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Abstract: Planned methods may be developed to improve the efficiency of building construction. The construction
business is profoundly impacted by the prevalence of inaccurate cost and schedule prediction. The main strategy to
improve the project performance is to evaluate the hybrid sustainable materials using the artificial neural network (ANN)
method based on the effective factors in construction projects in Irag. This strategy needs an effective method to classify
the project input representation and specify the accurate activity of each factor. This paper uses a hybrid artificial neural
network to correlate and classify the sustainable hybrid of construction projects to evaluate their performance. The
contribution of this method is the selection of the Multi-Criteria Decision-Maker method (MCDM) based on time and
cost-effective factors correlated with the artificial neural network method. A dynamic selection procedure for project
materials may be created using the existing technique as an evolutionary model for successful project completion. The
MCDM observed that the appropriate sustainable material was considered as the main factor with a rank of 0.823 for cost
effect and 0.735 for time effect and the main influence factor in Iraqi projects was the building height. The results present
superior functional cost evaluation results correlated with the selection of hybrid sustainable materials.

1 Introduction difficult to determine whether or not the project is making

Effective project management ensures that both tigatisfactory progress.

needs of the client and the business are satisfied. A Itis possible to estimate the quantity of certain needed
successful project accomplishes its goals while stayif@mponents from the blueprints. Even if you have a good
within its allotted budget and with minimal scope creestrategy in place, you do not need to rely on prior
The development of an appropriate model an@Xperience to make quantity estimates, provided the
methodology for cost estimating in construction projects igtimate aim or job description is clear. An accurate
vital to the success of a project. Users who undertake th@ftimate can only be obtained via the use of all-inclusive
own cost estimating may find it difficult to put the resultgrice estimating approaches, which in turn need more in-
of current studies into reality due to the increase@epth instructions and a substantial amount of work [4,5].
complexity of the cost estimation process [1]. Effectivdue to the need of accuracy in managing costs, estimation
cost management is still the best approach to boostiifgnot always easy. A project manager's timeline has to take
construction sector efficiency and decreasing the numb@#0 account inflation, interest rates, fixed and variable
of abandoned projects and unhappy clients. However, thé@sts, and overhead [6]. Parametric modelling and program
is still a challenge in determining the best approach to cisessment and review are two examples of the more
control. To rephrase, several elements contribute to tAgathematical methods used by certain academic
time and money needed for construction projects. TH@stitutions (PERT). You may either use a top-down or a
Capacity to proper|y manage costs goes beyond simmttom-up Strategy. If you have access to price data from
keeping track of spending and producing cost reports. THe past, the top-down method will work well for you.
ability to build with nearly flawless digital information andDecisions are best made by project managers who have
shifts in how businesses are conducted is driving a reactif@rked on many comparable projects. For projects when
to the construction industry's various cost control concerfféere is a dearth of prior information, an organization may
[2]. The Theory of Industrial Evolution simplifies the benefitfrom bottom-up techniques [7,8]. These approaches
process of making great decisions by highlighting thdse task-specific cost estimates before aggregating them at
significance of four key factors: "Accuracy, Timelinessthe project level. Earned Value Management (EVM) is a
Cost, and Completeness”. In light of this, the constructigiPst-control method used in the field of project
sector is currently creating misleading and superfluous ddfi@nagement. It offers an impartial assessment of the state
[3]. Yet, the project's finances will decide its major turnin@f @ project by combining the factors of time, money, and

points. In the absence of a predetermined budget, itSg0pe [9,10]. Specifications for a project are very in-depth
descriptions of the project's tangible parameters.

~ 345~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 10 2023 Issue: 3 Pages: 345-352 ISSN 1339-5629

Development of a hybrid artificial neural network method for evaluation of the sustainable
construction projects
Halah Waleed Albasri, Sepanta Naimi

Everything from the overall square footage of a structure In order to achieve sustainable development, it is
to its floorplate size, height, interior and external desigmecessary to carefully consider environmental implications
floor loadings, heating and lighting requirements, etc., ibroughout the design and execution of building projects.
based on the building's intended use and anticipatétiere has not been a lot of research into finding a happy
occupancy rate. The total amount of money that will bemedium between time, money, and ecological impact.
spent on the structure may be divided into five group®ecision-making procedures have not been employed in
[11]. project scheduling issues, despite the fact that using them
The specification describes in great detail the tangible necessary when choosing an execution method for a
features of the project. The quantity of paving material, theroject activity. In most cases, the length of time it takes to
number of lanes, the number of bridges, and other elemefitésh a project increases in proportion to the size of its
are all taken into consideration while designing a road. budget. The schedule for completing a project depends
this regard, it might be useful to have a deepdreavily on the details of that project's design. As a rule of
understanding of the different materials used in thiaumb, the time needed to complete a project is directly
construction of buildings, homes, and other systemmelated to the scope of the task at hand. But this isn't always
Careful preparation is needed for the last stage oftle case, and in many situations, if substantial additional
building's life cycle, which is the processing of itgesources are used, the project's implementation timeline
materials. In the planning and creation of any building, thean be accelerated [17].
use of composites that are too difficult to deal with should Price inflation must be taken into account, and the
be minimized as much as feasible [12]. Products that mipnger it takes to complete construction, the more that
be made from recycled materials without the need for amyflation must be taken into account. When dealing with
processing processes in between. Even though they aratters involving a government agency's financial
useless in their present condition, they can still be brokgmojections, this is of the highest significance. For a
down into usable parts. To avoid downcycling and wastproject's final price tag to be accurate before construction
they should be recycled without degradation in qualitystarts, all expected expenditures must be accounted for
Manufacturers should do more in terms of systerfi8].
integration,  prefabrication, and even ongoing Sixty percent or more of a building project's cost may
responsibility for the performance of their systems, sontee attributable to labour. Workers' contributions to a
sources claim, because it is unrealistic to expeptroject's success may be split into "direct" and "indirect"
tradespeople to understand and properly install tlwategories. We compare the labour costs of major cities
numerous interconnected systems that make up largeroughout the country. Compiling a list of pricing trends
commercial buildings [13]. in chosen parts of the nation is necessary for the
A large toolbox and an array of methods are at thestablishment of cities with economic conditions superior
disposal of those in the building industry. In addition to thtéhan the capital region [19]. There are flaws in the plans as
time spent working and the task itself, the outputvell as the actual building. The lack of a quality control
accomplished and productivity at the site may beystem and the use of untrained workers are to blame for
determined via equipment and productivity control. As ththe building defects. Corrosion and breaks in the
overall cost of the project remains unaffected, the primarginforcing bars and uneven concrete settling are common
goal of control is to remove waste in usage. Twenty-fiveroblems with older constructions. Repairing and replacing
percent of Ugandans live in inadequate housing, but thiesmaged parts of a building is also more costly [20].
number might be eliminated if the cost of building homeBactors affecting preliminary construction cost estimates
is reduced by 30 percent via industrialization [14]. were identified via a literature review [21]. To effectively
Initial price estimates might be affected by factors suamanage a large project's budget—which might run into the
as a site's soil and drainage characteristics and acclsadreds of crores or millions of dollars—it is common to
limits. Because of the poor ground conditions, extrase state-of-the-art tools and techniques. Construction
manpower is required for excavation, piling, andnanagement's notoriously high resource requirements are
foundational construction. Damage and breakage durimgmajor roadblock to efficient resource allocation. The
handling, deterioration due to inadequate storage aachount, quality, price, and availability of imported
poorly managed storage conditions, and short shelf life areaterials are all important considerations. There is a lack
all potential causes of product waste in storage [153f data that analytically links particle shape and size as they
Mismanagement, shoddy accounting, and an inability fmertain to gradation and the mechanical performance of
account for all firm cash all contribute, as does thmaterials. Substantial, and in some cases catastrophic,
supervisor's cavalier attitude. Storage on the building sigdfects on the economy result from all of these causes [22].
for an extended period of time accelerates the degradation. Therefore, the evaluation of hybrid sustainable
Requesting, ordering, receiving, inspecting, unloadingpaterials using artificial neural networks based on
handling, storing, and distributing items are the phasesccessful elements in Iraqi building projects is the primary
when most material is lost [16]. way to enhance project performance. The project's input
representation must be classified in an efficient manner,
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and each factor's precise activity must be specified. éxternal input (wlj) is then sent along to the hard-limit
order to correlate and categorize the sustainable hybridtodnsfer function, which also gets an input of 1 from the
building projects in this article, and to assess thebias. For illustration, consider the following example of a
performance, a hybrid artificial neural network igransfer function with a hard limit that only ever returns 0
organized. This technique adds value by choosing tle 1. Every perceptron neuron outputs a 1 if the net input
Multi-Criteria Decision Maker method based on variablemto the transfer function is larger than zero and a 0
that are both time and cost-efficient and are associated wittherwise. In order for a perceptron to categorize input
the artificial neural network method. In order to provide &ectors, the hard-limit transfer function partitions the input
dynamic selection process for projects, the presespace into two regions. If the net input n is less than zero,
approach is employed as an evolutionary project succeke output is zero, and if it is more than zero, the output is
model. one [25].
a
2 Methodology A+1
The planned budget is the basis for all financial

projections and assessments of the project's performance. ..........
The anticipated cost, however, must be evaluated to see
whether it can be used to make a fair assessment of the J:
project. This study's results provide an innovative approach 0
to employing artificial neural networks to track the total
cost of a project and its construction when hybrid — «-seeerreapaeaiaen
sustainable materials are used (ANN). The approach, in
this perspective, was created for the express purpose of
monitoring the time and money invested in a certain a = hardlim (n)
project. The existing plan will keep tabs on the alterations
made to the project for the different kinds of work being
done. In order to put the ANN system to the test, we Figure 1 ANN transfer function
utilized the real building's walls as a test subject. In this
investigation, we used a control mechanism to create Figure 1 depicts the input space of a two-input hard-
budget deviations over time based on actual expendituré®it neuron with weights wl,1 =1, wl,2 =1, and a bias b
The time and effort required to keep tabs on project costsl. Classification space is cut in half by the decision
as they are incurred will be reduced by using thigoundary line L at Wp + b = 0. The bias b rotates this line
technique. Actual expenses were compared to the budgegsigh that it runs perpendicular to the weight matrix W. The
targets on a regular basis. Goals may be established oasd-limit neuron will generate a 1 as an output if its input
weekly, monthly, or yearly basis, depending on the scopector is located above and to the left of line L. When input
of the project. vectors are below and to the right of the line L, the neuron

produces a zero. The input space may be classified in a
2.1 Artificial neural network technique behaviour number of ways depending on the values of weight and bias

An ANN uses a mu|ti|ayer perceptron app"cation toyou give it. Unbiased categorization lines will always

find meaningful patterns in data rather than more standd?@9in at the point of genesis of hard-limit neurons. By
statistical approaches like linear regression or bivariatcluding a bias, the neuron may handle input vector pairs
correlation. Multilayer perceptron neurons are made {batare not perpendicular to the origin. The accompanying
resemble their biological counterparts [23]. Because of igdagram shows how this bias makes it possible to move the
superior ability to capture both high levels of constructioflecision boundary further from the starting point. The
uncertainty and better accuracy, ANN is widely used in tHeghd4db sample application may be run. You may change
industry. The ANN is maturing into a problem-solvingthe position of a decision boundary, choose a different set
modeller in the building industry. The construction sectd? inputs to classify, and watch as the network learns to
has found success in using ANN to problems like as cddgcurately categorize those inputs over and over again.
prediction, safety, productivity, and risk assessment. While
an overview of this application is given, the specifics 0.2 Many criteria decision making
how ANN may be used to the building sector are glossed By breaking down a complex problem into a multi-
over. Thereafter, the construction industry's future witlevel hierarchical structure of objectives, criteria, sub-
ANN's is discussed in further detail. This article comparecriteria, and alternatives, MCDM help to define the overall
and contrasts ANN estimation and prediction, explores tichoice operation. Using this framework, a good next step
robustness of ANN models, and considers whether or rcan be chosen. Complex, unstructured, and multi-faceted
they may be combined in a single framework [24]. Thjudgments are perfect candidates for MCDM's application.
‘hardlim’ transfer function is used in the perceptron neurcThese standards do not describe a linear set of options;
shown below. The sum of the weights assigned to earather, they take into account both physiological and

Hard-Limit Transfer Function
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psychological factors. The subjective assessment of tbhethe overall cost to build a family home out of wood is
decision maker may be factored in and quantified using thgtributable to transportation [34]. The authors evaluated
Many Criteria Decision Making) framework [26]. Thethat legal standards affect the logistics of businesses in
MCDM may be built with the help of the following threeorder to promote long-term sustainability [35].
easy steps:

1) Determine the criteria weights by computing 8 Result and discussion

vector. - , , 3.1 Many criteria decision making effective
2) Compiling a matrix of all conceivable score factors results

conal:lgxratlons.th i . di d The construction industry has a poor track record of
) Arrange the options in ascending order. effectively predicting costs because key elements that
affect costs are often disregarded or underestimated. To

Every step benceforth will be elaporatgd upon fack up his claims, the author performed research on the
greater clarity. It's likely that the evaluation criteria will bg, gi construction industry and found that the most
looked at, and that n options will be graded. As an addgeh \ential factors include: Successful construction

bonus, a realistic approach to figuring out whether the,inesses are built on a solid foundation of reliable cost

findings can be believed will be covered. Simple steps fQf. .., yting. From Table 1, it was observed that the most

data collection are outlined for the user, who then inPusfential factor in building time and cost was building
that information into the program to get the desire

eights. In addition, Table 2 exhibits that the used
outcomes [27]. sustainable materials are not appropriate for the project
design. The MCDM value varies between 0.823 and 0.735
: . . for cost and time, respectively. As it was seen in Table 2,
Step 2: To specify the parameters Of the issue. the geotechnical evaluation of the subsoil at the project site
Step 3j R.ank the criteria in terms of importance. is necessary in order to supply useful input data for the
Step 4: I;Ir?gthgl;t how the weights compare 10 ONgagign and construction of foundations for the planned

buildings. Recording and collecting data on the project's

Th ft | will he d hcosts and progress toward completion are crucial to cost

h € so vxllarel tolo Wi uge the ‘?tarl] to exre]:cutg t ﬁ]anagement. Figure 2 exhibits the cost vs the number of
mathematical calculation and give weights to the Criterig, - qata which also help the construction stakeholders to
depending on the data. A person may evaluate th

. . ) anage their budget for the project. The system provides
alternatives and choose the one that best fits their neg( 9 9 broJ Y P

once the appropriate weighted criteria have been emertﬂgequatlon o exhibit the cost growth, which helps predict

into th te ol i th i ¢ project's overall cost with a single equation.
into the appropriate places in the equation. [Fijwe €l Furthermore, it necessitates evaluating actual development
al [29] and Abdullah et al [30] presented a new algorith

Vi ina th | bl h dFi frlﬁgainst projected outcomes. Profit maximization within the
to apply in solving the complex problems, they used Firefly},»eq time Ilimit while keeping the quality of the work

algorithm and developed this algorithm with using : ;
scanning method. Talib et al [31], Ali et al [32] and bi%onsr;i?/ce:%egrtaglgt.level Is the major goal of cost control for

Hasnan et al [33] used MC-GPSO algorithm to develop a
method to solve large scale problems. A very small portion

Step 1: Define Potential Solutions.

