaches and scientific hypotheses in this direction; tfi#ther study. . .
key ones should be argued. Features of using atrtificial intelligence technologies for

A review of the theoretical background for the use dp2B marketing and focusing on the problems and
artificial intelligence technologies based on the integratigdPPortunities of their implementation are disclosed in the
of industry information is presented by Zhamg, [1]. article by Dwivedi, Y. [5]. Aspects of stimulating
These approaches define the areas of application iBpovation and using supply chain networks based on
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artificial intelligence are substantiated, which significantlyn this, it should be noted that this approach is relevant and
improves the quality of service and builds relationshipsan be applied in practice when forming a company’s
with B2B clients. This approach reveals the main specifitrategic plan.
elements that allow you to improve your business through However, it does not reveal the specifics of
automation. It should be noted that the use of artificiahodification of marketing and logistics under the influence
intelligence technologies in the B2B business segmenta$ artificial intelligence technologies, which requires
disclosed, but the essence of the modification of marketifigrther study. The use of artificial intelligence in today's
and logistics under their influence is not disclosed, whictealities is relevant and in demand, which is confirmed by
requires research. many studies in this direction. Noting the theoretical

Focusing on tendency in the introduction of electroniaspects discussed, it should be noted that artificial
marketing in contemporary circs is revealed in thetelligence and the technologies arising from it are
scientific research ofThakur, J., and others [6]. maximally are scalable in the global economy, generating
Consolidated the main aspects of the implementation ofassive processes of modifications and changes that need
innovations and artificial intelligence technologies irto be identified and applied in strategic planning. Since the
marketing, which reveal the main aspects oéxistence of business segments is impossible without
implementation in marketing activities and can be used asarketing and logistics, it is therefore necessary to identify
practical recommendations. However, this approach dogends in marketing changes under the influence of
not reveal the main aspects related to the strategidificial intelligence.
management of marketing and logistics of modern
companies, which requires detailed study and research.1.2  The evolution of artificial intelligence

The study of the features of the use of artificial technologies and application features
intelligence in logistics systems and digital marketing The evolution of artificial intelligence plays a
strategies of companies is disclosed in the scientifgonceptual role in the global economy and is scaling into
approach of Ponomarenko, 1. [7]. This sight is aimed @ore and more new industries and areas of activity of
determining the impact on companies of the simultaneodgmpanies, while creating innovative advantages that are
use of logistics and digital marketing based on artificigyenerated by technology development trends in the field of
intelligence when promoting and selling products ifrtificial intelligence. Artificial intelligence is an
domestic and foreign markets. The proposed methodologyovative technology for creating programmed intelligent
used in this study includes statistical analysis of th@echanisms and applications for a deeper understanding of
dynamics of the logistics market and the artificiahuman intelligence, which is not limited to biologically
intelligence market, as well as specialized software f@jlausible methods. Based on this, it should be stated that
digital marketing. However, this approach does not covefie evolution of artificial intelligence and its key
the key aspects of strategic management of marketing agghnologies contributes to maximum automation and
logistics of companies under the influence of artificiabptimization of business processes in various sectors of the
intelligence, which requires improvement and furthei:obal economy to achieve maximum results of strategic
study. Noteworthy is the study of Al-Ababneh, H. angnanagement. The evolution of artificial intelligence began
others [8], which examines conceptual approaches to th& a result of decades of research and many scientific
digitalization of marketing and logistics of companiegievelopments. It is important to note that from the first
under the influence of innovation. This approach argues fattempts to simulate human thinking on mechanical
the conceptual role of technology in the marketing angevices to modern achievements in the field of deep neural
logistics strategy of modern companies, which is relevafktworks of artificial intelligence, a difficult path has been
and necessary when building a long-term developmepissed. Today, artificial intelligence technologies have
strategy. It is worth noting that this glance is aimed moli@arned to solve many complex problems, study and
at studying innovations and technologies in the context pfsearch, analyze huge amounts of information, recognize
digitalization of the marketing and |OgiStiCS SyStem, bLgpeech, temperature’ sounds and create art.
does not determine the features of strategic managementThe conceptual basis for the implementation and
under the influence of artificial intelligence, which requiregnotivation for the development of artificial intelligence
further study. technologies is the availability, openness, reliability and

It is important to focus on studying the promisingsuyfficiency of information infrastructure, the quality of
features of marketing development based on innovatis@mmunication and Wi-Fi coverage, which will
technologies, which are presented by Adeola, O. and othgfgnificantly increase the efficiency of the modification
[9]. This approach argues that the future evolution Qfrocess of both marketing and logistics of companies. The
companies’ marketing and logistics is possible onlyse of artificial intelligence technologies requires huge
thrOUgh the introduction of artificial intelligence, Virtualamounts of data' which are filtered using System creation
reality, demand forecasting, machine learning angigorithms. It is important to note that implementation
neuromarketing technologies that contribute to thgccurs because of models and machine learning, which are
achievement of companies' strategic business goals. Baggthbined and reflected in artificial intelligence
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technologies and its tools, programs that influendde global economy, one should consider the conceptual
individual segments or the activities of companies asdirections of the evolution of artificial intelligence

whole [10]. To establish the demand for artificialtechnologies in the world, which are presented in Table 1.
intelligence technologies in modern business segments of

Table 1 Conceptual directions for the evolution of artificial intelligence technologies in the world

DIRECTIONS OF EVOLUTIO"N

ARTIFICIAL INTELLIGENCE TECHNOLOGIES

HYPER-AUTOMATION OF
COMPANY BUSINESS

Hyper-Automation is the use of innovative artificial intelligence technologies to autgmate

company tasks. This direction is characterized by the following artificial intellig
technologies: Robotic Process Automation; Machine Learning;

ence

ARTIFICIAL INTELLIGENCE
AND MACHINE LEARNING
IN 10T

PROCESSES Automation of cognitive processes; Intelligent Business Process Management Software that
optimizes operations and increases profitak
Artificial intelligence technologies provide an evolution in approaches to organizing
CYBERSECURITY cybersecurity based on automation and risk-freeness through cloud-based data|storage
solutions and increasing the productivity of data volume technol
TECHNOLOGIES OF Implementation of these technologies in the Internet of Things, which is aimed at automating

the processes of recognizing sounds, temperature, movement, various changes from human
health indicators to speech recognition and data management in order to maximize the

automatior

ANALYTICAL FORECASTING
AND DATA ANALYSIS

The use of mechanisms for forecasting and studying behavior in markets, database
which are based on artificial intelligentechnologie:

systems,

AUGMENTED
INTELLIGENCE

Technologies that combine automation and manual labor to provide companies with cagnitive

productivity. Collection, analysis, study, consolidation and management of data, which
you to form the most reliable picture of the situation in a particular area.

allows

TRANSPORT ROUTING AND

Artificial intelligence algorithms can optimize delivery chains, taking into account many
factors affecting the restrictions on the movement of the supply chain. Artificial intelligence

FORECASTINC

predict delivery time

INVENTORY MANAGEMENT | can analyze inventory and production data to optimize inventory levels and avoid oversjocking
or understockin
FRAUD DETECTION Mach!ne learning .algorllthlms can qnalyze transaction data and identify signs of fraud or
security breaches in logistics operatir
DELIVERY TIME Artificial intelligence can analyze data on transport routes and road conditions to accurately

The presented directions for the introduction ofechnology capabilities used by businesses, %; Level of
artificial intelligence technologies can be applied in aninvestment in artificial intelligence technologies, %; Share

industry and company activity. The emphasized featuresaff artificial
the evolution of artificial intelligence technologies with themaintenance,

intelligence in

%; Share

technologies
of artificial

service
intelligence

argumentation of the main directions of introduction ofechnologies in marketing, %; Logistics efficiency index
artificial intelligence technologies should highlight thefor high-income countries (analysis was carried out on the
features of their pressure on the strategic managemeniagistics efficiency index of the UAE (United Arab

marketing and logistics of companies.

2 Methodology
Peer review process

Emirates)), Share of artificial intelligence technologies in

production, %; Share of artificial intelligence technologies

in strategic management, %.
The rationale for the modification and tactics of

the

Scaling innovation and keeping up with the times ifnfluence of artificial intelligence on the strategic
business, taking into account ensuring a competitif@anagement of marketing and logistics of the current

position in the global market, is incomparable without thBusiness is based on the use of tools of correlation and
use of artificial intelligence technologies. Atrtificial "'egression analysis and assessment of the influence of
intelligence has penetrated into all areas, developing didicators of the evolution of artificial intelligence
sectors of the global economy, including marketing ari@chnologies in the business of companies on the efficiency
logistics. To substantiate the optimization of strategi®dicators of marketing and logistics: Sales volume
management of marketing and logistics under the influend@rough digital marketing, trillion dollars. USA and
of artificial intelligence technologies, the study was basdePgistics Performance Index (LPI). To clarify the
on the analytical collection and business analysis of daocesses of modification of strategic management of
on the dynamics of indicators of the evolution of artificiamarketing and logistics under the influence of artificial
intelligence in the business structure of companies: the uséelligence technologies, the use of multifactor
of artificial intelligence technologies in organizing acorrelation-regression analysis with a linear type of
business, %; Average share of artificial intelligencéegression is justified. The following linear regression (1)
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models were formed as the basis for a multifactdhe pressure of artificial intelligence technologies, exactly
correlation and regression analysis of marketinthe same tools were chosen to substantiate the close
modification under the pressure of artificial intelligencenterdependence and influence of the factor characteristics
technologies: of the regression model. Establishing the relationship
between effective marketing and logistics performance and
Y=f&xb)+¢ (1) artificial intelligence technologies.

where,b - are the main attributes of the regression mode3, Result and discussion
e - random error of the regression model; is called linear The evolution of management and increasing

regression if the regression functidn(x, b) has the requirements for the functioning of business constructively

following form (2): determine improvement based on innovative technologies.
Competition and the need to scale a business and expand
f(x,b) = bg + byx; + byxy + -+ + bxy (2) its boundaries require companies to use artificial

intelligence technologies that will ensure increased

where, by - main attributes of the regression model foprofitability, optimize business processes and increase
modifying strategic management of marketing antharket presence. It should be noted that artificial
logistics under the pressure of artificial intelligencéntelligence in the contemporary world is a set of
technologies; x - regressors (artificial intelligence technologies, algorithms and control systems that allow
technologies) pressure the strategic management @@mputers to perform complex business tasks, usually
marketing and logistics and their performance indicatorsassociated with the mental activity of people and mainly
having their application for automating routine tasks,

The main attributes of the linear regression modelecision making, building processes and maximum
justify the speed of optimization of strategic managemesptimization of business processes. The use of neural
of marketing and logistics, namely the performancgetworks implemented on artificial intelligence is based on
indicators: Sales volume through digital marketinghe use of algorithms and models adapted to decision-
trillions of dollars. USA and Logistics Performance Indexnaking based on the company’s accumulated experience.
(LPI), taking into account other factors of artificial Artificial intelligence technologies are opening up many

intelligence technologies (3): benefits and opportunities for businesses, causing changes
in the strategic management of marketing and logistics
df ..
b; = —~ = const (3) under their influence [12].
X

It is important to note that the optimization of strategic
. . . management of marketing and logistics is characterized by
: ﬂBasu_: paran}etersbo n \.NZ'.Chtther? are no f{acttorslthe fact that artificial intelligence technologies
influéncing performance —indicators 1S a constant. Qignificantly improve the process of interaction with
essence, this is the value of the optimization function f%ronsumers, optimize promotion, advertising, analysis and
strategic management of marketing and logistics with ﬁudy of competitors, while maximizing profitability,

zero value of all artificial intelligence technolpgies. Tqmprove transport management processes, predicting
interpret the results by default, the constant is the b mand and managing the supply chain '

parameter with "artificial intelligence technologies” equal argue for the features of the organization and

to 1. However, if you resort the factor signs and paramet%ﬁtimization of strategic management of marketing and

of th? original regress_ion model taking this into accourI]EJgistics within the framework of the implementation of
(leaving the designation of the total number of factorz?rtificial intelligence technologies, the relationship

influencing artificial intelligence technologies - k), then th etween logistics and marketing should be considered.

linear a regression function without a constant should léeased on this, it should be noted that marketing is a

expressed (4): management system that allows you to adapt production to
market requirements in order to ensure profitable sales of
goods. Marketing was in demand due to the difficulties that
arose with the sale of goods historically in an earlier period
than logistics. In the middle of the ®2@entury [13]. The
where, X = (x, %, ...%) - vector of model regressors, grientation of production towards the production of goods
b=(by, b, ...I)" vector of model regressors (column withneeded on the market and the use of marketing methods for
indicators of artificial intelligence technologies). studying demand and influencing demand turned out to be
A linear model can be either with or without a constang, decisive factor in increasing competitiveness. The task of
Then in this represeﬂtation the first factor is either equal &eating Systems that ensure end-to-end management of
one or is an ordinary factor, respectively. Having stated thgaterial flows was not relevant then, firstly, due to the lack
above, it should be noted that to determine the Optlmlzatlgp technical Capabi"ties for bu||d|ng such Systems in the
of strategic management of marketing and logistics undggonomy, and secondly, due to the fact that through the use

fQe,b) =bg+ bixy +byx, + -+ bpxy =

?=1 b] X; = xtb (4)

~ 669 ~

Copyright © Acta Logistica, www.actalogistica.eu



bc’ Acta logistica - International Scientific Journal about Logistics
;‘.,‘f Volume: 11 2024 Issue: 4 Pages: 665-676 ISSN 1339-5629
3 # / Optimization of strategic management of marketing and logistics of companies as part of the
?}o implementation of artificial intelligence
& Hassan Ali Al-Ababneh, Safa Suliman Al-Olimat, Salem A. S. Alrhaimi, Ayed Moh’d Al Muala, Olga Popova,
Valentyna Khrapkina

of marketing techniques that were new for that time it wake effective organization of product distribution, each of
possible to dramatically go ahead. In modern conditiong)e stages of this process must be planned as an integral
the strategic management of a company cannot be bapadt of a well-balanced and logically constructed overall
only on marketing. The demand identified by marketingystem. However, methods of technical and technological
must be met in a timely manner through fast and accuratgegration of all participants in the product distribution
delivery and logistics. Historically, having entered therocess are the main subject of study not of marketing, but
economic arena in a later period, logistics complement$ logistics. Marketing is focused on studying the market,
and develops marketing, linking the consumer, transpativertising and their psychological impact on the buyer.
and supplier into a mobile, technical, technological anidogistics is focused, first of all, on the creation of
economically planned system. Marketing monitors angchnically and technologically related systems for the
determines the demand that has arisen, answers thivery of materials along commaodity distribution chains,
guestions: what product is needed, where, when, in whegt well as systems for monitoring their passage. Arguing
quantity and of what quality. Logistics ensures the physicdie above, it is important to note that effective strategic
movement of the in-demand commodity mass to th@management of current companies is only possible with
consumer. Logistics integration allows you to deliver thentegrated management of marketing and logistics as a
required product to the right place at the right time atngle system, which should be based on the introduction
minimal cost. Marketing poses the task of a systematit artificial intelligence technologies [14].

approach to the organization of product distribution; with

Healthcare : 16,00%
Education : 16,50%
Strategic Retail 1 I 19,00%
management of Consumer goods | :  20,00%
marketing and Transport and logistics . = 21,00%
logistics of Media and Entertainment . ! 22,50%
companies by Energy and resources | I ! 27,00%
segments Financial services | . : 27,50%
Automotive | : H 29,00%
High technology and telecommunications | . . = 31,00%
0,00% 10,00% 20,00% 30,00% 40,00%
a)

0, 0,
350,00% 50.00% 52,00% 60,00%
300,00% 43,00% 45,00% ° o 50,00%
250,00% | 38,00% 40,00% ! o

e - ° 40,00%
200,00%
30,00%
150,00%
100,00% N e 20.00%
0,00% — 0,00%
1.1.2017 1.1.2018 1.1.2019 1.1.2020 1.1.2021 1.1.2022

Share of artificial intelligence technologies in strategic management, %
Share of artificial intelligence technologies in production, %
Share of artificial intelligence technologies in marketingand logistic, %
Share of artificial intelligence technologies in service maintenance, %
mmmm Average share of artificial intelligence technology capabilities used by businesses, %
mmmm Share of companies that use artificial intelligence technologies when organizing business,%
o— Level of investment in artificial intelligence technologies, %
b) Level of i i ificial intellig hnologies, %
Figure 1 Artificial intelligence in the world, %: a) - the share of artificial intelligence in the strategic management of marketing
and logistics of companies by segment as of 01.01.2023 in %; b) the evolution of artificial intelligence and strategic management of
marketing and logistics

The intensive use of artificial intelligence technologietogistics is mainly caused by neural networks based on
in almost all sectors of the global economy has not sparedificial intelligence technologies and is aimed at
marketing and logistics. The use of such technologies ofteptimizing marketing business processes through
causes serious changes and optimization in the functionimgximum automation. The effectiveness of artificial
of a particular industry; marketing and logistics are ntechnologies is growing every day, which confirms their
exception. Based on this, it should be stated that thelevance and demand in business, regardless of industry
optimization of strategic management of marketing arahd segment. It is necessary to consider the share of
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artificial intelligence in the strategic management of Arguing whatis presented in Figure 1, it is important to
marketing and logistics of companies by segment as afgue that strategic management of marketing and logistics
01.01.2023 in %, as well as the dynamics of factos ahead of many industries in its development and the
indicators of the use of artificial intelligence technologiesjumber of innovative tools used based on artificial
which will be assessed by their impact on the optimizatidantelligence technologies. Business processes of marketing
of strategic management of marketing and logistics aind logistics that are subject to optimization based on
companies (Figure 1). artificial intelligence technologies are listed in the Table 2.

Table 2 Business processes of marketing and logistics that are subject to optimization based on artificial intelligence technologies

P??UOSC”\I;;SSSE' DEFINITION MARKETING AND LOGISTICS OPTIMIZATION AND UNIQUENESS
PREPARING THE Robotization of the process of writing or editing text, which is aimed at identifying errors, strucl
TEXT essence, depending on the expectations and busines
RELEASE OF Using artificial intelligence technologies, image creation, background editing, contrast elemg
CONTENT quality improvement are ensured without manual manipulation.
CONTENT The use of automated video release with the necessary material and prepared content.
VISUALIZATION
ANALYTICAL Carrying out analytical work on data collection, consolidation, analysis and assessment of {
COMPONENT OF audience and the formation of personal proposals.
MARKETING

IMPROVEMENT OF Creation of robotic assistants, chat bots, which provide efficiency in customer service and €
COMMUNICATIONS | savings in resources by automating service and

ADVERTISING Collection of analytical data, consolidation and analysis of key segments of the target audie
OPTIMIZATION on artificial intelligence with personal advertising progr

SEARCH Automation of search algorithms based on query processing and their maximum personalizat
OPTIMIZATION on the expectations and preferences of the aud

USER EXPERIENC Consolidation of data and study of analytics of user behavior patterns in order to improve int
The use of technologies for studying preferences and needs in consumer behavior models
PERSONIFICATION offer an individual approach to service and provision of services.

