ACTA LOGISTICA

ISSN 1339-5629
electronic journal

International Scientific Journal about Logistics

Volume 11
g ﬁ[ Issue 1
N 2024




Acta Logistica -International Scientific Journal
Volume: 11 2024 Issue: 1 ISSN 1339-5629

CONTENTS

CONTENTS

(MARCH 2024)

(pages 1-12)
Environmental sustainability and operational performance in the road freight sector
Munyaradzi Mlambo, Joash Mageto, Sebonkile Thaba

(pages 13-19)
Differentiation of stocks by the ABC approach in the synergy of the order penetration point
of the logistics chain
Katarina Teplicka, Martin Hart, Sona Hurna

(pages 21-32)
Strategic enhancement of Zakat collection and distribution in philanthropic institutions:
integration of SERVQUAL, Kano, and QFD
Hirawati Oemar, Ulima Alifani, Yan Orgianus

(pages 33-45)
Examination of the selection of logistics service providers
Gabor Nagy, Bela Illes, Agota Banyai

(pages 47-56)
Sustainable logistics and passenger transport in smart cities
Olha Prokopenko, Gunnar Prause, Taliat Bielialov,
Marina Jarvis, Mykola Holovanenko, Inna Kara

(pages 57-65)
The improvement of the production process performance through material flow and storage
efficiency increases serial production
Helena Makysova, Filip Galgoci, Zdenka Gyurak Babelova, Augustin Starecek

(pages 67-77)
Analysis of corporate management risks in the work of logistics enterprises
Vaqif Maharram Quliyev, Sevinj Agamamed Abbasova, Mehriban Shaban Aliyeva,
Elnara Robert Samedova, Manzar Aziz Mammadova

(pages 79-86)
Roadmap to achieve operational excellence through Lean Management implementation
and quality management system conformance
Oumaima El Affaki, Mariam Benhadou, Abdellah Haddout

(pages 87-98)
Combining artificial neural networks and fuzzy analytic network process for holistic
sustainable performance evaluation in the Moroccan mining industry
Farchi Chayma, Touzi Badr, Farchi Fadwa, Mousrij Ahmed

Copyright © Acta Logistica, www.actalogistica.eu


http://www.actalogistica.eu/
https://actalogistica.eu/issues/2024/I_2024_09_Chayma_Badr_Fadwa_Ahmed.pdf
https://actalogistica.eu/issues/2024/I_2024_09_Chayma_Badr_Fadwa_Ahmed.pdf
https://actalogistica.eu/issues/2024/I_2024_09_Chayma_Badr_Fadwa_Ahmed.pdf
https://actalogistica.eu/issues/2024/I_2024_09_Chayma_Badr_Fadwa_Ahmed.pdf
https://actalogistica.eu/issues/2024/I_2024_08_El-Affaki_Benhadou_Haddout.pdf
https://actalogistica.eu/issues/2024/I_2024_08_El-Affaki_Benhadou_Haddout.pdf
https://actalogistica.eu/issues/2024/I_2024_08_El-Affaki_Benhadou_Haddout.pdf
https://actalogistica.eu/issues/2024/I_2024_08_El-Affaki_Benhadou_Haddout.pdf
https://actalogistica.eu/issues/2024/I_2024_07_Quliyev_Abbasova_Aliyeva_Samedova_Mammadova.pdf
https://actalogistica.eu/issues/2024/I_2024_07_Quliyev_Abbasova_Aliyeva_Samedova_Mammadova.pdf
https://actalogistica.eu/issues/2024/I_2024_07_Quliyev_Abbasova_Aliyeva_Samedova_Mammadova.pdf
https://actalogistica.eu/issues/2024/I_2024_07_Quliyev_Abbasova_Aliyeva_Samedova_Mammadova.pdf
https://actalogistica.eu/issues/2024/I_2024_06_Makysova_Galgoci_Gyurak-Babelova_Starecek.pdf
https://actalogistica.eu/issues/2024/I_2024_06_Makysova_Galgoci_Gyurak-Babelova_Starecek.pdf
https://actalogistica.eu/issues/2024/I_2024_06_Makysova_Galgoci_Gyurak-Babelova_Starecek.pdf
https://actalogistica.eu/issues/2024/I_2024_06_Makysova_Galgoci_Gyurak-Babelova_Starecek.pdf
https://actalogistica.eu/issues/2024/I_2024_05_Prokopenko_Prause_Bielialov_Jarvis_Holovanenko_Kara.pdf
https://actalogistica.eu/issues/2024/I_2024_05_Prokopenko_Prause_Bielialov_Jarvis_Holovanenko_Kara.pdf
https://actalogistica.eu/issues/2024/I_2024_05_Prokopenko_Prause_Bielialov_Jarvis_Holovanenko_Kara.pdf
https://actalogistica.eu/issues/2024/I_2024_05_Prokopenko_Prause_Bielialov_Jarvis_Holovanenko_Kara.pdf
https://actalogistica.eu/issues/2024/I_2024_04_Nagy_Illes_Banyai.pdf
https://actalogistica.eu/issues/2024/I_2024_04_Nagy_Illes_Banyai.pdf
https://actalogistica.eu/issues/2024/I_2024_04_Nagy_Illes_Banyai.pdf
https://actalogistica.eu/issues/2024/I_2024_03_Oemar_Alifani_Orgianus.pdf
https://actalogistica.eu/issues/2024/I_2024_03_Oemar_Alifani_Orgianus.pdf
https://actalogistica.eu/issues/2024/I_2024_03_Oemar_Alifani_Orgianus.pdf
https://actalogistica.eu/issues/2024/I_2024_03_Oemar_Alifani_Orgianus.pdf
https://actalogistica.eu/issues/2024/I_2024_02_Teplicka_Hart_Hurna.pdf
https://actalogistica.eu/issues/2024/I_2024_02_Teplicka_Hart_Hurna.pdf
https://actalogistica.eu/issues/2024/I_2024_02_Teplicka_Hart_Hurna.pdf
https://actalogistica.eu/issues/2024/I_2024_02_Teplicka_Hart_Hurna.pdf
https://actalogistica.eu/issues/2024/I_2024_01_Mlambo_Mageto_Thaba.pdf
https://actalogistica.eu/issues/2024/I_2024_01_Mlambo_Mageto_Thaba.pdf
https://actalogistica.eu/issues/2024/I_2024_01_Mlambo_Mageto_Thaba.pdf
http://www.actalogistica.eu/

Acta Logistica -International Scientific Journal
Volume: 11 2024 Issue: 1 ISSN 1339-5629

CONTENTS

(pages 99-109)
Implementation of cloud computing in the digital accounting system of logistics companies
Mohammad Ahmad Alnaimat, Oleg Kharit, Iryna Mykhailenko,
TIhor Palchyk, Safar Purhani

(pages 111-117)
The constructivist approach as a concept of active learning and teaching
of optimization processes at technical universities
Marcela Lascsakova

(pages 119-129)
Application of a time series to analyse the evaluation of road traffic accidents in Slovakia
Miriam Andrejiova

(pages 131-138)
Research of urban passenger transport in countries with a high Human Development Index
Aiymzhan K. Kerimbek, Katira B. Satymbekova, Ainash A. Nurgaliyeva,
Zauresh O. Imanbayeva, Bakytgul Z. Zhumagalieva

(pages 139-148)
Charting a sustainable course: how normative factors shape intentions
for Autonomous Rapid Transit commuting
Nur Zaimah Ubaidillah, Fatin Nur Hidayah Taib Khan, Siti Nur Fatin Morshidi,
Farhana Ismail, Nurul Izza Abd. Malek

(pages 149-160)
The dynamics of port competition and efficiency in Vietnam amidst COVID-19:
a decadal analysis
Ha Thi Quach, Thuan Duc Tran, Khanh Ngoc Nguyen, Phuong Thanh Le

Copyright © Acta Logistica, www.actalogistica.eu


http://www.actalogistica.eu/
https://actalogistica.eu/issues/2024/I_2024_15_Quach_Tran_Nguyen_Le.pdf
https://actalogistica.eu/issues/2024/I_2024_15_Quach_Tran_Nguyen_Le.pdf
https://actalogistica.eu/issues/2024/I_2024_15_Quach_Tran_Nguyen_Le.pdf
https://actalogistica.eu/issues/2024/I_2024_15_Quach_Tran_Nguyen_Le.pdf
https://actalogistica.eu/issues/2024/I_2024_14_Ubaidillah_Khan_Morshidi_Ismail_Malek.pdf
https://actalogistica.eu/issues/2024/I_2024_14_Ubaidillah_Khan_Morshidi_Ismail_Malek.pdf
https://actalogistica.eu/issues/2024/I_2024_14_Ubaidillah_Khan_Morshidi_Ismail_Malek.pdf
https://actalogistica.eu/issues/2024/I_2024_14_Ubaidillah_Khan_Morshidi_Ismail_Malek.pdf
https://actalogistica.eu/issues/2024/I_2024_14_Ubaidillah_Khan_Morshidi_Ismail_Malek.pdf
https://actalogistica.eu/issues/2024/I_2024_13_Kerimbek_Satymbekova_Nurgaliyeva_Imanbayeva_Zhumagalieva.pdf
https://actalogistica.eu/issues/2024/I_2024_13_Kerimbek_Satymbekova_Nurgaliyeva_Imanbayeva_Zhumagalieva.pdf
https://actalogistica.eu/issues/2024/I_2024_13_Kerimbek_Satymbekova_Nurgaliyeva_Imanbayeva_Zhumagalieva.pdf
https://actalogistica.eu/issues/2024/I_2024_13_Kerimbek_Satymbekova_Nurgaliyeva_Imanbayeva_Zhumagalieva.pdf
https://actalogistica.eu/issues/2024/I_2024_12_Andrejiova.pdf
https://actalogistica.eu/issues/2024/I_2024_12_Andrejiova.pdf
https://actalogistica.eu/issues/2024/I_2024_12_Andrejiova.pdf
https://actalogistica.eu/issues/2024/I_2024_11_Lascsakova.pdf
https://actalogistica.eu/issues/2024/I_2024_11_Lascsakova.pdf
https://actalogistica.eu/issues/2024/I_2024_11_Lascsakova.pdf
https://actalogistica.eu/issues/2024/I_2024_11_Lascsakova.pdf
https://actalogistica.eu/issues/2024/I_2024_10_Alnaimat_Kharit_Mykhailenko_Palchyk_Purhani.pdf
https://actalogistica.eu/issues/2024/I_2024_10_Alnaimat_Kharit_Mykhailenko_Palchyk_Purhani.pdf
https://actalogistica.eu/issues/2024/I_2024_10_Alnaimat_Kharit_Mykhailenko_Palchyk_Purhani.pdf
https://actalogistica.eu/issues/2024/I_2024_10_Alnaimat_Kharit_Mykhailenko_Palchyk_Purhani.pdf
http://www.actalogistica.eu/

Acta logistica - International Scientific Journal about Logistics
Volume: 11 2024 Issue: 1 Pages: 1-12 ISSN 1339-5629

Environmental sustainability and operational performance in the road freight sector
Munyaradzi Mlambo, Joash Mageto, Sebonkile Thaba

https://doi.org/10.22306/al.v11i1.433 Received: 04 June 2023; Revised: 04 Jan. 2024; Accepted: 12 Feb. 2024

Environmental sustainability and operational performance
in the road freight sector

Munyaradzi Mlambo
Department of Transport and Supply Chain Management, University of Johannesburg, Auckland Park, Johannesburg,
South Africa, mlambo.sda@gmail.com (corresponding author)

Joash Mageto
Department of Transport and Supply Chain Management, University of Johannesburg, Auckland Park, Johannesburg,
South Africa, joashm@uj.ac.za

Sebonkile Thaba
Department of Transport and Supply Chain Management, University of Johannesburg, Auckland Park, Johannesburg,
South Africa, scthaba@uj.ac.za

Keywords. operational performance, canonical correlation analysis, environmentally sustainable practices, trucking
industry and road freight, logistics management.

Abstract: Road freight plays a pivotal role in the movement of goods from the point of production to the point of
consumption. Transportation of freight by road is associated with high operational costs which increases cost of landed
goods. The use of trucks is associated with greenhouse gas (GHG) emissions and congestion especially in urban areas.
The trucking industry dominates freight movement in many countries including South Africa, necessitating the need to
improve its operational performance. While researchers argue that implementation of environmentally sustainable
practices (ESP) by trucking firms is likely to influence operational performance (OP), the actual effect is unknown. The
purpose of this study was to investigate the effect of ESPs on OP among trucking firms. A survey of 124 trucking firms
was conducted and the data was analysed using canonical correlation analysis. The ESPs identified were energy
efficiency, driver behaviour, and advanced technology. The results revealed that there is an inverse relationship between
ESPs and OP, with advanced technology being a major contributing practice to the relationship. Limited funding was
identified as a major inhibitor to the implementation of ESPs among the trucking enterprises. This study informs managers
of trucking enterprises that the implementation of environmentally sustainable practices would not likely result in higher
operational performance, as such, they should implement the practices as a social good as opposed to for profits. The
study investigated a complex phenomenon in an important sector of the economy in South Africa and provide some policy
directions.

1 Introduction importance of addressing socio-economic factors within

The likely adverse effect of greenhouse gas emissio¥ transport sector to promote sustainability. [6] Discusses
(GHG) calls for far-reaching changes in the approach#e negative environmental impacts of the freight system,
towards sustainable transportation systems [1]. THacluding air pollution and energy consumption. [7]
negative environmental effects of road freighEXxplores strategies for sustainable freight transportation,
transportation are huge in terms costs to the firms af@nsidering the balance between economic welfare and
society, thus require innovative tactics on the utilisation &nvironmental impact. These papers provide insights into
transportation systems in a more sustainable manner [tfj¢ challenges and provide potential strategies for
Environmental concerns are fast becoming a t@ﬁhlewng SUStalnablllty in the South African road transport
managerial concern due to customers' desire to trade WHFLOr- _ _ o o
environmentally conscious enterprises.  Numerous While most companies strive for flexibility, reliability,
international studies have probed the intricacies of roadd cost reduction in the transportation of goods, there has
freight sustainability research from developed economi®¢en a growing trend to implement environmental
like the United States and European countries exploriﬁ@lstalnablllty Initiatives tO a(?hleve the stated effICIGncy
diverse strategies such as alternative fuels, smart logistiggd  effectiveness  objectives.  Implementation  of
and vehicle electrification to mitigate environmentafustainable practices in transportation requires top
impact [3]. Studies by [4-7], collectively highlight themanagement support [8]. Transport operations activities
challenges faced by the road freight sector in South Afrié@ntribute greatly to GHG emissions problems yet research
in achieving environmental  sustainability ~whileOn the potential of environmental sustainability to promote
maintaining operational efficiency. [4] Identifies efficiency and competitiveness among trucking firms
operational challenges such as poor road infrastructuf@mains inadequate [9]. When analysing systems to do with
traffic congestion, and poor maintenance strategies tHEgight transport activities, three main topics emerge,
hinder optimal delivery of goods. [5] Emphasizes th8amely business operations, operational performance, and

~1~
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environmental influence [10]. Operational performanc@ Literature review

(OP) refers to the efficiency and effectiveness of ap1  Road freight sector in South Africa
organisation's efforts to achieve its set objectives [11]. gqouth Africa has the largest and most developed
Within trucking companies, the objectives might includgransport and logistics infrastructure in the Sub-Saharan
fuel efficiency, reduced logistics costs and minimahfica. South Africa is identified as a key emerging
environmental impact (noise, pollution, and accidents) [1Je]conomy owing to its membership in the BRICS. The
- Thus, trucking firms might focus on monitoring theifreight and logistics market in South Africa is worth about
energy efficiency, maintenance costs and reliability)sp 21 53 pillion in 2023 and is expected to grow to about
metrics to remain competitive. Carbon emissions frofysp 30 pillion by 2030 [16]. The road freight sector is one
trucks are quite harmful to the environment; as such, sorgg ihe largest as it accounts for about 75 percent of
countries impose payment of carbon taxes whichymmercial cargo in South Africa. The road freight sector
subsequently erode profitability [12]. Therefore, firmgomprises of a few large players such as Imperial Logistics
should implement sustainable practices that lessen the cgsf many medium and small enterprises. The micro
of logistics as well as cost of goods to improve theijayers are also well represented where there are owner
operational performance. _ . drivers. The sector has low entry and exit barriers, thus,
In South Africa, freight movement is predominantly bythere are many competitors offering varying quality of
road, which makes trucking services critical t0 th@eryice. The lack of strict regulation implies that operators
manufacturing and distributive industries. The trucking e profit focused and initiatives related to sustainable
sector is even more important in the port cities, which li ansport might not be a priority as they require extra
the inter-land and the international shipping lines [13]-Thi§apital investments. Most South African industries rely
implies that the port cities are likely to bear the cost Gfeavily on trucks, which have become the dominant mode
GHG emissions from the large number of trucks that drof (ransporting about 80 percent of commercial freight in
and pick freight from the ports. Despite the likely knowrsoyin African. As such, road transport is the heartbeat of
benefits of adopting sustainable road freight transpoghe South African economy [17]. Like any other industry
there is little that is known regarding the relationshi, south Africa, the road freight industry has been affected
between environmentally ~sustainable practices ang several challenges, such as electricity outages, fuel price
operational performance of trucking firms. Prior researgfikes and continuous industrial unrests. The instability in
on sustainable freight transport and operational eff'c'e”@,fectricity supply is characterised by many hours of load
focused on the movement of goods through the sea dReqding a day, thus increasing warehousing and transport
Finland and established the practices can lead {@gis as retailers order more frequently [18]. In addition,
developing a competitive advantage [13]. A study from,e| prices are going up not only in South Africa but
Belgium [14] investigated the implementation Ofyqrgwide and this has impacted the cost of road freight
sustainable practices to minimise GHG emissions andyices and the logistics industry at large. Consequently,
operational costs by using an optimal truck chassis sizge |ogistics increase resulting in an increase of the price of
Prior research has also established that technology a¥hds [18]. The increasing trucking costs can also be
innovation play a pivotal role in improving timeous cargQssociated with labour issues resulting in protests that
delivery in the road freight industry [15]. The limitedincrease security costs. The protests result in congestions,
research on the effect of environmental sustainability ang,q higher emissions from the trucking industry in South
operational performance of trucking firms calls Omfrica. In addition, deliveries are delayed resulting in
researchers to fill the knowledge gap. The polemigmnorary shortages of goods and services and in some
objectives of greening the transport industry as well 3g,ses damages, especially where perishable goods are
minimise the cost of transport make spell the significanGgyolved [7]. The reliability, dependability, efficiency, and
of this study to shippers, operators, practitioners angectiveness of logistics activities have thus been
relevant public agencies. The study addressed g pardised by such challenges. While one of the areas that
following research questions: . _ affect operational performance is Driver Behaviour (DB),
1. What is the extent of the implementation Ofnejr constant dis-satisfaction over their conditions of

environmentally sustainable practices (ESPS) amoRrg,yice has worsened their behaviour [19].
trucking firms?

2. What is the relationship between ESPs and OP
trucking firms?

3. What challenges do trucking companies face when
implementing ESPs?

9% Operational performance of trucking
enterprises
Operational Performance (OP) refers to the ability of an
organisation to streamline its processes to maximise its
The rest of this paper is divided into literature reviewf?m'[.)u.t.S by minimising costs, Improving speed of SEIVICE,
) : X . eaqbnny, and quality of service [10]. Further it is
material and methods, results, discussion, conclusion, an o : : .
X contended that trucking firms strive for consistent delivery

recommendations. . . . )

of freight to as contracted by shippers. Given that business

environments are constantly changing, the trucking

~2 ~
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industry still needs to remain competitive by improving iténdicator of the efficiency of the vehicles used in a trucking
OP [9]. Whereas there are different ways to measuirdustry as well as impact on the environment [9]. Making
operational performance, the common metrics have beeshicles more fuel efficient can be necessitated by
to make use of both financial and non-financial methogwoactive or cost-driven fleet acquisitions [1]. The road
[20]. In this study, energy efficiency, maintenance cosfseight industry needs to employ technical elements of
and reliability were used as measure of OP. Prior studilegjistics within their businesses to ensure that
have argued that operational performance can be improvadstainability goals and aims are attained [25]. They further
by diligently managing the related activities to ensurargue that the development of road transportation policies
optimal results by reducing costs and improving serviaen fuel efficiency measurements will help attain GHG
levels, which might involve acquiring some capabilitiegmission reduction goals within the road freight industry.
from experts, [21]. While research on operationalhe key to carbon-free freight transportation lies in fuel-
performance is mature, little is known about whethegfficient initiatives on road transportation systems to
environmental sustainability practices can improvachieve a green circular economy and, in that regard,

operational performance of trucking firms. various activities can be undertaken to ensure fuel-efficient
transport operations. The activities include proper
2.3 Environmental sustainability scheduling, less idling time, speed reduction, and

The three pillars of sustainable freight transportatiopongestion avoidance as some practices that can help to
are economic, social, and environmental [22]. This presgmprove fuel efficiency [7]. The achievement of fuel
study, however, focused on environmentally sustainab@ficiency within the trucking industry goes further to
practices (ESPs)  within  trucking  companiesinclude various operational measures, such as vehicle
Environmental challenges happen on land, water, and utilisation optimisation, empty leg minimisation, right
the air and are mainly caused by business operationshicle size and type choice for each operation, and
human activities, and/or natural disasters Theromoting efficient driving [26].
environmental sustainability is described as the ability to
utilise the environment without hindering the present andd3.2  Advanced technology (AT)
future inhabitants [15]. Transport, which is part of logistics Application of advanced technologies helps to achieve
is a key contributor to sustainable development becausehigh efficiencies in truck fleet management by facilitating
its impact on the environment in terms of accidentghe use of automated routing and scheduling systems,
pollution (land, water, and air), energy consumption, ar@utomated documentation and billing systems, vehicle and
the noise it generates [14]. The sustainable freight logistitreight track and trace capabilities, and maintenance
systems require transportation that is safe, fuel-efficierflanning systems among others. Some technologies can
and environmentally friendly as the costs associated wighonitor driver behaviour and road surface conditions to
this heavily erode profitability and reduce the overall OPrevent accidents and avoid mobility disruptions. Some of
of firms [23]. is solely concerned with convenientlythe advanced technologies can monitor GHG emissions
planning the movement of goods using the minimum cognd the likely air, noise and water pollution and to help
in a sustainable way [22]. Thus, trucking firms arénanagement take corrective actions in good time through
expected to implement some environmentally sustainabiaintenance or decommissioning some of old vehicles.
practices to reduce the negative impacts of transportatibnvironmental sustainability was not a popular concern
to the environment. This is because road freight movementtil the 1980s but interest in the inclusion of
activities harm the atmosphere and the environmeiignsportation technology had started long before that [7].
through the emission of gases and consumption of nddany road freight transport companies are making use of
renewable energy [22]. Prior research has also argued thdvanced technology (AT) in all areas of operation in the
implementation of transport sustainable practices such iagustry due to the benefits that it brings. The complexity
fuel-efficient engines, advanced technologies, improve®f transportation activities renders the use of advanced
driver behaviour require significant initial capitaltechnology a necessity [27] while it is found that the use of
investments which is sometimes not readily availabl@dvanced technology had significantly improved tracking
Furthermore, it not known whether firms that implemenef cargo in transit [13]. Technology plays a pivotal role in
the sustainable practices can improve their operatiorgithancing environmental quality and company

efficiencies and effectiveness. performance. A study on the Japanese transport industry
found that technology innovation improved performance
2.3.1 Fuel efficiency and that the incorporation of high efficiency and low

Fuel constitutes a large share of the cargo movemesrbon reporting technologies was important to achieve
operating costs incurred in the road freight industry, whicgnvironmental sustainability [23].
are mostly related to GHG emissions from an
environmental perspective [14]. In the UK, freight2.3.3  Driver behaviour (DB)
transport had a 38% share of the total fuel consumed in Freight transportation is highly dependent on drivers
2017 [24]. Fuel consumption per km is a very importarwho provide timeliness and safety along the route[19],

~3~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 11 2024 Issue: 1 Pages: 1-12 ISSN 1339-5629

Environmental sustainability and operational performance in the road freight sector
Munyaradzi Mlambo, Joash Mageto, Sebonkile Thaba

besides infrastructural and technical developments, thereSis Methodology

a need for policy and driver behaviour changes if the The study followed a positivism paradigm. Positivism
trucking industry is to continue to thrive [2]. Thetargets accuracy, generalisability, consistency, and
performance of truck drivers has a huge bearing on h@@plicability [31]. The quantitative approach allowed for
customers perceive the service offered by truckingie testing of the relationship between ESP and OP
companies[28]. A fossil fuel-based transportation systeghjectively. The main objective was to investigate the
is heavily dependent on human (especially drivergp|ationship between operational performance and
interactions with the environment [28]. Aggressive drivingnyvironmentally sustainable practices. A survey was
wastes energy, while improved driver behaviour (DBjonducted, and data was collected using a structured
reduces the amount of fuel consumed. Thus, it is importaqiiestionnaire. The scale questions made use of the five-
to have precise knowledge of human aspects that impagfint Likert-type scale where 1 = strongly disagree, 2 =
OP as this will help in the manufacturing of vehicles th&!isagree, 3 = neutral, 4 = agree and 5 = strongly agree. The
are easy to use and provide much-needed constgginple for this study consisted of trucking companies in
feedback for decision making [29]. DB is concerned witthe \Western Cape, South Africa. A total of 124 valid
dynamic driving characteristics, such as road safety, fuglsponses was received from respondents who comprised
efficiency, and good driving patterns [26]. The six (6hf owner, logistics managers, operations managers,
components of the total cost of ownership (TCO), three (Rupervisors, or their equivalents involved in day to day
namely fuel, insurance, and service, maintenance, afithning of the trucking enterprises.
repair (SMR), are heavily influenced by DB [30]. pescriptive statistics were used to determine the extent
Improved DB, where drivers drive smoothly and makey which trucking enterprises have implemented ESPs.
informed cautious driving decisions, keep insurancexploratory factor analysis was used as a concept validity
premiums constant, or reduce them, reduce fuglchnique. Reliability analysis assessed the internal
consumption and overall truck maintenance costgonsistency of the scales. Canonical correlation analysis
However, the debate whether driver behaviour g&CA) examined the relationships between the measures
sustainable transport practice can affect operationgd ESPs (driver behaviour, advanced technology, and fuel
performance of a trucking firm remains inconclusive. efficiency) and measures of OP (energy efficiency, cost per
km, maintenance costs and reliability). The data analysis
model is depicted in the Figure 1.

&

_ Cost per
 Km/Mainten
ance Cost

~

Advanced

Technology
L
m/

Figure 1 Data analysis model
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Appropriate ethical considerations were considereglvery two years. The results might imply that firms that
during the formulation of the study and in the dataffered driver refresher trainings were acknowledging that
collection procedures to ensure privacy and confidentialithe behaviour of their drivers had a significant bearing on

of the respondents. their operating costs as well as their overall OP, as argued
by [3]. The majority of the firms were either small or

4 Results medium confirming the national demographic of the road

41  Respondent demographics freight industry whereby there are few large enterprises

The results show most of the respondents were malyith a majority of the firms being small and medium in size
(see Table 1). In addition, 86.3 percent of the respondefiéordor Intelligence, 2023).
had at least a diploma from a tertiary institution; implying

some professional training in transport, logistics or Table 1 Respondent demographics

management, thus, had the expected knowledge toDemographics Percentage (%)
understand the requirements of the research. In terms of jobGender
positions, most of the respondents were either managersMale 75.(
operations managers, or owner managers. Femal 18.F
The study sought to find out whether companies were Prefer not to s¢ 6.E
implementing some form of environmentally sustainable [ evel of education
practices (ESPs). A dichotomous question was presentedHigh School certificat 8.1
to the respondents where they were to answer yes/no.National certificat 5.€
Surprisingly, most of the firms (80.6 per cent) were Diplome 15.7
implementing ESPs, implying that many of the firms in the  Undergraduate degt 30.€
road freight industry were familiar of the concept of green Honours degre 21.¢
transportation. One of the sustainable transport initiatives Masters/Phl 18.¢
involves training drivers to improve their driving Job Position
behaviour. The study sought to know whether the firms Owner: 23.2
were offering any form of driver training. The results Operations Manage 23.L
obtained (Table 2) indicated that most of the trucking firms Manager 23.L
(79.9 per cent) offered driver refresher courses at least oncesupervisor 12.1
Othel 8.C
Table 2 Driver refresher courses
Refresher
course Not at all After two years Yearly Twice a year Total
Micro 13.7% 0.0% 0.8% 1.6% 16.1%
Firm size Smal 4.0% 4.8% 24.2% 12.1% 45.1%
Mediurr 1.6% 2.4% 9.0% 21.8% 34.8%
Large 0.8% 0.0% 0.0% 3.2% 4.0%
Total 20.1% 7.2% 34.0% 38.7% 100.0%
4.2 Extent of ESP I mplementation technologies and energy efficiencies. Therefore, the

The extent of ESPs implementation among the truckirigiplementation of ESPs by trucking firms is to a high
firms was investigated and results were presented on Tabkent. This implies that many of the trucking firms are
3. The extent was measured as either being low, moder&ware of the negative effect of GHG emissions from freight
or high. On average over 80.6 percent of the firms dansport vehicles and are ready to implement some
implement the ESPs related to driver behaviour, advancidtiatives to minimise the effects.

Table 3 Level of ESP implementation

Code Indicators Low Moderate | High
extent | extent extent
Driver behaviou 7.9% 11.4% 80.6%
DB1 Bonussystems encourage good driver behay 38.7% | 16.1% 45.2%
DB2 Internal driver training programmes help ensure hiring of good quaity% 34.7% 57.2%
drivers
DB3 The life span of trucks heavily depends on driver beha 0.0% 3.2% 96.8%
DB4 Driver training works and it can save the business mc 0.0% 11.30% 88.70%
DB5 Driving style affects other vehicle running costs (e.g., insur 0.8% 1.6% 97.6%
~5~
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DB6 Driving performance has a huge bearing on how the customers peréedfé 1.6% 98.4%
the trucking companie

Advanced technolo 2.8% 14.0% 83.2%

AT1 Automatic transmission trucks can reduce the carbon content of thelfi68t 16.1% 82.3%
usel

AT2 Gas emission control technologies are an essential tool for mana@iogo 6.5% 93.5%
vehicle emissior

AT3 Driver monitoring software proactively tackles the source of potende8% 25.0% 70.2%
accidents and ensures that drivers are not being put under pressure to
take risks on the road to meet tar

AT4 GPS allows timely sharing of information that can help improve3% 15.3% 77.4%
environmental sustainabil

AT5 Telematics helps companies to quickly identify areas that need actidnGéo 11.3% 87.1%
reduce a negative impact on the environt

AT6 Vehicle tracking helps monitor where vehicles are in real time| &hd% 1.6% 98.4%
provides information on traffic and best routes tc

AT7 Remote vehicle diagnostics technologies help reduce the ové&&bo 15.3% 83.9%
maintenance cost of truc

AT8 Remote vehicle diagnostics can help avoid downtime and possible 86U} 21.0% 72.6%
leaks

Energy efficienc 0.7% | 8.9% 90.5%

EE1 The amount of gas emitted, and the total energy consumed by trugk3.0& 4.8% 95.2%
be reduced by -vehicle eco driving systetr

EE2 Optimal truck routing and scheduling has been seen as one of the|rOe@fts | 2.4% 96.8%
to help companies reduce their energy consum

EE3 Proactive and cost driven truck acquisition necessitates enérgyo 21.8% 77.4%
efficiency

EE4 Energy consumption can be increased by driver beh: 0.0% 0.8% 99.2%

EE5 Uncoordinated routing translates into further distances travelledd G066 0.0% 100.0%
more energconsumptio

EE€ Following speed limits and cruising speeds aid fuel effici 2.4% 23.4% 74.2%

Exploratory factor analysis (EFA) was used to extragind DB4) for the ESPs. The second set of three
the latent components from the indicators related to ESBsmponents was related to operations performance
and OP. Prior to conducting the exploratory factor analysispnstruct and were interpreted as operations maintenance
two diagnostic tests were carried out to check thead nine indicators, operations reliability with four (4)
factorability of the data. These tests were Kai-ser-Meyeindicators and operations efficiency with two indicators.
Olkin of Sampling Adequacy (KMO) and Bartlett’s test ofAll the indicators that were selected for each component
sphericity. Bartlett’s test of sphericity should have a phad a factor loading of 0.5 and above, which shows that
value less than 0.05 (p<0.05) for the analysis to lbey had sufficient variance explained for the given
considered significant, while the KMO index ranges frongsonstruct [32,33]. Reliability analysis was done to check if
0 to 1, with 0.6 being suggested as the minimum value fargiven factor was consistently reflecting the construct it
a good factor analysis [28,32]. Both the ESPs and OP hads measuring. Cronbach’s alpha coefficient is the
a KMO value of 0.687 and 0.867, respectively, which wereommonly used test, and it has a threshold of 0.6 [30,34].
above the minimum threshold of 0.6, signifying theiReliability analysis was tested and presented under Table
suitability for factor analysis. Bartlett’s test of sphericitys. The results clearly show the highest value of 0.914 for
was statistically significant (p<0.05) as expected. operational maintenance and the lowest of 0.582 for driver

A set of three components related to ESPs and OP wéhaviour. For ESP, advanced technology was within the
extracted using PCA based on eigenvalues greater tharmdceptable threshold value, while driver behaviour and
The extracted components were rotated to obtain the factarergy efficiency were below the threshold, however, they
patterns using the varimax rotation. The result is providedere retained for theoretical reasons. In terms of OP, both
in Table 4. The extracted components were interpreted @erational costs and reliability had high internal
advanced technology with three indicators (AT8, AT7, andonsistency reliability with Cronbach’s alpha values above
AT6), energy efficiency with three indicators (EE2, EE40.8, which was acceptable.
and EE1) and driver behaviour with two indicators (DB3
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Table 4 Rotated component matrix

Indicator Indicator description Factor Reliability Latent
code loadings variable
Environmental sustainabili
ATS Remote vehicle @agnostlcs can help avoid 0.808
downtime and possible fuel le:
AT7 Remote vehicle dlagnostlcs technologies help 0.778 Advanced
reduce the overall maintenance cost of tr 0.755 technolo
Vehicle tracking helps monitor where vehicles are ay
AT6 in real time, provides information on traffic and 0.657
the best routes to L
Optimal truck routing and scheduling has been
EE2 seen as one of the means to help companies redud&® 776
their energy consumptis
EE4 Energy consumption can be increased by drlverol712 0.595 Energy
behavio efficiency
The amount of gas emitted, and the total energy
EE1 consumed by trucks can be reduced by in-vehicle0.647
eco driving systen
DB3 The I|f_e span of trucks heavily depends on driver 081 _
behavio Driver
Driver training works — it can save the business 0.582 behaviour
DB4 0.756
mone)
Operational performanc
OPC3 Fuel cost per km has been reduced over the pa36.856
three yeai
OPM3 Planned maintenance programs are in place for a”0.787
our truck:
OPC5 The total number fuel litres bought for the past 0727
three years has reduc
OPML1 The rate of tyre replacement has reduced over theo.716
past three yea
OPC6 Tyre life span has improved over the past threeol713 0.914 Operations
year: Maintenance
OPC4 Swﬁtness of _|dent|fy|ng areas that need urgentol662
attention has improved in the past three y
OPMA4 Total number of litres of oil bought in the past 0.599
three years has reduc
OPM5 Driver training scheme and behavior have 057
improved in the past three ye
OPC1 ;/l—éL;(;k utilisation has improved over the past 3 0.501
OPR? pellvermg cargo at t‘he right location has improved 0.837
in the past three ye:
OPR1 !nformatlon sharing with our customers has 0.804 _
improved in the past three ye Operations
Customer service plan has improved for the past 0.86 Reliability
OPR4 0.779
three yeai
OPR3 On-time cargo delivery has improved over the past 0.76
three yeai
OPE3 TrL_Jc_k acquisition policies have changed to energy j geq
efficient models for the past three ye Operations
Satellite tracking technology systems are installed 0.801 EE‘icienc
OPF4 in all trucks for optimal routing to reduce 0.77 Y

operational co:
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4.3 Relationship between ESPs and operational
performance The examination of the dimension reduction helped in

The study sought to establish the relationship betweé@sting the statistical significance of the hierarchically
ESPs and OP among trucking enterprises. Each of the t@/éanged functions. The examination confirmed that the
constructs had three variables thus making it difficult tepots 1 to 3 F (9; 287.33) = 4.72; (P<0.05); Wilk's lambda
test the relationship through regression techniques, hedé (0.71515) was statistically significant and was
the choice of canonical correlation analysis (CCA) t§onsidered for interpretation as well as root 2 to 3. The
establish the relationship. The canonical correlatioi¢sults are illustrated on Table 7.
coefficient measures the strength of the association
between ESPs and operational performance. The CCA was

used because it denotes the top level of gross lineat Table 7 Dimension correlation function

; . T "Roots | Wilk’s F Hypoth.DF | Error.DF | Sig.of
modelling (GLM) and can test a relationship in situations P 9
c L F
where both the dependent and independent constructs hav@ 1oz | 0.7151¢ | 4.7154( 9.0C 28731 0.0C
multiple variables [30,31]. CCA was conducted to| 2to3 | 0.92105 2.49762 4.00 238.00  0.043
ascertain the relationships or significant canonical variateg 3to ¢ | 0.9709" | 3.5879( 1.0 120.0C_| 0.061

that help justify the existence of a relationship between the _ _ _

two constructs. The Wilk’s lambda)(was chosen because ~ To establish the relationship between ESP and OP, the
of its general applicability [28,32,42], however, it isstandardized coefficients, communalities, and structure
important to note that all the other tests are statisticalfpefficients corresponding to the first and second functions
significant. Wilk's £ =0.71515, F=4.71540 and P=0.000~ere analysed as presented in Table 8. The function was
(Table 5) proved that the model was statisticallghosen because they fulfilled the criteria regarding
significant, though it explained about 29% of the variancétatistical significance and amount of variance explained

[33,35].

Table 5 Test statistics Considering the standardised coefficients of function 1,
Test Name Value Aprox. F Hypoth DF Errorpf 59+ ©f  Operations maintenance (0.60359), operations reliability
S 03000 45108 900 500 500( (-0,65932) and operations efficiency (-0.91282) reveal a

Hlals . . ‘ . . . . s

Hotelings 0.37202  4.82244 9.00 35000 0000 Significant amount of th_e relevance of the dep_endent
Wilks 07151  4.7154( 9.0C 287.3:  0.00( variables in the relationship, although operations efficiency
Roy< 0.2235¢ depicts an inverse magnitude. Considering the standardised

coefficients of the independent variables for function 1,

Three canonical correlation functions were noted withdvanced technology (0.85568) was the most relevant,
the first canonical correlation coefficients of 0.47282, ahile and driver behavior had a weak negative relationship
explained variance of 77.39476 percent and an eigenvalfgh the dependent variables. The energy efficiency
of 0.28792 as illustrated on Table 6. Thus, confirming th&9-00717) variable was the least relevant in this
the hypothesis is correct, that is, ESPs and operatiofiglationship. . o _
performance are positively correlated. Sherry and Henson The structure loadings sfr show significantly high
[33,35] claimed that functions that describe a sensibi@adings for function 1, which depicts a negative
amount of variance among variables should be interpretéglationship between operations performance and the
In addition, function 1 explained a substantive 77.4% of tif@nonical variables. Operations reliability (rs = -0.63385)
variance and should be considered for furthegnd operations efficiency (rs =-0.80661) were noted as the

interpretation. most relevant dependent variables all loading on function
1. Driver behavior (rs = -0.52424), and advanced
Table 6 Eigenvalue and canonical correlation functions ~ technology (rs = -0.88322) were the most relevant
Function | Eigenvalue| Pct. | Cum. Pct. | Canon | Sq. Cor predictor variables based on their correlations with the
No. Cor. canonical variates and confirmed the negative relationship
; %’f{éﬁb 71721332;9 7759;‘67;95 0-4(7)22%6 7‘3{22032‘5]41 (see Table 8). The canonical effect3Ror function 1 is
3 0,020 [8.0370! [100.0000 |0.1703 [0.0200. | OPserved to be 22.356.

Table 8 Canonical solution for ESP and OP

Function 1 Function 2

Coeff Is rs? Coeff s rs? h?
Operations maintenance 0.60359 -0.25547 6.527 1 0.82045 67.314 73.341
Operations reliabilit -0.6593: -0.6338t 40.17: -0.6700¢ -0.008- 0.006° 4.183:
Operations efficienc -0.9128: -0.8066. 65.06: 0.1809¢ 0.5484: 30.07¢ 95.14:
Rc? 22.35¢€ 5.141
Driver behavioL -0.4708¢ -0.5240¢ 27.46. -0.5923: -0.4506: 20.307 47.76¢
Advanced technolog -0.8556¢ -0.8832: 78.00¢ -0.0049: 0.2547¢  6.49C  84.49¢
Energy efficienc 0.00717 -0.34761 12.08' 0.905:t 0.8109¢ 65.76¢ 77.85¢
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The communalities @ showed that some of thetechnical challenges. The results might also imply that,
variables were relevant and useful, while others were ndespite  having technical expertise and being
Communalities above 45% are claimed to be giving lenowledgeable about the policies, faced with inadequate
solution to the problem in question [33,35]. The dependefihances to fund implementation of environmental
variables (operations maintenance, and fuel efficiency) hadactices could remain a big challenge.
communalities values above 70%, similarly, advanced
technology and energy efficiency also had values above Table 9 Challenges of implementing ESPs
70% for the independent variables revealing the Variables Low Moderate High Total
significance of the four variables in the relationship. The  Financial
use of CCA as a statistical method helped establish the Challenge
relationship between ESPs and OP of trucking companies. Technical
Function 1 showed operations efficiency as key response cChallenge 24.2% 29.0%  46.8%100.0%
factors of OP, while advanced technology was the most | 5ck of
relevant independent variable. The results for function 1 |nformatior  F+-1% 35:5%  23.4%100.0%
also imply that only a single relationship dimension exisp;
between ESPs and OP based on the canonical effergtc.) Ilqgszzr:imarke 53.2% 15.3%  31.5%100.0%
Therefore, there is a relationship between ESP Variabieﬁ/lanagerial and
and OP variables based on the high structure |°ad'”gsorganisational 71.0% 12.9%  16.1% 100.0%
Theoretically, advanced technology increase should result challenge
in operations reliability and efficiency, but the modei
depicts an inverse relationship [36]. The complexity of th . .
technologies associated with green transportation makes DIScussion . _
them costly, thereby contributing to non-implementation, The main objective of this study was to establish the
as most companies consider the costs in direct comparig§tionship between ESPs and OP among trucking
with the benefits to be attained. It might be important tgompanies. The ESPs activities among trucking firms

examine the specific technologies that are needed igglude enhancing driver training to achieve optimal driver
improve reliability and fueéfficiency. behaviour, implementation of advanced technologies such

as telematics for routing and scheduling, as well vehicle
4.4  Challenges of implementing ESPs Frggkl_ng and fuel monitoring as well as energy eff|C|e_:ncy
initiatives that require adopting fuel economy engines,

Ascertaining the_ challeng_es faced by_ truckin lectric or hydrogen trucks. The findings reveal that
companies when implementing the enwronment@

5.6% 5.6% 88.7%100.0%

practices was one of the research objectives of this stu ajority of the trucking firms are implementing ESPs to a

; . oderate or high extent. The finding aligns with the [17
The challenges reIate_d to |mplementa'glpn of ESPs amo ich developgd a 30-year green ?ransgport strateg)E th]at
the sampled enterprises were classified into Iow—Iev?

challenges, moderate challenges and high-level Cha”en%%%uwes operators to implement initiatives to lower GHG

as illustrated in Table 8. Various challenges were noted i issions. Some on the green transportation activities
the literature and this question sought to find out how ﬂi?entlfled in the strategy include application of intelligent

) nsportation technologies, fuel economy and energy
respondents would rank the challenges in the order ficiency. It is established in this study that the

importance. From the resylts dep|cted_on Table 9, molﬁ%plementation of ESPs has a one-dimensional inverse
respondents 88.7% of the firms ranked financial Challeng?eﬁationship with operational performance. Advanced

as a high-level, implying that it is a major impedimentt
X . ; echnolo AT) was found to have the strongest
followed by technical challenges which might be related tl%kitiOﬂSﬁ?/p Vflith)OP, although it was inverse. This finging

:Egug;flcilg;f Lf(),{?]flpellg ?/;L]teir:s)l?r\rlggt()r?krleusamfgm trgig]isagreed with [37] who observed that AT has a significant
Y- g 99 ositive relationship on logistics and transport operations.

transportation was considered a low as well as moder#tﬁe likely explanation would be that sophisticated

g\r/]vﬂlrirr:%ess thTuhse reo?ilé'”nr?]a?koe\f[eirsnanggtaéowglrlelzt:namgElsihnologies, such as trailer tracking, remote diagnostics
: policy, g€t hnologies, and dynamic routing, require high initial

and organizational issues were considered low leve] . , : ; .
challenges. The result might imply that the nong pital outlay in terms of the installation equipment as well

implementation of ESPs could be because of lack & skills, which in turn increases operational cost. The
pi€ : : ajority of the sampled enterprises were either small or
funding and/or technical expertise.

From the result, one might conclude that financi edium in size implying the huge financial challenges

challenaes are huge because the implementation of MEs face, thus, making it difficult for them to invest in

9 huge & ) P ¥ advanced technologies related to green transportation
ESP comes with a financial outlay. The reason w 1]
technology was ranked second in the qrder of Importante Energy efficiency has an inverse relationship with OP,
could be linked to the ever-changing teChnomg'e?mplying that while trucking companies need to ensure all

meaning companies will need to always outsourc : L
ng comp ) yS . r%qeasures are in place to attain high levels of energy
expertise in this area, thereby causing more financial an
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efficiency, the measures are likely to be costly anthx rebates or any form of incentives to encourage
discourage especially the medium, small and micro firmsompliance with the relevant environmental laws.

While [14], observed that fuel accounts for a large share of While the results reveal that many of the sampled
logistics operating costs in the freight industry, thenterprises had implemented the environmentally
measures to ensure high energy efficiency are costly aswstainable practices to some extent, they equally faced
discouraging to profit seeking enterprises. In addition, [12hyriad challenges such as financial, technical expertise
also observed that technological advances enhance faat lack of relevant information related to environmentally
efficiency of freight vehicles and reduce the carbon contestistainable practices. The finding implies that managers of
of the fuel used, however, the sampled enterprises of whigdad freight enterprises should be able to overcome these
many are small or medium might find it difficult to investchallenges before they can successfully implement the said
in these technologies. This then implies that truckingreen practices.

companies need to incorporate technologies that aid energy

efficiency and reduction in GHG emissions. In line witt6  Conclusion

this, [17] also argued that shorter time frames for vehicle e establish that majority of the enterprises involved
replacement play an important role in fuel efficiency, thug trucking business in South Africa are SMEs and are
implying that trucking companies need to have bettefyare of the negative impact of fossil fuels and GHG
scrappage policies based on the number of kilometesfissions to the environment. Many of these firms also
travelled as opposed to the age of the trucks. implement environmentally sustainable practices to some
The operational performance construct was dividegktent, but within the confines of their financial and
into three metrics viz. maintenance, reliability andechnical capabilities. Within the trucking industry it is
efficiency. Operations efficiency and reliability wereppserved that implementation of sustainable practices does
established as the most relevant response variables. ha¢ result in improved operational efficiencies and
research findings highlight costs related to repairgffectiveness. The finding implies that trucking firms
breakdowns, idle time, low utilisations, and generally pohould implement environmentally sustainable practices as
fleet management as key determinants operationgkocial good as opposed to for profit. The high competition
performance. This is confirmed by [3], who claimed thaind low margins in the road freight sector is likely to
fuel costs had greater influence than other variables on {fgcourage small and medium firms from participating in
overall performance of the transport industry. The resulgvironmental sustainability due to financial and technical
also imply that trucking companies need to closely monit@hallenges. This calls for government agencies to consider
their operational reliability in terms meeting their clientyowering tax on environmentally friendly technologies,
requirements consistently through effective routing anlels, vehicles and associated training or expertise services
scheduling. While reliability is key component of ato encourage adoption for the social good. Action from
transport service quality it would be inversely related tgovernment s likely to resultin moving closer to achieving
environmental sustainability initiatives based on theN SDG 11 related to sustainable transportation.
amount of capital investment required to achieve the \Managers in the trucking sector are informed that the
required service levels. Further, a by [6] affirms thgmplementation of sustainable practices is not likely to
advanced technologies help in keeping both the transpgskult in improved operational performance. In addition,
operator and the shipper satisfied, resulting in improvefle implementation of sustainable practices requires
operations reliability. It is also important to note thafinancial and technical resources. Thus, implementation of
operations reliability can be affected by congestion in thgystainable practices should be a strategic decision that
cities which result in delayed deliveries, in such cases regéquires to be well thought before and resources allocated
time sharing of traffic data sharing technologies can be pf the long-term to avoid operational inefficiencies.
help to assist in rerouting trucks to ensure high delivery The findings of the study are limited to the trucking
reliability as well as reduced costs and GHG emissions digjustry in South Africa and may not be generalised for all
to congestion. This implication is supported by the [22kountries in Africa. The data was also collected cross-
which argued that advanced technologies were in minimgdctionally. In future a multicounty longitudinal study
use by road freight enterprises. Therefore, it is argued \fpuld help compare the various regions to establish the
this paper that the implementation of sustainable practicR§ationship over time. Data from developed countries
such advanced technologies, energy efficiency and betigfiere the implementation of sustainable practices is

driver behaviour is not likely to result in high operationamature would help to understand the relationships better in
performance in terms of efficiency and effectiveness. Ase future.

such, the implementation of sustainable practices should be

done as a social good by responsible enterprises withoubaferences

major focus on profits. In addition, it is critical to highlight 1] AASHTO: Transportation and sustainability peer

that the financial burden associated implementing the exchange, Centre for Environmental Excellence

sustainable practices makes it very difficult for SMEs in [Online] Available' https://www.dot.ny.gov/programs ’

the trucking sector, this requires government to introduce /greenIit’es/repositéry/AASHTO%ZOSustainability%2
OBriefing%20Paper.pdf [24 May 2023], 2009.
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Abstract: This research summarizes the results of the scientific discussion about the logistic chain and its order penetration
point and influences on the costs of stocks. The main goal of this article is to point out determining the order penetration
point of the logistics chain and differentiation of stocks according to importance from the point of view of optimizing
costs and securing liquid financial resources. The object of the research was the industrial company. In this research,
methods focused on using ABC analysis and Pareto analysis. The results of this research show 5 order penetration points
(OPP1-OPP5) and a Push and Pull system to manage material flows for order penetration point of the logistics chain at
the customer's order point. Cost optimization was solved by classifying the stocks into categories A, B, and C which is
an important fact for planning and inventory management. ABC method divided 100 types of inventories with costs €5
million into categories A, B, C. Critical types of stocks in category A represents the group of stocks 38,92,7,52,13,54,90
that were reduced. This reduction of critical stocks led to the release of funds tied up in stocks. This change has a positive
effect on the financial side of the company's cash flow — financial flows.

1 Introduction and differentiation of stocks according to importance from

Inventory represents the assets of a business and foff@ point of view of optimizing costs and liquid financial
an important element of supply- customer chains that tiggsources. Inventory management is part of supply chain
up a significant number of financial resources. Inventorynanagement. Companies need strategy inventories in
on the one hand, ensures the required level of custonfé@rehouses to fulfil customer demand. These strategy
service — continuous flow and enough inventory of stodRventories create costs and it means financially no liquid
items in the warehouse, on the other hand, the size of #®Ms [3]. Inventory management partially mediates the
inventory should be optimized so as not to allocate td€lationship between managerial competence and financial
many funds to the inventory because optimal stocks aperformance [4]. The logistics chain (Figure 1) is therefore
based for lean production and effective information logistié sequence of individual elements through which the
system [1]. Supply chain management creates syner@terial flow passes from the supplier of raw materials to

between the optimization of stocks and checking tH&€ final customer [5]. The mapping and quantification of
suppliers [2]. material, information, and financial flows and their

The goal of this paper is to determine the ordefisualization is the basis for understanding and systematic
penetration point disconnection point of the logistics chaifork with the so-called disconnection point of the logistics

chain.
Suppliers Production of Final / / Customers
Parts and >
Assembly
Sub-Assembly
Warehouse of Raw Materials Components Final Products Warehouses of
and Purchasing Parts Warehouse Warehouse Distribution Network

Figure 1 Logistics chain (own source)
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The horizontal structure (Figure 2) of logisticslaw is therefore a method that formulates the basis of
management is the division of the material flow into a paiventory management. It is a method of classifying the
managed according to stocks, the production prograproduct portfolio according to various criteria of
based on demand forecasts and managed accordingmgortance and ultimately makes a large product portfolio
customer orders [6]. The inventory control system basdxhnsparent.
on the stock level gives the impetus to place a production
order or to place an order for stock replenishment no
when the stock has fallen below the so-called signal {1o0%
order level [7]. Control according to the program is af 9%
extension of the previous system by a time interval. Th &
impulse, the creation of which is dependent on th
immediate level of stocks, is here replaced by a tim
program - a stock replenishment plan [8]. Based on tf

X

Costs

demand forecast, the immediate time course of tf : ° ‘

immediate stock is determined. The necessary data

entering production orders and/or orders is then derive 00%
from this process. When managing according to customy 20% Listening of possible

causes

orders, assembly, production, or even the prid - -
procurement of some materials and parts begins only after Figure 3 Pareto analysis and Lorenz curve (own source)

the receipt and confirmation of the order. . , i )
The principle of ABC analysis defines 3 categories of

inventory: inventory category A, inventory category B,
Forecast: i, DemandLevel inventory category C. Group A includes a relatively small
i number of elements with a high share of the total value, the
Co=ot Ta=7=5) share of B elements corresponds to its number, and group
R — Pk et Togisilis il C includes the remaining elements of the set with a small
which is managed by forecast which is managed by customer order|  SAre of the total value. Group C tends to be the most
numerous. Files of this type can be encountered very often.
o Based on the value expression of stock and quantity, we
Ordiat peniatratlin ol classify group A - cost 80%, quantity of stock 20%, group
Bin (inventories) which balances difference B - cost 015%' stock 30%, group C - cost 5%, quantlty of
between real customer order level and stock 50%.
forecasted demand level

Figure 2 Order penetration point of the logistics chain (own 3  Result and discussion
source) This order penetration point is analysed first by
characteristic and then by structure and material flow
The limit between the two parts of the material flowmanagement.

forms the point where the logistics chain is disconnected The order penetration point is therefore the place in the
by the customer’s order. At this point, independent demangistics chain in which the dispersion of demand for the
is transformed into dependent demand. The location of th&en product is balanced. The order penetration point is
decoupling point indicates how deep independent demagié place where the customer's order "runs in" and thus
that is, customer orders penetrate the company's matesgirts and controls the subsequent material flow. The order

flow. penetration point by customer order always refers to a
certain combination of product and market. This means to
2 Methodology a certain product (or family of products, product line) and

The goal of this paper was to point out and determirie a certain circle of customers in a certain territory.
the order penetration point of the logistics chain and thidetermining the location of the order penetration point in
order penetration point is analysed first by characteristitise material flow is a very important decision of the
and then by structure and material flow managememompany's management — more precisely material flow
Results are presented in the analytical part of this papsranagement. The disconnection point by the customer's
Since the order penetration point in the logistics chain alsoder is an important location of the disconnection stock,
affects the number of costs, we used the ABC method which ensures the satisfaction of independent demand.
inventory differentiation according to significance andRandom fluctuations in customer demand are captured in
importance to optimize costs. The principle of ABGt through the safety stock. Stochastic methods are used to
analysis (Figure 3) is derived from the Pareto rule, defineabntrol the replenishment of inventory at the order
by the Italian economist Vilfredo Pareto. Only 20% of th@enetration point.
possible causes cause 80% of the consequences. Pareto's
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The order penetration point of the logistics chaicustomer order always refers to a certain combination of
"disconnects" the entire logistics chain into two parts: tproduct and market. This means to a certain product (or
the part controlled by the plan, which is burdened by tHamily of products, product line) and to a certain circle of
fact of demand uncertainty, the consequence of whichdsistomers in a certain business territory. Determining the
the necessity to maintain a safety stock at the ordercation of the order penetration point in the material flow
penetration point, to the part driven by specific demand; a very important decision of the company's management.
which is characterized by the fact that there are no stock&e have analysed the possible ways of the order
in the system to manage material flow that are at risk pkEnetration point of the logistics chain and describe 5 ways
"unsaleability"; everything here is only a matter of capacitior the order penetration point in the logistics chain
balancing and planning. The order penetration point k§Figure 4).