Table 1 The influencing factors for this research

Influence factor s on building cost and time MCDM | MCDM
Number of floors in the buildir 0.6(¢ 0.6t
Type of used walls mater 0.6 0.64
Type ofslab: 0.6% 0.6
Walls materials guantiti 0.5¢ 0.57
Slabs materials quantiti 0.5¢ 0.5t
Project are 0.6% 0.6¢€
Building height 0.70 0.70
Type of external plastering and warg 0.6¢€ 0.6¢
Type of tilling 0.6 0.6¢
Site positiol 0.6¢ 0.5¢
Sites risk 0.6¢€ 0.57
~ 348 ~
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Table 2 The management of sustainable materials

No Factors MCDM MCDM
of cos of time
F1 | The used sustainable materials are available near t 0.71¢ 0.68¢
F2 | Theused sustainable materials are not appropriate for the project design 0.823 0.735
F3 | The inventory in the work site is not suitable for used materials in the | 0.75¢ 0.70%
FA | The used sustainable materials cannot be cheated or re 0.72: 0.64:
F5 | The contractor can efficiently deal with trequired materia 0.76° 0.67¢
F6 Often the contract is obligated to pay dire 0.79: 0.72:
F7 | The payment is often obligated to purct 0.77¢ 0.66¢
F8 | The works must be continues as planned for the event -paymen 0.73¢ 0.63¢
F9 Purchases are obligated to provide materials with the project even if delay 0.80¢ 0.72¢
F1C | Failure to make payments does not affect the supply of raw me 0.79¢ 0.657
300000
y = 18465x2 - 24452x + 68665
250000 R%=0,9997
200000
3
= 150000
g
100000
50000
0
0 1 2 3 4
No. of floors

Figure 2 The cost growth in building construction

3.2 Artificial neural networks- ANN model results neural networks. They have an exposed exterior layer, one

A computer model that mimics the functions of humaor more concealed layers, and a concealed interior layer.
brain cells, an artificial neuron network (neural network)input data There is no information unique to the system that
"Artificial neural networks" refer to computer systems thatan be gathered from the transfer functions. Although they
use ‘"learning algorithms," or programs that camere originally designed for use with a certain kind of
autonomously make modifications, or "learn," when givenonnection, they may be modified to work with any link
with new information (ANNSs). This idea was crucial intype. The stacked neural network model used in the
providing the researcher with the information angroposed prediction approach is trained and evaluated
computations needed for efficient management of botlsing three separate ANN models. The first version of the
time and money. In order to achieve the same @NN model for structural analysis takes in four inputs and
comparable effects when applied to artificial intelligencegutputs two. Second, there must be a total of five inputs to
neural networks, a subset of computer architecture, puttge wall but only two outputs. The third model, which we'll
lessons from the functioning of organic nerve systems. Thall the foundation model, has two outputs and six inputs.
neural network may be thought of as a mathematickleep in mind that first-generation neural network-based
function that takes in a series of inputs and returns a senq@&e estimation algorithms suffered from a number of
of outputs that the user specifies. Artificial neurakerious drawbacks. optimized performance with three
networks' models are consistent with those of biologicdifferent types of networks.
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Cost model testing, as was previously said, is to
determine whether the finalized model is effective and if
the targeted degree of generality was achieved. By iterative
development influenced by earlier advice, the ideal model
was developed to provide more accurate cost projections
with no loss of accuracy.

Table 4 The ANN hybrid material selection for sustainable
building construction

12} No of | area cost USD ANN material
4 » floors result:
T 1 100 34,000 BLOCK_THRMI
08 ; STON
06| 7 i 1 15C 64,60C | BRICK BLOCK
1 | ‘ 1 20C 75,14C | BRICK_BLOCK
% 6 " 35 4 45 5 1 30C 107,78 | BRICK_BLOCK

Figure 3 The ANN classification results ] )
By taking this approach, the model was able to generate

The current system was designed, built, and put infBore accurate cost projections without compromising
place to capture all data required for each project. A sam@icuracy. Better cost estimates could be made using this
set of real-world inputs is collected from the data's rightfiitrategy. The results of the system's calculations are
owner and organized for use as a model. The purposeP$pvided in the Tables 3 and Table 4 and the Figure 3,
this stage is to assess the program's infrastructure &fPending on the preexisting framework.
decide whether or not it can support a reliable method of )
data monitoring. Materials chosen for construction will b® Conclusion
heavily influenced by the building code, which specifies This research aimed to give a novel cost estimation

the required levels of durability for various buildingmethod and selection of sustainable building projects in
components. Irag by developing a model employing sustainable

materials. The main objectives of the present research are
(1) starting with finding the effective factor in building cost

and time. The MCDM presented using appropriate

If the right materials are used during construction, thgustainable materials for the project design as the main
building's functionality will improve. A three-story factor with a rank of 0.823 for cost effect and 0.735 for
skyscraper in Baghdad, Irag, was under dispute. We di@e effect. The second step is to investigate the main

concentrating our efforts on figuring out what happened tofluence factor in Iragi projects and the MCDM observed
the old structure. the building height as the main effective influence factor in

the present work. Based on the presented results, the ANN
trained to specify the suitable hybrid materials that can be

y=x>—-132x+3.72

Table 3 The building cost results using the devel oped function

No of floors | Aree Cost USIL used as suitable sustainable materials. the following steps
1 10C 34,00C and procedures were taken:
1 15C 64,60C a) A questionnaire survey, expert interviews, and an
1 20C 75,14C exploratory review of existing research were used to
1 30C 107,78C ascertain the cost-effective components of building
2 10C 50,80C projects. Most Common Differential Mean and the
2 15C 96,52C Mean for the Most Important Factors.
2 20C 117.26¢€ b) There were a numper of stages involved_ilj creating an
2 30C 16103¢€ ANN model, the first of which was deciding on the
3 10C 8?’60C program that \_/vould be used to construct the quel. The
3 15¢ 166'44C erx[b!Ilty of Mlcrosqft Excel was a major fa_ctorlln our
3 50C 19’-'596 decision to adopt it as our main cost estimating tool,

- along with its user-friendliness and capacity to extract
3 30( 271,692 data. Initially, the data sets were encoded before being
4 10cC 144,40 analyzed.
4 15C 274,36C c) Itis possible that the ANN method may provide accurate
4 20C 31€,124 cost estimates for projects.
4 30C 457,74¢
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Abstract: Natural phenomena affect differently in the world. It comes first from the geographical location, followed by
the economic characteristics of each region. The objective of the case study presented is to design a supply network of
essential products to victims in the state of Chiapas, located within the Mexican Republic, which is one of the states most
affected by the appearance of natural phenomena. The vehicular routing problem with capacity is applied as a solution
for the supply of aid products to 120 of 124 municipalities impacted by natural phenomena of a hydrometeorological type
during the period 2015-2022. Evaluating the different municipalities that are home to the state under study through various
Infrastructure and service factors, the municipality of Tuxtla Gutiérrez is determined as the origin of the routing, obtaining
with it a total of 44 routes with an average of 2.7 municipalities to be supplied per route and an average of 402 km
travelled. A second municipality is located, Tapachula, which obtains a second place in evaluating factors, providing the
longest route in the distance travelled.

1 Introduction 3. after the disaster. That is why it is worth mentioning that,

Natural disasters are a serious threat worldwide. In tHarough a great diversity of tasks and activities carried out
last 20 years, they have caused more than 1.2 millig different times, humanitarian logistics is in charge of
deaths and direct losses above 3.3 trillion dollars [1yaluing, providing, storing, transporting, and distributing
According to their origin, natural disasters are classified &8¢ personnel and services required in some areas affected
meteorological and biological, with meteorological bein@y & disaster. It aims to provide emergency supplies to the
hydrological or geophysical [2]. affected areas quickly and on time, minimizing deaths and

The appearance of natural phenomena and the deghe&an suffering [4]. o o
of impact they have on human beings is not the same in all A helpful tool in the area of humanitarian logistics is
regions of the world. For example, we can mention Latitie model of the Vehicle Routing Problem (VRP) in its
America and the Caribbean, the second most prone regRjfferent variants, which is used to design the routes that
to suffer disasters due to natural phenomena in the worfdlow, among other things, the interest of this document,
From 2000 to 2020, there were 1,205 disasters, includifge delivery of products people affected by a natural
floods, hurricanes and storms, earthquakes, droughisaster.
avalanches, fires, extreme temperatures, and volcanic The capacity vehicle routing problem (CVRB) the
events. Mexico is among the countries most affected I§{assic version of the vehicle routing problem (VRP). It is
storms. Likewise, because it is located along the "ring &f Problem where each vehicle has a known capacity, and
fire," it is exposed to volcanic activity [3]. In the same wayloading it above said capacity is not permissible. Two
the degree of affectation of these phenomena is not tAgPects emerge from CVRR) ACVRP when the cost
same; this is partly a consequence of the levels of econorfil@trix is asymmetric, anio) SCVRP when the cost matrix
development, which, among other factors, is reflected i Symmetric [5].
the region's infrastructure. The formulation of integer linear programming of

There are various classifications of the disaster cafCVRP proposed by [6] is presented through 1. Table 1
phases; in general, they fall within one of the followinghows the assumptions, inputs, and outputs accompanying

moments: 1. before the disaster, 2. during the disaster, 4R@ formulation of the problem, and Table 2 shows the set
of equations that form the mathematical formulation.
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Table 1 Assumptions, inputs, and outputs products to victims of a natural event. Lastly, the results
Description obtained through graphs and images are shown, and a
Assumptions | The demand is determinis comparison is made, allowing the discussion of the results
The demand is not sp and the conclusions.
The vehicles are simil:
The vehicles are located in a central de 1.1 Estateof the art

Vehicle capacity restrictions are assigi
Inputs G = (V,A):a complete graph.

V ={0, ..., N}: the vertices set.

A:the arc set.

D;:the demand of each client (D, = 0).

Cij:the travel cost (fromvertex i to verte;

The interest in studying applications of the vehicular
routing problem within humanitarian logistics is growing
daily. In the article of [7], the authors present a literary
review of the 2009-2019 period of the vehicle routing
problem (VRP) applied to natural disasters in South
America; the results of their research ajemost of the
SCV:set of client. m_odels They are detgrmi_nistic, with. VRP bei_ng the most
d(S) = Y. d; : the total demand of the set. w_|dely usedp) Its application phase is mainly in th_e_pqst-
K: the number of identical vehicles. d_|saster phase) A large number of them seek to minimize
C: the capacity of each vehicle. time and operating costs, adyl For small scenarios, the
Kmin, r(S): the minimum number of vehicl, Most used models are the exact ones. Similarly, the work

required. of [8] addresses the application of vehicle routing models
Outputs  X;; = 1if the arch(i,j) to solve problems arising from the appearance of a natural
€ A if the arc belongs to the optimal solutt  Phenomenon that causes a disaster. In this same area, it is
and 0 otherwise. worth mentioning that the application of the VRP brings
with it the use of software that allows its resolution [9] in,
min z z CoX. which the authors_make a com.par_ison of th_e software used
YA as VRP resolution tools, finding 6 with the best
Subjects: eV eV characteristics in terms of feasibility. N
: The planning phase is highly relevant within the
ZX” =1 vieV/{0} (1) administration of any process; in the case of product
jev delivery, various researchers have worked on generating
ZX‘” -1 VieV/{0) @ schedules that minimize the disaster's impact on victims.
. J We can mention [10], where the authors use multi-
< objective evolutionary optimization with greedy heuristics
ZXzo =K (3) to generate item distribution schedules under
iev heterogeneous vehicles. It allowed them to generate an
Z Xo; =K (4) efficient alternative to find effective distribution schedules
o minimizing time and operating costs.

In the same way, various researchers have proposed
ZZXU z2r(s) vScVv/{0},s#0 (5 mathematical models as a basis for decision-making in the
1€ jes disaster response process. Such is the case of [11], in which
the authors propose a mathematical model for planning the

] ) . use of helicopters for logistics activities in disaster
Equations (1) and (2) are input and output, respectivelfasponse operations; with a feasible result in the

equations (3) and (4) establish the deposit requiremenigethodology, the authors minimize the total time operation
Equation (5) is the capacity constraint, which stipulateghq mobilization of air resources. However, heuristic
that each cufVs, §) defined by a set of customers S ispodels should not be left behind as a logistics tool,
traversed by a number of arcs greater ti{&h r ~ allowing the problem of reasonable computational time. In
Throughout the world, researchers have carried Oi{e case of [12], the authors propose a mathematical

studies based on the VRP, combining it with othegptimization model and a heuristic based on a genetic
techniques to provide solutions to the various variables thghorithm to solve the problem of routing and
arise from the impact of natural phenomena. Among thesgogramming humanitarian assistance.

we can mention those presented in point 1.1. . Regarding the application of the VRP to specific cases,
~ The present investigation is made up in thige can mention [13] who determine the number and
introductory section with concepts and definitions igcation of shelters, collection routes for evacuation, and
humanitarian logistics. Many studies were carried out bjtention time for victims in the event of an earthquake, by
researchers from all over the world using the vehlculq\ﬁode“ng the problem. Location-routing with time
routing model. The problem arises in Chiapas, MexXiCQyindows (LRPTW) in the same way, a phenomenon that
The methodology shows the set of actions carried out {35 caused significant problems in item distribution is the
evaluate and give a solution to the problem of delivery @fypearance of the Sars-Cov-2 virus, increasing the opening