ROUTE Optimize the analysis of large amounts of data on traffic, weather conditions and other extern
OPTIMIZATION to create the most efficient delivery routes. This reduces travel time and fue
WAREHOUSE Works and automated systems controlled by artificial intelligence can perform loading, un
AUTOMATION sorting and packaging of goods. This improves order processing speed and reduc
Artificial intelligence systems can predict product demand by analyzing past sales data, mark
INVENTORY ; X . : .
MANAGEMENT and other factors. This allows companies to optimally manage inventory, reducing storage cog

risk of stocl-outs

The use of this type of technology allows for thehe fact that modern processes are fundamentally different
maximum modification of classical approaches tdérom classical ones, which is due to the use of neural
marketing and logistics into a more innovative digital formpetworks and maximum automation of business processes
which has a number of advantages and brings companieschieve the strategic business goals of companies. When
tremendous success by optimizing business processdiscussing the directions of strategic management of
automation and increasing profitability. Artificial marketing and logistics under the impact of artificial
intelligence technologies lead to optimization of marketinmtelligence technologies, it is advisable to conduct a
and its components in terms of automation andorrelation and regression analysis of their influence and
optimization of routine processes [15]. Determining factaaissess the close relationship in optimization processes. To
indicators for optimizing strategic management o$ubstantiate the dependence of strategic management of
marketing and logistics is impossible without identifyingnarketing and logistics and their optimization under the
the connection and influence between effective indicatommipact of artificial intelligence technologies, the method of
of marketing, logistics and indicators of the use of artificiadorrelation and regression analysis based on a linear trend
intelligence technologies based on the method of statisticehs used.
groupings [16]. For this purpose, indicators of the Where,V:i- Sales volume through digital marketing,
introduction of artificial technologies and their impact oririllion dollars. USA; V. - Logistics Performance Index
the strategic management of marketing and logistics for tlePl). Digital Marketing Sales, Trillions of dollars. USA. -
period from 01.01.2012 to 01.01.2022 were calculated aade characterized by the fact that they determine the level
collected over time. of effectiveness of marketing development through the

The presented direction for optimizing strategigmplementation of translation technologies such as
management of marketing and logistics under the impaattificial intelligence. The introduction of artificial
of artificial intelligence technologies is characterized byntelligence technologies determines the optimization of
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marketing processes, increasing their efficiency anmdanagement of marketing and logistics based on the

profitability. methods of correlation and regression analysis are given in
The basis for assessing the impact of artificialable 3.

intelligence technologies on the optimization of strategic

Table 3 Key performance indicators of marketing and logistics and optimization of their strategic management under the influence of

artificial intelligence technologies for correlation and regression analysis

el [EUe as dpielee NG T LoE sl INDICATORS OF APPLICATION OF ARTIFICIAL

O HHREIETING FEAFORIANCE INTELLIGENCE TECHNOLOGIES

AND LOGISTIC INDICATORS

OPTIMIZATION) V1 V2 X1 Xz X3 X4 Xs Xe X7
01.01.201 3307.0( 3.4( 20.09 19.09 38.04] 32.09 42.09 46.094 31.0%
01.01.201 3368.0( 3.7: 47.09 23.09 40.09 39.0] 47.09 48.09 32.0%
01.01.201 3351.0( 3.9¢ 58.09 30.09 43.04] 45.09 55.09 55.0% 36.0%
01.01.202 4213.0( 4.0C 50.09 31.04 45.04] 49.5% 58.0% 56.0% 39.0%
01.01.202 4921.0( 4.1( 56.0% 39.04 50.04] 52.09 61.0% 59.09 41.0%
01.01.202 5545.0( 4.21 50.09 38.04 52.04] 57.09 68.09 61.094 43.0%

The Logistics Performance Index (LPI) is a rankingechnologies in the strategic management of marketing and
index for benchmarking the performance of logistictogistics of modern companies. the authors present the
systems around the world. compiled by the World Bangtructural dynamics of the logistics efficiency index for 25
based on a worldwide survey of logistics operators thdeveloped countries with high incomes. In the context of
measures performance across a country's entire logistazch group of structural indicators. the following are
supply chain. This index characterizes the weightgutesented: customs clearance. which shows the degree of
average assessment of the country according to six kaytomation and optimality of business processes for
parameters: the efficiency of the customs inspectiqgrocessing documents by border control agencies.
process; quality of trade and transport infrastructure; easeluding customs; the quality of logistics infrastructure.
of organizing supplies at competitive prices; competeneehich is characterized by the quality of trade and transport
and quality of logistics services; ability to track shipmentmfrastructure of the analyzed countries. which depend on
and ensure timely delivery to destination within planned d@echnology; the simplicity and cost of organizing supplies.
expected delivery times [17]. This index allows you tdhe introduction of technologies and the level of routine of
directly determine the introduction of artificial intelligencethese processes; the quality of service provision and the
technologies in various areas of logistics. which iability to track and control cargo and timely delivery.
determined by the level of optimization and efficiency ohich determines the level of automation and introduction
business processes. Based on what has been presemkdartificial intelligence technologies [18]. Structural
these key indicators were selected to determine the maiynamics of the logistics efficiency index for countries
directions for optimizing strategic management oWith developed economies and high income levels by
marketing and logistics under the impact of artificiatategory: customs clearance; quality of logistics
intelligence. infrastructure; the quality of service provision and the

It is important to state that by considering the maiability to track and control cargo and timely delivery are
tendency in the introduction of artificial intelligencepresented in Figure 2.

4,6 30,00
44 ¢ e 25,00
412 = 20,00
3,8 l I I I I R it 1Tttt —0—0—o—o—o0—o 1500
3'6 10,00
3.4 5,00
3,2 0,00
CRF AP IR FTLP P ECET TN LT ELLENHI NS
S FTIFTITFTS SIS I TP LT TS
0 P & T RO S < N & &
s S & N PO T
< S & & SRS &
& ™ K2 >
& b QQ
‘& .\\Q‘
= | P| Sscore oﬂ& N Tracking and tracing score
Timeliness score =@=— | 0gistics competence and quality score
International shipments score =@ |nfrastructure score

Figure 2 Structural dynamics of the logistics efficiency index for countries with developed economies and high-income levels by
category as of 01.01.2023 [17]

~ 672 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 11 2024 Issue: 4 Pages: 665-676 I1SSN 1339-5629

Optimization of strategic management of marketing and logistics of companies as part of the
implementation of artificial intelligence

Hassan Ali Al-Ababneh, Safa Suliman Al-Olimat, Salem A. S. Alrhaimi, Ayed Moh’d Al Muala, Olga Popova,
Valentyna Khrapkina

From what is presented. it should be noted that dfhare of artificial intelligence technologies in marketing
countries are almost in the same range. and the efficieranyd logistic %; Xs - Share of artificial intelligence
of logistics depends on the dynamics of its structurékchnologies in production %X7 - Share of artificial
indicators. which are presented. However. this logistidatelligence technologies in strategic management %.
performance index fully reveals all aspects of strategic Conducting correlation and regression analysis on the
management of marketing and logistics of companies apgesented factor indicators. which have a close relationship
whole. which requires an assessment and identification with strategic management. marketing and logistics of
key aspects for their optimization. modern companies. to ensure the identification of key areas

The closeness of the relationship and impact on tleé optimization and indicators that have a significant
presented conceptual indicators of marketing and logistisapact on key business processes. Based on the presented
will be determined by the basic areas of introduction dfasic data. a correlation-regression analysis was carried out
artificial intelligence technologies in the strategidbased on trend analysis. which will allow us to determine
management of modern companies. namgly:Share of the impact of factor indicators on the use of artificial
companies that use artificial intelligence technologiestelligence technologies and their impact on the
when organizing business %X, - Average share of modification of marketing based on correlation matrices.
artificial intelligence technology capabilities used byCorrelation matrix of the impact of artificial intelligence
businesses %Xs - Level of investment in artificial technologies on marketing modification (resultative
intelligence technologies %X, - Share of artificial indicator - Sales volume through digital marketing, trillion
intelligence technologies in service maintenanceXye; US dollars) Table 4.

Table 4 Correlation matrix of thenpactof artificial intelligence technologies on the strategic management of marketing and

logistics of companies (resulting indicator — Sales volume through digital marketing tools, trillion US dollars)

Vi1 X1 X2 X3 Xa Xs X6

Vi1 1

X1 0.97402: 1

X2 0.962¢ | 0.9638: 1

X3 0.95804 | 0.97036. | 0.99347 1

X4 0.9801: | 0.96245! | 0.98114! | 0.98638! 1

Xs 0.96840! | 0.98030! | 0.98075- | 0.98422 | 0.98439: 1

Xe 0.87282' | 0.95676. | 0.88463! | 0.8965 | 0.86079: | 0.92651. 1

This matrix made it possible to highlight indicators ofprocesses of companies. Correlation matrix of the impact
the introduction of artificial intelligence technologies in theof artificial intelligence technologies on the strategic
strategic management of companies in terms of marketintanagement of marketing and logistics of companies (the
business processes. Based on the results of this correlatr@sulting indicator is the Logistics Efficiency Index (for the
the most influential aspects of the introduction of artificiahnalysis, the dynamics of the LPI for the United Arab
intelligence technologies will be argued in order td&mirates was selected) Table 5.
consider them in the future when optimizing the business

Table 5 Correlation matrix of the impact of artificial intelligence technologies on the strategic management of marketing and
logistics of companies (the resulting indicator is the Logistics Efficiency Index (for the analysis, the dynamics of the LPI for the
United Arab Emirates )

Y2 X1 X3 X4 Xs
Y2 1
X1 0.739633 1
X3 0.73994308 0.962499 1
X4 0.69596! 0.95804! 0.97036: 1
Xs 0.726263 0.980141 0.96245! 0.9811! 1

As presented. the LPI is an interactive benchmarkingpuntry's logistics supply chain and offers two different
tool designed to help countries identify the challenges apérspectives: international and domestic [19].
opportunities they face in their trade logistics activities and The most significant indicators (more than 0.55) of the
what they can do to improve their performance. It isvolution of artificial intelligence and its application in the
important to note that the LPI includes quantitative data @trategic management of marketing and logistics to
the performance of key supply chain components ioptimize key business processes were selected. The
countries. Thus. the LPI consists of both qualitative arebrrelation between indicators of the modification of
guantitative indicators and helps create logistics profilestificial intelligence technologies confirmed the
for these countries. It measures performance alonghgpothesis about their impact and connection with the
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transformation and optimization of strategic managemeaf marketing and logistics of companies as part of the
processes of marketing and logistics of modern compani@stroduction of artificial intelligence technologies is
Interpretation of the results of correlation and regressigresented in Table 6.

analysis of optimization of strategic management

Table 6Interpretation of the results of correlation and regression analysis of optimization of strategic management of marketing and
logistics of companies within the framework of the introduction of artificial intelligence technologies

PERFORMANCE
INDICATORS OF INDICATORS OF
APPLICATION OF STRATEGIC THE CLOSENESS OF THE RELATIONSHIP AND ASSESSMENT OF
ARTIFICIAL MANAGEMENT OF THE IMPACT ON THE OPTIMIZATION OF STRATEGIC
INTELLIGENCE MARKETING AND MANAGEMENT OF MARKETING AND LOGISTICS OF COMPANIES
TECHNOLOGIES LOGISTICE
Vi1 Y2
Artificial intelligence directly contributes to the optimization of busiy
Strong . - L :
. processes for managing the marketing and logistics of companie
X1 connection and: . . S . .
) implementation of technologies simplifies processes. increasing
influence - .
efficiency and rational use of resources.
Optimization of business processes for strategic management of marke
logistics based on the implementation of artificial intelligence technologi
Strong Low connectiorja close connection and dependency. An increase ishtme of technologi
X2 ; . O L . L -
connection | and influence |and their implementation in the marketing and logistics of companies d
and influence leads to an increase in efficiency. throughput in servicing. delivery
provision of service
X3 Growinginvestments in artificial intelligence technologies directly affec
Strong : : o . .
X4 connection an(strateglc management of marketing and logistics of companies. This is
. the increase in automation of routine business processes. improvel
Xs influence . - : . ; .
quality. service and speed of sice provision. delivery and order tracki
Xe Artificial intelligence in production and strategic management of mark
and logistics has its impact on processes and their optimization. but hag
Low Low connectionrelationship that depends on the type of activity and business se
X7 connection | and influence |Artificial intelligence is not intensively used in all industries. whic
and influence explained by the specificity and complexity and versatility of the proceq
is subject to optimizatio
MULTIPLE
CORRELATION 0.987 0.863 X
COEFFICIEN1

Interpretation of the results of correlation-regressiologistics. and identifies the key tools that ensure their
analysis of optimization of strategic management dfansformation from the classical concept to the digital one.
marketing and logistics of a company under the influencehe interpreted results can be applied in practice by
of the introduction of atrtificial intelligence technologieshighlighting the factors impact business strategy. followed
allows us to confirm the hypothesis put forward. It shoultly their analysis and emphasis when forming a marketing
be noted that the proposed hypothesis for assessing a&mal logistics strategy and planning the optimization of
impact of artificial intelligence technology implementationrcompanies' business processes.
indicators on the strategic management of marketing and The relevance of using artificial intelligence
logistics provided confirmation of the advanced theoreticakchnologies in all sectors of the world economy is justified
assumptions on the impact. closeness of communicatibp the conceptual need to search for new and improve
and their significance. It is important to note that based axisting management methods. A hypothesis has been put
the obtained multiple correlation coefficients offorward to assess the impact of artificial intelligence
interdependence and close influence of artificiglechnologies on the optimization of strategic management
intelligence technologies on the optimization of strategief marketing and logistics based on indicators of the use of
management of marketing and logistics confirm théhese technologies in the world and their interpretation in
accuracy and reliability of the results obtained [20,21]. THéie economic development of countries. The proposed
proposed approach will allow us to argue for the need antethodology for correlative-regression analysis of
determine tendency in the introduction of artificialassessing the relationship. impact and main factors of
intelligence technologies in the strategic management gptimizing the strategic management of marketing and
marketing and logistics of companies. in contrast tlgistics. Within the framework of the implementation of
existing ones. it determines the main directions faartificial intelligence technologies is in demand and
optimizing the business processes of marketing armgbplicable taking into account the purpose of the study. but
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can be supplemented and improved depending on the foeusficial intelligence. tools of correlation and regression
of the problem and the tasks set. The justification of factanalysis were used.

indicators for the modification of artificial inteligence  These tools are relevant and in demand in
technologies is conceptual and based on data from thentemporary circs. which are characterized by their
World Bank and analytical reports in the field ofversatility and the possibility of application regardless of
organizing and managing the effectiveness of marketiige field of scientific research. The construction of
and logistics of companies in the world. but is not aregression models and their dependence on factor
exhaustive list. which can be supplemented or shortenediagicators ensures the creation of mathematical models
part of further research using tools correlation andepending on the indicators. their close impact and
regression analysis or other methods and tools feignificance. Key indicators of strategic management of
conducting economic and statistical analysis and modelingarketing and logistics have been determined (sales
The results obtained provided confirmation of the putolumes using digital marketing and logistics efficiency
forward theoretical premises and hypotheses witihndex). Data on the implementation of artificial
justification for the type of relationship. closeness anihtelligence technologies in the world in the context of
interdependence. as well as the characteristics of timelustries and tools are formulated as factor indicators.
influence on the optimization of strategic management difiterpretation of the main results of correlation and
marketing and logistics of companies within theegression analysis provided evidence that the introduction
framework of the introduction of artificial intelligence of artificial intelligence technologies in marketing and
technologies. The developed approaches are in demandoigistics processes and their strategic management have a
modern conditions of global market volatility and the needirect impact and contribute to constant transformations
for constant optimization of business processes awahd optimizations in order to minimize costs. improve the
maximum scaling with minimal costs in order to maximizejuality of service and the speed of service and logistics.

profitability at a normalized level of risks. The developed methodology can be used in practice when
planning stages of optimization of strategic management of
4 Conclusions marketing and logistics of companies as part of the

The main results of the study are characterized by théroduction of artificial intelligence technologies.
fact that the need to improve and optimize modern The formed theoretical aspects of the introduction of
mechanisms for Strategic management of marketing aﬁHIfICIal intelligence can serve as the basis for studying the
logistics of companies is stated. which substantiates tRgolution of their development. The introduction of these
demand for artificial intelligence and its spread to aflechnologies and the argumentation of key indicators can
spheres of human life. A critical analysis and study dte taken as basic indicators for prospective assessment of
scientific approaches and research in the field of marketifigeir impact on the strategic management of companies.
and logistics made it possible to verify that the evolutiofegardless of the type and specificity of activity. The results
and application of artificial intelligence. as well as th@btained are a completed study. which is confirmed by the
Optimization of marketing and |ogistics managemerﬂccuracy. and re-llablllty of the results obtained. which can
processes require improvement and more detailed studyP® used in practice.
determine key aspects and algorithms. A classification of
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Abstract: This paper explores the status quo of the concept workation in Austria among business executives. The objective
of this quantitative study is to gain an understanding of this dislocated work form. The following research questions were
set to find answers to: 1) What is the status quo of the workation in Austria in times of multiple crises? and 2) Will the
workation help employers to retain their workforce? Based on the data, for managers workation means recharging one’s
batteries and at the same time working productively and efficiently. Additionally, this survey illustrates a possible way
that organisations can retain the talent on their teams. Organisations offering workations accept that their managers and
workforce will be out of the office for a while. Most managers stay away for less than a week. Three reasons given by
managers to explain why the workation is a success are: 1) an increase in job satisfaction, 2) an increase in productivity
and 3) improved work-life balance. We tested our hypotheses in a survey study of 178 respondents in Austria. H1.4, H2
and H3 were supported. The paper concludes with a discussion of whether workations will continue to be important for
employers and employees in the future.

1 Introduction of infectious diseases "are processes in which the presence

The existence of work went through some tectonief mobility flows induces a net change of the spatial
changes including the place where work can be conducté&itribution of some quantity of interest” [8]. Measuring
from traditional to Taylorist cubicles [1]. Researcfiuman mobility is critical to understanding population
demonstrates that e-work has been shown to be an ena@ighbeing [9].
of work-life balance [2]; but research is uncertain about
whether e-work has beneficial or unfavourable effects AS aconsequence, an interesting area of analysis is the
[3-4]. initiative of some organisations to consider the expansion

Uriely [5] distinguished between travelling workersof workations. More specifically, this paper will try to find
and working tourists in terms of their work characteristic8nswers to the following research questions:
and their demographic profi]e_ Cohen [6] describea. What is the status quo of the workation in Austria in
working holidays as a form of tourism "in which youth ~times of multiple crises? _ _
from one country travel into another to work for shorg. Will the workation help employers to retain their
periods, mostly during summer school vacations”. The Workforce?
boundaries between leisure and work are blurring. In
addition to the much-cited COVID-19 crisis, there are &  Literaturereview
pull and b) push factors regarding the popularity of e-work: The workation seems to be the beginning of a post-
a) increased productivity, time saving, less or Nn@ovid era where remote work meets vacation (yielding a

commuting, better work-life balance; _ ~ portmanteau word from "work" and "vacation”) or as
b) ma_dequate office infrastructure, noise, distractiommentioned by Yoshida [10] "a neologism combining the
toxic work culture [7]. words ‘work’ and ‘vacation’ “. Pecsek [11] defines

o ) ) ~workations as “a hybrid type of tourism when tourists
Modern digital tools provide exemplary perceptions int@raye| for either leisure or dual (business and leisure)
human patterns of mobility including workflowThe  motive and due to the modern technology, they perform
elaboration and application of such data are tantamountdgin work and leisure activities away from home”. It is a
gaining a reasoned advantage in today’s data-driveBmpination of work and vacation for a fixed interval that
society. The movements of human beings within anghcompasses both work time and leisure time. The
among urban centres influence essential aspects of socCigitinction between "workationing” and “e-working" is
Generally, traffic congestion, migration flows, the spreaghcysed on the amount of time spent on a workation versus
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working remotely. The e-worker works entirely off-site3 M ethodology
(commonly at a fixed location), whereas the workationer |n order to find the answers to these research questions,
works remotely on a short-term trip. To sum up, thg quantitative study using a Google form was undertaken.
workation is characterised by the performance of workhe study was conducted between 1 June and 30 August
from a holiday locality on an uninterrupted cause witf023. The distribution of e-questionnaires was done via
different workable amounts of time without consuming;ma” and WhatsApp_ The respondents accessed an online
holidays or other forms of paid leave and without any pag(rvey through a link specifically set up for this research
cut. [13]. As Glazier & Topping [14] highlighted, "social media
is a powerful tool that can be used to build connections and

The office as a place of work evolved into having @hare information.” Data collection through this remote
more specific function. It can be seen as a spatial interfagfline platform is feasible, safe and very convenient [15].
for a team where people meet for informal conversations,
personal exchanges or to hold creative meetings. The homeThe e-survey was sent to 354 organisations across
office is the place where you can work undisturbed and cafystria where e-work can be done, and we received 256
therefore concentrate better. Working in the dlglta' ag%sponsesl After de|eting incomp|ete responses and no-
requires these important skills that need to be developeg@riance responses, we had a final sample of 178

dealing with a flood of information, boundaryrespondents (usable response rate: 50.28%).
management, digital-social collaboration and maintaining

a work-life balance. The temporal and spatial flexibility of Four out of 10 managers were from to the top
knowledge and office work means that new places agganagement with men dominant. Women dominated on
opening up where professional activities can be pursuedthe middle and low management levels. Among the
2022, the holiday travel intensity of the Austrianmanagers, 37.64% (67) were female and 62.36% (111)
population was 75.5%, with 10.58 million holiday tripsmale. Generation Millennials (Generation Y) dominated
made abroad, and 3.06 million trips for business purpos@gth 68.54% of respondents, followed by Generation X
[12]. with 25.84%, Generation Z with 5.06% and 0.56% of
Boomers Il. The average age of respondents was 37,1 years
as shown in Figure 1 (the youngest manager was 27 years
old and the oldest was 60).