5 q 3 2 1
Suppliers Production of Final / / Customers -
Parts and -
Assembly
Sub-Assembly
Warehouse of Raw Materials Components Final Products Warehouses of

and Purchasing Parts Warehouse Warehouse Distribution Network

Figure 4 Possibilities of order penetration point of the logistics chain (own source)

OPP1 - order penetration point in distribution OPP4 — order penetration point in the warehouses of
warehouses, final products are shipped to the network rafw materials, materials, and semi-finished products at the
distribution warehouses, and to customers. This orderanufacturer, only raw materials, materials, and purchased
penetration point assumes the existence of a distributiparts are stored; the customer's order penetrates up to this
network. The customer's order enters the distributicstock. Production starts only based on a specific order; each
warehouse. order is usually implemented as a separate production

OPP2 — order penetration point in the warehouses offder.
finished products; the final products are concentrated in OPP5 — order penetration point in the supplier's
one place in the company. The customer's order penetrategehouses, stocks are not permanently maintained at all;
the warehouse of finished products of the production planhe procurement of raw materials, materials, and purchased
or into the central warehouse, from where the products grarts begins only after receiving the customer's order. Each
then dispatched. order represents a specific project.

OPP3 - order penetration point in assembly
warehouses prior to final assembly represents the location Characteristics of order penetration points in the
of the order penetration point somewhere within thigistics chain (Table 1).
manufacturing and assembly process.

Table 1 Order penetration point characteristic (own source)

Point Place Activity

OPP1 | Distribution warehouses Production and expedition to the
warehouse

OPP2 | Warchouses of finished products Production to the warehouse

OPP3 | Warchouses prior to final assembly Construction to order

OPP4 | Warchouses of raw materials Production to order

OPPS5 | External warchouses Purchase and manufacture to order

The order penetration point by the customer ordenaterial flow control - from the point of disconnection to
separates areas of the material flow with a differethe market, activities are managed based on received
management method and thus also with differemonfirmed customer orders. Controlling the material flow
requirements for planning methods and with a differefitupstream” from the decoupling point to the suppliers is
nature of decision-making (Figure 5)Downstream”
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activity control based on plans compiled based on an
independent demand forecast.

Arrival of independent
customer requirement

Up-Flow Down-Flow
> > Customer
Management according to demand Management according to customer

forecast (production into warehouse) order (no inventories)

PUSH SYSTEM PULL SYSTEM

Order Penetration Point

Figure 5 Order penetration point of the logistics chain at the customer's order point (own source)

"Downstream" material flow control: the main time to a customer's order is, on the contrary, longer the
decisions concern the coordination of all activities fofurther the order penetartion point is from the customer.
specific orders. Allocation of capacities is determined byhe closer the order penetration point is to the customer,
accepted orders. Production or assembly batches #ne greater the risk of unsalability and high inventory
usually equal to the size of the order. In this area of matertadlding costs. On the other hand, the more the production
flow, production is usually controlled using PULLhas the character of custom production, the less the
systems. Upstream" usually, a master production plan ismentioned risks are, but the reaction to specific customer
drawn up, which represents the production program foequirements is slower, and the production costs increase
replenishing the stock of items at the order penetratigRigure 6).
point by the customer's order. Based on this plan, the For optimizing stocks in industrial companies is
dependent need for subordinate items in the materials, anmgportant to combine the ABC method with the EIQ
parts are then calculated. Capacities are planned foethod (entry, item, quantity). This combination aims to
estimated future demand. It is produced in batches; thaderstand the relationship between the order types and
effort is to make the best possible use of capacity. In thgsiantities. It helps to clarify the customer's order quantity
area of material flow, production is mostly managed usirgnd the proportion of orders [9]. Implementation of several
PUSH systems. inventory control methods (ABC, XYZ, EIQ, Pareto

When determining the optimal location of theanalysis) is efficient to improve the smooth operation of
disconnection point for the customer's order, it is importatitading companies and industrial companies to solve
to monitor factors such as the time interval of delivery tproblems such as inventory shortages and on the other hand
the customer, the number of costs associated with deliveexcess unrequired inventory [10]. The EOQ model, SIM
the speed of processing the order, the provision of servicwdel, SC inventory model, and SC structure model are
delivery services, which ultimately has a significant impacghodels for optimizing stocks. Those models sustainable
on customer satisfaction. inventory management in supply chains. Those models are

The further the order penetration point is located frorthe instrument for new research in the inventory areas for
the customer, the more the cost of holding safety stocktle future [11].

saved. On the other hand, however, the overall reaction

Raw materials Semi-finished products Finished products Warehouse in
warehouse warehouse warehouse distribution network

Supplier
Production |
Customer

Production Il

Safety inventory costs

Figure 6 Amount of costs to the location of the order penetration point of the logistics chain (own source)
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The inventory management system of flows is a very
essential component for each company. Inventory creates Given that category A represents critical stocks, it is
assets of the company and the most important resourcenetessary to analyse them in detail. We found out which
the production. The inventory management and contrspecific types of stored stocks are in category A from
system relates to methods of ABC analysis, VED analysimancial accounting, we determined the amount of costs
and EOQ analysis [12]. In modern business todayelated to individual types of stored stocks. From the 10
companies that hold large numbers of inventory items dgpes of items, it is possible to determine problematic items
not find it economical to make policies for the managemebased on Pareto analysis. In stock category A, the 10 item
of individual inventory items. The method of grouping andypes were as follows (Table 3):
inventory control available in traditional ABC has a lot 038,92,7,52,13,54,90,14,12,30. We assessed these
disadvantages which were solved in the new innovativeventory items from financial accounting on accounts 501
model ABC. This ABC model is solved by the01-501 10 analytical records in the company's accounting.
mathematical model by the Benders decomposition and the
Lagrange relaxation algorithm has an objective function t Table 3 Pareto analyse of Category A (own source)

maximize the net profit of items in stock. Limitations such  Type of Costs of | Structure | Cumulative

as budget and even inventory shortages are considered 100 stocks stocks (%) structure

[13]. € (%)

Application of ABC method and Pareto analysis of 38 525790 13 13

stocks 92 448874 11 24
We applied ABC analysis in an industrial enterprise, in

which the order penetration point of the logistics chain is 7 443876 1 35

monitored according to the OPPS5 type. There are 100 types 52 435722 11 46

of inventories with a value of €5 million in the external

warehouse, which tie up the company's financial resources, 13 427940 1 >7

and the company has a problem with cash flow and the 54 416191 10 67

liquidity indicator. This problem was solved by optimizing

stocks in warehouses according to the ABC method, which 20 392277 10 77

determined A, B, C categories of stocks (Table 2 14 384605 10 87

according to the amount of costs and the number of stock 12 363011 9 96

types stored. Category A consists of 10 types of stocks,

which means 10% of the ratio of stocks from the total 30 156139 4 100

stocks in the company, which represent a high value ¢ o

supply and storage costs at the level of 80% of total cost., StM 3999425 100%

which represents €3.9 million, which tie up the company's o )
financial resources, thus affecting solvency of the !N order to calculate the critical items, it was necessary

company. to arrange the types of inventory from the highest cost item
to the lowest cost item, then to determine the share of
Table 2 ABC classification — method (own source) individual items. of inventory in percentage terms, while
Category | Number | Structure | Costs of [Structure the total share is 100%, the share determined in thlg way
of type | of stocks | stocks | of costs was then accumulated in ordgr to be ablelt_o gr_aphlcally
of stocks (%) ) (%) represent the Lorenz curve, whlch sets us crmcal inventory
cost items. Based on the graphic representation, we will
A 10 10% 3999425 80% determine the stock value with a column chart as a Pareto
B 36 36% 741263 | 15% analysis and insert the cumulative value of the percentage
expression of the individual types of stock into the chart.
C 54 54% 259312 5% At the point where the Lorenz curve intersects 80% on the
SUM 100 100% |5 000000 100% y-axis, the perpendicular to the x-axis will represent the
critical inventory type interval (Figure 7).
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Figure 7 Pareto analysis and Lorenz curve (own source)

Based on the Lorenz curve, we can conclude that thategories A, B, C. Critical types of stocks in category A
critical types of stocks in category A represent the group ofpresent the group of stocks 38, 92, 7, 52, 13,54, 90 that
stocks 38,92,7,52,13,54,90. Within this category A, theere reduced. This solution introduces one alternative the
80/20 rules of inventory group 14,12,30, which representlease of funds tied up in stocks. This alternative has a
costs of £€156,139 to €384,605, do not belong to the Pargpositive benefit on the financial side in the area of cash
Costs in other inventory groups are growing and represdtiw. Using Pareto analysis for stock optimization is an
a tie-up of financial resources in the company. Systematitstrument, which means benefits in material flow
inventory management practices (IMPs) introduce amanagement.
important and effective success factor for industrial
companies [14]. The dynamic development of Industry 4 Acknowledgement
is focused on the implementation of new technologies thahis article is part of the KEGA project 010TUKE-4/2023,
implement new methods, and instruments for inventoipplication of educational robots in the process of teaching
management systems [15]. the study program industrial logistics.
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Abstract: Zakat philanthropic institutions have a pivotal role in fund collection and distribution, yet they haven't realized
their full potential primarily due to diminished public trust. Addressing this challenge requires strategies to elevate service
quality. This study introduces an integrated method combining SERVQUAL, Kano, and Quality Function Deployment
(QFD) to optimize Zakat service quality. Out of twenty-one service attributes evaluated, fourteen were identified as
pivotal for strategic enhancement, spanning areas like information management, human resources, and product
diversification. Utilizing the QFD framework, these attributes were transformed into actionable quality improvement
measures. The suggestions for quality improvement measures include refining website functionalities, ensuring consistent
and engaging information dissemination, comprehensive employee training, introducing e-wallet options, and expanding
student loan provisions. By integrating SERVQUAL, Kano, and QFD, this research offers a holistic assessment approach,
emphasizing only those service aspects that truly resonate with donor satisfaction. The findings and recommendations
present immediate actionable insights for institutions aiming to augment zakat collection and distribution efficacy.

1 Introduction realization of the collection of zakat funds reached 14.1
Philanthropic institutions are institutions that do noffillion from the projected achievable zakat potential of 327
seek proﬂt in the implementation of their programst_rl"lon.Thlsamountls not Optlmal because Onlyabout4.28
Establishing a philanthropic institution aims to enhandeercent of the projected potential for zakat has been
beneficiaries’ long-term and sustainable welfare. Thrgalized [4]. _ o
indicates that the implementation of the channelled The cause of the non-optimal realization of zakat fund
program is not limited to Satisfying momentarwouectlon IS partly due to the low pUbllC trust in zakat
requirements but also includes those that are advantaget\géitutions. This causes some people to prefer to give their
for life. In Islam, charitable giving takes the form of Zakatzakat directly to mustahik, so it is not documented. Thus,
Infag, Sadagah, and Wagqgf (ZISWAF) [1]. A zakathe biggest challenge for institutions to increase ZISWAF
institution is one type of philanthropic organization. ~ fund collection is encouraging muzakki to pay ZISWAF
Zakat is an asset that must be spent by a Muslim #rough existing institutions [5]. This challenge requires
business entity of 2.5% if the assets owned are equal to6¢ating innovative and creative programs and improving
greater than 85 grams of gold (nisab) in 1 year and be giviél¢ quality of services, including logistics of ZISWAF
to people who are entitled to receive zakat in Islam éhistribution to show the best conditions. This condition can
called mustahik [2]. People who can pay zakat are callédfract and give confidence to muzakki to channel their
muzakki, and people who collect and distribute it are calldgnds even more.
Amil. Infaq is a person’s sincere gift in the form of material Baitul Maal of Universitas Islam Bandung (BMU), one
that can be given to anyone, whether in need or n&f the phllanthropy institutions that collects ZISWAF
Sadagah is a gift given sincerely in material and nofunds and social funds to be distributed for the educational
material goods, such as smiling to fellow Muslims ang€€ds of Universitas Islam Bandung (UNISBA) students.
doing good to others. Meanwhile, wagf is a type of gift ifMU experienced difficulties in increasing the collection
the form of goods that cannot be inherited and ®f ZISWAF funds from internal UNISBA, namely
maintained so that its value does not decrease and t@gturers, education staff, and new student infaq, as well as
benefits can continue to be given for the public interest [3Xternal, namely corporate sponsors, alums, and
Indonesia has tremendous potential for collectingpdividuals [6]. Although BMU has distributed around
zakat. The results of a study by the Badan Amil Zak&0% of its funds for student scholarships, the percentage of
Nasional (Baznas) Center for Strategic Studies in 2021 the
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students receiving scholarships is still relatively low due tderived from classifying donors' needs and wants, obtained
the limited funds raised. through interviews with 10 donors who donated more

To increase the amount of ZISWAF funds received biunds than others. The results of the interviews were then
BMU, it is important to improve service quality by creatinganalyzed by categorizing them based on the dimensions of
innovative donation distribution programs and improvingervice quality, which represent all aspects of a service,
services according to donor needs to maintain donorcluding the physical form and process of receiving
loyalty to donate and increase the trust of prospectigervices. The service quality variables in this study are as
donors to entrust their ZISWAF funds to BMU. Thisfollows [16]:
statement is by several previous studies which say thatljf Tangibles focuses on the physical aspects of a service,
the services provided are of high quality, of course, such as facilities and employee appearance.
muzakki will feel satisfied and encourage them to mainta@) Reliability is the ability of a company to deliver the
their loyalty and trust to channel their zakat through the promised service accurately and without error.
institution [7] and can attract more muzakki to donate to2) Responsiveness, willingness to help, and immediate
zakat institution [8]. response to customer requests and questions.

Based on the description above, the purpose of tW$ Assurance, providing customer trust and security
research is to identify service attributes that need to be based on employee knowledge and courtesy.
improved using the SERVQUAL and Kano methods anfl) Empathy and willingness to understand customer
design service quality improvements based on service problems and provide attention and care.
quality dimensions using the Quality Function Deploymer@) Knowledge, where the company provides information
method in order to enhance service quality and sustainably and data to generate interest in the product and
increase the amount of funds raised and distributed by facilitate decision-making [17].

BMU.

Several studies have been conducted to enhance serviceRespondents were selected using purposive sampling,
quality in different sectors of service-orientednamely lecturers and education personnel who know BMU
organizations, including hospitality [9], libraries [10],services. The number of samples was 79 people based on
aircraft MRO [11], health services [12], universities [13]the Slovin formula.
and banking [14]. These studies have employed a range of
methods, such as the application of Kano and QFR2 Stages of integration 3 methods
techniques. A study was conducted to investigate the Service quality improvement in this research will use 3
enhancement of service quality in entrepreneurightegrated methods. These methods include:
education service startup enterprises using the integratid) SERVQUAL
of SERVQUAL, Kano, and QFD methodologies [15]. The The SERVQUAL method is used to maximize
findings of the research demonstrate the potential avenuggtomer satisfaction based on identifying the gap analysis
for holistic enhancement. Previous studies undertaken@tween customer expectations and perceptions of service
zakat institutions have utilized the Structural Equatioquality [18]. The advantages of this SERVQUAL method
Model (SEM) methodology to propose a conceptualre that it can assess the performance of a service attribute
framework to enhance the quality of services thesend help identify company weaknesses and strengths [19].
organizations provide [8]. However, this research did not
thoroughly define the specific consumer needs. (2) Kano

The novelty of this research is to adopt an integrated The Kano method allows us to prioritize service quality
approach by combining the SERVQUAL, Kano, and QFRittributes by categorizing customer needs in detail based
methods at zakat philanthropic institutions. This method ish their influence on customer satisfaction [20]. Kano
a comprehensive solution to improve service quality ansimploys a model that helps classify needs and comprehend
zakat collection by prioritizing donor needs andustomer characteristics into six categories, including the
expectations as a basis for service development. Thigractive category, which includes service attributes that
research emphasizes donor experiences and perceptignstomers do not expressly expect but, when met, result in
which have not been thoroughly studied in this context. ligh customer satisfaction. The One Dimensional category
addition, the study offers valuable recommendations ar@émprises attributes that, when fulfilled, lead to maximum
integrates the findings into operational measures that zakastomer satisfaction, whereas their absence causes
charity organizations can implement. This shows that thifissatisfaction. On the other hand, must-be attributes may
study provides solutions that can be applied in the field ifot directly affect satisfaction when fulfilled, but their

addition to its analysis. absence greatly dissatisfies customers. Questionable
attributes arise when customers are uncertain about the

2 Methodology impact of a particular service attribute on their satisfaction.

2.1 Research variables Reverse attributes yield satisfaction when not provided, but

This research uses a quantitative approach becaustfir provision decreases satisfaction. Lastly, Indifferent
uses variables as the research object. The variables waiféibutes have no significant influence on customer
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satisfaction, regardless of their presence or absence [10]. questionnaire uses Likert and Kano scales to measure
The advantages of the Kano categorization are used as athe gap between customer expectations and
consideration for strategy development and creating value perceptions of service quality. Another questionnaire

to meet customer satisfaction [21]. was developed to compare the perceived service
quality between BMU and its competitors.
(3) Quality Function Deployment (QFD) 2. Testing the wvalidity and reliability of the

QFD is a method for structurmg the design and questionnaire.
improvement of products or services by translating tH& Analyzing the questionnaire responses using the
wants and needs of consumers (voice of customer) and SERVQUAL and Kano methods to identify the gaps
conducting systematic assessments in technical responsesbetween customers' perceptions and expectations.
using the House of Quality matrix [22]. The advantages of Service attributes with negative gaps in the
this method can be used to improve service quality by SERVQUAL method and classified as One-
ensuring that service quality development meets customer dimensional Must Be, or Attractive in the Kano
needs [11]. The QFD stages in a service can be done with method are identified as areas requiring improvement.
only 3 stages, namely technical requirements with the help Using these identified service attributes as customer
of the house of quality, process requirements, and quality requirements or the "Whats" matrix in the House of
procedures [23]. The technical requirement is a stage to Quality.
translate the quality characteristics customers desire foba Creating the planning matrix or Part B, which involves
product or service into technical characteristics or calculating customer and competitive satisfaction
company policies. Process requirements are a description performance values from the closed-ended
of the process needs that need to be carried out by the questionnaire, determining goals and improvement
company in answering consumer needs contained in the ratios, conducting interviews with Baitul Maal
attributes of technical requirements/company policies. In  UNISBA, and calculating adjustment importance
contrast, the quality procedure is a technical step in the values using satisfaction scores from SERVQUAL
service provided in detail through the description of the multiplied by the weight values of the Kano
company in answering the needs and desires of consumers categories.

contained in the process requirements. 6. Developing the technical requirements or Part C by
interviewing Baitul Maal UNISBA to determine the
(4) Theintegration of 3 methods technical responses or characteristics of the institution.

Integrating the Kano and SERVQUAL methods/. Constructing Part D of the matrix by assessing the
addresses their weaknesses and provides a comprehensivestrength of the technical requirements' relationships
assessment of service quality attributes for management with the voice of the customer using symbal} for
improvements [24]. The Kano method addresses the strong relationships (value 9), (o) for moderate
SERVQUAL method's limitations in linear perception and  relationships (value 3), and) for weak relationships
lack of innovation tools, while the SERVQUAL method  (value 1). The direction of the relationship
complements the Kano method by offering quantitative development is also determined.
values for service attributes. However, these methods la8k Creating Part E of the matrix by assigning correlation
systematic and operational tools for improvement efforts, values to the technical responses, indicating the impact
necessitating integration with the QFD method. By of one technical response on another using symbols
integrating SERVQUAL, Kano, and QFD methods, a (YW—) for a strong positive influencey-) for a
thorough analysis of service quality attributes can be moderate positive influence, (<blank>) for no
conducted, leading to opportunities for improvement [15].  influence, (X<} for a moderate negative influence, and
This integration also aids companies in identifying service (xx—) for a strong negative influence.
quality attributes that maximize customer satisfactio§. Developing Part F of the matrix by calculating the
avoid developing unnecessary attributes [9] and effectively weight priorities, determining the technical
manage customer feedback [25]. Therefore, this research benchmark and own performance, and establishing
aims to utilize the integrated approach of SERVQUAL, target improvement values for the technical
Kano, and QFD methods. requirements.

The research focuses on identifying service attributd®). Defining the process requirements by discussing with
that need improvement based on their impact on donor the distribution and marketing team of BMU and
satisfaction and designing quality procedures for determining the relationships and weight priorities for
improving the service quality of the zakat institution. The the process requirements.
following steps are involved in this process: 11. Quality procedures are designed based on the
1. Determining closed questionnaire questions by company's responses to customer needs and desires.

modifying the questions from indicators related to the  These procedures are developed through discussions

variables determined through a review of previous with the distribution and marketing team of BMU,
research literature [12-14,23,26-28]. The
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observations of other institutions, and literaturdetween matrices A and C in QFD is very close because
studies. both complement each other in designing quality services
and fulfilling customer needs and wants.

Matrix A, or the customer needs (Whats) matrix,
contains service attributes identified as having negati® Result and discussion
gap values and falling into the One dimensional, Must Be, Based on the interviews and observations,
and or Attractive categories. Meanwhile, matrix C or thgj attributes of consumer needs and desires for service
technical requirements matrix contains steps to improyRjality of zakat institutions were obtained, and then the
the technical requirements of the company to respond d@ributes were grouped based on service quality
the needs and desires of consumers contained in matrixgimensions and knowledge variables. The attributes that
These technical requirements were obtained based |give been grouped are used to determine the closed
discussions with the BMU marketing and logisticquestionnaire questions by finding indicators through the
departments, searching the website, and conductifgevious research literature, resulting in 21 valid and

literature studies. Meanwhile, the process requiremerigiiable closed questionnaire questions. The questionnaire
and quality procedures attributes are a form of descriptiguestions are shown in Table 1.

of the steps to improve the technical requirements of the
company contained in matrix C. Thus, the relationship

Table 1 Research variable identification

I dentification
of Research Indicators Questionnaire Question
Variables
Availability of Waiting |Baitul Maal UNISBZ has a spacious service room with waiting chi
Room
and Availability of Garbagmaitul Maal UNISBA keeps its premises clean and has rubbish bing
Bins
Tangible Baitul Maal UNISBA has media to convey information on institutig

The existence of activities, fund distribution programs, and the latest news (Wel
communication media in tiBulletin, and social medit
service Baitul Maal UNISBAhas customer service contacts such as live ch
phone, WhatsApp, and email to facilitate communice
Baitul Maal UNISBA has a variety of service products or dong
distribution programs that can meet the needs of recipients of its s
and attract donors' desire to donate, such as (Scholarship Funds, |nterest-
Rree Long-Term and Short-Term Loans, Foster Parents, RegdlVaqi
Funds, Business Assistance, Assistance Funds for Village Ser
Completeness of features|Donors with an account on the Baitul Maal UNISB#&bsite can see
thewebsite special report of the amount of funds donors give along with the
Companies provide othe
efforts or ways of service
that consumers do not spg
much effor

Having service products
that fulfill consumer need

'Baitul Maal UNISBA provides services for ease of donation sug
through payroll, interbank transfers, anavallets such as Dana, go p
ovo, and payment through QR scans

Baitul Maal UNISBA provides information updates regarding the f{
received for each ZISWAF product offered through social media we
The information provided {for the wider communit
accurate Baitul Maal UNISBA provides information to the public regarding
financial statements of collection and distribution through its websitg
social media per month/quarter/semester/
Baitul Maal UNISBA provides reports on funds that have been giv|
There are quick transactigtionors personally via WhatsApp and el
status notifications and |Baitul Maal UNISBA provides proof of transaction to donors with
transaction reminder |maximum of 1x24hours for donation payments that have entere
institution
There are quick transactigBaitul Maal UNISBA provides information on invitations to donate
status notifications and |institutional activities periodically through pamphlets/banners, {
transaction remind media, website

Reliability
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Baitul Maal UNISBAemployees are responsive in providing answe
questions related to service programs and procedures both offli
online within 1x24 hour

gelivering what customer
ask for in a timely

7]

U7

Responsivene

Employee attitudes, Word%aitul Maal UNISBA employees provide friendly and professiq

Assurance and actions provide services that increase trust and desire to donate.
credibility
Table 1 Research variable identification
I dentification
of Research Indicators Questionnaire Question
Variables

Equal service regardiess Jéaitul Maal UNISBA employees accept responses to criticism

age and position gnd provi suggestions well and do not look at the age and position of the
a good response in rece'vms%eaking

Assurance criticism suggestion

.. |Baitul Maal UNISBA employees can maintain the personal

Employees can maintain the . . : :
4 o information of donors who do not want their names published in j

confidentiality of data reports

Baitul Maal UNISBA employees can provide advice on service prg

that are by the ability/desire of don

Baitul Maal UNISBAemployees have flexible and free time to con|

cooperation and provide servic

Baitul Maal UNISBAprovided knowledge about the basis and benef

ZISWAF.

Baitul Maal UNISBA provides information on the invitation to

ZISWAF program and knowledge of its benefits or basis in Islai

pamphlets/banners, websites, and social i

Baitul Maal UNISBAhas a feature to calculate various types of zak

the website

=3

Employees provide solutio
Empathy | or answers and appointm
flexibility

Knowledge of the benefits

a product, and Knowledge

the system used in the
product

Knowledge

The results of distributing closed questionnaires withlB; = Expected value given by the respondent for
Likert scale will be processed using the SERVQUAIlquestion 1.
method which aims to determine thap or gap between 2. Calculating SERVQUAL score results (for each
perceptions and expectations on service quality attributeariable) (3).
provided by BMU at this time. The description of tiao

calculation for attribute T1, namely "Baitul Maal UNISBA S=P-E (3)
has a spacious service room and is equipped with waiting

chairs" is explained in the calculation below: §= 2253-3.291=-1.038

1. Determining the mean value of perceptfo(l)and the

average value of expectatiofigor each variable (2) Description:

S = SERVQUAL ore.

P = Ziipa 1) P:= Average value of perception.
n E = Average expected value.
P==2253
Description: 3. Calculating theatisfaction score (4)
P1 = The perception value given by the respondent for
question 1. Satisfaction Score= Gap x Importance  (4)
n = Number of Respondents. =-1.038x1=-1.038
E = Zizf1 @) Based on the above calculations of all attributes, 18
n attributes have negative gap values and negative
— 260 satisfaction scores, indicating that donors have high
E=—>-=3291 expectations for these service attributes but are currently
Description: dissatisfied with their quality. These attributes require
improvements to meet donor expectations. On the other
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hand, 5 attributes show positive gap values and satisfactiommber of funds that donors have given because itis a form
scores, indicating that the quality of these service attributet responsibility for managing funds to donors, having a
has already met donor expectations and provideariety of service products because the distribution of
satisfaction. These attributes only need to be maintainedunds utilized is one of the factors to make donors trust and
The service attributes with negative gap valuelse interested in donating, and providing proof/notification
highlight areas where BMU can improve, such asf transactions for donation payments because it is a form
implementing a donation receipt reporting systengf responsiveness and responsibility for the funds given by
providing detailed and periodic information, offeringdonors. Failure to fulfil these attributes leads to donor
adequate facilities, enhancing services, and increasidgappointment.
donor interest. Among these attributes, the one with the The following classified category is thattractive
highest negative gap value is "Baitul Maal UNISBAcategory, which is a category that is not required to be
provides proof of transaction to donors within 24 hours fdulfilled, but if given, it can increase satisfaction for donors
donation payments received by the institution." Thibecause the provision of this service is more than what
attribute indicates that BMU currently fails to providecustomers expect. If the attribute is not fulfilled, it will not
transaction proof promptly, which negatively impactsause a decrease in satisfaction levels. Attributes that fall
donor satisfaction, especially for those who makmto theattractive category if implemented are an effort to
donations during incidental times, or donors who makdevelop an innovation process to excel in competition.
donations through payroll. Attributes that fall into this category are related to
The next step is data processing with the Kano methqatoviding knowledge for donors to increase interest in
which aims to ensure that attributes with negative gap®nating and responsiveness and innovation in the service
need improvement. Using the Kano evaluation table, thisocess to provide high satisfaction.
method begins with classifying the answers to questions as Lastly, the "indifferent" category comprises 4 attributes
functional anddis-functional. This evaluation table is usedthat have no significant impact on donor satisfaction, in
to classify respondents' answers into six categoriesther words, respondents do not care about these attributes.
Questionable]ndifferent, Reverse, Attractive, and One- Examples of attributes that fall into this category are not
Dimensional. The classification results are analyzed usinthe main aspects that donors pay attention to, because some
the if-then method based on the Blautftsmula to get a donors communicate only throughat without coming to
broader view. Example calculation for the Blauths formulthe BMU office, so the service room, written suggestion

on the first attribute (5), (6): box, and timely service according to donors' perceptions
are not too important.
The value of = one-dimensional" + " attractive" + Understanding the classification of attributes based on
"must be" (5) these categories helps BMU prioritize its efforts for
=1+1+36=38 improvement. By focusing on fulfilling the "must be" and

"one-dimensional” attributes, BMU can address the most
The value of 2 indifferent" + "reverse" + critical areas to enhance donor satisfaction. Additionally,
" questionable" (6) considering the "attractive" attributes can further elevate
=41+0+0=41 donor experience and satisfaction. Attributes falling into
the "indifferent" category can be deprioritized as they have
Because the value of ("one-dimensional” + "attractiverhinimal influence on donor satisfaction.
+ "must be") < ("indifferent" + "reverse" + "questionable"). The results of the calculatiorgap value and
So, the category chosen is based on the maximum valueclafssification of the Kano category are adjusted by
“indifferent", "reverse", or "questionable”, so the categorgelecting service attributes with a negatep value. They
for attribute 1 is indifferent. are included in themust-be, one-dimensional, and or
Based on the classification results with the Kanattractive categories so that institutions can determine
evaluation table and analysis using the Blauths formula, thdnich service attributes need to be improved immediately.
"must be" category includes 10 fundamental attributes ahbt only that, but adjustments are also made by calculating
must be fulfilled by BMU to avoid donor disappointment the Adjusted Importance value, which is used as the value
If the service attributes are fulfilled, it will not increaseof the importance level of the attribute to be correlated with
donor satisfaction, because these attributes are basic Ht@technical requirementsin the preparation of theouse
should be owned. These attributes pertain t@f Quality. TheAdjusted Importance (Al) value is obtained
communication media, service facilities, how service i the following way (7), (8):
delivered, and responsible management of donations such ) )
as open and detailed management of donations to thédjusting Importance = Customer Satisfaction Score x
public. Kano Model Value (7
The "one-dimensional” category consists of 3 attributes
with a linear relationship with donor satisfaction. FulfillingDescription:
these attributes, such as providing a special report on the
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Customer Satisfaction Score (CSS) = Gap x Importance The Adjustance Importance value used is the absolute
Leve (8) value without using the notation (-) minus.
Integrating the Kano and SERVQUAL methods
The value of the canoe model is obtained if thalentified four attributes with a negative gap value that fall

attributes show categories: into the indifferent category, indicating that improving
Indifferent = 0, Must be = 0.5,0ne Dimensional = 1 and these attributes would not significantly impact customer
Attractive= 1.5 satisfaction. Similarly, attributes with a positive gap value

in the must-be and attractive categories do not require
An example of a description of the calculation of thémprovement as customer expectations have already been
Adjustance Importance value for the 4th attribute becausemet, so these service attributes only need to be maintained

it has a negativgap value and has must-be category: as the institution's strength. Therefore, the improvement

Adjustance Importance for 4th Attribute = -9.367 x 0.5 = - focuses on attributes with negative gap values in the must-

4.684. be, one-dimensional, and attractive categories as shown in
Table 2.

Table 2 Attributes that need i mproverment
Customer Needs

Having media to convey information on institutional activities, fund distribution programs, and the latest news such as
on (Website, Bulletin, and social me
Having a variety of service products or donation distribution programs that can meet the needs of service fecipients
and attract donors' desire to donate, such as (Scholarship Funds, Long-Term Loan Funds, Interest-Free $hort-Term
Loan Funds, Foster Parents Funds, Revolving Wagf Funds, Business Assistance Fund, Assistance Fund for Village
Devotion
Donors who have an account on the website can see a special report of the amount of funds donors have given along
with the time
Provides services for easy donation through payroll, interbank transfers, and e-wallets such as Dana, Gopay, Ovo and
payment through QR sca
Provide updated information regarding the funds received for each ZISWAF product offered through social media and
the website for the wider commun
Provide reports on funds given by donors personally via WhatsApp and email.
Provide information to the public/community regarding the financial statements of collection and distribution through
the website and social media per month/quarter/semeste
Provide proof of transaction to donors within 1x24 hours to pay donations that have entered the institution.
Provide information on invitations to donate to institutional activities periodically through pamphlets/banners, social
media, and website
Employees are responsive in answering questions related to service programs and procedures offline and online within
1x24 hours
Employees can provide advice on service products that are by the capabilities/desires
ZISWAF institutions provide knowledge about the basis and benefits of ZIS
Baitul Maal UNISBA provides information on the invitation to the ZISWAF program and knowledge about the henefits
or basis in Islam on pamphlets/banners, websites, and social
Baitul Maal UNISBA has a feature to calculate various types of zakat on the v

These 14 attributes are used as input in the Houseveébsite facilities." Currently, the institution has various
Quality matrix, specifically in the "Whats" matrix or voiceinformation media platforms like Instagram, Facebook,
of the customer. The institution responds to these attributéatsApp, and a website, but they are not being utilized
by formulating technical requirements, resulting in seveoptimally. For example, financial statement information is
technical requirements or matrix C attributes. The prioritgot regularly updated on the website, and there is a lack of
weights for these technical requirements are calculated tmutine and scheduled information provision on Instagram
multiplying the adjustment importance value with theand Facebooklt is necessary to optimize the use of
strength of the relationship between the voice of thaformation media, because the existence of an information
customer and the technical requireméntescription of media platform can reach potential donors broader and
technical requirementsis shown in Table 3. faster, can build awareness of potential donors regarding

The three technical requirement attributes with ththe institution's mission and the logistical processes
highest priority weights are "Optimization of informationinvolved in collecting and distributingzakat funds,
media," "Education for donors,"” and "Development oflemonstrate transparency in fund management,
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rebranding, increase knowledge sharing. This willequirement's priority weight. The process requirement
contribute to the competitiveness and sustainability of thith the highest priority is "Presentation of educational,

institution in a highly competitive landscape.

Table 3 Technical requirement

consistent, transparent, and always updated information."
This can be accomplished by updating the website's
content frequently and establishing a regular schedule for

No Technical Requirement content distribution on social media platforms. The
1 | Optimization of information med second-highest priority weight is "Addition of donation
Development of service products/fupd activity history and zakat calculation features to the
distribution progran website." This proposed new feature for BMU aims to
3 | Development of website faciliti provide a tool for calculating different types of zakat and
4 | Response spe enable donors to observe their personal donation history.
5 | Quality of human resourc These characteristics can increase donor confidence and
6 | Completeness of service facilit decrease zakat calculation confusion. The third highest
7 | Education for dono priority weight is for "Using a virtual assistant chat system

to assist with response management." This proposed

In the second phase of the analysis, the technidg@ture is novel for BMU, enabling quick responses to
requirements obtained from the previous phase afenor queries. Using a wrtgal assistant ghat system to
translated into process requirements that address consuRI@MPtly resolve donor questions and provide transaction
needs and desires. Through discussions with BMU&g_oo_fs, donation remlndgrs, and_tlmely onllne. assistance
distribution and marketing department, 7 technicaithin 24 hours is required to implement this process
requirement attributes were translated into 6 procefduirement. These findings provide BMU with valuable
requirement attributes. 2 technical requirement attributdsights into the areas that require improvement and
were responded toptocess requirement attribute, namely innovation to meet donor expectations better and enhance
the optimization of information and education media foflonor satisfaction. , _
donors into 1 process requirement attribute, namely the The priority weight in the process requirement matrix
presentation of educational information, consistents then used to determine the priority weight for the
transparent and always updated. The focus was on the tHi@lgtionship between process requirements and quality
process requirements with the highest priority weights. procedures so that it can trar_lslate the company's answer to

The priority weights for process requirements wergonsumer ngeds contained in process requw_ements in the
calculated by multiplying the priority value of the technicaform of quality procedures in improving service quality.
requirement with the strength of the relationship betwee’® description of the quality proceduressisown in
the technical requirement and the process requirement. Theble 4
greater the relationship strength, the greater the process

Table 4 Description of quality procedures
Quality Procedures Reference
Implementation of live chat features using a virtual assistant chatbot based on the WhatsApp [29]
application usin@nextreme programming meth
Development of web features with the programming language used is PHP, and using the databa %

. . 0]
used MYSQL and using an online system
Provision of reminders to make donations through broadcast messages on WhatsApp persqgnally [31]
every montt
Organize training on how to communicate and serve donors and information systems every| 6 [32]
months
Development of a fund distribution program focusing more on student activities by providing| Observation of
incidental student loan and business assistance funds for students Student Needs
Provide an Autoreply system after donors deposit their funds via WhatsApp / Email. For thoseDbservation of
make payments via transfer, the maximum delivery is within 2 hours after paying, while for thagker ZISWAF
who make payments via payroll, proof of transactions will be sent within a 1 Institution
Provides information in the form of fund distribution reports, fund-collecting reports, ZISWAHR .

: . : : servation of
knowledge, Naqvi arguments, hadiths, and so on, and general information constantly planneo(? Ay SWAE
and accompanied by images or vit P

- — Institution
Creation of an-wallet tc facilitate payment
Evaluate the functionality of ttapplication and ensure there are no [33]
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A total of 6 process requirement attributes areesults in the implementation of three quality procedures:
translated into 9 quality procedures. The translation the application of a live chat feature using a WhatsApp-
based on discussions with BMU's distribution antbased virtual assistant chatbot using extreme programming
marketing department, observations of other institutionsjethodology, the provision of reminders, and the
and literature studies. One process requirement attributermplementation of an autoreply system after depositing
translated into 3 quality procedures, considering boflands. BMU's main focus is planning improvements based
customer and company voices. The use of a virtuah the three highest priority weights of the process
assistant system to assist in responding to user feedbaefuirements. Figure 1 shows the quality procedure matrix.
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PROCESS REQUIREMENT
Use of a virtual assistant system to help respond to [ ] (o] o o o o [ ] 17488.20
Adding donation activity history feature and zakat
calculation feature on the website . . . . . A . 2266551
Providing Training for Employees [ ] O L 0 A 1785.28
(Addition of channelling programmes for student needs [ ] ] O o [ ] 17619.81
Presentahrfn of edulcanonal, consistent, transparent and . o o O o . . 8151.46
||up-to-date information
Provision of various types of payment methods . . O o . . 10569.59
| Priorities 246824.4 | 486595.538 | 390293.5 | 480064 | 183917.94| 281253.4177 | 566124.81 | 350233.96 | 613267.91
Normalized Priorities 6.9% 13.5% 10.8% 13.3% 5.1% 7.8% 15.7% 9.7% 17.0%
Rankiny 8 3 5 4 9 7 2 6 1

Figure 1 Quality procedure matrix

The priority weights of the quality procedures arghe process requirement. The highest priority is the quality
obtained by multiplying the priority value of the procesgrocedure: "Evaluating application functions and ensuring
requirement with the relationship value between théaere are no bugs." This involves evaluating the website's
process requirement and the quality procedures. The higlaeid other applications' functionality and conducting
the relationship strength, the greater the priority weight afionthly maintenance to ensure there are no bugs or errors
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in specific processes, ensuring the smooth operation of @yeplication function evaluation, and human resource
offered features. improvements are crucial.

The second highest priority is the quality procedure: The collection and distribution of zakat can be
"Providing information in the form of fund distribution optimized more efficiently by enhancing website features
reports, fund collection reports, knowledge aboutnd presenting consistent, engaging content. Incorporating
ZISWAF, including scriptural evidence, hadith, etc., andn electronic wallet account is an innovative solution,
providing scheduled general information with consistertcilitating both the collection and distribution of zakat.
daily updates accompanied by images/videos." Sharihgdeed, e-wallets could represent a novel and efficient
information on social media platforms follows writtenmethod for these processes. Furthermore, consistent
Standard Operating Procedures (SOPs), including thmining of staff and employees is paramount. Such training
content or information to be conveyed, upload timinggndeavours help enhance their skills and knowledge,
layout design, colour selection, and choice of media fansuring the zakat distribution process runs smoothly and
information dissemination. Providing knowledge abougffectively. With the diversification of service offerings,
ZISWAF can increase the interest of donors and potenti@e can increase accessibility for beneficiaries, further
donors in contributing their ZISWAF funds, asrefining the zakat distribution efficacy. Ultimately, these
understanding the benefits of donating to those in needhancements work in tandem to optimize the distribution
motivates people to donate more. of zakat, aiming for precision and effectiveness that uplifts

The third highest priority weight is given to the qualitythe community welfare.
procedure: "Developing website features using PHP This research uniquely integrates the SERVQUAL,
programming language, utilizing MySQL database, andano, and QFD approaches. Consequently, BMU has a
implementing an online system." The proposed featuretrategic framework to boost service quality, tackling the
include calculating zakat obligations for wealth angrevalent challenge of low public trust. By emphasizing
income and providing personal activity history reports afervice quality aligned with donor expectations,
donated funds. Additionally, a feature to view financiainstitutions can elevate zakat collection, benefiting
reports within a specific time frame that can be accessetlistahik and paving the path for sustainable growth.
publicly. These website enhancements can be achieved byFor future research, exploring practical applications to
developing the website using the PHP programmingssess service modifications' efficacy and drawing
language, which is open-source and freely available, andmparisons with other philanthropic entities would be
utilizing the Sublime Text 3 software for seamlesbeneficial. The potential of emerging technologies,
integration between the interface and database. Taspecially online platforms, in enhancing donor
MySQL database is chosen for its ease of use, securtygagement deserves further exploration.
features, and compatibility with open-source systems. The
online implementation allows administrators to makécknowledgement
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Abstract: The selection of logistics service providers plays a crucial role in the success of an organization's supply chain
management. The new industrial revolution taking place today provides solutions that prioritize the issue of quality and
also raise reliability to a new level, both on the service provider's and user's sides. As businesses grow and expand, the
need for efficient and reliable logistics services becomes increasingly important. This study examines how to determine
the criteria for the selection of logistics service providers in the current technological environment. The choice of logistics
service provider has significant implications for an organization's operations and overall performance. Optimum selection
can lead to enhanced customer satisfaction, cost savings, improved efficiency, and a competitive advantage. However,
poor selection can result in logistical inefficiencies, decreased customer satisfaction, increased costs, and negative impacts
on organizational reputation. Hence, careful consideration and evaluation of potential service providers are crucial. The
digitized environment offers a solution for accessing large-scale databases, which provide well-founded decision
evaluation plans based on a large number of samples. The quality characteristics influencing the logistics parameters were
examined and weighted from the perspective of customer requirements. By exploring various aspects, we aim to shed
light on the intricacies of this process and provide insights that can assist organizations in making informed decisions.
We attempt to make the indices that appear as bottlenecks in the specified order more efficient using an optimization
procedure.

suppliers, subcontractors, intermediaries of its products or
services, and other related actors in the supply (sales) chain
do not perform adequately [4]. Based on practical

1 Introduction
Today, as a result of globalization, especially the
significant cooperation of economic organizations, market

competition is becoming increasingly global. Companies’
competitive strategies go beyond the opportunities
provided by the market within national borders and expand
their production processes, strategies, and relationship
systems. In the 21st century, it has become indispensable
for companies to individually formulate future orientation
and foresight strategies [1]. In addition, companies face
new challenges such as the demand for high-quality
standards, constantly changing consumer habits, a
transformed market environment, and technological
innovations. Taking all of this as a basis, it can be stated
that essentially those companies can survive and belong to
the leading edge of the competitive market, and they do not
regret investing in continuous development and
improvement [2]. As a result of increasing competition,
both the micro and macro environments of companies have
changed [3]. The assessment of business performance
depends not only on internal company activities but also on
their results. Currently, the recognition that supply chains,
supply networks, and networks compete in the economy is
becoming increasingly accepted. Excellent individual
performance is in vain if a company's business partners,

knowledge, it can be established that the material flow
processes taking place within the network have a strategic
role; therefore, sufficient emphasis must be placed on their
performance, or, in other words, their quality. The question
of choosing the right service provider is detailed in this
section. After reviewing the literature, it can be concluded
that many researchers and professionals address the topic
of logistics service provider selection methods. The
multidisciplinary logistics field is supported by the fact that
the process is based on mathematical methods that can be
implemented to achieve effective results for the delimited
topic area. Numerous proposals have been made on this
topic, which examine the given issue from different
perspectives. The digitization environment is important
because, by providing a technological background, it
generates a huge amount of data that must be usefully used
during the evaluation and selection process. However,
owing to the complexity of different customer needs, it can
be difficult for logistics service companies to effectively
understand the different ways customers value the service
elements they offer. In this context, the task can be
approached in such a way that, on the one hand, the
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available dataset and developed decision-making method
help the company using the service in choosing the right
service provider, and the service provider is also a
benchmark point, which provides feedback on its
performance and the parameters within which the
intervention should be made to maintain its market
position. To judge the success of a process, we inevitably
run into the requirement of measurability. In general, it can
be stated that a well-developed method for the evaluation
of the logistics service provider can increase the possibility
of success. In many cases, the unmanageability of the large
available data and information set and the lack of a
measurement system can lead to an incorrect assessment of
consumer or end-user expectations, which is why it is
important to develop and apply a correct and well-applied
criteria system. It is also necessary to develop a model that
immediately reflects the impact of changes, although this
impact only shows the degree of importance of the criteria.
Therefore, the developed model must cover all sectors,
including production and services, and measure them
efficiently and effectively [5].

2 Creation of a model suitable for
evaluating and choosing a logistics
service provider based on multi-criteria

decision-making methods
When choosing logistics service providers today, the
following are the basic aspects:

e a wide range of activities provided by the logistics
service provider (R-S-T activity, creation and
dismantling of unit loads, product identification,
collection and classification, etc.),

e the customer's expectations of the service provider
regarding the provided activity, which include the
quantity, quality, and cost-related expectations of the
service,

e goals formulated by customer.

Having explored the literature and learned about the
task to be solved, it can be stated that the solution must be
approached and examined as a multi-criteria decision-
making task. The steps of multi-criteria decision modelling
can be found in the literature dealing with decision
processes [6-8]. These consist of the following steps:

o delimitation of the decision-making task,
0 defining the general model from the point of
view of service seekers,
o0 to define a general model from the perspective
of service providers (alternatives).
e solving the decision task.

To define a decision task, it is necessary to develop a
general model and its mathematical scheme [9].

2.1 Definition of the general model

To determine the decision goal, it is necessary to know
what objective functions can be used to describe the needs
of a company looking for logistics services. The decision
task means that we find the best service alternative for the
user of the service using an optimization method based on
the given objective functions. For management objectives,
each applied objective function must be characterized by a
specific set of parameters. When defining a general model,
the first step is to record the elements that constitute the
model. In this model, we considered two typical building
elements: users of logistics services and logistics service
providers.

Users of logistics services are interested in the logistics
services available in the globalized market and their
technical and economic parameters. The company that uses
the service determines the objective functions, considering
that it attempts to find the right service providers. These
objective functions can differ according to a company’s
interests. Logistics service providers are characterized by
the activities they provide and their technical, economic,
and logistical aspects [10,11]. The logistics activity
provided by the logistics service provider is characterized
by various logistics parameters. Based on the above, we
define the structure of the service seeker model as follows.
In the first step, those looking for a logistics service are
characterized by the objective functions they formulate for
the service they are looking for.

Based on these results, the following conclusions can
be drawn:

e the company looking for the i-th logistics service has
special needs specific to the company,

e he searching company requires different logistics
services, the maximum number of which is n;, where
i refers to the company searching for the i-th service,

e each requested logistics service is classified based on
objective functions,

o different objective function numbers are typically
used for each service, where kij represents the
maximum number of objective functions for the j-th
logistics service of the company seeking the i-th
logistics service.

This proves that it is an extremely diverse general
model that is complicated by additional factors to be
considered. When managing the objective functions, it is
essential to specify the parameters that characterize the
given objective function. In general, it can be said that an
objective function named C is characterized by a parameter
with the number of P. pieces. We select the k-th objective
function for the j-th logistics service of the company
seeking the i-th logistics service. Figure 1 illustrates the
relationship between the service seeker, given service,
given objective function, and parameters of the objective
function.
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The symbols in Figure 1 are as follows: e P - Number of parameters characterizing the
e CF - Objective function describing the given given objective function.
logistics service.

Logistics service seeker (1)

A\ 4 A\ 4 A4
1. logistics service j. logistics service ni. logistics service
A 4 4 A 4
CFij1 CFijk CFijkij
A\ 4 A 4 A 4
P1ijk Prijk Prijxijk

Figure 1 Characterization of companies looking for services

In the following, we supplement the model given in  service sought, and the maximum number of pieces of the
Figure 1 by specifying the maximum number of parameters  given objective function. This is illustrated in the model
as well as the connection system of the service finder, the  shown in Figure 2.

Logistics service seeker (1)

v A\ 4 A 4

1. logistics service j. logistics service ni. logistics service
v A 4 v
CFij1 CFijk CFi,jkij
A\ 4 A 4 v
PCFij1 PCFijk PCFijki

Figure 2 Specifying the parameter versions

In the Figure 2 the parameter versions of the objective ¢ inthe case of the kth objective function,
functions are contained in the PCF;;x module, which is e rijkmaximum number of parameters.
characterized by the following parameters:

e thei-th service seeker, Using Figure 1 and 2, we provide the relationship
o for the jth requested service, system of companies looking for logistics services based
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on the requesting company, the requested service, the
objective functions for the service, and the parameters for
the objective function. In the basic model, we took into
account two building blocks: those looking for logistics
services (consumers and buyers) and logistics service
providers [12]. Previously, we defined those looking for
logistics services, and now we define those who offer the
service. In the following, we define the connection
structure of logistics service providers, the service aspects
they provide, and their parameters. During the
investigation, a logistics service company was treated as a
possible alternative solution. Logistics service providers

can be classified according to various development levels
(1PI, 2PI, 3PI, 4PI, 5PI, etc.), these development levels
represent the complexity of the offered service [13,14]. The
range of services requested by the customer will determine
the level of service companies that can be considered and
involved in the evaluation [15]. Since several logistics
service providers can be considered as solution alternatives
in the competitive market, we consider m alternatives in
the model. Each alternative has a different service aspect.
These aspects and their specific numbers usually differ as
alternatives. Figure 3 shows this.

Ax

Ai

Am

Si1 Si2 Situ

Y A4

Sm1 Sm 2

AS‘P}I mu

\ 4 A J

Sit Si2

Si J Siiu

Figure 3 Offered alternatives and their aspects in relation to logistics service providers

The notations introduced in Figure 3 are as follows:

A - the i-th service alternative, where i=1,2,...m.
Sij - the j-th service aspect of the i-th service
alternative, where j=1,2,...u;;, and where uij; is the
last service aspect for the i-th alternative.

The connection system of the individual supply
alternatives and the service aspects that characterize them
(Figure 4) needs to be subjected to further investigations.
Based on Figure 4, we cannot yet characterize the service
aspects with sufficient accuracy, only the connection
system is defined. For this reason, in the case of an i-th
alternative, additional characteristics must be taken into
account. This is illustrated in Figure 5.

Ai
v v v
Sit T e — Siia
|
v A J A 4 A J
Pij: Pij2 Pijk Pijiu

Figure 4 Offered service alternatives of i., the connection of parameter systems of Pi;x defining the j. service aspect
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The meaning of the notation used in Figure 5 is as
follows: Pij« is the value of the kth parameter for the jth
service aspect of the ith service alternative, where
k=1,2,...ki;u is the maximum number of parameters for the
jth service aspect of the ith service alternative.

Using the results of Figure 3 and Figure 4, we can
provide the supply side of our investigations, that is, the
general model that can be used to characterize logistics
service providers, the relationship system of the
alternatives (service providers), the service aspects as our
alternative and the characteristic parameters for all aspects
of each alternative number and their associated values.
Figure 5 describes this.

Based on the characteristics described above, the
approach and principle course of the task takes place
according to the following steps:

o defining the decision goal,

e exploring and recording the aspects necessary for the
decision,

o defining the parameter system related to the decision
criteria,

e exploring and characterizing the system of service
providers (alternatives) that can be considered for the
decision,

e statement of results.

A1 Ai Am
v v v v v v v v v
Aspect Aspect Aspect Aspect Aspect Aspect Aspect Aspect Aspect

() (i) (n) 1) (i) (n) 1) 0 (n)

I I

v v v

Parameter Parameter Parameter
(€] @ v)
) 4 h 4 v v h 4 h 4

Parameter Parameter Parameter

1) 0)] v)

Parameter Parameter Parameter

(1) (0)] )

Figure 5 A general model for characterizing service providers

The outline of the solution to the decision task is as

follows:

e evaluation of each possible service provider
(alternative) based on all parameters of each aspect,

¢  defining the mathematical model of the evaluation,

e development and selection of the criteria-parameter
weighting method required for evaluations,

e evaluation of the alternatives using the weighting
factors for the parameters,

e using the multidimensional scaling method (MDS) to
decide the number of dimensions and display the
obtained values.

2.2 Determination of decision goal, decision

criteria and related parameter system
Based on the above, it can be seen that several goals
can be defined along a given objective function in order to
find the result of the decision task. In our case, the goal that
appears at the end of the task is the choice of the optimal
logistics service provider for the user of the service based
on given criteria. In practice, the tested parameters can be
recorded taking into account the effective combination of
price-value and quality [16,17]. The basic task is to
develop a mathematical model or models suitable for
solving the defined task by jointly applying the two
proposed models (Figures 2 and 5).

In all cases, it is the task of the customer or consumer
to define the criteria necessary for the decision. The term
aspects are the collective name for a given set of
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parameters. With regards to the predefined objective
function, we can define the relevant aspects and assign the
characteristic parameters to these aspects. Setting up the
system of criteria is the task of the organization using the
given service, which must strive to record the essential
aspects and alternatives - this can also be done with the
involvement of an expert. Experts are all persons who are
involved in the consequences of decisions at some level.
Decision theory distinguishes between individual and
group decisions in terms of the number of decision makers.

In all cases, the creation of the related parameter system
is necessary for the defined decision criteria [18]. The
definition of the main evaluation criteria is task-specific
since the goal to be achieved can always change along the
given objective function. We can describe a given aspect
with a set of parameters in order to achieve the desired
result. A specific aspect may have a different number of
parameters, depending on the weight of the given aspect
compared to the others. Depending on this, it is possible to
determine the number of characteristic parameters. The
relationship between the aspects is shown in the following
diagram with a tree structure (Figure 6).

2.3 Connection system of service providers
(alternatives), aspects, parameters that can
be used in the decision

By alternatives, we mean the service providers in
question, from which the buyer or customer may be able to
decide depending on the evaluation of the aspects and their
associated parameters. The general model of the election is
illustrated in the following Figures 6 and 7. For the model
to be developed, we took as a starting point the
relationships previously defined in Figures 1 and 2, which
actually describe the objective functions defined by the
companies looking for the service. Using these two Figures

(Figures 1 and 2), we created Figure 6, which illustrates the

relationship between service seekers (SK) and their related

objective functions (C). On the other hand, it can be said
that it is also necessary to develop a relational system that
assigns different alternatives to individual objective
functions. This is illustrated in Figure 7, on which we
specifically examine the goal to be achieved along a single
objective function, but as Figure 6 shows, this connection
system must be examined for each objective function of the
service finder. Regarding the objective functions, it can be
said that an objective function is composed of several
descriptive aspects, which can be further detailed with the
parameters specific to each aspect. In this case, there are
several possible  alternatives  (service-providing
organizations), therefore, for each alternative, it is
necessary to enter a specific value for each descriptive

aspect and their parameters. This connection system is
illustrated in Figure 7. Knowing the above, the goal is that
the values included in the developed mathematical model
provide us with the opportunity to optimally satisfy the
given need based on various aspects. The goal is to create
a matrix in which the elements offer a solution to the ideal
solution of the given task during various mathematical
procedures and by applying various optimization methods.