X;={01} Vijev
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of many supply centers to supply their products to remotesearch of [22] proposes a mixed integer programming
areas. The researchers [14], based on modeling the routingdel and a two-stage hybrid metaheuristic method to
problem for vehicles with capacity, redesigned the delivesolve the post-disaster humanitarian logistics problem. The
routes of a store of social interest to their supply centerspdel considers the medical assistance team and the
decreasing about 24% the distance traveled by. distribution of relief supplies between the different demand
Continuing with the literary journey, it is worth points. The model is tested on problems of different sizes
mentioning the investigation of [15], the researchemnd a numerical example based on the 2016 Kyushu, Japan
applying the nearest neighbor (NN) heuristic technique amarthquake. Finally, the research of [23] addresses the
the capacity vehicle routing problem (CVRP), obtain antnportance of effectively managing relief supply
compare the delivery routes of necessities in theperations and routing vehicles for delivery to help natural
municipality of La Perla, Veracruz, Mexico. At the samalisaster victims.
time, the investigation of [16] evaluates a logistic model of
the literature whose foundations are 1. The p-media@n2 Problem statement
problem for the location of a warehouse; 2. An extension Mexico is especially vulnerable to natural disasters. It
of the model (gR) to calculate the products to be supplieid, because its territory is located between the faults of the
and 3. The problem of multiple vehicle routing with theNorth American plate and the Cocos plate, which brings
capacity to deliver products to affected municipalities iwith it highly seismic regions. Likewise, it is surrounded
Veracruz, Mexico. by the Pacific Ocean and the Atlantic Ocean, thus having
Similarly, the research of [17] presents a newmpacts from hydrometeorological phenomena. In addition
mathematical model for the Location Routing Problerto the above, critical human settlements are located in
with Private Fleets and Common Carriers (CLRPPC). Thgeographical areas with seismic activity or can suffer the
model can be adapted to solve the Vehicle Routirighpact of hurricanes of many categories [24].
Problem with Private Fleets and Common carriers The Chiapas state is in the southeast of Mexico,
(VRPPC). And the Multi-Depot Vehicle Routing Problembordered to the north by Tabasco, to the west by Veracruz
with Private Fleet and Common Carrier (MDVRPPC). Thand Oaxaca states, to the south by the Pacific Ocean, and
models are validated with instances from the literature witb the east by the Republic of Guatemala. It has a territorial
satisfactory results. While the researchers [18] presentafea of 74,415 kfn it occupies 3.8% of the national
WEB application for the allocation of deposits anderritory, making it the eighth largest state, with a
establishment of routes for the supply of distributiopopulation of 5,543,828. Chiapas ranks 8th at the national
centers, considering population probabilities. level for its number of inhabitants [25]. Figure 1 presents
The paper in [19] presents a method to determine hawe geographic location of Chiapas within the national
to transport the maximum number of disaster victims t@rritory (a) and its municipal division, with 124
hospitals in metropolitan cities on time. The proposeghunicipalities comprising it (b).
method uses mathematical models, programming theory, Chiapas is one of the six states of Mexico with the most
heuristic methods, and the geometric Voronoi diagrangignificant number of affectations by hydrometeorological
The goal is to transport the maximum number of patienghenomena; 120 of 124 municipalities suffered one or
on time, and the Voronoi diagram is used effectively tmore effects during 2015-2022. For example, in 2022,
break down the complex problem. The article contains casgrricane Stan's passage affected more than 670 homes in
studies of three hospitals in Tehran. Likewise, it is wortthe municipality of Escuintla [27]. It is worth mentioning
mentioning the work of [20], in which the researcherghat of its 124 municipalities, of which: 1 is classified with
describe a study whose objective is to statistically evaluaddesser degree of marginalization; 7 municipalities have a
the effects of various design factors on the performancelefv degree of marginalization; 29 municipalities have a
the casualty transport system in large-scale disasters. Thedium degree of marginalization; 67 municipalities have
authors propose a data-based decision support toolatigh degree of marginalization, and 20 municipalities
improve casualty survival and ambulance transport timegth a very high degree of marginalization [28].
during the disaster response phase. Therefore, the present case study aims to design a
Continuing with the investigation of establishingdelivery network of essential products to areas affected by
transport routes in the event of a disaster, it is wortinatural phenomenon in Chiapas under the assumptions of
mentioning the investigation of [21], which has in its]. The roads are not damagéd;Considerable traffic3.
context the worst flood that occurred in Kelantan in 2014rertinent climatic conditions4. No social problems in
The researchers evaluate and identify locations for sheltes#ms of demonstrations and security, @dQualified
and routes relief. The simulation is performed using HEGHiver. For which the methodology embodied in the
RAS and ArcGIS to map the best possible locations ar@ntinuous section is established.
modes of transportation for disaster relief. Likewise, the
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Lidpas)

Weracruz-Lave

Craxaca

Guatemala

Gojfo de
Tehuantepec

Figure 1 Location and municipal division of the state of Chidpa<6]

2 Methodology Development of databases for the supply of the CVRP
The methodology to solve the problem of supplyingrogramminga) database of the characterization and
necessities to areas affected by some natural phenomef¥gluation of each of the municipalities that make up the
in the state of Chiapas is shown in Figure 2. It is dividegfate of Chiapas in order to select the one with the highest
into three stages (1) Collection of information from thaveighting for locating a point of origin of routek)
municipalities that make up ChiapagMunicipalities that Municipalities impacted by some natural phenomenon
make up the stat®) road access, essential services, socifliring the period 2015-2022, integrating the number of
interest stores, and degree of marginalization of ea¥lftims in each onec) matrix of distances between the
municipality; ¢) municipalities impacted by natural POInt of origin and impacted municipalitie Calculation
phenomena during the period 2015-2022 and a numberdfcontainer capacity of the delivery vehia@feeding the
victims; d) necessities of the area, price and dimensigns; Programming into Lingo 19®, arfjirunning the program.
product integration device for delivery, with content fof3) Presentation of resul& generation of tables with the
families of four peop|e’ an(ﬂ) means of transport for routes obtained, ShOWIng the mUﬂlClpalltleS to be Supplled
delivery and dimensions of their containers. (2pn each route, the distances traveled, and the groceries
supplied; and) comparison between venues.

1. Information collection.

Municipalities that make up 2. Development of databases for the supply of CVRP programmin
Chiapas.

Highway accesses, basic servic
social interest stores and degree

Database of the characterizatio 3. Results presentation
and evaluation of the
municipalities.

marginalization of municipalities
Municipalities impacted by natu
phenomena period 2015-2022
number of victims. ar
First need products. Deposits fo
the integration of pantries.
Means of transport.

5 Matrix of distances between

municipalities that originate the
route and municipalities impact
during the 2015-2022 period,
together with the number of
victims.

Calculation of capacity of the
container of the vehicle.

CVRP feeding into Lingo 19(R)
and running the program.

Presentation of the different routi
obtained through the bullfights,
with the different venues, showi
distance and approximate travel
time.

Figure 2 Problem-solving methodology
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2.1 Information collection Protection System (SINAPROC) of the state of Chiapas
This first step is based on seeking and collectingikewise, the calculation of victims is made from the
transparent information that allows the generation of tooverage supply during the study period [30, 31].
to feed the CVRP programming.
2.1.4  Aid products
211 Municipalitiesthat make up the state of The content of the pantries is based on the
Chiapas AGREEMENT that establishes the Program's guidelines

The state of Chiapas is made up of 15 regions; for the Attention of Emergencies due to Natural Hazards
Metropolitan; Il. Zoque Valleys; Ill. Mezcalapa; IV. Fromby the Secretary of the Interior (SEGOB), DOF 08/16/21,
the Plains; V. Altos Tsotsil-Tseltal; SAW. Friary; VII. Of in the Transitory section. It establishes the Type B
The Woods; VIII. North; IX. Isthmus-Coast; X. maintenance pantry for the southeast region [32]. These
Soconusco; Xl. Sierra Mariscal; XIl. Lacandon junglepantries are projected for four people (an average family).
XIl. Mayan; XIV. Tulij Tseltal Chol, and XV. Comiteca
Tojolabal Plateau. Which house a different number &1.5 Depositsfor theintegration of aid kits
municipalities, adding 124 in total. Such information limits  For the deposits containing the set of products, a box of

the investigation's geographic scope [25,26]. 40 cm long x 30 cm long and 30 cm wide is determined.
212 Highway accesses, essential services, social 216 Meansof transport for delivery and

interest stores, and the degr ee of dimensions of the boxes

mar ginalization of the municipalities The means of delivery to consider is a 4-axle cargo

The information about types of road access, essentigiick, 8-ton tail type, with dimensions in the box of 943 cm
services, social interest stores, and the degree leng, 300 cm high, and 248 cm wide. It is used by social
marginalization of each of the municipalities will allow forinterest companies in territorial areas such as those present
establishing a geographical area. Where a pantitythe state under study [33].
distribution center could be established, that is, a point of
origin for people affected by the impact of a natural.2 Development of databases for the
phenomenon, the information is obtained through establishment of the CVRP programming
databases of CONAPO (National Population Council) and In this stage, the instruments that will allow the
the national report of INEGI (National Institute of Statisticgvaluation of the municipalities are generated.
and Geography) [26, 29].

221 Database of the characterization and

213 Municipalities impacted by natural evaluation of the municipalities
phenomena period 2015-2022 and a number Table 2 shows an example of information organized
of victims according to the characterization of the municipalities and

The municipalities impacted by a natural phenomenahe region to which they belong (XIll. Mayan Region).
of hydrometeorological type during the period 2015 - 2022valuating each region and its municipalities, the Tuxtla
are extracted from databases of the Natural Fund fGutiérrez city council has the highest compliance to be a
Disaster (FONDEN), the National Center for Disastgpoint of origin in distributing food pantries to victims,
Prevention (CENAPRED), and the National Civilfollowed by Tapachula.

Table 2 Mayan region characterization

Municipalities Marginalization Degree of Road Electric | Sewer | Telephony Internet| Social
index marginalization | access | power | system interest
store:
Catazaja 52.130 High Federal 97.8 94.0% 14.7% 8.5% 0
& State
La Libertad 52.693 Medium Federal 98.3 96.2% 10.2% 9.4% 0
Palenque 52.674 Medium Federal 98 92.9% 5.8% 16.6% 1
& State
Benemérito de 51.419 High Federal 97.3 91.3% 1.9% 6.5% 1
las Américas
Marqués de 49.087 High State 98.6 85.5% 1.9% 3.6% 0
Comillas
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222 Matrix of distances between municipalities municipalities to be supplied on each route, without a
classified asthe origin and impacted municipality being supplied through two different routes
municipalitiesduring the period 2015-2022 and an average of 402 kilometers traveled per delivery. In

Two matrices are developed, one belonging to thbe same area, if the result obtained when the supply point
municipality of Tuxtla Gutiérrez, as the point of origin, thas the municipality of Tapachula, there are 44 different
impacted municipalities, and the number of victimsoutes, with an average of 3 municipalities to be supplied
converted into families of four. Moreover, another is aithin each of them and an average route of 769 kilometers
sensitivity test with the municipality of Tapachula, theper route.
second municipality with the highest compliance in Table 3 presents some examples of the routes obtained

characteristics to be a point of origin. through the CVRP program, having the municipality of
Tuxtla Gutiérrez as the point of origin; as can be seen, the
223 Vehiclebox first route delivers to two municipalities and returns to the

Based on the dimensions of the product container andgin, with a total of 1,810 pantries supplied and 413 km
the vehicle box, a maximum capacity of 1840 pantries toaveled. The second route delivers to a single

be transported is established. municipality, covers 30 km, and delivers 1,622 groceries.
The Figures are obtained through the Google Maps®
224 Feeding CVRPintoLingo 19 software.

With the matrices as a power source and a total capacity Table 4 presents some examples of the routes obtained
of 1,840 pantries, the programming run is carried out ithrough the CVRP program, having the municipality of

Lingo 19® Tapachula as the point of origin; as can be seen, the first
route delivers to a municipality and returns to the origin,
3 Results with a total of 1,753 pantries supplied and 492 km traveled.

As a distribution point, the municipality of Tuxtla The second route delivers to two municipalities, covers 93

Gutiérrez contains 44 different routes with an average of81, and delivers 1,597 groceries. Figures are obtained
through the Google Maps® software.

Table 3 Route with origin Tuxtla Gutierrez

ROUTE 1. ROUTE 2.
Tuxtla Gutiérrez, Berriozabal, Mapastepec y Tuxtla Gutiérrez Tuxtla Gutiérrez, Chiapa de corzo y Tuxtla Gutiérrez
Traveled distance Families of Traveled distance Families of
victims victims
Tuxtla Gutiérrez — Berriozabal = 26 kmBerriozabal=904 Tuxtla Gutiérrez - Chiapa de CorzoChiapa de Corzo
Berriozabal — Mapastepec = 137 knMapastepec=906 =15km =1,622
Mapastepec - Tuxtla Gutiérrez =413 km Total = 1,810 Chiapa de Corzo - Tuxtla Gutiérrez Total = 1,622
Total = 413 km =30 km
Total = 30 kn
Te
e @ .....
? QUINT.
19
3 de Marzo
San‘ll"a!'::lls:u
| 9 0
Elobo Rivera Las
Tres Hermanos Flechas
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Table 4 Route originating in the municipality of Tapachula

ROUTE 17 ROUTE 21
Tapachula — Arriaga — Tapachula Tapachula — Cacahoatan — Unién Juérez — Tapachula
Traveled distance Families of victims Traveled distance Families of victims

Tapachula — Arriaga = 246 km Arriaga = 1,753 Tapachula — Cacahoatén = 22 km Cacahoatan = 761

Arriaga — Tapachula = 492 km Total =1,753 Cacahoatan - Union Juarez = 47 kmUni6n Juarez = 836
Total = 492 km Unién Juarez — Tapachula = 93 km Total = 1,597
Total =93 kir

Kiguel

4 Discussion or road closures, weather conditions, demonstrations,

Although the results show that the number of tripgupport personnel, and others that may arise from the
traveled for the delivery of products is the same for boifinpact of a phenomenon natural.
host municipalities, 44 routes, the average distance . .. .~ . .. ...
traveled for these varies considerably by approximatel ¥ = Vilahermosa
47.72%. The municipality of Tuxtla Gutiérrez has a bette""" ' ,
geographical location, which allows a shorter mileage fo P
the delivery of products with an average of 402 km, whict
would help reduce delivery and maintenance costs, and tl CHIAPAS
municipality of Tapachula, with an average distance ooy ()
traveled of 769 km which implies a longer transfer time_ == Seres
affecting the victims in a non-timely supply, both with an
average supply of 3 municipalities per trip.