Mean = 37,11
Std. Dev. = 5,284
30,0 M=178

20,0

Frequency

10,0 —

00 T T T T T T
20 30 40 50 &0 70

2) What is your age?

Figure 1 Age of respondents
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Male managers were more frequently single than wetle workation as positive and rather positive. Only 22.5%
their female counterparts. But 41.79% of female managesse this flexibility tool as critical as demonstrated in the
were married, compared to 36.27% of men. Overall, 26.48ext table (Table 2).
of managers had obtained secondary education; with
25.3% with a bachelor’'s degree and 32% with a master's  Table 2 How are workations viewed by employees?

degree. A total of 115 (64.6%) managers out of 178 n %
respondents were childless. positive 64 | 36.0
All participating managers were informed of the rather positiv | 43 | 24.2
purpose of the study and assured that responses would be neither positive
confidential. Participation was voluntary. The questions nor negativ 10 5.6
were posed using an online questionnaire to evaluate the critical 40 | 225
status quo of workations in Austria from the point of view no data availab | 20 | 11.2
of managers. ‘Questions were rated on a dl_chotomous prefer notto se | 1 0.6
(yes/no), 5-point Likert-type scale (consideration) from Total 178 | 100

positive to critical. Two open ended questions were
included, and periodicity of workations (frpm less tha_n ONe 1. cuccess or failure of a workation team hinges on
week to two months or more) was taken into reckoning. A

i 0,
cross-tabulation analysis was used. The results obtaing ether everybody feels included. A total of 49 (60.5%)

were investigated by means of statistics software OUt of 81 managers regarded the team workation as very
9 y ' positive and 32 (39.5%) as positive. It seems that by

irrrlglementing a workation, managers created an optimal

The sample was a heterogeneous group of managgrs . L
S ) ; ) Zlearning experience for everybody by building and
working in the service sector, including customer service

marketing, startups, e-commerce, IT, recruiting anrgwjt’\anaging their team. Crafting an effective workation
bUSINESS t,o businesé o rategy begins by emphas[smg whatevgr is working,
: adjusting whatever is not working and adapting the strategy
as lessons are learned. The greatest challenges of this
4 Results ) . flexible working approach according to managers (n=117)
In the modern working world and the alternative wayg,c|ude organisational (36.8%), legal (23.1%), taxes
of working without human contact, the workation is getting 9 794), childcare (11.1%) and data protection (9.4%). But
a facelift. Whether it is known as a workation, workcationne workation is creating a need for better coordination
worcation, workoliday, woliday or some other term, ifyoth at work and on holiday, since both are remote-capable
simply means working during a vacation. A total of 45.5%|aporation stations. Organisations must cope with non-
(81) out of all managers were able to do a workatioRgsential workforce completing their work not only from
compared with 34.3% (61 managers) who had ngyme put also on holiday. Shifting from working in an
experience of this. A total of 20.2% of managers (36) afice to a holiday location is a change. How long should
willing to work in this way in the future (Table 1). we work from the holiday destination? The majority of the
117 managers prefer less than one week (35.9%), almost

Table 1 Do you allow your workforce workations? three tenths would prefer 1-2 weeks and more than one

il % sixth 3-4 weeks. Interestingly, few managers would prefer
No 61 | 343 a workation of over a month (11) or two or more months
Not yet, (7). Possible explanations may be that the hardest part of a
; 36 20.2 N . N .
but will workation is the loneliness and lack of social interaction
Yes 81 455 between team members.
Total 178 100

Generally, everything is about balance. A workation

Organisations globally have been forced to come wgchedule becomes beneficial, creating a balance between
with strategies to cope with shortages of skilled workforcall motivations and satisfying the needs of managers,
They have to compete harder for a smaller pool of talemntcluding the freedom that they need for productivity. The
and spend more time and funds on hiring. For this reasdhree reasons why the workation works best (Table 3),
the authors were interested in identifying this tool as according to managers, are: 1) increase in job satisfaction
hiring strategy among managers. A total of 65.5% (117) ¢81.6%), 2) increase in productivity (29.1%) and 3)
managers would like to implement this in communicatiomproved work-life balance (17.9%).
in recruiting. More than three fifths of managers consider
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Table 3 What are top three reasons to implement workations?

Top 1 n % |Topz n % |Topi n %
Positive impact Increased  work-life
Increased job satisfaction 37| 31.6|on employees’ 16| 137 21 17.9
: balance
physical healt
Increased productivity 34| 29.1 rBorStziirlfemg the  daily 15| 12.8|Increased loyalty 18 154
Increased quality of work 14| 12.0 \Il%:rrlfased quality - of 14| 12.0|Increased creativity 15 12.8
Positive , Impact 8| 6.8|Increased creativity | 13| 11.1 No n_eed tF’ use amy 43 111
on employees’ mental hea paid time of
Positive impact] .
on employees’ physical 8| 6.8 Gletth tod knowl NeW 11 9.4 Shlape company 43 111
healtt places and people culture
Getting to know new places 6l 51 Increased  work-life 10 85 Breakmg the daily 10 85
and peopl balanc routine
Shape company culture 5| 4.3|Increased loyalty 9 7.7 \I;(()):Eased quality - qf 10 8.5
Ability to work remotely 2| 17|Shape company o\ 4, (Ability —to - work| gl gg
culture remotel
Increased work-life balance 2| 1.7 No n_eed tF’ use any g 6.8 Increased productivity 7 6.0
paid time of
Positive impact Getting to know new
Increased loyalty 1| 0.9|on employees’ mental 7 6.0 9 2 1.7
places and people
healtt
Ability to  work 5 43
remotel
Total | 117] 100]Total 117| 100|Total | 117] 100.0

H1: There is a significant positive or negative  H1.1l: There is no statistically significant relationship
relationship between the perception of the workationbetween age and workation rating (Kruskal Wallis Test,
mode (age, gender, education, parents). Chi-square 3.043, Asymp. Sig. 0.385, see Table 4) —

hypothesis not supported.

Table 4 Test Statistics

Kolmogorov-Smirnov? ShapircWilk
How areworkations viewed by employe¢| Statistic df Sig. Statistic df Sig.
What is your possitive 0.147 64 0.002 0.932 64 0.002
age? rather positiv 0.113 43 0.200° 0.956 43 0.095
neither positive nor | 465 | 19 | g200° | 0913 | 10 0.305
negativi
critical 0.158 40 0.014 0.920 40 0.008
Test Statistics*?
What is your age
Chi-Squar 3.043
df 3
Asymp. Sig 0.385
a. Kruskal Walllis Te!
b. Grouping Variable: How are workations
viewed by employee
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H1.2: There is no statistically significant relationshidt can be seen from the Table 6 that as the number of
between workation rating and gender (to test thehildren increases, the positive relationship to workations
hypothesis, thg2 test of independence in the contingencgrows (test of independencg2 test §2(6) = 30.949; p-
table was used; based on the performed1268) = 1.098; value<0.001 (Table 7)) hypothesis supported.
p-value = 0.778 (Table 5)), we do not reject the tested

hypothesis at the level of significance 5%) — hypothesis Table 5 Chi-Square Tests
not supported. Asymptotic
Value df | Significance
H1.3.: The evaluation of the workation does not depend (2-sided
on the highest level of education achieved (tested witlPearson ClSquar 1.098° 3 0.778
Spearman correlation coefficient, R = -0.056 with p 0.513) jkelihood Ratic 1.089 3 0.780
— hypothesis not supported. N of Valid Case 157

a. 1 cells (12.5%) have expected count less than 5. The

H1.4: There is a statistically significant relationship minimum expected count is 3.

between the workation rating and the number of children.

Table 6 Evaluation of workations by Paretal status

How are workations viewed by manag:
- rather ng!ther . Total
positive " positive nor critical
positive .
negativt
5) How man None 30 (3L3%) | 23(24%) 6 (6.3 %) 37(385%) | 96 (100 %)
children do 1 14 (424%) | 12(36.4%) | 4(12.1%) 3(91%) 33 (100 %)
you have? | 2ormorc | 20(741%) | 7(25.9%) 0(0%) 0(0%) 27 (100 %)
Total 64(41%) | 42(26.9%) | 10(6.4%) | 40(25.6%) [ 156 (100 %)
Table 7 Chi-Square Test
Asymptotic
Weluz | e Significance (-sided
Pearson Chi- | 53 940| 6 0.000
Squar
Likelihood Ratic| 38.291| 6 0.000
N of Valid Case 156

a. 2 cells (16.7%) have expected count less than 5. The minimum expected count is 1.73.

H2: Managers’' (very positive/positive) behaviours satisfied are less satisfied with teamwork. It is therefore not
have an impact on the length of workations. surprising that there is a statistically significant
H2: With a growing positive attitude towardsrelationship between the observed variables test of

workations, the time that managers are willing to providedependence in the cont. tablg(1) = 81.0; p-value
for workations increases statistically significantly (testeg0.001) -hypothesis supported.
with Spearman correlation coefficient, R = -0.616; p-
value<0,001). There is a statistically significant The table below (Table 8) shows that people who have
relationship between workation rating and workatiomlready completed team workations rate it positively or
permission {2 test of independence in cont. tableyery positively. These are people who overall evaluate
¥2(6) = 190.088; p-value <0.001). It is logical thatworkations positively or rather positively. As mentioned
managers who are critical of workations will absolutely natbove, people who view workations negatively do not
allow it —hypothesis supported. support workations and therefore cannot have team
workations either. People who support workations have a
H3: Managers’ perceptions of workations positive attitude toward them and are also satisfied with
(positive/rather  positive/critical) have an impact team workations.
(positive/negative) on carrying out team workations.
H3: Those who are very satisfied with workations are
also more satisfied with teamwork; those who are rather
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Table 8 Evaluation of workations by team spirit

How did workforce feel about the team workatic
very positive positive Total
n % n % n %
How are positive 49 100 0 0.0 49 60.5
workations | rather 0 0.0 32 100 ) 305
viewed by | positive
managers?  Total 49 100.0 32 100 81 100

H4: There is a relationship between the evaluation ofHowever, the distribution of challenges is not statistically
workations and the evaluation of challenges thatsignificantly different between ratings. From the point of
managers must solve with the theme of workations. view of the challenges that managers have to face during

This hypothesis looked at the relationship between theorkations (Table 9), the distribution of challenges does
workations assessment and the assessment of fttwd statistically significantly differ between workation
challenges that managers have to solve with the workatiomgaluations (modified Fisher's exact test (p-value = 0.861))
system. From the above tables, we know that the meshypothesis not supported.
common ones are organization, legality and taxes.

Table 9 Evaluation of workations by challenges

How are workations viewed Imanagers
positive rather positive neither positive Total
nor negativ
n % n % n % n %
organisation: 24 375 17 39.5 2 20.0 43| 36.8
lega 15 234 9 20.9 3 30.0 27| 231
‘S’\égatwchh:r']'eg?gzng‘i’ng Te: 13| 203 7 163] 3 300 23] 197
workation? childcare 6 9.4 5 11.6 2 20.0 13| 111
data protectio 6 9.4 5 11.6 0 0 11 9.4
Total 64 100| 43 100| 10 100| 117 100
5 Discussion The situation is similar with general work flexibility

The findings of this study provide strong evidence th&hallenges [20-22].
the workation works. The number of paid vacation days The majority of the 117 managers prefer less than one
differs across European countries. In Austria, contractéeek (35.9%), almost three tenths would prefer 1-2 weeks
allow 25 paid vacation days based on a 5-day workirdld more than one sixth 3-4 weeks. Interestingly, few
week [16]. As in Yoshida’s study [10], the workationers ifmanagers would prefer workations of over one month (11)
this study were employed, in our case managers. Thusdfd two or more months (7). Possible explanations may be
this study, the workation is heavily influenced only byhat thg h.ardest part of workations is the loneliness anfj lack
companies’ intentions. Based on the data, 45.5% (81) of &ff social interaction between team members. Interestingly,
managers were able to do workations compared wiflp general time span for a digital nomad has been set. Some
34.3% (61 managers) who had no experience with it. THigrceive it as a temporary workation that ranges from two
analysis supports the theory that the COVID-19 pandenii¢eeks to one year [23]. Digital technologies continuously
demonstrated that the impossible turns out to be possieable a higher degree of flexibility and mobility [24,25],
[17]. Atkinson & Sandiford [18] highlight that &s demonstrated in this study. This means that the work
Organisations using flexible work options in recruitmenkocation is less about what it is intended for but more about
practices attract a wider range of applicants. As shown B@w the location is perceived to be used.
the data obtained, 65.5% (117) of managers would like to The three reasons why a workation works best,
implement the workation in communication in recruiting. @ccording to managers, are: 1) increase in job satisfaction

A total of 49 (60.5%) out of 81 managers regarded teat@1.6%), 2) increase in productivity (29.1%) and 3)
workations as very positive and 32 (39.5%) as positivénproved work-life balance (17.9%). This is comparable to
These results are in the vein of a qualitative study whelfee results of Beo [20]. As satisfaction in the workation
the workationers see workations as the ideal way #icreases, lengthincreases. Further, the positive evaluation
working and living [19]. The greatest challenges of thi8f team workations also increases. o
flexible working approach according to managers (n=117) Hernandez-Tamurejo et al. [26] highlighted the
include: organisational (36.8%), legal (23.1%), taxet@lework impact travel patterns as follows: frequency of
(19.7%), childcare (11.1%) and data protection (9.4%%ays working remotely, commute distance and travel time.
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Generally, it is the worst part of the workforce’'s day>» From the point of view of the challenges that managers
Unlike working anywhere at any time or location- have to face during workations, the distribution of
independence, the results seem to suggest that location ischallenges does not statistically significantly differ
the first concern of managers in this study. As the number between workation evaluations.
of children increases, the positive relationship with
workations grows. It is interesting how the place seemsto 2. Can workations help employers retain
shape relationships as today’s workplaces become maver kforce?
independent [27-29].

In accordance with Galinsky et al.’s [30] data and those The majority of the 117 managers prefer less than one
in this study, we agree that “increased flexibility can makeeek (35.9%), almost three tenths would prefer 1-2 weeks
work ‘work’ for increasing numbers of employers,and more than one sixth 3-4 weeks. Interestingly, few

employees, employees’ families, and communities”. managers would prefer workations of over one month (11)
and two or more months (7). This survey illustrates a
6 Conclusions possible way that organisations can retain the talent on

The place where work can be conducted has chand&@ir teams. But it comes down to personal preferences. A
considerably in recent years. Prior research has studiedi@rkation remains working hours and is only a win-win
working topics within a physical work environment (on-situation if enterprises create the necessary freedom and
site and/or at home). Thus, the underlying moved physicaiake them a voluntary option. _
workplace (woraction) is being left in the background and Human mobility data flow in this study provides an
the workforce’s experiences overlooked. The authotfiprecedented opportunity to understand business

address the following research questions: executives’ behaviour, preferences and trends, leading to
informed decision making.
1. What is the status quo of the workation in This study has some limitations. The main limitation is
Austriain times of multiple crises? its novelty. Secondly, it was conducted solely in Austria

with a cross-sectional research design. A longitudinal
For managers, the workation means a recharging of tfigldy could extend the current research. Thirdly, only a
life batteries and working productively and efficiently aguantitative method for data collecting and analysis was
the same time. Organisations offering workations accepiployed. Further, a native language questionnaire, in this
that their managers and workforce will be out of the officéase German, allows the respondents to express themselves
for a while. Most managers Stay away for less than a We@@tter, but may limit the interpretation when translated into
Three reasons given by managers to explain why tf&glish.
workation iS a success are: 1) an increase in ]Ob It can be assumed that the potential of workations has
satisfaction, 2) an increase in productivity and 3) improve@Pt yet been fully exploited. For this reason, there are other
work-life balance. possibilities for future studies as well. We recommend
longitudinal research to capture future developments for
> There is no statistically significant relationship betweeROth employers and employees. A possible qualitative
age and workation rating. approach could analyse to what degree workations offer
> There is no statistically significant relationship betweeWork-life balance and how this affects the overall desire to
workation rating and gender_ continue to go on workations.
» The evaluation of workations does not depend on the
highest level of education achieved. Acknowledgement o .
> There is a statistically significant relationship betweehhe paper was written within 013TUKE-4/2023 project
the workation rating and the number of children. It Canth title the Creation and Innovation of UniverSity and
be seen from the table and the graph that as the numbi#¢long Education in the Field of Transport based on the
of children increases, the positive relationship t®evelopment of Digital and Practical Skills.
workations grows.
> There is a relationship between the length dReferences
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Abstract: The aim of the paper is to present the application of Activity-Based Costing (ABC) method in logistics cost
management in foundry production and its practical use in differentiating logistics service levels. The study was carried
out in a foundry specializing in custom and small batch production of castings. The implementation of the ABC method
involved three key phases. Tools such as Pareto analysis and the Lorenz curve were used to analyse the customers, whicl
enabled the classification of customers according to their contribution to profit. The main result of the research was the
creation of a calculation formula allowing detailed allocation of logistics costs to individual activities. At the same time,

the key benefits of the ABC method for logistics management of foundry production were identified. The method was
also used to analyse customers, which led to differentiation of logistics service levels based on their economic benefits.
The main benefit of the implementation of the ABC method was the accurate allocation of logistics costs to activities,
which enabled a better understanding of the economic efficiency of logistics processes. However, the study was time and
data intensive, with some of the data based on educated guesses, which may have affected the accuracy of the results
Moreover, the focus on custom foundry production limits the generalizability of the conclusions. However, the ABC
method has opened up new opportunities for data automation and optimization of logistics processes through digital
technology, which contributes to modernise logistics management in foundry production.