The developed model is characterized by the following:

e The goal to be achieved is defined.

¢ Related to the given goal, we record i=1,2,...n aspects
that we will take into account.

e  We define the number of descriptive parameters for
all given i=1,2....n aspects. Of course, the number of
parameters for each aspect can differ. In case of the
first aspect the number of parameters is P=1,2,....v1 ;
thus the marking of the parameters belonging to the
first aspect is Py where 1 indicates the first aspect and
j to parameter j. The first aspect’s maximum number
of parameters is vi. This can be marked similarly for
every parameter for every aspect. The number of
parameters for aspect i is P=1,2,......vi ; where v;
indicates the maximum number of parameters for
aspect i. After defining the parameters for the final
aspect we see that the number of parameters for
aspect n (last) is P=1,2,....vy ; meaning that the last
aspect’s maximum number of parameters is vn. The
different alternatives are connected to the goal
defined aspect system’s parameter system. The
number of possible alternatives is k=1,2,....m; so the
number alternatives is m. 4; ; , marks the connection
of a j parameter for an i aspect for a selected k
alternative. These connections are visualized by
Figure 7.

e  Connection matrix A: A[i,j,k], where

O i isthe running index of aspects ini=1,2,....nis
where n is the number of maximum aspects,

0 jisthe running index of parametersin j=1,2,...v;
where v; is the i=1,2,...n aspects’ maximum
number of parameters,

o k is the running index for alternatives in
k=1,2,...m where m is the maximum number of
alternatives.

Basically, three principles are applied when solving
the process:

o  Defining the decision problem,

e  Comparative evaluation of the parameters,

e Synthesis of established results.
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SK(1)

SK(U)

SK(lmax)

A

A y
Clle) || Cilul) |

L ¥ y ¥ v
c(Ln | | C(le) || C(lul) | I C(lmax,1) | | C(lmax,e) | |C(lmax,ulmax)

Figure 6 The systematic relationship of the objective functions defined by the service seekers
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Figure 7 The relationship system of alternatives, parameters, aspects

2.3.1  The mathematical model of the evaluation

It is the responsibility and competence of the service
user to define the best suiting target diagram with which it
can start the examination. A goal supporting aspects
system must be defined according to which the selection
task can be successfully executed. The defined aspects
must be evaluated with specific parameters with the use of
input data and background databases. Input data means the
priority defined by the company and the differences in
priority between aspects. Databases can provide the data
on previous evaluation results, different statistical reports,
and information in the form of questionnaires. The used
database must confirm to the buyer’s goal’s and to the
characteristics of the aspects and aspect defining
parameters. The established data structure and the primary
connection system of the evaluated data can be introduced
with the aj;x matrix where the components of the matrix
are:
e the aspects to be considered according to the goal

(i=1,2,....n),

o all evaluated aspect can be defined by the determined
parameters and their given values,

0 the number of needed defining parameters are
usually different for each aspect (j=1,2,....vi),

O used parameters usually have different
dimensions,

o the evaluated alternatives generally give different
solutions and values for a given aspect’s parameter.

The datasets created this way show the solution offered
by a given goal’s i aspect’s j parameter’s k alternative. The
evaluated dataset gives us basis for the following optimal
tasks:

o defining the optimal alternative for reaching a defined
goal using the matrix’s data,

e defining the improvement methods of solution
parameters provided by a given alternative with the
use of digitalization methods and according to market
aspects (costs, quality improvement of parameters,
improvement of market competitive position).
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Taking the following parameter set into consideration
and with the use of the developed model we will
demonstrate the method of finding the optimal. In the first
step of the evaluation we will define the aj;x three
dimensional matrix. Starting form the A =[a;;x] matrix, we
define the ith aspect’s jth parameter’s kth alternative,
which has the value of a;jx. The result will be defined by
the evaluated alternative. According to the evaluated
parameter’s properties this can be a maximizing of
minimizing value. If the parameter is maximizing (1) then
we search for the maximum of the a;jx based on the
alternative’s (k) parameter (j) where the appropriate
objective function is:

Praxijk = max {ai, j,k} 1)

In the next step we define the relative value (2) of the
ajjkaccording to the following:

_ ai,jk
Pi'j'k - Pmaxijk (2)
where
0<P <1 ©)

In case the parameter is minimizing (4) then we search
for the minimum of the a;;« based on the alternative’s (k)
parameter (j) where the appropriate objective function is:

Prinijx = miin{ai, j,k} (4)

In the next step we define the relative value (5) of the
ajjkaccording to the following:

P/ . — mint,j, 5
i,jk @ik ( )

where
1<P;, <o (6)

For the proper handling of P’; ; , we define P; ;, which
provides the use of relative parameters (there is no

covalue). Py, = #}k in this case 0 < P; ;; < 1 then we
get the jth value of the ith aspect’s relative kth alternative
(Pij«) where i=1,2,..n. If we perform this for all
parameters of a given kth alternative, we get the relative
parameter matrix for the that k alternative. This step must
be repeated for all k=1,2,....m alternative to get m number
of similarly built matrixes. This three dimensional matrix
P = [pijx] will be the base for the execution of possible
optimal methods.

2.3.2  The method of weighting

The first possible solution finding method is the
weighting of evaluated parameters. Because of this it is
essential to properly define the aspect’s/indicator’s
weighting scale for the effectiveness of the model. In

reality, when searching for a solution (alternative) each
parameter has different importance for the buyer. We can
validate the differences in importance by introducing
weighting formulas (7). In the case of the kth alternative’s
ith aspect’s jth parameter, the weighting formula’s value is
Wi jks where

0< Wi,j,k<l (7)

assuming that j=1,2,....vi.
In regard to the weighting formulas (7), it is a given that

Zjlzl Wijk = 1 (8)
where i and k are constant.

When defining the w;;x values we must take the above
written into account. In these correlations j=1,2,...vi must
always be fulfilled for all values of i=1,2,....n and
k=1,2,...m. Based on these we can define the W = [wi ;]
matrix, which contains the weighting formulas value.

We evaluate the appropriateness of the kth alternative
(9). The kth alternative’s ith aspect’s evaluation indicator
is the following:

v
ik = Z ]-l:I Wik 9)

where i and k are constant.

This e;, evaluation indicator gives how appropriate the
kth alternative is for the ith aspect. If we perform the above
summarization for a given alternative’s every evaluation
aspect (9) then we get the kth alternative’s result indicator
(10). The result indicator for the kth alternative is the
following:

e = X, ik (10)
through this we get the result indicator for the kth
alternative. Since the maximum number of alternatives is
m, we must define the result indicator for every k=1,2,...m
alternative. Afterwards, according to correlation (10) we
get the e, (11) and the

eopt = mkax{ek} (11)

which gives eq and the ralting k=kopt value.
2.3.3  Application of the multidimensional scaling
(MDS) method

The literature on multidimensional scaling (MDS) is
now quite extensive, well known, and often uses statistical
procedures. With its help, the 2- or 3-dimensional
representation of multi-dimensional objects becomes
possible, where, based on the resulting Figure, hidden
relationships may exist between the evaluation and certain
properties of the categories. Thus, the magnitude
relationships of the distances between the points of the
original set of points are also preserved. The essence of the
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procedure is that we are given n objects, of which p
properties are observed one by one, from which we can
create an nxp data matrix, in which the n rows of the matrix
represent the objects (points) and the p columns represent
the observations given to the points. Our goal is to embed
objects in Euclidean space. If two of our elements are far
from each other in a certain sense in our original p-
dimensional space, then we want them to be far from each
other in this k-dimensional Euclidean space, that is, our
elements are equally far from each other in the reduced
space, within a certain margin of error.

Examining the literature, the method is mainly used in
the field of sociology, where properties have to be scored
on a specific scale; however, in our case, it can also be used
effectively as a decision support method for selecting a
logistics service provider. The MDS method can be used as
a part of the general model presented above and the
mathematical procedures of the evaluation process. The
justification for using this method was the fact that in

parameters is increasing, and the handling of the resulting
datasets is becoming increasingly complicated. Using this
method, it is possible to reduce a large number of criteria
such that it provides an exact easy-to-understand solution
for the person responsible for the decision [19].

Various statistical software packages are available for
the application of the MDS method. In our case, we used
the Statistical Product and Service Solutions (SPSS)
software developed by IBM. In the case of the initial
configuration in the procedure, there are usually no
distance matrices available but raw data. This usually
means that we have information about each object and
evaluate it along some dimensions. The distance matrix
should then be obtained from this information [20].

3 Example

In this section, the practical use of the previously
presented procedure is introduced. In this example, aspects
and their descriptive parameters were defined. The

today's digital environment, many service providers offer  numerical values were also the result of random

themselves as potential options on the competitive market,  assignments (Table 1).

the number of evaluation criteria and descriptive

Table 1 Service provider evaluation board
Name of aspects/parameters Weight Value (1-100)
factor | At | Ao | As | As | As | As | A7 | As | Ao | Aw
S; | Delivery 0.2
Sz; | By on-time delivery 008 | 55|53 |97 |25 |60 |52|42 |33 | 71| 21
Sz, | Accounting and invoicing accuracy 004 |76 | 8 | 72| 55|37 |19 |42 |54 | 32| 24
Sz3 | Condition of vehicles 0.05 10 | 35| 75| 42 | 35 | 43 | 42 | 62 | 43 | 98
Sz, | Loading and unloading 003 |77 | 75| 7 |16 |17 | 13 | 42 | 58 | 81 | 93
R;i | Storage and inventory 0.15
R1 | The characteristics of the order process 001 | 93| 70| 65|16 |43 |67 |85 | 6 | 48| 32
R, | Accuracy of order fulfillment 006 |70 | 65| 16 | 43|67 |8 | 8 |48 | 32| 76
R3; | On-time storage 003 | 69|95 |30 |78 |51|39|60|26|25]| 4
R4 | On-time pick-up 003 | 63| 75|61 |59|40 |90 |86 |26 | 67| 75
Rs | Appropriate regulation of stocking 002 | 43| 10| 33|16 |30 |60 |87 |59 | 23| 40
M; | Service level and quality 0.25
M; | Availability of tools and resources 008 |81 |85 |62 |84 |55|91 |36 |45 | 27 | 48
M, | Problem-solving ability 006 |55 |37 |44 | 11|56 | 24| 8 | 40| 10 | 38
Ms Sel;’ls: |Cté/ of the transport and warehousing 007 197183162139 66 18| a8 |a7| 69
Mg | Financial stability of the company 002 | 15| 72|59 |16 |19 | 23 |43 | 40 | 44 | 90
Ms | Market reputation 0.01 91| 19| 66 | 53 |36 | 38|59 |92 |8 | 75
Mg | Ability to operate on a global scale 001 | 13|84 | 28|55 |34 |35|83|83]| 50| 87
Ki | Costs 0.3
Kj | The (specific) cost per transport unit 0005 | 6 | 68| 12 | 63 |21 | 46 | 30| 19 | 45| 36
K> | Storage cost per storage unit 0005 [ 13| 9 | 64 | 12 |28 | 66 | 76 | 81 | 9 | 52
K3z | Service cost 0.02 61| 57|82 | 79|96 | 37| 73|69 | 77| 43
Ti | Applied technique and technology 0.1
T1 | Application of tracking systems 005 | 32|17 |47 | 44| 20| 64 | 23 | 48 | 57 | 7
T, | Provision of electronic data exchange (EDI) 001 |23 |48 |57 | 7 |41 |46 |99 |20 | 71| 26
T3 | Provision of Internet and e-commerce 0.02 551 80| 63| 50|40 | 22|37 |23 | 70| 60
T4 | Willingness for process improvement 001 |44 | 33|67 |87 |8 |22|63| 71|18 | 29
Ts | Willingness to develop technology 001 | 33|21 |10|67 |43 |95|65]|39]| 79| 81
~41 ~
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After the weighting is done, the table takes the following
values, as shown in Table 2.

Table 2 Weighted indicators of the evaluation of the service provider

Name of aspects/parameters Weighted value

A Az As Aq As As Az As Ag Ao
Si | Delivery 10.25 | 8.56 [14.60| 6.78 | 8.54 | 7.46 | 8.40 | 9.64 |11.54|10.33
Ri | Storage and inventory 9.95 | 9.9 5 7.17 | 7.78 |10.84 | 7.45 | 5.68 | 5.62 | 8.05
M; | Service level and quality 1791 | 173 | 14.06 | 11.51 | 13.46 | 11.17 | 5.92 | 9.11 | 8.31 | 14.37

Kj | Costs 1.315| 1.525 | 2.02 | 1.955|2.165| 1.3 | 1.99 | 1.88 | 1.81 | 1.3
Ti | Applied technique & technology | 3.7 | 3.47 | 495 | 481 | 3.49 | 527 | 4.16 | 4.16 | 5.93 | 291
43.13 | 40.76 | 40.63 | 32.23 | 35.44 | 36.04 | 27.92 | 30.47 | 33.21 | 36.96

The color marking illustrates the obtained result, the
service providers marked in green performed the best and
those marked in red performed the worst. The next step is
the multidimensional scaling procedure (MDS), which we
use in the example using the SPSS software. In the first

step, with the help of the program, we create a distance
matrix from the received weight values of the aspect
(Table 3), which illustrates the Euclidean distance of the
points measured from each other in the 5-dimensional
space (Table 4).

Table 3 Criteria weight values received as a service provider

Al A2 A3 Ad A5 A6 A7 A8 A9 Al0
Delivery 10.25| 8.56 | 14.60 | 6.78 | 854 | 7.46 | 8.40 | 9.64 | 11.54 | 10.33
Storage and inventory 995 | 9.9 5 717 | 778 | 1084 | 745 | 568 | 562 | 8.05
Service level and quality 1791 | 17.3 | 14.06 | 11.51 | 13.46 | 11.17 | 5.92 | 9.11 | 8.31 | 14.37
Costs 1.315| 1.525 | 2.02 | 1.955 | 2.165 1.3 1.99 1.88 1.81 1.3
Appl. technique and technology 37 | 347 | 495 | 481 | 349 | 527 | 416 | 416 | 593 | 291
Table 4 The measured distance of the dimensions included in the study
As A As A4 As As A; As Ag Ao
A:. | 0.000
A; | 1.824 | 0.000
As | 7.766 | 8.569 | 0.000
A, | 7.898 | 6.792 | 8.508 | 0.000
As | 5311 | 4433 | 6.853 | 3.010 | 0.000
As | 7515 | 6.554 | 9.698 | 3.832 | 4.437 | 0.000
A7 | 12,414 | 11.672 | 10.551 | 5.863 | 7.580 | 6.453 | 0.000
As | 9.827 | 9.309 | 7.086 | 4.073 | 5.007 | 6.098 | 3.855 | 0.000
Ag | 10.853 | 10.684 | 6.619 | 6.048 | 6.802 | 7.264 | 4.700 | 2.719 | 0.000
A | 4095 | 3.938 | 5.684 |5.059 | 2.278 | 5.642 | 8.805 | 5.972 | 7.313 | 0.000

The mathematical quality of the MDS procedure in
SPSS is characterized by the following two fit indicators,
s-stress and RSQ. The s-stress indicator is nothing but an
indicator calculated from the difference between the

coordinates of the plotted and the original points.
Therefore, the smallest values of s-stress are desirable,
because they correspond to the smallest possible distortion
(Table 5).

Table 5 The value and quality of the S-stress indicator (based on my own editing [9])

S-Stress Quality Comment

<0.05 Excellent It probably contains all the relevant information.
0.05<0.1 Good Correct, the results are interpretable.
0.1<0.15 | Medium The results stand their ground in relation to the task.
0.15<0.2 | Acceptable It's worth dealing with. The result is still mostly interpretable.

For the given dimension number, it can only be represented with a large loss of information. It is
0.2< Inadequate : - -
worth using a larger dimension number.

RSQ (R SQUARED) - another fit indicator calculated
by SPSS - is simply the square of the correlation coefficient
calculated between the corresponding elements of the
plotted and the original matrices, which directly indicates

what proportion of the total variance can be explained by
the given MDS model [21]. For this indicator - in contrast
to the previous one - of course, lower values indicate a
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worse fit. RSQ> 0.6 is the acceptable value range. In the
example, with regard to the given data set:

Stress = 0,06053 - Takes a "good" value.
RSQ =0,98481-> Appropriate value.

The next step of running the program is to determine
the coordinates of the points in the space transformed to 2
dimensions (Table 6).

Table 6 Coordinates of points in 2D space

Ay Ay Az Ay As As A; Ag Ay Ao
Dim1l 1,8428 1,6511 0,2819 | -0,3506 | 0,3707 | -0,1066 | -1,8942 | -1,1131 | -1,3914 | 0,7094
Dim2 -0,053 0,383 -1,7974 | 0,7314 | 0,2296 1,1807 0,5191 | -0,2404 | -0,7195 | -0,2333

The next step is to determine the distance of the points
located on the transformed projection. In the last step, the
dot plot reduced to two-dimensional space is shown. This
mapping means mapping the five-dimensional (point of
view) space into two dimensions, where in fact all 5
original dimensions appear to a greater or lesser extent.

From the point diagram and the standard deviation of the
alternatives, we can deduce where the original dimensions
appear in the new coordinate system. Deciphering the X-
axis was quite clear, since the points are scattered mostly
along the service level dimension (Table 7).

Table 7 The distribution of the standard deviation of each descriptive aspect
Al A2 A3 A4 A5 Ab A7 A8 A9 A10 | Deviation
Delivery 10.25| 8.56 | 1460 | 6.78 | 854 | 7.46 | 8.40 | 9.64 | 11.54 | 10.33 2.14
Storage and inventory 995 | 99 5 717 | 7.78 |10.84 | 7.45 | 5.68 | 5.62 | 8.05 1.90
Service level and quality 1791| 17.3 | 14.06 | 11.51 | 1346 | 11.17 | 5.92 | 9.11 | 8.31 | 14.37 3.66
Costs 1.315|1.525| 2.02 | 1.955|2.165| 1.3 | 199 | 188 | 1.81 | 1.3 0.32
Appl. technique and technol. | 3.7 | 347 | 495 | 481 | 349 | 527 | 416 | 416 | 593 | 291 0.89

Regardless, the other dimensions also make their
impact felt in the reduced space, for example two original
dimensions are close to the y axis: transportation and

Table 8 The magnitude and direction of the

storage and inventory. The reason for this is that these
original dimensions also correlate (negatively) with each
other (Table 8).

linear relationship between the two aspects

Al A2 | A3 |[AAd | A5 | A6 | A7 | A8 | A9 | Al0 | Correlation
Delivery 10.25 | 8.56 | 14.60 |6.78 | 8.54 | 7.46 |8.40 |9.64 | 11.54 | 10.33 05715
Storage and inventory 9.95 9.9 5 |717|7.78]10.84 |7.45|5.68| 5.62 | 8.05 '

Among the original dimensions, the 4" (applied
technique, technology) and 5th (costs) dimensions are also
included in the reduced space, but their position is more
difficult to determine, as they are less differentiated in the
initial five-dimensional space. After the investigation, as a
result of the conclusion, it can be concluded that the best
correlating aspect during the transformation is the level of
service and quality (M;) displayed on the horizontal (x)
axis, the next two best correlating aspects along the vertical
(y) axis are transportation and storage and inventory. The
axes depicted in the diagram are oriented according to the
display shown in Figure 8. Along the x-axis, the
neighborhood of the minus value can be interpreted as the
"lower" service level, and in the direction of the positive
value, the "higher" service quality can be seen. Along the

y-axis, the minus value is represented by service providers
focusing on the “delivery aspect”, and the positively
oriented value is represented by the service providers
focusing on the "warehousing and stocking™ aspect.

The essence of the technique used lies in the fact that
we can display the service providers qualified in the
complex evaluation system in a two- or three-dimensional
coordinate system where the axes represent various
properties and the service providers are scattered along
these trends. This makes it clear to the decision-makers
what the individual service providers are stronger than their
competitors, as well as what the strengths and weaknesses
of the individual service providers are and which is the best
service provider in the comparison.
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4 Conclusion

The choice of the topic of the article was justified by
our experience gained in company practice, as well as the
possibilities inherent in the complexity of the evaluation
and selection process. The selection of logistics service
providers is a complex process that requires careful
consideration of numerous factors [22]. By examining cost
factors, service quality and reliability, operational
capabilities, geographical coverage, and technological
advancements, organizations can make informed decisions
that align with their unique supply chain requirements [23].
Ultimately, selecting the right LSP can lead to enhanced
operational efficiency, improved customer satisfaction,
and increased competitive edge in the marketplace. In this
study, research directions related to more efficient
operation applicable to the evaluation and selection of
service providers were formulated. We explore today's
service offerings of the logistics sector, present their
portfolios in detail, and outline the multi-level evaluation-
preference indicators illustrating the overall evaluation of
these service providers. The presented results give practice
the opportunity to evaluate the service provider providing
added value primarily from the perspective of the service
user, i.e. the buyer/consumer. The test method was
specifically presented as a decision support method for the
evaluation process of companies providing logistics
services; however, with minimal correction, it can be used
for all evaluation-selection processes. The achieved
selection ranking can also be considered a benchmark
evaluation for the service provider, with which it can
position itself in a competitive market. In relation to the
task, the limitations indicate how relevant the aspects

Figure 8 Scattering of alternatives in the transformed dimensional space

Highi
Sl

Quahity

describing the objective function and the parameters
characterizing the aspects are to the objective function.
Therefore, in practice, it is necessary to involve experts
with sufficient competence to determine the necessary
aspects for this task. These experts can also be internal
employees of the company or, if necessary, external
specialists specializing in this task Several additional
development possibilities can be mentioned, among them
the extension of the test model by the service provider to
the evaluation of the consumer, as well as the development
of a computer web application suitable for the application
of the testing methods at the company level be highlighted.
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Abstract: The rapid growth of urban populations, coupled with the imperatives of decarbonization and the relentless
march of urbanization, has thrust modern cities into a crucible of multifaceted challenges. In response, the Smart City
concept has emerged as a shared paradigm for addressing these urban complexities. This transformative approach touche
upon various facets of urban life, encompassing areas such as the economy, education, and governance. Among these
logistics stands out as a pivotal component of the Smart City framework, necessitating innovative and sustainable
solutions. This article delves into the intricate nexus between sustainable logistics systems and the evolution of the Smart
City concept. Drawing from both qualitative and quantitative research methodologies, including multivariate analysis, the
study synthesizes data from primary sources collected during a series of European projects conducted from 2020 to 2023,
in addition to secondary data sources. A central inquiry revolves around the symbiotic relationship between e-commerce
dynamics and the sustainability of smart city logistics solutions. The findings of this investigation illuminate a compelling
correlation between the profitability of logistics enterprises and the key indicators of logistics development underpinning
smart cities. By unveiling these interdependencies, this research contributes to our understanding of how sustainable
logistics and passenger transport systems are pivotal to the ongoing development of smart cities, offering valuable insights
for urban planners, policymakers, and industry stakeholders alike.

1 Introduction adapt to the demands arising in the course of economic,

An ever-increasing share of the world's population live§chnological, and cultural development, [5].
in cities, which creates new and deepens existing problems The Smart City concept applies to changes in the
regarding the disposal of more significant waste amounggonomy, — education, management, mobility, the
aggravating the problems of traffic jams and environment@nvironment, and the lives of residents, [6]. Mobility is a
pollution. These processes are accompanied by reducfigfically important area — transport, passenger and cargo
resources necessary for life, [1], and force to pay more ali@nsportation, and logistics in general. Urban development
more attention to "green” issues in development decisiodecisions inevitably adapt to the necessary logistics
making, [2]. solutlons, [7]. o _

Experts in ecology, politics, and economics have The field of logistics serves all other areas of life, has a
concluded that the Smart City concept is a response to fighificant positive impact on solving the problems of
growing number of problems, [3]. The city into a “smartmodern cities, [8-10], and is a source of different problems,
one is transformed by implementing innovationsncluding harmful emissions, traffic jams, noise pollution,
regardless of the master plans of such cities, [4]. A sma&gcidents, [11-13]. Meanwhile, scholars coined the concept

city is defined not by an urban plan but by the ability t6f green logistics, focusing more on the environmental
impact of logistics and the concept of sustainable logistics,
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comprising environmental issues of logistics and social amesearchers note that transforming the city into a Smart
economic aspects of logistics, [14,15]. Both concepts pl&ity requires solving several urgent problems, which
a vital role in the context of the Smart City concept, [16].necessitates close cooperation between the state and
The vector of sustainable logistics aims to ensumgrivate participants.
environmental friendliness and a socially and The study's theoretical framework is based on the work
economically prospering orientation of supplies anof authors, [21], who distinguish areas related to the Smart
transportation, [17]. Hence, sustainable logistics muCity concept. In addition to the smart economy and
ensure the needs of customers in quality goods aproviding jobs, a smart industry should be developed in a
convenient methods of delivery and transportation witsmart city, primarily related to ICT development.
minimal damage to the environment, [18], realized throu¢gMoreover, the process of transforming the city into a Smart
green transport technologies with low emissions arCity should take into account modern transport
circular economy-oriented approaches in packaging atechnologies. In creating a list of aspects that should be
storing of goods by using information and communicatioimproved in smart cities using ICT, researchers, [22], put
technologies (ICT) and the introduction of the Smaismart mobility first.
Logistics concepts, [19]. The sustainable logistics system's Many researchers focus on ecological (green) and
development goes alongside the evolution of related fielsustainable logistics issues. In work, [23], note that
comprising new ICT developments, abatement argrowing attention to the problems of mitigating the adverse
automatization technologies, green energy concepeffects of transport and increasing the productivity of
circular economy implementations and e-commerce.  supply chains. Researchers, [24], dwell on the analysis of
The study aims to determine the mutual influence of ttexisting definitions of sustainable logistics and conclude
logistics system development as a basis for tithat most studies focus on ways to reduce the negative
development of a smart city and related areas. The aimpact of logistics operations on the environment. Authors,
involved the fulfilment of the following research [25], investigate energy efficiency and greenhouse gas
objectives: emissions in logistics hubs.
- Outline the conceptual framework of the study. In work, [26], deal with the issues of sustainable
- Assess the infrastructure and logistics of Europedogistics in smart cities, formulating the primary goal of
countries and establish a link between the efficiency logistics management of a smart city — sustainable
logistics and related areas. development through reducing the consumption of natural
- Assess the influence of e-commerce developmeresources and optimizing the provision of services. This
indicators on the profit of international logisticsstudy (on the example of Brazil), as well as authors, [27],
companies. (2020) (China) and researchers, [28], (Australia), assigned
The research used the following methods: systera key role in the evolution of smart cities to urban logistics.
structural approach, cluster approach, correlation analysAuthors, [4], characterize urban logistics as an imperative
and economic and statistical analysis. The conceptuimechanism of a smart city. Using the example of Smart
framework was built for the conducted research, whicCity projects in the United States of America (USA) and
made it possible to describe the relationship betwethe EU, Paskannaya and Shaban, [29], conclude that the
sustainable development, smart city, and sustainalgoal of implementing such projects is to minimize damage
logistics concepts. Correlation analysis was used to the environment, increase the efficiency of the use of
determine that the development of e-commerce is closematerial and technical resources and the process of making
related to the development of logistics and infrastructure management decisions.
European countries. It was determined that there is also aAnother relevant direction is the study of the
close correlation between the profit of some of the studicconnection between the development of logistics and the e-
logistics companies and logistics development indicatorcommerce market. In turn, electronic commerce has a
Future research should focus on identifying differences significant connection with the development of ICT, [30],
the transformation of the logistics system based which is the basis for the evolution of smart cities. In work,
sustainable development in the B2B, B2C and B2(31], note that the rapid growth of e-commerce creates new

sectors. opportunities for global growth in the number of logistics
) ) service providers. Hoffmann and Prause, [32,33], point out
2 Literaturereview the sustainability gains of autonomous delivery robots in e-

The research is based on a clear understanding of commerce and tele-driving concepts in urban personnel
Smart City concept and current trends in logistics artransportation by highlighting the importance of the last-
passenger transportation within the Sustainable Logistimile problem for logistics.
concept. The research problem is reflected in the work of
authors, [20], which provides predictive results regarding ~Methods and materials
the trend toward an increasing population living in cities. The structure of the article consists of three consecutive
Therefore, cities will have to provide many residents withtages. The first stage provided for defining a conceptual
sufficient resources while issues of ensuring economigsearch framework using the system-structural approach
ecological, and social sustainability come to the fore. Thhat considers the concepts of sustainable development and

~ 48 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 11 2024 Issue: 1 Pages: 47-56 [ISSN 1339-5629

Sustainable logistics and passenger transport in smart cities
Olha Prokopenko, Gunnar Prause, Taliat Bielialov, Marina Jarvis, Mykola Holovanenko, Inna Kara

its goals, Smart City and logistics, the combination aflated to the Logistics Performance Index and, therefore,
which produces the definition of sustainable logistics.  hypothetically influence the trends in the logistics industry.
The second stage involved a choice of a region férccording to this analysis, the development of logistics in
further analysis - the countries of Europe. The region wése world is most closely related to the development of
chosen by the location of most of the world’s developeglectronic government, electronic commerce, and
smart cities and the implementation of efficient logisticenvironmental indicators. The study of the relationship
systems. The list of countries for analysis was determinbédtween the development of logistics and e-commerce
- 37 European countries with the data on infrastructure amdlicators represents the highest interest among these
logistics freely available in the European E-commercadicators, which can be justified as follows:
Report 2022, [34]. This Report provides information on The first, there is a close correlation between the
rankings and indices regarding the infrastructure dfogistics Performance Index and the UNCTAD B2C E-
European countries, so the results of using the rankisgmmerce Index.
method were applied in the research. The following indicesThe second, the analysis of academic literature shows a
were used in the study: Logistics Performance Indexigh interest of researchers in the trends of logistics and e-
(2018), Ease of Doing Business Index (2020), Ecommerce, and many studies note the mutual influence of
Government Development Index (2020), Inclusive Intern¢hese spheres.
Index (2021), Universal Postal Union Reliability Score The third, e-commerce is one of the key current trends, as
(2021), UNCTAD B2C E-commerce Index Rankingwell as the development of the digital sphere in general, so
(2020), Environmental Performance Index Rankingpgistics companies cannot fail to consider this influence in
(2020), Global Cybersecurity Index Ranking (2020). their activities. This influence extends not only to changes
The data of the European E-Commerce Report 2022 user requirements but also to the need to introduce the
contributed to the research questions' solution by applyitefest technologies in logistics companies — for example,
multivariate analysis methods. The focus of the methogsoviding the ability to book/buy tickets for passenger
was laid on hierarchical cluster analysis by using Wardsansportation online, compare routes, choose alternative
minimum variance method with Euclidian distance andarriers, vehicles, travel time and others.
correlation analysis by interpreting the values of the The third stage of the research provided for determining
country vectors of the European E-Commerce Report 208% dynamics of net profit and net income of logistics
as metric scaled. In addition to the European E-Commercempanies engaged in passenger transportation (GAL-
Report 2022 data set, other metric-scaled data frodBESVIT LLC, East-European Travel Joint Ukrainian-
secondary sources complemented the study. English Company, GUNSEL LLC) using economic and
The cluster analysis was used to divide 37 Europeatatistical analysis. Ukraine is of high scientific interest in
countries into three clusters according to the indicgbe context of the study, as the aspects of the post-war
mentioned in the previous paragraph because this numbecovery of the country head the list of the most critical
of clusters was optimal through the analysis of averagasks for the Ukrainian government and international
graphs. partners, given a large-scale invasion of the country and the
The correlation analysis was conducted for thargent issue of granting Ukraine the EU member status.
Logistics Efficiency Index and other above-mentionedhe post-war recovery could be most effective using Smart
indices. It was determined which indices are most close@ities and Sustainable Logistics concepts.

Table 1 Indicators of net profit, net income of companies and e-commer ce devel opment indicators for correlation analysis

UAH thousand 2019 2020 2021 2022
GAL-VSESVIT LLC (netincome 82,546.0 37,43 60,83¢ 128,92!
GAL-VSESVIT LLC (net profit -10,69: -11,03: 1,27¢ 16,71t
Eas-European Travel Joint Ukraini-English Compar (net income 26,852." 12,443.. 17,468. 20,04
Eas-European Travel Joint Ukraini-English Compar (net profit 1,763. 1,028.: 799.¢ 450.¢
GUNSEL LLC (net income) 172,585.1 148,111.y 217,9745 49,306.6
GUNSEL LLC (net profit -1,416¢ -6,17 6,176. -9,176..
Online buyers in Europe (% of total internet us 6¢ 74 73 7E
Online buyers in Ukraine (% of the total number of Internet t 3E 4C 44 48
Thevolume of the -commerce market in Ukraine (USD millia 2.¢ 4.C 4.4 5.1
The share of e-commerce in Ukraine (% of the volume of retail trade) 6.9 8.8 D.2 9.7
Dynamics of global volumes of electronic retail sales (USD mill 3,53¢ 4,20¢ 4,927 5,69¢

Source: compiled by the authors according to [35].

The correlation analysis was also used to establishshould reflect the current trends in the economy and the
connection between the net profit and net income of thikegree of their influence on the company's activities.
above-mentioned companies on the one hand and theDetermining the correlation between net profit, company
commerce indicators on the other. Hypotheticallincome, and e-commerce indicators is an important task
companies' net profit, as the main result of their activitgonsidering that the development of e-commerce and the
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scope of application of its tools by the company is one of

the leading such trends and probably affects the activitigs Results

of logistics companies. In other words, an attempt wag]  Conceptual framework of the research

made at this stage to identify close correlations between the The  sSustainable Development, Smart Cities, and
net profit and net income of companies, on the one hang};stainable Logistics concepts are closely related and
and the following indicators of the development of emierdependent (Figure 1). The evolution of smart cities is

commerce, on the other: _ inextricably linked with such Sustainable Development
- The percentage of online buyers in Europe, thg§oals (SDGs) as sustainable development of cities and
percentage of online buyers in Ukraine. communities, decent work and economic growth, quality
- The volume of the e-commerce market of commerce gy cation, industry, innovation and infrastructure.
Ukraine, the share of e-commerce in Ukraine. Sustainable logistics is a necessary prerequisite for

- The dynamics of global volumes of electronic retail Saleaeveloping a smart city and, in turn, concerns such SDGs

_As aresult, a rectangular correlation matrix was builfs responsible consumption and production and mitigation
with the determination of the strength of the correlation. ¢ ¢jimate change.

Table 1 shows the indicators of net profit, net income of
companies and e-commerce development indicators for
analysis, all representing metric scaled values.

Sustainable development is a development that meets the current needs without
threatening the ability of future generations to meet their needs

17 Sustainable Development Goals introduced by the United Nations in 2015 aimed at solving economic, social, and environmental
problems that exist in the world and at promoting the Sustainable Development concept

Goal 1: No Goal 2: Zero Goal 3: Good Goal 4: Quality Goal 5: Gender Goal 6: Clean Goal 7:
health and well- : . water and Affordable and
poverty hunger - education equality L
being sanitation clean energy
Goal 8: Decent Goal 9: Goal 10- Goal 11: Goal 12:
work and Industry, i Sustainable Responsible Goal 13: Goal 14: Life
) - Reduced ™ . i .
economic Innovation and . - cities and consumption Climate action below water
inequality . !
growth Infrastructure communities and production
Goal 16: Peace
L Sl ’ Goal 17:
Goal 15: Life on justice and .
Partnership for
land strong
LT the goals
institutions

The Smart City concept implies the combination of ideas
about how information and communication technologies can
improve the functioning of cities

Logistics applies to managerial aspects of buying, servicing
and transporting materials, people, and resources

6 domains of the Smart City

e Key types of activity Accompanying actions
Smart economy Smart people Management of service Storage
levels offered to customers Materials processing
Smart management Smart mobility Transportation Procurement management
Management of stock and = ; ;
. . ackaging design
Smart environment Smart life information flows Ul B

Order processing Preserving information

Sustainable logistics analysis and promotion of sustainable
procurement, ecological transportation, sustainable packaging,
sustainable distribution, reverse logistics, development and
control of the activities of sustainable supply chain

Figure 1 Conceptual framework of the research

Source: prepared and summarized by the authors based on [21,24].
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(3

The relationships in Figure 1 are interpreted as follow#.2 Infrastructure and logistics of European
smart cities must be developed with the unconditional  countries and establishing a link between
consideration of the SDGs because of the defined domai_ns logistics performance and related areas
of the Smart City concept. In turn, one of these domains is T date, many indices and rankings are designed to
smart mobility, which primarily concems the logisticsaygluate logistics performance and related indicators. A
system. At the same time, logistics must be sustamabledgmprehensive analysis of the 2022 European E-
order to comply with the. concept of_ sustainable ;s mmerce Report, [34], is worth noting. The Report
development. So, modern logistics companies should cajgyides the values of indices and rankings related to
not only about profit maximization and market position bufrastructure and logistics of 37 European countries,
also about environmental friendliness and the social VecOhabling the clustering of these countries according to the

of activity. development of infrastructure and logistics. The cluster
analysis determined that the optimal distribution is the
clustering of the studied countries into three clusters, which
is confirmed by evaluating the average graphs for each
cluster (Figure 2).

3.0
2.0
1.0
0.0
-1,0
-2.0

T T T T T T

boobonckiadicalenibiabndacd,

Logistics Performance Index (2018) |

Ease of Doing Business Index (2020)
E-Government Development Index (2020}
Inclusive Internat Index (2021)

Universal Postal Union Reliability Score (2021)
Global Cybersecurity Index Ranking (2020)

—a— Cluster 1
—&— Cluster 2

Var. —&— Cluster 3
Figure 2 Averages graphsfor clusters

UNCTAD B2C E-commerce Index Ranking (2020)
Environmental Performance Index Ranking {2020}

The following clusters were identified as a result of the The Cluster with developed infrastructure and logistics
conducted cluster analysis: includes countries where individual cities belong to the
Cluster 1 (Cluster with insufficiently developedmost developed smart cities in the world. Such cities
infrastructure and logistics): Albania, Bosnia andnclude London (United Kingdom), Amsterdam
Herzegovina, Montenegro, Ukraine; (Netherlands), Paris (France), Copenhagen (Denmark),
Cluster 2 (Cluster with developed infrastructure anBerlin (Germany), Vienna (Austria). Reykjavik, the capital
logistics): Belgium, France, Ireland, Netherlands, Unitedf Iceland, which also belongs to the most developed smart
Kingdom, Denmark, Germany, Estonia, Finlandgities, was included in the Cluster with medium indicators
Lithuania, Norway, Sweden, Austria, Czech Republigf infrastructure and logistics.
Poland, Switzerland, Italy, Portugal, Spain; In the context of the study, the countries' Logistics
Cluster 3 (Cluster with medium indicators ofPerformance Indexis of particular scientific interest among
infrastructure and logistics): Luxembourg, Iceland, Latvighe above-mentioned indices. Table 2 shows how closely
Hungary, Slovakia, Slovenia, Bulgaria, Croatia, Northhis index correlates with all other indices.
Macedonia, Romania, Serbia, Cyprus, Greece, Malta.
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Table 2 Results of the corréation analysis of the Logistics Performance Index with other indices

Logistics Performance Index (20
Ease of Doing Business Index (2C 0.46135!
E-Government Development Index (20 0.73385!
Inclusive Internet Inde(2021 0.63774.
Universal Postal Union Reliability Score (20 0.65297.
UNCTAD B2C E-commerce Index Ranking (2020) 0.834518
Environmental Performance Index Ranking (2! 0.83839!
Global Cybersecurity Index Ranking (20 0.57186.

The results of the calculations give grounds to concludie the context of the evolution of smart cities. It is proposed
that the closest correlation is observed between the analyze whether e-commerce indicators affect logistics
Logistics Performance Index and the E-governmembmpanies' profitin passengertransportation. They include
Development Index, the UNCTAD B2C E-commerceGAL-VSESVIT LLC, East-European Travel Joint

Index, and the Environmental Performance Index. Ukrainian-English Company and GUNSEL LLC. The
dynamics of these companies' net profit (NP) and net
4.3 Theimpact of e-commerce development income (NI) are shown in Figures 3 and 4, respectively.

indicators on the profit of international
logistics companies
The literature review shows that e-commerce has the
most significant impact on logistics processes, particularly

20000 16715
15000
10000 6176,1
5000 1763,4 450 8
-~ :
0 —
2019 2022
-5000 -9176,2
-10697
-10000
-1ﬁbb
-15000
-20000

—0— GAL-VSESVIT LLC
—@— East-European Travel Joint Ukrainian-English Company
GUNSEL LLC

Figure 3 Dynamics of net profit of the studied companies for 2019-2022
Source: built by the authors based on [35].
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(3

250 000,00 217974,5
200 000,00 172585,1
148111,7
150 000,00 128925
82 546,00
100 000,00 37437 60838 ﬂ;% .
50000,00 26852,7 8,4 20042
— 12443 4
7 —— —e
0,00 o=
2019 2020 2021 2022

—0— GAL-VSESVIT LLC
—e— East-European Travel Joint Ukrainian-English Company
GUNSEL LLC
Figure 4 Dynamics of net income of the studied companies for 2019-2022
Source: built by the authors based on [35].

Table 3 shows the results of the correlation analysis
between, on the one hand, NP and NI of the studied
companies and, on the other hand, e-commerce indicators.

Table 3 Results of the corrdation analysis of the Logistics Performance Index with other indices

Dynamics of
Online Online The volume of the The share of global
buyers in| buyers in| e-commerce e-commerce volumes  of
Europe Ukraine market in Ukraine electronic
retail sales
GAL-VSESVIT LLC (NI 0.13840! | 0.49239 0.41268. 0.20977! 0.56369!
GAL-VSESVIT LLC (NP 0.62223. | 0.91098. 0.85920. 0.73532. 0.94284
East-European Travel Joint 4
Ukrainian-English Company (NI) -0.754016| -0.384464 -0.494366 -0.657519 -0.306671
East-European  Travel = Joifit 5 g38956| 0980954 -0.997059 0990541  -0.962165
Ukrainiar-English Company (NI
GUNSEL LLC (NI -0.52752. | -0.52619! -0.54498: -0.41347. -0.56048!
GUNSEL LLC (NP 0.38488' | 0.43595! 0.43059. 0.55456! 0.38390.

The obtained results give grounds to assert that NP @fonomic development. So, in these works, the
GAL-VSESVIT LLC, NI and NP of East-European Travelresearchers, like the author of this article, identify logistics
Joint Ukrainian-English Company are, to the greatesind passenger transport as one of the pillars on which a
extent, related to the dynamics of e-commerce indicatosmart city is built.

— both in Ukraine, in Europe, and the world. No Researchers, [22], note that the cities striving to
significant relationship was found between other indicatobecome "smart" resort to applying ICT to improve their
of the state of NP and NI of companies and the studiedeconomy, transport system, traffic management, ecology

commerce indicators. and citizen welfare. This study is aimed at analyzing
literature and, unlike the author's study, does not contain an
5 Discussion analysis of actual indicators of logistics in smart cities.

The growing share of e-commerce and its high impaHowever, the _ res_earchers consider the impact of e-
on logistics processes can contribute to the growth of macommerce, as in this study.
threats, particularly the natural environment. The response [N work, [28], established that the use of ICT
should be the introduction of new approaches and businsignificantly affects the development of smart logistics,
models by logistics companies, which should focus cwhich, in turn, positively impacts the smart city
ensuring sustainability, environmental friendliness, anenvironment, increasing social and economic indicators.

social orientation, which will correspond to the Sustainab The practical value of the study is to inform managers
Logistics in a Smart City concept. about the application of telematics-based smart logistics.

Authors, [26], conclude that transportation and deliverAt the same time, the author’s research is focused on the
of goods, public transport services, and traffic are crucineed for practical implementation of e-commerce in
elements of a smart city. Researchers, [27], establishelogistics enterprises.
causal relationship between logistics performance and
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Some works reveal related aspects not explored in tithe last-mile problem in urban logistics. A comparison of
article. Authors, [20], note that the city's evolution into ihis study with the author's article gives grounds to propose
Smart City should primarily be based on considerinthe identification of differences in the transformation of the
various types of standards, including international onelogistics system based on sustainable development in the
This research topic concerns the legal aspects of tB2B, B2C and B2G sectors as one of the potential
problem, while the author's article is economic. directions of further research.

In work, [23], focus directly on the Sustainable
Logistics concept. The researchers supplement their wagk Conclusions
with a list of harmful effects of logistics systems, which  The analysis carried out in the article led to the

necessitate the transition to sustainability. Such effecggnclusion that the Sustainable Logistics concept is closely
include harmful emissions, traffic jams, accidents angjated to the Sustainable Development and Smart City
noise. This Study is a literature reVieW, while the aUthor&ncepts_ In many ways, the interrelation of these Concepts
article quantifies the indicated effects by considering determined by the high impact of modern ICT. The
several indices related to the logistics performance Hhalysis determined that the development of ICT causes an
different countries. increase in the number of Internet buyers and the share of
Many studies aim to develop specific recommendationshline trade in the total volume of retail trade. In turn, e-
regarding the transformation of the logistics systengommerce significantly impacts logistics development,
Researchers, [4], suggest increasing route plannip@w |ogistics companies' emergence, and increased sales
efficiency, using environmentally safe vehicles, angolume. The study found a significant correlation between
implementing holistic strategic planning to transform theghe net profit and net income of the studied logistics
|OgiStiCS system based on sustainability. As in the aUthOl’é@mpanies engaged in passenger transponation and the
study, the researchers used a cluster analysis of the logis¢gigamics of e-commerce indicators. The results obtained
performance of several European capitals, but e-commegggring the conducted correlation analysis give grounds to
indicators were not considered. Authors, [24], note that thgyte that GAL-VSESVIT LLC's net profit and the net
selection and determination of the method Ofcome of East-European Travel Joint Ukrainian-English
transportation, the strategy of programming and routingompany are mostly related to the dynamics of e-
VehiCleS, and the level of service can contribute to thﬂ)mmerce indicators. These indicators include the
effective transformation of the |OgiStiCS System. In Workpercentage of online buyers in Europe and the percentage
[25], propose the quantitative determination of greenhougg online buyers in Ukraine (from the total number of
gas emissions by logistics centers to ensure their climaiernet users), the volume of the e-commerce market in

neutrality and sustainability, which will enable aSSGSSir@kraine, the share of e-commerce in Ukraine and the
the use of resources and increase the efficiency @namics of global e-retail sales.

operations.
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Abstract: In the current era is increasing intention for identifying and mitigating production bottlenecks, particularly in
industrial enterprises, by optimizing material and information within the broader context of enterprise logistics. In
industrial practice, when applying lean management or any innovation i.e. change in the production process, a common
problem is the lack of knowledge of the value stream as a complete system. The efforts of industrial engineers to
streamline material flow and warehouse management are closely linked to the reduction of financial resources associated
with operations. The paper is focused on improving performance of production process though material flow and storage
efficiency increase. The aim of this paper is to describe the implemented analysis of the material and information flow of
a selected product and explain the proposed solution to streamline the warehousing system in an industrial enterprise.
Desired result was to adjust the size of warehouse at the line, to save production space and to optimize production process
in order to maximize the proportion of time in which value is added to the product in the total continuous production time.
Different methods (mathematical-statistical calculations, MIFA analysis, MIFD method, guided interview method,
observation, GEMBA walk) have been used in the analysis of the current situation. In current turbulent times, when
industrial enterprises are pushed to continuously innovate in order to reduce warehousing capacities, it is necessary to
continuously improve performance in the context of sustainable business.

1 Introduction

Given the current challenges of the time, it is necessary
to look for bottlenecks in the production process and
eliminate them to a minimum. Organizations, but
preferably industrial enterprises, are trying to save and
discover the potential of activities that could bring more
added value to the company. If they focus on their internal
processes, they primarily follow material, information and
financial flow [1,2]. Enterprise logistics is an inclusive
term for the complete logistics of the entire enterprise [3].
The term refers to all logistics aspects both internal and
beyond the enterprise. The main aspects of enterprise
logistics include supply, internal logistics of production,
dispatch and distribution of manufactured goods [4]. The
purposeful use of logistics that is based on the immediate
needs and interests of one enterprise is usually referred to
as enterprise logistics [4,5]. In business practice, there are
a number of issues that enterprise logistics has to solve.

Among the most common issues are [6,7]: transportation
(choice of mode of transport, choice of means of transport,
etc.), allocation (optimization and placement of products,
distribution warehouses, optimization of capacity
utilization in production, material handling), assignment
(assignment of employees and machines), priorities (in
orders, services), optimization of loading operations,
optimum utilization of resources. True optimal
management of enterprise logistics processes helps to
ensure the smooth operation of the entire enterprise [8].
Hence, most of the issues related to enterprise logistics
are related to material flow management. It is the material
flow, that is the majority part of manufacturing enterprises
and without effective problem solving, it is impossible to
ensure the optimal transformation process of the enterprise.
Material flow is defined as the movement of material in the
production process, including storage [9]. In a broad sense,
it starts with the unloading of material on the company's
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territory, leads through warehouses, production and ends
with the dispatch of finished products or waste on the
company's territory [10]. The material flow includes all
types of materials that are needed to carry out the
production process, as well as their movement in the

process [11]. Logistics systems are networks for the
distribution of goods using transformation processes that
create material flow through the coordinated movement of
goods [12]. Figure 1 shows a graphical representation of
material flow in the frame of enterprise logistics.

ENTERPRISE LOGISTICS

SUPPLY LOGISTICS PRODUCTION LOGISTICS DISTRIBUTION LOGISTICS

= Raw and working materials = Raw and working materials = Finished goods

= Boughtin parts and goods = Boughtin parts and goods = Semifinished goods

= Spare parts = Semifinished and finished = Spare parts

goods
= Spare parts
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1 I
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REVERSE LOGISTICS

..................................................

Figure 1 Logistics system according to material flow phases in an industrial enterprise /13/

As can be seen in Figure 1, the material flow of an
enterprise is closely related to the supply chains, the
internal logistics as well as all production processes of the
enterprise [13]. In order to implement material flows, the
coordination of personnel, technical resources (machines,
vehicles, freight units), inventories, space utilization,
information and energy flows must be organized [14].
These include, on the one hand, the processes of transport,
handling, storage, packaging and labelling that constitute
and support the material flow, on the other hand, order
handling and order processing and all related information
management and communication flows. Material flow
mainly includes [15]:
actual movement
handling,
storage of finished products in the warehouse
of the manufacturing enterprise,
storage in the warehouse of a trading, supply,
sales organization,
preparation of products for the working shift.

The goal of an efficiently designed material flow is the
economical movement of passive elements (materials, raw
materials, semi-finished products, products) provided by
active elements (transport, handling and storage systems)
[9]. A straightforward and simple flow is considered to be
the basis of efficiency, which depends on the optimal
spatial distribution in the enterprise for both production and
warehouse objects [1]. Also important is the low frequency
of material flow, which allows the formation of larger, yet
volume-integrated handling units that are handled as a
single piece when using mechanization means [16]. The

in space - transport,

main objective is to design better technical and
organizational solutions for material flows in production
and circulation, not only by mechanizing or optimizing
handling operations, but also by optimizing information
systems in time and space [8,15]. Closely related to
material flow is information and energy flow, which is
directly related to the provision of material flow [17]. The
industrial practice of the 21st century is directly related to
the provision of information flow, which ensures the
smooth and running of the material flow along with the
running of the entire enterprise [18]. In the case of
streamlining material flow, it is necessary to implement
enterprise information systems that are based on the
principle of collecting data from the entire information
flow, which is related to the provision of enterprise
logistics [19]. It is the information flow that is directly
related to smart enterprise logistics system solutions.
Warehousing is one of the most important parts of the
logistics system, which provides storage of products at the
point of origin and between the point of origin and the point
of consumption [20]. Warehousing allows bridging space
and time in the production system. Production inventories
ensure the continuity of production, while trade goods
inventories ensure the continuous supply of the market.
The fundamental role of warehousing is to volume balance
and align differently sized material flows within the
enterprise [9]. Lean management has now come to the fore
mainly in the field of warehousing, the main reason being
to minimize the costs associated with warehousing. Trends
in lean management will further eliminate warehouse
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capacity in the future, either due to more efficient use of
warehouse space or to reduce warehouse costs [16,21].

Due to the fact that many business entities do not
perceive the management of the enterprise as an integrated
system, duplication of measures arises, which are often
ineffective [22]. Logistics can be considered as an
integrated discipline that integrates the management of the
three basic flows in an enterprise (material, information
and financial) [19]. If industrial enterprises have to succeed
in today's turbulently changing business environment, it is
necessary to address management in the context of lean
management and the application of optimization and
racialization methods [18,20].

2 Materials and methods

Value Stream Mapping in Western European countries
is strongly influenced by the lean philosophy, which
together with the Value Stream Mapping is VSM method
has also spread into Slovakia. From Toyota of Japan came
the concept of Material and Information Flow Analysis is
MIFA and Material and Information Flow Diagram is
MIFD, which gradually began to be adopted by other
organizations that applied lean manufacturing [23]. Among
the first authors dealing with value flow and its analysis are
Mike Rother and John Shook, who published the book
"Learning to See" in 1999 [7,21]. The MIFA method is a
lean  manufacturing analytical tool that maps
manufacturing, logistics and management processes in a
clear and detailed way. The aforementioned insight is
implemented in MIFD, which represents the first step of
the streamlining process within the described analysis.
Based on the customer requirements and the possible
production capacities of the manufacturer, the MIFA and
subsequently the MIFD can be implemented.

The basic attributes of MIFA are the respect of the
principle of conservation of material (matter) so that the
system under study is represented by processes, stocks and
monitored flows. The system under study is specified by a
system boundary defined in terms of a reference space, a
reference time frame and one or more reference materials.
The reference time frame may be a time period, such as a
year, a month, a week, or a specific date, such as an end of
the reference period (e.g. end of a year) [24]. The
constructed analyzed flow diagrams display the analyzed
information by distinguishing between transformation,
distribution and storage processes. Material inventory and
flow data are also visualized using other types of diagrams,
such as Sankey diagrams and system dynamics diagrams,
which show some of the attributes analyzed [25].

The aim of the implemented analysis was to identify
bottlenecks in the material and information flow of the
production of the selected product using lean management
methods. The purpose of the implemented analysis was to
propose a solution to streamline the warehousing system in
the selected company and to increase the efficiency of the
production process.

3 Resulting design of efficient material and

information flow

The following part of the paper covers the analysis
using the MIFA method, as well as the solution resulting
from the analysis, which aimed to rationalise the material
and information flow. Storage is an integral part of the
production system. The basic functions of warehousing
include the quantitative and time balancing of differently
sized material flows [26]. However, it is perceived
negatively in the principle of downsizing and companies
should try to reduce warehousing to a minimum if it is not
a technological warehouse [2]. Therefore, the authors of
the proposal focused on the optimization of storage in the
production process. The first warehouse with optimization
potential is the warehouse of components, which is located
in the first part of the product assembly. The product is
pressed in the plant and hung in the hook warehouse at the
press shop, from which the logistics operator moves it on a
handling trolley (the parts are still hanging on the hooks)
to the warehouse at the assembly. Eight parts are hung on
one hook. These parts are pressed in three versions, so their
supply must be computer-controlled. Currently there is
space for two rows of full hooks and one branch for empty
hooks in the warehouse. In total, the built-up area in the
line can be defined at 2.66 x 8.10 m, which is 21.55 m2. In
the new layout we propose only one branch for parts and
one for empty hooks.