Likewise, within the characterization of the 4 G”a‘f’“a'a

municipalities, Tuxtla Gutiérrez, being the capital of the O ST G Contn
state, occupies the best percentage within factors such Q) Qtzonenang
degree of marginalization, electric power, drainage f 4 Guatemala Y
telephony, internet, hosted social interest stores, and roc. . —ii etionrs :
access, which facilitates the management of a warehouse. Figure 3 Municipalities of origin in routing

These two municipalities can be visualized in Figure 3; in , , . .
green is the municipality of Tuxtla Gutiérrez, and in blue As mentioned, few studies are related to vehicle routing

is the municipality of Tapachula, located in the south of tH8 Chiapas State, one with the highest frequency of impact
State bordering Guatemala. from natural phenomena. In addition, it is one of the three

Through a literary investigation, a case study of [34] ig{ates with the highest percentage of population poverty
found where the problem of the location of facilities in the3°); it IS imperative to carry out studies that provide tools
state of Chiapas is reflected, using the p-median, t the actors in the face of the disaster in the various phases
researchers present as headquarters municipaliif& converge to it, to provide a solution or maintain a
Altamirano, El Parral, La Independencia, and Larrainz allty_of I_|fe for _the victims. Humamtanan logistics is
under different scenarios, with an average of 608SCOMINg increasingly relevant to climate problems, and
kilometers traveled per rout’e political and social problems have alerted numerous

Although the results of this case study are satisfactorgsearchers  who, through different  methodologies,
some elements were not considered, such as breakdoffniques, and methods, provide a solution to the

Tonald

Kt i v B # oae
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consequences caused. In this case, the CVRP was use@t€Comision  Nacional de Areas  Nature

propose a timely supply. Protegidas,jLa Fuerza de la Naturaleza!, Gobier
México, Cd. México, [Online], Available
5 Conclusions and future studies https://www.gob.mx/conanp/es/articulos/la-fuerza-

It is known that logistics processes present a high cost de-la-
to organizations, whatever they are. In the case of the actorshaturaleza?idiom=es#:~:text=Los%20desastres'
before the disaster, the time factor is of predominant aturales%20se%?20clasifican,de%20las%20masas%2
interest since it can be the difference between a person's0de%20agua  [3 Jan 2023], 201§Original ir
life and death. Within emergency operations, items are Spanish _ . _ _
distributed to victims, which is relevant to maintaining 43] Naciones Unidas, America Latina y el Caribe
quality of life. Chiapas is one of the states of Mexico which Segunda region mas propensa a los des:
has suffered the impact of natural phenomena over time. [Online], Available: https://news.un.org/es/story/202
Precisely, hydrometeorological type. The work aims to 0/01/1467501 [13 Jan 2023], 202@Criginal ir
develop a delivery network for essential products to Spanish
victims of a natural phenomenon. It is achieved through tfél LOPEZ-VARGAS, J.C., CARDENARGUIRRE,
characterization of municipalies to establish a D-M.: Humanitarian logistics management in
geographical point which is the origin of the network. Then Previous stages to the disaster: systematic revi
we look for the determination of the number of pantries to the literatureRevista de Investigacion Desarroll
transport derived from the vehicle's capacity. Finally, the Inonvaciér, Vol. 7, No. 2, pp. 20216, 2017
feeding of capacity and distance to the programming of the https://doi.org/10.19053/20278306.v7.n2.2017.¢
problem of vehicular routing with capacity. Obtaining a$o] ARBOLEDA-ZUNIGA, J., LOPEZ, ~ AX
results: number of routes, municipalities that make up the LOZANO, Y.L.: El problema de ruteo de vehict
routes, kilometers traveled on each route, and groceries to[VRP] y su aplicacion en medianas empr
be transported. colombianas)ngenium,Vol. 10, No. 27, pp. 236,

Through the evaluation of the different municipalites 2016. https://doi.org/10.21774/ing.v10i27.622
that are home to the state under study through various (Original in Spanist
infrastructure and service factors, the municipality o] TOHT, P., VIGO, D.:The Vehicle routing proble
Tuxtla Gutiérrez is determined as the origin of the network, Volume 9 of Monographs on Discrete Mathem
with a total of 44 routes and an average of 2.7 and Applications2a ed.Society for Industrial ar
municipalities at supply for each one, through an average Applied Matlematics, Philadelphia: PA: SIA

of 402 km traveled. A second municipality, Tapachula, is 2002.
located, providing a longer route than in the case of Tuxtid] GUTIERREZGUZMAN, F., NAVARRO, V.

Gutiérrez. RODR|GUEZMELQU|ADES, J., LUJAN, E
This study is essential for the actors who support GUTIERREZ, F.: Vehicle routing applied to nati
society in a disaster context and for the community and disasters in South América: state of &ktleccione
researchers. Remember that a disaster can bring disastroud/atematicas,Vol. 7, No. 2, pp. 34@53, 202(
consequences not only at the time of the disaster but canhttps://doi.org/10.17268/sel.mat.2020.0:
trigger a series of effects for society, such al] NAVARRO-CASTRO, G.V.,,  GUTIERREZ-
unemployment and economic instability beyond the GUZMAN, F., RODRIGUEZMELQUIADES, J.
affected area. This work provides a strategy for providing LUJAN-SEGURA, E., GUTIERRESEGURA, F.
humanitarian aid as soon as possible. In addition, a real Revision de problemas de ruteo de vehiculos apl
case study is used, facilitating the understanding of & desastres naturalesigh Tech - Engineerin
mathematical methods and stimulating critical thinking Journal, Vol. ~1, No. 1, pp. 120, 2021
and creativity. https://doi.org/10.46363/high-tech.v1i1.ZOriginal
The CVRP provides an adequate solution to the product in Spanist )
delivery area; as a suggestion in future works, the divisid@]l MASSON, A., PARAVIE, D., ROHVEIN, C
of the network in more than one point of origin is planned, VILLALBA, L.: Review of Vehicle Routing Proble!
taking into consideration and weighting factor the Solving Software]NGE CUC,Vol. 17, No. 1, pf
frequency of impact to the municipalities to discard these 31:%-328, 2021

as a network source. [10] BHUPESH, K.M., DAHAL, K., PERVEZ, Z.,
BHATTARAI, S.: A multi-objetivo evolutionar
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Abstract: The main challenge for urban logistics is to shift towards a system, working under the guidance of a competent
authority working in collaboration with all the stakeholders involved, whether near or far. The ultimate goal of this
coordination is to optimize resources and durations while maximizing benefits in a sustainable urban context. The choice
of the route to be preferred is to be justified at the level of this article. This is the purpose of this document, which aims
to prioritize the most important players in the field of goods transport at the urban level to highlight the areas of action.
In this article, we recall several notions by providing several definitions related to the actors of urban logistics, including
last-mile delivery and standardized categorizations. We then propose our own classification based on a questionnaire,
which provides the necessary data for the development of three decision-making graphs based on the results of our
analysis. By highlighting the most important stakeholders in urban logistics, we hope to provide a framework for more
efficient and sustainable urban goods transport in the future.

1 Introduction in ensuring the smooth flow of goods from the point of

Due to the growing importance of e-commerc@rigin to the point of consumption. The involvement of
business, with an average growth of 10% per ye#iese stakeholders is vital in ensuring the efficient and
(Melacini et al., 2018), as well as the current trend @iustainable functioning of the urban logistics system. By
urbanization where 47% of the global world populatiofhis integration, urban logistics can be optimized to meet
lives in urban environments (Elmqvist, 2018), new urbatie needs of all parties. It enables the development of
logistics concepts are required to guarantee favouratigistics strategies that are responsive to the changing
living and working conditions for urban actors. Cityn€eds of the population, minimizes the negative impacts of
dwellers are increasingly demanding a sophisticatd@gistics activities on the environment and reduces traffic
transport infrastructure and traffic flows. congestion. It fosters collaboration and coordination

By 2050, the world population is expected to reach 9@mong different stakeholders, which is crucial in ensuring
billion, with over 66% living in urban areas (Revision ofthe smooth functioning of the logistics system.

World Urbanization Prospects, 2018). Transportation, Stakeholders can be classified into several categories
security, production, and distribution have been affected ised on their level of interest and involvement in a project
this rapid urbanization and more lasting and recurringf decision-making process. By categorizing, it becomes
events related to climate change; the urban populati§asier to identify who needs to be prioritized and which

depends on the efficiency of the logistics system. THgakeholders require more attention and communication
efficiency of the logistics system is crucial for the urba#hroughout the decision-making process.

population; discussions on these topics primarily focus on

specific stakeholders such as residents, governmerds, Methodology

carriers, consignees, transportation companies, and othésl  Literature review

Given the complexity of the logistics system, various Although there has been a lot of research on
stakeholders are involved, each with a unique role to playistainability in urban systems, most of it has focused on
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the three main axes of environment, society, and economy, A city is a problematic and decentralized object that
with very little attention given to the infrastructuralencompasses a multitude of socio-technical processes and
conditions associated with urban freight operations. Thenetworks, as well as hybrid groups and alternative
have been some interesting ideas, models, and framewaiksologies (Farias and Bender, 2010; Gutzmer, 2015).
proposed by various authors in the literature. TanigucModern cities are complex systems whose vigilance
(2014) provided an overview of city logistics, Olsson et alepends on the efficient working of municipal
(2019) reviewed the literature on last-mile logistics, anddministration and management units, which encircle all
Boysen et al. (2020) surveyed last-mile delivergssential areas. Cities are, among subjects, places of work,
approaches from an operations research perspective. THesasing, recreation, shopping, and culture. Cities should
has been research on consumer choice models &low the implementation and infrastructures of living
electronic purchases. Gatta et al. (2020) used an ageeguirements for residents and other users (internal or
based approach with discrete choice to investigate th&ternal visitors for each probable purpose), providing
possible acceptance of e-grocery, while Comi and Nuzzdleem with necessary living conditions, not necessarily
(2016) developed models to simulate purchasing decisioidgal ones.
based on demographic and socio-economic factors. Van
Duin et al. (2016) predicted delivery results based on Sustainable last-mile
historical delivery data from a logistics parcel service Inthe E-commerce market, Last-mile delivery is one of
provider, while Russo and Comi (2020) analyzed end-usére many areas of urban freight transport (UFT) and can be
choices and found that socioeconomic characteristics atefined as “a set of activities and processes involved in the
store location affect the quantity. delivery process from the last point of transit to the last
The literature on urban freight transport has identifiedelivery point in the supply chain (Yuen et al., 2018)".
five interest groups/stakeholders with different areas of The sustainability of urban transport has been discussed
interest in relation to urban delivery, including publian the literature by Taniguchi et al. (2016), who proposed
bodies, associations and intermediate  bodiessing big data and decision support systems for urban
representatives from the private sector, residents logistics. Customer value in last-mile delivery was
visitors, and other stakeholders (supporting unitgliscussed by Vakulenko et al. (2018), and the concept of
manufacturers of delivery vehicles, educationatrowdsourcing logistics was explored by Castillo et al.
institutions, research institutes and consultants, politiciaf®018). Location-routing problems with simultaneous
and Members of Parliament, and local and public media bébme delivery and customer pick-up were discussed by
communication). This information was derived from the&hou et al. (2016), while Perboli et al. (2018) proposed a
work of Zuccotti & Konstantinopoulou (2010), Russo &dual framework for simulation optimisation to evaluate
Comi (2010), Lepori et al. (2010), McLeod et al. (2011)environmental and operational settings for freight
and lwan (2013): transportation. In spite of the several measures taken in
» Public bodies: municipal administration, legislative andities, these are often unsuccessful. One of the main
municipal executive authorities, authorities ofreasons for this situation is the lack of cooperation between
neighbouring cities, regional authorities, and provincighe stakeholders (Gatta & Marcucci, 2016). In particular,
and state authorities; stakeholders are sometimes excluded from the decision-
» Associations and intermediate bodies: chambers pfaking process that directly affects them (Macharis & Kin,
commerce and business associations and organizatio?817).
» Representatives from the private sector: carriers, Among these needs, the requirements for efficacious
forwarders, business and service unit owners; mobility and accessibility to a large number of consumer
» residents or visitors; goods and resources are of particular importance
» other stakeholders: supporting units, manufacturers @Vitkowski & Kiba-Janiak, 2014; Macharis et al., 2012).
delivery vehicles, educational institutions, researcAchieving sustainability is a real challenge because it is
institutes and consultants, politicians and Members ohly possible through the sociotechnical passage by
Parliament and media of communication, local anphtroducing technological innovations in a complex social

public. system (Geels et al, 2017; Canitez, 2019). Some
researchers have developed an approach to designing and
2.2 Last-mile delivery evaluating last-mile deliveries from the perspective of
Definition of “City” various stakeholders (Harrington et al., 2016).

Although the literature has shown increasing interestin To address local transport problems and ensure
city logistics related to last-mile delivery in the e-sustainable-efficient urban mobility, stakeholders in urban
commerce market, most publications tend to focus dreight transport must work together collaboratively to
specific issues, such as the analysis of e-trade's impactdsivelop sustainable plans. Unfortunately, city authorities
last-mile delivery (Allen et al., 2018) or end-user choicegurrently lack tools to facilitate such integration.

(Russo and Comi, 2020).
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2.3 Stakeholders’ classification 2018). Urban distribution confronts many hardships due to
Stakeholders’ definition infrastructure congestion, external costs or conflicting
Urban innovation is a prime example of thdnterests between stakeholders’ goals. UFT includes

involvement of multiple stakeholders in the developmeririvate companies (producers, carriers, retailers), final

and implementation of complex innovations (e.ggonsumers working or living in urban areas, and public

Murdoch, 2000; Nilssen, 2018); Identifying specificauthorities (Karakikes and Nathanail, 2019). Taniguchi

barriers to innovation is crucial as it can help mitigaté2014) identifies three primary stakeholders involved in

stakeholder opposition and resistance to change (Yu et &st-mile city logistics, namely freight transporters,

2019). municipal authorities, and the city's residents. According to
the urban environment is characterized by multimod&tathopoulos et al. (2012), stakeholders are viewed as

networks, disparate transport modes and conflictigntities with a vested interest in decisions concerning urban

interests of stakeholders, making last-mile deliveries tsansportation matters within the broader understanding of

complicated system with many actors involving a widéhe concept of urban logistics, Vakulenko et al. (2018).