1 Introduction significantly complicate the allocation process [3].
In the current economic environment, defined by herefore, innovations in costing methods are becoming
constant Changes in customer preferences] the rapid pgd@rerequisite for the effective reduction of |OgiStiCS costs
of technological innovation, and growing competition[4]-
systematically strengthening the competitiveness of The aim of the paper is to present the use of the Activity
companies is a necessity. This aspect affects all busine&ased Costing (ABC) method in managing logistics costs
sectors, including foundry industry, which is classified ar foundry companies and its potential further applications
part of the metallurgical industry. It is a field withfor optimizing logistics processes.
extraordinary capital intensity, requiring the allocation of
a large amount of financial resources to technology, Theoretical background
technical equipment and environmental protection of Logistics is defined in both academic and practical
processes. contexts through the physical flows and the associated
In an increasingly complex business environment, theneformation and financial flows, which are essential for
is a growing demand to ensure the efficiency and speedméeting product demands. Typical logistics activities
material and information flows associated with meetinclude demand forecasting, logistics chain design,
product demand. These flows cover the entire cycle frosourcing, customer order processing, inventory
demand generation to the final distribution of productspanagement, production and service planning, material
including their support and subsequent disposal [lhandling, packaging, warehousing, transportation, reverse
Successful management of these logistics chains lagistics management, and post-sales support [5].
essential to maintain the competitiveness of the company. The objective of logistics is to achieve a high level of
With the increasing complexity of industrial supply chainsogistics service while meeting the requirements of end
and the growing division of labour, the share of logisticeustomers at an acceptable total cost for all parties
costs in total production costs is increasing significantliywvolved. A process can be defined as a group of logically
[2]. Accurate allocation of logistics costs, including thearranged activities during which input resources are
detailed identification of individual processes throughoutansformed into output products, whether they are about
the entire logistics chain, is becoming increasinglproducts or services. By linking these processes, which are
important. However, the high complexity of logisticsnecessary for meeting customer product requirements, a
operations and the limited information on indirect cost®gistics chain with a line structure is formed. A higher
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level of complexity is found in a logistics network, wheremplementation of the ABC method is divided into three
flows are disconnected or connected, and some procedsey phases. In the first phase, the reasons for
run in parallel [6]. implementation are defined, and the structure of the ABC
The mission of logistics management is to organise amtbdel is established. In the next step, an analysis of the
direct flows to achieve logistics objectives, at both thenplementation costs is conducted, and the expected
intra-company and inter-company levels. A systemsutputs of the system are defined. The second phase is
approach and process orientation must be applied. Byodel creation, which includes the implementation of the
adhering the system approach, it is useful to distinguishdividual steps for developing the ABC system creation.
three functional areas of logistics management, namdly the third phase, the system is put into operation, and the
purchasing, production and distribution logistics [5,6]area of automatic retrieval is simultaneously addressed
Logistics management tools are often associated with lealong with data processing to ensure the system’s
manufacturing principles, as the primary goal of logisticeomplexity [11,12].
is to enhance process efficiency [7]. The shortcomings in the application of the ABC
Organising, managing and operating the logistics chamethod became the impetus for developing the modified
incurs logistics costs. Logistics costs can be classifiid>-ABC method [13]. The calculation allocates costs to

according to the nature and purpose of the flow: activities based on time usage. The logic of the TD-ABC
»  the costs of organising and managing the flow, method differs from that of the ABC approach in that,
» the costs of implementing the flow, while the ABC method requires repeated identification of
. holding costs, the actual occurrences of controlling factors for each
. costs arising from an inadequate level of logisticactivity, the TD-ABC method only requires a single

services [5,6]. temporal equation that mathematically models all possible

variations in the course of a given activity. It expresses the

In today's economic environment, logistics costs ared¢pendence of activity time consumption on time factors.
key factor in determining competitiveness across all"€@ TD-ABC method appears suitable in situations with
industries. However, the high complexity of logisticssignificant heterogeneity in both input and output resource
processes and the lack of accurate data on indirect cdi@gsumption that cannot be captured by the traditional
makes their effective allocation to cost objects significant$hBC model [11,13].
more difficult [4]. ] ) o

Under the traditional costing method, costs are divided A review of the literature in this area reveals that there
into direct (variable) and indirect (overhead) costgre several case studies and re_zsegrch focused on logistics
A large part of the logistics costs consists of overheadidSt management and the application of the ABC method
which are included in the overall overhead. If overhead various contexts. _
are presented in an aggregate form as supply, production, Reésearch conducted by Aksoylu and Demirel [1]
sales and administrative overheads, it is not possible splored the use of ABC in reverse logistics, specifically
determine exactly how individual processes and produdfcusing on the recovery of end-of-life vehicles (ELV).
utilize resources. For the purposes of efficient logistickne research critiques traditional accounting methods for
management, however, it is essential to understand héigir inadequacy in allocating overhead costs and
costs are affected by, for example, packaging methodsdgmonstrates how ABC offers improved insight into costs.
the chosen means of transport. This raises the question'Bf case study focuses on a dismantling facility where
how to fairly allocate logistics overheads fairly tovehicles are treated as inputs and recla!med materials as
individual products and which costing method to choosutputs. The authors conclude that ABC is a valuable tool
for this purpose [6]. To some extent, modern methods sulf companies to manage their reverse logistics costs
as Activity-Based Costing and Time Driven Activity- effectively, and the presented model can be applied to other
Based Costing (TD-ABC) offer some answers to thieCtors engaged in reverse logistics.
challenge [8]. Kucera [2] examined the application of the ABC

The foundations of Activity-Based Costing can pénethod for c_alculatmg logistics costs in the automotive
tracked back to Professor Kohler, who first introduced tHéarehousing industry. The study emphasizes how accurate
concepts of cost allocation in 1952. In 1988, this idea w&8Sting supports better decision-making and increases
further developed by Robin Cooper and Robert Kaplan aRéofitability. Through a case study of a logistics service
formulated the ABC method [9]. The essence of AB@_rowder, it demonstrates that ABC provides a detailed
costing lies in the allocation of indirect costs to individuaYiew of the cost structure, leading to a better cost
activities, through which these costs are assigned to c8ffimization and pricing strategy. Eera concludes that
objects based on a causal relationship between tHBC is a key tool for effective cost management and
economic resource and the cost object [10]. From igProved competitiveness in the automotive industry.
methodological perspective, it involves a full cost Zhangand Li[3]focused on the use of the ABC method
calculation (the absorption method), which can b# logistics cost management, emphasizing its importance
combined with the non-absorption method. Théor cost reduction in a globalized economy. The case study
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showed how the transition to ABC enhanced the accuraajlocated over a longer time period. Subsequently, the
of calculations and pricing strategies. The study alsmplementation costs were analysed and the expected
pointed out the delay in the application of ABC in theutputs of the system were defined. The second phase
Chinese logistics sector. The authors conclude that ABf@cluded the actual creation of the model, with the
provides a more sophisticated approach to cost accountingplementation of the individual steps necessary for the
compared to traditional methods. This is especially true fanplementation of the ABC system. In the third phase, the
operations characterised by low performance, high indireggstem was put into operation, ensuring automated data
costs, and personalised services, which are typical featusgsgjuisition and processing to achieve full system
of logistics companies. comprehensiveness; see Figure 1. Due to the limited scope
A study by Duran and Afonso [4] presents an Activityof the article, only the second phase of the application of
Based Life Cycle CostingAB-LCC) model for life cycle the ABC method, focused on the calculation of logistics
cost assessment in spare parts logistics. The model, whatists, is presented in the following section.
integrates the Weibull distribution to estimate demand and
costs for non-repairable spare parts, offers more accurateln the first phase of implementation, the key activities
costing and inventory optimisation than traditionabf the company and cost objects were defined. The main
methods. The case study shows that AB-LCC providescateria for identifying activities were the nature of the
more detailed view of costs and contributes to efficieselected foundry, which focuses on piece production with
inventory management. The authors recommend furtherhigh proportion of manual labour. The analysis of the
research focused on technological change and riskchnological process identified 18 primary activities
simulation. covering the main production operations (e.g. core
The authors Jin and Li [9] investigated how theroduction, moulding, casting removal, finishing of
competitiveness of third-party logistics (3PL) companiesastings, separation of sprues and risers, blasting,
can be enhanced through cost optimisation. The authamsnealing, grinding, inbound logistics - purchasing,
combine the ABC method, programme analysis, armroduction logistics, output logistics - dispatch, etc.). In
Flexsim simulation software to improve logisticsaddition, support activities necessary for the operation and
operations at L Corporation. The study reveals thatfrastructure of the business were identified that could not
transport, warehousing, and distribution are the main cds attributed to primary activities. These activities were
areas and proposes optimisations that have led to a 12.§éuped into
cost reduction for selected customers. The results show tliasupport activities, including for example metallurgical
combining the ABC method with other tools effectivelyand technological preparation, personnel activities,
identifies and resolves operational problems, leading g&xonomic activities, maintenance, etc. Finally, the cost
increased efficiency and reduced costs in 3PLs. objects were identified as: specific product (casting),
material (kg), order, and customer.
3 Logistics cost management in foundry The assignment of costs to activitigs represente_d .the
production using the ABC method next stage of the model developmgnt, aimed at quantifying
A case study was conducted to demonstrate tfiae costs generated by each activity. The total costs_of the
application of the ABC method in logistics costcompany were broken down into direct, payroll, variable

management in foundry companies. The productio"ﬁ”d fixed costs. Direct costs are allocated to cost objects in
programme of the foundry is focused on unit productiowe final phase of |mpIe_mentat|0|_1.. _Payroll_an(_j variable
and small-batch production of castings from steel (noﬁ_osts are allocated to primary activities, while fixed costs

alloy, low-alloyed), cast iron with flake graphite (LLG),"’lre ass.igned to support _activities. Cost qata from.the
cast iron with spherical graphite (LKG) and non-ferrou§ccounting system, classified by type, including analytical

metals (aluminium and copper alloys) Productiol,'ilccountsandcentres, is imported into specialised software,

commences only upon a specific customer order. T ere it is. broken doyvn by activity. The _subsequent
"customer order disconnection point” is situated in th ansformation of costs into calculated costs is carried out
material and raw material warehouses at the manufacturdpgugh the so-called activity cost matrix. Costs are

so-called Make-to-Order. The wide variability of material@ssigned to activities based on a relational variable called
used and the custom néture of production in the found e Resource Cost Driver, which enables direct assignment

lead to a high variety of cost structures that tradition here there is a real link between the cost and the activity.

costing methods cannot adequately capture. For th e outcome of this matrix is a quantification of the total
reason. the introduction of a modern ABC. costindndirect costs allocated to each activity, the so-called cost
approa'ch was proposed gool. The next step involved allocating costs to support

In the first phase, the reasons for implementation we tivities that cannot be directly assigned to cost objects, as
identified. and the ’structure of the ABC model Waiﬁeir outputs are utilised by the primary activities. Fixed

established. The strategic variant of the model was chos@ﬂ?ts were allqcated to support activities based on cost
characterised by fewer activities to which costs afglationship Va”a.b.les using thg application in the software,
the so-called activity cost matrix [14].
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The costs assigned to each activity are subsequentigrformance of that activity. ACDs need to be quantifiable
allocated to individual cost objects such as casting® accurately measure their impact. In collaboration with
materials, orders, and customers. For this purpose, ittie consulting firm and the company's technical staff,
necessary to measure the performance of activities andrétational variables for primary and secondary activities
express the relationship between activity costs and the cesth as time (minutes), gross weight, and raw weight, were
object through metrics. This is done by using relationalefined. The consumption of each activity was also
variables known as Activity Cost Drivers (ACD), whichquantified, for example, setting standards for time
represent the causal factors influencing the cost of @aonsumption in selected operations.
activity and provide a metric for evaluating the

PHASE |
Analysis

Defining the reasons for the
implementation
of the ABC model

1

The structure of the ABC
model

1

An analysis of the
implementation and operatid
costs

=]

Rejection of ABC
implementation

Is it possible to
implement ABC?2

Refine model

PHASE II
Model creation

1.Adjustment of accounting
data

2.Definition of the structure|
of the ABC system

3.Cost analysis process

4. Activities analysis

5. Costs allocation to cost

objects
PHASE IlI 6. Calculation sheet creatidn
Commencement of operation
Feedback on
model performance

Su cc?/wff’u nd
Long-term monitoring and Iterative improvements to
evaluation of ABC model model or implementation

Figure 1 Methodology of implementation of the method ABC [modified by 11,13]
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(3

Based on the quantification of Activity Cost Drivers The final step in the allocation of overhead costs per
(ACD), a measure of the performance of each activitproduct (1 piece of casting) is the allocation of logistics
referred to as the Activity Recovery Rate (ARR), waactivity costs, which is done through different cost objects
established. Subsequently, the unit cost of the activitiemd allocation keys, as shown in Figure 2. This process
referred to as the Activity Primary Rate (APR), wasnvolves quantifying the amount of logistics activities
calculated, which allowed the cost per unit of the activitgonsumed by a specific cost object (product, material,
to be determined. The APR is determined as the ratiwder). Based on the product of the quantity of logistics
between the total cost (Cost Pool) and the ARR. Thactivities consumed and the unit costs, the total logistics
procedure resulted in the derivation of primary activity unitosts of a given cost object can be calculated. The
costs, referred to as the Primary Activity Rate (PAPRgnterprise determines for each cost object which logistics
Similarly, the procedure for calculating the APR foractivities it uses and identifies criteria (e.g., standards,
secondary activities was applied to obtain the secondagchnological procedures, qualified estimates) that

activity unit cost (SAPR) [14]. automatically quantify the consumption of activity units
(min, kg, pcs).
Cost group Activity Cost object Allocation

Ordering material

Inbound logistics Receiving material Material item
Storage of material

Material consumption
of a certain product

) ) Cost of products of
Production logistics Production planning Product a certain typénumber  [—
Product quality control products
Packaging
Storage of products Cost per ordef

Outbound logistics Forwarding, Invoicing Order number of products

Order management in the order

of customers

Unit costs
product

Unit costs Primary activitieof
technological process

Figure 2 Allocation of logistics activity costs to cost objects and per product (own source)

4 Results and discussion The aim of the application of the ABC method was to

This chapter presents the main results of a case stu@gvelop a new costing system, the output of which is the
conducted in a foundry company in the Czech Republi@€sign of a costing sheet for a product (casting). ABC is a
One of the key outputs of the research was the developm8#t costing method that includes not only direct costs but
of a costing formula that enabled detailed allocation @fso activity costs, including the costs of logistics
logistics costs. The main benefits of the implementation gctivities. The structure of the proposed costing sheet in
the ABC calculation method for logistics proces@bbreviated form, is shown in Table 1, where the
management are summarized. The chapter also shows H@¢ulation of the full cost of ownership per 1 piece of
this costing method has been specifically used in t@sting is provided. The cost was calculated as the product
analysis of customers and has enabled the differentiation@¥fthe amount of units consumed (ARR) and the total unit

logistics service levels according to their economigost (TUC), which is divided into the unit direct cost
benefits. (UDC) and the unit cost of primary activities and

secondary activities (PAPR, SAPR).
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Table 1 The structure of a casting costing sheet in abbreviated form in € (own source)

Casting (1pc) ARR |ACD | TUC |UDC | PAPR| SAPR| Total

Direct costs | Material ..... 145 | kg | 8.50 | 8.5¢ 123.25
Activities

F11( Cores production 31! 23.2C | min | 5.50 5.0C 0.5C | 127.6(

F50( Knocking out castings .. 15.0C | min | 2.30 2.1C 0.2C 34.5(
Total direct costs + activity costs 285.35
Logistics activities

L100.1 Acceptance of the customer's ol | 1.2C min | 0.50 0.4( 0.1C 0.6(

L200.1 Internal quality control 2.2C min | 0.90 0.6% 0.2 1.9¢

L200.z Product packaging .. 4.1(C min 1.20 0.9t 0.2 4.92
Total direct costs + activity costs + logistics costs 292.85

The ABC costing method is primarily designed tdhese areas that was key to improving service and
accurately calculate the cost of a specific cost objedptimising resources was the logistics services provided to
Thanks to its specific characteristics, it is also a key costistomers. Therefore, the Activity-Based Costing method
management tool that enables not only cost reduction bwhs also used in the analysis of customers, which enabled
also cost optimisation. The benefits of implementing théifferentiation of logistics service levels based on their
ABC method in the logistics management of a foundry catonomic benefits.
be summarized in the following points:

» Precise allocation of logistics costs to a specifiDifferentiation of logistics service levels based on

cost object. customer analysis
« Determination of the actual costs of individual ~Customer analysis is one of the key components of
logistics activities. logistics processes. It is essential for strengthening

« Efficient logistics cost management through &ustomer relationships and for adequately differentiating

new costing method that determines the actu#fe level of logistics services provided in order to maximise
profitability of products and provides informationcustomer satisfaction. Not all customers bring the same

on cost drivers. economic benefits to a business. Even for similar products,
« Identification of unused resource capacity. specific customer requirements can vary considerably,
«  Providing information for decision-making affecting not qnly the. Io_glstlcs cha!n_but also_the logistics
throughout the product life cycle. costs. The differentiation of logistics services should

. Ability to evaluate the profitability of individual therefore be based on a detailed customer analysis. This

product lines and identify those that generat@”alySiS focuses on key metrics that reflect the importance
losses of the customer, such as revenue share, profit contribution

; : c : hare and other relevant metrics.
;ugrgzj%rrtlcglfrifgctlve decision-making on change§ Pareto analysis, based on the Pareto's 80/20 principle,

- , , . _is a suitable tool for classifying the importance of
* Providing relevant information for the evaluation Lo . % of
of suppliers and customers. customers. This principle states that approximately 80 60
. K . he devel N fthe _effepts res.ult from 20% of the causes. In practical
Continuous monitoring Of the developmen Odappllcanon, this means that most problems can be
IOg'St'C.S costs, identification of deviations an attributed to just a few key factors. Thus, Pareto analysis
anal_¥3|s .Of their causes. . .allows for the identification of these key factors and the
*  Positive impact on company culture, especially ifyeging of efforts on resolving them, resulting in
the area of internal communication. maximum improvement with minimum effort. A graphical
*  Expanding the management information base fqfq| called a Pareto diagram is used to visualize the results
decision making at different levels of ot pareto analysis. This diagram is used to visually
management. illustrate which causes have the greatest impact and how

L . significantly they contribute to the overall problem. In the
The result of the application of the ABC calculationbaretg chart, the bars are arranged according to the

method was not only the creation of a calculation formu'i?nportance of each category (e.g., sales, profit) from the
that enabled a more accurate allocation of logistics cosfgqgt important to the least important. The Lorenz curve
but also the identification of specific benefits of thighown in the diagram represents the cumulative percentage
method for logistics management in a foundry companys the total values of these categories [6].

The implementation of this method contributed to more

efficient management of logistics processes at all levels, Thg research focused on the application of the Activity-
which included accurate tracking of costs of individuag,geq Costing method in logistics management in the
activities as well as decision support in key areas. O”efoundry industry, resulting in the creation of a complex
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costing formula for detailed allocation of logistics costs. AB contributes 20% of the profit and is thus the most
a further example of the practical application of this costingnportant customer. Although all customers contribute to
method, an analysis of customers based on therofits, their returns gradually decrease. Based on the
‘contribution to profit' was carried out, demonstrating itkorenz curve (Figure 3), it can be concluded that the "vital
ability to accurately cost both jobs and individuaminority", which represents 80% of the profit contribution,
customers. The 'profit contribution' indicator includes thancludes customers B, D, F, A and C. The second group,
contribution to fixed costs and profit generation. The profitepresenting 20%, includes customers G, H and E.
calculation was based on the Activity-Based Costing

method applied in the company. This method allows not  Table 2 Pareto analyse of customers (own source)

only costs to be allocated to individual cost objects, but _ cumulati Cumulati
also revenues. Thanks to the precise allocation of costgQuistomer|Profits of ve profits Structure ve

is possible to determine the profit generated by individugl s orders (€) ?€) (%) structure
cost objects relatively accurately. The principles of the (%)
Activity-Based Costing method consider the customer as B 7 05( 7 05( 20 20
the main cost object because they are based on the D 5 95( 13 00( 17 37
assumption that the firm's revenues are generated by F 5 50( 18 50( 15 52
customers, not products. The profit of a cost object was A 5 30( 23 80( 15 67
determined as the difference between the revenue from that C 4 85( 28 65( 13 80
object and the direct costs and expenses of the activities g 3 20( 31 85( 9 89
associated with that object. In the first step, the amount[of R 2 80( 34 65( 3 97
profit contribution for each customer was calculated forthe ™ g 1 10( 35 75( 3 10C
observed period. Customers were then ranked Mg\ 35 75( 10C

descending order of their contribution to profit, and th

cumulative shares of their total contribution were Profitability analysis provides detailed information on

calijlg;ergttggigfl:é;s;ggvir:;gtlgb;es Z'a it of the anal the real added value of individual customers. This
g P Yiformation enables the elimination of high-loss

(Figure 3). The data in Table 2 and the Pareto chart indic tgrformances and thus contributes to an increase in the

that the key customers in terms of share of total POy erall profit achieved. It also allows differentiation of the

contribution are B, D and F, which together account fqr - : . o
52% of the total profit contribution of €35 750. Customg(ﬁ\éie\}igtjggéiggs ns]g:\snces according to the specific needs of

@ 8000 100
w —~
& 7000 0¥
g 80 o
S 6000 -0 §
[%2]
£ 5000 60 F
S 4000 50 2
? T
& 3000 40 2
3 30 5
S 2000 3)
S 20

1000 10

0 0

Customers

Figure 3 Customer Pareto analysis and Lorenz curve (own source)

The application of Activity-Based Costing in thethe accurate allocation of logistics costs to activities, which
management of logistics costs in foundry production hanabled a better understanding of the economic efficiency
produced a number of significant results. A key benefitwad logistics processes and a detailed overview
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of the actual costs of individual activities. This concepdvanced technologies such as predictive models for
allowed detailed identification of cost factors that werdogistics process management is also an interesting
often part of overhead costs in traditional costing systenresearch direction.