3.1 MIFA analysis

The first step in mapping the value in MIFA is the
customer analysis. Due to the fact that the stimulus for
production are orders from the customer, the MIFA
analysis starts as if from the end of the production process.
In the analysed industrial enterprise, there are working two
shifts, the morning that works from 6:00 am to 2:00 pm and
the afternoon shift from 2:00 pm to 10:00 pm. The break
time is set at 30 minutes during the working shift. It follows
that the net production (working) time is 15 hours (1). The
authors of the proposal considered a 40 working week year,
and the customer has placed an order for 798 products.

production time/day (daily production time) _

Tact Time = - =
ordered volume /day (daily ordered volumes)

54000 _ oo o )

The customer is in close proximity to analysed
enterprise, which represents a Just in Time is JIT supplier.
The location of customer is approximately 90 km away
from the industrial enterprise under analysis, which
represents approximately 80 minutes of transport time for
the finished products in a truck. The customer sends orders
for 62 references (options), i.e. finished products.
Currently 3 basic versions of the final product are
produced. All three products can be customised and
supplemented with different variants according to
individual requirements, resulting in the aforementioned
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62 options, a mix of which the industrial enterprise orders
from its supplier. Fixed orders arrive every Monday
morning, with orders being issued Tuesday to Monday for
the whole week for each single truck. Forecast orders are
available to the logistics plant staff for one month in
advance, but these can still be changed by the customer as
required. In the analysed enterprise, orders are processed
by the Customer Contact and the Master Scheduler. The
orders information is used in the Plan Directeur de
Production is PDP meeting, where production for the
following week is planned. The PDP meeting is held every
Thursday and is attended by the Plant Director, the PC&L
Manager, the Master Scheduler, all UAP managers
(assembly, press shop, paint Shop), the HR Manager, the
FES Specialist and the maintenance Coordinator. In the
meeting, weekly production, finished goods warehouses,
required number of production staff, production time and
maintenance are planned together on a daily basis. The
meeting where the transportation plan is created once a
month (every third Thursday) is called PIC (plan industrial
et commercial) and is attended by the same persons as the
PDP meetings. The transport plan (estimated for 6 months)
is then updated on the basis of the weekly PDP and
information from the material planner, i.e. the logistician,
who plans the supplier orders on the basis of the PDP
(planned production). From the transportation plan, a
board-truck arrival plan is created, which is placed in the
truck receiving area in the office of the administrators. Pick
up sheets are also generated and sent with the orders to the
suppliers, which is one of the tasks of the material planners.

The second step is supplier analysis. This information
flow takes us to the other end of the production chain, to
the suppliers. We can divide the purchased parts in the
company into 3 basic groups:

e Bought Out Parts is BOP - parts that are purchased
by the industrial enterprise and enter the product
in the production process,

e PLS - parts that the industrial enterprise buys and
sends to customers according to orders (no
technological process takes place),

e Raw Material is RM - raw materials, which is
considered to be the granulate used for pressing
and the inks used for painting the parts.

The granulate used for moulding plastic parts for NSF
IP is purchased by the company from 4 suppliers. The
material planner sends fixed orders and forecasts to these
four suppliers, depending on the agreement and contract,
how often and for how long. Regarding the transport of
material to the industrial plant we attach a summary table
(Table 1).

Receiving an order from a customer starts the
information flow in the enterprise. When the truck arrives

at the plant and is let in from the gatehouse by the
administrator to the unloading position, the material
(granulate) is unloaded into the annex, where it has its
storage place. It takes the A2 operator approximately 60
minutes to unload and store the material (granulate). He
uses a forklift to unload, taking one octabin (an octagonal
transport box designed for bulk material, that can be made
to customer requirements) of granulate per turn on the
skids. He places the octabins in the designated places in the
annexe next to the tunnel with unloading positions. Each of
the materials (granulates) has a storage capacity of 4 rows
of 7 octabins (approximately 30 tons of material). For each
of the materials (granulates), there is a storage capacity of
4 rows of 7 octabins (approximately 30 tonnes of material).

Table 1 Summary of granulate suppliers (Based on internal
company sources, 2020)

Supplier | Distance Transport Delivery Truc.k
time  |frequency| capacity
Supplier 1 958 km | 10 hours |1/4 weeks | 22 octabins
Supplier 2 | 1330 km |13.5 hours | 1/5 days |22 octabins
Supplier 3 | 1100 km | 11 hours | 1/4 days |22 octabins
Supplier 4 35km | 0.6 hours | 1/2 weeks | 22 octabins

The third step is the analysis of the finished products,
which the operator at the second final control places in a
container next to the line. The container fits 6 finished
products that are not mixed. There are products of one type
in one container. That is the reason why there are 3
containers, so that in case of a long polishing or other
problem, other final products can be finalised. The logistics
operator Picker A2 picks up the parts every 10 minutes or
so, and after printing the delivery form and scanning the
galley, takes them to one of the three TPAs. The TPA
(Truck Preperation Area) is place, where the finished
products are stored prior to loading in the composition and
number that will be loaded onto the customer's truck. Two
products are always picked and serve as safety stock at the
same time and one is always in the process of being
prepared. The capacity of one TPA is 34 containers, that
represents 204 parts, and this is also the quantity
transported in one truck. The trucks go to the customer 4
times a day. The arrival times at the industrial enterprise
are: 08:30, 10:00, 13:00 and 16:00. It takes 60 minutes to
unload the empty packages, load the full ones and process
the delivery forms.

The fourth step of the MIFA method is creation of a
graph, which is also considered as the output of MIFA
(Material and Information flow analysis) or the diagram
from the analysis which is a lead time diagram, i.e. a time
diagram of the entire production process together with the
transportation of material and storage. The shape of this
diagram can be seen in Figure 2, where it is in a very
reduced form extracted from the MIFD.
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i

Figure 2 Shape of lead time diagram from MIFD (Own elaboration, 2020)

The whole process is divided into three levels:

e production time - when the actual value is added
to the product (the highest part of the diagram) (2),

e transport time - when the material or product is
moved (lower part of the diagram) (3),

e storage time - when the material or product is
stored in the plant (middle part of the diagram)

(4).
Production time [%] — Production pr'ocess time —
32 Total time
== =1.83% )
174.4

Transport time [%] = w _
1.8 Total time
— = 1.00% @A)

174.4

. Storage time
Storage time [%] = ————— =

lﬁ’g)"gtal time
—— =97.16% 4
174.4

We chose the product TC for analysis because it enters
the production process first and thus has the longest
production time. The total continuous production time is
174.4 hours from the arrival of raw material to the loading
of the finished part into the truck. This time is divided into
3 categories (Table 2). Where the contribution of each

activity to the total time is also calculated. The actual value
added to the product is only 1.83% of the total continuous
production time. The largest part of this time is
warehousing, which accounts for more than 96%.

Table 2 Total continuous IP production time divided into 3
categories from MIFD (Own elaboration, 2020)

\N/zm eeé Seconds | Minutes | Hours Pe['(;/c(gm
Production |41 507 | 997 3.2 1.83
process
Transport 6 300 105 1.8 1.00
Storage 609 900 10 165 169.4 97.16
Total 627 717 | 1046195 | 174.4 100.00

The performed MIFA analysis shows that storage is the
bottleneck in the product manufacturing process. From the
carried-out analysis conclusions were developed,
presented in the following section.

3.2 Conclusions from the analysis

Within the framework of the analysis, the material and
information flow of the selected product was mapped in
detail. The lean manufacturing tool MIFA was used in the
implementation of the analysis and created a MIFD value
stream map. In Figure 3, we can see the visualization of
material and information flow in the selected industrial
enterprise for the selected product.

Figure 3 Material and Information Flow Diagram for the selected product (own elaboration, 2020)
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The material and information flow map
comprehensively maps the production process flow from
suppliers to the end customer. Production process flow
does not only mean the flow of material, but also the flow
of information that precedes the flow of material. The main
objective of the MIFA method is to reveal production flow
potentials and change opportunities in the whole process.
The result indicator is the proportion of time in which value
is added to the product in the total continuous production
time. The objective is to maximize that proportion and to
do so to some extent by reducing material storage and
transportation time. As mentioned above storage in the
production process came out as risky and hence there was
scope for designing a comprehensive measure to
streamline the production process in the selected enterprise
in Slovakia.

3.3 Calculation of the necessary storage capacity

With a production volume of 798 products and a net
production time of 20.25 hours, the hourly production is 40
units of products. The infeed warehouse at the line is
stocked by an operator who has a 10 minute circuit. This
means that every 10 minutes he brings 8 pieces of products
on the hook. According to the company's internal rules, the
assembly warehouse should have a capacity of 2x the cycle
time of the supply train or the operator (adequate to
production) plus one extra pack. This means that if the
parts were supplied by a milkrun (30 minute cycle time)
the warehouse would have to have capacity for an hour's
production. In the above case, the warehouse would only
need to have capacity for 20 minutes of production plus
one hook. This equates to 3 hooks and 24 pieces. Current
capacity is 2 rows of 6 hooks, totally 12 hooks (96 parts).
The proposed capacity is 1 row with 6 hooks, which means
48 parts in stock. Thus the requirement of 24 pieces
remains unfulfilled.

Another warehouse that is, based on the analysis,
unnecessarily large is the Defroster Duct is DD warehouse.
Similar to the Top Cover is TC components warehouse, the
part is pressed in-house and transported internally on
hooks. There are more similarities in the handling of this
component, such as the same logistics operator handling
the components from the press shop warehouse to the
assembly warehouse, or the same capacity on a single
hook. The difference between handling of these
components is that in the line, this warehouse is located
next to the TC warehouse and occupies an area of
2.09x8.1m = 16.93 m2. There are also two rows for full
hooks and one return branch.

As a further change related to the reduction of the
above-mentioned warehouses, we propose to mirror turn
the line and thus bring the warehouses for TC and DD
closer to the press shop warehouse. The distance between
warehouse will be reduced by approx. 15 m for 8
components (1 hook). This means that with a daily capacity
of 798 products, the indicated distance will be traversed
200 times (2 parts). In one shift, the operator thus walks

approximately 1 km less (time saving of approx. 50
minutes). From the opposite side, the parts will be supplied
by a train, which can travel on the other side of the line.
With the explained solutions, the machines in the line will
be brought closer together and the line layout will be made
more efficient as can is visualized in the Figure 4.

=0 o=

Wareho
uses
TC +DD

ce Assembly 1 with reduced
warehouses (Own elaboration, 2020)

In the proposed layout we consider only one full and
one empty branch. The capacity calculation would be
identical to that for the TC part. Required capacity are 3
hooks (24 parts). Proposed 1 branch have 6 hooks (48
parts). The main idea remains that we are proposing to
reduce the storage capacity of 96 parts to 48 parts. The
proposed layout will require a change in the stocking of the
line in the exact order in which products are produced. The
TC part has 3 versions and the DD part has 2 versions. The
product is produced in batches, and when a version change
is made, the mould must be changed on the welding
machines (approximately 15 minutes). According to the
Kanban system, the assembly leader 1 has the information
to change the production to a different version, and he must
inform the logistics operator in time to already supply the
necessary parts. The proposal is to introduce the use of
hanging boards with the name of the reference, which if the
GAP leader hangs in the warehouse, the logistics operator
will know that he has to stock other parts. Consequently,
the proposal is to retrain the operators working in this
position to stock the warehouses according to the above
instruction. The intention is not to take parts off the line
back to the press shop warehouse when the production
reference changes, but to bring only the exact number of
parts that will be produced in a given batch to the line.
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3.4  Summarization of warehouse optimisation

In an industrial company, the need arose to ensure that
the necessary space was found for a new project in the
production hall. This means the possibility of relocating
machines, changing their place in the line, or adjusting the
size of warehouses in order to optimize the production
process or save production space. The reduction of the
warehouses at the line (TC and DD parts) means a saving
of 18.23 m? as can be seen in Table 3.

Table 3 Space saving for Assembly Line 1 (Own elaboration,
2020)

Warehouse Current status | Proposed status | Savings
of component
TC 266 x 81m =14 x 81m =|10.21
21.55 m? 11.34 m? m?
209 x 81Im ={11x81m=2891 2
DD 16.93 m? m2 8.02m
Total 475 x 81m =25 x 8.1m =18.23
38.48 m? 20.25 m? m?

An even greater benefit of the design measure than the
savings in storage space is the closer proximity of the
machines in the line, as the warehouses are located between
the 2 machines. This will reduce the walking time of the
operators in each cycle. The estimated saving is 7 seconds
per part, a significant time saving for the capacity of the
production. Especially in a situation where the line
operates in 2 models, where are needed 2 or 3 operators.
The third operator is a GAP leader who should not spend
most of the working time in the line. The intention of the
management is to work with only 2 operators, so any
speeding up of the production process is important.

Another significant area saving is the reduction of
intermediate storage. In this case, we are talking about an
area of 44.1 m?, calculated as follows: original warehouse
area: 7 x14.5 = 101.5 m2 Proposed warehouse area: 7x8.2
= 57,4 m?. Area saving: 101.5 —57.4 = 44.1 m?. The saved
area will be divided on both sides of the warehouse. On one
side (where the TC and DD warehouses will be) there will
be an area of 4 x 7 = 28 m? and on the other side the
remaining 2.3 x 7 = 16.1 m2 On the first area is proposed
to create a GAP for the production line. GAP means a
meeting area for the TOP 5 for each shift, lockers for
employees and boards to keep track of different products
related to the production lines. On the other side of the
warehouse, there will be space for a rework table and a new
welding machine, or other necessary measuring jigs.
Compared to the original layout, the transport route is
proposed to be shortened and reduced by about 15 metres
to 8 parts (1 hook). This means that the operator walks 1
km less per shift when stocking these parts, leaving time
for stocking other parts.

4 Conclusion
At the industrial plant where the analysis was carried
out, it was decided that the NSF line would be moved to

provide the necessary space in the production hall for the
new project. By applying the chosen methods and
implementing the proposed changes, it was possible not
only to shorten and simplify the material flow, but also to
optimize the production process and save production area.
The reduction of the warehouses at the line (TC and DD
parts) means a saving of 18.23 m2. An even greater benefit
was the saving of the warehouse area thus shortening the
walking time of the operators in each cycle. The dog time
to simulate the process is not known, but the estimate is 7
seconds per part, a significant time saving at the size of the
production. Especially in a situation where the line
operates in 2 models - 2 or 3 operators. The goal was to run
the procees with only two operators, which was achieved
by the optimization implemented. Another benefit was
that, compared to the original proposal, the transport route
is proposed to be shortened and by about 15 meters to 8
parts (1 hook). This means that the operator will travel 1
km less per shift when supplying these parts and will have
time to supply other parts.

Within the presentation of the carried-out analysis, the
product production process was described in terms of
material and information flow, which provided an
opportunity to develop a proposal for providing and
managing change due to the need to create space for a new
project. As part of the analysis, a current material flow
value map was created, which allows managers, planners,
project engineers and other specialists in the company to
not only see the value in the material flow, but also to
distinguish it from waste and eventually get rid of it [14].
The map allows to identify each process located in the
value stream, to clearly define it in the confusing and
opaque structure of an industrial enterprise, and to build the
value stream based on the principle of lean [17]. It is up to
the lead employees of the enterprise how often they use the
map and with what frequency to update the data, but at least
when changes are made to the product's production
process, it will provide an important information base.
Based on the analyses performed and the design
implemented, it was possible to streamline the production
process in the analysed industrial enterprise. The
mentioned proposal contributed to the improvement of not
only the company logistics, but also ergonomics,
production effectiveness, or overall performance of the
company.

The MIFA method as well as the above rationalisation
process can be used repeatedly or in combination with the
use of Just in Time (JIT). It is important to sub-detailed
monitor and analyse all the factors analysed. If the inputs
are not sufficiently monitored there is a risk of bias in the
results after the application of MIFA analysis.
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Abstract: Relevance of the problem. Complexity in the global supply chain increase the risks that enterprises are exposed
to, including logistics. Purpose of the article. The article analyzes the corporate management risks of logistics enterprises.
Methods. The article used the method of statistical groupings and statistical tables, the game theory method, the matrix
game method. Main results. The study substantiates an algorithm for the analysis of corporate management risks of using
blockchain technologies in the activities of logistics companies when concluding smart contracts, certifying new types of
transportation, and integrating cryptocurrency for delivery payments. Examples of choosing an economic strategy for
managing the risks of a logistics company using the criteria of maximax, Laplace, Wald, Savage, Bayesian, Hurwicz were
elaborated. Referring to the relevant calculations, it was determined that the most often recommended strategy was “the
certification of new types of logistics services”. It was determined that this strategy will contribute to minimizing the
logistics company's risks associated with the implementation of blockchain technology through ensuring the competitive
position through innovation. Practical relevance. The findings can be useful for managers of logistics companies in
practical implementation and use of blockchain technologies as well as in risk management. It is expedient to focus the
further research prospects onto the integration of blockchain technology with modern logistics companies’ ERP systems
in the further developing the Logistics 4.0 concept.

1 Introduction information for informed decision-making. This will lead
1.1 Problem statement to cost savings by preventing potential risks and

Logistics is an important tool in business managemerﬁ'imi”atiﬁg operatior)s_ that are of no value to customers.
optimizing material and related flows in the sphere ofhe continuum of digital technologies that make up the
commodity and money circulation [1]. In the processes &°r€ fur)ctlonallty of d|g|_tal logistics includes big d@ta
goods movement in the market space the logistics syst®fcessing and analytics, the Internet of Things,
includes various elements, the functioning of which iglockchain technology, cloud services, e-logistics, 3D
influenced by certain risk factors [2]. Ensuring stability an@'inting, and others. According to global practice, the use
reliability at all levels of the logistics system require®f blockchain technology is one of the most promising

careful analysis of relevant risks to anticipate and minimiZ&as in the information support of logistics services.
them. Blockchain technology is widely used in various fields

The transition to digital manufacturing and edue to its unique features. One of these fields is logistics,

commerce requires a rethinking of the role of logistics as/{lich often involves multiple stages and numerous
value chain management tool. Digital transformation rais@§0graphical locations. This complexity makes it difficult
the need for the changes in logistics in order to adapt it track events, monitor the transportation of goods, and
modern requirements and obtain numerous advantages §ggPond to unforeseen circumstances. Additionally, the
to the use of the latest technologies. Digital transformatidgck Of transparency makes it challenging to investigate
can accelerate the execution of business processes'”ﬁga' activities along the route. However, blockchain

supply chains, providing more reliable and transparefgchnology can address these issues by providing a
transparent public ledger that allows clients and auditors to
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track the entire route easily. It is crucial that all membeufect the risk of performing processes and compromise
of the supply chain have access to the network to fulbffective integration of resources, coordinated operations
utilize blockchain's benefits. By eliminating unnecessamnanagement and, therefore, negatively affect on customer
intermediaries, reducing workflow, and ensuring strongatisfaction and loyalty, [4,5]. From this perspective such
security, blockchain technology can prevent errors, illegprocesses require improved management of logistics
labeling of goods, and other fraudulent activities. Aservices and an integrated management concept that
additional advantage of using innovative blockchaicombines the integration of processes for analyzing
technology is cost savings for the industry. satisfaction and risks that may adversely affect the
The logistics sector is gradually implementing projectprovision of satisfactory logistics services.

that utilize blockchain technology. One such project is Pokrovskaya et al. [6] state that the results of a logistics
being carried out by Maersk, the Danish transport giardgudit often reveal the following problems in the logistics
which is exploring ways to automate document flow ansglystem for the delivery of goods: a process control system
manage freight transport more efficiently andvas not created; there is no complete supply chain control
transparently. In collaboration with IBM, Maersk issystem; there are considerable gaps in the cross-functional
developing its own blockchain technology based omteraction of the structural divisions of the company. In
Hyperledger Fabric, which enables the monitoring dhct, the above circumstance is a serious logistical risk,
millions of container shipments per year and bettevhich reduces the reliability and manageability of the
integration with customs services. Another example supply chain in the logistics system for the delivery of
Walmart, the popular US retailer, which is usinggoods and does not allow automating the operation of the
Hyperledger Fabric in its distributed ledger technologgnterprise's logistics system. Consequently, there are risks
pilot project to track pork leakage in China and its transpasf making untimely or incorrect management decisions in
and storage in the US. Thus, there are different ways asubply chain management, [6].

strategies of implementing blockchain technology in the Itis also worth highlighting the studies that systematize
activities of logistics companies. This makes it necessattye specific risks of logistics companies. For instance,
to carefully assess the risks of such implementation angsearchers note that the risks associated with the supply

define a strategy that will ensure their minimization. chain management process indeed raise many concerns and
require the company to be flexible in response. In this
1.2 Research focus regard, various sources of risk including political risk,

Thus, given that blockchain technology is a way o$ocio-cultural risk, as well as business risk can lead to
storing data or a digital register of transactiongyeaknesses and inefficiencies in supply chain integration,
agreements, contracts, its main advantage is that this8].
register is not stored in any one place. It is distributed Authors point out that delays in delivery are usually
among several hundred or even thousands of computegsised by personal and operating conditions. In this regard,
around the world. Any user of this network can have freene of the personal conditions causing delivery delays are
access to the current version of the registry, which makdgvers and technicians who are less agile in carrying out
it transparent to absolutely all participants. Logistics is orfeir duties. Moreover, unexpected damage can occur in
of the areas where the use of blockchain can increase the operating conditions such as trucks and generators, [9].
efficiency of enterprises, namely, to ensure the Still other scientific papers are devoted to the practical
transparency of supply chains, reduce costs and rigkspects of risk management in logistics companies. In
during logistics operations. particular, authors argue that one of the most important

The purpose of the study is to determine the managererequisites for a successful business is the integration of
corporate risks of using blockchain technology in &isk management into business management. The scholars

logistics company. view it as an integral part of company's competitiveness.
Increasing costs and complexity in organizations lead to
2 Literaturereview increased uncertainties and risks. This entails an

A considerable number of scientific works are devotelfcreasingly widespread implementation of the risk
to the study of the risks of the activities of logisticdnanagement process to reduce risk and thereby avoid
companies. A number of scientists determine the esse/figviation from the goal, [10,11]. _
and factors of risk formation in logistics activities. Wang et al. [12] hold that it is also important to

What should be stressed here is that according Q@ns@erthe r_|sk on the part of the client, which is primarily
researchers the main motive behind risk identification is g$Sociated with the client, for example, request and offer,
identify all significant risks that the supply chain may face?rder receipt, order processing and possible order
Once relevant risks are identified, the evaluation is carridgedification. Customer risk, a type of internal supply chain
out to enhance the understanding of each risk and thBf that mainly comes from the customer, can cause
significance, [3]. controversy a}nd/or affect normal Iogls’glcs operations at

In this context authors research is worth highlightin%gg's'[ICS service providers. Correspondingly, researchers
in which the consider organizations providing logisticoCuS On the risks associated with customers of logistics

services, dynamic changes in the external environmeriMPanies.

~ 68 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 11 2024 Issue: 1 Pages: 67-77 ISSN 1339-5629

Analysis of corporate management risks in the work of logistics enterprises
Vaqif Maharram Quliyev, Sevinj Agamamed Abbasova, Mehriban Shaban Aliyeva, Elnara Robert Samedova,
Manzar Aziz Mammadova

In the same vein, as noted by researchers, supply cheselect essential grouping features. Grouping of a statistical
are currently striving to develop recovery and reintegraticpopulation begins with the selection of grouping
strategies for end-of-life products. Nevertheless, in thecharacteristics. The method of statistical groupings
reverse logistics operations certain events can eniestablishes only the existence of a relationship between
financial losses for the company and adverse consequerphenomena, without determining its comparative
that damage the environment and society], [1,13]. guantitative parameters. For this reason, along with the

For another thing, the scholarly works also elaborate method of groupings, the method of game theory is further
the opinion regarding the risks of using blockchain in tkapplied. Game theory should be considered as a tool for
management decisions of logistics companies. Fimproving the efficiency of planning and management
example, Kodym et al. [14] point out that risks arise frordecisions. With the help of this section of mathematical
both sides, both cybernetic and physical, and companeconomics, we investigate the resolution of conflicts
become more vulnerable in consequence. When utilizi between players (logistics companies) and the optimality
risk models, risk evaluation should beyond questicof their strategies. Conflict in this sense is referred to the
provide risk awareness. distribution of profits. The matrix game method is a finite

Likewise, authors reasonably note that risks cetwo-player zero-sum game in which player 1's payoff is
negatively affect not only internal processes within tkrepresented as a matrix. The row of the matrix corresponds
company and business results, but also managemto the number of player 1's strategy, the column
decisions. Hence, the identification of specific risks woulcorresponds to the number of player 2's strategy; the
be an indispensable prerequisite for making informeintersection of the row and column of the matrix is the
decisions, [15,16]. payoff of player 1 corresponding to the strategies used. The

With all the mentioned aspects, it cannot be denied ttuse of a matrix game has provided scientifically sound
current research has practical relevance from tstrategies for coordinating the actions of logistics
perspective of digitalization economy as one of tkcompanies in terms of risk management.
groundbreaking means of conducting logistics activities
blockchain technology. Blockchain can be defined as312 Sample
distributed database solution endorsed by use The study examined the practice of the Azerbaijani
participating in the network and a regularly growing set (|ogistics companies Trade Logistic MMC, CLS and Global
data records or a data record technology that captures Logistics Services LLC (selected according to the rating of
distributes transactions, deals, sales, and contracts, [17 the CARGO-CARDS portal, based on their first positions

That having been said, the consideration of risks in the rating in terms of traffic volume and the rating of
logistics activities is an important area of scientifitrust in the company, [18]). For risk analysis and
research in various sectors of economy. The scienticalculation of game theory criteria, a choice of alternatives
enquiry is focused on determining the nature of risks in the activities of the companies under study is proposed.
logistics, directions for managing them, determining tt These alternatives are as follows: alternative the use
advantages and disadvantages of risk evaluation methcof blockchain for concluding smart contracts, alternative
Probing deeper into the findings of the above scientif A, - certification of new types of transportation, alternative
studies, it is still relevant to clarify the risks in the corpora' A; - integration of cryptocurrency for payments for
segment of logistics companies management. deliveries Asz).

3 Methodology 3.3 Tools
The research procedure comprises the following stages: To elaborate an economic risk management strategy,
1. At the first stage of the study, a set of research methdtie current study used the criteria of maximax, Bayes,

and tools was formed. Laplace, Wald, Savage, and Hurwicz. The maximax
2. At the second stage, a sample of the study was formatterion guides statistics towards favorable conditions in
(three Azerbaijani logistics companies) the logistics market, in other words this criterion

3. At the third stage, the corresponding calculations wecemmunicates an optimistic evaluation of the situation.
made using the matrix game methodology, game According to the Bayes criterion, the (pure) Ai strategy
theory, and the method of statistical groupings anid taken as optimal, which maximizes the average payoff a

tables. or minimizes the average riskr.
With the Laplace criterion, provided that probabilities
3.1 Methods of state of energy market are plausible, they are evaluated

The study used the method of statistical groupings an@ing the Laplace principle of insufficient basis, according
statistical tables, the game theory method, the matrix gaii®e which all states of nature are considered equally
method, which were utilized when choosing a risirobable, i.e. (1), (2).
management strategy. In particular, the use of statistical
groupings and tables made it possible to quantify the Qh=G=..=g=1/n (1)
degree of homogeneity of the selected data groups in g = 1/3. (2)
relation to the calculation of the matching criteria, and to

~ 69 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 11 2024 Issue: 1 Pages: 67-77 ISSN 1339-5629

Analysis of corporate management risks in the work of logistics enterprises
Vaqif Maharram Quliyev, Sevinj Agamamed Abbasova, Mehriban Shaban Aliyeva, Elnara Robert Samedova,
Manzar Aziz Mammadova

According to the Wald criterion, the pure strategy ibehavior for the company. As such, the worse the
taken as optimal, which guarantees the maximum payafbnsequences of erroneous decisions, the greater the desire
under the worst conditions, i.e. (3) to insure against mistakes, the closer to 1.

a = max(min g (3) 3.4 Dataanalysis

o - To determine the economic strategy for managing the
The Wald criterion focuses statistics on the unfavorab}%kS of using blockchain technology %ﬁd elabora?ing the
condltlon_s of the Iog_lst_|c§ market:_ €., th's. C”t.er'orbayment matrix, the data on the cost of implementing
communicates a pessimistic evaluation of the situation. blockchain technology (min dollars) and profit from each

_The Hurwicz criterion is a pessimism — OptimisMy¢ 10 jgenified alternatives (min dollars) were used.
criterion. The optimal strategy is considered to be the one

for which the relation is fulfilled as follows (4): 4 Results

@) To analyze the corporate risks of Iogi_stics enterprisc_as,
we will choose the risk of using blockchain technology in
the management of logistics enterprises. In particular, we
adddress the following key areas for the application of

At y=1 we get the Wald criterion, at y=0 we get thé)lt_)ckchain technology in logistics enterprises management

optimistic criterion (maximax). (Figure 1).

In this regard, the Hurwicz criterion takes into account
the possibility of both the worst and the best market

max($)

where si =y min(aij) + (1-y)max(aij)

Directions for the blockchain technology application in logistics enterprises management

integration of cryptocurrency into logistics services payments document management and storage

real time operational accounting and reporting ongoing asset management of a logistics company

conclusion of "smart" contracts for logistics service spayments recording and billing the consumption of fuel
Y
resources while performnng the IOgIStICS activities

certification of new logistics services

Figure 1 Directions for the blockchain technology application in the corporate logistics enterprises management
Source: compiled by the author based on [12,17,19].

Given that blockchains have a number of advantages, Problems of audit practice (lack of sufficient evidence of
they are not without some downsides. With special the transaction nature, guarantees for the classification
reference to the application of blockchains in enterprise of transactions in the financial statements of the fuel
logistics management, we systematize the main risks and energy company, the estimated transactions cost,
thereof. etc.).

1. High energy intensity of the system (the energ§. Technological barriers (considerable computing power
consumption of using the blockchain is quite high and for the transactions to be verified, a huge amount of

requires significant costs). memory for the transactions history to be stored).
2. Lack of familiarization and standardization.
3. Cyber security and other technical issues. More to the point, it is possible to reduce the risks
4. Accounting difficulties (for example, accountants’ lackmpact of using blockchain in logistics activities by
of knowledge of blockchain technology). analyzing the risks thereof in logistics enterprises, which

should be carried out in a certain sequence (Figure 2).
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Identification of internal and external factors affecting the growth or fall of logistical risk
degree through blockchain

Analysis of identified risk factors for the blockchain use

Logistic risk assessment for the blockchain risks

Determination of the acceptable risk degree for the blockchain use risks

Analysis of individual transactions according to the selected risk degree for the blockchain
use risks
| I

Elaboration of risk mitigation measures

Figure 2 The risk analysis algorithm for the blockchain use risks in a logistics company
Source: author’s calculations.

It should be pointed out that while carrying out thectivities). The elements of the payoff matrix characterize
research we examined the examples of risk managemehe profit received in the course of the i-th activity of the
The application of the matrix game yielded the followingompanyin the j-th state of demand. The enterprise's game
data. The Azerbaijani logistics company Logistic MMCagainst demand is provided by the payoff matrix. The
can apply the blockchain for concluding smart contractesults of applying the above method are structured in the
(A1), certifying new types of services {pand integrating form of a table below.
cryptocurrency for supply settlements s A while As aresult of applying the game theory method and the
receiving a profit (million dollars), which can be in one ofnethod of statistical groupings and tables, the following
three options (B P, Ps) depending on the decision madedata were obtained (Table 1).
namely A, Az or As (the data taken from the company's

Table 1 Criteria for the economic strategy of MMC company risk management

Logistic MMC compan’
@ Ai Py P Ps
z A1 10 9 11
3 Az 15 17 12
= Az 10 11 14
Ai P P2 Ps max(a)
5 A1 10 9 11 11
g § Az 15 17 12 17
X2 As 10 11 14 14
=05 max=1’ (Strateg N=2)
s Ai P P> Ps > (aipy)
o A1 3.3 2.97 3.63 9.9
E Az 4.95 5.61 3.96 14.52
o As 3.3 3.63 4.62 11.55
2 D 0.33 0.33 0.33
@ max=14.52 (Strategy N=2)
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c Ai Py P2 Ps (&)
2 AL 3.333 3 3.667 10
5 Az 5 5.667 4 14.667
8 As 3.333 3.667 4.667 11.667
% P 0.333 0.333 0.333
- max=14.6 (Strateg N=2)
5 Ai P P Ps Min (&)
< A1 10 9 11 9
5 Az 15 17 12 12
2 As 10 11 14 10
= max=1: (Strateg N=2)
Ai Py P2 Ps Max(&i)
A1 5 8 3 8
©5 Az 0 0 2 2
=g As 5 6 0 6
¥ © min=2 (Strateg N=2)
) +
A R P P | oy | (o | dymada)
A1 10 9 11 9 11 10
RS Az 15 17 12 12 17 145
c3 A 10 11 14 10 14 12
T Max=14.5 Strateg N=2)

Source: author’s calculations.

Further, we will perform these calculations for the CLS
company (Table 2).

Table 2 Criteria for the economic strategy of CLS company risk management

CLS compan'
o Ai Py P Ps
3 AL 12 10 13
3 A, 14 15 14
£ A 11 2 15
Ai P P Ps max(a)
é § A1 12 10 13 13
28 Az 14 15 14 15
=0 As 11 12 15 15
max=15 (Strateg N=2)
IS Ai P P2 Ps Y (aipy)
IS A1 3.96 33 4.29 11.55
S Az 4.62 4.95 4.62 1419
% As 3.63 3.96 4.95 12.54
> D 0.33 0.33 0.33
@ max=1419 (Strateg N=2)
s Ai P P2 Ps > (ai)
g A 4 3.333 4.333 11.667
5 Az 4.667 5 4.667 14.333
3 As 3.66, 4 5 12.66.
o D 0.333 0.333 0.333
- max=1433 (Strateg N=2)
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S Ai P P Ps Min (ai)
5 A1 12 10 13 10
G Az 14 15 14 14
3 As 11 2 15 11
= max=14 (Strategy N=2)
Ai Py P2 Ps Max (aij)
o A1 2 5 2 5
=8 Az 0 1 1
»5 As 3 3 0 3
min=1 (Strateg' N=2)
Min Max min(a) +
- A " F P | e | (e | Gyyme)
g A1 12 10 13 10 13 11.5
§ 2 As 14 15 14 14 15 145
T o As 11 12 15 11 15 13
max=14.! (Strateg N=2)

Source: author’s calculations.

Further, we perform the evaluation of these criteria for
the company Global Logistics Services LLC (Table 3).

Table 3 The economic strategy criteria for Global Logistics Services LLC company risk management

CLS compan
© Ai Py P Ps
3 AL 11 13 17
3 Az 10 15 18
£ As 12 14 19
Ai P P2 Ps max(a)
%S A1 11 13 17 17
Es Az 10 15 18 18
= As 12 14 19 19
max=19 (Strateg N=3)
o Ai P P> Ps > (aipy)
i A1 3.63 4.29 5.61 1353
S Az 33 4.95 5.94 14.19
o A3 3.96 4.62 6.27 14.85
% D 033 033 033
max=14.85 (Strategy N=3)
s Ai P P> Ps >(ai)
|5 A1 3.66 4.33: 5.66' 13.66
5 Az 3.333 5 6 14.333
3 As 4 4.667 6.333 15
g P 0.333 0.333 0.333
max=15 (Strategy N=3)
S Ai P P Ps Min (ai)
5 A1 11 13 17 11
S Az 10 15 18 10
3 As 12 14 19 1
= max=12 (Strateg N=3)
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Ai Py P2 Ps Max (aij)
e < A1 1 2 2 2
=8 Az 0 1 2
S As 0 1 0 1
min=1 (Strateg N=3)
Min Max min(a) +
- A P P P | e | () | dyyme)
38 A1 11 13 17 11 17 14
g g Az 10 15 18 10 18 14
T o As 12 14 19 12 19 155
max=15.5 (Strateg N=3)

Source: author’s calculations.

Thus, because of solving the statistical game according Above all, significant risks lie in particular in
to various criteria, the Astrategy proved to be the mostglobalization and outsourcing. We agree with Urciuoli [27]
often recommended one, in particular the certification @hat outsourcing and globalization can increase the
new types of logistics services. Such a strategy in thalnerability of supply chains to unexpected risks or
context of digitalization will ensure the competitivedisruptions. Companies may know very little about the
position through innovation and will minimize risks bylocal culture or political conditions of the countries they

automating the logistics services processes. outsource from. The research findings by Zhai and
McDermott [28] also indicate the existence of a risk and
5 Discussion manifestation of logistical outsourcing in conditions of

The current risk analysis algorithm for the use oRsymmetric information, as well as the risk and
blockchain technology by logistics enterprises (Figure manlfestgnon of Io_g|st|ca! outsourcing caused by th_e social
has common stages with the opinion of researchers. Suppptem imperfection. Finally, in accordance with the
chain research tends to break down risk management iRi#ciples of game theory, it is noted that the signing of an
three processes: risk identification, risk evaluation, and rigifective contract is necessary to prevent and control the
mitigation. The initial stage of the process starts with rissk of logistics outsourcing; using the institutional
identification, which is basically considered imperative fopfrangement of intermediary organizations to prevent and
risk management, [20,21]. control the risk of logistics outsourcing caused by

What should be stressed here is that yet oth#formation asymmetries, [28]. A similar opinion
researchers, assigning the risks of the logistics system téegarding the risks of outsourcing logistics companies is
specific category allows one to determine the process@@phasized authors at work [29]. Let us supose for the sake
that need to be given special attention when developing feargument that businesses escalate questions that are not
company's logistics strategy, identify weaknesses [glated to their core area of expertise to companies that are
logistics, additional costs associated with risk preventig®perts in that area. As a result, efforts are being made to
policies, etc., [22,23]. improve efficiency and reduce costs. However, if the

However, Bartosova et al. [24] indicate that the largequtsourcing organization does not operate at the proper
the company size, the higher its costs for anti-crisl§vel of security and coordination, this creates many risks
management_ The number of emp|oyees involved in tﬁ?é]d problems. As a result, this situation has a negative
risk management process is also consistent with tHgpact on the business and can lead to a wide range of
conclusion. What is more, the size of the company does f@gses in terms of efficiency, productivity, competitiveness
affect the number of external employees involved in tHend cost advantage. o _
risk management process. Researchers likewise hold that logistics enterprises

In view of the above, it is advisable for logisticscannot be perceived only as logistics systems, rather we
companies to keep a register of corporate risks. Reserchéést take into consideration a whole range of external
reasonably note that organizations that develop &ffluences. In this regard, they effect the internal
adequate risk register will be able to identify immediat@nvironment of the logistics enterprise and the decision-
supply chain threats associated with their busine8§aKing processes, thus creating interactive links between
operations and quickly develop strategies to mitigate sublir own logistics system and the external environment,
risks before they lead to catastrophic losses over tin80,31].

Suffice it to say that organizations that develop their risk It is also expedient to pay attention to the specific risks
register will be able to identify the immediate supply chaiftemimg from the main risks. For example, in present-day
risks associated with their business operations and thusl@gistics the use of Logistics 4.0 concept by logistics

able to mitigate such risks before they lead to catastropig@Bterprises is relevant. However, Kodym et al. [14] point
losses, [25,26]. out that automation, digitization and network technologies
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require large infrastructure, implementation anglust getting started with blockchain can become susceptible
maintenance costs. Investing in new technologies occutsnew scams, [32,33].

with high financial risk as we do not know which processes

will be economically viable in the long run and which will6 Conclusion

not. o _ _ Therelevance of this study is manifested in the fact that
Furthermore, logistics enterprise management if order to ensure the effective operation of a logistics
associated with international risks. Slmllarly, Yan et al. [%ompany in present-day Changing giobai environment’ itis
share such a perspective on the problem. Understandjfgperative to take into account and minimize the risks that
international logistics risks is essential for the smootfhay arise within the company. One of the promising
operation of international trade, systematically studyinfechnologies that can be useful in the process of
the causes, responsible parties and possible consequemggsmizing a number of risks, such as the presence of
of international |OgiStiCS risks. Drawing on the above, thgnnecessary intermediariesi disruptions in WOI‘kﬂOW,
international logistical risk is classified in terms of thesecurity problems, can be blockchain technology, which is
consequences caused by the logistical risk, in combinatiggipable of preventing errors, illegal labeling of goods, and
with the influencing factors and types of risk, a scorecagther fraudulent activities.
and a model for international logistical risk evaluation are  pyring the implementation of blockchain technology in
distinguished. the company's activities, there are a number of possible
Likewise, risk management strategy is addressed Biytections and alternatives for its use, which, in turn, also
authors [3]. The scholars hold that is is imperative tgquires an assessment of the risks of such implementation.
develop a strategy, the task of which would be to optimizehe analysis of these risks involves the analysis of possible
the use of resources and costs. A risk management stratggyelopment alternatives and the choice of the optimal
is only successful when it is based on the intersection @hportunity to evaluate the probability of the selected
logistics goals with the corresponding motivation obptions’ implementation taking into account the presence
enterprise’s employees to an innovative development. of uncertainty. Realization of probable risks and effects
That being said, one should also take into account th@m the implementation of blockchain technology may be
opinion of researchers [7] as regards the differenggndom, therefore quantitative estimates can be obtained
between traditional logistics risk management and risksing the probability theory framework.
management strategy. In fact that the goal of the latter is The process of this research included the assessment
not only to deliver the right product at the right time at thgnd comparison of three possible alternatives. As a result
rlghttlme at the lowest cost with the highestlevel of quaIIth Solving the statistical game according to criteria of
(this is especially true transaction costs, the magnitude @faximax, Laplace, Wald, Savage, Bayesian, Hurwicz, the
which is difficult to determine in advance), but also tha\z Strategy (“the certification of new types of |Ogistics
continuous improvement of logistics processes, th&rvices”) was most frequently recommended. This means
allocation of a separate service and paying more attentigfat the use of blockchain technology to certify new

to all flow processes. ] ~activities will be applied with relatively less economic risk
We share the opinion of Bonsén and Bednarova [1fr the studied logistics companies.

that the identified threat and risks can be mltlgated to a It is expedient for further research to integrate

reasonable extent. It comes down to how a company shopldckchain technology with state-of-the-art ERP systems

respond to a declared hazard. The first step will be {g |ogistics companies in the further context of elaborating
develop procedures to anticipate changes in the blockch@iig concept of Logistics 4.0.

and accounting standards.
However, according to authors [19], smart contract§ 1 |imitations

can be impressive, although there emerges a certain The |imitation of the study was that the timeframe is
complexity in their programming. Smart contracts cafased on information as of 2022. The number of
function as controls, and if poorly designed, they will 9iV@espondents was three companies, with geographical

way to imperfect business operations. The legitimacy ahdstrictions determined by the fact that the companies
completen_ess of tran;acnons may be in _quest|on if tgﬁrveyed belonged to the country of Azerbaijan.
company is engaged in off-chain transactions. Off-chain

transactions are not involved in the blockchain and it woulg » Originality
not present any additional challenge to verify and reconcile

: € The study solved a number of scientific tasks. In
such transactions.

We al ith the findi ¢ h h articular, an algorithm for analysing corporate

e also agree with the findings of researchers thah e mance risks when using blockchain technologies in
blockchain does an excellent job of eliminating traditiongl o o .tivities of logistics companies when concluding
risks that were more focused on subjects; although furthgr, - . contracts, certifying new types of transportation, and

use oflblockchain will need to consider new types of ris!‘?ﬁtegrating cryptocurrency for delivery payments is
Risk will be more focused on IT _and companies areé mov veloped. Proposals for improving the corporate risk
to blockchain as new users will have to adapt their ri anagement of logistics companies have been

management processes. Moreover, the companies thatéﬂﬁplemented
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Abstract: Automotive companies are facing major challenges, namely competitiveness and the evolution that
characterizes the sector. To ensure their sustainability, companies operating in the automotive industry are concentrating
their efforts on reducing waste sources throughout the supply chain by implementing a variety of Lean Management tools.
The compliance of the quality management system with the requirements of the international automotive standard IATF
16949:2016 is also a top priority for automotive suppliers. IATF certification is required to operate in the automotive
market and enables organizations to meet customer requirements and demonstrate the quality assurance of their systems
This paper analyzes the principles of the Lean Management organizational tools in correlation with the requirements of
the IATF automotive standard and determines their synergistic impact on operational excellence. Based on the correlation
analysis performed, an original roadmap that will serve as a guide for automotive companies has been developed. The
findings show that in order to achieve operational excellence, it is necessary to implement the five Lean Management
organizational tools in correlation with the operational requirements dictated in chapter 8 as well as the leadership
requirements outlined in chapter 5 of the international automotive standard.

1 Introduction involves automotive organizations in preventing defects
Faced with the competitiveness and dynamia@nd errors as well as reducing wastes and variations in the

development of the sector, automotive manufacturing/PPly chain [11,14]. The requirements related to
companies aim to optimize the quality of the manufacturdganagement’s commitment are defined in the chapter "5:
products, increase customer satisfaction and improve t&dership”, the resources management is detailed in the
overall performance of their systems. Controlling supplghapter "7: support”, the operational requirements are
chain flows and operations, improving results, an€lefined in the chapter "8: Operation”, the evaluation
ensuring the effectiveness of quality management systefi§thods are determined in the chapter "9: performance
(QMS) are among the major challenges faced K§valuation” and the requirements for improvement are
automotive companies. specified in the chapter "10: improvement" [11,15,16].
Nowadays, Lean Management is one of the most Operational Excellence (OE) is a systematic approach
discussed concepts in the literature and the md@t encompasses a set of methods enabling organizations
implemented  in  industrial  environments.  Lear{0 perfect their performance and achieve sustainable results
Management is based on a set of principles and tools whdsé-20]. The principles of OE are classified into four
objective is to eliminate wastes, optimize flows angategories: “Culture”, “Continuous improvement’,
improve the efficiency and performance of organization&nterprise Alignment” and “Results” [17,18]. The
while involving personnel and creating teamwork spiritculture” dimension emphasizes leadership, human
[1-4] Adopted by Operational processes withirfesources management and motivation, teamwork Splrlt
manufacturing companies, Lean Manufacturing eliminatéd the improvement of working conditions. “Continuous
non-value-added activities caused by overproductionprovement” concerns the improvement of processes,
inventory, waiting time, motion, transportation, defect§uality assurance and the elimination of wastes.
and errors, over-processing and non-utilized talent [5-10]Enterprise alignment” assesses the organization’s vision,
IATF 16949:2016 is the international automotivePolicy, and strategy. The “Results” dimension concerns the
quality management system standard intended fBtonitoring of_perfqrmancemdmators and the evaluation of
automotive companies [11-13]. Through its requirementgustomer satisfaction [18].
the IATF standard promotes continuous improvement and
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Given the diversity of Lean Management tools and thgrocesses. Organizational tools enable the improvement all
variety of IATF requirements, several automotiveof the company’'s levels and processes, including
companies wishing to reach operational excellence whifeanagement, operational and support processes. Several
ensuring the quality assurance of their systems astldies have shown that Lean Management excels in the
avoiding wastes in the supply chain are unaware of tla@itomotive industry due to high customer demand, high
approach to follow. In the literature, it was found that ntevel of competitiveness and customer-specific
study has investigated Lean Management in correlatioaquirements [6,21,29-31]. In this study, Lean
with automotive standard requirements and Operationslanagement organizational tools are considered.
excellence. In this context, this paper aims to demonstrate
to automotive companies the impact of the implementati@y  The steps of the roadmap’s development
of Lean Management organizational tools in correlation The present paper analyzes the impact of the adoption
with the requirements of the IATF 16949: 2016 aUtomOtiVQf each Lean Management Organizationa| tool and the
standard on operational excellence. A roadmap, whigympliance of QMS with IATF 16949:2016 requirements
determines the Lean Management tools to be implemeniggl operational excellence. For this purpose, the preselected
as priority and the relevant IATF clauses to focus on, hagan Management tools were analyzed in correlation with
been developed to guide automotive companies {fe analysis of the IATF standard requirements. Then,
establishing their improvement plan in order to achievRctors and key performance indicators (KPIs) that are
operational excellence. positively influenced by the adoption of each tool and the

implementation of the relevant IATF requirement were
2 Categorization of Lean Management determined and finally, the link between these KPIs/factors
tools and the OE dimensions is established. The considered KPIs

Lean Management is based on several method¥ere determined according to IATF standard. In the
techniques and tools that are differentiated by thefontext of quality assurance and customer satisfaction
concept, rules and operation mode. Lean Manageméh@nitoring, IATF 16949:2016 requires organizations to
tools can be divided into four categories: assess internal and external performance. A list of
«  Analytical tools: value Stream mapping (VSM) andndicators is proposed by the automotive standard in clause

bottleneck analysis. VSM is a method for mappin§-1-2-1, which should be completed by each organization
material and information flow and identifying the@ccording to its activity, QMS content, customer
different sources of wastes [5,8,21]. Bottleneck€duirements and the complexity of the manufacturing
analysis is a technique for production balancing th&ocesses. KPIs list include delivered part quality
aims to respond to customer demand [8]. performance, delivery performance, customer disruptions
. Operational tools process-focused: Poka yoké&nd warranties [11]. Additionally, the IATF automotive
Kaizen, Smed and Jidoka. The poka yoke is an Erro}"gandard requires conducting a management review in
proofing device to prevent defects and errors [5,2297der to assess the consistency of the QMS with the
Kaizen is based on small steps of continuo rategy established by the organization as well as the
improvement performed within short periods of timgffectiveness of the QMS and the improvement

[5]. SMED enables the optimization of Changeoveg;pportur_]ities to be seized. Management review inputs are
times [23]. Jidoka is a visual warning tool for nondJefined in clause 9.3.2.1 of the automotive standard. The

conformity detection [5]. required KPlIs in relation to the operational aspect are: cost

. Operational tools flow-focused: Just-In-Time (Jl-l-)ofmternal an_d_external poor quality, process effectiveness,
rocess efficiency, product conformance, customer

and KANBAN. These tools aim to optimize flows and®

storage areas in order to meet customer deliveé?t'foaCt'on' r;]:;!ntellnance If'p‘le drf?r_rlnance,l 1 v_;_/a[)rlan;y
requirements [21,24]. erformance and finally actual field failures [11]. Table

* Organizational tools: 5S, standardized work, Visuglummarizes the list of internal and external KPls

management, Total Productive Maintenance (TP ons@ergd 1|n_th|s article. Internal KPIs concern the
and Total Quality Management (TQM). 5S enable rganization’s internal performance, while external KPIs

organizations to take the first step towards continuodjRonitor customer satlschtlon. .

improvement. Standardized work is fundamental for Based on the corre!atlon analysis perfqrmed, aroadmap

operational activities’ organization [25]. Visual as been deve_loped n thg second section of the present

management supports managers in decision-makiR@Per- Automotive companies can refer to the roadmap and

[21]. TPM improves the effectiveness and efficiency ntify QMS suggested Improvements, Lean Management
ols and techniques to prioritize, as well as IATF

of business processes [26]. TQM improves the QMre uirements that companies should focus on in order to
and minimizes defects and errors [27,28]. e : P
achieve operational excellence.