range of entities in simultaneous interaction and relatddough, the stakeholders can be divided into two groups as

activities like operating and planning. In line with thedescribed in table 1:

complexity associated with city logistics, simulation is a

widely accepted and commonly used solution that provides Table 1 Public and private classification of stakeholders
tools, approaches, frameworks and models in order |to Public Private
organize distribution activites and support decisior|-Public transport operators - Freight carriers -
making processes (Crainic et al., 2018). Prior toAuthorities Senders

commencing analysis, it is important to define the termResidents City users — Other private
"stakeholders". It refers to parties who are affected by| draffic participant companie

decision made without necessarily participating in the
decision-making process. While some stakeholders are Justification of the causes of stakeholders' conflicts
directly involved in urban transportation, such as The successful implementation of urban innovations
component suppliers, manufacturers, carriers, retailers, aduires overcoming stakeholder opposition, as it can
consumers, many others are not, such as city authoritiegsult in lasting actors’ commitment and endorsement of
residents, and tourists/visitors (De Oliveira et al., 2016). goals (Williams et al., 2019; Hertel et al., 2019), which, in
turn, increases their willingness to adopt urban
Classification of stakeholders innovations. It is important to reduce stakeholders’
Effective management of urban logistics requiregesistance by means of a structured innovation process.
identifying and prioritizing the stakeholders involved in thd'hat can be reduced through a structured innovation
process. There is a lack of research on stakeholdepsbcess, as individual and organizational interactions in the
classification in urban logistics. Without this, it becomescosystem can create additional sources of resistance
difficult to understand the complex network of interaction§Emani, 2018).
between them, their interests, and their influence on the The diverse needs and interests of the aforementioned
decision-making process. This can lead to mismanagem@neups primarily stem from their divergent goals, which
of resources and result in inefficient and unsustainablfluence their operations and give rise to various conflicts
urban logistics. There is a need to develop a comprehens{Rubini & Lucia, 2018; Russo & Comi, 2010).
framework for the classification of stakeholders in urban ¢  Public authorities aim to minimize the negative
logistics, which can provide a systematic and structureghpact of transportation, creating an appealing city for
approach to understanding the relationships betweegsidents and tourists.
stakeholders and their impact on the urban logistics system.«  Private companies seek to deliver goods
Such a framework can help identify key stakeholdersfficiently and cost-effectively, meeting the demands of
determine their roles, and prioritize their needs, leading &nd customers within shorter delivery times.
better decision-making, improved collaboration, and more *  City residents prioritize safety and unrestricted
sustainable urban logistics. mobility within the urban environment.
Generally, the aim of this paper is to propose a plan for
Current situation and stakeholders' classification resolving conflicts of interest by prioritizing stakeholders
The City logistics situation is an intricate structurén order to know who among them holds more power,
where many actors with diverse (and usually contradictorgfficiency and ability to act. This will help from a point of
objectives and various types of delivery operations coexigew firstly to understand who should act first and in what
alongside different and restrictive regulations governinfield he can intervene secondly.
access to city centers. It is seen from three viewpoints,
which are represented by different stakeholders: from the
demand side, supply and their physical surroundings
controlled by governmental authorities (Bandeira et al.,
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3 Result and discussion
Before starting our analytical study, we start by giving
the definitions of essential stakeholders as shown in

table 2:
Table 2 Definition of stakeholders
Actors Definitions Interests
Sender An organization, operating under its own nan@ystomer satisfaction

responsible for the transportation of goods on behalf
client, either through direct transportation or
subcontractin the task.

dBasiness satisfaction
bReduction of costs &delays

Logistic provider

A company that offers assistance in managing
movement and storage of logistics operations.

tBéspatching of deliveries
Consolidation of freightwith the
samestinatiol

Reversed
logisticsoperatof

An operator responsible for overseeing the retrie
collection, repair, destruction, and assignments
product.

v&lustomer satisfaction
Quick and efficient pickup

Warehouseman

An operator tasked with the management of ¢
including  storage, rotation, movement, 4
organizatior

oogsmal stock level
n&ood stock rotation

Local authority

Group of people with the authority to govern a state
country. We will use the government instead of Iqg
authorities, because in Morocco power is held by
actor.

d&resuring a good qualityof life for
ceitizens Ensuring the safety of
thieople

Ensure the protection of the
environment

Maintenanc of infrastructur:

Cargo carrier

A company that is entrusted with the transportati
freight (goods) from one place to another, followin
specific transportation scheme based on
characteristic of the infrastructure

orSafety of transported goods
j Bast delivery to the customer
t@®st reduction

Industrial Production of goods. Fast delivery to the customer
Reduced transport costs
Condensed deadlir
Driver An intermediary between customers and manufactur8efety of goods and people
who facilitates the transportation process |dyansported
coordinatin(the delivery vehicle
Resident An individual who resides within a specific urban area.  Living in an unpolluted
environmer security
Regulator An agent responsible for ensuring efficient Travel optimization
management of the transportation of goods, vehiclesReduction of energy consumed
anc passenge.
Dealer An administrative body that provides approvaBafety of goods andpeople
for transportatior
Planner Resource and needs match manager, transport andRoute optimization
productior planne.
Operations Intermediate between the driver and the consumer | Good progress of transport
officer utilizing allavailable humar anc materia resource: operation
Customer The recipient of the product, who may or may p&educed acquisitionprices
be theultimate consume
Consumer The final consumer who will utilize the product. Advantageous rates

3.1 Attributes-based classification

influencing one another. The expectations of stakeholders,

After reviewing the opinions of various authors on thé@oth public and private institutions, and the innovative

stakeholders of urban logistics, methods of analysigbjectives of urban transport are constantly in confluence,
specification, and categorization, it is necessary to exami@gd their interactions must be considered.
the stakeholders as actors who regulate the entire chain by
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It is important to identify and characterize their distinceach stakeholder, which we will refer to as "attributes.”
features. The more a characteristic is present, the mdreese attributes may or may not be applicable to a given
significant role an actor plays in urban logistics. We wilactor. Table 3 contains all the attributes and their legal
define a set of characteristics that will be associated widixicon’s definitions:

Table 3 Attributes’ definitions

Number | Attributes Definitions
It is the total refusal of one structure towards another or any manifestation of volition
1 Opposition through which a person intends to stop the execution of a legal or judicialprocess. It
car be presente by a physice or moral entity
It is the fact that a person declaring that he subscribes to the undertaking offer which
2 Acceptance |is proposed to him: it constitutes the apparent mark of consent. Acceptancecan be
expres or implied
It designates the legal capacity to do one thing, to act for another for which one has
received a mandate. It refers to the forms of authority within a state, such asthe three
3 Power ) s . L . .
powers: legislative, executive, and judicial. The public powers are the constituted
authoritie:
Set of works constituting the foundation and the installation on the ground of a
4 Infrastructure . S - . .
constructiol or of a se  of installation: (for exampltroads railroads airports)
It is incurred either because of the non-performance of a contract, or because of
5 Public liability |2 voluntany aci or not, involving for the persor wha is at fault or whc is legally
y presumed at fault, the obligation to repair the damage. that has been suffered by
one o more others
In urban distribution, it is the intra-city public transport that is specific to a cityor an
Means . : : .
6 of transport urban environment, adapted to this environment. These must be of good quality and
Mus mee some requiremen
. It is the act by which a public body creates or establishes against it an obligation
7 Commitment - . "
which will resul in a charge
8 Conduct and |Characterizes all the reactions adopted by a person, in his environment and in the
behaviou face of given situation: Here the behavio act: on the distribution frequenc
- It is a program through which a group of people learning to work in the field of
Training and A ! . . ;
9 urban logistics is introduced to the risks, strategies and policies of its proper
awareness S
functioning
In civil procedure, it is called « jurisdiction » which refers to the ability recognized
10 Competence |by the rules of law for a court to hear a dispute. This can also mean the in-depth
knowledge i1a branclor field.
Moral responsibility is the need for a person to answer for his intentions and actions
Moral before his conscience. Obligation made to a person to answer for his actsbecause of
11 o )
responsibility |the role, the loads which he must assume and to support all the consequences
thereof
. . Induce by means of a mechanism the setting in motion of a mechanism or a
12 Triggering : ) :
process Usually the entity with more powelis able to do so
It is an influence that refers to the fact that a physical or moral person uses their
13 Leverage power and authority with the aim of abusing their influence, real or supposed, so

that they car make i favourabli decision

The stakeholders-attribute matrix is actually a firsbr advance another. Some may be more or less interested
selection of the most important actors of the urban logistias the contribution or consequences of the project.
community. This sorting is necessary to reduce the number It is in this sense that the Power-Interest matrix comes
of parts to be processed. Once done, we will apply iniato play with the intention of segregating/prioritizing the
second step another differentiation of the remaining actatakeholders. By drawing up this grid (Table 4). It becomes
in order to prioritize stakeholders. In other words, once w&mple and efficient to identify the most important
get a long list of stakeholders, we need to categorize thestakeholders based on their power and interest in the urban
Some of them may have the power to block one decisigonntext.
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Table 4 Attributes’ table

ATTRIBUTES
Stakeholders Al | A2 | A3 | A4 | AS | A6 | A7 | A8 | A9 | A1T0 | A1l Al12 Al13
Sender 1 1 0 0 1 1 1 1 1 0 1 0 0
Logistic 0 0 0 0 1 1 1 1 1 0 0
provider
Reversed 0 0 0 0 1 1 0 1 1 1 1 0 0
logistics
operator
Warehouseman | 0 0 0 0 1 0 0 1 0 1 1 0 0
Government 1 1 1 1 1 0 1 0 1 1 1 0 1
Cargo Carrier 0 0 0 0 1 1 1 1 0 0 1 0 0
Industrial 0 0 0 0 1 1 1 1 1 1 1 0 0
Driver 1 1 0 0 1 0 1 1 0 0 1 0 0
Resident 1 1 0 1 1 0 0 1 0 0 1 1 0
Regulator 0 0 1 0 1 0 1 1 0 1 1 1 0
Dealer 1 1 0 0 1 0 1 0 0 0 1 0 0
3.2 Application of the Power - Interest grid on the [2.5 - 5] | Little interested Little power
selected actors [5- 7.5] | Interested Moderate power
From the first s_elecppn of stakeholders -based 037_5 T10] | Highly interested Too much power
attributes- we have identified the most important. We not

that for each appreciation, we associate a value interval

with two steps and a half, as shown in Table 5: In order to present this matrix, we draw a summary

table of the actors kept according to the number of points

Table 5 Appreciations’ values (attributes). We defined a margin of appreciation which
Values Interest’s Power’s allows to quantify the values of the powers and interest
appreciations appreciations according to table 6. Below is a summary of these actors
[0- 2.5] | Notinterested at all No power (Figure 1):

Driver Reversed logistics
operators

Low INTEREST High
Figure 1 Alimented Interest — Power matrix

POWER
Sender
Logistics provider

Low
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Table 6 Retained stakeholders

Stakeholders N° Points/Attributes Margin of Margin of
interest power

Government 10 [7.E-10] [7.5-10]
Consumer 8 [2.E - 5] [7.5-10]
Sender 8 [7.E-10] [0- 2.5
Industrial 7 [5- 7.5 [5- 7.5]
Resident 7 [0- 2.5 [2.£ -5]
Regulator 7 [0- 2.5 [5- 7.5]
Logistic Provider 6 [5- 7.5 [0- 2.5
Reverse Logistics Operatar 6 [5- 7.5 [0- 2.5
Driver 6 [2.£ - 5] [0- 2.5]

3.3 Decision-making based on 3 elements Phase 1 Reorganization of stakeholders
Interest, Power & Efficiency In the preceding analysis, we categorized stakeholders
In the following section we will justify the values based on their importance without considering their roles
attributed to the interests and powers of the stakeholdelfsthe value chain. For our next analysis, we will divide
We are going to propose a questionnaire to collect tangititakeholders into two groups based on whether they
digital data. operate within the value chain or play a facilitating role.
The methodology used is composed of 5 distindtigure 2 displays this distribution.
phases:

Consumer - Sender - Industrial - Resident - Logistics
*| Value & Supply provider - Reversed logistics operator - Driver
chain

Stakeholders of the urban
logistics system

Influencers and
enablers on the
value chain

Local authority - Regulator

>

Figure 2 Positioning urban logistics stakeholders in the supply chain

Phase 2 Data gathering Table 7 Definition of themes used for the analysis

To obtain more realistic data, we created a Theme Definition
guestionnaire and sent it to various urban logistics entities. Positive | The level of investment in the populati
Out of 27 recipients, 20 individuals who operate in this societal so that the latter sees its full positive
field completed the questionnaire. Unfortunately, we weredevelopmer potential emerg
unable to distribute the questionnaire to governmeriEnvironment’ Is based on an attitude respectful of the
entities, which we refer to as public authorities in our respect | future of man on planet Earth and of the
analysis. The questionnaire consisted of rating each limited resources in the long tel
stakeholder group's power and interest on a scale of 0-3Use of SMAR|Use of modes of transport that incorpo

means |new information and telecommunicatic

0: No power / no interest technologie:

1: Low power / low interest Safety of googBeing able to keep people and transpc
2: Average power / average interest and people goods safe during any distribution
3: Strong power / strong interest journey

Question 1: What influence can this group have on the Phase 3 Data aggregation

developm_ent of urbar_1 IogisticS? The classification is based on the determination of the
Question 2: How important is each stakeholder groypowers and interests scores of each stakeholder. The score
to urban logistics systems? profiles determine the classification of the clusters of

stakeholder groups. Scores are calculated using data
These same questions were applied to 4 separatsllected through a questionnaire detailed in tHeBase.
themes, as shown in Table 7: After grouping the data, we aggregated the inputs by
theme. To do this, we calculated the minimum value, the
maximum value as well as the weighted average of each
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(3
theme grouping. Note that we work with the weighted aXi+bYi+cZi+dTi; Q)
mean values for the rest of the analysis. This means that for a+b+c+d=1, 2

each actor, we retain the minimum value assigned, the i€ [1; 9]
maximum value and we calculate the weighted average.

After obtaining the tables of results for the 2 entries X, Y, and Z are the average values for each stakeholder
Interest and power for the 4 themes, we must now groggpressed by interest and power for all 4 themes. For
them into an overall table. In order to group the data intoexample, we calculate the mean average of the
single function, we weighted the 4 themes, according to thevernment’s interest and power, applied to the 4 themes
AHP method, we ranked the order of priority of themes. mentioned above.