Higher levels of cost transparency and more accurate

performance measurement of logistics processes haye Conclusions

created the basis for strategic decisions and the The eyolution of the business environment has brought
introduction of technological innovations. Key benefits ofpanges in the structure of logistics processes and in the
the |mplementat|on include |mproved_ planning of logisticgnaracteristics of supply chains, which has led to an
operations, such as warehousing processes gfdrease in the differentiation of logistics costs. The
optimization of supply routing, as well as the discovery qfomplexity of cost relationships and drivers has reached a
unuged capacity and the pO-S.S.IbI|ItyOf redirecting resourcRge| where traditional cost management methods no
to higher value-added activities, etc. Another advantaggnger provide sufficient information, creating the need for
was the introduction of differentiation of logistics servicg,eo\y sophisticated systems [15,16]. In this context, the
levels according to the contribution of customers to overgllgc method appears to be an effective tool for managing
profit, which contributed to more effective management gf,q allocating logistics costs.
key customer relationships. o The aim of the research was to apply the ABC method
_ Although the study had important contributions, it hagy |ogistics cost management in foundry companies and to
limitations affecting its generalisability and the accuracy Qhyestigate its potential in optimizing logistics processes.
the results. The introduction of the ABC method was timg¢he case study focused on the application of the ABC
and data consuming, as it required a detailed analysisiRfihod in the calculation of logistics costs in foundry
logistics processes. In this study, some of the data wWefgquction. The stated objective was achieved through the
obtained through educated guesses, which may hqy@sentation of the individual steps of the method
affected the accuracy of some of the conclusions. Anothgiyiementation and the creation of a costing sheet for the
challenge has been the complexity of the system, Wh'?fﬂjantification of logistics costs.
includes staff training and the adoption of a new culture in The results of the research confirmed that the outputs
process management. This transition can pogE the ABC method have a wide application in the
a significant challenge, especially for smaller businessggtimization of logistics processes. The method was
that are faced with limited human and financial resourceg,ccessfully used to differentiate the level of logistics
Furthermore, the results of thls_ case study are specificd@ryices based on the analysis of the profitability of
custom foundry manufacturing and may requirgygividual customers according to the "Contribution to
adjustments for application in other industries. profit’ indicator. Costs were allocated to individual
The implementation of the ABC method has beegyniracts, which allowed the profit to be determined at the
challenging but has opened up new opportunities fegniract level. Pareto analysis and Lorenz curve were used
innovation in logistics cost management and procegs gssess the significance of individual customers.
optimization. One possible approach is to implement Einajly, the study highlighted the significant benefits of
advanced technologies, such as software tools that a"?{WpIementing the ABC method, including accurate
automation of data collection and computation, whichjjocation of logistics costs to individual activities,
would reduce time and increase accuracy. The ABfmnroved transparency of cost structures and more
method allows you to identify cost-consuming logistiCgfficient planning and decision-making in logistics
activities and then optimise them in a targeted way thro“%erations. Moreover, the differentiation of logistics

lean manufacturing or digital technologies. Detailedgyyices based on customer profitability confirmed the
information on the costs of logistics activities cafyractical use and value of this method.

contribute to better planning and management of the entire However, the study also identified some limitations,

supply chain. The ABC method also makes it easier {9,ch as the time and data complexity of implementing the

identify areas for reducing the environmental impackgc method and the dependence on some estimators,

of logistics processes, for example by optimising transpofiich may have affected the accuracy of the results.

thereby contributing to business sustainability. Moreover, the focus on custom foundry production limits
Based on the results obtained from this study, thge generalisability of the findings to other sectors.

following directions for future research can be pegpite these limitations, the ABC method offers
recommended. One of which is the analysis of the longynsiderable potential  for innovation, including

term impacts of the implementation of the ABC method 0f,tomation of data collection and process optimization

the profitability and efficiency of business processes, Witlkrough advanced digital technologies. These capabilities
a focus on logistics costs. Another recommendation is {R\derline its importance in modernising logistics

compare the effectiveness of the ABC method with Oth?ﬁanagement in the foundry industry.

modern costing methods, such as Time Driven Activity- Baced on the results of the study, the following

Based Costing, in relation to logistics ~proceSgirections for future research can be recommended: focus
management. The linking of the ABC method withyn analysing the long-term impacts of the ABC method on
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the profitability and efficiency of logistics processes an{B] DRURY, C.:Management and cost accountjigf ed.,
compare its effectiveness with alternative calculation London, Chapman & Hall, 1988.

approaches such as Time-Driven ABC. [9] JIN, Q., LI, T.:Operation improvement of third-party
logistics enterprise based on Activity-based costing
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Abstract: The development of linear infrastructure is important for the development of logistics, for the economic
development of regions. The is at the same time spatially differentiated between regions. The regions are strongly
developing their linear infrastructure in order to reduce the disparities in the development of facilities and roads. The aim
of the study was to diagnose the condition of linear infrastructure and to indicate its spatial changes in the years 2011-
2021 in Poland. The were used to build a synthetic measure using the Technique for Order Preference by Similarity to an
Ideal Solution method. The synthetic measure of linear infrastructure ranged from 0.0lh$kammazurskie) to 0.60

(slaskie) in 2010 and 0.3%Wictokrzyskie, podlaskie) to 0.56l4skie, matopolskie) in 2021. A higher value of synthetic
measure of linear infrastructure indicates a better position and higher competitiveness of the voivodeship within the
research area. The provinces well equipped with linear infrastructure include the providleskief dolnokaskie,
matopolskie. The provinces where there is an improvement, and road connections are developing, include podlaskie,
swigtokrzyskie. They are not counted among the highly developed economically and do not make the best use of the
opportunities offered by a developed road network. Action taken in this aspect must be based on analyses to facilitate
comparisons and on current information necessary for effective action.

1 Introduction of transportation infrastructure, which has an adverse effect on the

The nation's transportation infrastructure is essential to @8vironment. Because it facilitates the movement of people and the
economic growth. Is a crucial sign of its economic expansidfde of goods across space. The transportinfrastructure plays a role
Roads, highways, and railroads are examples of lindArthe growth and development of an area. In addition to causing
infrastructure. They provide serious hazards to the local ecosystegiscape fragmentation, the construction of linear infrastructures
and biodiversity, but they can also have major positive social d & variety of negative effects on biodiversity and natural habitats
economic effects. For linear infrastructure, a spatial planning té&eN. Pan, Xu, He, 2022) [2]. o .
that balances the costs and advantages of environmental and he European Union (EU) has paid particular attention to the
socioeconomic factors is required. A variety of infrastructures ##gvelopment — of infrastructure, ~especially  transportation,
necessary for the growth and welfare of human society. Liné@nsidering it a key element in ensuring teritorial cohesion.
infrastructures  have created significant ecological ~af@vesting in transportation is key to sustainable development,
environmental issues in addition to their enormous econorfigabling the free movement of people, goods and services, which
benefits (Wu, Li 2022) [1]. translates into economic development and cooperation between

Infrastructure plays an important role in promoting the soci§ountries. As part of its cohesion policy, the EU invests in the
economic development of a region. In particular, the provision gpnstrucﬁon and modernizati(_)n of road, rail, sea and air networks,
transport infrastructure is important for agri-food supply chairgiming to close the gap in access to modem modes of
which have some specific characteristics that contribute to #fgnsportation. Such policies aim not only to improve mobility, but
complexity of external logistics. Transport infrastructure has &0 to integrate peripheral areas, which in the past were less
impact on green and sustainable development, on econofffiveloped and had difficult access to key markets [3]. The road
growth due to the investment during the construction period and®tem plays a key role in both maintaining the health of the
possible positive externalities after construction. More energy@gonomy and generating social benefits. With an ever-increasing

used and, consequently, more CO2 is released during the buil@greness of climate change and sustainability, transportation
infrastructure researchers, engineers, and practitioners are pursuing
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innovations to conserve natural resources and reduce endmfiyencing the changing needs of society. Spatial interdependence
consumption and emissions. Roads are the backboneradérs to the geographic proximity and common location of
transportation, which drives trade, tourism, and industry, whichdlifferent infrastructure systems, such as the sharing of networks,
turn drives economic growth. As a result, a well-developed rogudrastructure elements, and space. Functional interdependencies,
infrastructure promotes economic stability and attracts investment.the other hand, arise when different infrastructure systems play
The road system not only supports the economy but also hammplementary or competing roles, which affects their mutual
tremendous impact on improving the quality of life of societfunctionality. These interdependencies result from the exchange of
reducing geographic isolation, improving access to services, anaterial resources and information, as well as from complementary
integrating communities [4]. Differences in the efficiency obr competing functions [7].
infrastructure and quality of logistics systems in different countries Transportation infrastructure is a key component of a well-
can be identified as the source of several problems in the gldbalctioning economy, playing a vital role in its economic and social
supply chain, such as lack of connectivity between countriegvelopment. Transportation brings numerous benefits to society,
congestion, high costs, delays in shipment flows and the associgtediding access to education, jobs, goods, services, as well as
increase in logistics costs [5]. enabling leisure and promoting physical activity in daily life. The
The aim of the research was to assess the spatial dispropodievelopment of transportation infrastructure is considered an
of linear infrastructure at the level of voivodeships in Poland. éssential foundation for economic growth, as it directly supports
voivodeship in Poland is a territorial subdivision that is aproduction and economic activity. Investment in transportation
administrative part of the country, which is responsible for canyiradfects economic growth by increasing the efficiency of labor and
out public tasks. The availability of data from Statistics Polarepital, reducing costs through improved transportation efficiency,
played a key role in their selection. The research process soughttlerating structural change in regions, including the industrial
identify the essence of linear infrastructure and areas affectedsbygtor, and modifying aggregate market demand [8].
polarisation in the provincial economic system in 2011-2021. The In neoclassical economic growth theory, the development of
Technique for Order Preference by Similarity to an Ideal Solutitransportation infrastructure combines technological and political
(TOPSIS) method was used to build a synthetic measure. Téwtors to create a residual period of technological progress. The
analysis was performed for the years 2011-2021, and the reghltery of endogenous economic growth suggests that the
were presented for extreme years. This made it possible to indieatiernalities of infrastructure investment are the primary source of
the dynamic aspects of the phenomena studied and to cortrog-term economic growth. The development of transportation
deviations in the phenomenon associated with changes in, ifrastructure should be viewed as the physical capital of the region
example, the economic climate of the province. Implementation/®f. Govemments, non-govemmental organizations, and local
the objective required answers to the research questions, i.e. Vebaimunities are striving for sustainable development, which
is linear infrastructure and what are its determinants? Is ther&lerpins activities at all levels of infrastructure management and
territorial cohesion in terms of linear infrastructure? What is thievelopment. In the context of transportation infrastructure
strength of the interactions between the linear infrastructuenstruction, a key goal is to minimize the negative impact that
diagnostic variables? To what extent have spatial disparitiescomstruction materials, construction processes, and related activities

linear infrastructure been bridged? have by reducing emissions, natural resource consumption, and
environmental degradation. Sustainable development of
2  Literature review transportation infrastructure focuses on balancing economic, social,

Infrastructure systems are interconnected and influence eafl environmental needs to ensure long-term efficiency and
other. A better understanding of these interdependencies supgBifimize side effects on future generations [10].
urban and provincial efforts. Recognizing these interdependenciesThe development and implementation of transportation
allows one to see patters that can help bring about changesffastructure has a significant impact on the location decisions of
urban and provincial infrastructure systems, preventing unexpediéginesses and households, as it improves accessibility to various
consequences and eliminating systemic blockages. EffectivBirkets, services and resources. Th|s_makes it easier for businesses
sorting out the reciprocal mechanisms between infrastructifereach new customers and suppliers. For households, better
systems can enhance the understanding of transition processiarngportation infrastructure provides easier access to jobs,
the context of sustainable development. Infrastructure systemsehdcation, health care and other services, which improves quality
part of broader socio-technical systems that produce, process@rite- Increasing accessibility and improving transportation can
distribute specialized services, materials and resources, thetgggl to increased traffic congestion, resutting in more traffic jams
supporting the well-being of citizens and the proper functioning@®hd longer travel times. Therefore, developing transportation
cities. One of the key functions of social infrastructure is to provididfastructure requires balancing the benefits of accessibility and
basic urban services, such as the provision of energy, water, I§Sfgiency with social and environmental costs [11]. A developed

transportation and sanitation, which meet social needs drsportation infrastructure is a key determinant of regional
contribute to the quality of life of residents [6]. advantages, as it reduces transportation costs, which encourages the

Social institutions influence the formation of infrastructurélevelopment of various industries and sectors. Good transportation
systems through political action, lobbying, coalition building, anifrastructure  contributes  to  the growth of  industrial
the establishment of social norms, customs, and culture. Institutiggiglomerations, as it enables companies to concentrate in one
and infrastructure systems develop simultaneously, adapting to Egion, which generates economies of scale and improves
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competitiveness [12]. The development of transportati@nvironment, making it more accessible to wealthier
infrastructure can reduce trade costs, narrowing the price gap aeighborhoods. Economic barriers, such as entrance fees and
increasing inter-regional trade flows, leading to an improved tratlansportation costs, can limit access to green spaces, so eliminating
environment, better market integration and an increase in gritese obstacles is key to promoting social equity and inclusive
domestic product (GDP) per capita [13]. Accessibility provided lccess. Understanding inequalities in access to green infrastructure
transportation infrastructure helps people secure jobs, gives acaagaires taking into account individual and neighborhood factors,
to a variety of services, and allows businesses to interact witle impact of which is still not fully understood [16].

customers and manufacturers [14]. Transportation infrastructure isUrbanization and growing urban populations are challenging
characterized by its durability, high construction and maintenaregsting transportation networks, requiring investment in new
costs, long construction and use periods, and linear or point-to-pswititions and adaptation of current systems to meet the needs of
nature. Despite its many benefits, its development is associatemtern agglomerations. It is crucial to ensure equal access to
with serious environmental consequences, including C@gblic transportation and infrastructure for all segments of society,
emissions from fossil fuels. Improving transportation infrastructuesspecially the less affluent, in order to promote sustainable
is key to allocating resources efficiently, creating a favorabtfevelopment. Transportation is a basic need that affects residents'
business environment and providing higher returns on investmémtependence, autonomy and quality of life [17].

In addition, government spending on transportation increases

economic competitiveness, promotes trade, tourism, foreign  Methodology

investment and job creation [15]. The process of constructing a synthetic measure using the
The development of transportation infrastructure in CitieTOPSIS method involves the following steps (Hajduk, Jelonek,
should include not only automobile transportation, but also t2021)[18]: (1) selection and verification of diagnostic variables
development of public transport systems, pedestrian and bicyhoth substantive and statistical); (2) normalization variables and
paths, which positively affects the quality of life of residents. Thejgentification of stimulants and destimulants; (3) aggregation of the
investments must take into account measures to combat clinsynthetic measure of linear infrastructure using the TOPSIS
change, promoting low-carbon modes of transportation amethod; (4) ranking of voivodeships based on the synthetic
investments in green infrastructure. The relationship between grmeasure of linear infrastructure; and (5), (6) interpretation of the
infrastructure and transportation infrastructure is complex aresylts in relation to the studied entities.
dynamic, and their integration is key to achieving the goals of To create a synthetic measure, diagnostic variables were
improving quality of life, reducing emissions and achieving socCichosen based on their substantive relevance, adequate coefficient
and economic sustainability. of variation, and low correlation with other variables [19-20].

Green infrastructure can mitigate problems associated WTable 1 presents the selected variables, which were gathered across
urbanization, support biodiversity, improve citizens' health, aithe voivodeships of Poland.

increase resiience to climate change. The use of green
infrastructure depends on financial resources and the urban

Table 1 Diagnostic variables used in the analysis of linear infrastructure of voivodships in Poland

X1 Expenses Total transport and communicati pln/per capit Stymulan
X2 Expense:- voivodship public roac pln/per capit Stymulan
X3 Roads for bicycle km/100km: Stymulan
X4 Total public road: km/100km: Stymulan
X5 Expressways and highwa km/100km: Stymulan
X6 total bridges and viaduc sz/100km Stymulan
X7 total railroads km/100km: Stymulan

A matrix of observations, denotedXas is used to represent
the set of diagnostic variables: 7 = ST when X; €S, )

) max;Xjj—min;jxjj

max;X;i—Xjj
Xij = @ Z; = L

) max;X;j—min;x;;

, Whenx; € D, ©)

X112 X1nl
Xm1 °° Xmn

whereX;; € R- denotes the values of the i-th test object reIative‘%J“ere: S-stimulant, D-destimulant; ngaxthe maximum value of

o n : . L - the j-th variable, mig - the minimum value of the j-th variablg, x
the.J th d|agnos'uc_ \_/anable, | - object number (=1, 2, ..., n), |- denotes the value of the j-th variable for the i-th object [22], Z
variable number (=1, 2, ..., m).

normalization value of the j-th variable for the i-th object [23].

The zeroed unitarization method was applied to normalize the
diagnostic variables, scaling all values to the interval [0,1]. T e,
variables are normalized according to the specified formulas [Zi :

The unitization process produces a value matrix represented by
functior;;, which is expressed as follows:
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the pattern (from 1). A higher value of the measure indicates the

Z11 Zin better situation of an individual in the studied area [25].
Zy=| : Sl @. Based on the meaR)(and standard deviation (Sd), four
Zm1 " Zmn groups were found ordering the synthetic measure's values,

. according to the formula (8):
The following formulas were used to compute th

voivodeship's Euclidean distances from the pattem and ant-  Group | (highestlevel) — XHES(sKq 8)
pattern: _ Group Il (high level) BKG< SE)+S(s)
(a) the distances of objects from the pattemn: Group lll (medium level)  Sf-S(skg< SK)
Group IV (low level) iq S&)-S(s)
df = Jl m (z;— 2z) 5
' n T © In Statistica software, bag plots, Gini coefficient, maps of

) ) . spatial differentiation of provinces according to the synthetic
(b) the distance of objects from the anti-pattem: measure, Pearson's linear correlation coefficients, Sperman’s rank,
gamma, and Kendall's tau were created.

d-= [y (z; - z7)° 6 : .
‘ \/n DCTRED ©) 4 Results and discussion

) o _As society progresses and intemational relations become more
where: n- denotes the number of variables building a pattern or gafisrconnected, the role of transport infrastructure as a driver of
patternz; ;- denotes the normalized value of the j-th characteristig.onomic and social development is becoming increasingly
for the unit under study (or the normalized value of the j-th varialligynificant. The synthetic measure of linear infrastructure ranged
i-th object)z;" / z; - denotes a pattern or anti-pattern object [24].from 0.01 (Warmisko-Mazurskie) to 0.6G¥askie) in 2010, and

from 0.31 Swictokrzyskie, Podlaskie) to 0.56Sl{skie,
The Technique for Order Preference by Similarity to an Idelelatopolskie) in 2021. A higher value of the synthetic measure (q)
Solution (TOPSIS) method was used to determine the synthétidicates a better position and greater competitiveness of the

measure for each province according to the formula (7): voivodeship within the analyzed region (Table 2). These variations
highlight the disparities in the development of linear infrastructure

qi (synthetic measure of linear infrastructure) = across Poland's regions. The differences in the synthetic measure
dj gdzie0< g <1,i=1,2,...n; @) reflect not only the level of infrastructure development but also the

i +df’ varying capacities of these regions to support economic growth and
_ . improve accessibility. It provides valuable insight into the evolving
whereg; € [0; 1];d;” - denotes the distance of the object from thgatterns of regional development and competitiveness.

anti-pattern (from O)J;" - denotes the distance of the object from

Table 2 Groups of synthetic measure of the attractiveness of linear infrastructure of voivodships in Poland in 2011 and 2021

or voivodeship synthetic measure voivodeship synthetic measure
in 201: in 202
|| Slaskie 0.6( Matopolskie 0.5¢
Matopolskie 0.42 Slaskie 0.5¢
Dolncélaskie 0.3¢ Dolncélaskie 0.4¢
Il | Opolskie 0.2¢ £ Odzkie 0.4
Wielkopolskie 0.2¢ Kujawske-pomorski 0.4
Wielkopolskie 0.4(
Nl | Kujawske-Pomorski 0.2: Mazowieckit 0.3¢
Swietokrzyskie 0.2: Lubelskit 0.3¢
Mazowieckit 0.2 Warmiaskc-mazurski 0.3¢
£ Odzkie 0.2] Zachodniopomorsk 0.3¢€
Lubuski¢ 0.2( Pomorski 0.3¢
Pomorski 0.2( Lubuski¢ 0.3¢
Zachodniopomorsk 0.1¢ Opolskie 0.3¢
Podkarpack 0.1¢ Podkarpack 0.3:
Lubelskie 0.1i
Podlaski 0.1:
IV | Warminskc-Mazurskis 0.07 Podlaski 0.31
Swietokrzyskie 0.3
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Spatial differentiation of Poland's voivodeship in the context of linear infrastructure development in

In Poland, there is significant regional variation in key elemergrowth and better connectivity within Poland [26]. The

of transport infrastructure, particularly in the density of motorwaydevelopment of road infrastructure in Poland is a necessity and

expressways, and operational railways. In 2019, the densityguarantees great benefits for society. Developed road infrastructure
municipal and district hard-surfaced roads in Poland reached ¢strengthens the economic, spatial and social cohesion of the country
km per 100 km?, marking an increase of 25% compared to 20and its regions, provides opportunities to save on storage and
when the density was 66.2 km per 100 km2. This indicatestransport costs, facilitates the sale of goods and services outside
considerable improvement in the accessibility of local areas acilocal markets, enables the movement of workers to more efficient

the country in recent years. Such developments should be secand attractive regions, and increases the level of mobility of society

highly positive, as they enhance opportunities for further regiol[27].