Lean Management analytical tools and operational
tools process-focused and flow-focused enable the
organizations to improve their workshops and business
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Table 1 Determination of internal and external KPIs according  "Standardized work" principle is linked to clause

to the IATF 16949:2016 standard 8.5.1.2 of the IATF 16949:2016 standard, which requires
KPI type KPI label organizations to establish standardized work instructions,
Internal KPI | - Cost of internal poor quality including workstation safety rules and to ensure that
- Process effectiveness instructions are communicated to the concerned personnel
- Process efficiency [11]. Standardized work enables organizations to reduce
- Product conformance industrial accident risks and produce on time, parts at the
- Maintenance performan required quality level. Productivity, delivery time,
External KPI| - Delivered part quality performance| rejection rate and manpower efficiency and effectiveness
- Delivery performance are all improved when the work is standardized.
- Customer disruptions "Visual management" is linked to clause 5.3.1 of the
- Warranty automotive standard, which involves management in
- Cost of external poor qual designating the personnel responsible for monitoring
customer satisfaction [11]. Customer scorecards are one of
4 Result and discussion the “Visual management” applications. Based on customer

41 Correlation analysis between Lean Scorecard data analysis, the management can improve the

Management organizational tools and |ATF organization’s policy and strategy and make the right

requirements and determination of their decisions at the right time. By analyz[ng the coII_ected Qata
. . from customer portals and implementing corrective actions
impact on operational excellence

e . . _.__.in case of non-achievement of targets, automotive
The objective of Lean Management is to eliminat 9

- . . . . %ompanies optimize their processes effectiveness and
wastes, optimize material and information flow, 'ncreasi?nprove their external KPIs
customer satisfaction and produce at the best quality-cost- TPM is explicitly requiréd in the IATE Automotive
time ratio. This is in qlhance with clause 10.3.1 of .th%tandard in clause 8.5.1.5 [11]. Maintenance management
mterngnopal automotive s.tandard_, which FEQUITCR more efficient when the objectives are defined in
organizations to define a continuous Improvement processyarence with the organization’s strategy and when the
In orc:erttc:j rEduce I\\/llvastes [11’,{143' IIn this SeCt:OH’J@eviations between the monitoring results and the
preselecied Lean Management 1ools aré analyzed jfjefine targets are constantly analyzed and corrected.

correlation with the requirements contained in the IAT ; : :
16949:2016 standard. Table 2 summarizes this analygigg/l egftlérr?]salqua}\llgsat ﬂg)er;;r?ir;;iggg Imv\ﬁ{ﬁvesrél?;%rlgal

and presents the impact of the implementation of Le nufacturing equipment produce in accordance with

Management organgﬂonal tools and .the compliance stomer requirements, improve maintenance performance
QMS W!th the automotive standard requirements on the d improve the effectiveness of operational processes.
dlmuesnss,;,lons_;. - be linked to cl 7141 osts related to corrective maintenance and loss of
8541 Oer;EZI?:TISa;GQEQ'IZnOZIeﬁ s?a:dzlsgescz:laﬁs.ef fr"‘ {oductivity are minimized when TPM is implemented.
e ) : "~ TQM method principles are linked to clauses 5.1.2,

requires organizations to maintain the environment for t% 23 10.2.4. 10.2.5 and 9.2 of the IATFE standard. Clause
operation of processes in a state of order while complyi J1 2 }equires' management's commitment to customer-

with applicable cleanliness and maintenance requireme R used approach [11]. As a leader, the management
[11(}' ;Lhe cgmgllancef Ci;th%g'\t/lslw'th ttr)]lls recéuw?men fromotes the employees commitment and supports them in
?Tj t'el a opcljonto . ke > 100 ert]r? ere utc. lon perational management activities. The quality policy, the
Industrial _accident Tsks, Improve the execution o bjectives and the strategy are reviewed by incorporating
operational activities, participate in the_ quahty assuranegy’ e necessary actions to continuously satisfy the
afr;pr?_ach and d '”‘]fff.e?‘se pcr:cIJductlwgy,s 4Tanpov.ve(fustomer. A QMS focused on customer satisfaction
erectiveness and efmciency. Llause ©.o.4.1 requir ompts all processes to improve their operations and

?hutom?]tlv? thcompanllesht(_) plrfse_l[\ée .prolductst tquall nsure the quality of the delivered products. All external
roughout the supply chain [11]. The implementation Pls are improved when the organization focuses on

the 55 tool enables organizations to conform their QMS Fﬂeeting customer requirements. Clause 10.2.3 requires

this IATF requirement and to ensure the quality of th8rganizations to implement a process for problem-solving

delivered products by r_neeting customer requiremen i‘l]. The implementation of this clause ensures a good
Preserving product quality reduces the intermal rejectiqyayrative climate by involving multidisciplinary actors
rate, costs related to reworks and repairs, and the num Ihe process

of customer complaints.
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Table 2 Synthesis of the correlation analysis between Lean Management organizational tools and IATF requirements and
determination of their impact on OE

Lean Related IATF|Impacted factor/KPI Concerned OE dimension
Management too|16949 :2016 clause
58 7.1.4.1Maintain  thgWorking environnement Culture
premises in a state
order Operational process efficiency and effective|Result:
Quality assuranc Continuous improveme
8.5.4.1Product qualitjQuality assurance Continuous improvement

preservation

Delivered part quality performance, Operati(Results
process effectiveness, Cost of internal |

quality
Standardized wor{8.5.1.2 Standardized |Working environnement Culture
work instructions
Quality assuranc Continuous improveme

Delivered part quality performance, ProdResults
effectiveness, Operational process efficie

Visual 5.3.1 Management |Strategy and policy Entreprise alignement
management involvement inProcess effectiveness, Delivered part qu|Results

designating thperformance, Delivery performance, Custo

personnel responsilidisruptions, Warranty, Cost of external p

for customelquality

satisfaction monitoringProcess improveme Continuous improveme
TPM 8.5.1.5 ImplementatiofManagement of maintenance by target Entreprise alignement

of a documented TP|Quality assuran Continuous improveme

process Cost of internal poor quality, Proc¢Results

effectiveness, Product conformar

Maintenance performance, Delivered
quality performance, Delivery Performar

TQM 5.1.2 Management’'s |Commitment and Leadership Culture
commitment to thStrategy and polic Entreprise aligneme
customer focus conce@uality assurance, Process improven Continuous improveme

Delivered part quality performance, Deliv(Results
Performance , Customer disruptions, Warrg
Cost of external pocquality

10.2.3 Problem-solvingMultidisciplinary working group Culture

methodology Cost of internal poor quality, Proc¢Results
effectiveness, Operational process efficie
Product conformance, Maintena
performance, Delivered part quality]

performance, Delivery performance, Custo
disruptions, Warranty, Cost of external p|

quality
10.2.4 Error-proofing |Quality assuranc Continuous improveme
devices Cost of internal poor quality, Proc¢Results

effectiveness, Product conformance, Deliv¢
part quality performance, Delivery performal
Cost of external poor qual

10.2.5 Warranty Warranty, Cost of external poor quality Results
management

9.2Internal audit|Quality assurance, Process improver Continuous improveme
management Strategy and polic Entreprise aligneme

Cost of internal poor quality, Proc¢Results
effectiveness, Operational process efficie
Product conformance, Maintena
performance, Delivered part qualit
performance, Delivery performance, Custo
disruptions, Warranty, Cost of external p|
quality
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The analysis of internal and external dysfunctionsstablishment of a customer-focused spirit, the
enables automotive companies to minimize poor qualistandardized work, and finally by the adoption of a
costs, improve the processes’ operations and manpovpeoblem-solving methodology.
efficiency, reduce the non-conformity rate and improve the
external KPIs. The problem-solving methodology can be Action gme—
used to solve the different processes’ dysfunctions and thus plan OE assessment
contributes to the improvement of their operations. Clause o
10.2.4 requires organizations to develop a documented
process to manage Error-proofing devices [11]. These
devices enable organizations to control the risks of process
errors and quality defects and reduce the costs related to  Action plan Gaps

scrap, rework, and repairs, as well as the costs related to ‘@plementation Meutificetion
customer complaints. These devices improve processes’

effectiveness by enabling them to achieve quality

objectives. Clause 10.2.5 requires automotive companies

to develop a warranty management process [11]. This Action plan Refer to

the
establishement . # roadmap
Figure 1 Operational excellence improvement process in
automotive companies

allows organizations to eradicate problems detected by end
customers and thus minimize the costs of external poor
quality. Clause 9.2 of the IATF Standard requires

organizations to conduct QMS audits, product audits and

manufacturing process audits [11]. Audits assess the |, order to achieve OE through the “Continuous

organization’s  performance ~and  determine  thg,, o ement” dimension, automotive organizations
improvement opportunities to be seized. Based on audf, g implement the five Lean Management

deviations, the management reviews the quality objective§yanizational tools and conform their QMS to the IATF
the pre-established strategy and the quality policYeqyirements contained in chapters “5: leadership”, “7:
Analyzing deviations and implementing the necessaly nnort, “g: operation”, “9: performance evaluation” and

actions enable automotive organizations to improve theyj. improvement”. Particular attention should be given to

internal and external KPls. operational management; organizations should organize
. their production workshops, preserve the product quality
4.2 Development of a roadmap for automotive through the supply chain, standardize the activities,
companies to achieve operational excellence  implement Error-proofing devices, conduct internal audits
In this section, a roadmap intended for automotivend adopt the TPM. The assignment of organizational roles
companies to achieve operational excellence is developggd the management's commitment to a customer-focused
This roadmap is based on the results of the first sectiongproach are essential for this OE dimension. For
the present paper, which focuses on the correlation analysiganizations that have identified gaps related to the
between Lean Management organizational tools angnterprise Alignment" dimension, their action plan
automotive standard requirements and their impact @hould be based on the requirements related to chapters "5:
operational excellence. OE assessment is the first stepi@ddership”, "8: operation® and "9: performance
this process; it enables organizations to determine their @galuation” of IATF standard. Visual management, TQM,
maturity level and identify gaps. After the diagnosticand TPM should be implemented as a priority. In order to
organizations can refer to the developed roadmap #ign the operational work with the organization principles,
establish their action plan. The latter would contain thge management’s commitment to customer orientation is
Lean Management tools and the IATF requirements to igndamental, the roles should be assigned, the TPM
implemented as a priority. Once the action plan igdopted and the internal audits conducted and their results
implemented and deemed effective, a reassessmentejgloited.
necessary. Figure 1 summarizes the improvement process.Finally, automotive companies that have noted gaps
The developed roadmap is presented in figure Zelated to "Results" dimension should implement the five
organizations can refer to it in order to prioritize actiong,ean Management organizational tools. The requirements
identify the levers on which they should focus and defingontained in chapters "5: leadership", "7: support”, "8:
their needs for resources and competences. A¥peration”, "9: performance evaluation® and "10:
organization which has noted deviations related to theprovement" should be analyzed and considered by the
“culture” dimension should focus on the requiremenigrganization during the establishment of the action plan.
contained in chapters "5: leadership”, "7: support”, "8fo improve internal and external results, operational
operation” and “10: improvement” and implement 5S as management and management’'s commitment are
priority, standardize the work and adopt TQM method$undamental. In addition to the improvement axes of the
The improvement of the “culture" dimension is'Continuous improvement” dimension, the "Results"

conditioned by a work environment that promotes th@imension focuses on the problem-solving methodology
operation of the various processes in good conditions, thad the warranty management.
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[ OE dimension Main requirements

\——

[IATF Chapter

N——
)
N—
)

Lean Management
tools

- Environment for the
operation of processes

5: leadership Qualit ; -5S
. - y preservation _
Continuous o lEee - Standardized instructions - Standardized work
Improvement 8: operation - Organizational roles - Visual
9: performance - TPM process management
evaluation - Customer-focused -TPM
10: improvement approach -TQM
- Error-proofing
- Internal audi

Figure 2 Roadmap for automotive companies to achieve operational excellence

According to the developed roadmap, the requirementaprovement projects and the achievement of operational
contained in chapters “5: leadership” and “8: operation” aexcellence. Referring to the developed roadmap, results
fundamental to improving the four dimensions andhow that “culture", "Continuous improvement" and
achieving OE. In fact, chapter 8 requirements guid&Results" dimensions are influenced by the effective
automotive companies in the operational managementiofplementation of the requirements contained in chapter
their workshops and enable them to meet customéf: support”. The latter determines the requirements related
requirements. Furthermore, leadership is the cornerstona@human resources management, the improvement of their
any improvement process; a committed leader motivatekills, as well as the process for motivating and
the employees by developing their skills and potentiadmpowering them. In fact, as mentioned by the authors
which will necessarily contribute to the success dR7,32], the human factor is the key element of success;
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companies with committed and competent personnel Automotive Industry in 30" DAAM International
achieve the expected results, succeed in implementing their Symposium on Intelligent Manufacturing and
culture and manage effectively the continuous Automation Proceedings, B. Katalinic, st 1led.,

improvement projects. DAAAM International Vienna, pp. 0955-0961, 2019.
https://doi.org/10.2507/30th.daaam.proceedings.132
5 Conclusions [5] ISMAIL, M.Z.M., ZAINAL, AH., KASIM, N.L,

To follow the evolution of the sector and stand out from MUKHTAR, M.AF.M.. A mini review: Lean
competitors, automotive companies put special focus on Mmanagement tools in assembly line at automotive
the control of the value chain, the assurance of their QMS industry, 1 International Postgraduate Conference on
and the results of their performance. The effective Mechanical Engineering, 10P Conference Series:
implementation of the various Lean Management tools and Materials Science and Engineering, Vol. 469, January,
techniques enables automotive companies to improve their P- 012086, pp. 1-11, 2019.
performance and optimize flows and processes by making https://doi.org/10.1088/1757-899X/469/1/012086
them more effective and efficient. In this paper, Leal] GHOUAT, M., BENHADOU, M., BENHADOU, B.,
Management organizational tools that are 5S, standardized HADDOUT, A.: Assessment of the Potential Impact of
work, Visual management, Total Productive Maintenance Industry 4.0 Technologies on the Levers of Lean
and Total Quality Management were analyzed. Based on Manufacturing in  Manufacturing  Industries in
the correlation analysis between these tools and the Morocco, International Journal of Emerging
requirements contained in the international automotive Technology and Advanced Engineeriigl. 12, No. 7,
standard IATF 16949:2016, a roadmap is developed on Pp- 78-85, 2022,
which automotive companies can rely on to establish their https:/doi.org/10.46338/jjetae0722 08
improvement plan in order to achieve operationd’] WELO, T., RINGEN, G.: Beyond Waste Elimination:
excellence. The roadmap determines the Lean Assessing Lean Practices in Product Development,
Management tools to be prioritized in the lean project Procedia CIRP Vol. 50, pp. 179-185, 2016.
implementation as well as the IATF requirements to be https://doi.org/10.1016/j.procir.2016.05.093
integrated into the quality management system af@l KUMAR, N,  SHAHZEB  HASAN, S,
implemented as a priority. The correlation analysis and the SRIVASTAVA, K., AKHTAR, R., KUMAR YADAV,
developed roadmap are among the original features of the R., CHOUBEY, V.K.: Lean manufacturing techniques
present research. The performed analysis has shown thatand its implementation: A review/aterials Today:
to achieve operational excellence, organizations should Proceedings Vol. 64, pp. 1188-1192, 2022.
focus in particular on the requirements contained in https://doi.org/10.1016/j.matpr.2022.03.481
chapters "8: operation” and "5: leadership", in addition #§] GHOUAT, M., HADDOUT, A., BENHADOU, M.:
the five Lean Management organizational tools. From this Impact of Industry 4.0 Concept on the Levers of Lean
perspective, an empirical study is in progress involving Manufacturing Approach in Manufacturing Industries,
local automotive companies in order to validate the results International Journal of Emerging Technology and
of the present article and determine the synergistic effect Advanced Engineering/ol. 18, No. 1, 2021.

of Lean Management and the international automotive https://doi.org/10.15282/ijame.18.1.2021.11.0646
standard on operational excellence. [10] PEKARCIKOVA, M., TREBUNA, P., KLIMENT,
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Abstract: This article delves into the evaluation of sustainable performance in the mining industry, employing the Fuzzy
Analytic Network Process (FANP) method. It specifically concentrates on examining five pivotal dimensions of
sustainable development: economic, social, environmental, operational, and stakeholders. Through the application of the
FANP method, a meticulous prioritized ranking is established, not only for these dimensions but also for the specific
fields within each of them. This holistic approach provides a comprehensive, well-balanced assessment of sustainable
performance, offering a wealth of valuable insights that can guide decision-making processes. Moreover, the method's
utility extends beyond the mining sector; it is generalized into a versatile model that can be applied across different
industries and research domains. This adaptability is achieved by incorporating a machine learning algorithm, with a
primary focus on a multilayer perceptron. This model enables the precise determination of a company's overall
multidimensional performance by quantifying various facets of performance, among other considerations. The research
presented in this article serves to bridge an existing gap in integrated studies specific to the Moroccan mining industry. It
provides actionable insights that can significantly enhance management practices and foster sustainable development,
making it a valuable contribution to both the industry and the broader research community.

1 Introduction in the Moroccan mining industry. The FANP method

The mining industry holds a pivotal role in a country'@llows for the examination of interconnections among
economic progress; however, it grapples with significa@rious —dimensions and quantifies their relative
environmental and social issues. In light of this, théignificance, thereby furnishing a more thorough and well-
evaluation of sustainable performance has becorRalanced evaluation [5].
indispensable to ensure responsible and enduring mining Furthermore, this approach is generalized into a
practices in Morocco. Despite the growing emphasis oférsatile model that can be employed across diverse sectors
sustainable development within the Moroccan mining§ research areas. This versatility is accomplished through
sector, there's a noticeable absence of comprehendiig use of a machine learning algorithm, primarily utilizing
studies that simultaneously investigate the five cruci@l multilayer perceptron. The model empowers the
dimensions: economic, environmental, social, operation@ssessment of the company's overall multidimensional
and stakeholders [1,2]. This deficiency underscores tRgrformance by quantifying various performance aspects.
necessity for a holistic approach to appraising sustainable This research is substantiated by an up-to-date
performance in this field [3,4]. literature review, which underscores the significance of

The current study seeks to bridge this gap by employirfgstainable development in the mining industry and the
the Fuzzy Analytic Network Process (FANP) method t§nperative for a comprehensive evaluqtlon of s_ustfamable
assess the sustainable performance of a company enga@f¥élormance. Recent references are cited to highlight the
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challenges and concerns related to sustainability in the In here, we find a compelling fusion of artificial neural
context of mining. networks (ANN) and fuzzy analytic network process

2

(FANP) methodologies to address the intricate challenges
Literature review of sustainability in the mining sector. This innovative

The mining industry in Morocco is a significant@Pproach is underpinned by an expanding awareness of

contributor to the country's economy, and it plays a crucig¥stainable development [7]. _
role in various sectors, inc|uding mining of minera|si These studies illustrate the potentlal of ANN and FANP

phosphates, and precious metals [6]. Here is an overvié Powerful tools for comprehensive sustainability
of the mining industry in Morocco: assessment. By amalgamating ANN's data-driven

Phosphate Mining: Morocco is one of the worlg'§apabilities and FANP's ability to handle complex
largest producers and exporters of phosphag@0|3|on-maklng processes, researchers have managed to
minerals. The country possesses abundant phosph@fgvide a well-rounded framework for evaluating
reserves, which are essential for fertilizers angustainable performance [8]. _

agricultural production. Phosphate mining is a major Crucially, the I|'§eratur§ highlights the unique context of
source of revenue for Morocco. the Moroccan mining industry, where environmental,
Precious Metals: Morocco also has a rich history gocial, and economic dimensions intertwine. This hybrid
mining precious metals, particularly gold and silver@PProach offers precise insights, paving the way for
The country is home to several mining projectgctlonable recommendations that can catalyze responsible

focused on these metals, attracting both domestic aRERCtices and contribute to the long-term sustainability of
international investment. the industry. It is evident from these findings that the

Diverse Mineral Resources: In addition to phosphat&@mPination of ANN ‘and FANP methodologies is
and precious metals, Morocco is known to hav ecoming increasingly indispensable in the mining sector,

substantial deposits of other minerals, including Ieau:?,erving as a promising b_Iueprint for holistic sustginab_le
zinc, copper, and barite. The mining sectorBerformance evaluation in Morocco and potentially in

diversification has the potential to boost economi@tNer comparable industri¢s].

growth.

Economic Contribution: The mining industry3 MethOdOI()gy . )

contributes significantly to Morocco's GDP and  This paragraph outlines the methodology adopted in
provides employment opportunities, both directly anéhis study, which primarily focuses on assessing the overall
indirectly, in various regions. It is a critical sector fornultidimensional performance of the mining industry. The
Regulation and Investment: The Moroccarfhis research. To carry out the FANP analysis, the
government has implemented policies to attracuperDecision software_vyas utilized. By employing FANP
foreign investment in the mining sector. This includefrough the SuperDecision software, we were able to
offering incentives to companies willing to invest in€ffectively evaluate the multidimensional performance of
exploration and mining projects. the mining industry rigorously and comprehensively.

Environmental and Social Considerations: As Witlj_?efore p_roceedlng to the next step of generallgatlon, an
many mining industries worldwide, there ardntermediate method was employed to consolidate the
environmental and social challenges that need to f&tained results.  This method involved the direct
addressed in Morocco. Sustainable and responsikﬁ@p“@t'on of the minimal gqnd|t|on alglolrlthm. In .th's

mining practices are gaining importance, as thansitional phase, the _m|n|mal con_d.|t|0|j algorithm

industry seeks to balance economic development wi .Iowed_ for the evaluation and verification of_.the

environmental conservation and social well-being. dimensional and overall performance of the utilized

Infrastructure Development: The development O;Fpproach. It served to confirm the relevance of the obtained

infrastructure, including transportation netWorksresults before emparki_ng on the generalization process.
' . Once the validation of performance levels was

ports, and energy supply, is essential for the growth . - " .
of the mining sector in Morocco. These investment ompleted using the minimal condition algorithm, the

facilitate the export of mined products. method was genera]ized by e”.‘p'oymg the muIti_Iayer
Export Markets: Morocco exports a Signiﬁcamperceptron. This choice was motivated by the multilayer
portion of its hining products to  international perceptron's ability to handle more complex problems and

markets, making it a key player in global minerafapture n_on-Imear re!atlonshlps between vanatl)les.._By
markets incorporating the multilayer perceptron, the applicability

. . ._of the method was extended to broader domains, enabling
Research and Innovation: The Moroccan minin

. : Shore general conclusions to be drawn from the obtained
industry has also seen advancements in research a0d |jts

technology to improve efficiency and reduce the
environmental impact of mining operations.
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Figure 1 The main phases of the Fuzzy Analytic Network Process
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The diagram depicted in Figure 1 provides a detailesvaluation of the company's performance was conducted
representation of the approach followed in this studysing judgments from qualified experts in the field of
starting from the Fuzzy Analytic Network Process (FANPInining. The experts were selected based on their expertise
and extending to machine learning through the minimalnd in-depth knowledge of the company and the industry.
condition algorithm. By following this comprehensiveTheir judgments were collected and utilized to assess
approach, from FANP to the minimal condition algorithnrelevant criteria and sub-criteria, thereby quantifying and
and machine learning, the study ensures a rigorous gpribritizing the company’s overall performance. This
robust analysis of sustainable performance. The diagrampert judgment-based approach aims to provide an
offers a visual representation of the step-by-steqccurate and informed perspective to the evaluation,
methodology adopted, facilitating a clear understanding tdveraging the expertise and experience of professionals in

the research framework. the mining sector.
The study is based on the following five dimensions:
3.1 Initiation of the study economic, environmental, social, operational, and

This study is mainly based on the application of thetakeholder transparency. These dimensions are
Fuzzy Analytic Network Process (FANP) method to theonsidered the main pillars of sustainable development and
data of one of the largest multinational companiegill serve as the primary evaluation criteria. Each
operating in the mining industry in Morocco. Thedimension encompasses a set of fields, which in turn will

form the sub-criteria for evaluation.

Data collection 4‘
i —» Values retention
Links/dependencies identification v
* Selection

Pairwise comparison (fields & dimensions)

* Transition to the predictive
model
Weights calculation

Minimum condition algorithm application
Weighted average calculation & fields
classification l

Resultats consolidation (resulting outputs)

¥

Inputs assigning

'

Inputs propagation (accross neural network)

) I

Rounding of obtained values — Outputs grouping (in forward pass)

!

Results comparison (resulting output and
expected outputs)
Errors calculation

!

Model parametrs adjustement

Integer value?

Figure 2 Diagram detailing the followed approach
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1- The economic dimension focuses on assessing the The stakeholder transparency dimension focuses on
mining company's financial performance and the company's communication and transparency in its
economic viability. interactions with various stakeholders.

2- The environmental dimension aims to evaluate the
company's impact on the natural environment and its Considering these dimensions and their respective
commitment to sustainable practices. fields, a comprehensive evaluation framework is

3- The social dimension examines the company's socedtablished based on the FANP method, allowing for a
responsibility and its contribution to the well-being otholistic assessment of the mining company's sustainable
local communities and stakeholders. performance. This structured approach ensures that key

4- The operational dimension assesses the efficiency aaspects of sustainable development are adequately
effectiveness of the company's operational processaddressed and evaluated, providing valuable insights for
and practices. decision-making and improvement initiatives.

Selection

v

Sustainable performance

h 4

Main dimensions Complementary dimensions

h 4 h 4 ¥ h 4 Y
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viasts (NP)Noise pollution (In)innovations in (CSs)Customer collaboration of the
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(CD)Cost of delay Chain
(IS)interest in
sustainability

Figure 3 The framework of FANP for sustainable performance assessment

3.2 Meansand methods imprecisions within the decision-making process. The
3.2.1 FANP-based decision-making FANP method provides quantitative outputs for
The Fuzzy Analytic Network Process (FANP) is grioritizing criteria, evaluating performance, and making
multicriteria decision-making method that effectivelyinformed decisions.
addresses complex problems by incorporating both
dependency relationships and fuzzy judgments. Introduc8®.2  Weighted sum and weighted average
by Thomas L. Saaty, 1980 [10], FANP has found Weighted sum and weighted average are two
widespread application in the fields of operations researttathematical computations employed to combine a set of
and decision science. The FANP methodology revolvag@lues by assigning weights to each vdll@. Although
around the construction of an analytic network tha&woth methods involve the allocation of weights to
captures the relationships among criteria, sub-criteria, ailividual values [14], the selection between the two
alternatives. Pairwise comparisons are conducted to ass@§thods depends on the specific context and the intended
the relative weights of network elements [11]. Fuzzpurpose of the calculation as they diverge in the manner in
judgments are accommodated using fuzzy logic It connestich these weighted values are consolidated [15]. In a
ANP to fuzzy logic, a valuable technique for dealing withweighted sum, each value is multiplied by its
nondeterministic and nonlinear issues. It can represgrrresponding weight and subsequently added together
fuzzy and qualitative knowledge, and so can reason likd®6,17] This yields the aggregate of the weighted values.
human [12], allowing for the modeling of uncertainties aniathematically, it can be represented as (1):
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Weighted Sum = (Valuel * Weightl) + (Value2 * Weight2) + ... + (ValueN * WeightN) (1)

The weighted sum produces a comprehensive value While in a weighted average, each value is multiplied
that encompasses the cumulative contribution of eably its weight, and the sum of the weighted values is divided
value, accounting for its assigned weight. by the sum of the weights. Mathematically, it can be

expressed as (2):

. Valuel * Weightl) + (Value2 * Weight2) + ..+ (ValueN * WeightN
Weighted averageg 9 ), ( 9 ) - ( ghtN)) (2)
(Weightl + Weight2 + ..+ WeightN)

The weighted average generates a representative valueThe minimum condition algorithm, as described earlier,
that incorporates both the values and their respectiig utilized in our performance measurement system to
weights. This approach is beneficial when calculating asalculate the overall multidimensional sustainable
average that acknowledges the importance or significangerformance value. This algorithm assigns the minimum

of each value [15]. value of the fields within each dimension to determine the
performance level of that dimension. The steps involved in
3.2.3 Presentation of the “Minimum condition the algorithm can be summarized as Figure 4.
algorithm”

" . 2 D.mp
Multidimensional sustainable
performance

' w D.sd D.os '
[ Sustainable development } Oparaﬂonal-vswkeholders}
A\
D.Env | | Ll |p-sec D.Eco D.Sta

Stakeholders

1. Field Performance Determination: Assign a score The output values are derived directly from the
ranging from 1 to 9 to each field within everyapplication of the minimum condition algorithm, which
dimension. assumes that a global performance level (output) is only

2. Dimension Scoring: Determine the score for eachchieved when all the inputs are validated.
dimension by considering the minimum scores of the The minimum condition algorithm comprises three
fields within that dimension. The performance of thenain performance levels, adopting a scale from 1 to 9.
dimension is equivalent to the minimum value amon@onsequently, the output performance level is determined

@

Figure 4 Performance calculation levels

its fields. by the lowest score assigned to the dimensions as
3. Comparison of Dimensional Performance: mentioned in Figure 5.
4. Sustainable Development Performance (D.sd):
Determine the minimum dimensional performanc A Slakenﬁd‘;’:égpzf:go“:'agi |
value among economic, environmental, and soci BEoattaay
dimensions. D.sd = Min (economic dimensiona Hgn performance (3) DL.os=1if D.0s={1:2:3}
performance, environmental dimensiona DL.0s=2 if D.0s={4:5,6}
performance, social dimensional performance) Aedium performance (2) HLonG R RN

5. Operational Performance + Stakeholders (D.os
Determine the minimum dimensional performanc
value among operational and stakeholder dimensior  Low performance (1)

D.os = Min (operational dimensional performance DL.sd=1if D.sd=(1:2;3}
stakeholder dimensional performance). S a g::giﬁjg;g%

6. Performance Level Determination for D.sd and D.os.

7. Calculation of Sustainable Multidimensional
Performance (D.mp): D.mp = Min performance level
(D.sd, D.os).

DL.sd: Sustainable development
performance Level
DL.sd={1:2;3}

= RNW 0| N0

Figure 5 Multidimensional performance measurement scale
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3.2.4  Atrtificial neural network 4 Practical case
ANN is a data processing archetype that is triggered jjq Application FANP

such a way that the information in the human brain is |, his case study, experts utilized the Fuzzy Analytic
processed by a biological nervous system. It is made upigétwork Process (FANP) with the assistance of the user-
a large number of highly interconnected processingiendly SuperDecisions softwaf20,21].
components, which are neurons that work together to solve gt\ware integrates advanced methodologies to
certain issues. For chores requiring precise and rapiihance decision-making processes across different
mat_hematlcal calculqt!o_ns, the computer surpasses orgafimains [22]. Through pairwise comparisons, a group of
brain systems. Artificial neural systems ensure theyrefully selected experts with expertise in sustainable
production of innovative information processing networkgyerformance  assessment identified the interactions
lts computation falls somewhere in the middle betwe&ftween various dimensions and fields. These interactions
artificial intelligence and engineering [18]. __shed light on the intricate relationships within the evaluated
Neural networks, specifically multilayer perceptron'sgystem. Notably, direct interactions among the fields

are a branch of artificial intelligence that model non-lineasrpeciﬁed in the provided table were identified by the
mappings. They consist of interconnected nodes Wig}(perts [23].

weighted connections and non-linear activation functions. "tne SuperDecisions software visually presents the

By combining these functions, they approximate complexteractions through a model represented in Figure 6. The
relationships [19]. Used in many fields, the application qf,gel consists of five clusters, each representing a specific
ANNs has seen a lot of success in a number of differefimension. Within each cluster, nodes are assigned to

areas of specialization, including. represent the fields under study. This visual representation
The multilayer perceptron is a feed-forward ”etworlf)rovides a clear and organized depiction of the

with multiple layers, where the input layer serves as @jationships between dimensions and the specific fields

conduit for data transmission. being assessed. The clustering structure facilitates the
categorization and grouping of interconnected fields,
enabling a comprehensive analysis of the entire system.

DEnvianm‘énl‘al_El@lml (= | Social [_I[][><]] UECC’"B"“‘CM

ec| ced| Fc|
le b — NF'I | FEE
WRI SSH I_nI
WD TA| we|
T Cloperational @@IE B T T TIe)stakehoiders g|@|s:;q

cs| sov|

cTl | - E]

DRR' SAI

EF scol

Tcl ! v

Figure 6 Selection network

In FANP evaluation, values 1, 3, 5, 7, and 9 (Table Huantification of decision-makers uncertain or imprecise
are frequently employed to convey the degrees qidgments. Here is a general interpretation of the typical
importance or preference for criteria or alternatives. Thesennotations associated with these values which has been
values are linked with descriptive language to aid in thesed in pairwise comparison.

Table 1 Pairwise evaluation scale

Importance Explanation

1 Signifies minimal importance or extremely low preference. This implies that the criterion is ¢
insignificantly important or inferior when compared to majority of other criteric
3 Represents moderate importance or moderate preference. This suggests that the criterion holds a ¢
of significance or a moderately preferred position among the other ¢
5 Indicates an intermediate level of importance or a neutral preference. This means that the criterion is ¢
to possess a medium degree of importance or a neutral preference when compared to ott
7 Denotes a high level of importance or a strong preference. This indicates that the criterion is regardec
substantial importance or a significantly higher preference relative to the other
9 Reflects an extremely high level of importance or preference. This signifies that the criterion is vi
critically important or holds an exceptionally high preference when compared to other
2,4,6,¢ |Even scores reflect intermediate val
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1. Choose 2. Cluster comparisons with respect to Economic - 3. Results
Node Cluster Graphical Verbal Matrix Questionnaire Direct Noimal = Hybrd =
hi st Operational is equally as important as Stakeholders Incomsisteacy: 000054
Economic — - - [Ecanamic j0.784
1. Economic >=9.5|9|8|7 6|5|4|3|2| |2|3|4|5|6|7|8|s| >=0.5|Noc o~ o114
2. Economic >=9.5|9/8|7[6 5|4|3|2| |2|3]4|s|6|7|8[e]>=0.5 |Noc Stakehoki- 120

3. Operational| >=9.59(8|7/6|5/4/3|2| | 2[3]4]5[6|7|8[s|>=0.5 Noc

Figure 7 Pairwise comparison example

a- Dimensions and fields prioritization as cause-effect or dependency connections. These links

The Fuzzy Analytic Network Process (FANP) iscapture the associations between dimensions and fields, to
utilized in this study to prioritize fields by assigningwhich weights are assigned based on their significance.
weights. The primary goal is to quantify and rank th&his assignment is done through pairwise comparison
elements involved in the decision-making processnalysis, where two criteria are compared at a time to
allowing for a more informed approach. Weightdetermine their relative importance compared to others.
prioritization becomes crucial when multiple criteria ar@ he resulting weights are then used to calculate weighted
considered, as it helps identify the most impactful aweights for each criterion and sub-criterion associated with
relevant ones. By doing so, it enables a focus on the kilye dimensions. These weighted weights indicate the
aspects and prevents subjective or equal evaluation of rdlative importance of each criterion within the context of
criteria. sustainability being studied. The Figure 8 below visually

Once the analytic network is constructed to represergpresents the relative importance (weights) of sub-criteria
the relationships between criteria and sub-criteria (@nd main criteria based on the pairwise comparisons
dimensions and fields), causal links are established, eittmmducted.

27%

31% | 28%

Environmental Social Economic Operational Stakeholders

T T E i =2 T T f 7 T T i
Figure 8 The relative importance (weights) for main criteria and sub-criteria

b- Sustainable performance calculation dimension. This computation can be accomplished through

By applying weighted weights [24], the calculation otechniques like the weighted sum or weighted average of
sustainable performance involves aggregating theeores. The weighted average is particularly valuable as it
measurements of criteria and sub-criteria linked to eaghovides a consolidated metric that considers the relative
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distribution of weights by dividing the weighted sum by theveights, it becomes possible to calculate sustainable
sum of weights (Table 2). In this approach, the weightqeerformance by amalgamating the measurements of
average is utlized to determine the sustainabkriteria.

performance of dimensions. By incorporating the weighted

Table 2 Example of weighted average results

Dimensions Fields Weights Fields Weighted Weighted
performances weights average
Environmental AP 0.2t 5 1.2¢
WSF 0.2: 4 0.9z 4.37
WR 0.21 5 1.0¢
HW 0.2C 3 0.€
EC 0.11 5 0.5¢
Social SSH 0.27 5 1.3t 4.14
AQ 0.2¢ 4 0.9¢
NP 0.1¢ 4 0.7¢
CE. 0.17 4 0.6¢
TA 0.1: 3 0.3¢
Economic WC 0.31 5 1.5¢ 4.89
CD 0.2¢ 5 14
FC 0.1¢€ 5 0.t
FEE 0.14 5 0.7
In 0.11 4 0.4
TC 0.2¢ 3 0.8¢ 3.68
Operational Cs 0.2¢ 5 1.8
CT 0.22 4 0.8¢
EF 0.12 4 0.4¢
DRR 0.12 4 0.1¢
Stakeholders SA 0.27 5 1.3t 4.53
VT 0.22 5 1.1
Gov 0.1¢ 5 0.9t
SCo 0.17 4 0.6¢
IS 0.1t 3 0.4t

Through the utilization of the weighted average, weearest integer using conventional rounding rules, such as
were able to perform calculations that yielded weighteunding up or rounding down.
aggregates. These aggregates served as valuable indicatoréccording to the minimum condition algorithm, the
of the relative performances exhibited by the fields undgerformance level of a higher-level (D.sd, D.os, or D.mp)
consideration in this evaluation. The weighted averagelies primarily on the minimum performance value among
method takes into account the assigned weights of eatie dimensions (D.Eco, D.Soc, D.Env, D.Op, and D.Sta)
field and combines them with their respective performanamntained within that same level or the oversize level being
measures. This approach allows for a comprehensistudied (D.os, D.sd). By applying this algorithm, we
assessment that considers the varying degrees qofantified the performances of D.sd and D.op, and based
importance assigned to each field. By obtaining thesm these two measures, calculated the overall
weighted aggregates, we gain a deeper understandingrofltidimensional sustainable performance, D.mp.
how the different fields compare in terms of their The resulting data underwent analysis using a machine

performance within the evaluated context. learning algorithm to investigate the relationship between
the various sustainable performance values of the

4.2 Minimal condition algorithm and artificial dimensions and the overall sustainable performance value
neural network for each scenario. This learning process was carried out

Before proceeding to the next steps, we performdtsing a neural network, specifically a multilayer
rounding of the weighted scorg®4]. Different methods Perceptron, with a database comprising over 200,000
are used to round real values to integers in sustainatflservations from the mining company's performance
performance measurement. In this context, we will adofitdicator monitoring systems. _
the classical approach of rounding the weighted scores. The Table 3 below provides an example of scenarios

This method involves rounding the real values to thdlustrating the transition from the rounded weighted
average to the value of D.mp.
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Table 3 Scenarios’ examples
Scenario 1 Scenario 2 Scenario 3 Scenario 4

D.sd=2
D.mp=2

D.os=3

The elements found in the initial columns of eachffers an innovative and efficient method for assessing and
scenario correspond to the inputs of the ANN modepredicting multidimensional performance. It not only
whereas the elements in the final columns represent thehances our comprehension and measurement of
outputs of the model. This structure is designed to captwsastainable performance in practical applications but also
the relationship between the input variables and ttspports decision-making processes and advances progress
resulting predictions or outcomes generated by the ANfdward sustainability objectives.
model. The input variables, located in the first columns,
serve as the initial information provided to the mode§ Discussion of results

while the output variables,_ located in the final columns, The prioritization of weights assigned to individual
represent the model’s predicted or calculated values baggflis within the dimensions during the assessment of

on the given inputs. sustainable performance within a Moroccan mining
o industry company has emerged as a pivotal step in this
4.3  Outcomes of the contribution endeavor. This weight assignment process has not only

The article makes two significant contributions. First, itacilitated the quantification and ranking of the dimensions
introduces a method for prioritizing dimensions byand their respective fields but has also yielded a wealth of
assigning weights to them and their respective fields base@aluable insights concerning their relative importance.
on their relative impact on overall performanceThese insights, inturn, serve as guiding beacons for driving
assessment. This approach underscores the substaiigdrovement initiatives and informing crucial decision-
influence of the environmental aspect among the variousaking processes.
dimensions, underscoring its pivotal role in determining The allocation of weights to fields within each
sustainable performance. Dimension prioritizatiolimension has been transformative in the evaluation
enhances our understanding of the relative significance giocess, offering a profound and comprehensive
different factors in the evaluation of overall performanceunderstanding of the intricate web of their relative

Secondly, the article presents a predictive modeignificance within the broader framework of sustainable
employing an Artificial Neural Network (ANN). This performance. It provides stakeholders with a nuanced map,
model achieves an impressive accuracy rate of 94% willuminating the areas that exert the most substantial
minimal error margins, as evidenced by a negligible Ro@ifluence on the overarching performance landscape. This,
Mean Square Error (RMSE). By training on the weighteth essence, empowers stakeholders to channel their
calculations, the ANN model learns the intricateattention and allocate resources judiciously, concentrating
relationships between dimensions, fields, and overalieir efforts where they can make the most significant
performance, enabling it to provide highly accuratémpact on the company's overall sustainable performance.
predictions. It not only refines the focus but also underscores the power

The integration of dimension prioritization and theof data-driven decision-making in the pursuit of
ANN-based prediction model in this combined approacustainability goals within the Moroccan mining industry.
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Table 4 Relative comparison

Dimensions Descriptions

Issues related to air, water, and soil pollution often have significant consequet
the environment. Themining industry can generate emissions of air pollut
discharge contaminated wastewater, and produce solid waste that can negative

Environmental surrounding ecosystems. Therefore, in the evaluation of sustainable perfol

30 greater importance may be pldaan these dimensions to ensure proper managerr
20 environmental impacts. Waste management and recycling are crucial issue
) mining industry. Waste can contain toxic or hazardous substances that requir
0 I management to prevent negative impaats human health and the environm

0 Regarding energy consumption, the mining industry is often eneteyysive, requirin
AP WEPWRHW a significant amount of energy for mineral extraction, processing, and transpc
Reducing energy consumption can contribateatmore sustainable performance

lowering greenhouse gas emissions and minimizing the company's carbon fi

The higher importance given to SSH and AQ among these fields in the social dir

of sustainable development can be explained by several factors. Firstly, SSH is

Social concern in many industries, including the mining industry, as it relates to veaifiety

prevention of accidents and occupational illnesses, and adherence to health anc

standards. These aspects are essential for ensuring a safe and healthy work eny

as well as protecting the lives and well-being of employees. Simila@yplays ¢

I I crucial role in sustainable development as air quality directly impacts human he:

I the environment. The mining industry can generate air emissions such as fine |

NP CE TA and pollutants that have detrimental effects on air quality. Therefbacing higl

importance on monitoring and improving air quality contributes to the protection
health of surrounding communities and the preservation of the enviro

SSH AQ

Overall, the high importance given to WC and CD underscores the significa

wealth creation and cost management in driving economic sustainability angiong-

success for mining industry companies. WC reflects here the fundamental obje

the bisinesses, which is to generate wealth and economic value. It encompasse

40 aspects such as revenue generation, profitability, and economic growth. Prioritiz

30 I I indicates the emphasis placed on maximizing financial performance and e
W( cD

Economic

sustainale economic development. The CD is another critical field as it directly ¢
I I i the financial aspects of a company. The cost of delay refers to the potential Ic
negative consequences that may arise from delays in project execution. Mana
FC FEE I minimizing the cost of delay is crucial for maintaining efficiency, competitivenes
financial success. By prioritizing CD, companies aim to optimize their res
allocation, mitigate risks, and enhance their overall economic perforn

Operational

20

10 I I I

o By emphasizing TC and SA, the evaluation of sustainable performance ackno
c ¢S er ore  |the importance of efficient transport cost management, which contributes to ope

efficiency, cost reduction, and enhanced competitiveness of the company. Addit

CT

Stakeholders strategic collaboration with stakeholders ensures a harmonious relationship

. acceptance, and sustainable management of mining projects. This focus aims tc
> optimal operational performance and sustainable development in the mining industry.
20
SERRE
0

SA VT GOV SCol IS
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The Table 4 above represents the prioritization of fields Furthermore, our study delved deeper by pinpointing
detailing the dimensions in the evaluation of sustainab#pecific subcategories or fields within each dimension,
performance for a Moroccan mining industry companyoffering a comprehensive understanding of areas that
The fields are depicted in descending order of their relativequire targeted attention and improvement. By
importance. This ranking provides a visual representatiguantifying and highlighting the relative importance of
of the significance of each field in contributing to overalthese individual fields, stakeholders and decision-makers
performance. are equipped with a clear roadmap, allowing them to

Furthermore, the results demonstrate a strong aoHannel their efforts towards addressing the most critical
consistent performance of the predictive model, makingdispects of sustainable performance.

a reliable framework for calculating and quantifying Additionally, we calculated the dimensional
multidimensional performance. These findings attest to theerformance aggregates by employing weighted averages,
model's ability to provide accurate and dependabtiuly considering the significance assigned to each
predictions, rendering it applicable to a wide range afimension. This approach permits a thorough assessment
studies, domains, and sectors. With its adaptive nature, tifethe overall sustainable performance, incorporating the
model can be adjusted and customized to fit specifi@rying degrees of importance assigned to each dimension.
contexts using appropriate performance indicators. It offers a holistic perspective on the company’s

The adaptability of the model allows for its applicatiorsustainable performance, taking into account the nuanced
to diverse case studies, offering increased flexibility andterplay between three dimensions.
relevance in evaluating multidimensional performance. Moreover, the predictive model we have developed
For instance, in the mining industry, performancg@resents a direct and easily interpretable means of
indicators such as waste management, energy efficienegtimating the overall performance value, delivering a
and carbon footprint can be incorporated into the model teneralized gauge of the company's performance level.
assess the sustainability of mining operations. This predictive tool facilitates quick and informed

By utilizing the adaptive predictive model, decision-making and is instrumental in providing a
practitioners and researchers can benefit from a valualsieapshot of the company's performance.
tool for evaluating, comparing, and enhancing The implications of these results and findings are
multidimensional performance across various contextsubstantial, offering a robust framework for decision-
This enables a more personalized and targeted approavlaking and improvement initiatives within the Moroccan
promoting better management of sustainable performanegning industry. By paying attention to the priority
and informed decision-making in diverse industrial sectodimensions and specific fields we've identified, companies

and fields of study. are well-positioned to elevate their sustainable
performance, advocate responsible practices, and make
6 Conclusion significant contributions to the long-term sustainability of

The mining industry in Morocco is not only a majorthe environment, society, and the economy.
contributor to the national economy but also a key global
player in the extraction of minerals, phosphates, arffdeferences
precious metals. Its influence reaches across varioild MARQUES, A.V., RODRIGUES, J.F.D.: Assessing
sectors, and as the industry evolves, it places increasingthe sustainable development of mining regions: A
importance on sustainable and responsible mining multidimensional approacResources Poligyol. 72,
practices. The government's support, investment in pp.1-11, 2021.
infrastructure, and commitment to innovation ensure thi2] LIANG, W-Z., DAI, BING., ZHAO, G-Y., WU, H.:
Morocco remains at the forefront of the global mining Performance Evaluation of Green Mine Using a
landscape. Combined Multi-Criteria Decision Making Method

In this paper, we have focused on this topic in order to With Picture Fuzzy Information, IEEE Access, Vol. 7,
study it closely and make decisions based on the results pp. 174139-174154, 2019.
obtained. https://doi.org/10.1109/ACCESS.2019.2957012

In summary, the application of the Fuzzy Analytid3] CHENG-RU, W., CHE WEI, C., HUNG-LUNG, L.: A
Network Process (FANP) method has proven to be highly fuzzy ANP-based approach to evaluate medical
effective in our study, enabling us to systematically rank organization performancelinternational Journal of
and prioritize the five dimensions of sustainable Information and Management Sciencéel. 19, No. 1,
development we examined. The order of priority, as pp. 53-74, 2008.
determined by our analysis, is as follows: environmentfd] BASIAGO, A.D.: Economic, social and environmental
(29%), social (25%), economic (24%), operational, and sustainability in development theory and urban
stakeholders (11%). This prioritization is a valuable planning practiceEnvironmentalistVol. 19, pp. 145-
outcome, shedding light on the relative significance of each 161, 1999.
dimension within the framework of evaluating sustainablfs] KARUPPIAH, K., SANKARANARAYANAN, B.,
performance in the Moroccan mining industry. ALI, S.M.: A fuzzy ANP-DEMATEL model on faulty

behavior risks: implications for improving safety in the
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Abstract: The aim of the article is to determine the capabilities of cloud services for meeting the needs of logistics
companies in the management of supply chains and digital accounting. The study provides a review of current academic
publications, analysis of official documentation of cloud service provider companies, and expert opinion of the authors
of the study. The study was based on information about the 5 most popular cloud services used by companies to perform
mathematical calculations. Amazon Web Services focus on reliability and scalability, providing a wide range of data
storage and processing services, as well as performing serverless mathematical calculations. Microsoft Azure stands out
for its integrated solutions, as well as data management and analytics services. Google Cloud offers a wide range
of development and analytics tools, including data visualization and data sharing. Oracle Cloud provides comprehensive
financial and database management solutions. SAP Cloud Platform specializes in financial management and analytics
solutions. The results of the research open up prospects for studying the problems of integrating services built on different
platforms and finding optimal solutions for combining the existing system of mathematical calculations in a logistics
company with the offered cloud-based services.

1 Introduction technologies or data storage companies. Companies around

Digitalization of business life transforms the usualhe World, including supply chain actors, accumulate
approaches to business. It has become the main trendsighificant amounts of data every day. However, they do
business transformation during the coronavirus pandemigt always have the proper resources, infrastructure and
and the activities of logistics companies underwent drasfigialified personnel to effectively use this data.
changes. As personal contact between people was limited, One of the main obstacles for companies that use cloud
the introduction of digital technologies ensured conductifgPmputing is the lack of properly trained personnel.
operations and functioning of business processes. In thigwever, cloud service providers can help solve this
aspect, the use of cloud computing has become decisive figancial, cultural, and practical challenge. In other words,
ensuring the functioning of logistics companies. Howevethey offer expertise in building and securing cloud
cloud technologies not only solved the problem ognvironments that an in-house team with extensive
complying with pandemic restrictions, they also opened gedentials and experience doesn’t have.
new opportunities in the use of information about business Another problem of the implementation of cloud
processes, in particu|ar' performing mathematicﬂom.putlng |.S the |nCOﬂS|Stency Of. the fUnCtlonal!ty of ClOUC:I
calculations and managing this information. Thé&ervices with the needs of logistics companies. In this
accounting system of logistics companies that use clof@gard, there is a need for a comprehensive study of the
technologies can reach a higher level of providin§inctionality of cloud computing services and the
management information needs. possibilities of their use in logistics companies for cloud-

The advantage of cloud computing is the ability to useased supply chain management and digital accounting.
remote servers be]onging to providers of thesgo, the aim of this StUdy is to determine the Capabilities of
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cloud services to meet the needs of logistics companiessiystem, which becomes automated to a certain extent. In
the management of supply chains and digital accountitigis sense, the accountant’s role is being transformed,
based on cloud computing. shifting from the performance of traditional accounting
Cloud services are gaining more and more popularifynctions of recording the economic facts to the
for their use in accounting. This is because they ensure thanagement of available information.
reliability of accounting data storage and the possibility of In the dissertation, author notes that the use of cloud
accessing them anywhere in the world. In addition, cloumbmputing can have a number of positive effects for
services offer the possibility of automating certaifogistics companies, but the effectiveness depends to a
accounting processes. This reduces the workload targe extent on how the use of these technologies has been
accounting department employees and increases thaiganized [4]. The author notes that the correctly chosen
productivity. model of the introduction of cloud computing tis adapted
The aim involved the fulflment of the following to a specific logistics company and the specifics of the
research objectives: organization of information flows is decisive in the
- Study the existing models of cloud serviceeffectiveness of the transition to the use of cloud
maintenance. technologies. It is also necessary to take into account the
- Analyse the functionality of the most popular cloudrganization of digital accounting in the logistics company,
services for their use for computing in the field of suppland cloud technologies should maximally provide the
chain management and digital accounting in logistiaseeds of the accounting system in particular.

companies. Dfreight [5] detailed the issue of the advantages of
using cloud computing by logistics companies. The general
2 Literaturereview advantages, such as reducing costs, increasing efficiency,

Author states that global supply chains are undergoir@gid improving the decision-making process, also include
significant transformations caused by the use of clodfose directly related to the accounting system — receiving
technologies, [1]. The concept of cloud computing an_@ata in rea_I time, automating the process of placing orders,
machine learning can be effectively used in the field dmplementing a data-based management system. So, the
supply chain management, facilitating collaboratio@ccounting system at the logistics enterprise also
between supply chain stakeholders through the integratigRdergoes transformations, which contributes to its
of supply chain activities and predictive analytics. Cloudmprovement.
computing enable building optimized delivery routes, After the coronavirus pandemic, many logistics
analysing the stage of delivery in real time, and malgompanies have .transfo_rm.ed their business models in
adjustments to the planned route to take into accouisPonse to new risks. This is why cloud software products
changes in circumstances. should also be adaptive and meet the adaptation needs

The use of cloud technologies enables the transition 1N necessary, [6,7]. Many software products do not take
Industry 4.0, which is a powerful impetus in thelNtoaccount currenttrends in changing business models of
development of customer satisfaction for logisticidistics companies, which makes it necessary to identify
companies. Authors noted that Logistics 4.0 is a relativefjodern needs in mathematical calculations of users of
new field of research that requires the development 6foud computing platforms.
scalable and effective software solutions and their Cloud computing significantly increases the efficiency
deployment  for  successful  business  proces¥ decision-making, [8,9]. Previously, logistics companies
transformations, [2]. In this aspect, the transformation éfd to invest a lot of resources to ensure the transparency
the information subsystem of logistics companies, ifif the logistics process, while cloud technologies make it
particular digital accounting, is worth noting. The use gfompletely transparent. Customers can monitor freight
cloud computing and the implementation of Industry 4.010vement in real time. Cloud technologies also
elements enables receiving operational information onlinéécentralize the decision-making process. Each section of
which significantly increases the effectiveness o€ logistics chain becomes independent in making current
information support for decision-making. decisions, which significantly increases the flexibility and

Researchers indicate that the integration of suppfpeed of the decision-making system. Flexibility is
chain participants through cloud systems provides eaBfovided by a well-established accounting system, which
participant with access to important information an@lso becomes decentralized. Most of the data are registered
facilitates the synchronization of supply chains [3]on the spot, the storage and processing of information
Logistics capacity management becomes more efficieR@comes automated, and the reporting is provided on
due to the full use of available assets and resources. Gloggmand at any management level. _
freight planning enables companies to exercise better AN important aspect of the implementation of cloud
control and ensure timely decision-making, which provideg®mputing is the transformation of information flows
greater flexibility in the supply chain. The cloudWithin the Iog|s_t|cs company and between the Ioglst]cs
technologies and software are applied to integrate &Pmpany and its customers, [10,11]. Cloud computing
aspects of the supply chain thanks to the accountiffyes external employees the ability to access information
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and download data and documents from or to a particular - Visualization of accounting data.

storage space via a web link on any device. The - Specialized financial blocks for work on planning,

information network of a logistics company can beontrol, budgeting, etc.

significantly expanded, and the information system can - Data exchange with other services.

contain information entry points at almost every stage of - Managing cash flows and financial calculations.

the logistics chain. This structure of the information system - Real-time monitoring and cost management

makes it extremely flexible, which ensures theapabilities.

completeness of information even in the most complex

logistics channels. The capabilities of each cloud service to meet the
Cloud technologies provide digitalization of businessequirements for improving the accounting system in

[9,12]. Digitization allows not only to optimize individual logistics companies through computing will be determined

business processes through the use of digital mathematicated on the analysis and comparison of the capabilities of

calculations based, but also to change the very conceptctdud services of different provider companies.

the company’s interaction with its customers. The use of The analysis of literature and official documentation on

cloud computing optimizes the logistics company’she possibilities of cloud computing services to meet the

business processes in terms of interaction with customexseds of improving the accounting of logistics companies

and obtaining the necessary information from them. Thevolved the following scientific methods:

customers upload all necessary links to the system. Review of current academic publications. this method

Moreover, they can monitor freight movement. Access @llows for a selection, review and analysis of academic

the necessary documentation is provided in a similar wayblications related to the possibilities of cloud computing

— each customer can independently download the contrémt accounting. It includes a thorough literature search,

and other documents from the information system. Anselection of relevant studies, and analysis of the results to

changes in the terms of delivery are automatically recordedtermine the current state of research in this field.

and updated in the relevant documentation. Analysis of official documentation. This method
includes reviewing the official documents of the provider
3 Methods companies about the functionality of their products. This

The research will be conducted in two stages. The firghalysis will help to identify the requirements to be met to
stage involves the study of the existing cloud servicétse cloud computing in accounting, and the opportunities
maintenance models, as the logistics company’s decisitiprovides.
to use such a service and the ability to meet the needs of Expert evaluation. This method involves the use of the
the logistics company in performing mathematicaiPUthorSf opinion about the p035|_b|I|t|es of using c!oqd
calculations may depend on this. computing to meet the accounting needs of logistics

The second stage provides for the analysis of t@mpanies. _ o
functionality of the most popular cloud service providers A parametric modeling method for building a model of
for their use for mathematical calculations in the field dihe influence of the functionality of cloud services on the
supply chain management in logistics companies. THevel of meeting the needs of the accounting system of
opportunities that the cloud services offer for improvindogistics companies. The conceptual basis of the
the digital accounting system in logistics companies wiRarametric model consists of determining the level of
also be analysed separately. The research sample inclugatisfaction of the needs of the accounting system of
5 of the most popular cloud services used by companidegistics companies as a function of the parameters and

[13]: capabilities of cloud services. The available functionality
1. Amazon Web Services [14]. of the considered cloud services represents Independent
2. Microsoft Azure [15]. variable models.
3. Google Cloud Platform [16].
4. Oracle Cloud [17]. 4 Resault
5. SAP Cloud Platform [18]. In this study, cloud services are supposed to mean a

technology that provides access to a set of configurable
The criteria for the ability of cloud services to meet thenathematical computing resources, such as networks,
needs for improving the digital accounting of logisticservers, data stores, applications and/or services. Our

companies include the following: understanding is based on a combination of conceptual
- Data storage on cloud service. principles of building cloud services, [19], types of
- Data scaling of the accounting system in case afiathematical calculations provided by cloud services,
increasing data volumes. [20], and predictive assessments of the development of
- Mathematical calculations for automation ofcloud computing technologies and services, [21]. The users
accounting processes related to data processing. can quickly use these resources for their tasks, reducing the

- Registering economic transactions and economimmber of interactions with the service provider or their
facts automatically using the Internet of Things.
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own management resources. Cloud services include three
service models (Figure 1).

Cloud Services
|
| | |
Software-as-a-servi( Infrastructure-as-a-servidg Platform-as-a-servid
(SaaS) (laaS) (GELS))

Figure 1 Cloud services maintenance models
different departments and employees. Cloud services

The SaaS model involves a company usingpically have high security standards, including data
programmes or web applications that are developeghcryption, backups, and tamper protection. This is
hosted, and maintained by a third party. For example, it cafiportant for accounting of sensitive financial data.
be programmes for planning and managing company flow The use of cloud services partially automates
of resources. accounting processes. Cloud services often have built-in

The laaS model involves a business model whereaaitomation features, such as electronic invoicing,
company uses cloud computing for data management amgtomatic tax accounting, and payroll. This helps reduce
analysis of logistic flows. This infrastructure can includenanual work and errors, while increasing the efficiency of
various components such as Internet of Things (loBccounting processes. Besides, cloud services enable
sensors, virtual machines, networking technologies, aittegrating the existing accounting platform with other
energy management infrastructure. systems.