We can denote the desired function as follows (1), (2): Figure 3 shows the classification of themes resulting

from the AHP analysis. The result was the following:

Resulting Priorities
Priorities Decision Matrix

These are the resulting weights for the criteria The resulting weights are based on the principal eigenvector of
based on your pairwise comparisons: the decision matrix:

cat Priority Rank (+) (=) 1 2 3 4

Positive societal 1 1 014 0.20 0.14
sy 4 1.0% 1.0% RSy

dev
2 7.00 ] 2.00 2.00

Environment's o
. 44.1% 1 12.0% 12.0% 3 5.00 05
respect
4 7,00 050 2.00
Use of Smart :

3 20,0% 3 3,.5% 3.5%
means
Safety of goods

4
and people

Number of comparisons = 6 Principal eigen value = 4,077
Consistency Ratio CR = 2.8% Eigenvector solution: 4 iterations, delta = 4,5E-8

Figure 3 Results of the ranking according to the AHP method

To ensure that the percentages are balanced andPhase 4 Adding a third input
accurately reflect the results of the analysis, two post- The goal of our work is to create decision graphs that
ranking conditions were imposed using the Analytievill give us a priority ranking of stakeholders. So, to

Hierarchy Process (AHP): complete the Interest-Power matrix, we add a third
. No percentage must be less than 10% to heriable, namely, efficiency. It is important to think of a

quantified properly in the grouping function. third variable as long as it will make the analysis broader
. Every percentage must be a multiple of 10. and more focused. Efficiency is a judgment that quantifies
Therefore, the percentage table is slightly modified artie level of achievement of the objectives linked to the

is considered as follows (Table 8). function exercised by each player in urban logistics. The

treatment of efficiency data corresponds to that used for the
Table 8 Used Importance of Themes in Percentage  other two entries. The stakeholders are positioned on the

Theme Percent decision-making function according to the 2 distinct
Importance % coordinates in 3 different graphs (interest, efficiency),
Positive societal development| a =10% (power, interest), and (efficiency, power).
Environment's respe b =40%
Use of SMART means ¢ =20% Phase 5 Decision graphs
Safety of goods and people d =30% The decision graph was plotted based on the results of

the stages mentioned above. On a 2D surface, we draw our
2 respective inputs, which are the interest, the power, and
the efficiency of each of the stakeholders, according to
Table 9:
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Table 9 Table of coordinates

Stakeholders Retained Value — Interest| Retained Value - PowerRetained Value - Efficiency
Governmer 271 255 2.85
Consume 1.98 1.44 1.23
Sende 1.2C 1.41 2.37
Industria 1.88 1.92 2.57
Resider 1.91 1.07 1.0€
Regulato 1.35 1.48 2.11
Logistic provide! 1.4E 1.2€ 251
Reverse logistics operato 1.4E 1.24 2.3€
Driver 1.7¢ 2.01 2.0C

For the 3 graphs we add a horizontal ne mean as the minimal value, above which the values may correspond
shown in figure 4, figure 5 and figure 6. This latter presente an important stakeholder.

Histogram Interest-Efficiency

Figure 5 Power-Interest Histogram

Histogram Efficiency-Power

Figure 6 Efficiency-Power Histogram
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What is significant for us is the values of powers, The first reality: the consumer, although not integrated
interests and efficiency, which exceed the fixed averageto decision-making, is the pioneer of the entire delivery
We will keep all stakeholders that exceed this threshold fohain and their behaviour should be taken into account.
both entries per graph. It is enough for both values to cross The second reality: the government, industrialists, and
the lineY = Mean, for it to be considered as an importantlrivers are the three main actors in this chain, with the
actor (Mean value which changes according to the ordergdvernment being the most important as they directly
the histograms). manipulate urban transport due to their environmental and

The basic idea was to compare the results of the graphshan obligations.
except that in our case the same stakeholders are
highlighted. The 3 histograms show that the mofReferences
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Abstract: The COVID-19 pandemic had a significant bullwhip effect, which resulted in a cash flow bullwhip (CFB) in

the Moroccan FMCG industry. As illustrated by a previous study, some companies were more affected by CFB than
others. This indicates that CFB could be correlated to some specific aspects or characteristics of these companies. The
objective of this article is to thoroughly examine the connections between CFB control and the company's internal control
performance, financial performance, and supply chain performance. Therefore, a field study is conducted on the producers
of detergent products. The results confirm that some performance criteria are directly correlated to the degree of exposure
to CFB. In fact, a firm is able to regulate CFB when it has an effective internal control system, a reliable supply chain,
and strong financial efficiency. However, the relative importance of these performance criteria is not evident. This opens
the opportunity to develop a multi-criteria model that could hierarchize the different performance criteria.

1 Introduction 1.1 Problem statement
The previous research study demonstrated that the Due to COVID-19, FMCG Moroccan companies
COVID-19 pandemic caused a great bullwhip effect thauffered from CFB. The influence of CFB on the
led to cash flow bullwhip (CFB) in the Moroccan FMCGcompany's cash flow is described by the fluctuation in CCC
sector [1]. CFB is a cash flow distortion that can bgomponents, such as inventory flow periods and accounts
explained by the fact that the amplification of ordergeceivable delays. As a result, the more the flow times
produced by the BWE does not reflect actual demaniiyctuate and lengthen, the longer it would take the
which decreases the flow of products, and results in a higfganization to collect money, severely impacting its cash
cost of stock holding, a cost of opportunity, and a greatéew. Despite being profitable, CFB-affected companies
need for working capital [2]. are being kept hostage by their inability to finance their
For these impacted companies, the cash flo@perations. They are forced to seek outside financing as a
conversion cycle's unpredictability raised their need faesult, and the cost of doing so has an impact on their
working capital and constrained their ability to financerofitability [1].
themselves. To deal with this circumstance, those As demonstrated in a previous study, the degree of a
businesses turned to alternative sources of funding, suctcagpany’s exposure to this CFB is different [1]. In order
their equities or bank loans, to support their operatirig understand what makes a company more resilient than
activity [1]. others, a field study is conducted on a specific category of
Still, the degree of exposure of these companies to CEBmMpanies operating in the same branch, which is the
has been different [1]. This research aims to explore tpgoduction of detergent products.
reasons that made certain companies less impacted thanGiven that the CFB impacts the CCC and that CCC is
others. For this purpose, this research proposes to studyn@nly related to supply chain, financial and internal
correlation between a company's performance and the legentrol activities, this research work aims to analyze in
of CFB control. The selected performance attributes aéepth the relationship between CFB control and the
related to the components of the cash conversion cyct®mpany performance on the supply chain side, financial
namely, inventory, accounts receivables, and accoursigle, and internal control side.
payables.
1.2 Research objectives
The aim of this research is to determine which
performance dimension contributes to CFB control. Thus,
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through a field study, the objective is to answer tha metric to evaluate the performance of the supply chain

following research questions: [4]. By analysing the standard deviations of the receipt,
- What characterize the resilient companies from thdisbursement, and net flows for each period within a
most affected ones? planning horizon, Tsai provided a modelling of the cash
- Can supply chain performance impact the degree dw risks related to the supply chain [5]. Tsai
exposure to CFB? recommended using an asset-backed securities (ABS)
- Can financial performance impact the degree gdolicy to finance accounts receivables in order to reduce
exposure to CFB? the time it takes to convert money into cash and the
- Can internal performance impact the degree dikelihood of collection. Randall and Farris offered a way
exposure to CFB? for enhancing the supply chain by sharing weighted
- Which performance criteria are most related to CFBverage capital costs with trading partners and working
control? together to control cash-to-cash cycles [6]. According to
- Is there a combination of performance criteria thatiofmann and Kotzab, collaborative techniques are more
can lead to a specific degree of CFB control? effective than delaying suppliers' payments or collecting
receivables early to increase the working capital for supply
1.3 Research contributions chain partners [7]. Tsai showed that businesses,

This research is of major interest to companies whigparticularly those with limited financial resources, suffer
are suffering from CFB given that it will give deep insightsash collection risks when attempting to increase sales.
into the relationship between CFB exposure and the Tangsucheeva and Prabhu proposed a stochastic
dimensions of performance. It will give the managers f@recasting model that combines a Bayesian model for each
better understanding of the lever that could be used iftgividual customer's payment behaviour with a Markov
prevent and control the CFB, which will contribute to the€hain model for the company's overall payment behaviour
financial safety of their firms, especially in the context oficross all of its customers [8]. This has a very accurate
major crises such as the COVID-19 pandemic. forecast and is not dependent on the BWE. Tsai

For researchers, this article offers another angle é@monstrated how cost structure affects cash flow risk and
analyze the CFB and to identify potential levers to contréiow Just in Time production philosophies and new
CFB, through the study of the correlation between t®chnologies can help to lower this risk [9]. Goodarzi
company's performance and its CFB control. developed a simulation model that includes a multi-stage

On the other hand, by examining the particularity of theupply chain, as well as a centralized and decentralized
phenomena in relation to large crises, which can take thgpply chain, to study the effects of the bullwhip effect's
shape of a pandemic or other comparable event, this pag@ses and the effect of their interactions on the CFB [10].
is intended to be a contribution to the different research tHaespite the fact that each link in the chain employs an
has been conducted on the phenomenon of cash-flé@rder Up To" replenishment strategy, their findings imply
bullwhip. that the CFB can be found in both centralized and

To meet the various objectives assigned to this reseagcentralized supply chains. Serrano looked at how order
work, the first part is dedicated to a brief literature revieWuctuations affected supplier payment deadline variability
of the Cash flow Bullwhip and the presentation of the threa the supply chain level, as well as how they affected risk
performance dimensions with the criteria that will be useand how it spread upstream in the chain [11]. In order to
for the survey guide. The second part is for the descripti®¥amine working capital optimization in a two-echelon
of the study design and the presentation of the primasypply chain with one supplier and one retailer, Peng and
results. The third part is devoted to the analysis anghou created three models based on various supply chain
discussion of the results, and to propose future reseagilaboration levels [12]. Despite the degrees of

perspectives. cooperation, the authors recommend extending the

payment time whenever the retailer's discount rate is
2 Theoretical basis greater than the suppliers. Using a system dynamics
21 CFB literature review simulation model and genetic model, Badakhshan et al.,

reated a simulation-based optimization strategy. For each
C member, the best financial and inventory choice criteria
re discovered to lower the overall cost, BWE, and CFB

because it deteriorates the cash conversion cycle [3].  [Lo)- USing 238 semiconductor businesses as a sample,

: ; : : bhu looked into the presence of CFB and the
Before the introduction of this notion by Tangsuchee\gra . X
& Prabhu in 2013, many research studies focused on ‘gﬁnventlonal bullwhip effect (BWE) from 2010-Q1 to

CFB is the disruption of cash flow caused by th
bullwhip effect [2]. This cash flow distortion directly
impacts the working capital requirements of the compan

financial aspect of the supply in general, and the ca 20-Q4 [14]. Authors discovered that a semiconductor

conversion cycle precisely. In this regard, Farris present ysiness's CFB and BWE are pos!tlvely correlated \.N'th
Procurement and payment lead times, and negatively

and underlined the significance of the cash to cash cycle related with company S',Ze’ the degree_of seasonahty In
emand, and the company's payment policy conservatism.
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Lamzaouek examined the effects of digital technologies gmovides a multifaceted viewpoint that links the following
CFB and discovered through a systematic literature revidtwee ideas: Optimization of goals, the systemic
that a number of technologies can positively contribute ferspective, and the significance of workers. The 29
containing this phenomenon by addressing its operatior@mponents that make up the Steers analytical framework
causes, namely the accuracy of forecasts, batch ordeng divided into four sets, which are as follows: The
price volatility, rationing games, and lead times [15]characteristics of the organization, the characteristics of the
During the COVID-19 epidemic, CFB was examined foexternal and internal environment, the characteristics of the
its effects on the financial health of Moroccan FMCG&@mployees, and the management policies and practices
companies. According to the survey's findings, SMEs arj@2]. Along with economic factors, Welge and Fressman
very small enterprises were the ones who suffered masnphasized the significance of social and human
from the effects of CFB due to the rise in working capitgbarameters. their analysis revealed that economic and
requirements and decline in cash flow. By enhancinfinancial factors should be prioritized when evaluating a
internal control mechanisms at the level of the processesomimpany's overall success [23]. Peters and Waterman
purchasing, inventory management, sales, and caslentified eight characteristics of excellence through their
management, the authors suggested an organizatiomadel, which can be summed up as follows: action
strategy to handle this issue [1]. orientation, listening to customers, autonomy and
According to X. Chen et al., the growth in CFB isentrepreneurship, productivity through staff motivation,
positively connected with the increase in the price crosgie law of shared values, stick to what you know how to
sensitivity coefficient, the same research examined tl®, a simple and light structure, flexibility in rigor [24].
effect of market share and price cross-sensitivitQuinn and Rohrbaugh highlighted three dimensions in
coefficient on the CFB [16]. Prabhu looked at how credtheir model [25], internal/external objectives, flexibility
risk affected the cash-bullwhip in the supply chain. Thand control, and means/results. Rambhujun proposed
findings of this study show that taking credit risk intdwenty-eight criteria for assessing the success of
account increases the amounts of cash and accoumgsinesses, categorized along five axes: management
payable that are transferred from downstream membersféotors, sales elements, customer interaction factors,
upstream members. This study also demonstrates hgwoduction factors, and talents aspects [26]. In the Model
when credit risk is taken into account, the accoumtf Pascal and Athos, business performance is based on six
receivable turnover index accurately depicts the casklements, which are as follows: System, staff (people),

bullwhip effect of every link in the supply chain [17]. style (behaviour of the boss and his subordinates), staff
(personnel), strategy (way of allocating resources over

2.2 Performance models — a brief literature time to achieve the intended objectives), and skills (know
review how). The Lynch and Cross model offers an integration of

Many authors defined the term performance throug${ra_’[egic and operational indicators. For these authors,
the years. In this regard, for Miles, performance is tHausiness strategy cannot neglect operational data, a clear
ability of the organization to achieve minimal satisfactioHnk must exist between the two. Six performance criteria
of the expectations of its strategic clients [18]. Fofre listed in Fitzgerald, Johnston, Brignall, Silvestre, and
Chandler performance is an association between functio@ss's matrix of determinants: financial performance
efficiency and strategic effectiveness [19]. Functiondifiteria, competitiveness, service quality, flexibility,
efficiency focuses on enhancing the company's offeringgsource efficiency, and innovation. The Model of Kaplan
purchasing, manufacturing process, marketing strategyid Nortan makes it possible to assess performance in four
and employee relations. Gaining an advantage over riv@gas, which are the customervision, the financial visi_on is
by entering a market that is experiencing growth or |eavir|y3tab|y that Of the Shareh0|der, the internal p.rOCGSS vision,
a market that is experiencing a fall is the definition ognd the ability for a company to innovate, improve and
strategic effectiveness. For Lorino, performing in théearn. The four-dimensional model of Morin, Savoie and
company is everything that, and only that, contributes €audin is articulated around the following axes: the value
improve the value-cost couple (conversely, performance@human resources, economic efficiency, the legitimacy of
not necessarily what contributes to reducing the cost orifé¢ organization, the sustainability of the organization. In
increase the value in isolation) [20]. That's said multipléhe model of Atkinson, Waterhouse and Wells, the authors
models have been introduced in the past to evaluate fi€sent a model of organizational performance based on
performance of an organization. Campbell considers th&e stakeholder approach. These stakeholders are, for most
the measurement of performance happens through @i@anizations, investors, employees, customers and the
setting of criteria which are quantitative and/or qualitativecommunity. According to the Adams and Neely's Prism
In this sense, he put up a list of around thirty performané&d Success Maps, because the performance is not flat, the
standards. 57% of the criteria include reference to soc@ithor wants to demonstrate its complexity. It is crucial to
and human elements. 13% is directly related to financi@kamine it from several angles connected by the
and economic factors. The rest is a mixture of strategyerformance Prism in order to comprehend it completely.
production, environmental factors, etc [21] Steer ddltlona”y, this model is built around five axes that
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describe the company's overall vision: Stakeholdemompanies were chosen from the earlier research
contribution, strategy, procedures, and resources (bgibrticipants.