Table 3 Descriptive statistics of diagnostic variables and synthetic measures of attractiveness of linear infrastructure of voivodeships in Poland

synthetic measure of linear
infrastructure
expenditures transport
and communications
expenses - voivodship
public roads
roads for bicycles
public roads
expressways
highways

bridges and viaducts
railroads

and

synthetic measure of linear
infrastructure
expenditures transport
and communications
expenses - voivodship
public roads
roads for bicycles
public roads
expressways
highways

bridges and viaducts
railroads

and

Effective transport infrastructure is crucial for the economy amhile right skewness indicates the opposite. The degree of
society, but it also impacts the environment in various wayskewness reflects the distribution's asymmetry (Table 3).
Between 2011 and 2021, measures of central tendency (meanCentral and Eastern European countries have significant
increased (except for railways), while variability measuredeficiencies in transport infrastructure, which affects economic
(standard deviation, coefficient of variation) showed both increaidevelopment and production. Transport infrastructure should be
and decreases. Higher kurtosis values indicate a more concentevaluated both as a whole and by transport mode. Key factors for
distribution around the mean, while lower kurtosis reflects a wicanalysis include the level of transport, internationalisation,
spread of values. The synthetic measure showed left skewnesinfrastructure quality, and efficiency of services. Among EU
variables like bicycle roads, public roads, and railways (AS<0), acountries, the Netherlands leads in transport development, while
right skewness for transport and communication, spending Bulgaria ranks lowest. The Baltic States lag in transport
provincial roads, expressways, motorways, and bridges (AS>internationalisation compared to EU leaders such as Germany, the
Left skewness means more units have values above the mUK, and Spain [28].

Average

0.25
172.52
99.24
1.91
134.03
0.61

12.13
6.96

0.39
23234
126.22

592
138.74

1.49

13.69
6.61

0.07
13548
41.25

0.83
83.30

0.00

5.00
3.80

0.31
147.18
69.88

3.08
85.60

0.81

6.00
3.80

in 2011 and 2021

5§ .
P

0.60
240.81
150.34

4.54
214.50

1.98

33.00
17.40

0.56
35848
24746

11.10
207.50

2.95

36.00
15.20

0.53
105.33
109.09

3.71
131.20

1.98

28.00
13.60

0.26
211.30
177.58

8.02
121.90

2.14

30.00
11.40

Quartile

L
2011
0.09
46.13
31.79
1.51
34.50
0.62
7.50
2.00
2021
0.07
65.66
54.90
345
35.75
0.81

7.50
1.95

L.a
e PR
S 53
S .
33 %% 2
@)

0.13 51.93 1.60
32.98 19.12 0.92
30.06 = 30.29 0.20
0.98 51.56 1.17
3485 @ 26.00 0.98
0.52 84.59 1.15
8.50 70.10 1.56
3.17 45.50 2.58
0.08 19.97 1.27
5532 | 2381 0.97
4510 = 3573 1.33
2.14 36.16 0.91
3332 | 24.02 0.59
0.66 44.11 1.15
9.04 66.04 1.57
2.67 40.38 2.39

Kurtosis

3.06
-0.02
-0.07
2.04
1.13
1.99

1.40
8.28

0.87
0.50
231
0.70
0.52
0.61

1.46
7.27
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Figure 1 Division of provinces according to the value of the measure synthetic attractiveness of linear infrastructure of provinces in Poland
in 2011 and 2021

The voivodeships with well-developed linear (transport) There is a systematic increase in the demand for transport in
infrastructure includeSlgskie, Dolndlaskie, and Malopolskie, Poland. This is due to an increase in the volume of production,
where increased spending on public roads and the developmeitefnational exchange, concentration of production and service
expressways and motorways are evident. These investmentseiigities, changing lifestyles and increased mobility of the
crucial due to the underdeveloped railway network and the growjpgpulation. At the same time, despite the considerable involvement
demand for both passenger and freight transport. Voivodeshibshe administration in the development of the road system, the
such as Podlaskie afdigtokrzyskie, while showing progress in quantitative and qualitative development of the road infrastructure
road infrastructure development, still lag economically and fail tnd its condition are not adequate to Poland's expectations. The
fully capitalize on the advantages of a developed road netwatkvelopment of the road infrastructure will become increasingly
Transport infrastructure plays a vital role in enhancing econongiifficult, the construction of new roads is not only a significant
competitiveness, innovation, and territorial cohesion. As a resuliofestment, it is also an often difficult to accept transformation and
insufficient transport infrastructure, areas with low spati@ccupation of land. It is therefore becoming necessary to make
accessibility have emerged in Poland’s regional and natiobeltter use of the existing road infrastructure [30]. It is therefore
system. Based on the mean value and standard deviation,ntigessary to complete the road infrastructure in the east of our
provinces were categorized, with darker colors indicating bettepuntry as soon as possible.
performing regions according to the primary criteria and lighter The values of the individual indicators differ significantly from
colors reflecting weaker regions (Figure 1). each other, which is due to various conditions, of which the most

In the voivodeships, expenditure on infrastructure developmeignificant seem to be historical-geographical factors, the difference
accounts for a significant part of the budget and is one of the rnshrea, the difference in population and the different economic
anticipated investments by the local community. The directionsspfecificiies of the provinces. In terms of these variables, the
development of transport infrastructure may include revitalisatigorovinces of group | are in a better situation than the others. The
modernisation or construction of new transport routes. The lentthgth and density of the road network varies from voivodeship to
and density of the road network varies by province. The valuessofvodeship in Poland (group | units are in a better situation, group
the individual indicators differ considerably, which is due to variod¥ units in a weaker one).
conditions, the most important of which seem to be historical- Figure 2 illustrates the relationship between the synthetic
geographical factors, the difference in area, the difference nreasure of linear infrastructure and two key indicators: gross
population and the different economic characteristics of thdemestic product (GDP) per capita and per capita household
provinces. The geographical indicator (per 100km2) was thiansport expenditure. The chart highlights the differentiation
highest in botiflaskie and Matopolskie voivodeships, and themong voivodeships based on these factors, identifying outliers
lowest in Warmisko-Mazurskie, Zachodniopomorskie, Lubuskighat belong to Group |, which stand out in terms of their unique
and Podlaskie. Other results, which are sometimes the inverselafracteristics. The shape and distribution of these groups in
the geographical indicator, occurred in the case of the demograghiosequent years may reveal trends of convergence or divergence,
indicator, which is due to the population size of Polisteflectingthe evolving disparities orimprovements in infrastructure
voivodeships [29]. development and its impact on economic performance and

household transport expenditure across the regions.
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Table 4 The average value of the synthetic measure and diagnostic variables by synthetic measure group attractiveness of linear infrastructure of
voivodships in Poland in 2011 and 2021

group! | | I 11} v I I 11} \Y
201’ 202!

synthetic measure of linear 0.47 0.27 0.19 0.07 0.54 0.41 0.36 0.31
infrastructur
number of unit 3 2 1C 1 3 3 8 2
expenses on transport =~ 184.56 183.67 169.42 145.09 2212 19043  252.01 233.24
and communications
expenses - voivodship =~ 93.74 94.1 105.13 67.14 11291 10368 13219 156.08
public roads
roads for bicycles 2.7¢ 2.5 1.6: 0.8¢ 7.3t 7.0¢ 5.4¢ 3.7¢
public roads 1775 127. 126.1° 95.f 178 146.10 | 119.9¢ 142.4:
expressways and 1.28 0.88 0.39 0.3 2.16 1.96 121 0.86
highways
bridges and viaducts 2¢ 11t 8.1 6 30.6 9 1C 1C
railroads 11.2: 8.1 5.6¢ 5.1 104 6. 5.71 5
gross domestic product = 41656.3 377195 357456 29175 70138.7 65425 612251 50339.5
per capita
household 98.05 92.14 91.49 65.49 13248  110.27 123.2 101.56
transportation
expenditures (average
monthly  expenditure
per person)

The role of infrastructure in the economic development processources, as well as extending the productivity of already existing
consists mainly in creating the conditions for production activitiegsources. The influence of the diagnostic variables of the synthetic
The lack of transport infrastructure may be the cause of tmeasure of lion infrastructure, gross domestic product per capita
marginalisation of regions, i.e. their exclusion from developmeatd per capita household transport expenditure on the level of the
processes and thus the exclusion of their inhabitants. It increasesyhthetic measure is presented in Table 5.
production capacity of an area by increasing accessibility to

Table 5 Correlation of the synthetic measure of lion infrastructure attractiveness and the diagnostic variables of voivodships in Poland in 2011 and 2021
(Marked correlation coefficients are significant with p <.05000; N=16)

synthetic measure of linear infrastructure

Pearson's linear Spearman's rank Gamma Kendall's tau
correlation coefficient correlation correlation correlation
coefficient coefficient coefficient

2011 2021 2011 2021 2011 2021 2011 2021
expenses on transport and 0.03 -0.14 0.01 -0.11 0.03 -0.07 0.03 -0.07
communications
expenses - voivodship public -0.28 -0.27 -0.24 -0.33 -0.20 -0.25 -0.20 -0.25
roads
roads for bicycles 0.72 0.53 0.61 0.54 0.52 0.38 0.52 0.38
public roads 0.76 0.70 0.56 0.55 0.40 0.35 0.40 0.35
expressways and highways 0.83 0.64 0.82 0.67 0.66 0.50 0.66 0.50
bridges and viaducts 0.93 0.82 0.68 0.28 0.56 0.21 0.55 0.21
railroads 0.89 0.68 0.88 0.45 0.73 0.32 0.73 0.32
gross domestic product per 0.35 0.38 0.64 0.61 0.45 0.40 0.45 0.40
capita
household transportation 0.23 0.22 0.39 0.30 0.30 0.20 0.30 0.20
expenditures (average
monthly expenditure per
person)
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2011;y =170.5439 + 8.0075*x; r = 0.0311; p =0.9091; 1% =0.0010
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synthetic measure
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Figure 2 Scatter plot with fit line for the synthetic measure of attractiveness of linear infrastructure and the diagnostic variables of linear infrastructure
of voivodeships in Poland in 2011 and 2021
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The Gini coefficient of concentration (Table 6) reflects changedated to quality of life and environmental conditions.
in the differentiation of voivodeships, showing either increasing additionally, historical development patterns, political decisions,
decreasing inequality. A higher Gini coefficient indicates greatand funding allocation can also impact the pace and extent of
regional disparities in terms of transport infrastructure, whileiafrastructure improvements, further contributing to regional
lower value suggests more equal development across regidigparities. Overcoming these barriers requires targeted policy
Barriers to improving transport infrastructure within voivodeshipsaterventions and investments aimed at reducing inequalities.
include the local economy’s state and structure, as well as factors

Table 6 The Gini coefficient for the synthetic measure and diagnostic variables of the linear infrastructure of voivodships in Poland in 2011 and 2021

201 | 202:
Gini coefficien

synthetic measure of linear infrastruc 0.3t 0.2:
expenses on transport and communicat 0.2: 0.2¢
expense:- voivodship public roac 0.2¢ 0.31
roads for bicycle 0.3¢ 0.32
public roads 0.2¢ 0.2¢
expressways and highwa 0.5i 0.3t
bridges and viaduc 0.4¢€ 0.44
railroads 0.3t 0.31
gross domestic product per caf 0.2¢ 0.2¢
household transportation expenditures (average monthly expernditure 0.22 023
per persor ' ]

A robust and efficient infrastructure is essential for the smooth The synthetic measure of linear infrastructure ranged from 0.01
functioning of the economy. In countries with high infrastructur@varmiasko-mazurskie) to 0.60sl4skie) in 2010 and 0.31
quality ratings, such as Germany and the UK, well-establish@digtokrzyskie, podlaskie) to 0.5€4skie, matopolskie) in 2021.
investment mechanisms are in place. These mechanisms proVige provinces well equipped with linear (transport) infrastructure
benchmarks for decision-making and the assessment of investrimetiide the provinces oflaskie, dolnélaskie, maltopolskie.
effectiveness [31]. Voivodeships where road connections are visibly developing

Infrastructure consolidations are characterized by a smialtlude podiaskigwictokrzyskie.
average area and often face difficulies in building linear Regional authorities constantly face challenges arising from a
infrastructure, which can be a barrier to developmertynamic economic, technical, sociocultural, and natural
Infrastructure consolidation also provides opportunities to creatavironment. To effectively address these challenges, itis crucial to
public spaces and improve transportation and drainage netwogksure not only rapid but also balanced and sustainable
which supports rural development [32]. development of infrastructure across regions. Ongoing monitoring

Transportation plays a key role in promoting social cohesiamd analysis of linear infrastructure are essential for authorities to
creating connections between people and their needssess and adjust their policies based on realtime data, especially
Transportation systems are usually evaluated in terms of econoregarding the disparities between provinces. The changes observed
efficiency, but sustainable urban development requires accest teynthetic measures should be used as a tool for evaluating the
(sustainable) transportation. With rising real estate prices (eayicomes of previous management strategies, particularly in terms
housing), people with lower incomes may have to rely on can, their impact on the key infrastructure indicators. A major
undermining sustainability goals. It is therefore important to betisosncem for many regions, especially in relation to infrastructure, is

integrate transportation and land use planning [33]. depopulation. To counter this trend, authorities study demographic
and migration patterns and assess residents' satisfaction with life in
5 Conclusions the region. In future studies, it will be important to incorporate

Despite the ongoing intensive development of |ineagddiﬂonal variables sqch as the transition to a green economy, the
infrastructure, significant disparities remain between Polang¥pansion of green infrastructure, and the broader impacts on
voivodships. The quality and extent of transport infrastructure &#gality of life and the environment. These factors are vital for
considered crucial factors for the economic development of b&Rsuring sustainable development and improving the living
cities and entire regions. Well-developed infrastructure not orfiiandards of local communities. _
facilitates trade but also enhances the mobility of labor, which The limitations of the research conducted on on the evaluation
positively influences the flow of human resources. Furthermof¥ linear infrastructure are primarily related to the availability and
improved transport systems contribute to reducing regmrﬂﬂCGSSlblllty of data within the framework of the Statistics Poland.
disparities by providing more equitable access to econonfigditionally, challenges arise from the comparability of the

opportunities, thereby strengthening the overall competitivenesy@fiables used to describe the phenomenon being studied, as some
regions. variables may differ across regions or over time. Changes in
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legislation, which can affect the interpretation and collection 8] ZHANG, Y., CHENG, L.: The role of transport infrastructure in

data, further complicate the research process. Moreover, the scopeconomic growth: Empirical evidence in the UKansport

of tasks and responsibilities carried out by provincial authorities can Policy, VVol. 133, pp. 223-233, 2023.

vary, influencing the extent to which infrastructure development https://doi.org/10.1016/j.tranpol.2023.01.017

and other factors are addressed. These factors collectively pre@fROMER, P.M.: Endogenous technological chadgernal of

challenges in ensuring consistent and accurate analysis acrosolitical Economy\Vol. 98, No. 5, pp. 71-102, 1990.

different regions and time periods. [10] MITOULIS, S.A,, BOMPA, D.V., ARGYROUDIS, S.
The value of this article lies in the presentation of the results  Sustainability and climate resilience metrics and trade-offs in

regarding the spatial differentiation of linear infrastructure for the  transport infrastructure asset recovefjransportation

years 2011 and 2021. The findings contribute to ongoing Research Part D: Transport and Environmevibl. 121,

discussions surrounding the development and condition of a 103800, pp. 1-22, 2023.

country's linear infrastructure, as well as its broader environmental  https://doi.org/10.1016/j.trd.2023.103800

context. This topic gains particular relevance in light of thg1] CHAMPAGNE, M.P., DUBE, J.: The impact of transport

European Green Deal, which emphasizes the transition to cleaner, infrastructure on firms' location decision: A meta-analysis

more sustainable forms of transportation. By examining based on a systematic literature revisansport Policy\Vol.

infrastructure trends over the past decade, the article provides 131, No. February, pp. 139-155, 2023.

valuable insights into how transport networks can evolve to align  https:/doi.org/10.1016/j.tranpol.2022.11.015

with the goals of environmental sustainability, economic gromtf1.2] LIU, Z., ZENG, S., JIN, Z., SHI, J.J.: Transport infrastructure

and the reduction of carbon emissions. and industrial agglomeration: Evidence from manufacturing

industries in ChinaJransport Policy Vol. 121, No. June,
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Abstract: The performance of logistics represents an essential dimension of supply chain management, incorporating a
range of strategies and indicators to assess the proficiency and efficacy of logistics flows. This study empirically analyzes
the relationships between management systems, human resources, and logistics performance in the province of Manabi,
Ecuador. Using structural equation modeling (SEM), data was collected from a questionnaire of 144 questions evaluated
in a Likert scale of five (5) points and applied to 117 managers across various industries. The results indicate that
integration and personnel competency development significantly impact logistics performance. Likewise, the research
highlights that to enhance logistics performance, companies should focus on improving their management systems,
fostering integration with suppliers and customers, and providing effective training to enhance employee competencies.
Additionally, the study emphasizes the importance of logistics infrastructure and human capital development as crucial
factors for achieving efficient logistics performance. This paper contributes to understanding how management systems
and human resources affect logistics performance in a developing region, providing a foundation for future strategies
aimed at continuous improvement in local supply chains.

1 Introduction environments. The first [1] is based on business systems

Logistics performance is key to success at both ti@hd their influence on logistics performance, and future
organizational and national levels. It affects supply cha@spects of logistics are also defined simultaneously. The
efficiency and global trade competitiveness. It includes tig@cond [2], meanwhile, focuses on electronic reverse
effectiveness and efficiency of logistics activities, whichogistics and its development, and identifies the most
include  transportation, ~ warehousing,  inventongtitical factors and their relationship with electronic
management, and order processing. The importance Gfmmerce. It specifies that an organization’s culture has a
logistics performance lies in its ability to reduce costglirect influence I on electronic reverse logistics. The third
improve service levels, and enhance the supply chain. T shows that logistics efficiency is positively correlated
leads to a competitive edge and economic growth. with electronic logistics, information technology capacity,

They are strategic, operational, and technologici}formation exchange, and the quality of service personnel.
factors that affect a company's ability to manage itEhis work also emphasizes that electronic logistics
logistics. The promotion and development of humaffvorably influences logistics performance.
resources are currently as important as the creation of a Other research analyzes organizational management
logistics infrastructure in a country. Recent studies carriédd logistics performance through the application of
out in developing countries show that companies confroffuctural equations [2,4-6]. De Carvalho, et al. [4] also
significant difficulties as regards hiring personnel with thevaluate the performance of a city's logistics and the
skills and knowledge necessary to manage the integratiationship between the actors involved, along with the
of logistics processes, making this a frequently recogniz&fficiency and response capacity factors on the basis of
problem. urban parameters. In the case of Kankaew, et al. [5],the

In this respect, the studies carried out by AhmaBtanagement and practices in an agri-food chain are
employ structural equations to analyze the influence §#entioned, and as a result, the policies to be implemented
personnel on logistics performance in variouds & consequence of a study carried out by managers.
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Furthermore, in other research, integration and logisti¢kow well you do it). Logistics managers face challenges
performance are correlated by means of structural achieving optimal performance, which are influenced by
equations [7-12]. With regard to integration, thdactors such as globalization, technological advancements,
relationship between customers and suppliers and taed regulatory changes [3]. These contests can
interrelationship with performance is defined. The studiesgnificantly impact the efficiency and effectiveness of
by Lai, et al. [9] also analyze information as part ofogistics operations.
integration and the relationship with collaboration in In the literature there are studies that cover the
transportation. These elements are significant owing to tketimation of logistics performance and the relationship
development of information and communicationbetween its corresponding activities. Within these, there is
technologies and the globalization of supply chains. Thetendency to use structural equation models to solve this
work of Yingfei et al. (2022) [12], meanwhile, addressetype of problems. For example, Azevedo and Ferreira [14],
logistics performance using a green approach. Thismalyze the performance measurement systems in logistics,
interrelates the aforementioned concept with the servitee selection criteria for evaluation, define the variables
offered and the environment. This is owing to the need tmd indicators. Based on the logistics activities and the
implement the circular economy and the fact that logistiéedicators, they propose a model and hypothesis of the
is a limiting factor. interaction between the previous elements. This includes

Although several authors mention the variables andtegration as one of the research variables.
relationships that are analyzed in this study, this topic has Other researchers, [5,9,15-17], propose a performance
not been explored in depth and there is consequently ewaluation model in supply chains. The first researchers
information gap: that of validating the relationship betweerefer to the processes of the supply chains and associate
human resources, management systems and logisiitdicators [15]. The second ones include the chain strategy
performance. as a variable [16]. Along these lines, other researchers

The impact of personnel on logistics performance @nalyze the relationships of supply chain practices,
mentioned in the studies cited above, although they do nlatgistics indicators and competitiveness [5]. Kalubanga
in general, analyze management as a factor that influeneesl Namagembe also take into account the organization
it. This signifies that there are not many studies th&ommitment, competence, reliability) and integration
analyze the relationship between logistics performanci,3].
management systems and the work skills of logistics Ahmad and Mehmood, define logistics performance
professionals. These elements make it possible to pose ithdicators and their relationship with the information
following research questions: system for the construction of cities of the future [1]. In this

Q1: What is the relationship between the organizationtsase, the study is directed at the business system, but takes
management systems and the logistics performance ointo account logistics performance and organizational
company? management. Other authors, De Carvalho and

Q2: What is the relationship as regards the integrati@mollaborators, study the same object [4]. In this case, they
of companies and logistics performance? evaluate the performance of logistics in a city.