The PaaS model is designed for application developers Cloud services can be integrated with other systems,
who need a stable cloud environment to test cloud serviagsch as supply chain management systems (SCM),
and verify their compatibility with existing products andyarehouse management systems (WMS) and others. This
application programming interfaces (APIs). allows for automatic data exchange and provides a single

The use of cloud computing plays an important role imformation platform for accounting and other functional
the transformation of digital accounting of logisticsareas.
companies when transitioning to the use of such services. The most popular cloud services used by logistics
Cloud services enable storing accounting data in gompanies are considered and the solutions they offer for
centralized cloud storage, which provides access to themproving digital accounting are analysed below
from any place and device. This makes it easier to sharigure 2).
and collaborate with data and flow of information between

CLOUD SERVICES FOR ACCOUNTING IN LOGISTIC COMPANIES

Amazon Web q ) Google Cloud SAP Cloud
Services (AWS Microsoft Azurg Platform Oracle Cloud Platform

Amazon SimpItill  Azure SQL Google Cloud|l  Oracle |l SAP S/4HANA
gl Storage Servig Database Storage Financials Clo Cloud

(S3)
g Google Oracle Analyti SAP Financia
L e Bngl?ery B Cloud M. Services
Relational Network
Database
Service B Azure Logic |l Google Cloud Oracle
Apps Pub/Sub |ed Integration | SAP Cash
Cloud Management

= AWS Lambda
Google Cloud .
g Azure DevOpg Fugnctions M Oracle Databaglll SAP Analytics
- AWS Cloud Cloud
CloudTrail

IRAzure Cognitivélll Google Data
Services Studio | Or?:(lzle ERP M SAP Concur
M Amazon ot
QuicksSight

Figure 2 Cloud services that can be used to improve the accounting systemin logistics companies
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AWS cloud environment. This can be useful for ensuring
compliance and security of accounting transactions.
1. Amazon Web Services (AWS). CloudTrail logs all events related to operations in AWS
Amazon EC2 (Elastic Compute Cloud) is a highlyervices, thereby enabling to establish monitoring of
scalable cloud computing service. It provides resizabtshanges, identify potential problems or unauthorized
virtual servers that enable companies to quickly scale thaitcess.
computing resources according to their needs. For logistics Amazon QuickSight is a data visualization service to
and supply chain management, EC2 enables companiegiteate interactive reports and charts based on accounting
deploy their applications and systems, such as inventaigta. It makes the analysis of financial data more
management software or transportation optimization toolgnderstandable and accessible to various stakeholders.
on a reliable and scalable infrastructure. QuickSight provides a variety of visualization tools and the
Amazon S3 (Simple Storage Service) provideability to share reports with colleagues and partners.
companies with a reliable platform for storing and
retrieving any amount of data at any time. In the context of 2. Microsoft Azure.
logistics and supply chain management, S3 can be used toAzure loT Hub is a cloud service that provides secure
store large data volumes, such as product informatiogonnection and management of devices. It provides a
shipment records, or sensor data from IoT devicesentralized platform for managing loT devices in logistics
enabling easy access, analysis, and integration with otkgrd supply chains. The companies use loT Hub to securely
systems. connect, monitor, and remotely manage a wide range of
Amazon Redshift is a fully managed petabyte-scalgevices such as sensors, trackers or gateways involved in
storage service. It enables companies to efficiently analys& supply chain ecosystem. It enables the acquisition,
large data volumes to gain valuable insights and make dap@ecessing and analysis of data in real-time, allowing
based decisions. In logistics and supply chain managemefmpanies to track and monitor assets, monitor the state of
Redshift can be used to store and analyse huge amountgef environment or detect anomalies. IoT Hub also
historical data related to inventory levels, sales trendgtegrates with other Azure services, such as Azure
customer behaviour or supplier performance. It enablgsinctions or Azure Machine Learning providing real-time
businesses to run complex queries, generate reports anddegbision making, predictive analytics, and automation of
analytics to optimize various aspects of the supply chaiupply chain processes.
such as demand forecasting, inventory management or Azure Functions is a serverless computing service used
supply chain risk assessment. by companies to run event-based applications and
Amazon Web Services offers a variety of services andorkflows. This enables businesses to execute code or
solutions that can contribute to the improvement dlinctions driven by particular events or triggers without
accounting in a logistics company that is transiting to thgorrying about the underlying infrastructure. Logistics
use of cloud services. The company’s products that can &ismpanies can use Azure functions to automate a variety
directly used to improve the accounting system will bef processes and tasks, such as order processing, inventory
detailed below. replenishment, or shipment tracking. For example,
Amazon Simple Storage Service (S3) in a logisticsusinesses can create functions that trigger inventory alerts
company can be used to store accounting data, suchwin inventory levels reach a threshold, or functions that
financial statements, payments, invoices, as well as othgbcess incoming orders and initiate execution processes.
documentation related to financial transactions. S3 ensuggsure functions provide flexibility, scalability and cost-
data reliability and availability, as well as the ability tceffectiveness by running code only when needed, enabling
easily backup and restore data when needed. companies to build efficient and responsive supply chain
Amazon Relational Database Service (RDS) enablesanagement systems.
creating and managing relational databases in the AWS Azure Machine Learning is a cloud service used by
cloud environment. This can be useful for storing angompanies to build, deploy, and manage machine learning
managing accounting data in a structured format. RDfodels. It provides a complete set of tools and services for
supports different types of databases, such as MySQill stages of the machine learning lifecycle, including data
PostgreSQL, or Oracle, and provides scalable resourcepteparation, model development, training, evaluation, and
ensure performance and data availability. deployment. In logistics and supply chain, Azure machine
AWS Lambda is a serverless computing service thigarning can be used to perform mathematical calculations
executes code without the need to manage infrastructure develop predictive models to forecast demand, optimize
This can be useful for automating accounting processes angentory levels, or optimize route and transportation
performing routine tasks. For example, a Lambda functigsianning. The analysis of historical data enables businesses
can be created to automatically account for payments tor build machine learning models that accurately predict
generate financial reports based on input data. demand patterns, optimize inventory allocation to reduce
AWS CloudTrail is a monitoring and event accountinghortages or overstocks, or optimize delivery routes to
service used to monitor, verify, and analyse activities in thginimize costs and improve customer satisfaction. Azure
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Machine Learning integrates with other Azure serviceperform advanced analytics, generate reports, and gain
such as Azure 10T Hub or Azure Databricks, to use losights from large volumes of historical data related to
data or big data analytics for learning and insights, enablisgles, inventory, customer behaviour, or supplier
companies to make data-based decisions and imprqerformance. By analysing these data, businesses can
supply chain efficiency. identify trends, make data-based decisions, and optimize
Microsoft Azure offers a variety of services andvarious aspects of the supply chain, such as demand
solutions that can contribute to the improvement dbrecasting, inventory management, or supplier selection.
accounting in a logistics company. For example, AzuigQuery perfectly integrates with other Google Cloud
SQL Database is a fully managed database that offers higgrvices and tools, enabling companies to ingest and
levels of security, availability, and scalability. It can beanalyse data from multiple sources and gain valuable
used to store and manage accounting data in a clandights to improve supply chain operations.
environment. Google Cloud Pub/Sub is a messaging service used by
Azure Functions is a serverless service used to execatampanies to build event-driven real-time systems. It
code driven by events or triggers. It can be applied fwrovides reliable and scalable messaging capabilities to
automate accounting processes and perform routine tagkscouple and integrate different components of the supply
For example, you can create an Azure Functions featurgain ecosystem. Cloud Pub/Sub can be used in logistics
that automatically processes and records accountingd supply chain management to stream real-time data,
transactions, such as payments or logging businessch as order updates, inventory alerts, or sensor data, to
transactions. different systems and applications. For example,
Azure Logic Apps is a service for creating automatedompanies can use Pub/Sub to send notifications to
workflows driven by events and actions. This can be us@t/entory management systems about changes in inventory
to integrate accounting data and perform various actioleels or to trigger notifications to transportation
such as sending payment notifications or generatimganagement systems about delayed deliveries. Cloud
financial reports. Pub/Sub provides durability, reliability and low latency for
Azure DevOps is a set of tools and services for softwaneessage delivery, ensuring a continuous flow of critical
development and development lifecycle management. ittformation throughout the supply chain, enabling real-
can be used to develop and maintain internal accountitime monitoring, decision-making, and automation.
systems or integrate external accounting data processingGoogle cloud services offer similar opportunities for
solutions. improving accounting in logistics companies as other
Azure Cognitive Services offers a set of intelligenservices. Google Cloud Storage is a reliable object storage
services that can be used to analyse and process text dagad to store accounting data and documents in a secure
including financial reports and payments. For example, tlevironment. With flexible storage options, companies can
Form Recognizer service can automatically extract arstiore, organize and back up data for accounting, and
analyse structured information from accountingrovide easy access to it for analysis and processing.

documents, such as the text part of a report. Google BigQuery is a data storage and analytics service
for efficient analysis of large data volumes based on
3. Google Cloud Platform (GCP). mathematical calculations. With powerful processing tools

Google Cloud Platform is a scalable and highlyand fast queries, BigQuery can be used to analyse financial
available object storage service used by companies to stdega, reports, transactions and other accounting data. This
and access their data from anywhere in the world. dinables companies to obtain valuable insights and perform
provides security and performance for storing differerdetailed analysis to make financial and management
types of data, including unstructured and structured dat¥ecisions.

Logistics companies can use Google Cloud Storage to storeGoogle Cloud Pub/Sub is a messaging service that
large data volumes, such as product catalogues, shipmenables streaming data exchange between different
records, or sensor data from loT devices. Data can be easygtems and components. This can be used to communicate
accessed, shared, and integrated with other Google Clayatlates in the accounting system, notifications or updates
services or third-party applications. Google Cloud Storadmtween different accounting and reporting systems.
provides different classes of storage according to differeRtub/Sub provides reliable and scalable communication that
access models and cost, enabling businesses to cfetilitates efficient real-time data exchange. This is
effectively store their data while maintaining highespecially relevant in a dynamic external environment,
availability, perform appropriate mathematicalwhere the speed of decision-making is an important
calculations. component of business success.

Google BigQuery is a fully managed serverless data Google Cloud Functions is a serverless cloud
storage for companies to rapidly analyse large dat®mputing service that used to execute code and functions
volumes. It offers a highly scalable and distributedccording to programmed events. It can be used to
architecture for executing SQL queries for large datasetsitomate accounting processes and perform accounting
BigQuery can be used in logistics and supply chains toutine tasks. For example, Cloud Functions feature can be
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created that automatically processes and analyses event-Oracle ERP Cloud is a comprehensive enterprise
based accounting data or generate reports. management solution that includes modules for
Google Data Studio is a free data visualization tool faccounting, finance, inventory management, procurement
creating interactive reports and charts based on accountingnagement and many others. This service allows the
data. It helps to analyse financial data making them malegistics company to keep accounting records, track
understandable to various stakeholders. Data Studinancial information and make adjustments according to
enables creating customized reports, charts, infographicsguirements.
and dashboards for tracking and displaying key

performance indicators. 5. SAP Cloud Platform.
SAP Integrated Business Planning (IBP) is a cloud
4. Oracle Cloud. service designed for businesses to match supply and

Oracle Supply Chain Management (SCM) Cloud is demand, optimize inventory levels, and improve overall
comprehensive set of programmes designed to optimigapply chain performance based on mathematical
supply chain operations. It covers a wide range aflculations. It provides a common environment for sales
functions, including inventory management, ordeand operations planning, demand planning, inventory
execution, procurement, logistics and transportatiooptimization and management. With SAP IBP, companies
management. Oracle SCM Cloud enables companiesdan use advanced analytics, machine learning, and
obtain comprehensive analytics and control over theinodelling capabilities to accurately forecast demand,
supply chain processes. It provides tools for demaraptimize inventory levels, and balance supply and demand.
planning, supply planning, and inventory optimizationlt provides real-time visibility of the supply chain, enabling
helping businesses to optimize inventory levels, minimizeompanies to identify potential bottlenecks, mitigate risks,
inventory shortages, and reduce transportation costs. Tdred make proactive decisions. SAP IBP integrates with
businesses use the capabilities offered by this cloud servitber SAP solutions such as SAP S/4HANA, enabling
based on mathematical calculations in terms of ordeomprehensive supply chain integration and data
execution allows to effectively manage orders, trackynchronization. SAP IBP helps companies to achieve
shipments, and ensure timely delivery. Oracle SCM Clougktter supply chain visibility, increase operational
also offers features for supplier management, enablirdficiency, reduce costs, and improve customer service.
companies to collaborate with suppliers, manage contracts, SAP Extended Warehouse Management (EWM) is
and track supplier performance. Businesses use Oraaleother comprehensive warehouse management solution
SCM Cloud to improve supply chain efficiency, improvethat provides advanced features for efficient and optimized
customer satisfaction, and reduce costs by optimizingarehouse operations. SAP EWM offers functions for
various aspects of their supply chain operations. inbound and outbound processes, inventory management,

Oracle Cloud also offers a variety of services anstorage optimization, workforce management, and
solutions that can improve accounting in a logisticansportation integration. Businesses use SAP EWM to
company. Oracle Financials Cloud is a fully integratedffectively manage the processes of goods receipt,
financial management system that provides extensiveceiving, order picking, packing, and shipping, ensuring
accounting, financial planning, and analysis capabilitieaccurate and timely order execution. The solution provides
This system is designed to store, track and analyse finangihl-time visibility of warehouse operations, enabling
transactions, including payment accounting, reportinfpusinesses to optimize the use of warehouse space,
budget control, and asset management. improve inventory accuracy and labour productivity. SAP

Oracle Analytics Cloud is a service for analytics anEWM integrates with other SAP solutions, such as SAP
visualization of mathematical calculations used to analyS4HANA or SAP Transportation Management, providing
accounting data, create informative reports and charts. Thismprehensive visibility and synchronization of the supply
service helps logistics companies to obtain important dathain. The companies use SAP EWM to increase
on financial status, profitability, costs, and other financiabarehouse throughput, reduce errors, improve inventory
indicators. accuracy and customer satisfaction.

Oracle Integration Cloud is a digital solution for data SAP Cloud Platform offers various services and
and application integration. This service enablesolutions for the accounting system of logistics companies.
communication between different accounting systems us8&P S/4HANA Cloud is a cloud version of an integrated
in the logistics company and data exchange between theanterprise management system that includes finance,
This contributes to the automation of accounting anaccounting, inventory control and other modules. This
ensuring the relevance of data in various systems. allows the logistics company to effectively keep

Oracle Database Cloud provides a digital environmeatcounting records, manage financial processes and ensure
for storing and managing accounting data. This allows thiee accuracy and integrity of financial information.
logistics company to ensure security, availability and SAP Financial Services Network (FSN) is a network of
efficient management of financial data. electronic data exchange and collaboration between

companies in the financial services industry. It helps
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logistics companies to connect with banks, financial SAP Analytics Cloud is a data analytics and
service providers and other counterparties to automatesualization service based on relevant mathematical
accounting operations such as paying bills, accounting foalculations designed to analyse financial data and create
payments and feedback to financial institutions foreports, charts and infographics. The logistics companies
settlement reconciliation, among other things. use this service to receive data on financial status,
SAP Cash Management is a cash flow management gumdfitability, costs, and other financial indicators.
forecasting solution. This service enables the logistics SAP Concur is a cloud-based solution for cost and
company to effectively monitor, manage and forecast casfansportation management. It helps logistics companies to
flows, including incoming and outgoing paymentsgeffectively track, manage, and report on expenses related
ensuring accuracy and flexibility in managing casko accounting operations, transportation, and business trips.
resources. This improves cost efficiency and ensure cost accounting
accuracy across activities.

Table 1 Capabilities of cloud services for improving the accounting systemin logistics companies based on mathematical

calculations
Cloud servic
Service capabilities Amazon Web Microsoft | Google Oracle SAP Cloud
Services (AWS Azure Clouc Clouc Platform
. Amazon Simple Google Google
Sr?(tja ds.f(C)lrj?rgl;:n-tSstorage of accounting data Storage Service Cloud Cloud - -
(83 Storag Storag
Database - storage, management an mazon Relatlopal Azure Oracle
scaling of accounting’ data atabase Service SQL - Database -
(RDS Databas Clouc
Serverless mathematical calculation - Azure Google
automation of accounting processes and AWS Lambda Functions Cloud - -

performance of routine tas Function:
Monitoring and accounting of the
economic facts - tracking, analysis apnd AWS CloudTrail - - - -
security of accounting operations
Data Vvisualization — creation of

h . Google .
interactive reports and charts based|op .. QuickSight ) Data ) SAP Analytics
accounting data and mathematical Studio Cloud
calculations
Financial management — accounting, Oracle SAP
financial planning, budget control and - - - Financials| S/4HANA
asset management Cloud Cloud
Electronic data exchange — automatijon SAP Fmanmal
. h Services
of accounting operations and accounting - - - -
of payments Network
(FSN!
Cash flow management — tracking, i i i i SAP Cash
managing and forecasting cash fic Managemer
Cost and transportation managemert -
tracking, management and reporting | of ) ) ) ) SAP Concur

costs related to accounting operatiops,
transportation, and business tr

The analysis of the capabilities of the leading cloudnd scalability, providing a wide range of data storage and
platforms gives grounds to conclude that there are sevepabcessing services. Microsoft Azure stands out for its
common capabilities that can contribute to théntegrated solutions and services for data management and
improvement of accounting in logistics companies. Alanalytics. Google Cloud offers a wide range of tools for
these platforms provide various services for data storagisvelopment and analytics, including data visualization
such as object storage and databases, as well as servededsdata sharing. Oracle Cloud provides comprehensive
computing, to automate accounting processes and perfdimancial and database management solutions. Finally,
routine tasks. They also offer data visualization services 8AP Cloud Platform specializes in financial management
help understand financial data and create reports on flamd analytics solutions.
of financial information. To decide on choosing a cloud service to improve the

However, each of these platforms has its peculiaritiesrganization of accounting in the company, we suggest
For example, Amazon Web Services focuses on reliabilitysing a parametric model of compliance of the
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functionality of cloud services with the needs of theompany’'s systems and technologies. This conclusion is

accounting system (1): confirmed by the results of our research, because the use of
different cloud service platforms can be difficult. Each

EOA = f([DSEi + DBEi + SEi + MEi + DVEi + company that provides access to its cloud services tries to

FMEi + EDEi + CFMEi_EME;i]/n) (1) provide a complete ecosystem that does not involve the use
of third-party components.

where: Another study [24] proved that cloud computing
EOA — Efficiency of accounting; provides cost reduction and increased productivity of
DSE — Data Storage Efficiency; accounting departments. Furthermore, it improves such
DBE — Database Efficiency; business processes as communication, working with
SE - Serverless Efficiency; documents, and the corporate information system. We
ME — Monitoring Efficiency; agree with this conclusion, as the analysis of cloud services
DVE — Data Visualization Efficiency; identified specialized products and modules for optimizing
FME - Financial Management Efficiency; such business processes. Similar conclusions are drawn in
EDE — Electronic Data Efficiency; the study [25,26], where the authors note that cloud
CFME - Cash Flow Management Efficiency; technologies and artificial intelligence provide such
EME — Expense Management Efficiency; significant advantages that accounting will be completely
i — cloud service; transferred to cloud services.
n — the number of parameters of cloud services. Ou and Zhang [27] point out that cloud services are

more suitable for small and medium-sized businesses.
Each parameter is assigned a coefficient from 0 to $mall and medium-sized businesses are more flexible and
where 0 does not fully meet the needs of the compangdaptable, which facilitates their transition to cloud
accounting system, and 1 fully meets the needs of thervices. However, the results of our research indicate that
company's accounting system. This coefficient ithe cloud infrastructure is more focused on large
determined by specialists in the company's accountitgmpanies, providing great opportunities for the analysis
department, who conduct such an evaluation of clowaf accounting data and the automation of accounting
services. Based on the calculation results, a parametepiigcesses.
determined that reflects the level of compliance of cloud Other studies [28,29] analyse the benefits and risks of
services' functionality with the accounting system's needgsing cloud computing. One of the most common risks is
In general, the choice of a cloud accounting platforrdata insecurity. However, our research showed that large
depends on the specific needs of the company. It ¢eoud service providers ensure reliable data storage and
important to consider functional requirements, securitgncryption to minimize insecurity risks. This gives grounds
level, availability, and integration capabilities. Each ofo conclude that cloud services designed for small
these platforms has its own advantages and unigaempanies may have certain problems with data insecurity,
capabilities that help logistics companies improvéut large companies that offer a complete cloud computing
accounting and make better financial and managementirastructure significantly minimize such risks. The

decisions. advantages over the disadvantages of cloud computing for
its use in accounting are also reported in [30,31]. The main
5 Discussion advantages include routine tasks automation and reduction

The results of this research indicate broad prospects #fr resources for performing analytical functions of
the use cloud computing by the logistics companies, nd¢countants. The novelty of the obtained results is the
only in supply chain management, but also in accoumi,gjane_rql!z_atlon and structuring of mformanon about the
organization. Analysis of the implementation of cloudPossibilities of cloud computing to satisfy the need for
computing of the most common cloud platforms revealed!PPly chain management and for the organization of
significant prospects for improving the accounting ofccounting of logistics companies.
logistics companies. Our conclusions are supported by the
results of a study on the impact of cloud computing 0§  Conclusions

accounting in companies, [22]. The authors note that cloud 4 increasing amounts of data on the activities of

technologies became widespread in accounting during fgyissics companies necessitates the search for technical
coronavirus pandemic. Companies tried to comply Wit tions for managing these data. Cloud computing

guarantine restrictions and introduced cloud services. FOLvices offer various data management options not only

accounting, this has openeq up significant opportunities g, managing supply chains of logistics companies, but
terms of automation of routine processes. Iso for accounting system data

The study [23] on the process of transition to cloud AWS and Google Cloud offer a wide range of data
services is interesting. The authors established that %rage and processing services, such as object storage and

most significant factor in the success of using clougaianases. Azure and Oracle Cloud also provide these
services in accounting is their compatibility with the
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capabilities, but focus on integrated data management 4.0: An edge-cloud software framework for big data
solutions. SAP Cloud Platform has limited capabilities in analytics in logistics processdsternational Journal
this area. AWS, Azure, and Google Cloud offer serverless of Production Research, Vol. 60, No. 19, pp. 5994-
math computing services that allow you to automate 6012, 2021.

accounting processes and perform routine tasks. SAP https://doi.org/10.1080/00207543.2021.1977408
Cloud Platform provides limited capabilities in this ared3] GOMEZ, M., GRAND, M., GRIVAS, S.G.
while Oracle Cloud does not have direct serverless Digitalisation in logistics and the role of cloud
computing services. AWS, Azure, Google Cloud, and SAP computing: How cloud computing will change the
Cloud Platform offer services for analysing and visualizing game, Logigtics Innovation, Vol. 2, pp. 1-18, 2021.
accounting data for better understanding of financial http://dx.doi.org/10.13140/RG.2.2.16826.93128
information and creating reports. Oracle Cloud has limitdd] AVILES, M.E.: The Impact of Cloud Computing in
capabilities in this area. Oracle Cloud and SAP Cloud Supply  Chain  Collaborative  Reationships,
Platform focus on finance, accounting and financial Collaborative Advantage and Relational Outcomes,
process management solutions, providing comprehensive Electronic Theses and Dissertations, Vol. 1244, 2015.
integrated solutions. Other platforms also have some https://digitalcommons.georgiasouthern.edu/etd/1244
capabilities in this area, but not as broad and integratdf] Dfreight, How Cloud Computing Benefits the Logistics
Consider cloud services that can satisfy the vast majority Industry, [Online], Available: https://dfreight.org/blog
of logistics companies' accounting system needs. If there /cloud-computing-benefits-for-logistics-industry/

are specific needs, the provider companies offer [24 May 2023], 2022.

opportunities to develop additional modules to solve su¢] SAMSIN, I., KOVALKO, N., KOVALENKO, A.,
tasks. In addition, these services are constantly being ZABZALIUK, D., KURANDO, K.: Legal aspects of
improved, and are flexible in their orientation to meet identity transactions involving entities with foreign
customers' needs. elements,Journal of Legal, Ethical and Regulatory

In general, each of the cloud platforms has its own Issues, Vol. 24, No. 5, pp. 1-10, 2021.
advantages and unique capabilities in supportif@] WANG, J., ZHANG, H., HU, H., ZHAO, J.: Cloud
management of information flows. AWS and Google logistics service mode and its several key issues,
Cloud provide a wide range of data storage and processingJournal of Logistics, Informatics and Service Science,
services, Azure and Oracle Cloud offer integrated solutions Vol. 2, No. 1, pp. 58-73, 2015.
for data management and analytics, and Oracle Cloud 8 MATKOVIC, P., TUMBAS, P., PAVLICEVIC, V.:
SAP Cloud Platform specialize in solutions for managing Decision Making in Logistics Processes Supported by
finances and financial processes. The choice of a cloud Cloud Computing]nternational Scientific Journal of
platform depends on the company’s specific needs and its Management Information Systems, Vol. 9, No. 1, pp.
accounting priorities. 11-20, 2014.

The proposed parametric model can be used K9] TEMJANOVSKI, R., BEZOVSKI, Z., APASIEVA, J.
logistics companies' accounting department employees T.: Cloud computing in logistic and Supply Chain
when choosing cloud services. Based on a subjective Management environmerdgurnal of Economics, Vol.
assessment of the accounting system needs of their6, No. 1, pp. 23-32, 2021.
company, they can use this model to identify the cloud https://doi.org/10.46763/JOE216.10023t
service that best meets their needs. The obtained results[dd) DUBEY, S., JAIN, S.: Logistics Information System
be applied in the development of a model for the and Cloud Computinglnternational Journal of
transformation of databases of logistics companies and the Operationsand Logistics Management, Vol. 3, No. 1,
selection of a cloud computing service for the information  pp. 42-47, 2014.
system migration. [11] SALEH, I, MAREI, Y., AYOUSH, M., AFIFA,

The conducted research opens up prospects for further M.M.A.: Big Data analytics and financial reporting
research, in particular, regarding the problems of quality: Qualitative evidence from Canadevirnal of
integrating services built on different platforms and finding  Financial Reporting and Accounting, Vol. 21, No. 1,
optimal solutions for combining the information system pp. 83-104, 2022.
existing in a logistics company with the offered cloud https://doi.org/10.1108/JFRA-12-2021-0489

computing services. [12] ABU AFIFA, M.M., VO VAN, H., LE HOANG
VAN, T.: Blockchain adoption in accounting by an
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Abstract: As we move toward a more competitive global economy, the demand for highly qualified people to create and
manage more efficient logistics systems, such as flows and management of materials or information, human flows, and
supply chains, increases. Without logistics, the commercial world would grind to a halt. Businesses depend on logistics
professionals to keep production and delivery moving forward which makes logistics education crucial. Companies expect
their future employees to gain practical information, and to master what they are learning. Students must know how to
apply what they learn. This is a reason why increasing importance is attributed to the constructivist approach to teaching
and learning in university education. Through experiments or simulation of processes, and group work based on previous
experience and knowledge, students better uncover the laws of phenomena. By actively engaging in the learning process,
deeper and long-term applicable knowledge about the studied processes is acquired. The goal of this article is to
implement the constructivist approach in the education of operational research and logistics at technical universities.

1 Introduction choose suitable problem-solving methods, work in groups,

The constructivist approach to |earning and teachir{gsten to Others, and effeCtively present and defend their
has recently become very popular in school education. TABInions [6,7]. Students educated in this manner
idea that knowledge is a human construction supported Bybsequently achieve better results in their studies and
experience, first stated by Vico in the 18th century arffactice [5,8]. Moreover, an increasing number of students
further extended by Kant, greatly affected thdn primary and secondary schools are being educated using
epistemology of Piaget, who is considered to be tHg@nstructivist methods, therefore universities should be
forerunner of the constructivism theory for the process #fepared for these students. _ .
learning. This theory was formally introduced by von Mathematics has been recognised as a subject that
Glasersfeld who developed his ideas in the Piagéfhances higher order skills because on the one hand, it
Foundation of the United States in 1975 [1]. requires abstract thinking, and on the other, promotes use

According to the constructivist view, knowledge is nofnd application of knowledge [9,10]. At first, it is essetial
passively received from the environment but activel{p identify an area of mathematics suitable for a
constructed by synthesizing past knowledge arfePnstructivist teaching approach. One excellent area is
experience with new information. The “coming to knowoperational  research and logistics,  specifically
is a process of adaptation based on and constantly modiffifiimization problem-solving. Nowadays, each modern
by the individual's experience of the world [1-3]. technical expert is required to have some awareness and

In recent years, constructivism approach has gainé@nsitivity to the logistical flow of materials and
popularity in teaching and learning of mathematics ifformation during the production process [11,12]. In the
primary and secondary education. However, in tertiafjeld of process optimization, a significant number of
education, it seems that most teachers still prefer tAeodified problem-solving methods have been developed.
traditional way of delivering explicit mathematics These methods are mostly iterative, generating a sequence
instruction. While processes studied in primary an@f solutions in which each subsequent solution achieves a
secondary schools are relatively simple, problems tacki@gtter value in terms of optimizing the process. Graphical
at the university level are more complex, time-consumingnd simplex methods are fundamental methods among the
and often span across various branches of knowledg®proaches to solving optimization problems in standard
Therefore, incorporating constructivist approach to solvin@m with two decision variables [13]. Naturally, it is
such tasks is significantly more challenging. Nevertheled@9ssible to use appropriate mathematical software to solve
universities need to integrate such working methods in@ptimization problems, but we recommend to introduce
the educational process so that students are compelledhis tool only after students have mastered and understood
contemplate the causal relationships of processes dh@ Principles of solving such problems. Software tools are
actively seek problem-solving strategies [4,5]. Activelypuitable for solving other types of optimization problems
solved tasks urge students not to rely on algorithmiat involve a Iarger number of variables, constraints, or
solutions but encourage them to think about the factop§oblems not in standard form, and allow us to find
influencing the course of processes, develop the ability §@lutions to solved problems quickly. However, without an

~111 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 11 2024 Issue: 1 Pages: 111-117 ISSN 1339-5629

The constructivist approach as a concept of active learning and teaching of optimization processes
at technical universities
Marcela Lascsakova

understanding of the essence of problem-solving, progress
in exploring new methods and approaches to solviggl Mathematical formulation of LPP
optimization problems can not be made. At first, the solved linear programming problem is
A new interesting approach to solving optimizatioimathematically formulated. This step might be demanding
problems is combining both fundamental methocfor students. They need to realize the desired relationships
simultaneously. That enables students to observe 'between variables and recognize technological parameters
sequence of problem-solving steps, not only from &with their impact on maximizing the objective. Therefore,
algorithmic perspective but also to perceive the graphiccreating more mathematical models of optimization
significance of these steps, which, in turn, helps theproblems with students is highly recommended.
understand the logical coherence of the algorithm ste  How can the provided information be structured
Therefore, students are encouraged to consider and iclearly? Creating a table of given data helps to organize
connections that are often overlooked in algorithm and structure the provided information and leads to a better
problem-solving. In the presented preparatory phase, ‘understanding of the mathematical model construction
step-by-step solution of the chosen problem is linked wiprocess. The input data of the solved problem can be
challenging questions and discussion with students written in the form of the following table, Table 1.
support critical analysis of the mathematical conter

Working in groups is recommended, and students' ideas Table 1 Input data of the solved LPP
continuously presented. Product?, | Product?, Avallqble
guantity
2 Linear programming problem ResourceS; 6 3 1800
Let's consider a linear programming problem (LPP) inResourcts, 1 4 1600
the standard form. That means, Machines N 2 2 86(
Let's maximize the objective functidr) Profit 3 4
2(%1, Xz, 0, %) = Xy G %5, 1) According to a standard form of LPP and Table 1, the
subject to(2) mathematical formulation of the solved LPP has the
following form:
Xhiaijx; < by 2 Let's find the values of two variables, and x,, such
that they maximize the objective function
x; =0, 7(xq,%,) = 3x; + 4x;,,
forb; >0, i=1,2,..,m, j=1,2,..,1n. subject to the following constrain{3)
6x, + 3x, < 1800,
Let's choose a specific linear programming problem x1 +4x; < 1600, 3)
and demonstrate the proposed working method with 2x, +2x; < 860,
students. The solved LPP is as follows: % 20,
The firm produced two kinds of produgjsandP,. The x; 2 0.

production is limited by the quantity of resour§gsnds,

and machines’ capacity M per month. There are 1800 uni&s2 A constructivist approach to solving LPP

of resourceS; and 1600 units of resourcs per month. The optimal solution to the solved problem can be
Machines M are capable of being operated for at most 860und by the graphical method [13]How can
hours per month. Each piece of prodBctrequires 6 units a mathematical model be graphically represented? At
of resources; and 1 unit of resourcs,. Each piece of the first, let's plot all inequalities (3) on a graph on the,-
productP, requires 3 units of resourcq and 4 units of coordinate planeHow can the inequalities; > 0 and
resourceS,. Both products?, and P, require 2 hours of x, = 0 be graphically interpreted? Since the two decision
processing time on machines M. On each sale, the fivariablesx; andx, are non-negative, let's consider only
makes a profit of 3€ per piece of prod@gtsold and 4€ the first quadrant of the, x,-coordinate plan&V¥hat do the
per piece of producP, sold. How many of each type ofother constraints graphically mean? Graphing each
products should be produced to maximize the total monttggnstraint, a half-plane is obtained. The first constraint in
profit? the first quadrant is represented by a region (Figure 1).
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T3} z(B)=3*170+4*260=1550,
\ z(C)=3*40+4*390=1680,
; z(D)=3*0+4*400=1600.

60O\

The coordinates of vertex C represent the optimal
solution of the given maximization problem, = 40,
X, =390, and z(C)=1680€ is a maximum value, the
highest obtained profit of the firm under given
circumstances.
Let's analyze determining the optimal solution to the
same problem step by step to understand the meaning of
A performed steps and look for connections in the procedure
() 100 200 3[}\ 400 500 .]'"1 Of SOIVing the taSk W|th a graphical SOIUtion.
Simultaneously, let's look at calculating the solution to the
Figure 1 Half-planex; + 3x, < 1800 in the first quadrant task using the simplex method [13].
How can different limitations of the observed process
The feasible region is just the intersection of three haléxpressed by a system of inequalities of different types be

400

200

planes in the first quadrant (Figure 2) mathematically unified? A linear programming problem in
standard form can be transformed into a system of linear
To equations. The corresponding system of three constraint
equations has the form (4)
\ 6x; + 3x, + s, = 1800,
600 X, +4x, + s, = 1600 (4)

| 2x, + 2x, + 53 = 860,
N
409)-

wheres; =0, s, =0, s; = 0.

The objective function can be written in the equivalent

form
200 - —3x; —4x, —0s; — 0s, — 0s3; +z = 0.
Therefore, the initial tableau of the simplex method is
A as follows, see Table 2.
; i b
g 100 200 30\\(1)400\%3) ! Table 2 Initial tableau of the simplex method
Fiqure 2 Feasible reqi Base| x; X, Sy S, S3 z b;

igur easl region ) 6 3 1 0 0 0 1800
At which point of the feasible region does the objective Sz | 1 | 4 | 0 | 1| 0] 0] 160(
functionz(x,, x,) = 3x, + 4x, reach its maximum value? |__S 2 2 0 0 1 0] 860

By theory, if the feasible region is bounded, then the Z -3 -4 0 0 0 1160

objective function has both a maximum and a minimum

value on the feasible region, and each of these occurs at aHow many solutions have systems of linear equations
corner point (vertex) of the feasible regiadhich vertex (4)? The system of three constraint equations contains five
of the bounded feasible region maximizes the objectiuaknowns. From linear algebra, we know that such a
function? The optimal solution is found by testing theystem has infinitely many solutiort$ow can solutions be
objective function at each vertex. At first, the coordinatedetermined?hese solutions can be obtained by arbitrarily
of each vertex of the feasible region are found, O=[0;03hoosing the values of two variables and calculating the
A=[300;0], B=[170;260], C=[40;390], D=[0;400]. The values of the remaining three variables from the given
coordinates of vertices O, A, and D are visible from theystem of equations (4). Since each slack varigble=
graph. The coordinates of points B, and C are obtained by2,3 appears in exactly one equation, the process of
solving the systems of two linear equations whiclexpressing it will be straightforward. After some
correspond to equations of intersecting lines. Bynanipulations, we obtain

determining the values of the objective function at each s; = 1800 — 6x; — 3x5,
vertex, the maximum value can be found s, = 1600 — x; — 4x,, (5)
z(0)=3*0+4*0=0, S3 = 860 — 2x; — 2x,.

z(A)=3*300+4*0=900,
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The values of variables s,, ands; can be obtained should be produced. However, the available resource
by choosing the values = 0, andx, = 0. Then, by (5), quantities limit the productiorWhich resource has the
s; = 1800,s, = 1600, ands; = 860. This allows us to most significant impact on the production of prodRc?
determine the first basic feasible solutidhat does the How many productB, can be produced with the available
initial basic feasible solution mean? At first, let's consideguantity of resources and machines’ capacity@t's
a production plan where no produdks and P, are examine each resource individually. There are 1800 units
manufacturedx; = 0, x, = 0). In that case, the inventory of resources; in stock, and producing one piece of product
levels of resources; andS,, as well as the available P, requires 3 units of resourég. Therefore, 1800/3=600
machines’ hours M, remain unchanged, remaining in thgieces of produdt, can be produced by using the available
original quantities (there are 1800 units of resoicen  quantity of resources;. As for resources,, 1600/4=400
stock, 1600 units of resourcg,, and 860 available pieces of produd®, can be made. The machines’ hours M
machines’ hours, s; = 1800, s, = 1600, s; = 860). allows to produce 860/2=430 pieces of prodRgct The
What is the graphical interpretation of the initial basicresource limiting production the most is the quantity of
feasible solution? The initial solution graphically resources,, which determines that a maximum of 400
corresponds to vertex O=[0;0] of the feasible regiopieces of produd®, can be produced.
(Figure 3). How can the amount of manufactured prodBgctbe
expressedResources, will be completely depleted, and
T2 4 thus the second inequality in the system (3) will be satisfied
as an equation. The vector corresponding to the leaving
variables, will be replaced by the vector corresponding to
D C the entering variablec, in the new production plan.
Therefore, for the new basic variablg, the following
condition holds
B x; +4x, + 5, = 1600,
Xy = 400—%x1—%52. (6)

How do the inventory of resourcg and machines’
capacity M change through the production of prodg&
A . Since the production of produd, requires not only
0| T resourcesS, but also consumes resou§;eand machines’
hours M, the values of the remaining basic variafjlesd
s; are modified accordingly. Therefore, using equations (5)

What is the value of the objective function for the initig®nd (6), we obtain

solution? Is it possible to increase this value by modifying s; = 1800 — 6x; — 3(400 — %xl - %sz),
the production plan (using a different feasible basic s =600—22y 13 @)
solution)? Is the obtained initial solution optimal? What is 1 a7t T am L
the meaning of the coefficients of the objective function? 3 =860 — 2x; — 2(400 — ~x; —52),
To determine whether the obtained solution is optimal, it is S =60 —3x +15 (8)
neccessary to assess if the value of the objective function 3 2™t 27
z(x1,%,) = 3x; + 4x, = 0€ is maximized. Let's analyze
the objective functiom = 3x, + 4x,. The coefficients of
the function are non-negative, where one unit of proBuct
yields a profit of 3€ and one unit of produtt yields a
profit of 4€ to the firm. Therefore, itis necessary to modi
the production plan by introducing either prod&gtor
productP, to increase the firm's profit (the value of th
objective function).Which product, not currently in the

roduction plan, will yield a higher increase in profiB} . .
Eomparing pthe pos)i(cive coegfficients of theloobjBe?ctivé_mnc.e » When producing 400 pieces of prodycre_source
function (the unit profit from producing produd®s and 5, will be completely depleted. Resourdg will be
P,), it was found that introducing the production of produc?onsqmed’ Ie_avmg 600 unEJsed units in stock. The
P, will be more advantageous in terms of maximizinéemammg. available m?Ch'neS hours.wnl be 60. .
profit. What is the grap_hlcal interpretation of the qbtalned

What is the maximum quantity of proddgtthat can solution? The entering base variable determines the

. . . direction of the displacement towards a new vertex of the
be produced@he highest possible quantity of prodigt feasible region. Asx, is the entering variable, the

Figure 3 Initial basic feasible solution

How can the current production plan be determined?
How is the solution of a transformed system of linear
equations acquiredBince the vectors corresponding to

ariablesx; ands, are not in the basis (not included in the
r%roduction plan), their values are chosen to be zero (no
eproduction of productP;, and complete depletion of
resourcesS,). Therefore, the obtained values of the basic
variables are as followst, = 400, s; = 600, s; = 60.
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displacement is carried out by the OD-edge to reach the profit? By changing the production plan, introducing
vertex (Figure 4). productP; into production, the firm's profit can increase.
Why is a unit profit of non-basic variables changed?
T2 Interestingly, the original unit profit for produ@t was 3€,
but in the modified objective function it is 2€. This is due
to the effect of changing the use of resources. The decrease
De. C is caused by the fact that when producing one unit of
productP,, the production quantity af, products has to
be reduced (due to insufficient capacity of resouge
Producing one unit of produd, consumes 1 unit of
resources,, which is then missing in the productionRf
products, and thus the number of products with a profit of
4€ needs to be reduced. To produce one unit of préuct
4 units of resourcg, are needed. Therefore, the production
A of productP, needs to be reduced by 1/4 unit for each unit
of productP, produced. The modified unit profit from one
unit of P, is reduced by 1/4 of the profit from one unit of

productP,, which is3 — % x4 = 2€.

How will the profit be changed for the current How does the basis change? What will be the new
production plan? Since the objective function obtains theroduction plan of the firm? By entering the vector
form corresponding to variablg into the basis, which increases

z = 3%, + 4(400 — 2 x;, — =s,), the value of the objective function, one vector
7 = 1600 +42x _45 ) corresponding to the existing vginfable leaves the_ basis.
N How can the resource which limits the production of
product P, the most be determined? What resource will
also be completely depleted by new productidrf

0 €Iy

Figure 4 A new basic feasible solution

for x;, =0, s, = 0 (non-basic variables), the total profit

will be z = 1600<€. . o .
; - esource which limited the production of prodégtthe
By the simplex method [13], the initial tableau Table énost is determined by calculating the ratios of modified

|sb;:hangedl|r¥[0 Tatéle ?; Wg'Ch '3 'g accordance with ﬂlﬁlailable resources to positive modified technological
obtained relations (6), (7). (8), and (9). coefficients (see them in equations (6), (7), and (8)). In
some cases, the modified technological coefficients may

Table 3 The second tableau of the simplex method . . .
become zero or even negative. In these cases, the ratios will

Basel x; X2 5 52 53 Z by not be calculated. (Dividing by zero is not possible, and if
21 3 the technological coefficient is negative, the corresponding
S, — 0 1 —— 0 0 600 ) T . ; .
4 4 resource will not limit the introduction of the product into
1 1 production. By introducing such a product into the
X2 1 1 0 1 0 0 | 400| production plan, resource will not be depleted further, but
rather an increase in the available quantity of resource will
S5 3 0 0 1 1 0 60 occur.) The following ratios are acquired
2 2 for x,: 23~ = 1600,
z -2 0 0 1 0 1 | 160(C Ggo 500
for N = - ~ 114.3,

Does the obtained solution optimize the objective
function? Is profit 1600€ maximaldow does the profit for s3:
corresponding to basic variables changdZom the

expression of the objective function (9), the modified profit 1,4 production of produd, is the most limited by the

for product?; and resourcs, can also be determined. BY iy chines’ capacity M. Therefore, the vector corresponding
introducing produck; into production and selling one unit;, \ariable s, is leaving the basis, while the vector

of productP;, the profit would increase by 2€. Including ., responding to variablg is entering the basislow can
the vector corresponding to variabiginto the basis (to o quantity of manufactured produgt be determined?

avoid completely depleting resoursg), the value of the gince (g) is the limiting constraint, it can be written in an
objective function would decrease by 1€. Since there is s !Juivalent form

a positive coefficient in the modified objective function,
the obtained solution is not yet optims¥hat non-basic ) ,
variable should enter the basis to maximize the obtained X, =40+ -5, =253 (10)

3 1
SX1 = 60 + 752 — Sz
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How are the expressions for determining the remaining T2
basic variablesc, ands, modified?The found expression

(10) of basic variable, allows to determine, using (6) and

(7), the expressions of the other basic variables Do O

x, = 400 — = (40 + 5, —253) — =5,
1T 1
x, = 390 —552 +gs3.
51 = 600 — 2 (40425, —253) + 253,

7
s; =390 — s, +§S3'

What is the next feasible solution to the solved
problem?Which variables are equal to zerdf?the non-
basic variables are equal to zero again= 0, s; = 0, Figure 5 Optimal solution
that means resourSg and machines’ hours M are fully
depleted), the new values for the basic variables are Using the simplex method [13], the transformed tableau
obtained. The new feasible solutionxis= 40, x, = 390, has the form of Table 4. Modified technological
s, = 390. coefficients correspond to coefficients in the expressions

What is the modified profit of the firm? How is the valu®f variablesx,, x,, s;, and the objective functian
of the objective function changedlihe value of the

modified objective function is determined, using (9) an Table 4 The third tableau of the simplex method
(10), by the expression Base| x; | x | 51 | S2 | ss z b;
1 2
= 35273 - 7
z = 1600 + 2(40 +1352 4353) Sz, 5 0 0 1 1| ==1] 0 | 39
z=1680 — s, =253, (11) 2
1 1
- | xm|lOo| 2| 0] = |=-=|0] 3%
Whens, = 0, s; = 0, then the modified firm’s profit will 3 6
be 1680€. 1 2
q | L] 0] 02| 2|04
Is the acquired solution optimal? Can another solution 1 2
for which the value of the objective function is higher be 2 0 0 0 Z il 1 1680
found?Let’s analyze the modified objective function (11) 3 3

The modified coefficients in the objective function are
negative or zero, so introducing vectors corresponding® Conclusions
variabless, ands; into the basis would decrease the profit Logistics is the process of planning, organizing, and
(for one unit of resourcs,, the loss would be 1/3€, and formanaging the movement of goods and raw materials in the
one unit of machines’ hours M, the loss would be 4/3€3upply chain. Currently, as new technologies change what
Therefore, the determined solution = 40, x, = 390, logistics work entails, it is more important than ever to help
s; =390, s, =0, s; =0 is optimal. This implies the students develop their critical skill set. The combination of
production plan for the firm with the highest profit. Thecritical-thinking skills and experience aids in a logistics
firm will produce 40 pieces of produft and 390 pieces professional’s ability to anticipate and visualize processes
of productP,. ResourceS, and the processing time onfrom start to finish to optimise supply chain settings. It is
machines’ M will be fully utilized. Resourdg will remain  challenging to find professionals who understand data and
unutilized with a remaining inventory of 390 units. its role in logistics planning. Data is the key to making the
How can the optimal solution be graphicallyright decisions, so the ability to analyze data and processes
interpreted? A new displacement by DC-edge is made, U the basis of education. This means solid knowledge of
of C-vertex (Figure 5). At this point, the process endsnathematics is very important. An essential part of good
Vertex C is the optimal solution to the problem. logistics flow is team management. Organizational skills
are the requirements of a logistics manager. Teamwork is
a vital component of any supply chain management
system, as each role in these processes complements one
another. Developing interpersonal skills such as patience,
empathy, and active listening can help communicate ideas
more effectively.
In the context of the rapid advancement of information
technology, the educational process faces new and
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challenging tasks. Current university students are living] BACHRATA, K, BACHRATY, H, SMIESKOVA M.:
under the pressure of an enormous amount of information Genetic constructivism in mathematical preparation of
being pushed onto them in varying quality. The easier computer science students17" International
accessibility of information conflicts with students' ability = Conference on Emerging eLearning Technologies and
to select relevant sources and content based on critical Applications, Stary Smokovec, pp. 29-35, 2019.
thinking. Therefore, it is essential for students not to H&] VOSKOGLOU, M.: Comparing teaching methods of
only passive recipients of predetermined algorithmic mathematics at university leveducation Sciences,
procedures but to be active in the learning process. It is asVol. 9, No. 3, pp. 1-7, 2019.
well equally important to be able to analyze causal https://doi.org/10.3390/educsci9030204
relationships and think about the sequence of steps wHi@ DAY, J., LOU, H., VAN SLYKE, C.: Instructors’
solving the problems. An active approach helps them also Experiences with Using Groupware to Support
learn how to communicate properly, recognize errors in Collaborative Project-Based Learnintnternational
their opinions, argue and defend their solutions correctly. Journal of Distance Education Technologi&é®l. 2,
The article aims to highlight the possibilities of a No. 3, pp. 11-25, 2004.
constructivist approach in teaching linear programming’] DU, J., XIA, J., DU, L., LI, H..Cultivation of college
problems in the field of operational research and logistics students innovative ability in mathematics based on
in the context of university education. This approach constructivism International  Conference  on
provides a suitable environment for the development of Computers, Information Processing and Advanced
students’ critical thinking. Within solving the optimization  Education, Ottawa, pp. 798-802, 2021.
problem two mathematical methods were connected af8] FREEMAN, S., EDDY, S.L., MCDONOUGH,
the algorithm was analyzed in detail step by step. The M., SMITH, M.K., OKOROAFOR, N., JORDT,
integration of multiple approaches helps students to see theH., WENDEROTH, M.P.: Active learning increases
problem in context and teaches them different ways how to student performance in science, engineering, and
analyze the problems and find solutions. This allows them matheméc, Proceedings of the national academy of
to develop unconventional methods and approaches to Sciences of the United States of America, Vol. 111, No.
problem-solving. Students acquire solution frameworks 23, pp. 8410-8415, 2014.
that they can subsequently apply to solve other problems. https://doi.org/10.1073/pnas.1319030111
Understanding and identifying strengths and weaknesseg% GIANNAKOPOULOS, P., BUCKLEY, S.: Do
the used methods enables students to use the methodgroblem solving, critical thinking and creativity play a
correctly and choose them effectively for solving role in knowledge management? A theoretical
problems. mathematics perspectiveeuropean Conference on
The young generation will soon face the challenge of Knowledge Management, Vicenza, pp. 327-337, 2009.
not succumbing to artificial intelligence and maintainingl0] ZULKARNAEN, R.: Students' academic self-
information technology at a level that serves humanity.  concept the constructivism learning modekirnal of
Therefore, seeking new educational approaches that help Physics: Conference Series of "l International
strengthen students’ skills of critical thinking is a very ~ Seminar on Applied Mathematics and Mathematics

important necessity. Education, Cimahiyol. 1315, No. 1, Article number
012071, pp. 1-5, 2019.
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Abstract: Road traffic accidents represent an important part of the road traffic system. In many cases, they may lead not
only to damage to vehicles and property, but also serious injuries or even death of road traffic participants. The prevalence
of road traffic accidents and the related fatality rates in a country is a significant indicator of the maturity of that country
and its inhabitants. The purpose of this article was to review the prevalence of road traffic accidents and fatality rates in
the Slovak Republic over the period from 2009 to 2022. The analysis was conducted by applying basic statistical methods
and a time series analysis (exponential smoothing method — ETS). The ETS is a method used for forecasting a time series
univariate. The focus of this method is on three time series components (error E, trend T and seasonal S), while defining
how the individual components interact. The results of the analysis indicated a positive, i.e. a falling trend in road traffic
accident rates, according to the numbers of persons killed/injured in road traffic accidents in Slovakia. Compared to 2009,
in 2020 there was a decrease in the number of road traffic accidents by almost 54%. In 2022, the number of fatalities
decreased by almost 30% compared to those in 2009. The modelling also involved a forecast of the number of persons
killed/injured in road traffic accidents for a period of 5 years.

1 Introduction The road traffic accident rate is an important indicator

Mobility and transport are of high importance for theof the quality of the transport infrastructure and the
society. Although they provide many benefits, they are al$glevant legislation; it also reflects the awareness of the
associated with a number of drawbacks, such as tfead traffic rules among the inhabitants of a particular
greenhouse emissions, noise, water and air pollution, @untry. In the European Transport Policy, the EU has laid
well as traffic jams and accidents. Road traffic accidenfWn ambitious long-term goals for the road traffic safety.
are events which result not only in injuries or death of roathe EU representatives issued a resolution [5,6] that is
traffic participants, but also in material damage. aimed at increasing the road traffic safety and approaching

According to the World Health Organization,the zero-fatality rate on the EU roads by 2050 (Vision
approximately 1.3 million people die every year as a resié€ro). The resolution includes limiting the speed in
of road traffic crashes. Other 20-50 million people suffdesidential areas to 30 km/h, implementing the zero-
non-fatal injuries, while many of the injured becomdolerance approach regarding the use of alcohol and other
disabled [1]. Globally, almost 3,700 people die on roads ffldictive substances while diving, and implementing the
accidents involving cars, buses, motorcycles, bicyclestate-of-the-art safety features both in roads and vehicles.
trucks or pedestrians. More than half of those killed in théccording to [6], the Vision Zero will be implemented
crashes are pedestrians, cyclists and motorcyclists [#)rough influencing the attitudes of road traffic
According to the information published by the EuropeaRarticipants, taking targeted measures aimed at high-risk
Commission, in 2022, around 20,600 people were killed fi#ad participants, creating the safe traffic area, increasing
road crashes in the EU countries, which is a 3% incred§¢ safety of motor vehicles, ensuring fast and efficient
compared to 2021. This was caused by the recovery of fiest-crash medical ~care, and applying modern
traffic intensity after the pandemic [3]. technologles. Accordmg to [7], there are several causes of

Over the last few decades, the road traffic safety in tfigad traffic accidents. The key ones include a speed limit
European Union (EU) countries has significantly improveMiolation, drunk driving, driving without a break, not
thanks to the considerable efforts exerted at the EuropeBaYing attention to the traffic, poor quality of roads, bad
regional and local levels. In years 199017, and Weather and so on. Kurakina et al. [8] stated that the key
particularly after 2000, the EU witnessed a signiﬁcariﬂdicator of road traffic safety is the absence of road traffic
improvement in the field of road traffic safety in terms oficcidents. In a paper [8], authors discussed the methods for
the number of fatalities and injuries. Over a shorter periotprecasting the road accident rates using the Driver-
in years 20012010, the number of deaths on roads in tfehicle-Road-Environment (DVRE) system. Darwish et
EU decreased by 43% and since 2010 by additional ca 2@ [9] deal with the key factors that contribute to traffic
[4]. Nevertheless, the number of persons killed on roaggcid_ents i_n Jordan, based on a dataset obtained from the
across the EU has not significantly changed over the last 8ffic Institute’s 2021 database.
years.
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Vilaga et al. conducted a statistical survey with the aitmaffic accidents on road links and junctions in Lithuania in
of assessing the severity of road traffic accidents arygars 2014-2018, while the road traffic accident rates were
identifying the correlations between the accidents and therecasted by applying the empirical Bayes method. The
road traffic participants [10]. The output of the study was authors also recommended collecting detailed information
recommendation to improve the road safety standards awmlthe geometrical and operational characteristics of roads
adopt more policies regarding the safety of transpothat affect the risk of serious accidents.