tangible and intangible). The goal is to investigate how the CFB's level of
control, is influenced by these companies' performance
2.3 Company performance and CFB levels on the financial, logistical, and internal control

From the previous literature review, it's obvious thadimensions.
there are various dimensions that can be used to evaluateln order to respond to the many questions posed for this
the company's performance. In the following, thregéesearch work, a quantitative study has been carried out.
dimensions—financial, supply chain, and internalhe research technique that was used, the findings and their
control—will be used to evaluate performance of targetddterpretation, as well as our recommendations and
companies. This choice is justified by the fact that the CF&nNclusions are all presented in the paragraphs that follow.
directly concerns the cash conversion cycle, and that the 3
components of the CCC, namely inventory turn, accoundsl  Research methodology
receivables, and accounts payables, are dependent on3Hel Research design
policy and company actions on the logistical, financial and It is crucial to go through a design phase acting as a
internal control aspects. Indeed, a company's ability tartography strategy for our study in order to have the
provide exceptional customer service will enable it to havanswers to our research questions. In this regard, we decide
strong inventory flow, which will help it maintain an idealto carry out a quantitative study on Moroccan enterprises
inventory level. In addition, a good internal control systerthat make detergent goods. A survey of a target population
will allow the company to have good control of the risksvas carried out during June and July 2022 for this reason.
relating to accounts receivables and accounts payables.
Ultimately, a balanced financial structure will make thé&.1.2 Target population
business more resilient to cash flow disruptions. The term "population"” in research refers to all the items

That's said, in order to assess the performance of thesmnected to the research purpose and used to build
companies in relation to the three dimensions retained, itdenclusions and suggestions [27]. For this research, the
necessary to define the adequate standards and referd¢noget population concerns all the companies producing
systems. In this regard, the SCOR reference frameworkdstergent products. The decision to engage in this
chosen for the evaluation of logistics performance, thgarticular branch of business was not arbitrary, given that
COSO reference framework for internal controthis type of product's demand pattern saw significant
performance, and the ratio analysis method for tH&ictuations.
evaluation of financial performance. This choice is
justified by the completeness and reputation of the&1.3 Sampling
standards (Figure 1). Sampling is the process of choosing a portion of a
research population for analysis. The size of the sample
depends on the objective of the research. The sample for
this study consists of the detergent-producing businesses
that were involved in the earlier investigation of the effects
of CFB on Moroccan FMCG firms [1].

Seven companies make up this sample, which seems to
be the ideal balance between the study's complexity and
degree of representativeness.

3.1.4 Data collection

To collect the necessary data for this study,
guestionnaires were administrated by emails to the
representatives of the targeted companies. The targeted
respondents hold managerial positions in finance, supply
FINANCIAL DIMENSION chain, and executive management. Financial documents
have been recovered from these companies.

Figure 1 Performance evaluation model ]
3.1.5 Summary of variables

3 Methodology In what follows, a summary of the selected variables
rom the survey that was conducted. These variables

This study is a follow-up to the previous investigatiorg A i
into the effects of CEB on Moroccan EMCG firms durind€Present performance criteria’s according to the adopted
rformance model (Table 1).

the COVID-19 crisis [1]. It is conducted on a homogeneo
sample of detergent-producing enterprises. These
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Table 1 Summary of the survey’s variables

Performance| Performance Performance sub Description
dimensions criteria’s criteria’s P
Control Existence of rules and procedures which aim to provide reasonable ag
Activities Control Activities  |that the instructions of the management to control the risks likely to
the achievement of the objecti [28,29].
Control . Existence of policies, processes, and institutional structures for i
) Control Environment . X
Internal Environmen control implementation across the bc[28,29].
Risk . Existence of iterative methods for locating and analyzisigs that coul
Control Risk Assessment . .
Performanc Assessment compromise a company's goals [28,29].

Information and
Communicatio

Information and
Communicatio

Existence of data necessary for internal control operations [28,29].

Existence of an evaluation intended to confirm the existence and

bnents

ed state

orders

Monitoring Monitoring operation of each of the five internal control principles and the comp
[28,29].
% of Orders Delivered inPercentage of orders where the customer receives every item in the q
Full promised [30,31].
Delivery Performance toThe proportion of orders that are delivered on the day that the cu
. | Customer Commit Da_|originally agreed upc[30,31].
Supply Chain -
Reliability N Percentage of orders that are successfully cqmpleteq, configured cq
Perfect Condition |and accepted by the customer and are delivered in an undamag
[30,31].
Documentation Accurad Percentage of orders with timely and accurateioes, bills of lading
)f)acking slips, and other supporting docum [30,31].
Supply Qhaln Cycle Time The regular average actual cycle time for completing customer
Responsivene [30,31].
Supolv Chai Upside Supply Chain |The number of days needed to supply a 20% increase in quantity th
Pléef%)r/manezlg Flexibility not accounted f([30,31].
Supply Chain| Upside Supply Chain |The amount given that can increase by a maximum sustainable perce
Flexibility Adaptability 30 day [30,31].
Downside Supply ChainAt 30 days before delivery, the quantity ordered can be reduced v
Adaptability incurring inventory or cost penalt [30,31].
Supply Chain Cost of purchasing raw ingredients and creating final goods including
Costt Cost of Goods Sold and indirect costs (overhei[30,31].
Days Sales Outstanding The number of days in which a sales balance is outstanding [30,31].
.| Inventory Days of Supp |The stock's quantity, measured in days of :[30,31].
Supply Chain —— -
.The period in days from the moment lahowraterials, and/or convers
Asset Days Payable Outstandlng hased until h
Management reésources are purchase until cas .payments are re [30,31].
Cash Conversion C cIeThe amount of time it takes for an investment to make its way back
YC'business after being used to purchase raw ma [30,31].
Self-financing rate The selffinancing rate quantifies the portion of investments that the bu
9 is able to fund solely through its economic activi[32].
Solvency ratio [Asszs];essmg a company's financial health by selling assets to pay off al
Financial Debt . The debt ratio compares equity capital to that provided by fin
Debt ratio L
institutions[32].
Minimum Payback Periomgﬁg[r:;ezs] the company's ayilto repay all of its structural debts by its ¢
Weight of interes The weight of interest is an indicator of the company's future diffic[32].
Revenue growth re  |Percentage of the company's revenue that fluct32].
Financial Production growth ra_|Percentage of the company's production that fluct32].
Performance Gross profitability rate | Measures the company's profitability and profitability [32].
Financial Economic rate of retu |Measures the company's profitability and profitak [32].
Profitability Asset rotation Measures the company's ability to generate revenue for every dollar iy
in the compan{32].
. Reflects the consequence ofians taken to reduce costs and maximize
Margin rate [32]
Financial Working Capital Measures, in number of days, the importance of the working (¢
Efficiency Requiremen requirement{32].
. . . Current ratio assesses company's ability to meet immediate fin
Financial Current ratio o
S obligation: [32].
Liquidity

Acid-test rati

Comparing sho-term assets to sh-term liabilities to determine ca[32].
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4  Result and discussion
4.1 Descriptive analysis of variables *

Following are the results of a primary examination of

the survey's data:

The radar chart (Figure 2) shows that company 2 is the
most performing on the internal control side, followed
by company 1. The company 3 has the weakest score
due to a poor risk assessment, control environment,
information and communication, and monitoring. Risk
assessment is very weak for companies 3, 5, and 6.

Looking at the supply chain reliability of these
companies, it's obvious that company 1 and 2 afe
better performing comparing to the rest of companies.
That's the case for the orders delivered in full, the
commitment to delivery date, and the perfect condition
of deliveries (Figure 3).

For the responsiveness of the supply chain, the
comparison of companies’ cycle time shows that
company 2, 1, and 4 have the shortest cycle. Company
3 has the highest cycle with more than 40 days.

The upside supply chain flexibility, the upside supply
chain adaptability, and the downside supply chain
adaptability are the three metrics used to assess supply
chain flexibility. According to the findings, company

2 has the most upside flexibility, while firms 5 and 3
perform better in terms of downside and upside
adaptability. .

For the supply chain costs, results show that
companies 3 and 7 have the least costs, comparing to
the rest of firms.

For the supply chain asset management, performance
is compared based on four metrics: Days Sales.

Outstanding, Inventory Days of Supply, Days Payable

Outstanding, and Cash Conversion Cycle. Results
show that companies 2 and 1 are the better performing,
while companies 6 and 7 are the weakest ones.

At the debt ratios level, companies 2 and 1 present the
best self-financing rate and solvency ratio. Company

1is better at the ratio of weight of interest. On the other
side, company 6 suffers from a high debt ratio and

weight of interests, while companies 3 and 4 have the
lowest self-financing capacity.

At the level of the efficiency ratio, the working capital
requirement is very high for companies 7, 6, and 3,
while companies 2 and 1 are better performing on this
side.

For the profitability ratios, results show that
companies 2 and 1 are more profitable than the other
companies. Companies 3 and 4 are the companies with
the lowest growth rate of production and revenue.

Liguidity ratios analysis shows that companies 6, 7,
and 3 have the lowest performance level.

Looking at the coefficient of variation of cash flow,
it's clear that companies 6 and 7 have a highest
variation, comparing to the rest of companies.

The preceding results show that the performance of the
seven companies is heterogeneous for the 3
dimensions studied. Results also shows that company
6 have the most varying cash flow. Therefore, a
correlation analysis is needed to analyse in depth the
relationship between the different performance
attribute and the variation of cash flow (Figure 4).
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Figure 2 Internal control performance of the companies studied
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Figure 3 Supply Chain performance of the companies studied
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Figure 4 Financial performance of the companies studied
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4.2 Principal component analysis Assessment,  Information and  Communication,

Principal component analysis (PCA) has been done &fpnitoring, and Cash Flow Coefficient of variation
the variables acquired from this study in order téFigure 5).
thoroughly assess the survey's results. The results of theThe resulting component plot indicates that there is a
PCA that was performed in connection to the studgegative correlation between the Cash Flow Coefficient of
guestions are presented in the sections that follow. variation, and the following variables: Control Activities,

For each PCA the KMO and Bartlett's Test, the sum &fisk Assessment, Information and Communication, and
the explained variance, and the component plot alonitoring. It's also obvious that Control Activities, Risk
computed. In this regard, the outcomes of all KMO anéssessment are positively correlated. These results means
Bartlett's Tests demonstrate the appropriateness of that companies with higher performance on control
sample and disprove the hypothesis that the matrix is agtivities, risk assessment, monitoring, and information
identity matrix by having sampling accuracy more than 0&nd communication tends to have lower cash flow
and significance lower than 0.0005. variability, and controls more the CFB than other

companies.
4.2.1 Can internal control performance impact the
control of CFB?

A PCA is conducted, to establish the degree and nature
of the relationship between the following variables:
Control  Activities, Control  Environment, Risk

Component Plot
1.0
CortrolEnvironmert
-
05
CashFlowCoefficientofvariation
[y} L
-
= ° . 1.
g RiskAssessment CortrolActivlies
=] oo
g— InformationandCommunication
o L
o
Maonitoring
[ ]
05
1.0
-1.0 -0.5 0.0 0.3 1.0
Component 1
Figure 5 Component plot of the PCA n°1
4.2.2 Can supply chain performance impact the The resulting component plot indicates that there is a
control of CFB? negative correlation between the Cash Flow Coefficient of

A PCA is conducted, to establish the degree and natwariation, and the following variables: % of Orders
of the relationship between the following variables: % dDelivered in Full, Delivery Performance to Customer
Orders Delivered in Full, Delivery Performance tocCommit Date, Perfect Condition, and Documentation
Customer  Commit  Date, Perfect  ConditionAccuracy. These results means that the more the supply
Documentation Accuracy, Cycle Time, Upside Supplghain of a company is reliable the lower cash flow
Chain Flexibility, Upside Supply Chain Adaptability, variability is, and therefore the CFB is more controlled.
Downside Supply Chain Adaptability, COGS, Days Sales On the other side, there is a positive correlation
Outstanding, Inventory Days of Supply, Days Payableetween the Cash Flow Coefficient of variation, and the
Outstanding, and Cash Conversion Cycle, and Cash Fléellowing variables: Cycle Time, Days Sales Outstanding,
Coefficient of variation (Figure 6). Inventory Days of Supply, Days Payable Outstanding, and
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Cash Conversion Cycle. These results means tlmaanagement tends to have lower cash flow variability, and
companies with higher performance on supply chain assemntrols more the CFB than other companies.