Q3: What is the relationship between human resources Bag and authors investigate how Industry 4.0 resources
competencies and logistics performance? impact smart logistics along with the sustainability of

In this respect, the objective of the research is tousiness logistics [16]. This research takes into account
empirically analyze the current relationships betweentegration through interconnection.
management systems, human resources, integration andOn the other hand, [3,9,18], include in the equation a
logistics performance in the province of Manabi, Ecuadovariable related to human resource competencies. The
This document is structured as follows: Section 2 presergpproach is framed in the role of human resource
an analysis of the application of structural models relatebmpetencies in improving logistics performance [18], and
to logistics performance and integration in the supplpased on this they frame their hypotheses. Mai and
chain, while Section 3 shows an analysis of the training amdauthors demonstrated the evaluation with logistics
knowledge management of logistics in Manabi, Ecuadgserformance, technology capacity and information sharing,
The materials and methods employed are provided @md the quality of service personnel [3]. These studies
Section 4, and the results and analysis are shown in Sectitmonstrate how the quality of employee service personnel
5. Finally, Section 6 presents the conclusions, future lingssitively affects logistics performance, part of our

and limitations of the present research. research.
Based on this background, the hypotheses of this
1.1 Logistic performance research are defined and the applications of Table 1 are

Logistics performance is like the engine of supply chaianalyzed.
management. It is essential for everything to run smoothly.
It measures how well your products are moving from the
suppliers to the customer [13]. There are tools that help you
evaluate efficiency (how fast you do it) and effectiveness
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1.2  Application of structural models related to between constructs that include latent variables and
logistics performance observed variables has increased in recent years. In order

The number of publications that use quantitativé0 begin the process of creating the model, a search was
multivariate analysis tools such as structural equatigirried out in updated databases so as to verify the

modeling (SEM) to test hypotheses and relationshipgeoretical constructs and variables used in the current
literature on this subject (Table 1):

Table 1 Studies that define variables that influence logistics performance and employ SEM/ PLS

Logistics Organization . Human
Author/year Integration resources SEM PLS
Reference  performance management
competenc
(Azevedo and Ferreira,

2007 [14] X X
(Jakhar and Barua 20: [15] X X
(Ahmad and Mehmood

2016 [1] X X X

(De Carvalho et al. 201 [4] X X
(Bag, et al. 202! [16] X
(Chandak et al. 202 [17] X X
(Masudin et al. 202! [19] X X
(Prasetya and Wibawa
2020 [20] X X X
(Davidaviiere and Al
Majzoub 2021 [2] X X
(Mesra 2021 [18] X X X
(Sénqui-Diaz 2021 [21] X X
(Falasca et al. 202 [22] X X
(Kalubanga and
Namagemb2022 [13] X X X X
(Kerdpitak 2022 [8] X X X
(Lai, et al. 202z [9] X X X
(Mai et al. 2022 [3] X X X
(Mokkhamakkul, 202: [23] X X X
(Moroni et al. 2022 [10] X X X
(Thilakarathne et al.
2022 [6] X X
(Wang et al. 202 [11] X X
(Yingfei et al. 2027 [12] X X
(Kovalenko 202: [24] X X
(Chen and Hasan 20: [25] X X X
(Ewuzie et al. 202: [26] X X X
(Getele and Ruoliu 202 [27] X X X
(Maemunah and
Nekrasov, 202! [28] X X
(Sitisara et al., 202 [29] X X

As clearly shown in the table above, few studies rela Training and knowledge management of
logistics performance and human resource competencies, logistics and supply chains in Manabi

despite the fact that this is, in our opinion, a limiting 14 province of Manabi covers an area of 18,958 km

element in logistics. Using this concept as a basis, in thigy js ocated within the coastal region of Ecuador. It has
research the four variables are interrelated and t cantons with a population of 1,369,780. The

_hyp_otheses used are JUSt'f'e.d' Moreover, the SEM methad, 4 nental activities in the province are agriculture and
is simultaneously employed in order to solve these types hing, and shrimp and tuna are two of the export rubles
problems. typical of the area. This demonstrates the need for logistics

training in order to achieve competitiveness in the market.

~711 ~

Copyright © Acta Logistica, www.actalogistica.eu



brﬁ Acta logistica - International Scientific Journal about Logistics
g Volume: 11 2024 Issue: 4 Pages: 709-718 ISSN 1339-5629
3 [ The impact of management systems and human resources on logistics performance: an empirical
A study
& Giselle Rodriguez-Rudi, Diego Humberto Carreno-Benavides, Ana Julia Acevedo-Urquiaga, Neyfe Sablon-
Cossio

With regard to professional, undergraduate and Inthe case of the research process at the universities of
technological education in the province of Manabi, thede province under study, there is a research group which
are two training proposals. These proposals are developdtes that logistics and supply chains are at the center of
in the technological field, and comprise the followinghis area of science. This is called the UTM Production and
courses: Higher Technology in Multimodal Logistics andervices Group (PROSERV). The above reaffirms the little
Higher Technology in Port Logistics. They are studied anterest that exists in the topic for research and application
the Luis Arboleda Martinez Higher Technological Institutén this area of the country.
in the city of Manta.

With regard to the lines of research, the classification

With regard to postgraduate training in Logistics andf the UNESCO International Nomenclature for the fields
supply chains in Manabi, one postgraduate course wafsScience and Technology is followed by universities in
identified: a Master's Degree in Industrial Engineerindg;cuador [30]. This infers that logistics is located in the area
which mentions logistics and supply chains. This is offereaf mathematics and that supply chains are not shown in the
by the Technical University of Manabi in Portoviejo. first selection line (Table 2). This sometimes limits the

focus of science.

Table 2 Six-digit level of classification of UNESCO fields
Specific field Detailed field
Math Operational Research (Distribution and transportation, inventories, queuing theory)
Statistics (time series)
Computer Science (Inventory Cont
Technological Environmental engineering and technology (industrial waste, recycling processes
sciences Regional and urban planning (transport and urban-rural relations)
Industrial technology (Process engineering)
Space technology (vehicle control)
Oil and Coal Technology (Oil and Gas Storage)
Railway Technology (Railway Services)
Transportation systems technology (Urban traffic systems and Combination of systems)
Economic Economic activity (foreign trade, production
sciences General Economics (Consumer Behavior,
International Economy (International Business,
Business organization and management (Industrial studies, Marketing, Market studies,
Operational research, Optimal production levels, Production organization and Sales
managemen

Source: The authors based on [30].

3 Methodology Ecuador. The sample consisted mainly of micro-

The research was carried out from 2023 to 2024 on€Rterprises located in the towns with the highest industrial
total of 117 companies located in the province of Manatfctivity in the province, as shown in Table 3.

Table 3Characteristics of sample (n=117)

Company siz Frequency Percentage (%)
Micro company (1 to 9 employes 80 68.9i
Smallcompany (10 to 49 employe 19 16.3¢
Medium company A (50 to 99 employe 4 3.4E
Medium company B (100 to 199 employe 4 3.4E
Large company (More than 200 employ: 10 8.62

The study was explanatory-correlational-causalbtain the data required for the construction of the model.
because it analyzes the relationships between the variallléh this objective in mind, a checklist evaluating the
of the logistics system. The decision was, therefore, mafigistics system was applied [31]. This tool has 13
to use the SEM methodology recommended by [29], whiclariables, and 144 questions evaluated in a Likert scale of
is executed by following a series of steps, such as facfore (5) points. The variables are defined as logistics
structure, exploratory factor analysis and confirmatorgoncepts in the company (D1), organization and
factor analysis. The structure and definition of the SElvhanagement (D2), information technology (D3), software
methodology are followed simultaneously in order teystem (D4), storage technology (D5), internal
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transportation technology (D6), external transportatiothe logistics system (Y), was defined as good practices

technology (D7), handling technology (D8), supply chaimimed at meeting user needs through the use of a system of

integration (D9), personnel (D10), logistics performanckgistics indicators and contains 6 items. Some examples

(D11), barriers (D12) and reverse logistics (D13). include: Frequent analysis of customer service level and
The Competitive Logistics Reference Model (MRLC)Application of Benchmarking. All the items studied come

guestionnaire was then refined for the SEM model [31] arfcbm previously validated scales studied in the Competitive

only the items concerning the variables under study wekegistics Reference Model (MRLC).

left in order to determine the extent to which the factors

analyzed affect logistics performance. The independefit Result and discussion

variables selected were: organizational managemefy  Construction of the structural mode
systems (X1), integration (X2) and human reSOUrCes The population that was the object of this study
competence (X3). One dependent variable was alggmprised the 117 organizations in the province of
selected: the performance of the logistics system (Y).  panabi, Ecuador, and all members of the population were,
Management systems (X1) refer to planned actions afitbrefore, used as convenience samples. This study uses
the updating of technologies to achieve demand forecagi$mary data, that is, the data obtained refers to first-hand
and customer studies. The management systems SGalgrmation obtained by the researchers and related to the
therefore includes 5 items. The integration variable (X2)ariables of interest for the specific purposes of the study.
analyzes how the company incorporates the relationshipgis information was used in order to define the

and viewpoints of customers and suppliers to eSt_ab"%)otheses to be demonstrated in the construction of the
alliances that improve the services offered. X2 contains del, as shown in Figure 1:

items; some examples include: Level of use of alliances in 1. Management  systems competences  (X1)
the distribution channel and connection of the i”formatioﬁositively influences logistics performance (Y).
system with customers. Human resources competence (X3) 4o- Companies' integration  competence  (X2)

refers to the capacity of employees who perform Iogistic&mitivmy influences logistics performance (Y).

functions, encompassing aspects of knowledge, skills, and 43- HQuman resources competence (X3) positively
experience in the performance of their duties. X3 consisls| ences logistics performance (Y).

of 10 items. The dependent variable, the performance of

Management system
C 9 ¥ )*Hi
) Logistic system
< Integration }Hz 'S performance )
Human resources H3
competences

Figure 1 Theoretical model

Structural equation modeling using partial least squar@sth low factor loadings were discarded [32], signifying
(PLS-SEM) was employed to verify the proposedhat 14 articles were excluded. Once these elements had
structural relationships and determine whether the modaten eliminated, the correlations were recalculated. The
aligned with the hypotheses established in the researilems used to calculate the constructs are provided in
The software used was Smart PLS version 4.1.0. Table 4.

Structural equation modeling (SEM) was used to test The measures were validated using indices
the proposed relationships and meet the objectives set mtommended in literature: Bartlett's test of sphericity,
in the research. In addition to coherently grouping th€ronbach's alpha, composite reliability (CR), and average
items, the exploratory factor analysis method of each scalariance extracted (AVE). A construct is considered to
was used to establish the items on the basis of their fact@ave good validity if the value of the average variance
loadings. Items with factor loadings greater than 0.6 weextracted i& 0.50, while the reliability will be satisfactory
retained as being optimal for further analysis, while iteméthe value is> 0.70 [14] (Table 5).
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Table 4 Construct scales and descriptive statistics

Variable: Items Loading! Mear
Level of skills and knowledge dogistics-related personn 0.75:2 2.9(
Availability of personnel in logistic 0.63i 2.67
Management systems Ereo%rr?aem of participation of logistics-related personnel in training 0.805 203
Degree of decentralization of logistics servi 0.79¢ 2.3¢€
Innovative management structt 0.731 2.7z
Joint improvement programs with suppl 0.721 2.6¢€
Assortment index for each supp 0.63: 3.3¢
Level of use of alliances in the distribution cha 0.621 2.17
Level of support wittestablished alliance contrzs 0.61¢ 2.7¢
Using alliances to improve customer ser 0.80¢ 3.0¢
Connection of the information system with custor 0.72: 2.9¢
Integration Level of customer access to informa 0.65: 2.07
Coordination oimprovement programs with custorr 0.85¢ 2.4C
The extent to which a supplier certification program is implem: 0.77i 2.21]
Level of integration with suppliers regarding load unitizing m 0.761 2.61
Level of integration with customeregarding load unitizing mee 0.67¢ 3.2¢
Level of integration of logistics plans with participants in distribution 0.724 316
channel
Availability of administrative and operating persot 0.61¢ 2.7¢
Level ofexperience of executive and technical ¢ 0.60¢ 1.97
Level of university training of executive and technical : 0.73( 2.71
Operation of a logisti-related personnel training progr 0.86¢ 1.9t
Possibility of promotion and professional improvement and logistics 0.747 248
Human resources personn . —
competence Operation of a perforrr_]ance evaluatllon §ystem fpr_ logistics per: 0.83¢ 2.5¢€
Mastery and application of the objectives, policies, standards andO 843 203
procedures by logistics persor ' '
Level of decentralization of logisti-related decisic-making 0.77¢ 2.2t
The _ ability of logistics staff to exercise decentralized decision- 0.832 291
making
Level of employment by logistics staff of delegated po 0.79¢ 2.51]
Use of a system of indicators in logis 0.86¢ 2.3¢€
The existence of a permanent record of the indicator s 0.86¢ 3.1t
Logistics system  Application of Benchmarkir 0.67¢ 2.7¢
performance Frequent analysis of customer service | 0.61¢ 2.1¢
Existence of a record that allows perfect orders to be mei 0.65¢ 1.97
Systematic execution of surveys and other surveys with cust 0.89¢ 2.4¢
Table 5 Validation measures employed in model
Construc CA Sig Barlet CR (> 0.70 AVE (> 0.50
Management system (X .86% .00C .86% .631
Integration (X2 .92¢ .00C .93( .55¢
Human resources competence ( 93¢ .00C .94( .58¢
Logistics systenperformance (Y .89¢ .00C .91(C .66

Note CA = Cronbach's alpha; CR = Composite reliability; AVE = Average variance extracted
*p-value < 0.05; **p-value < 0.01; ***p-value < 0.001
Source: Table compiled by the authors from PLS.

For the validation of the measurement scaleriterion was selected. This criterion indicates that the
discriminant validity analysis was applied. For thiconfidence intervals should not exceed 0.9, thus validating
purpose, the Heterotrait-Monotrait (HTMT) relationshipthe first-order model (Table 6).
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Table 6 Discriminant validity
Heterotrai-Monotrait ratia 1 2 3
1. X1
2. X2 0.72¢
3. X3 0.75¢ 0.72¢
4. Y 0.80: 0.73¢ 0.77¢
Source: Table compiled by the authors from PLS.
4.2  Structural model Figure 2 shows the research model and the path

The overall quality of the model was assessed with tig@efficients considered. The results show a consistent
square root mean residual (SRMR) normalization indexglationship of average R squared (R"2) that amounts to
where values below 0.05 are considered acceptable. In t0ig77 between the independent and dependent variables
case, the value reached was 0.076, which shows the ovel@8]. This implies that the variables X1, X2, and X3
validity of the model. Regarding multicollinearity andexplain 77.7% of the logistics performance. Table 7
common method bias, the variance inflation factor (VIRprovides a summary of the final results of the hypothesis
analysis was used, which reflects values below 3.3 andt@st.
therefore considered valid [14] (Table 7).

Table 7 Variables and relationships in model

Dependent Independent Ratio . .
val?iables varFi)abIes coefficient T (Bootstrap) VIF Relationship

X1 .322 2.28i 1.3C Acceptel

Y X2 .33(C 2.16¢ 1.3¢ Acceptel

X3 .30¢ 2.08: 1.2¢ Acceptel

Source: Table compiled by the authors from PLS.

These elements confirm that the three independemérformance of the logistics system), such as the concept
variables directly affect the dependent variable (logistidhat logistics performance affects the management of the
performance, Figure 2). organization [34], and vice versa: that the management of
the organization influences logistics performance [2,4-6].
Other studies state that logistics performance influences
1 0.322 integration [13], and vice versa: that integration affects
logistics performance [7-12]. There is also evidence that

logistics performance directly affects job skills [19], and
~8:390: that job skills affect logistics performance [1-3].

These relationships were verified in the hypotheses
formulated in the research in a particular way, although
they demonstrate that no other previous study takes into
account all the factors investigated as regards the
performance of logistics in general. The correlations and
ults concerning human resource practices likewise
monstrated that training and compliance with policies,
ndards and procedures impact on the development of
istics performance.

0.303

w N

Figure 2 Structural model

Each independent variable in the model has relevan
indicators. For example, with regard to the Control variab e
(X1), the most relevant indicators were the degree of st%
participation (0.805) and the degree of decentralization
services (0.799). In the case of the Integration variable )
(X2), the most representative indicators were the Conclusions
coordination of improvement programs with customer8.1l  Practical and managerial implications
(0.855) and the use of alliances to improve services This study identifies human resource management and
(0.805), while in that of the Human resource variable (X3jlevelopment  practices that lead to continuous
the most relevant was the operation of a training prograimprovement in logistics flows. The study shows that if a
for personnel related to logistics (0.864) and the mastemyanager wishes to improve logistics performance, the
and application by logistics personnel of the objective#nprovements must include: management, the integration
policies, standards and procedures (0.843). of suppliers and customers, and the training of personnel in

Several relationships between the variables amder for them to achieve their work competencies.
investigated in the literature analyzed (manageme@overnment and local entities could, therefore, use these

systems, integration, human resources competence, andittiigal results as a basis on which to outline strategies and
adaptations for the development of local supply chains.
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In this context, universities and technological institutewill continue with the analysis of possible solutions for
in the region should offer training and capacity buildingompanies and their logistics.
programs in the field of logistics and supply chains. In
addition, they should promote technology transfer tReferences
companies, entities and ventures through their research gifAHMAD, N., MEHMOOD, R.: Enterprise systems and
linkage processes, focused on logistics and supply chains. performance of future city logisticsProduction
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Abstract: This study delves into the agricultural industry and the cold chain logistics market, focusing on the impact of
outsourcing cold chain logistics services on the financial performance of agricultural enterprises in the Southeast region
of Vietnam. It assesses various factors influencing businesses' decisions to use cold chain logistics services, including
electronic word-of-mouth, corporate image, outsourcing mindset, advantages, hazards, strategic considerations,
functional features, supplier variables, interparty relationships, and environmental factors. The study's findings
demonstrate high reliability, with Cronbach's Alpha coefficients ranging from 0.811 to 0.877. The observed variables in
this Exploratory Factor Analysis (EFA) had factor loadings ranging from 0.535 to 0.882 (all exceeding 0.5), indicating
that no variables were removed and that the observed variables met the EFA analysis requirements. The EFA categorized
56 observed variables into 12 distinct factors, clarifying the variable structure. Confirmatory Factor Analysis (CFA)
validated the research model's appropriateness, confirming its effectiveness in describing relationships between variables.
Overall, the study provides robust evidence supporting the reliability and validity of the research model in assessing the
impact of outsourcing cold chain logistics services on enterprises' financial performance.