Authors [11] analysed 20 influential factors of road traffic In the article [22], the prevalence of road traffic
crashes (e.g. drivers’ behaviour and driving experiencagcidents and the amounts of the collected road tax in the
vehicles’ safety condition, vehicles’ purpose, road lightin@€zech Republic is discussed. The authors found out that
quality, road surface condition, roadside protectiodespite a stable increase in the amount of the collected road
facilities, road terrain etc.). The key factors were identifiethx over the years, the accident rates gradually decrease;
by applying the factor analysis. however, that decrease is not as intensive as the increase in

Olszewski et al. [12] examined the factors affecting thihe collected road tax. They stated that the collected
risk of death of pedestrians, cyclists, motorcyclists andoney, which should be spent on resolving the problems
moped riders in seven EU countries using the data from tw¢h the road network (road traffic safety, repairs,
CARE database. The results were presented as odds ratimsstruction of new roads etc.), was not used exclusively
of fatal accident outcomes in different countries unddor those purposes. Authors Stefko et al. [23] modelled the
specific circumstances compared to the referencemage to the property and the accidents with injuries and
conditions. The safety of traffic was also discussed in [L3gtalities that had happened in the Slovak Republic. They
authors applied the data mining algorithms, including theoncluded that the accidents with fatalities and injuries
basket analysis, to analyse the road traffic accident ratestnongly affect the property damage. They also pointed out
Hampshire, England. The modelling of the road traffithat the expressways significantly reduce the rates of
accidents in Addis Ababa by means of the adaptiaccidents in which there are fatalities. Road traffic
regression trees was presented in [14]. accidents in Slovakia that happened in years 1999-2009

Severity of road traffic accidents was examined in [15}vere analysed by authors KalaSova and Krchova [24].
The decision trees and the artificial neural networks wefiehey claimed that with the use of new, modern and smart
applied to identify three main factors affecting fatality ratesystems and applications, the transport safety may be
for road traffic accidents: not using a seat belt, drunknproved. The forecasts of road traffic accident rates in
driving, and inappropriate lighting conditions on roadsPoland and Slovakia, as well as the evaluation of how the
Authors Chand et al. [16] provided a review of the sourc&30VID-19 pandemics affected their trend, were presented
of data on road traffic accidents, as well as the dalta [25]. The accident rates were forecasted by applying
analysing techniques and various algorithms that are ussslected time series models. Authors pointed out that the
for forecasting the road traffic accidents. Authors Sze apdndemics caused a decrease in the road traffic accident
Wong [17] presented the assessment of the risk aftes in Poland by 31% and in Slovakia by 33%.
pedestrians suffering an injury in a road traffic accident ar@@orzelaczyk [26] analysed the number of road traffic
the analysis of the factors that contribute to fatalities aratcidents in Poland relative to the weekdays when they
severe injuries. The correlations between the probability bppened. The data was used to forecast the accident rates
death and a serious injury and all the influential factotsy 2024 based on the time series.
were identified by applying the binary logistic regression. The road traffic safety in the Slovak Republic relates

Authors Lavrenz et al. [18] presented a review of theot only to the road traffic safety at the national level, but
current state of the art regarding the use of time seriaso on the European level. The key indicator of the traffic
models in the research into transport safety and discussedident rates in the country is the total number of road
some of the basic techniques and consideratiotraffic accidents and the number of persons killed in road
concerning the conventional time series modelling. Theaffic accidents. The purpose of this article was to analyse
article [19] deals with the road traffic fatalities in India inthe road traffic accident rates and the number of persons
years 19672015, analysed by applying the time series arkilled/injured in road traffic accidents in Slovakia. The
the ARIMA model. Based on the forecasted numbers oésult of the analysis was the modelling of the prevalence
fatalities in road traffic accidents, authors expect a risimgf the number of deaths with the use of a time series and
trend in the number of fatalities in road traffic accidents ithe forecasting of the number of deaths for the next 5 years.
India over the next 10 years. Greibe [20] described the
accident prediction models that are capable of the mg@t M ethodology
accurate forecasting of fatality rates for urban junctionsand];  Basic terms
road links. The models were based on data for 1,036 g|gyakia (the Slovak Republic) is an inland country

junctions and 142 km of road links in urban areas. Thg ated in the Central Europe (Figure 1) and a member of
generalised linear modelling techniques were used to relgfig, £\;ropean Union since 2004. The territory with the total

the accident frequencies to the explanatory variablegrface area of 49,035 square km is inhabited by ca 5.45
Jasiuniene et al. [21] conducted the evaluation of roagjjion inhabitants. Bratislava is the capital city.
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Figure 1 Location of Slovakia in the EU [Base map © maproom.net]

The road infrastructure in Slovakia consists o€Commission of the Traffic Inspectorate. Such events
highways, expressways and Class |, Il and Il roads. Tleclude the traffic accidents that happen at places with a
current state of the road infrastructure is characterised bliraited road access (e.g. field roads and forests roads, roads
relatively dense network of roads, but with only a smaih factories, in yards etc.) [28].
proportion of highways and expressways. In 2020, the road Severity of road traffic accidents is categorised
network in Slovakia consisted of 18,130 km of roads ardkepending on whether an accident resulted only in damage
highways, while the highways represented 521 km [27fo property, or the accident participants suffered a minor or
112 km of new highways and expressways are expectedstrious injury or even death. Pursuant to Act No 433/2010
be built in Slovakia by 2030. Coll., supplementing Act No 513/2009 Coll. (on Road

According to [28], a traffic accident is an event cause@raffic and on Amendment and Supplementation to
by a moving vehicle in the road traffic with a consequendgertain Acts), a death (killed person) means any person
of death, injury or property damage, regardless of whethirat is killed in an accident or dies within 30 days due to an
it is classified as a crime or an offence and whether it isjury caused in an accident. The number of deaths only
subject to the proceedings in court or before the Peratludes the persons who die due to an injury in a traffic
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accident within 24 hours after the accident. An injuredbservations are given relatively more weight in
person is a person who has not died, but suffered an injdioyecasting than the older observations. Those methods
in an accident and needed a medical treatment. A seriougigrefore enable generating reliable forecasts in a short
injured person is an injured person who is hospitalised fperiod of time and for a wide range of time series. Such an
longer than 24 hours. A person with a minor injury is advantage makes them very important for industrial
person who has suffered an injury in an accident other thapplications. The ETS method is based on all previous
a serious injury, except for the cases when a singhbservations. Their weights exponentially decrease as they
treatment is required without a need for any specialisé@come less recent. Every model consists of three
treatment or a sick leave [29]. components: Error, Trend and Seasonal. The Error

As a full-value member of the EU, the Slovak Republicomponent may be characterised as “Additive=A" or
(SR) became a member state of the Third global ministeridflultiplicative=M". Trend may be described as
conference on road traffic safety, held in StockholmfNone=N", “Additive=A", “Additive damped=Ad",
Sweden, in February 2020, at which a new action decatidultiplicative=M" or “Multiplicative damped=Md”. The
was announced with the goal of increasing the safety 8Basonal component may be “None=N", “Additive=A" or
road traffic by 2030 [30]. In Slovakia, two medium-term‘Multiplicative=M". There are 15 forecasting models with
strategic goals were set for the period of 2021-2030 aadditive errors and 15 models with multiplicative errors.
one long-term strategic goal was determined for the peri@hsed on the assumption of normality of the error term
by 2050. The first medium-term strategic goal is to halv§Shapiro-Wilk test of normality), the ETS model can be
the number of fatalities in road traffic accidents in the SBstimated via the maximisation of likelihood. The time-
by 2030 compared to the number of fatalities in theeries forecasting model was created with the use of the R
reference year 2020. The second medium-term strategiackage forecast and the ets() function [34]. The
goal is to halve the number of serious injuries in road traffinethodology is fully automatic. The only required
accidents in the SR by 2030 compared to the number afgument for ets is the time series. With regard to choosing
serious injuries in the reference year 2020. A long-terthe most appropriate model, the conventional approach
strategic goal (Vision Zero) is to reduce the number aficludes the application of all models and then choosing
fatalities and the number of serious injuries in road traffithe best model based on the information criterion. The best
accidents in the SR to zero by 2050. For the purpose mbdel may be identified using the Akaike's Information
accomplishing those strategic goals, certain measures wererion (AIC). A general rule is that the lower the AIC
defined for five different areas: a human factor; the riskalue, the better the model is compared to a model with a
groups of road traffic participants; road safety; vehicles ardigher AIC value.
technologies; and post-crash care.

3 Result and discussion

22 Statistical methods This investigation was aimed to analyse the prevalence

The assessment of the prevalence of road traffif road traffic accidents and the number of persons
accidents in Slovakia was based on the data collected lijfed/injured in road traffic accidents in the Slovak
the Ministry of Interior of the Slovak Republic [31]. Republic in the period from 2001 to 2022.

The analysis and the assessment were carried out by
applying basic statistical methods and a time serigsl Basicterms
analysis. A time series means a series of observations thatgased on the available data, 685,984 road traffic

are comparable in their nature and location, arrange@cidents were reported in Slovakia in the period of 2001
chronologically from the past to the present [32]. A time2022. The average annual number of road traffic accidents
series forecast is a quantitative forecast of the future valuggs almost 21,182. A significant decrease in this number
of a time series based on the assumption that the curr@pis observed in 2009 — from 59,008 reported accidents (in
development will continue in future without any changes2008) to 25,989 reported accidents (in 2009). It was caused
In this article, the prevalence of road traffic accidentgy changes in legislation.
was forecasted by applying the ETS (ExponenTial A graphical representation of the prevalence of road
Smoothing) method. The ETS is a forecasting method usgffic accidents in Slovakia over the analysed period of
for predicting a future value based on the existingo01-2022 is shown in Figure 2. The red line represents
(historical) values by using the exponential smoothinghe average annual number of road traffic accidents in the
algorithm [33]. Hyndman [32] stated that the forecastghole period of 2001-2022 (31,181.1). The red dashed line
created with the use of the eXponential SmOOthing metho@resents the average annual number of road traffic
are the weighted averages of the previous observatioggcidents in the period of 2009-2022 (14,856.4),
while the weights exponentially decrease as thepresenting a 53.6% decrease. In the long term, there is a
observations get older. In other words — receRjling trend in road traffic accidents in Slovakia.
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Figure 2 Prevalence of road traffic accidents in Slovakia (22022)

The basic numerical characteristics of the locations of
and variability in road traffic accidents are listed in

Table 1.
Table 1 Numerical characteristics of road traffic accident rates in Slovakia
Period Number Arithmetic  Minimum Maximum Range Standard
mear value value deviatior
2001-202: 22 31,181.: 11,87¢ 62,07( 50,19¢ 22,350.:
200¢-202z 14 14,856. 11,87¢ 25,98¢ 14,11 3,983.!

Based on the time-series characteristics, it is possibledbchanges in the road traffic accident rates in Slovakia (the
conclude, for example, that in 2003, compared to 2008umber of fatalities and the number of injuries) were
there was an increase in the number of road traffanalysed in relation to the period since 2009.
accidents by 3,244 accidents. The pace at which the
number of road traffic accidents increased in 2003.21 Developmentsinthe number of fatalitiesin
compared to 2002, is 5.69%, representing almost a 6% road traffic accidents (2009-2022)
increase. In 2020, there was a significant decrease (by The available data indicated that there were 3,728
almost 14%) in road traffic accidents compared to 2019 fatalities in road traffic accidents reported in Slovakia in
decrease by 1,866 road traffic accidents), which may hayears 2009-2022. The average annual number of fatalities
been caused by a number of factors, including the lowesas almost 267. The results show that despite the reduced
mobility of the population due to the COVID-19mobility of the population, caused by the COVID-19
pandemics. With year 2001 being chosen as the referempamdemics, in 2020, the number of fatalities did not
year, the 2009 figures represent almost a 54.6%, decreagmificantly decrease (the decrease was comparable to
in the number of road traffic accidents, while the 2021 dathose of the previous periods). The basic numerical
constitute as much as a 78.9% decrease. With 2009 asc¢haracteristics of the location of and the variability in the
reference year, in 2022 there was a decrease in the numingmber of selected indicators are listed in Table 2. The
of road traffic accidents by 13,924 accidents — representifagus of the analysis of changes in the number of persons
a 53.6% decrease. killed in road traffic accidents included not only the total

number of fatalities, but also the number of fatalities
3.2 Developments in selected indicators of road among cyclists and pedestrians, as well as the number of
traffic accident rates in Slovakia (2009-2022) fatalities among drivers and passengers in cars and on

Due to a significant decrease in the number of acciderif¥torcycles.
since 2009, compared to the 2001 data, selected indicators
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Table 2 Numerical characteristics of the number of persons killed in accidents (perio@@RRp—

Indicator (Number) Number Arithmetic  Minimum  Maximum  Range Standard
meat value value deviatior

Drivers and passengers in cars and 2,503 178.8 142 231 89 29.1

on motorcycle

Pedestrians 978 69.6 42 113 71 19.6

Cyclists 250 17.9 12 25 13 4.0

Total

Fatalities (traffic accident 3,728 266.3 223 347 124 44.3

participants

A graphical representation of changes in the number of The number of persons killed in road traffic accidents
deaths in road traffic accidents in Slovakia over theas forecasted for the next period by applying the
analysed period of 2002022 is shown in Figure 3. In the ExponenTial Smoothing method (ETS). Compliance with
period from 2009 to 2013, there was a significant decreatte data normality requirement was verified using the
in the number of deaths, while particularly in 2013 th&hapiro-Wilk test of normality. The null hypothesis
number of deaths reached the lowest value (223 persora)¢ceptance or rejection was based on a p-value. If the p-
representing a 35.7% decrease compared to the value ofihkie equals to or is higher than the predetermined
reference year 2009 (347 persons). A relatively suddsignificance levet, then the null hypothesis is not rejected.
increase in the values that was observed in years 2014 dine p-value was higher thar(a=0.05); therefore, the null
2015 may be regarded as a negative phenomenon in kypothesis on normality was not rejected. The resulting
analysed period. However, after 2015, the curve of thene-series forecasting model consisted of three
numbers of deaths exhibits a slightly decreasing trend. ¢tomponents: Error, Trend and Seasonal. Several different
2022, the number of deaths was 244, representingmedels were considered and subjected to a comparison by
decrease by 103 persons compared to the 2009 dataaiglying the AIC criterion. The best model was the model

29.7% decrease). with the lowest AIC value (Table 3).
500 . : : . . . : Table 3 List of ETS models of the forecast number of deaths
—a— Total | (total)
450 -
—&— Pedestrians ETS mode AIC ETS mOdE AIC
400 - . —a— Cyclists . M, M, N 135.] M, N, N 134.(
- —v—CartMotorcycle] {1\ Md, N 134.f AN, N 135.7
2 Bl ] M, A, N 129.¢ A AN 137.t
& 3004 “u ” | M, Ad, N 129.7 A, Ad, N 134.¢
5 250- \ /./ \./_\ -~ . 4 Note: M-multiplica?ive; A-Additive; N-None; Md-Multiplicative
é - Yy /"\ - L ; damped; Ad-Additive damped.
\ e J V.
2 150 - \/ N Ny ] Apparently, the best model is the ETS(M,Ad,N) — a
o damped trend (Ad) with multiplicative errors (M) and no
1004 @ - . : .
g o e e 4. - seasonality (N). The dampmg factor acqu[re.d a value of
50 e Se—*T N, " 1 0.8. A graphical representation of the original and the
o Aff-"f\*’fﬂﬁfJ‘QT“AWT*A/"‘ 1 smoothed time series based on ETS is shown in Figure 4a.
2008 2010 2012 2014 2016 2018 2020 2022 The graph shows a forecast of the number of deaths (Total)
Year for the period of the next ten years. In addition to the point

gstimate of the forecast, prediction intervals were also
created. The grey and blue fields show the 95% and 80%
prediction intervals for the forecasts obtained from ETS.

Figure 3 Numbers of deaths in road traffic accidents in Slovaki
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Figure 4 Developments and forecasts of a) the total number of deaths; b) the number of deaths in/on vehicles (car+motorcycle) in
road traffic accidents in Slovakia

The forecast of the number of deaths in road traffic
accidents in Slovakia for the period of the next 5 years and It may be stated that the number of deaths in road traffic
the prediction intervals for the best model ETS(M,Ad,Naccidents in Slovakia exhibits a slightly decreasing damped
are shown in Table 4. trend in the long run.
An analogical procedure was applied to the evaluation
Table 4 Forecasts of the number of deaths and the predictiorof the number of deaths in/fon vehicles and among
intervals for the period of 5 years pedestrians and cyclists. Compliance with the data

Forecast 80% Prediction95% Prediction  normality requirement was verified using the Shapiro-Wilk

Year Interva Interva test of normality. The best model was chosen by applying
Lower Uppel Lower Uppel the AIC criterion. In the following section, only the best

202: 225.¢ 201.¢ 250.2 189.C 262.¢ models with the lowest AIC values are discussed. Figure
202¢  224.¢ 200.¢ 249.C 188.1  261.t 4b, Figure 5a and Figure 5b show the resulting best models
202t 224.] 200.1 248.1 187.¢ 260.¢ and forecasts for the next period.
202¢ 223.¢ 199.¢ 247.¢ 186.i 260.]
2027 222.¢ 198.¢ 246.6 186.: 259.f

Number of deaths in traffic accidents (Pedestrian)

Forecasts from ETS(M,Md,N)

100
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Number of deaths in fraffic accidents (Cyclists)
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Figure 5 Developments and forecasts of the number of deaths among a) pedestrians and b) cyclists in road traffic accidents in

Slovakia
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Apparently, the best model for the number of deatt®2.2 Developmentsin the number of injuriesin

in/on vehicles (car+motorcycle) and among pedestrians is road traffic accidents (2009-2022)

the ETS(M,Md,N), i.e. a damped trend (Md) with Based on the available data, a total of 93,617 persons

multiplicative errors (M) and no seasonality (N). Based omjured in road traffic accidents were reported in Slovakia

the observations of the developments and forecasts of thegears 20092022. The average annual number of injuries

number of deaths among cyclists, the best model is theas almost 6,687. As much as 78,236 persons suffered

ETS(M,N,N), which represents the simple exponentiahinor injuries, representing almost 83.6% of the total

smoothing without a trend. number of injuries. The basic numerical characteristics of
the locations of and the variability in the number of injuries
(minor/serious) are listed in Table 5.

Table 5 Numerical characteristics of the number of injuries (period of-Z022)

Indicator (Number) Number  Arithmetic Minimum  Maximum Range Standard
mear value value deviatior
Minor injuries 78,236 5,588.3 4,462 9,274 2,664 767.3
Serious injuries 15,381 1,098.6 869 2,367 539 147.3
Total
Injuries 93,617 6,686.9 5,373 8,534 3,161 897.7
10000 i : : : : : The number of persons with serious injuries in road
wood . [w= Total ] traffic accidents exhibits a slightly falling trend over the
. ‘ ‘ | ® Minor period from 2009 to 2016. In years 2017 and 2018, there
S I i ~ LA Semls 4 as an increase in the values of this indicator, while the
L, TO00] ® ¢ ® . " m o m ‘ - 2018 value (1,272 persons) represents the maximum in the
ST . .. e [l R entire analysed period. Since 2019, the number of serious
= ] o ¥ g i » - . g eae .
= O ® o . a injuries has been exhibiting a falling trend. In 2022, the
o R : 1 ‘ :’ . . * 1 number of serious injuries was 882, representing a 37.4%
£ 4000 * * : ; : - decrease compared to the reference year 2009 (1,408
2 0] . .1 npersons).Overthe long term, the number of persons with
| | | | | | minor injuries exhibits a falling trend and copies the trend
T ! | : ; 1 of injuries (total). Considered the entire analysed period,
1000 4 R - the highest number of minor injuries was reported in 2009
5 . | ] . | . ‘ (7,126 persons), while the lowest number was observed in
2008 2010 2012 2014 2016 2018 2020 2022 2022 (4,462 persons). In the period of 2014-2016, there
Year was an increase in the number of minor injuries. In 2020,
Figure 6 Developments in the number of injuries in road trafficthere was a significant decrease in the number of minor
accidents in Slovakia injuries compared to the previous year 2019 (5,515

persons) — a 19% decrease (decrease by 1,053 persons).

A graphical representation of the numbers of persofver the last two years 2021 and 2022, the number of
injured in road traffic accidents in Slovakia over theninor injuries exhibited a slightly rising trend.
analysed period is shown in Figure 6. The largest number Figure 7 and Figure 8 show the graphical
of injuries was observed in 2009 (8,534 persons), while thiepresentations of the best models of the past and
lowest number was observed in 2021 (5,373 person&)ecasted numbers of injuries (minor/serious) in road
compared to 2009, it represents a decrease by 3,16dffic accidents in the period of 2009-2022 by applying
persons (approximately a 37% decrease). Similarly to thee ETS method. Compliance with the data normality
previous case, there was a falling trend in the number igfquirement was verified using the Shapiro-Wilk test of
persons injured in road traffic accidents in Slovakia in theormality.
long run.
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Figure 7 Developments and forecasts of the number of injuries (total) in road traffic accidents in Slovakia
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Figure 8 Developments and forecasts of the number of persons injured in road traffic accidents in Slovakia:
a) minor injuries; b) serious injuries

It seems that in all of the cases the best model is thersons injured in road traffic accidents in Slovakia for the
ETS(M,M,N), i.e. the exponential smoothing model with aext 5 years, as well as the prediction intervals for the best
multiplicative trend and error. The forecasted numbers afodel ETS(M,M,N), are shown in Table 6.

Table 6 Forecasts of the number of injuries and the prediction intervals for the next 5 years

Forecast 80% Prediction interv 95% Prediction interv
Year
Lower Uppel Lower Uppel
202¢ 5,518." 4,857.! 6,175.: 4,490.( 6,533.:
202¢ 5,384. 4,750.( 6,027.! 4,423.¢ 6,356."
202¢ 5,253. 4,649.; 5,866.: 4,322.: 6,195."
202¢ 5,125.¢ 4,534.. 5,711.( 4,212.¢ 6,034.:
2027 5,000.¢ 4,422." 5,577." 4,104.: 5,909.!
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The number of persons injured in road traffic acciden{®] World Health Organization. Global Status Report on
in Slovakia forecasted for 2023 is 5,518.7. In the period Road  Safety, 2018, [Online],  Available:
from 1 January 2023 to 30 June 2023, there were 1,988 https://www.who.int/publications/i/item/97892415656
road traffic accidents reported with a total of 2,544 injured 84 [15 Aug 2023], 2018.
persons (380 serious and 2,164 minor injuries) and 1{8] Road safety in the EU: fatalities below pre-pandemic

fatalities. levels but progress remains too slow. 21 February 2023
Directorate-General for Mobility and Transport,
4 Conclusions [Online], Available: https://transport.ec.europa.eu/new

The annual death toll from road traffic accidents in S-e€vents/news/road-safety-eu-fatalities-below-pre-
Slovakia is several hundreds of lives. Every year, there are Pandemic-levels-progress-remains-too-slow-2023-02-
also thousands of injuries and significant property damage 21_en [15 Aug 2023], 2023.
is caused. In the National Strategy for years 2011-2046) DEBYSE, A.: Road safety in the EUEuropean
the Slovak Republic laid down the main goal to halve the Parliamentary Research Service, February 2019,
number of fatalities in road traffic accidents by 2020 [Online], Available: https://www.europarl.europa.eu/
compared to the number reported in 2010. In 2010, there [15 Aug 2023], 2023.
were 345 deaths in road traffic accidents, while in 2028] Strategy for sustainable and intelligent mobility -
there were 224 of them, representing a decrease by 121directing European transport into the future, [Online],
persons. This means that the decrease represented only c&Vvailable: https://eur-lex.europa.eu/legal-content/SK/

35% and the main goal for 2011-2020 has not been [15 Aug 2023], 2023. _
accomplished. [6] European Commission, EU Road Safety Policy
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removing the damage. A more recent medium-teri¥] HAMED, E.: Road Accident Analysis Factors" ed.,
strategic goal is to halve the number of persons killed in Lap Lambert Academic Publishing, GmbH KG, 2011.
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Abstract: The aim of this research is to investigate urban passenger transport in countries with a high human development
index and establish a logical relationship between this index and the features of urban transport in developed countries
worldwide. The study’s methodology is based on economic and statistical approaches to the economy’s main indicators.
Mathematical modelling is used to obtain results on the influence of passenger traffic indicators on GDP. The study also
assesses the role of regulators in this process. The study’s results are interpreted based on the experience of the larges
countries with the highest degree of interaction between these indicators. Conclusions are drawn regarding the need to
develop preventive measures, taking into account the best international practices. The results and conclusions of this
research are significant for public transport workers. They provide a practical opportunity to improve various aspects of
their activities and the quality of service in the field of public urban transport.

1 Introduction vehicles and the development, improvement, and

It is difficult to overestimate the importance of thdmplementation of highly efficient technological processes
transportation system for the economy of any state. IRat contribute to reducing the burden on the environment.
conditions of economic |nstab|||ty caused by internal It should be considered that the gradual introduction of
economic and political contradictions, as well as from th@nvironmentally friendly fuels into the practice of modern
standpoint of the impact of the global financial crisis, thérban transport is quite realistic. The improvement of
public transport sector remains one of the most stabigrface types of roads will continue quite quickly,
sectors of the economy, ensuring the stability of tH&creasing their capacity while increasing road safety. As
functioning of the economy of any state [1] Therewith, thg)r the distribution of vehicles WOF'dWide, it is expected
potential of the transport industry is so high that there at@at the relative share of large countries will decrease due
a great number of opportunities for its development. THe the faster growth in the number of vehicles in developing
current global fleet of registered automobile rolling stockountries, primarily in China [3]. In the future, it is
is about 600 million units, including 86% of passengegXpected to increase the fleet of trucks, especially in
cars, 13% of trucks, and only 1% of buses. The largeatirope, by about 1.5-3% annually until 2030. Nearly the
number of rolling stocks is concentrated in Europe (4096jame amount is projected to increase the total length of
America (32%), and Asia (21%). In general, the short-terfighways in the developed countries of the world.
prospects for the development of road transport in tﬁ@dustrlallse_zd countries will continue to dpmmate in terms
world are fully correlated with long-term forecasts, whictpf the quality of vehicles and roads until 2030. In other
practically guarantee a fairly moderate growth rate of tHegountries, the rapid increase in the number of vehicles and
fleet and road network for the period up to 2030 [2]. Thihe length of roads will be characterised by qualitative
progress in the deve|opment of road transport in modeiﬁffjicatOl’S. It is difficult to overestimate the importance of
countries with a high Human Development Index (HDIpassenger transport for the economic development of the
will be expressed in the qualitative improvement ogountry; this is the reason for the relevance of the subject
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of this research. Nowadays, the transport system is thathors taken in the order of citation and used as materials
“circulatory” system of the economy. The development dh this paper have been translated into English. Based on
transport is an indispensable condition for the functionindpe collected theoretical data, a mathematical calculation of
of the economy and ensuring a high quality of life for thendicators that are of fundamental importance for obtaining
population [4]. The specific features of transport as ajualitative results of this research was performed.
economic industry are that it does not manufacture The whole complex of research works that form the
products itself but only takes part in their creationbasis of this study is divided into three main stages. At the
Transport provides production with raw materials anfirst stage of this research, a theoretical analysis of studies
equipment and delivers finished products to the consumaer. the field of prospects for the development of urban
The gross domestic product (GDP), which is the majpoublic transport was carried out in countries with a high
indicator of the country, depends on the development kfvel of social development and the human development
transport. index. The obtained theoretical material serves as a
The problems of the development of the transpodualitative basis for subsequent practical research within
system of any state become problems of its econontlee framework of the stated topic. At the second stage of
development and prevent the creation of full-fledged livingesearch, a computer study of the main indicators of the
conditions in society since the quality of transport systeeconomy was performed, based on which the results of
functioning is directly related to the standard of living omathematical modelling of the influence of the interaction
any society. The development of transport is directlgf passenger traffic indicators on GDP were obtained and
related to the human development index since the problearsassessment of the role of regulators in the process under
of transport network development cause a decrease in gtedy was formed. These indicators are of fundamental
overall standard of living in the country, which, in turnjmportance from the standpoint of obtaining high-quality
negatively affects the quality of life of individual citizensresults from research and forming final conclusions based
[5]. Thus, the existence of a clear relationship between tba them, which reflect the entire complex of research
level of transport system development in the state and twerks. In addition, at this stage of the research, an
standard of living in the country and in society in generanalytical comparison of the results obtained in the course
largely determines the prospects for the development aff it with the results of other researchers on the issues put
both the state itself and its transport system, since theo the subject of this study was carried out to form the
relationship between these two components determines thest balanced and objective results. At the final stage of
prospects for improving the standard of living in societthe research, based on the results obtained, the final
and the opportunities for increasing the HDI in a particularonclusions were formulated, which are a logical reflection

state in general. of the study of passenger urban transport in countries with
a high human development index. In general, the results of
2 Materials and methods this research obtained using modern computer modelling

The methodology of this study is based on economigethods, as well as the conclusions formulated on their
and statistical approaches to the interaction of the md?@SlS, can serve as a qualltatlve SC|e.nt|fIC fOl..Jndatlon for
indicators of the economy, based on which the results gfbsequent research aimed at studying a wide range of
mathematical modelling of the influence of the interactioi$sues related to various aspects of the development of
of passenger traffic indicators on GDP are obtained and BWblic transport in countries with a high human
assessment of the role of regulators in the process unélgvelopment index.
study is formed. The methods of modern computational
mathematics in combination with the mathematical suppast  Results
of computers include many applications software packages The statistical reports obtained allowed obtaining the
that allow solving various linear systems that arise inecessary statistical data on urban transport traffic (UTT),
practice. The use of the MatLab package, which is tae dynamics of gross domestic product (GDP), and the
modern software tool for matrix calculations, ensures highid-year population (MYP) from 2003 to 2018, distributed
accuracy of the results of calculations that were performedross nine countries in Europe, Asia, and America. Tables
within the framework of this research. The theoretical basisand 2 were compiled based on these data, where Table 1
of this research is the studies of scientists from all over tshows the ratio of UTT to MYP growth and Table 2 shows
world who were engaged in the practical development tfie ratio of GDP growth in the corresponding country.
issues of improving the quality of public transport iriTable 1 shows the ratio of UTT to MYP growth, split by
countries with a high standard of living and humamine countries. The table shows that the ratio of urban
development. To improve the perception of théransport passenger traffic to the mid-year population in
information provided and to obtain the most objectiveight countries, besides Japan, has increased over the past
picture of the research, all the achievements of Russia6 years.

~132 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 11 2024 Issue: 1 Pages: 131-138 ISSN 1339-5629

Research of urban passenger transport in countries with a high Human Development Index
Aiymzhan K. Kerimbek, Katira B. Satymbekova, Ainash A. Nurgaliyeva, Zauresh O. Imanbayeva, Bakytgul Z.
Zhumagalieva

Table 1 The ratio of UTT growth to MYP, splitted by nine countries

S| |8 |8|lgo|g |8 |la|ldla|ld|la|la|alala

o o o o o o o o o o o o o o o | o

[ Y [ « « « « [ [ [ [ [ « « | S
Russi -0.01 -0.04 0.0 0.0§ 0.0 0.04 -0.04 0.01 -0.14 -0.04 0.01 0.03 -0.04 -0.0§ -0.0% 0.09
Belaru: -0.04 -0.14 0.2¢ -0.1§ -0.25 -0.09 -0.09 -0.14 -0.140 0.03 0.04 0.14 0.0q¢ -0.13 -0.04-0.1¢
Hungan 0.0] 0.05 -0.04 0.0§4 -0.04 -0.09 -0.09 -0.0§ -0.09 -0.0§ 0.01 0.01 0.0¢ -0.01 0.0¢ 0.01
German' -0.04 -0.04 0.09 -0.04 0.04 0.03 0.04¢ 0.04 0.04 0.03 0.01 0.04 0.03 -0.01 0.0 0.04
Italy -0.04 -0.02 0.0Q -0.04 0.04¢ 0.0¢ 0.04 -0.01 -0.03 -0.04 -0.01 -0.0§ 0.10 0.07 0.04 0.0¢

Great Britair | 0.0¢ 0.07 -0.04 0.13 0.01 0.0§ 0.06 0.04 -0.01 0.04 0.04 0.03 0.01 0.04 0.0 0.0%
Kazakhsta 0.29 -0.21 0.0 0.1¢ 0.04 0.1 0.0§ -0.01 -0.04 0.0§ 0.01 0.13 0.0% -0.09 -0.12 0.04
Japal 0.04 0.0¢q -0.01 -0.09 0.01 0.01 0.04 -0.01 -0.04 0.0 0.01 0.09 0.03 0.0q 0.09 0.01
USA -0.31 -0.03 0.04 -0.0§ 0.04 0.01 0.0¢ 0.3 0.19 0.0¢q -0.01 0.01 0.0 0.0¢ -0.01 0.0¢

In Japan, in 2015 and 2017, there was an increase in th84 in 2018 [6]. In Russia, the coefficient increased due to
coefficient by 0.01. UTT in Japan increased by 12.5%, ardsharp increase in passenger traffic on urban transport by
MYP tended to increase between 2003 and 2010, with78.5%, while the average population increased by only
downward trend between 2011 and 2018. In Kazakhst&20).81%.
the coefficient under consideration was 0.29 in 2003 and

Table 2 The GDP growth rate in the nine countries under consideration

S | o || Sd|lo | |&|a|d|ld|ld|a|dg|a| a4

8 | 8|88 Q||| &1 &8 Q||| &|&|&
Russii -0.0§ 0.0¢ 0.04 0.0¢ -0.01 0.01 0.01 -0.09 -0.14 0.17 0.0q -0.01 -0.04 -0.01 -0.03 0.07
Belaru: -0.01 0.0q 0.04 0.04 -0.04 0.01 -0.01 0.01 -0.1¢ 0.09 -0.04 -0.04 -0.01 0.01 -0.04 0.01
Hungan -0.04 0.010.0¢ 0.09 -0.01 0.004 -0.04 0.01 -0.0§ 0.09 0.01 -0.03 0.04 0.04 -0.01 -0.01
German' 0.01 -0.04 0.0¢ 0.01 0.00 0.04 0.01 -0.03 -0.0¢ 0.09 0.00 -0.03 0.0¢ 0.01 0.0¢ 0.0q
Italy 0.0¢ -0.03 0.0¢ 0.01 -0.01 0.01 0.0 -0.03 -0.0§ 0.0% -0.01 -0.03 0.01 0.02 0.01 0.0¢
Great Britair| -0.0] -0.01 0.01 0.01 -0.01 0.01 0.01 -0.0§ -0.03 0.06 0.00 0.0¢ 0.01 0.01 -0.01 0.0(¢
Kazakhsta 0.0¢ -0.09 0.04 0.04 -0.04 0.03 0.0§ 0.00¢ -0.05 -0.09 0.04 -0.0¢ 0.1¢ -0.09 0.0¢ 0.01
Japal -0.04 0.0¢ 0.01 0.01 -0.01 0.00 0.0¢ -0.09 -0.09 0.1¢ -0.0§ 0.079 0.0¢ -0.01 0.04q 0.0¢
USA -0.03 0.010.01 0.01 -0.01 0.0q -0.01 -0.04 -0.03 0.0% -0.01 0.01 -0.01 0.01 0.0¢ -0.01

Table 2 shows the ratio of UTT to MYP growth, splitcoefficient (except Kazakhstan) occurred in 2012, which is
by nine countries. In all the countries under consideratioexplained by stable GDP growth. The value xn (n = 1,...,
there is no stability in the relationship between averade) entered in Table 1 determines the ratio of UTT to MYP
GDP growth and average population growth. For examplie, the 9 countries taken for the study, based on which Table
in Kazakhstan, the ratio of GDP growth to MPG was 0.08 follows, representing the values of xn in ascending order,
in 2003 and 0.01 in 2018, which indicates an increase @onsidering the minimum values and increments of units,
the value of GDP. In eight countries, the peak or highesplitted by 9 countries.

Table 3 A series for the variable x as a statistical series in non-decreasing order

Xy | Xp | X3 | Xy | X5 | Xg | X7 | Xg | Xg | X909 | Xqq | X9 | Xq93 | Xq4 | X95 | Xq6
Europe
Russii 1.0 1.03 1.0 1.14 1.15 1.19 1.19 1.23 1.23 1.23 1.3¢ 1.31 1.371 1.3§ 1.39 1.4]
Belaru: 1.0 1.04 1.17 2.13 1.15 1.24 1.19 1.29 1.27 1.3] 1.3 1.39 1.74 1.7] 2.0¢ 2.04
Hungan 1.00 1.01 1.01 1.01 1.04 1.04 1.04 1.04 1.0 1.1 1.19 1.19 1.2q 1.27 1.21 1.24
German 1.00 1.04 1.0 1.04 1.0§ 1.09 1.17 1.294 1.15 1.14 1.19 1.2 1.24 1.2 1.27 1.28
Italy 1.00 1.04 1.0 1.04 1.0§ 1.04 1.04 1.04 1.04 1.04 1.09 1.1 1.17 1.17 1.13 1.13
Great Britair 1.00 1.01 1.01 1.03 1.09 1.2¢ 1.13 1.1§ 1.2] 1.29 1.25 1.2§ 1.34 1.33 1.3¢ 1.3§
Asia
Kazakhsta 1.00 1.01 1.03 1.1¢ 1.17 1.2 1.2] 1.23 1.25 1.24 1.29 1.3¢0 1.39 1.33 1.41 1.44
Japal 1.00 1.0]1 1.04 1.09 1.0 1.04 1.04 1.04 1.0§ 1.09 1.13 1.19 1.1 1.23 1.24 1.34
Americe
USA 1.0 1.0 1.0 1.04 1.0¢0 1.0 1.0 1.0 1.04 1.04 1.04 1.04 1.04 1.09 1.0 1.0%
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It can be seen here that Belarus has the highest

coefficient due to population growth, while the United M,(-1) =5 o My(-1) = ®)

States has the lowest. Let us assume that there is a one-to- i=1x; Zz 1y;

one correspondence between the values of xn and yn, i.e.,

each value of the independent variable x corresponds tthe quadratic mean (equation (4)):

given degree of accuracy to one value of the dependent

variable y. In this case, the task arises to identify the form 2161 T16 y?

of the connection and determine the functional dependence M, (2) = |==25 M, (2) = Naera 4)

that defines y as a function of f (x). Let f (x, a, b) be a

function of one variable x with two parameters a and Bubic mean (equation (5)):

which approximates the dependence of the value of y on x.

To determine the type of the function f (x, a, b), the results 3 [516 23 s [518 53

of arithmetic means are used in equation (1): M,(3) = 755 M, (3) = |75 (5)
M, (1) = —Zl X M, (1) = i 2y (1) harmonic and quadratic mean (equation (6)):

geometric mean (equation (2)): ©)

16
M) = [ My = [
112 112

The results of the mathematical calculations are
presented in Tables 4 and Table 5.

M(O)—ilé

“M(m—iﬂnﬂn. )

harmonic mean (equation (3)):

Table 4 Mean values,

COUntr) Mx(l) Mx(o) Mx(_l) Mx(z) Mx(3) Mx(_z)
Russia 13.64 11.50 7.21 14.83 15.67 3./79
Belaru: 21.1¢ 16.8¢ 8.8¢ 23.8¢ 26.1¢ 3.9(C
Hungan 9.0€ 7.6€ 5.5 10.0¢ 10.8- 3.52
German' 9.0¢ 8.0C 5.92 9.5¢ 9.9¢ 3.6¢
Italy 6.1( 4.94 3.82 7.2¢€ 8.3t 2.€
Great Britair 8.2¢ 7.2¢€ 5.51 9.0¢ 9.82 3.5¢
Kazakhsta 25.2¢ 20.5¢ 9.7¢ 27.61 29.4¢ 3.94
Japal 3.9(C 3.5(C 3.0z 4.21 4.4¢ 2.5¢4
USA 33.0¢ 27.5( 11.0: 35.2¢ 27.1; 3.97
Table 5 Mean valuesy
Country M, (1) M, (0) M,(=1) M, (2) M, (3) M, (=2)
Russii 12.8 11.2¢ 7.3¢ 13.7i 14.61 3.82
Belaru: 9.6¢ 8.4i 6.12 10.3( 10.8- 3.6¢
Hungan 8.4¢ 7.44 5.6( 9.1¢ 9.6¢ 3.57
German' 6.82 5.9¢ 4.7 7.5z 8.2t 3.34
Italy 5.22 4.4¢ 3.65 5.87 6.51 2.8¢
Great Britair 5.3t 4.8 4.0¢ 5.7¢ 6.14 3.12
Kazakhsta 5.6¢ 4.9¢ 4.11 6.2¢ 6.7¢ 3.1¢
Japal 5.91 4.94 3.82 6.8¢ 7.8¢ 2.8¢
USA 3.6¢ 3.2¢ 2.7 4.12 4.5¢ 2.34

Based on the calculated values of the independent As the research shows, passenger traffic strongly
variable x from the statistical data in Tables 4 and 5, findepends on the country’s economy [7]. This can be seen
the corresponding values are found (equations (7), (8)): from the graphical analysis as well as from the values of

the correlation coefficients for certain time periods and the

M, (1) - yi, M, (0) - yg, M,.(—1) - y*,, (7) comparison of the two values: GDP and passenger traffic.
Moreover, it is the country’s economy (and its main
M, (2) - y3, M, (3) - y3, M .(—2) - y*,, (8) indicator of GDP) that is the main factor affecting the total
passenger traffic on transport. The extremely small value
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of the correlation coefficient for the entire period under Nowadays, urban railway transport is in urgent need of

consideration is insignificant in this case. increasing competitiveness compared to automobile
transport, and the forecast of transport development
4 Discussion prospects indicates the possibility of the appearance of

In the current economic situation around the world, théacuum transport systems and technological solutions
impact of public transport on the development of thBased on the principles of magnetic levitation in cities in
economy is difficult to overestimate. The outstanding roléhe future. Thus, these principles are the foundation for the
played by transport in the issues of ordering an@nctioning of the MagLev (Magnetic Levitation)

transforming the surrounding space to meet the needshégnetic suspension bearing system, which allows modern
the population, as well as contributing to théirbantransportto move at higher speeds while maintaining

transformation of the person into an individual on &ropersafety standards, and the movement at the same time

planetary scale, allows defining public transport as #@¢Curs at higher levels of transport highways above ground
important Component of social deveiopment, thgl.s] This COﬂSlderably reduces travel time by ellmlnatlng
qualitative and systematic functioning of which is ghe need for such vehicles to stay in traffic jams as well as
necessary condition for the development of society #Y avoiding emergency collisions. When using transport of
genera| [8] The evolution of the transport system of @IS kind, friction is practically reduced to a minimum
single state in modern economic realities is determined Mglue, which allows significantly increasing the speed of
Cyc|ica|' ava|anche-|ike, Sharp Changes in the parameté‘ﬂ@VQment and reducing the |Ike||h00d of ac_qidents, as well
of the speed and scale of operations performed, whiég €nergy costs for.transportatlon. In addition, the use of
inevitably affect the systemic change in human views arfdich technology is completely harmless from an
ideas about the real possibilities of the existing transpdtfvironmental standpoint. In addition to all the above, this
system. It is necessary to consider the fact that a sufficiéghnology allows for minimising air resistance so that the
number of transport innovations have appeared in recéfteed of vehicles operating through the use of these
years, the existence of which confirms the development #chnologically innovative solutions can reach 3000 km/h
prerequisites for revolutionary changes in the transpd&4l:
industry. The consistent transformation of the state's In recent decades, projects of vehicles designed for use
transport industry contributes to the creation of highh the conditions of a modern city and combining the
quality conditions for the implementation of large-scal€haracteristics of an aeroplane and a car have been widely
economic changes that can improve the operation of tHeveloped. Such transport innovations include the projects
state’s transport system as well as change the conditions/gfrafugia Transition (a flying car with folding wings),
cargo and passenger transportation for the better [9].  AeroMobil, Carplane, etc. The practical use of such
In recent years, a considerable number of prerequisif@shnological solutions allows for qualitatively solving
have been created for improving the functioning o$everal important problems at once, such as eliminating
transport in many countries, and this trend is characteristi@ffic jams on highways, as well as considerably saving
not only for states with a high human development indeléme for moving passengers and cargo. In general, the
but also for developing countries. In assessing the rdgfroduction of this innovation can bring the modern
prospects for the development of the transport industry aitomotive industry to a qualitatively new level [15].
generaL itis necessary to consider the existing econonﬁﬂg)dern creators of vehicles used in urban conditions in the
trends and problems of the development of the transpdgld of public transport consider the needs of urban
industry that need to be solved [10]. Timely solutions téesidents and the needs of people of various ages and
urgent problems and tasks in the transport industBelonging to various social groups. The purposeful
contribute to its full-fledged development, which has #nplementation of the described trend implies the
positive impact on the economic development of gevelopment of transport sociology as an independent
particular state in general. For the sustainable developmélificipline that describes the processes occurring in the
of the transport system of any state, it is necessary Rgblic urban transport system from the standpoint of the
carefully identify the main innovative solutions that aréiorms and laws of modern science [16]. Therewith, it
important in the context of prospects for improving théhould be considered that improving environmental safety
efficiency of using conventional technical means designdd combination with minimising energy costs during
to optimise the operation of the transport system [Llffansportation using public transport are priority areas for
Effective innovations intended for practical use in théhe development of the modern transport industry in
deve|opment of transport systems in modern states C@,@dlum and Iarge cities. To date, work has been completed
qualitatively change the economic situation in states for tfié the United States to create a modern tractor powered by
better since they carry the prospects of improving tH&hium-ion batteries aqd designed for the.transportanon. of
functioning of entire industries and individual system§eavy loads. The maximum range for using such a vehicle
[12]. Therewith, an important aspect is the ease of practi¢dithout additional charging is 2000 km [17]. The use of a

use of these innovative technological solutions and théletailed device allows considerably expanding the
availability for a wide range of users. possibilities of practical use of environmentally friendly
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vehicles, provided that the energy necessary for timeeds of a wide range of subjects and organisations, while
successful implementation of all current transport tasks fiseferences should be based on the specific features of the
saved. individual choice of public transport users [21].

Public road transport has an extensive infrastructure Notably, there have been cases of companies offering
and, in recent years, has often been put at the service ofsheh solutions, ranging from general concepts of public
ecological paradigm. For example, in France, a few yedrsinsport to specific samples of equipment intended for use
ago, as an experiment, traffic was opened along im a modern city. Electric-powered vehicles that can
kilometre-long stretch of road, on which solar cell partsompete with existing automobiles and rail-related
were used as road surface elements. The mean value ofvibicles have a special place among them. Electric vehicles
electric energy generated for this section of the roadre widely used in many countries for the transportation of
according to approximate calculations, was 775 kWh peassengers and cargo and have gained considerable
day. Therewith, the final peak output was at the level gopularity due to their quietness and environmental
1500 kWh per day, which means almost doubled valugiendliness of use [22]. In addition, in a number of
The generated electricity was used to meet the needs afauntries with a high human development index,
small village located in the vicinity of this road [18]. Theunmanned electric-powered taxis and vehicles created
problem of cargo transportation due to the use afsing various innovative technologies have been
technological resources in public transport is largelguccessfully used for a long time. At the same time, public
explained by the variety of environmental requirementsansport of the conventional type remains relevant and in
that are currently imposed on transported goods, as welldsmmand since buses, trams, and trolleybuses are still widely
the physical characteristics that are required to kgopular among urban residents of different countries.
maintained by vehicles intended for transportation of thisherewith, in a number of states and cities, conventional
kind. The heaviest and largest loads can be transportedail transport has already undergone considerable external
batches of various volumes; urgent delivery of goods byansformations due to the introduction of innovative
public transport can be carried out by using small-sizesblutions that have largely changed both its appearance and
vehicles. In any case, the challenges it faces and ttee content of practical activities [23]. Modern urban rail
opportunities for the development of public urban transpamansport still takes on large volumes of passenger and
in each city and state determine the prospects for thargo transportation, while it is predicted that the trend
development of modern public transport [19]. towards a steady advance in the volume of rail transport

The prospects for the development of urban publicompared to road transport will continue.
transport are largely determined by modern socio- Since the population of countries with a high level of
economic trends as well as technological innovations piite human development index has a steady tendency to
forward. Considering the realities of the current econommoncentrate in and around large cities, in these states there
situation in society, it is important not only to understanis an increasing trend towards mobility of an
the trends of a macroeconomic and macrosocial nature bmprecedented kind — both intercity, interstate, and
also to consider the individual requests of private entitiéstercontinental. The intensive pace of modern life in a
and organisations for the functioning of modern transpddrge city, combined with the high value of the time of its
systems. The urbanisation of modern society is the massidents, does not contribute to the development of trends
important factor determining the requirements for théor making long trips over long distances [24]. Citizens of
quality of public transport and the efficiency of itsmodern cities tend to overcome any distance in small
functioning. Economically developed states with a higperiods of time, so the consistent transition from long trips
standard of living and a high human development indeé® short-distance travel is one of the main features of
have been concentrated around megacities for severhbnges in the mobility of residents of modern cities, which
decades now, which are also developing intensively has become possible with the development of the transport
countries with a lower level of economic developmergystem over the past few centuries [25]. This is the reason
[20]. The quality of public transport functioning in theseor the focus of modern researchers’ attention exclusively
and other states is determined by the requirements jut certain types of transport, which implies the possibility
forward by urban residents and individual organisations fof their consistent improvement. The quality of
the level of satisfaction of their needs with this transportransportation plays a crucial role in this context; therefore,
Modern public transport used in an urbanised society mushintaining appropriate standards for the quality of public
meet the requirements of speed and reliability dfansportis currently the main task of the functioning of the
transportation, be environmentally friendly andentire public transport system in cities and countries with a
comfortable, and also produce as little noise as possiblégh human development index.

Modern designers of vehicles intended for use in urban
environments face a difficult task since it is not easy § Conclusions

create a device that can combine all of the above The study of urban passenger transport features in
characteristics. The problems of urban transport require thguntries with a high human development index led to the
development of comprehensive solutions that can meet afiowing conclusions: Passenger traffic is significantly
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dependent on the state's economic development, asindustrial enterprises' productsPeriodico Tche
measured by GDP and the correlation coefficient within a Quimica, Vol. 16, No. 33, pp. 434-447, 2019.

specific time period. During the analysis of public transpof6] DROEGE, P.: Urban energy transition Oxford,
development in relation to the economy of a particular Elsevier, 2018.

state, it is important to compare the level of passenggll UKUBASSOVA, G.S., DARIBAYEVA, AK,
traffic with the GDP indicator within a specific time period. TOXANOVA, A.N., ZHENSKHAN, D.,

It is worth noting that passenger transportation has some MUKHAMEJANOVA, A.A.: Development of
inertia. A sharp decline in GDP may result in a sudden drop innovation infrastructure of energy complex
in passenger traffic at a slower pace, while an increase in enterprises)ndustrial Engineering and Management
GDP may lead to a slower growth of passenger traffic. In Systems Vol. 19, No. 1, pp. 120-132, 2020.
other words, there may be a time delay between economic http://doi.org/10.7232/iems.2020.19.1.120

changes and changes in passenger traffic resulting fr¢8) ABDUL QUIUM, A.S.M.: Transport corridors for
these changes. The correlation between passenger trafficwider socio-economic developmen§ustainability
and GDP has become particularly evident during certain Vol. 11, No. 19, pp. 1-23, article number 5248, 2019.
16-year periods. When communicating over longer time https://doi.org/10.3390/su11195248

intervals, quantitative indicators lose their significancg9] ZIMM, C.: Improving the understanding of electric
Political and structural changes in society have a vehicle technology and policy diffusion across
significant impact on the ratio of GDP and passenger traffic countries,Transport Policy Vol. 105, pp. 54-66, 2021.
indicators. While the share of transport costs in GDP and https://doi.org/10.1016/j.tranpol.2020.12.012
household income may change, the strong dependernt6] PRUS, P., SIKORA, M.: The impact of transport

remains unchanged. infrastructure on the sustainable development of the
Passenger traffic depends on various political and region — Case studygriculture, Vol. 11, No. 4, pp.
economic factors, some of which cannot be quantified. In  1-15, article number 279, 2021.

2005, there was a significant drop in passenger traffic of https://doi.org/10.3390/agriculture11040279

7.1%, despite a 6.4% growth in GDP. It is possible that tfigl] COXON, S., NAPPER, R., RICHARDSON, M.:
introduction of the law on monetization of benefits granted ~ Urban mobility designOxford, Elsevier, 2018.

to the population played a role. It is worth noting that thE.2] MOURATIDIS, K., PETERS, S., VAN WEE, B.:
most significant decrease in passenger traffic occurred on Transportation technologies, sharing economy, and
types of public transport such as buses, trolleybuses, trams, teleactivities: Implications for built environment and
and metros. Additionally, it is important to note that the  travel, Transportation Research Part D: Transport
state continues to subsidize the majority of passenger and EnvironmentVol. 92, No. March, pp. 1-23,
transportation, including suburban transportation. Thus, article number 102716, 2021.
this study can provide a qualitative basis for  https://doi.org/10.1016/j.trd.2021.102716
recommendations on prioritising the development of UTT13] FAULIN, J., GRASMAN, S., JUAN, A., HIRSCH,
based on the regression models obtained. This highlights P.: Sustainable transportation and smart logistics,

the importance of the results for future research. Oxford, Elsevier, 2018.
[14] THONDOO, M., MARQUET, O., MARQUEZ, S,
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Abstract: With the continuous advancement of technology, transportation methods have undergone significant
transformation, giving rise to innovative solutions like Autonomous Rapid Transit (ART). ART systems are designed to
utilize hydrogen energy, serving as an efficient and eco-friendly power source. This not only addresses issues related to
traffic congestion but also presents a promising solution to environmental challenges. However, the success of
implementing such technologies to mitigate these challenges relies heavily on the support and acceptance of potential
users. This study aims to explore the intention of users to adopt ART as a mode of transportation in the context of Sibu,
Sarawak, Malaysia. This study conducted a comprehensive survey involving 350 respondents and employed Partial Least
Squares Structural Equation Modelling (PLS-SEM) to analyse the data. The findings of this study reveal that several
critical factors significantly influence the behavioural intention to use ART for commuting. Specifically, subjective
norms, perceived behavioural control, and individual attitudes have a significant impact on the intention to embrace ART
as a sustainable mode of transportation. However, the study also finds that personal norms do not exhibit a significant
relationship with behavioural intention. This insight underscores the pivotal role of societal influences compared to
individually internalized values in shaping user decision-making with regard to the adoption of ART for commuting. It is
imperative for policymakers to take into account the perspectives and considerations of users when formulating policies
related to the introduction and promotion of new public transportation modes where private transportation has traditionally
been prevalent.

1 Introduction substantial growth in the level of car ownership, rising by

The rising economic growth worldwide has led to @pproximately 64% from 2010 to 2021. High traffic flow
tremendous increase in the need to travel and has chantjstirectly contributes to environmental problems,
how societies commute. Generally, greater travel neeti§luding CQ emissions and air pollution [1]. According
lead to greater demand for transport. In developed Asié [2], the transport sector is the third-highest contributor
countries, the reliance on private transport coincides wiff CQ emissions  (24.5%) in Malaysia, behind
the usage of public transport such as trains, trams, am@nufacturing and construction (35.1%) and electricity
public buses as well as non-motorized transport (NM@Nd heat production (29.3%). To solve these problems,
like walking and cycling. This is contrary to manyU_fba” road resources _need to be redistributed, anq a
developing Asian countries, where the main mode @hverse, three-dimensional, and modern  public
transport relies heavily on private vehicles such as cars df@nsportation system needs to be established. The
motorcycles. Statistically, there is a high level of vehiclénplementation of such measures is expected to mitigate
ownership in developing countries (e.g., Malaysia: 54%€ environmental impact of traffic congestion and
motor vehicles per 1000 inhabitants; Brunei: 614 motdifomote sustainable transportation alternatives.
vehicles per 1000 inhabitants). Furthermore, there is a
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The Malaysian government developed its Nationg®? | jteraturereview
Transport Policy to “Ensure efficient and sustainable use1 Research elaboration

of resources and minimise environmental pollution”andto |, 1980, the Theory of Reasoned Action (TRA) was
“Increase modal share for public transport”. This hagtroduced as the Theory of Planned Action (TPA) to
resulted in the Kuching Urban Transportation Systefredict an individual's intention to engage in a specific
(KUTS) being implemented in the Malaysian state Ofehaviour at a particular time and location. This theory not
Sarawak with the aim of lessening traffic congestion on thgy\y offers insights into the factors that influence human
roads while encouraging economic productivity. Thctions put also provides a framework for understanding
Autonomous Rapid Transit (ART) system is one of thge jikelihood of intentional behaviour being repeated. [5]
KUTS's efforts aimed at transforming publicq,her expanded upon this to formulate the Theory of
transportation in the state. This innovative publi¢|znned Behaviour (TPB) by introducing three key
transportation system is powered by hydrogen energy a@é‘mponents for mapping individual preferences:
utilizes artificial intelligence (Al) technology. The gypjective norms, attitude, and perceived behavioural
introduction of ART is proposed to bring various benefit$;qnirol. These components provide a framework for
such as energy efficiency by utilizing renewable energynalysing how subjective norms influence attitudes, which
source, reduced operational costs, and more, making ifygyrm impact behavioural intentions [1]. [5] asserted that
promising addition to the transportation landscape. ART jsshavioural intention is insufficient to fully explain a

set to be intrgduced in. Kuchir_lg, Sarawak, connectir}gerson’S behaviour, adding the idea of perceived
several key cities, including Serian and Kota Samarahdfphayioural control to the current model to overcome this
by 2025 [3,4]. This development targets the provision of &awback. A more complete picture of the element
public transportation option that supports the CommunitY’iﬁﬂuencing behaviour is provided by perceived

livelihood and fulfils its essential requirements. Theanavioural control. which represents a person's
benefits of using ART can be viewed from different anglegonfidence in their capacity to carry out a specific

From an economic perspective, ART provides benefiisshaviour.

such as reduced traffic congestion, increased productivity, personal norms are perceived as sentiments of a moral
and fmar_mal bene_flts to society. From an enwronment%“gaﬂon to engage in a particular conduct and are
perspective, ART is expected. to contribute to a P'ea”@()nnected to the self-concept [6,7]. To examine the
environment and the prevention of global warming. Ifyfiuence of personal norms on people’s decision to use
terms of the advantages for society, taking publigyplic transportation, [8] employed the integrated

transportation, including ART, can improve health antheoretical framework, which focuses on theories

meet the needs of an ageing population. Sarawak, & arding the social and psychological mechanisms that
largest state in Malaysia, includes thriving urban centregiyate personal norms and moderate their influence on
such as Sibu, where rapid population growth and urbgpayiour. The authors revealed that personal norms
development have led to a sharp increase in road traffic aélanificantly predict the intention to use public

transport demand, resuling in significant trafficyansportation across different economic and socio-cultural
congestion, especially during peak hours. A positivgackgrounds in German urban areas. Furthermore, the

disposition toward ART can signify reduced trafficregyits were reported to link to expected emotions of guilt
congestion, lower carbon emissions, improved publig,q perceived societal norms.

health, and gnhanced economic productivity, aligning with Using a sample of 465 responses gathered in Shanghai,
global Sustainable Development Goals (SDGs). [9] studied the potential role of norms and how an
The benefits of ART on the environmental and urbajingerstanding of the challenges brought by auto traffic can
transportation prompted this study to investigates Uselgfect decisions about the purchase of a car and choosing a
intentions to commgte _by ART in Sibu, Sarawak. As thg,:m  of transportation. The findings showed that
world faces urbanization on an unprecedented scalgyscriptive norms have a negative relationship with car
understanding how individuals perceive and intend to Ugfvnership. Moreover, personal and subjective social
A.RT contrlbutes.t(.) the tran_S|t|0n to more_sustalnable, €CRorms play a crucial role in fostering the intention to use
friendly, and efficient public transportation systems. By, plic transportation and ultimately increase its actual
assessing the readiness of a community like Sihikage The results imply that the use of public
specifically to use ART, this research could informyangportation is influenced by an awareness of social
pollcymakers and stakfaholde_rs on a path towards greengbplems that shapes personal norms and other people's
healthier, and economically vibrant urban centres not o pectations.
in Sibu bu.t also in other regions. Furthermore, this study e impact of social and individual norms on people’s
also contributes to the growing body of knowledge Opyentions to use ecologically friendly transport
transitioning urban mobility to a sustainable and greef\iernatives was examined by [10] using a survey with 762
transport. participants. The results showed that injunctive societal
norms and behavioural intentions are not as strongly
correlated as personal norms, which also reduces the
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relationship between them. Injunctive social norms havelaimpur city centre. The findings indicated that both men
significant indirect impact on behavioural intentionsaand women believe that travelling with others, especially
through personal norms. strangers, can affect the time of their trips because of
[11] investigated the relationship between socigdotential delays caused by other passengers.
norms, happiness, and uses of public transport in six [19] investigated the relevance of behavioural
European cities. The results showed network coverage, tdpterminants behind the desire to utilize the rall
speed, and service frequency are significantly linked witihansportation system among road users in Kuala Lumpur,
travel pleasure. Travel satisfaction is also influenced biylalaysia. The researchers concluded that positive views
perceptions of expenses, particularly reasonable ticket service quality and the benefits of using rail
pricing, and norms, highlighting the significance of publi¢ransportation are strongly associated with an intention to
transit in society and the environment. A study conductagse it, with attitudes playing a partial mediating role.
by [12] provided evidence that moral norms have a positivurthermore, the study found that service quality has a
association with the use of public transportation while prgreater impact on the intention to use for older age groups,
environmental norms have a limited link with travelwhile attitudes play a more significant role for high-income
behaviour. groups. Conversely, poor service quality results in negative
[13] focused on the physical environment andattitudes, especially among high-income groups.
fundamental service aspects of Kaohsiung’'s mass rapid Despite the extensive body of research examining
transit system. The authors concluded that factors likerious determinants of travel behaviour and public
engagement, satisfaction, and perceived value all playtransportation, a notable research gap exists concerning the
role in how much service quality affects a person's conduspecific context of ART in Malaysia. While previous
With service attributes as the explanatory variablestudies have explored factors such as personal norms,
psychological elements were added to the TPB model, wihibjective norms, perceived behavioural control, and
habit serving as the dependent variable. [14] examined tagitudes in the context of traditional public transportation
influence of psychological factors on mode choicsystems, the introduction of innovative modes particularly
behaviours in Khon Kaen's Bus Rapid Transit (BRT}he ART, which incorporate cutting-edge technologies and
system using the extended model. The findings revealsdstainability elements, showed the importance of this
that the elements impacting mode choice behaviour and ttedy. Furthermore, Malaysia especially Sarawak, has been
customer's decision to employ a particular mode includecussing on the implementation of ART and its potential
service qualities, perceptions of attitudes, and socitd address pressing urban transportation and environmental
factors. challenges, it is essential to understand the unique factors
[15] was the first study to investigate behavioumfluencing individuals' intentions to embrace this mode of
intention focusing on autonomous vehicles in Hungaryransport. Research on this topic is particularly timely as it
According to the results, users with high and low personehn provide insights into whether the public is receptive to
information technology have considerably differenthe adoption of ART, thereby contributing to the success of
perceptions of behavioural control when using autonomo@arawak sustainable urban transportation initiatives.
vehicles. [16] assessed user behaviour using perceividditionally, examining the role of personal norms,
attitude factors, subjective norms, and behavioural contraltitudes, and other behavioural determinants in the
on pro-behavioural intentions for urban rail transport. Thepecific context of ART in Malaysia will extend our
results showed that in the Klang Valley region of Malaysiainderstanding of how these factors may differ when
perceptions of behavioural control, subjective norms, arapplied to innovative and eco-conscious transit systems,
environmental concerns are the most effective predictonich aligns with the global imperative of transitioning
of people's intentions to use public transport. [1Apwards sustainable and green urban mobility solutions.
investigated Phnom Penh residents’ urban rail
transportation behaviour intentions in a similar settin®.2  Hypotheses
According to the study, the behavioural intentions of The purpose of this study is to look at users’ intentions
commuters in Phnom Penh are influenced by a variety @f use ART in Sibu, Sarawak. Based on the literature
elements, including subjective norms, perceivegkview, the conceptual framework shown in Figure 1 is
behavioural control, moral obligations, knowledge of thesed. Subjective norms, personal norms, perceived
consequences, attitude aspect variables, socioeconoméhavioural control, and attitude are the independent
variables, and travel-related aspects. variables and behavioural intention is the dependent
[18] analysed the similarities and differences oariable.
attitudes between public and private vehicle users in Kuala
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Subjective Norm

Personal Norm

Behavioural
Intentior

Perceived Behavioral
Control

Figure 1 Conceptual framework

Accordingly, this study opted for the frameworkTheir study also has proven that personal norm is
proposed by [5]. As depicted in Figure 1, the behaviouralgnificant in explaining public transport use. Thus, the
intention to use ART in Sarawak is possibly influenced blgypothesis is postulated as follows:
subjective norms, personal norms, perceived behavioural Hypothesis 2: There is a positive relationship between
control and attitude. The factors are discussed as followpersonal norms and behavioural intention.

Subjective norms, which represent the social factors
affecting individuals’ decisions to engage in specific In the modern version of the reasoned action theory,
actions, are particularly imperative. Subjective norms aperceived control of behaviour is defined by [20] as
important social aspects that influence people’s intentigreople’s beliefs about their ability to perform a particular
to engage in or refrain from specific acts. These normspnduct or their level of control over it. On the other hand,
shaped by influential individuals and organizations, hayj@1] views perceived behavioural control as analogous to
demonstrated a significant impact on behavioural intergglf-efficacy, which is the belief in one’s own capacity to
despite some conflicting research findings several reseaman and carry out a specific task. Believing that one is
show that they have a considerable and beneficial impaetpable of carrying out an action encourages people to
on behavioural intent. For instance, [14] encompass pubhttempt it and increases the possibility that they will follow
expectations and perceptions of influences from significatiirough and complete their tasks. [22] have proven that
others which may include family, friends, and others. Thiserceived behavioural control significantly influences the
reflects an individual's perception of normative pressuréstention to use public transportation. Consequently, the
and peer beliefs, influencing behavioural intention towardsypothesis is written as follows:
using public transit. [5] highlights the importance of Hypothesis 3: There is a positive relationship between
subjective norms in influencing intentions to adopt angderceived behavioural control and behavioural intention.
attitudes, emphasizing their significance in theoretical
frameworks. Overall, subjective norms emerge as vital [8] assert a connection between attitudes and the
variables influencing the intention to adopt, attitude, andclination to utilize public transport, suggesting that
perceived control of behaviour in various behaviourahdividuals’ perspectives and opinions play a pivotal role
models. Hence in the case of societal norms that gravitaies shaping their intention to engage with public
towards private transport, users are less likely to use publiiansportation services. Similarly, [22] contribute to this

transport. The hypothesis is given as: perspective by reporting a relationship between attitudes
Hypothesis 1: There is a negative relationship betweeand the intention to use public transportation. This
subjective norms and behavioural intention. collective body of research underscores the significance of

individuals’ attitudes in influencing their intention to opt

Based on [7], “Self-expectations are experienced &sr public transportation alternatives. The hypothesis
feelings of moral obligation generated when perception derived from these findings can be posited as follows:
another's need activates the internalized structure of valuesHypothesis 4: There is a positive relationship between
and norms. The self-expectation process may latitude and behavioural intention.
characterized as a normative explanation of helping based
on internalized or "personal" norms.” This is further
elucidated by [8] in which they defined personal norms as
the personal belief held by an individual on the moral
correctness or incorrectness of a certain course of action.
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3 Research methodology years old. In terms of ethnicity, Malays had the highest

3.1 Respondents, procedure and measurements number of respondents with 174, making up 49.71% of the
A questionnaire was distributed to 350 respondent@t@l. Following them, there were 102 Melanau

from April 2022 until May 2022. The questionnaires weréeSpondents (29.14%), 24 Iban respondents (8.29%), 20

created utilizing data collection tools and comprised closédlinese respondents (5.71%), and 1 Indian respondent

questions with set answers. The survey questionnaifs29%). The respondents’ educational status was taken

were used to study user intent to commute via ART in Sib{fit0 consideration and classified as primary school,
Sarawak. A Likert scale was used to rank the respondenggcondary school, STPM or matriculation, diploma or
level of agreement with all assertions, with 1 representiﬁ“'v?‘lem* bachelor's degree, master's degree, and doctor
strongly disagree, 2 representing disagree, 3 representfigPhilosophy (PhD). No respondent had a PhD status.

neutral, 4 representing agree, and 5 representing strongﬂﬁre were 2 respondents with a primary school education

agree. The scales measurement from the questionnaire 8&8%), 97 respondents with a secondary school education
derived from [22] and [23]. (27.71%), 74 (21.14%) with an STPM or matriculation, 73

(20.86%) with a diploma or equivalent, 98 (28%) with a
32 Partial least squares structural equation bachelor’'s degree and 6 (1.71%) with a master’s degree. In
' . terms of occupational status, the respondents were divided
modelling (PLS-SEM) . ) into the following categories: government sector with 89
The suggested model presented in Figure 1 Wasshondents (25.43%), private sector with 21 respondents
assessed using PLS-SEM, which was chosen because ofgli) self-employed with 91 respondents (26%), retired
non-parametric chz_iracter and prediction-based objectivgsin g respondents (2.29%), outside labour force with 5
This was accomplished using SmartPLS 3.0, created Fé’spondents (1.43%), and others with 39 respondents

[24]). PLS-SEM is a two-step method that requiregiy 1494). Almost 80% of the respondents (n = 280) had a
evaluating both the measurement and structural modelg;sehold income of less than RM4.850 while the

The fit indices evaluate the measurement model's i”dicaVérmaining 70 respondents (20%) had an income of

reliability, internal consistency, and convergent angn4 851 to RM10,970. The number of respondents with
dlscrlmlnant vaI|d|ty: This material is _dellvered_ inanyoyseholds comprising 1 to 3 people was 27.43% (n = 96),
educational and_ unb|asgd tone, making it ap_pro_prlate f_O'EI?ose with 4 to 6 people were 66% (n = 231), and those
competent audlencg with a neutral formality in a widgitn 7 to 9 people were 6.57% (n = 23). Considering the
domain intended to inform. presence of seniors in the family, 288 respondents
. . (82.29%) did not live with a senior citizen, 34 respondents
4 Resultsand discussions (9.71%) lived with one senior citizen, and 8% lived with
4.1 Descriptive analysis two senior citizens. Meanwhile, 52 respondents (14.86%),
Of the 350 questions that were fully completed, 1868 respondents (19.43%), 11 respondents (3.14%), 3
(52.86%) were completed by female respondents, while thespondents (0.86%), and 4 (1.14%) respectively had one,
remaining 165 (47.14%) were done by male respondentso, three, four, or five children under the age of 12, while
In terms of age groups, 24 respondents (6.86%) were bel@d2 (60.57%) had no children in their household. Table 1
20 years old. Of the remainder, 267 (76.29%) were agedscribes the descriptive statistics of the respondents’
between 21 and 40 years old, 50 (14.28%) were agpubfiles.
between 41 and 60 years old, and 9 (2.57%) were above 60

Table 1 Respondents’ profiles

Backgroun Categor Frequency, | Percentage (9
Gender Male 165 47.14%
Femals 18¢ 52.86%
Age <20 24 6.86%
21-40 267 76.29%
41 - 60 50 14.28%
> 61 9 2.57%
Ethnicity Malay 174 49.71%
Chinese 20 5.71%
Indian 1 0.29%
Melanau 102 29.14%
Iban 24 6.86%
Other: 29 8.29%
Educational Status Primary School 2 0.58%
Secondary School 97 27.71%
STPM or Matriculatio 74 21.14%
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Diploma or equivalent 73 20.86%
Bachelor’'s Degree 98 28%
Maste 6 1.71%
Occupational Status Student 97 27.71%
Government Sector 89 25.43%
Private Sector 21 6.00%
Self-Employed 91 26.00%
Retired 8 2.29%
Outside Labour Force 5 1.43%
Other: 39 11.14%
Household Income < RM4,850 280 80.00%
> RM4,85( 70 20.00%
Number of people a 1-3 96 27.43%
Household 4-6 231 66.00%
>7 23 6.57%
Number of Senior Citizens 0 288 82.29%
1 34 9.71%
2 28 8.00%
Number of Children 0 212 60.57%
1 52 14.86%
2 68 19.43%
3 11 3.14%
4 3 0.86%
5 4 1.14%

4.2 Assessment of the measurement model

reliability, whereas the AVE values quantify the amount of

The measuring model can be assessed via convergeatiance explained by the items regarding their respective
validity and discriminant validity [25]. Convergent validity constructs. The construct of attitude is made up of four
is the extent to which a set of indicators for a concegplements (ATT1, ATT2, ATT3, ATT4), the construct of
converge or illustrate a significant amount of shareditention is made up of one item (BI), the construct of
variance, and it is assessed by examining the loading fage@rsonal norms is made up of three items (PN1, PN2, PN3),
value, composite reliability (CR), and average varianc@d the construct of subjective norms is made up of two
extracted (AVE) [25,26]. Table 2 portrays the loading, CRems (SN1, SN2). Table 2 shows that the outer loading for
and AVE values used to assess the convergent validity. Taigtude is 0.697 to 0.829, for intention it is 1.000, for
outer loadings indicate the strength of the relationshipersonal normsitis 0.475 to 0.970, for perceived behaviour
between each item and its respective construct. The @Rs 0.697 to 0.813, and for subjective norms itis 0.472 for
scores evaluate the constructs' internal consisten6N1 and 0.917 for SN2.

Table 2 Convergent validity

Construc Items Loading! CR AVE
Attitude ATT1 0.78¢ 0.86¢ 0.61¢
ATT?2 0.81:
ATT3 0.697
ATT4 0.82¢
Intentior Bl 1.00(
Personanorms PN1 0.97( 0.74( 0.50¢
PN2 0.60(
PN3 0.47¢
Perceived behavioural cont PBC1 0.78: 0.84( 0.56¢
PBC: 0.71¢
PBC: 0.697
PBC/ 0.81:
Subjective normr SN1 0.47: 0.67¢ 0.53:
SNZ 0.917
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This measurement also provides an overview of the Behavioural Control" demonstrates good internal
and AVE values for the four different constructs: Attitudegonsistency with a CR value of 0.840 while “Subjective
Personal Norms, Perceived Behavioural Control, arfdorm” indicates an acceptable value of 0.673. The AVE
Subjective Norms. The construct of "Attitude" consists ofalue for attitude, personal norms, perceived behavioural
four items (ATTL, ATT2, ATT3, ATT4); the CR for this control and subjective norm are 0.614, 0.509, 0.568 and
construct is 0.864, indicating good internal consistenc®.532 respectively which are greater than 0.5 that is
The construct of "Personal Norms" constitutes PN1, PN&lequate for convergent validity.
and PN3. The construct also exhibits good internal Table 3 presents the results for discriminant validity.
consistency with a CR value of 0.740, suggesting that tide results in the table suggest that the discriminant
items (PN1, PN2, PN3) within the Personal Nornvalidity is validated because none of the credibility ranges
construct are reliable and consistently measure the concephtain cohesion.
of personal norms. Similarly, the construct of "Perceived

Table 3 Discriminant validity

. Personal . Percglved Subjective
Attitude Intention behavioural
norms norms
contro
Attitude 0.78:
Personal norn 0.65¢ 0.71¢
Intentior 0.25¢ 0.13¢ 1.00(
Perceived behavioural cont 0.77¢ 0.65: 0.23( 0.75¢
Subjective norrr 0.36¢ 0.33] 0.20( 0.41¢ 0.72¢
4.3 Assessment of the structural model H2 [There is a positive relationst Not

Figure 2 displays the results for the structural mode between personal norms g Supported
To test the relevance of the pathway coefficient, 5,000 |behavioural intentiol
bootstrapping runs were used in the PLS algorithm. Thi$ds (There is a positive relationsli Supported
procedure was carried out to determine how consumer |between perceived behavioy
intention and ART are related. The PLS modePs/&ue control and behavioural intentic
of 0.178 shows that the independent variables and thels [There is a positive relationsl{ Supported
dependent variable have a moderate relationship. The |between attitude and behaviol
results support three of the hypotheses. Attitude, perceied |intention
behavioural control, and subjective norms have a strong
association with the reported behavioural intention to Figure 2 details the results for the relationship between
commute using ART in Sibu, Sarawak. However, theubjective norms, perceived behavioural control, attitude,
results fail to support the hypothesis (H2), suggesting thatd personal norms towards behavioural intention. The
personal norms do not influence the user intention t@riables' attitude and perceived behavioural control had a
commute using ART. In summary, the PLS-SEM approaddignificant effect on behavioural intentions in this model.
was successful in confirming hypotheses H1, H3, and H&¥he effect of attitude on behavioural intentions was

significantly positive f§ = 0.249, p < 0.10), followed by

Table 4 Hypothesis testing perceived behavioural contr@ € 0.220, p < 0.10). Then,
Hypothesis Result subjective norms were recorded as significantly negative
Hi |There is a negativerelationshij Supported| (B = -0.367, p < 0.10). However, the direct effect of
between subjective norms g personal norms on behavioural intention was insignificant
behavioural intentiol (B =-0.048, p > 0.10).
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SN1 SN2.

PBC1

PBC2
PBC3 Subjectiye norm
\ -0.367 (0.000)
PBC4 Pérceivad 0.220 (0.008)
behavioural
ATT1 control —_— Bl
s 0.249 (0.005)
Intention
ATT3 //
ATT4 ) -0.048 (0.279)
Attitude /
PN1
PN2
PN3
Personal norm
Figure 2 Structural equation model
4.4 Discussion are better for the environment, such as ART, which is a

This study aimed to investigate the user intention tansportation system that runs on hydrogen energy. The
commute using ART in Sibu, Sarawak by analysing théndings also indicate that people who have a greater
role of subjective norms, perceived behavioural contraberception of their own behavioural control are more likely
attitude, and personal norms. The TPB model served as theselect public transport options that are convenient and
framework for this study, which used PLS-SEM to analysgependable, such as ART. Furthermore, interventions
data collected using a self-administered survey. Utilizingimed at promoting sustainable transport are associated
measurement evaluation and structural model assessmuiith perceived behavioural control. Those who are aware
the model was validated and evaluated. of the positive impacts that using ART, which runs on

The outcomes reported here are in agreement with tighewable energy, has on the surrounding ecosystem are
assumption that lies at the foundation of the hypotheseégore likely to consider making their daily commute using
This postulate asserts that there is a strong link between this more sustainable alternative. The study also finds an
variables of concern (attitude, perceived behaviouréiverse connection between an individual’s subjective
control, and subjective norms) and the desire to behaveriarms and their behavioural purpose. To put it another
a certain way. The TPB, which was mapped out by [5], way, when people in Sibu, Sarawak are subjected to social
consistent with the obtained findings. According to thigressure from those around them, their inclination to use
concept, attitude, subjective norms, and perceive®RT for their everyday travel declines. This indicates the
behavioural control are all significant aspects that play girong influence of the society that relies heavily on private
role in determining a person's intention towards thelased transport. On the other hand, personal norms, also
actions. The findings are consistent with [8-10] and [14].known as individual-level standards, do not appear to have

The results of the study reveal that there is a positi@y influence on customers' intentions to commute via
association between attitude, perceived behaviourART in Sibu, Sarawak. This insight underscores the pivotal
control, and behavioural intention concerning the mode ¢#le of societal influences compared to individually
transportation that one chooses to use for the dailternalized values in shaping user decision-making with
commute. It is hypothesised that a person's frame of mif@gards to the adoption of ART for commuting.
has a significant role in determining the form of
transportation that they choose, particularly for individuals
who have a favourable frame of mind towards options that
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Abstract: Vietnamese seaports play an important role as crossroads for import, export and transformation in delivery from
maritime transport to rail, road and inland waterway transport. Over the last two decades, the seaport system has been
reformed with the participation of private and foreign investors. Consequently, this issue enhances competition between
seaports and brings changes to the seaports’ operations. In this article, the relationship between seaport competition and
efficiency is examined in the context of Vietnam, an emerging market economy. The longitudinal data from 2011 to 2022
is collected to quantify the competition degree of Vietnamese seaports and Data Envelopment Analysis is used to measure
seaport efficiency. A number of measures are used to quantify the competition level of the seaport system over time,
including concentration ratio, Gini index, and Hirschman-Herfindahl Index. Besides, market share at both national and
regional levels and distance to the nearest competing seaport are criteria of port-level competition. The results advocate
an increasing trend of seaport competition in Vietnam. Moreover, based on Tobit regression models, the competition
among seaports relates positively to efficiency using both the 2021-2022 and 2015-2016 data sets. Under the COVID-19
pandemic, the impact of external factors on seaport efficiency is insignificant and inconsistent due to the disruption of

logistics systems and disrupted links to the outside environment.

1 Introduction

The world has witnessed a rapid growth of international
trade in goods over the last 15 years [1]. The commodity
export in emerging countries has been almost doubled in
spite of the global financial crisis since 2008 as a result of
the globalisation of trade and increasing global production
process. While more than 90% of the world’s cargo is
transported by ships [2], the development of seaport
systems in emerging countries contributes significantly to
the growth of export-import volume. For export-led and
non-landlocked countries such as China and Vietnam,
seaports are playing a role as transport hubs and contribute
substantially in logistics supply chain operations [3].

In the context of the globalisation of production and
logistics  systems, substantial changes in cargo
transportation forms and technological breakthroughs, in
many countries the state-controlled port governance
models were ended. Port reforms have been launched by
governments in order to transform their port systems and
adapt a new context and changing structures [4]. The
contents of port reforms include a reduction of public roles,
ownership structuring, and enhancement of the port quality

and performance. As a result, the devolution of public
sector from port operation and management has led to the
increasing participation of the domestically private and
foreign sectors. Depending on the roles taken by the private
sector, there are five models of port governance [5],
including public service ports, tool ports, landlord ports,
corporatised ports and private service ports. While public
service ports are totally operated and owned by the public
sector, the private service ports are run by their corporation
and individual investors. However, the dominate models
include landlord ports and corporatised ports that support
the major ownership of the states.

The participation of private investors leads to
increasing competition between ports. Port competition
can be unfolded at three levels [6,7]. Atthe first level, intra-
competition occurs between terminal operators within a
given port. The competition arena includes traffic routings,
shippers and shipping lines. At the second level, terminal
operators have to account for competition with terminal
operators in other ports. The “inter-port competition” term
can be displayed out at national and regional levels. At the
highest level, inter-port competition can take place
between terminal operators operating at different port
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ranges. A port range is defined as a geographical area with
several ports that possess largely overlapping hinterlands
and thus serve mostly the same customers.

Competition can turn ports into focal points for
collection of cargo and distribution of hinterlands. On the
other hand, ports extend their boundaries and deal with
problems of the whole logistics chain. Furthermore, port
competition generates efficiency gain for the comparative
and competitive advantages of their hinterlands. In
particular, modern ports with supports from competitive
and reliable transport services can raise econo-socio
benefits of the port community and transport users [8].

The competition among ports brings about considerable
impact [9]. Increasing competition can change the
transport hubs and widen the geographical range of
hinterland. Yap, Lam and Notteboom [8] find that
competition among East Asia ports increased as the cargo
hubs shifted to mainland China. Port competition also has
impacts on port performance and government policies. The
participation of foreign and local investors in port
infrastructure  development results in better port
performance. In terms of strategic decisions, competition
makes traditional business models unviable in landlord
ports [10]. While competition has been mentioned widely
in the literature, the impact of competition on port
efficiency, especially detailed and in-depth empirical
research, are scarce. Many studies point out the importance
of port efficiency to port competitiveness in particular, and
to regional and national competitiveness in general. Thus,
investigating the impact of competition on port efficiency
is greatly significant in the increasing port competition
context.

On the one hand, the impact of competition on port
efficiency is diverse due to various factors, including
market changes, hinterland influences, port strategies and
management practices, etc. [11]. On the other hand, this
relationship is different in the perspectives of specific
countries or regions, resulting in inconsistent findings.
Consequently, this limitation can be addressed by in-depth
empirical studies on the impact of competition on the
essence of port efficiency.

In Vietnam, seaports are playing a very important role
as the hub of national transportation system when 90% of
the country ‘s export-import cargoes is transported through
its seaports. Moreover, seaport tariff contributes to 20% of
national budget revenues. In the last two decades, the
seaport system has undergone a substantial change in the
ownership structures through a corporatisation process
[12]. A number of state-owned enterprises were
established to operate Viethamese seaports. Overseas or
domestic private investors can take part in port operations
via venturing, acquiring or being minor shareholders of
corporate seaports. As a result, ports can be owned and
operated by public, private, foreign investors, and
local/central government. Profit-based objectives of port
corporations have fostered competition. In the aftermath of
the WTO entry from 2007, a significant increase of FDI

capital results in a surge of international trade mainly
through the country’s seaport system [13]. Besides,
provision of port services is a profitable business and
attracts many potential investors. Port operators have
invested heavily in berth construction, warehouse and
handling equipment. These investments have raised
considerable competitive advantages for the ports. In
addition, issuance of Maritime Law in 2015, Law of Sea in
2012 and Master Plan for Seaport Development in 2021
have paved the way for developing Viethamese seaports.
Vietnam's seaport system currently has 286 ports,
distributed in 5 groups of seaports, with a total length of
more than 96 km, and infrastructure to meet the throughput
of more than 733 million MT in 2022 [14]. Established
gateway ports combining with international transshipment
in the North and the South has received container ships up
to 132,000 DWT at Lach Huyen Wharf (Hai Phong), up to
214,000 DWT at Cai Mep Wharf (Ba Ria - VVung Tau).

The investments in seaport infrastructures and reform
of ownership and governance have fostered competition.
However, Vietnamese seaports have competed among
others mainly through port service prices. Three rationales
are behind this fact. First, the seaport system is moderately
fragmented, including many small ports. For example, the
port cluster in Haiphong city, the biggest cluster in the
North of Vietnam, includes 60 ports operating along 10 km
of Cam riverbank and they are operated by many port
operators (Vinalines, New Port, Gemadept, Haiphong port
corporation, Viconship...). With many port operators and
short distance between ports have led to substantial
competition through decreasing port service price. The
same curriculum occurs in the South and the Central of
Vietnam. Second, no significant difference of services
providing to customers also intensifies the competition
between ports. Last, port industry has hard barriers to exit.
Due to the specification of seaports, their fixed assets and
infrastructures cannot be moved to other places or reused
by other industries. In the context of Vietnam, some may
consider whether increasing competition can result in
better performance of the seaport system.

This paper aims to investigate the seaport competition
— efficiency relation in Vietnam. To measure seaport
competition, this study uses several indexes including
Hirschman-Herfindahl ~ Index, Gini index and
concentration ratio, with longitudinal data covering the
2011-2022 period. Port efficiency is estimated by Data
Envelopment Analysis with the data of 44 seaports over the
2021-2022 period. The Tobit models are used to regress
port competition on efficiency. Contributions of our
research are twofold. First, this study is unique that
investigates the impact of competition on seaports’
performance in an open, small and emerging market
economy. Second, this is the first time that seaport
efficiency is measured and analysed between pre- and
during-COVID-19 periods.

The rest of this study is organised as follows. Section 2
presents the methods utilised to measure port competition
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and port efficiency. Section 3 provides details on inputs,
outputs and environmental variables. Empirical analysis is
included in Section 4 while concluding remarks are
provided in Section 5.

2  Methodology
In this section, a number of competition measures and
measures to port efficiency are presented.

2.1 Measures of port competition

(1) Market share

The market share of port i at time t (MS;;) (1) can be
described as the ratio between the throughput volume of
port i at time t (V;,) and the total throughput volume of the
port system at time t (X1, V;,)-

Vit
n
Zi:1 Vit

MS; = @

Due to the Vietnamese long coast from the North to the
South, the country can be divided into three regions,
including the southern, central and northern region [15].
Hence, market share at both national and regional level are
included to present the competition degree. A port owned
a higher proportion of market share is expected to have
better contestability.

The market share of port i at time t of the region r can
be identified as below (MS;;,) (2):

Vitr
MSiey = sti— 2)

m
Zi=1 Vitr

where Vj,, is the throughput volume of port i at time t of
the region r and the total throughput of the region r at the
timetis X7, Vi,

(2) Concentration ratio (CRk)

Concentration ratios reflect the level of competition
within an industry and higher ratio value means more
market entry barriers for new investors [16]. The CRk: (3)
is presented for the market share of the K biggest ports in
terms of throughput volume at the time t.

K .
CRy, = 2=Vt @3)

n
Zi:1 Vit

In this paper, K takes two values, including 4 and 8. The
concentration ratio varies between 0 and 1.

(3) Gini index
Gini index can be defined as be low (4):

_ n DX
Gt =n_1_ 2¥i— (n+1-0).X;¢ (4)

n nYh Xit

where X;, is the cumulative market share of the throughput
volume of the port i at the time t in the condition that the

throughput volume is sorted in increasing order. The Gini
index’s value ranges from O (perfect equality) to 1 (perfect
inequality), reaching 1 when the market is dominated by
only one port and is “fully concentrated’, and reaching 0
when there is no inequality between the throughput
volumes at the respective ports. The higher value of Gini
index demonstrates a lower level of equality among ports.

(4) Hirschman-Herfindahl Index (HHI)
The HHI (5) is calculated by summing the squared
market share of all the ports in the port system.
2
HHI, = ?:1( it ) (5)

n
Zi:1 Vit

The HHI is among the best tools for determining the
degree of concentration. The HHI ranges from 1/nto 1. In
general, a HHI between 0.15 and 0.25 indicates moderate
concentration, while above 0.25 indicates high
concentration [17]. If the port system includes only one
port, the HHI attains maximum value of 1. On the other
hand, if the throughput of each of the ports in a given
system is the same, then the HHI equals its minimum value
of 1/n.

Above concentration-based measures do not take into
account cross ownership where a firm owns shares in a
competitor or common ownership where two rivals have
shares in common. This type of ownership may reduce the
incentives to compete for what seems independent firms.

2.2 Estimating port efficiency

Data Envelopment Analysis (DEA) and Stochastic
Frontier Analysis (SFA) are the two dominating methods
in measuring port efficiency [18]. DEA is a non-parametric
linear programming approach. One of DEA’s advantages
is that it does not require any assumptions on the firm’s
production technology. However, DEA methods have
difficulties in testing hypotheses, a problem which can be
solved when using a stochastic approach. In SFA methods,
the form of a cost or production function is assumed in an
ad hoc manner and estimated with a two-part composite
error term.

In this study, two-stage DEA is applied to measure and
analyse the possible factors influencing seaport efficiency.
At the first stage, DEA is used to measure port efficiency.
When the inefficiency scores are estimated, they will be
regressed again a set of environmental variables at the
second stage. Under the assumption of free disposability of
inputs and outputs, and variable returns to scale, the DEA
estimate of the production set can be defined as (6):

(,y) ERY xRI: Yz, vl >yl i =
1o, @ YRy zix;, < X7, = , (6)
1,0 2ho1z,=1,2, 20

P =

where x € RY denotesa (1xp) vector of inputsand y € R?
denotes a (1xq) vector of outputs. y: is the quantity of
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output i of unit k. x¢ is the quantity of input i of unit k. z,
is the respective weight of unit k. n is the total number of
units.

Due to the fact that some inputs of seaports such as
berth length or terminal area are quasi-fixed and cannot
adjust for a better performance, assumption of output-
orientation is applied in our DEA models [19]. The DEA
output-oriented estimator of & for variable returns to scale
production can be written as (7):

5=8(x,yep)=
5> 0: X0,z vl = 6yii =
max{1,..,q; Tpoy zix, < xl,j = (7)

1,0 Xh12,=1,2,20

To investigate the impact of environmental variables on
port efficiency, the Tobit regression model is utilised in this
research at the second stage. Tobit is a widely used method
to model the DEA (in)efficiency scores against exogenous
factors, which is suitable when the dependent variables are
either censored or corner solution outcomes [20]. In this
paper, the dependent variable is output-oriented
inefficiency scores, which is larger or equal to one at least.
The higher score value indicates a lower level of efficiency
and a seaport is considered to be efficient if its score is one.

3 Data

Input and output variables

The production process of ports demands capital, land
and labour resources as inputs to produce outputs [21].
Capital is an important input of ports but also the most
difficult to measure. The common monetary proxies of
capital can be book value of assets or depreciation [22]. On
the other hand, capital can be proxied by physical assets
such as the total length of berths, number of berths, number
of cranes or total number of pieces of equipment [23]. Land
resource used by seaports is quantified by the size of
terminal area or the size of warehouse area [24]. Labour
resource is difficult to identify as port authority labour is
often outsourced. Due to the fact that port industry is highly
capital-intensive, port operators tend to substitute away
from labour towards more mechanized or automated
technology. The labour input is proxied by the number of
port authority employees, or expenditure on salaries. In this
research and based on the availability of data, four inputs
is chosen including total berth length (BL), terminal area
(TA), warehouse area (WA) and total pieces of equipment
(Eq).

Regarding output variables, the most important output
measure is the amount of cargo handled at the seaports
[25]. Due to the multi-product nature of port production, a
number of output variables can be utilised, including the
volume of containers (in TEUs or MT), bulk cargo (in MT),
general and rolling freight (in MT) [26]. Some studies use
monetary measures including total revenue or net income
as alternatives of port output [27]. Qualitative measure of

output is also considered and can be obtained via user
satisfactory survey [28].

While the above mentioned outputs of seaports are
desirable, authorities and local communities also consider
CO, emission from port operations. These negative
externalities should be accounted as undesirable or bad
outputs [29]. In the case of the Vietnamese port sector,
most of seaports are multi-purpose ports, and only data for
total cargo throughput is provided for all the ports. Thus,
annual total throughput is chosen as the unique output of
our DEA models.

Environmental variables

This research aims to examine the impact of inter-port
competition on Vietnamese seaport efficiency. There are
several measures for port competition. The distance to the
nearest seaport is used for the proxy of inter-port
competition [30]. Oliveira and Cariou [31] use HHI
concentration index and market share to quantify the
competition degree of container terminals. Adler et al. [28]
develop a competition measure based on distance to and
size of competing ports. In this study, market share is
utilised as proxy of Vietnamese seaport competition. This
proxy is measured at national and regional level.
Furthermore, the distance to the nearest competing seaport
is another proxy for port competition in Vietnam. It is
assumed that the competitive pressure to a seaport is harder
if the distance to the nearest seaport is shorter.
Consequently, the seaport must operate efficiently to
increase its competitiveness compared with its
neighbouring seaports.

Over the last two decades, many Vietnamese seaports
have transformed their ownership structures from being
totally owned by SOEs or government to corporations, in
which domestically private and foreign investors can take
part. To assess the impact of this process, the OWN dummy
is included in the regression models, taking the value of
one if the seaport is a corporation and zero if they are
wholly SOEs or managed by governments.

Due to the different economic-social conditions among
three Vietnamese regions, the location of seaport is an
important  factor influencing port efficiency and
competition. The geographical character of seaports is
proxied by two dummies. The dummy variables GS and
GC are used for seaports located in the South and Central
respectively, whereas seaports in the North are treated as
the base group.

The increasing trend of exporting manufactured goods
stimulates containerisation of Vietnamese logistics system.
As a result, the impact of containerisation on Vietnamese
seaport operation should be assessed. The environmental
variable CNS is a dummy variable representing the
operational setting of the port, i.e. whether it handles
container cargo and ships or not. CNS is equal to one if
seaports serve container ships and zero for others.

The data of 44 Vietnamese seaports in the 2021-2022
period has collected from the website of Vietnam Seaports
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Association  (www.vpa.org.vn). Table 1 provides variables. Table 2 describes the correlation between
descriptive statistics on inputs, output and environmental  environmental variables utilised in regression models.

Table 1 Inputs, output and environmental variables

Variables Description Unit Min Max Mean St. dev.

Output

Throughput (O) Annual total throughput MT 21,931 30,424,620 5,268,133 6,659,365

Inputs

Berth length (BL) Total berth length in meter Meter 104 3,213 598 532

Terminal area (TA) Total terminal area in square meter m2 1,200 796,979 143,872 151,030

Warehouse area (WA)  Total warehouse area in square meter m2 900 50,000 12,826 12,927

Equipment (EQq) Total number of cranes, tractors, trucks ~ Number 5 312 48 53

Environmental

variables

South location (GS) Dummy variable for seaports locating in 1 or 0 0 1 0.3409 0.4740
the southern area of Vietnam

Central location (GC)  Dummy variable for seaports locating in 1 or 0 0 1 0.3750 0.4841
the central area of Vietnam

Container serving (CNS) Dummy variable for seaports serving 1 or 0 0 1 0.5682 0.4953
container lines

Ownership (OWN) Dummy variable for seaports operating 1 or 0 0 1 0.7386 0.4394
under the corporation model

National market share The proportion of the national total Percentage 0.0001 0.0854 0.0144 0.0185

(NMS) throughput is penetrated by a seaport.

Regional market share The proportion of the regional total Percentage 0.0002 0.3149 0.0519 0.0687

(RMS) throughput is penetrated by a seaport.

There are three regions, including the

northern, central and southern region.
Distance to the nearest Measured in km from a seaport to its km 1 130 32 40
seaport (D) nearest rival.

Table 2 Correlation matrix of the environmental variables

GC GS OWN CNS NMS RMS LogD
GC 1
GS -0.5571 1
OWN -0.5543 0.4278 1
CNS -0.1777 0.143 0.2124 1
NMS -0.3032 0.1507 0.2068 0.4602 1
RMS 0.0435 -0.2293 -0.0033 0.4423 0.7881 1
LogD 0.5406 -0.4354 -0.5392 -0.2376 -0.3767 -0.0956 1

Notes: GS: Southern area location; GC: Central area location; CNS: serving container ships; OWN: Ownership; NMS: market share
at national level; RMS: market share at regional level; LogD: logarithm 10 form of the distance to the nearest port.

4  Empirical analysis MT and this figure has been tripled in a decade when
4.1  Alongitudinal analysis of Vietnamese seaport reaching 397.5 million MT in 2020. However, due to the
competition impact of COVID-19 pandemic and disruption of global

The 2011-2022 period has witnessed a significant  logistics system, the cargo throughput has slightly
increase of total cargo throughput in the Vietnam’s seaport ~ decreased to 356 million MT in 2021 and 369 million MT
system. In 2011, the total throughput is about 157 million ~ in 2022 (see Figure 1).
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Figure 1 Annual total throughput of Vietnamese seaports from 2011 to 2022
Source: Vietnam Seaports Association

To quantity the degree of competition of Vietnamese
seaport system, three measures of competition are utilised
in this study, including Hirschman-Herfindahl Index
(HHI), Gini index and two types of concentration ratio
(CR4 and CRg). According to Notteboom, Ducruet and De
Langen [17], if the HHI varies between 0.15 and 0.25
indicating moderate concentration, and the indexes with
above 0.25 values indicates high concentration. The HHI is
under 0.1 in the context of Vietnam, thus this result
suggests a competitive and dispersed seaport market. The
linear curve of HHI does not show a decreasing or
increasing trend (see Figure 2). In contrast, the Gini index
shows an increasing trend of competition in Vietnamese
seaport system and this index has grown from around 0.6

in 2011 to about 0.7 in 2022 (see Table 3). Both two
concentration ratios (CRs and CRs) have decreased during
the 2011-2022 period, indicating the lower level of seaport
concentration or a higher level of competition. The CR4
fluctuates between 0.43 and 0.47 during the 2011-2022
period and implies a low concentration level, following the
standards suggested by Notteboom [32]. The mentioned
standards reveal a competitive seaport market if the CR; is
under 0.4, and a highly concentrated market if this measure
is above 0.7. In general, an increasing trend of Vietnamese
seaport competition can be observed via the empirical
results of this research. This finding is in line with Pham et
al. [33] when they point out a deconcentration trend of
container terminals in Northern Vietnam.

Table 3 Measures of Vietnamese seaport competition from 2011 to 2022

Year Herfindahl - Hirschman Index Gini coefficient CR4 CRS8

2011 0.0697 0.6064 0.4655 0.6035
2012 0.0787 0.5973 0.4743 0.6131
2013 0.0865 0.5976 0.4696 0.6087
2014 0.0775 0.6082 0.4286 0.5656
2015 0.0764 0.6238 0.4290 0.5665
2016 0.0828 0.6497 0.4381 0.5856
2017 0.0875 0.6535 0.4474 0.5895
2018 0.0846 0.6396 0.4468 0.5701
2019 0.0814 0.6386 0.4443 0.5629
2020 0.0773 0.6589 0.4683 0.5880
2021 0.0781 0.6549 0.4311 0.5545
2022 0.0757 0.6856 0.4299 0.5546

(Source: Authors’ calculations)
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Figure 2 Measures of seaport competition in Vietnam
4.2 Estimating seaport efficiency output from 2.5 to 3.9 times to achieve the optimal level.

Estimates of Vietnamese seaport efficiency is presented ~ Southern seaports having the highest inefficiency scores
in Table 4. The range of inefficiency scores is between 2.5  are the least efficient when com_pared to their competitors
and 3.9, indicating that port operators can extend their in the central and the north of Vietnam.

Table 4 Estimates of Vietnamese seaport efficiency using output-oriented DEA

Year Northern seaports Central seaports Southern seaports All seaports
2021 2.5674 3.5421 3.9377 3.4081
2022 3.1521 3.2888 3.5989 3.3527
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4.3  The impact of competition on seaport
efficiency in Vietham

Table 5 demonstrates regression results on the impact
of environmental variables on seaport efficiency with the
data of Vietnamese seaports over the years 2021-2022. All
models show that a higher level of market penetration leads
to a lower inefficiency score or a better efficiency
performance of Vietnamese seaports using both national
and regional market share as proxies of competition.
Accordingly, seaports with higher degree of competition
can operate more efficiently when generating more output
with a given level of inputs in a comparison with other
rivals. Oliveira and Cariou [31] also found a positive
relation between market share and port efficiency when
using the data of international container terminals.

The results also point that the location of seaports is not
important in determining seaport efficiency. The
coefficients of GC and GS variable are insignificant in all

different models. Moreover, the coefficient of OWN
variable is insignificant, indicating that owning to a
corporate or a government body does not make changes to
the performance of seaports. The outcomes relating to CNS
variable reveals an inconsistent impact of container service
provision on seaport efficiency. While models 1 and 4
show a negative and significant impact of CNS, models 5
and 8 provide insignificant results.

It is worth to note that the results presented in Table 5
is based on the data of the 2021-2022 period.
Consequently, the COVID-19 pandemic can distort the
results when the supply chain is disrupted and the operation
of seaports is influenced by the pandemic. To eliminate the
possible impact of COVID-19 on the seaport competition
— efficiency relationship, the data of Vietnamese seaports
between 2015 and 2016 (the data of Vietnamese seaports
between 2015 — 2016 is chosen due to its availability) was
used in the paper (see Subsection 4.4).

Table 5 Tobit regression results on the impact of competition on Vietnamese seaport efficiency using the 2021-2022 data

Competition at national level

Competition at regional level

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8
Intercept 3.491842***  4.345569***  3,527112*** 3,770339*** 3.095387***  3.897906***  3.723422***  3.647804***
(.9671533) (.6781914) (.6266528) (.4817341) (1.019437) (.7066052) (.688728) (.5039701)
ac -.3492276 -.5410136 .5403358 .2299541
(.8514633) (.7990061) (.8798798) (.8152777)
s 4746387 6869272 -.2328084 .0903776
(.7916445) (.7907802) (.8756124) (.8571717)
OWN .550408 1.123657 .5892393 3957192
(.8451623) (.7211491) (.8980055) (.7441298)
CNS 1.175607* 1.319926* 9637398 9101956
(.7028189) (.7071907) (.7625448) (.7279153)
NMS -104.5891*** -88.80059*** -87.74217*** -99.726***
(20.53404) (18.59801) (18.21191) (20.23346)
RMS -20.9711%** -17.3714*%*%*  -17.38379***  -20.26743***
(5.522699) (4.894584) 4.730448 (5.218391)
No of Ports 44 44 44 44 44 44 44 44
Observations 88 88 88 88 88 88 88 88
LR x? 25.27 21.77 21.56 22.60 14.73 12.50 21.56 13.97
Pro>y? 0.0001 0.0001 0.0000 0.0000 0.0116 0.0059 0.0000 0.0009
Log likelihood  -195.25571 -197.00521 -197.11119 -196.58977 -200.52399 -201.64076 -197.11119 -200.90546
Pseudo R? 0.0608 0.0524 0.0518 0.0544 0.0354 0.0301 0.0518 0.0336

Notes: GS: Southern area location; GC: Central area location; CNS: serving container ships; OWN: Ownership; NMS: market share at
national level; RMS: market share at regional level. The coefficients with * and *** are significant at 10 and 1 percent, respectively.

Standard errors are included in parentheses.

Table 6 provides Tobit regression models on the
relation between the distance to the nearest seaport and
efficiency. Using the data in the pre-COVID-19 period
(2015-2016) and COVID-19 period (2021-2022), the
findings show that the distance to the nearest seaport
relates negatively to the seaport efficiency. Thus, the
seaport with a shorter distance to the nearest port and
facing more competitive forces possesses a higher level of
efficiency. This finding is also in line with Yuen, Zhang

and Cheung [30] when they find that the inter-port
competition as proxied by the distance to the nearest port
has a positive impact on the efficiency of Chinese container
terminals. The variables indicating seaport location (GS,
GC) and ownership (OWN) are insignificant. The CNS
variable is significant in models 1 and 4, demonstrating a
positive relation between container service provision and
seaport efficiency.
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Table 6 Tobit regression results on the impact of competition on Vietnamese seaport efficiency with the distance to the nearest

seaport variable

2015-2016 2021-2022 (under COVID-19 impact)
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8
Intercept 1.730233* 6373331 1.412006* 1.831922%** .3284799 1.113903 7718357 2.421013%**
(.8884652) (.7073094) (.8425226) (.7428049) (1.398771) (.9513935) (1.304851) (.923741)
ac 4330764 1.236196 -1.74427 -1.939886
(1.141743) (1.15071) (1.419763) (1.412929)
s 72245 7626338 .5828419 7340653
(.8102989) (.8410144) (.8802677) (.8692992)
OWN -.1720162 -.83825 9498761 1.343519
(.6853605) (.6499916) (.9603989) (.9389326)
CNS -1.552313** -1.559867*** -.1767619 -.1188945
(.6666371) (.5871411) (.7125713) (.7327407)
LogD 1.511993** 1.487716**  1.761753***  1.705618%*** 2.338564** 2.193207** 1.182603* 6560174
(.6855239) (.6991718) (.4883697) (.4422821) (1.038698) (1.015664) (.6588138) (.5803379)
No of Ports 41 41 41 41 44 44 44 44
Observations 82 82 82 82 88 88 88 88
LR x? 26.66 20.09 20.51 25.68 6.34 5.34 3.44 1.45
Pro>y? 0.0001 0.0002 0.0000 0.0000 0.2749 0.1483 0.1786 0.4845
Log likelihood -175.61413 -178.90014  -178.68939 -176.10558 -204.72197 -205.21842 -206.16744  -207.16529
Pseudo R? 0.0706 0.0532 0.0543 0.0680 0.0152 0.0129 0.0083 0.0035

Notes: GS: Southern area location; GC: Central area location; CNS: serving container ships; OWN: Ownership; LogD: logarithm 10
form of the distance to the nearest port. The coefficients with *, ** and *** are significant at 10, 5 and 1 percent, respectively. Standard

errors are included in parentheses.

4.4 Robustness analysis

* COVID-19 impact

To exclude the possible impact of COVID-19
pandemic on the relationship between seaport competition
and efficiency, the data of Vietnamese seaport system in
the 2015-2016 period is employed. Table 7 provides
regression results and they again support a positive relation
between seaport efficiency and competition. The
coefficients of national and regional market share are
significant. Other variables including GS, GC, and CNS
relate to seaport efficiency. The coefficients of GS and GC
are positive and significant and this result indicates an
impact of geographical location on seaport performance.
Specifically, the northern seaports are more efficient than
their counterparts in the southern and central regions of

Vietnam. Besides, the seaports serving container cargo are
more efficient. A comparison of regression results based
on the COVID-19 period data (2021-2022) and pre-
COVID-19 period data (2015-2016) reveals that the impact
of environmental factors can be changed in the context of
COVID-19 pandemic. For example, seaports providing
container services are more efficient in the pre-COVID-19
period (see Table 7) but they are less efficient in the
COVID-19 period in a comparison with other seaports (see
Table 5). Furthermore, geographical variables (GS, GC)
and ownership (OWN) are significant in the pre-COVID
period but they are insignificant in the COVID-19 period.
The pandemic disrupted external links and forced port
operators to conduct internal solutions on governance,
operations and usage of inputs etc., to adapt with the new
situation.

Table 7 Tobit regression results on the impact of competition on Vietnamese seaport efficiency using the 2015-2016 data

Competition at national level

Competition at regional level

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8
Intercept 2.877933***  2.414741*%**  4.410217*** 4.826678 *** 3.018323***  2.051379***  4.264588***  4.743954***

(.731202) (.5903089) (.4126503) (.4190193) (.7438031) (.5931552) (.4066154) (.4099356)
Ge 2.586826***  2.888623*** 2.087018***  2.744787***

(.7796546) (.69916) (.7825903) (.7332053)
Gs 1.536023** 1.399261* 1.863897** 1.751137**

(.720336) (.7183158) (.7436855) (.7479163)
OWN .5136508 -1.108422* .3050046 -1.294344**

(.7098311) (.6623631) (.704762) (.6509998)
CNS -1.346571** -1.857677***  -1.796554*** -2.081349%**

(.6379366) (.5847175) (.6612211) (.5768092)
NMS -10.45095*** -10.45973*** -9.054386*** -9.707252***

(3.009804) (2.761567) (3.273983) (2.904694)
RMS -21.36098***  -19.18033*** -17.81096**  -21.46776***

(6.855164) (6.647129) (7.195512) (6.396309)
No of Ports 41 41 41 41 41 41 41 41
Observations 82 82 82 82 82 82 82 82
LR y? 33.38 29.00 15.78 22.61 31.23 23.65 14.34 22.66
Pro>y? 0.0000 0.0000 0.0004 0.0000 0.0000 0.0000 0.0008 0.0000
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Log likelihood -172.25596
Pseudo R? 0.0883

-174.44712
0.0767

-181.05414

0.0418 0.0598

-177.64045

-173.32988
0.0826

-177.11896
0.0626

-181.77622
0.0379

-177.61705
0.0600

Notes: GS: Southern area location; GC: Central area location; CNS: serving container ships; OWN: Ownership; NMS: market share at
national level; RMS: market share at regional level. The coefficients with *, ** and *** are significant at 10, 5 and 1 percent,

respectively. Standard errors are included in parentheses.

* Scale impact

Some may wonder the rational of using market share as
a proxy of competition. They argue that seaports with
bigger size are more advantageous in competing with the
others [34], and consequently have a larger market share.
On the other hand, when having a larger size the port can
utilise the scale effect and achieve a higher level of
efficiency. Hence, port size is included in the models to
investigate its possible impact on port efficiency. In this

study, total berth length is used as a proxy of port size.
Table 8 provides results on the relationship between port
efficiency and port size with two data sets. Using the data
of 2015-2016 period, a positive and significant relationship
between port size and efficiency is recorded, while the
results show no relation if the 2021-2022 data is used. The
results show a different impact of port size when ports
operate in the COVID-19 context.

Table 8 Tobit regression results on the impact of scale on Vietnamese seaport efficiency

2015-2016 2021-2022 (under COVID-19 impact)
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8
Intercept 3.377061%**  2.280911***  4.494009***  5.042054*** 2.748701%** 3.341933***  3.28941*** 3.660315***
(.6598382) (.6598382) (.4458762) (.4638999) (1.10303) (.8000883) (.7476718) (.5893021)
ac 2.022192** 2.760294*** 6136133 .3206855
(.8027142) (.7513227) (.9427169) (.8697431)
Gs 1.559101** 1.524966** .5676554 7091928
(.747316) (.7589981) (.9021091) (.8854958)
OWN .1029868 -1.406195** 7480463 6630465
(.7100382) (.6519162) (.9677855) (.8027142)
CNS -1.725276** -2.145455*** .0735537 1946218
(.674257) (.5833928) (.7840481) (.775974)
BL -.0010342**  -0009367**  -.0009142**  -0011792***  -0011108 -.0010065 -.0011353* -.0011236
(.0004144) (.0004035) (.0004295) (.0003897) (.000721) (.0006544) (.0006575) (.0007175)
No of Ports 41 41 41 41 44 44 44 44
Observations 82 82 82 82 88 88 88 88
LR x? 28.17 21.04 12.91 21.00 3.79 3.17 3.20 2.58
Pro>y? 0.0000 0.0001 0.0016 0.0000 0.5807 0.3668 0.2021 0.2751
Log likelihood -174.86029 -178.42353 -182.49067 -178.44534 -205.99723 -206.30718 -206.29071 -206.59924
Pseudo R? 0.0745 0.0557 0.0342 0.0556 0.0091 0.0076 0.0077 0.0062

Notes: GS: Southern area location; GC: Central area location; CNS: serving container ships; OWN: Ownership; BL: Berth length. The

coefficients with *, ** and *** are significant at 10, 5 and 1 percent, respectively. Standard errors are included in parentheses.

5 Conclusion

This research examines the relationship between port
competition and efficiency in Vietnam. The results find
that port competition relates positively to port efficiency
when the market share at both national and regional level
and the distance to the nearest port are used as proxies for
port competition. With the use of various measures of
competition, an increasing trend of seaport competition is
recorded over the 2011-2022 period.

To eliminate the possible impact of COVID-19
pandemic on the port competition-efficiency relation, the
data of 2015-2016 period is employed and the results also
support the positive impact of competition on Vietnamese
seaport efficiency. Moreover, the scale effect on port
efficiency is proven to be inconsistent; thus, this effect
cannot substitute the impact of competition on seaports.
The results show a change in the impact of environmental
variables on seaport efficiency under the context of
COVID-19. Specifically, while location of seaports,
ownership and container service provision significantly

impact seaport efficiency in the pre-COVID-19 period,
they are insignificant in the COVID-19 period.

Based on the empirical evidence of this paper, a number
of solutions are proposed to foster competition among
Vietnamese seaports and increase their efficiency. First,
investments in larger and deeper seaports are encouraged
to exploit the scale effect in the port sector. Second,
transferring ownership of seaports from government
bodies to corporations can attract more capital and
advanced technology from private and foreign investors.
Third, the government should support the mergers and
acquisitions between neighbouring port operators. It is
well-known that the Vietnam has many small ports and
they are located very closely. Subsequently, they are
inefficient as proven by the average inefficiency scores.
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