1 Introduction Prahalad and Hamel (1990), and Relationship Theories

The Southeast Region is one of the most developédT) proposed by Klepper (1995). A review of related
agricultural production areas in Vietnam, featuring a widétudies indicates significant differences in demonstrating
variety of crops and aquaculture spread over large are impact of factors on outsourcing decisions. This
However, maintaining the quality and value of agriculturafariance is due to each author using different foundational
products necessitates the use of cold chains. In tHeeories or drawing from empirical studies. However, most
Southeast Region, cold chains are extensively used rggearch is based on three main theories: TCE, RBV, and
preserve products such as vegetables, fruits, seafood, &fel- Thus, each study typically explains only one or a few
animal products like beef, pork, and chicken [1]. factors influencing the extent of outsourcing by businesses

Transportation companies and businesses can utiliged does not fully generalize the factors affecting
vehicles such as trucks, container trucks, and air transp@#tsourcing, such as follows:
to move goods maintained within cold chains, First, studies using the TCE theory emphasize two
Additionally, cold storage facilities are used to protedmportant factors influencing outsourcing: benefit and risk
products from insects and bacteria. The use of cold chafi@§tors. According to TCE, these studies highlight the role
in the production and transportation of agriculturaPf cost savings for businesses [3-8]. Additionally, the TCE
products in the Southeast Region is crucial for enhanci#Reory suggests that outsourcing also depends on the
product quality, increasing the commercial value df,qn3|de.rqt|0ns and attitudes of business managers toward
agricultural products, providing additional income fothis activity [6,7]. However, TCE-focused studies often
farmers, and reducing goods wastage [2]. overlook the role of organizational functional

Organizational behavior in the decision-makingharacteristics, the compatibility of outsourcing activities
process regarding the use or outsourcing of services igVh strategic orientations, and the ability of service
complex and significant research area that has attract@viders to meet requirements.
considerable attention from the economic and management Second, studies using the RBV and CCT theories also
research community. Various theories have been propogiphasize the benefits of leveraging resources from
to explain this organizational behavior, including notablgxternal organizations/individuals [7,12]. Additionally, the
theories such as Transaction Cost Economics (TCE) BBV and CCT theories discuss the influence of
Coase (1937), Core Competency Theory (CCT) bjfganizational functional characteristics, outsourcing
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strategies, and the ability of service providers to meetsponsibilities. This can negatively affect the
requirements on the use of services [7,13,14]. Howeveffectiveness of the enterprises' operations, particularly for
studies based on RBV and CCT are limited by a lack &VEs when using OS [7].
attention to the influence of managers' attitudes on Therefore, according to TCE, the decision to use
outsourcing services and the risk factors when businessegsourced resources depends on perceptions of benefits,
outsource. risk assessments, and the attitude of the manager towards
Previous global research has shown that earlier studmstsourcing activities in the enterprise, especially in SMEs
mainly focused on assessing factors influencing decisioimsthe Southeast Region.
to outsource logistics services in specific countries, cities,
or sectors such as pharmaceuticals, construction, etc. QU2 Resource Based Views and Core Competency
to cultural and economic differences and income levels, Theory
these studies show that the factors influencing the use of The Resource-Based View (RBV), proposed by Barney
logistics services in these countries are different and cannebo1), emphasizes the uneven distribution of resources
be used to analyze the use of logistics services #mong enterprises. Smaller enterprises often struggle with
developing countries like Vietnam. competition and become more vulnerable than larger
Given the theoretical and practical urgency, the auth@hterprises due to competitive pressures and internal
decided to choose the topic " The Impact of Outsourcingsource shortages. To address this issue, many enterprises
Cold Chain Logistics Services on the Financighave expanded outsourcing to utilize external resources to
Performance of Agricultural Enterprises in the Southeagiquce competitive pressure [16]
Region of Vietnam”. The study will provide a peveloped the Core Competency Theory (CCT) based
comprehensive understanding of the cold chain logistigh the Resource-Based View (RBV). According to CCT,
market and the agriCUltUral sector in the Southeast Reglw, a volatile business environment’ enterprises must
iﬂClUding the factors inﬂuenCing the decision to use COleentify their core Competencies to develop and enhance
chain logistics services by agricultural businesses there.their competitive advantages. Each organization typically
) ) possesses unique internal strengths that need to be
2 Literaturereview leveraged to maximize benefits and capitalize on business
As of right now, there's no one cohesive explanatiompportunities. To achieve this, enterprises implement
explaining the beginnings and development of outsourcirsrategies that utilize their capabilities to attain sustainable
[14]. When attempting to understand outsourcingompetitive advantages. Fundamental resources of
operations in the context of their research, researchensterprises include manpower, knowledge, information
frequently turn to a variety of pertinent ideas. The papégchnology, capital, and assets [15]
uses particular theories as follows, which are based on the Although the CCT is often applied to analyze
results of empirical investigations and the applicability ofompetitive advantages in the business operations of
theories for the outsourcing in the Southeast Region. international corporations, CCT also plays a significant
role in studies on the use of outsourcing services [9,12,13].
2.1 Transaction Cost Economics - TCE According to Dominguez (2005), outsourcing non-core
According to the TCE theory proposed by Coasactivities is the most effective method for leveraging
(1937), saving transaction costs in business operatioigsources within an enterprise. Research on outsourcing,
plays a crucial role for enterprises. This can affect thesspecially in SMEs, often applies CCT to analyze factors
competitiveness and survival. TCE emphasizes that to sa&féecting the decision to use Outsourcing Services (OS)
costs, enterprises can take advantage of opportunities[#9,11,14]. Based on CCT, the decision to use external
utilizing the resources of external organizations and unitgsources depends on the nature of the jobs within the
Therefore, the TCE theory can explain the question "WHrganization. Kamyabi and Devi (2011) indicate that
do businesses need to use outsourcing services?". TBMEs mainly outsource non-core functions, focusing on
decision depends on comparing internal transaction cosgye activities to optimize performance. However, there are
and external transaction costs. If internal costs are higheaises where enterprises with sufficient internal resources
than external costs, enterprises tend to outsource more &fiti choose to outsource, even core activities, as the
vice versa [15]. decision to outsource also depends on the enterprise's
From this argument, according to TCE, the decision teperational strategy [14].
outsource depends on the cost-saving benefits. ExpandingTo further explain CCT, Hale (2006) noted that
from Coase's (1937) TCE theory, Williamson (1975¢nterprises often choose outsourcing when managers and
emphasized that TCE theory, widely studied in relation @mployees do not have enough time to perform internal
outsourcing, provides an essential tool for enterprises lsiness tasks. Enterprises cannot perform these tasks as
deciding to use Outsourcing Services (OS). However, TGHfectively as outsourcing can. Therefore, to ensure the
primarily focuses on the benefits to enterprises and may reftectiveness of outsourcing activities, enterprises need to:
account for the risks of encountering increased transactigfsess internal capabilities to choose outsourcing activities;
costs, opportunism, or the risk of service providers shirkirgvaluate the selection of service supply partners; assess the
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effectiveness of outsourcing activities within theactivities with the business's operational strategy [17],

organization [17]. [20]; (B) the ability of the service provider to meet
From these arguments, it is clear that combining threquirements [17,20]; (6) the attitude of business managers

Resource-Based View and Core Competency Theory helpgsvards outsourcing activities [19]; (7) the relationship

to identify and explain factors influencing the extent téactor between the parties [14,18,22]. Accordingly, any

which SMEs in the Southeast Region use externdéecision related to the use of Outsourcing Services can

resources. The decision to outsource can depend on sevenglact the operational efficiency of the business [17-22].

factors, including: assessing the benefits that outsourcing

activities bring to the enterprise; the enterprise8 Research mode

outsourcing strategy; the ability of the service supplg 1 peer review process

partner to meet requirements; and the functional The author's research model references typical
characteristics of the enterprise. elements from Transaction Cost Economics (TCE),
) ) ) . Resource-Based View (RBV), and Core Competency
2.3 Relationship Theory — RT and Social Capital Theory (CCT) as follows: (1) perceived benefits from
Theory — SCT outsourcing activities to businesses [15-17,19,20]; (2) risks
The topic also builds upon Relationship Theory (RT)when businesses outsource [19,20]; (3) characteristics of
RT theory emphasizes the significant role of cooperativaternal resources of businesses[16,17,20,21]; (4)
relationships and economic exchanges betweeflignment of outsourcing activities with business
organizations. The result of these relationships isperational strategies [17,20]; (5) capability to meet the
efficiency and benefits for all parties involved. This theoryequirements of service providers [17,20]; (6) attitudes of
can explain why organizations, especially small angusiness managers towards outsourcing activities [19]; and
medium-sized enterprises (SMEs), often have closgT) relationship factors among parties [14,18,22]. Thus,
business relationships.RT focuses on building agreemeaisy decision related to the use of services can impact the
where each party considers the motivations to maintain tbperational effectiveness of businesses [11,17-22].
relationship to achieve efficiency for themselves from it. Alongside recent studies related to decisions on
Therefore, RT can be applied to explain the intensity @hoosing logistics services in general. The study includes
extent of outsourcing by businesses, with the significafdictors such as electronic word-of-mouth [23,24],
role of relationships between parties contributing to theorporate image [23,24], and environment [25-30].
decision to use outsourcing services and the operational Based on previous studies, the author proposes the
efficiency of the business [18]. following hypotheses and research models (Figure 1):
Additionally, the research is based on Social Capital H1: Perceiving benefits will positively impact attitudes
Theory (SCT) developed by Bourdieu (1986). SClowards outsourcing cold chain logistics services by
emphasizes the existence of linked relationships amdsinesses
acquaintances among individuals, organizations, and H2: Perceiving benefits will positively impact the
groups within social networks. These relationships awecision to use cold chain logistics services
considered the basis for building trust and mutual H3: Risk control will positively impact attitudes
recognition. SCT also asserts that to create wealtdwards outsourcing cold chain logistics services by
individuals, organizations, and groups need to connect witlusinesses
each other in society. Therefore, SCT can explain the H4: Risk control will positively impact the decision to
cooperative relationship between a business and its senvig®: cold chain logistics services
provider. It also refers to cases where SMEs outsource H5: Attitudes towards outsourcing will positively
services to build relationships with supply partners, aimingnpact the decision to use cold chain logistics services
to bring benefits to the business beyond just cost reduction H6: Outsourcing strategy will positively impact the
and profit-seeking [17]. decision to use cold chain logistics services
All things considered, it is clear from the above H7: The characteristic function factor will positively
analyses that fundamental theories such as RT, TCE, RBMpact the extent of outsourcing in businesses.
CCT, and SCT can be used in conjunction to identify and H8: The standards factor for service providers will
explain factors influencing the choice of cold chairpositively impact the extent of outsourcing in businesses.
logistics services for Vietnamese businesses in general, H9: The relationship factor among parties will
and SMEs in the Southeast Region in particular. These figesitively impact the decision to use cold chain logistics
theories suggest that there are seven fundamental varialesices by businesses
that SMEs in the Southeast Region may consider when H10: The environmental factor will positively impact
deciding whether to use external resources: (1) thRe decision to use cold chain logistics services by
perceived benefits that outsourcing activities bring to thsusinesses
business [15,20] (2) the risks when the business outsourcesH11: The electronic word-of-mouth factor  will
[20] (3) characteristics of internal resources of the businegssitively impact the corporate image
[16,17,20,21]; (4) the compatibility of outsourcing
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H12: The corporate image factor will positively impact H13: The decision to use cold chain logistics services
attitudes towards outsourcing cold chain logistics servicesill positively impact the financial performance of the

enterprise.
The electronic ’ . x\\
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Figure 1 Research model
4 Result and discussion helped to clarify the structure of the variables in the

The author analyzed the research results in detail, usifggearch model. Crucially, the validity of the scale and
AMOS software as the primary tool. Through this analysi§tudy model is further reinforced by the fact that no
several important points were clarified: variables were taken into account for elimination.

Firstly, regarding Common Method Bias (CMB) The Bartlett's test got a Sig. = 0.000 (meaning it is less
analysis, the results do not indicate any serious issué@n the significance level of 0.05) suggesting that the
related to Common Method Bias. This confirms that th¥ariables are related to each other; the KMO test had a
re|ati0nships between the research Concepts are K(MO coefficient of 0.903 (>05) This demonstrates how
significantly affected by methodological bias, thereb@ppropriate the EFA analysis was. _
enhancing the accuracy and re||ab|||ty of the research 12 factors \-Nere.extracted from 56 observable variables
findings. In the formal study, data were processed usitt§ing EFA, with Eigenvalues = 1.174 (>1.0) and a total
SPSS 26.0, through Exploratory Factor Analysis (EFA) b§Xplained variance of 56.815% (>50%); no new factors
fixing one factor without rotation. Harman'’s single-factoMere produced in comparison to the first study model that
test through EFA revealed that a single factor explain®¥gs suggested. The observed variables in this EFA

24.268% of the total variance. In this case, CMB is ndstance had factor loadings ranging from 0.535 to 0.882
considered a serious issue. (all more than 0.5), indicating that no variables had yet

Next, in terms of Scale Reliability, Cronbach's Alph&een removed and that the observed variables matched the

coefficients for the scales ranged from 0.811 to 0.87%quirements of the EFA analysis.

indicating strong reliability. This shows that the data have Thanks to standard reaching fit indices, Confirmatory

a high degree of consistency and that the measuremEagtor Analysis (CFA) was able to further validate the

questions accurately and consistently represent the topRellent appropriateness of the research model with the

that have been researched. gathered data. This offers strong proof that the research
By cleanly classifying 56 observed variables into 1hodel was built successfully and is capable of effectively

distinct factors, the Exploratory Factor Analysis (EFA}(jISSCfibig)GJ the relationships between the variables
igure 2).

~ 722 ~

Copyright © Acta Logistica, www.actalogistica.eu



brﬁ Acta logistica - International Scientific Journal about Logistics
g Volume: 11 2024 Issue: 4 Pages: 719-727 1SSN 1339-5629
3 [ The impact of outsourcing cold chain logistics services on the financial performance of agricultural
?}o enterprises in the southeast region of Vietnam

& Minh Huong Tang, Doan Trang Do, Thu Hoa Ho Thi

The research's normal distribution was verified by The stronger the influence between the elements, the
skewness and kurtosis analysis. The data is regulaHigher the computed correlation coefficient's absolute
distributed, according to Kline (2015), if the absolute valuealue.
of skew is two or less and less than three. A different way The ML estimate method in conjunction with linear
to assess a normal distribution is to check if the kurtosistructural analysis revealed that the model had 1443
absolute value is equal to or less than 10. According to tHegrees of freedom. The Chi-square corrected for degrees
results, the model's measurement questions' nornwdlfreedom, or CMIN/df, was 1.614, assuring it is less than
distribution was confirmed by the absolute values .00, even though the Chi-square value was p =.000 (Chi-
skewness, which peaked at 1.022 (<3) for all of thsquare = 2328.590). Apart from that, other indices also
questions, and kurtosis, which peaked at 1.321 (<10) [3Hatisfied the requirements: RMSEA = 0.041 (meeting the

Following these guidelines, the associations within theriteria <.080); CFl =.910; TLI =.904; GFI =.821 (all

model were tested: matching the condition >.90). Hair et al. (2011) state that a
P-values for statistical significance tests had to be le€d-| > 0.8 is still regarded as acceptable. We can therefore
than 0.05. draw the conclusion that this model is appropriate for the

A direct or inverse relationship between two factors imarket data that has been gathered.
indicated by a positive or negative value of the calculated
correlation coefficient.

Chi-square=2328.590 ; df=1443 ; P=.000
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Figure 2 Standardized SEM results of the research mode

With p-values less than 0.05, Table 1 demonstrates tisgnificantly influence the decision to engage cold chain
all of the hypotheses were accepted and that these factogistics services. The values of the standardized
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regression coefficients, a metric that illustrates the degree H5 (Outsourcing Attitude): The outsourcing attitude
to which independent variables affect the dependehfs a moderate impact on the decision to employ the
variable in a regression model, are also shown in Tableskrvice, as indicated by its coefficient of 0.174. This
Here's a more thorough examination of these coefficientddicates that adopting a good attitude towards outsourcing
for every hypothesis under study: is crucial in order to influence real decisions.

H1 and H2 (Perception of Benefits): With coefficients H6 to H10 (Other factors such as outsourcing strategy,
of 0.292 and 0.206, respectively, the standardizédnctional characteristics, supplier standards, relationships
regression coefficients show that the perception of benefasmong parties, environmental factors): These coefficients
has a considerable impact on attitudes toward and decisioasge from 0.129 to 0.184, indicating that each factor
to use cold chain logistics services. This suggests thasignificantly impacts the decision to use the service, but not
favorable opinion of the advantages of the service cas strongly as perception of benefits or risk control.
encourage a favorable attitude as well as a favorable choiceH11 and H12 (Electronic Word of Mouth and
to utilize it. Corporate Image): With coefficients of 0.55 and 0.393,

H3 and H4 (Risk Control): Regression coefficients ofespectively, high regression coefficients show the
0.262 and 0.145 suggest that risk control not only improvegnificant impact of corporate image and electronic word
the outsourcing attitude but also positively impacts thef mouth on the outsourcing attitude and the choice to
decision to use the service, although the effect is strongamploy the service. This illustrates how crucial it is to
on attitude than on the direct decision. create and preserve a favourable company reputation in the

eyes of the public.

Table 1 Results of testing the research hypotheses

Hvpotheses Unstandar dized P value |Standardized Regression| Hypothesis
yp Regression Coefficient | (p < 0.05) Coefficient Testing

H1: Perceiving benefits will positively impg
attitudes towards outsourcing cold chain logis 0.255 0.000 0.292 Accept
services by busines:

H2: Perceiving benefits will positively impact
decision to use cold chain logistics services
H3: Risk control will positively impact attitud
towards outsourcing cold chain logistics serv 0.245 0.000 0.262 Accept
by businesse
H4: Risk control will positively impact th
decision to use cold chain logistics serv

H5: Attitudes towards outsourcing will positiv
impact the decision to use cold chdayisticy 0.2 0.001 0.174 Accept
service

H6: Outsourcing strategy will positively imp
the decision to use cold chain logistics sen
H7: The characteristic function factor
positively impact the extent obutsourcing i 0.126 0.003 0.145 Accept
businesses.

H8: The standards factor for service providers
positively impact the extent of outsourcing 0.173 0.006 0.162 Accept
businesse

H9: The relationship factor among parties
positively impact the decision to use cold cf 0.142 0.01 0.153 Accept
logistics services by busines
H10: The environmental factor will positive
impact the decision to use cold chain logig 0.169 0.000 0.184 Accept
services by busines:

H11: The electronic word-afiouth factor wil
positively impact the corporate ime

H12: The corporate image factor will positiv
impact attitudes towards outsourcing cold ¢ 0.338 0.000 0.393 Accept
logistics service

H13: The decision to use cold chain logistics ser|
will positively impact the financial performance 0.737 0.000 0.581 Accept
the enterpris

0.206 0.000 0.206 Accept

0.155 0.005 0.145 Accept

0.12 0.015 0.129 Accept

0.491 0.000 0.55 Accept

Source: author's complication
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5 Conclusions Invest in branding and public relations to strengthen the

In conclusion, this study developed an effectiv€orporate image. A strong, positive corporate image will
evaluation model to explore the factors influencing thénprove businesses' attitudes towards outsourcing (H12).
decision to utilize cold chain logistics services in the Provide clear evidence of the financial benefits of using
Southeast region of Vietnam. The research confirms tHz@ld chain logistics services. Use financial projections,
various factors, including the perception of benefits, risRO!l analysis, and performance metrics to show how
control, outsourcing strategy, functional characteristicutsourcing can lead to cost savings and increased
service provider standards, relationships among parti@ofitability (H13). _ _
environmental conditions, and electronic word-of-mouth, By implementing these suggestions, cold chain
significantly impact the attitudes and decisions ofegdistics service providers can improve their offerings,
businesses regarding the use of these services. build stronger relationships with businesses, and encourage

The findings, with p-values less than 0.05, indicate th&t0re companies to adopt their services, ultimately leading
all hypotheses (H1 to H13) were accepted, demonstratifybetter financial performance for both parties
the significant influence of these factors. Notably, the The study emphasizes the importance of understanding
perception of benefits (H1 and H2) and risk control (H8egional and economic contexts when analyzing service
and H4) showed strong effects on attitudes and decisioH$lization decisions in developing economies. It provides
while electronic word-of-mouth and corporate image (H1& foundation for tailoring service offerings and adjusting
and H12) had substantial impacts on attitudes towal@gal frameworks to support the growth of the cold chain
outsourcing. logistics sector in Vietham and other emerging countries.

To improve cold chain logistics services and positivelfractical implications for service providers and
influence businesses’ decisions to outsource these servi€@yernment regulators include enhancing the business
the following suggestions can be made based on tRgvironment to allow stakeholders to evolve and adapt
proposed hypotheses: within specific market dynamics. _

Clearly articulate the benefits of cold chain logistics However, the study's focus on the Southeast region
Servicesl such as cost SavingS, improved product qua“m]lts Its generallzablllty to the entire COUﬂtry and broader
and extended shelf life. Use case studies and success stdfiagket dynamics. Additionally, due to limited resources,
to demonstrate real-world advantages (H1, H2). not all potential influencing factors and financial outcomes

|mp|ement and promote robust risk control measuregllere analyzed. Future research should consider a more
including real-time tracking, temperature monitoring, an60mprehensive approach, including additional variables
contingency plans for potential disruptions. Communica@nd wider geographical coverage, to better understand the
these measures effectively to build trust and confideng€cision-making processes regarding cold chain logistics
among businesses (H3, H4). services in Vietnam.

Work with businesses to develop tailored outsourcin
strategies that align with their specific needs and goafScknowledgement _ o
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