Component Plot
1.0 ® UpsideSupplyChainFlexibility
UpsideSupplyChagnAdaptability L]
DownsideSupplyChainAdaptability
L
CycleTime
®

05
(8] ofOrdersDeliveradinFul COGS
k= [ ] -
[
D L)
- PerfectCondition
o 00
o DeliveryPerformancetoCustomerCommitDate: CashConversionCycle
E L DaysPayableOutstanding
8 DocumentationAccuracy DaysSalesOutstanding L]

® InvergoryDaysofSupply
CashFlowCoefficientofvariation
-0.5
1.0
-1.0 -0.5 0.0 05 10
Component 1

Figure 6 Component plot of the PCA n°2

4.2.3 Can financial performance impact the control  following variables: Debt ratio, Minimum Payback Period,
of CFB? Weight of interest, and Working Capital Requirements.
A PCA is conducted, to establish the degree and naturbese results means that companies that suffers from cash
of the relationship between the following variables: Selflow variation are those with high level of financial debt
financing rate, Solvency ratio, Debt ratio, Minimumand working capital requirement.
Payback Period, Weight of interest, Revenue growth rate,
Production growth rate, Gross profitability rate, Economid.3 Discussion

rate of return, Asset rotation, Margin rate, Working Capital The analysis of the data collected from the field survey,
Requirements, Current ratio, Acid-test ratio, and Casfonfirms that many performance criteria are correlated to
Flow Coefficient of variation (Figure 7). the variation of cash flow. In general, the observation is
The resulting component plot indicates that there isthat high cash flow variation is associated with poor
negative correlation between the Cash Flow Coefficient @fternal control performance, high debt ratios, lower
variation, and the following variables: Self-financing ratefinancial efficiency, lower liquidity, bad supply chain
Solvency ratio, Revenue growth rate, Production growifeliability, low responsiveness, and high cash conversion
rate, Gross profitability rate, Economic rate of return, Asseycle. Companies with good financial performance,
rotation, Margin rate, Current ratio, and Acid-test ratianternal control performance, and supply chain
These results indicate that companies with bad debt levglsrformance, seem to have a lower variation of cash flow.
have more cash flow variation. This is also the case for Finally, it seems that some performance criteria in
companies with growing production and revenue. particular supply chain flexibility have no correlation with
On the other side, there is a positive correlatiothe variety of cash flow.
between the Cash Flow Coefficient of variation, and the
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Figure 7 Component plot of the PCA n°3
5 Conclusions suppliers process, inventory management process, treasury

The results of this study confirm the relationshigrocess, sales-customer process), while insuring the
between CFB control and supply chain, financial, anéXistence of iterative methods for locating and analyzing
internal control performance. Indeed, all the companidisks related to these processes. Finally financially
presenting a good level of CFB control seem to Healanced companies, with good self financing capacity and
performing on the supply chain, financial, and interndPW debt ratio control more CFB. This is also the case for
control sides. In this regard, companies with reliable arf@mpanies with reduced working capital requirements, and
responsive supply chains, are less exposed to CFB. TA@npanies holding enough cash on hand to cover their
can be explained by the fact that the ability of supply chafihort-term debt. Dgtal_led interactions petween CFB and
to deliver the correct product, in the agreed upon time, tBe performance criteria are presented in the table bellow
the correct place in the correct condition and quantity, wiff @ble 2). Having said that, it is impossible to determine
the accurate documentation, leads to an accelerafé@m actual research which performance criterion or
inventory flow, that smooth and accelerate the financigimension, is more important for CFB control. Because of
flow. Where as responsiveness will lead to a stabilized afftis, it will be interesting to investigate the relative
short cycle time, that leads to less variable working capitgignificance of each performance criterion using a multi-
requirement. Also, CFB is controlled when the companffiteria approach in the upcoming research. This can lead
has an efficient internal control system, than can detect aifd@ multi-criteria mathematical model, that could explain
contain the possible risks associated with the procesdBg level of control of each company, and that could be
related to the components of the CCC (purchasingeneralized on other business sectors.
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Table 2 interactions between the CFB and the performance criteria’s

Performance | Impact on How
criteria’s CFB
Existence of iterative techniques for identifying and evaluating risks associateq
“Acquisition & Payment” and “Treasury Management” processes.
Existence of appropriate rules and procedures to manage:

Control . o .
accounts - The synchronization betweesuppliers’ debts recording and the suppl

avables deliveries.

bayal - The conformity of the invoices’ payment in line with the payment authoriza|
flow time ;

rules, and contractual payment deadlines.
- The cash conversion cycle and working capital requirement.
- The purchase order authorization thresholds.
- The verification of purchase amounts, quantities, lead times, and pricing.
- The oversight of the suppliers' invoices with respect to the predetermine
of the acquisition.
- The revision of the timetable for receipts and payments.
- Postponing dates for customer payme
Internal Contrg Existence of iterative techniques for identifying and evaluating risks associateq
Performance “Inventory Management” process.
Existence of appropriate rules and procedures to manage:

Control ; , . o : .
inventor - The inventory's precision to prevent irrational purchasing orders from cregpting
flow timg excess storage.

- The techniques for inventory valuation.
- The inventory levels and fluctuations.
- The monitoring of inventory turnov:
Existence of iterative techniques for identifying and evaluating risks associateq
“Sales & Collections” process.
Control : ; .
Existence of appropriate rules and procedures to manage:
accounts o
: - The customers’ risks assessment, to prevent bad debt.
receivableg ) ; . o
flow time - The customer credit and discounting authorization rules.
- The monitoring of payments and doubtful debts.
- The aged receivables.
- The invoicing process in order to prevent delays of custagpayment.
Supply Chain Control Every time perfect order accelerates the inventory flowaasid flow distortions ove
Reliability inventor time.
Supply Chain flow timg Stable cycle time for completing customer orders leads to controlled flow tin
Responsivene inventory.Which contributes to less CCC variation, and CFB cor
: . Control |The selffinancing capacity of the company and the low level of debt contribute to
Financial Debt ; : M
accounts [the risks of cash conversion cycle variation and consequently reduces the CFB ¢
Financial | receivablegThe lower the cycle time is, the more the Cash Conversion Cycle variation is r
Efficiency |and payablgThis contributes to a better CFB contrc
Financial flow time |The more the company is liquid, the less it's fragilizgd Cash Conversion Cy(
Liquidity variation, and CFE
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Abstract: Meteorology affects every part of life. We need now the weather conditions for our everyday life, but also

for the work activities of the company. Transport is a very sensitive area that is very responsive to changing weather
conditions. Each type of transport is sensitive to different weather phenomena. The article provides basic information
about weather, its role in transportation, and the fact that hazardous weather phenomena can significantly affect the speed
of delivery, safety and quality of transportation.

1 Introduction air mass. The warmer air mass interacts with the cooler air

Meteorology is a science with a long history [1]@long the frontier and typically produces precipitation.
Already in the distant past, our ancestors were aware of fReld fronts are frequently followed by a warm front or
weather's influence on their everyday life. Nations livingduall line [1,3]. The cold front is typically characterised
on see coast also were familiar with wind phenomenBy heavy clouds, torrential precipitation, storms associated
which could adversely influence their sea navigation, so #¥4th turbulence, wind shear, hail etc. [1,3].
fishing and the transportation of goods [2]. _

Information about the occurrence of fog and, as a result,

So let's not be surprised that it was the marinossible lower visibility also has a unique place in traffic.
meteorology that pushed meteorology forward. Othdrod is an aerological aerosol consisting of very small water

modes of transport used the marine meteoro]oggfoplets reducing horizontal VISIbIlIty in at least one
experience gradually [2]. irection below 1 km [4]. While researching the occurrence

of fog at Slovakia's international airports in the period

Meteoro|ogists have at their disposa| tools for h|gh:1.998'2018, interesting in.for-mation was found. The urban
quality weather forecasting and individual values ofgend about the low incidence of days with fog at
meteorological elements, but they still have to reckon witratislava Airport was confirmed, and the urban legend
a high value of uncertainty. In recent years, the use 8Pout the minimal occurrence of days with fog in summer
meteorological satellites and meteorological radars h#&s not confirmed. According to [5], in the period 1998-
improved, and numerical prediction models are availab®018, fogs occurred during the year with different numbers
with a special focus on various users of meteorologic@f days at Slovakia's international airports (Figure 1).
model outputs. However, in addition to high-qualitv
forecasting tools, expert meteorologists who are able | 4, .Fog at the international airports, 5, 5 4

interpret all outputs so that their information is relevant 120 -
the user are also needed. g
100 1 81.33 77.81
Even though we live in the $icentury, the role of (£80 76133 : 1
meteorology and its forecasts is still irreplaceable in 560 -
planning of activities in transport. 40 - I
20 4
2 The dangerous weather phenomena 0 - : _
Dangerous weather phenomena are meteorolog Bratislava Kogice Poprad Zilina

phenomena that significantly affect air traffic safel

jeopardise the flow, or even stop operations. Differenfigure 1 Average number of days with fog at the international
dangerous weather conditions can occur in the winter and airports for the 1998-2018 period [5]

other during the summer season. The most dangerous

weather situations include the frontal interface affecting The average number of days varies during the year,
the airport and its surrounding areas. A warm front is \&ith the most days with fog occurring in autumn
precipitous activity, but its effects are not as dramatic as ¢frigure 2].

a cold front, especially during the summer season [1]. Cold

fronts arise in the wake of a developing extratropical

cyclone when cooler air moves into an area of the warmer
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) ) Globally, road transport meteorology is growing
@ The occurrence of fog in meteorological importance. There are many papers published on the latest
3 seasons possibilities for dangerous weather phenomena prediction
40 [6-8]. The Standing International Road Weather
Commission (SIRWEC) operates as a forum for
30 information exchange on road transport meteorology
issues [9]. They include management, road maintenance,
20 road safety, meteorology, environmental protection and
other areas of interest considered relevant by the
10 Commission. Historically, SIRWEC holds a conference
every two years [9].
0
Winter Spring Summer Autum SIRWEC's main task is to encourage meteorologists,

. . . weather forecasters, highway engineers, road masters and
Figure 2 Average number of days with fog during ayear others who are interested in road transport weather
at Slovak intemnational airports [3] problems to exchange ideas to make our road transport

- 3afer in all weather conditions [9].
More than 1.5 million METAR reports were processe

and evaluated in the work [5]. There are also specialised companies focusing on

. detecting, predicting and evaluating weather conditions on
3 What interests us the most? roads in Slovakia. They also expanded their services and
In meteorology, we are not only interested in thexperience worldwide. Companies Microstep and/or
current values of meteorological elements (air temperatuspinet could be mentioned as good examples. Both of those
air pressure, wind direction and speed, Vvisibilityoffer a wide range of detection options for dangerous
phenomena...) but are also interested in the expecisifenomena in various modes of transport. This mainly
development of these phenomena for several days aheduses on air and road temperature, fog and wind data.
At present a weather forecast with a relevant warning valgge changes in these elements in space and time may
can be prepared for a maximum of 3-4 days in advance [#Hdicate the emergence of intermediate problems in
transport [10,11].
Numerous numerical methods are currently used for
weather forecasting, which, based on equations and An example of how the typical forecasting system
relationships describing events in the atmosphere, c@rks in a simplified form is shown in Figure 3.
predict the forecast in many places in the globe with a
resolution grid of km x km. To know the weather conditions status is the prime
importance for aviation. Even though the weather forecasts
We also use information from a wide network ohave improved considerably in the last two decades, the
meteorological stations that provide us with informatiogveather conditions are one of the major causes of air
about the course of the weather. This information hagcidents. Weather conditions deterioration can
different periodicity for different purposes. For example, ijgnificantly affect air transport and can cause, for
aviation meteorology, we use METAR reports - the curreixample, delays in large areas. However, not every kind
state of the weather conditions, or TAF (The Terminadf weather creates dangerous conditions for air transport.
Area Forecast), a forecast for several hours ahead. Nevertheless, 2018 was very specific, and a record number
of adverse weather events and industrial actions that

In road transport meteorology, it is very important t@everely disrupted network operations was registered
know not only the state of the atmosphere and p053|qp-14]_

meteorological phenomena related to it but also the state of

the pavement. Here we are served by various sensors builtThe weather can create weather phenomena that could

into the pavement, which provide not only up-to-datge dangerous for all traffic modes. Just as the weather

information about its condition but also serve as an inpghanges, so do dangerous weather phenomena adversely

for pavement condition forecast. affect the regularity, efficiency and safety of any transport
modes.
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Road Weather System
(Road & Weather Data)
Weather Forecasting Database Mobile Road
(Nowcasting/Forecasting) & Weather Data
Maintenance Alarms Real Time Displays
Decision Low Visibility
Wind Alarm
Support System Siack o
(MDSS)
Figure 3 Scheme of road weather registration and prediction system [10]
4 Transport and climate change - new rebound in 2021 more than reversed the pandemic-induced

challenges in this industry deqlin_e in e_missions of 1.9 Gt experienced in 2020. CO2

missions in 2021 rose to around 180 megatonnes (Mt)

ove the pandemic level of 2019. The 6% increase in CO2
issions in 2021 was in line with the jump in global

As mentioned, the weather and its changes significan
affect our lives and also the transport in small and lar

areas. In the current period, the problem of climate chan ) ¢ 59%. Thi ks th
is also coming to the fore. Transport is responsible for t onomic output of 5.9%. This marks the strongest
pling of CO2 emission with Gross domestic product

amount of greenhouse gases increasing in the atmos ; e
and intensi?ying the gregnhouse effect g ph%%P) growth since 2010 when global emissions
' rebounded by 6.1% while economic output grew by 5.1%

Global CO2 emissions from energy combustion an@s the world emerged from the Global Financial Crisis.

industrial processes rebounded in 2021 to reach theirT N ible for 30% of alobal final
highest-ever annual level. A 6% increase from 2020 ransport was responsiolé for o of global fina

pushed emissions to 36.3 gigatonnes (Gt), an estim&tec'Y demand and for 23% of global direct CO2
based on the IEA’s detailed region-by-region and fuel-bmissions from the energy sector that year [15].

fuel analysis, drawing on the latest official national data ) ) .

and publicly available energy, economic and weather dafa. Conclusion — meteorology in transport in
The Covid-19 pandemic had far-reaching impacts on the future

energy demand in 2020, reducing global CO2 emissions by Meteorology remains an important partner for
5.2%. However, the world has experienced an extremaiypproving the quality and efficiency of all types of
rapid economic recovery since then, driven byransport. Meteorological information, very detailed and
unprecedented fiscal and monetary stimulus and a fashccurate, helps with planning transport around the world.
although uneven- roll-out of vaccines. The recovery dh addition to traditional meteorological tools, which are
energy demand in 2021 was compounded by advensell known and used (radar, satellites, models...), Al and
weather and energy market conditions, which led to moits help in solving problems in transport are also coming to
coal being burnt despite renewable power generatiohe fore.

registering its largest-ever annual growth. Emissions

increased by almost 2.1 Gt from 2020 levels. This puts Transport is of prime importance for most of business
2021 above 2010 as the largest ever year-on-year increasd is an indispensable part of our life. However, the aim
in energy-related CO2 emissions in absolute terms. The
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of greenhouse gas emissions reduction had to be one of thepp. 1-9, [Online], Available: https:/sirwec.org/wp-
major aims for transport today. content/uploads/2022/04/Prague-D-15.pdf
[25 Feb 2023], 2023.

In many modes of transport, ways are being sought [8] MATSUZAWA, M., KAJIYA, Y. ITO, Y,
reduce the impact of transport on the amount of greenhouse TAKECHI, H.: Problems in visibility measurement of
gases in the atmosphere. Experiments are being done in theoad in blowing snow, SIRWEC 2008, Prague,
use of green types of energy to drive cars, ships and evenl14-16 May, pp. 1-6, [Online], Available:
aeroplanes. https://sirwec.org/wp-

content/uploads/2022/04/Prague-D-08.pdf

If we assume that a warmer atmosphere can absorb [14 Feb 2023], 2023.
more water vapour, more water vapour can produce md8§ SIRWEC, Standing International Road Weather
convective clouds, and more dangerous phenomena canCommission, [Online], Available: https://sirwec.org/?
occur from it (heavy showers, storms), it is important to page_id=92 [25 Feb 2023], 2022.
pay more attention to observation, prediction and warningl.0] MIS, MicroStep, Automatic Road Weather Station,

Meteorology and transport must work very closely together  [Online], Available: http://www.microstep-
in this respect. mis.com/web/products?category=road_weather&pro
duct=automatic_road_station [25 Feb 2023], 2023.
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Abstract: The paper highlights the main aspects of designing safety supply chains for grain cargoes and other agricultural
commodity delivery. The study's relevance is caused by the fact that periodic port blockades do not allow Ukraine to
carry out reliable exports of agricultural products along classical routes. Therefore, there was a need to find new
alternatives for exporting agricultural commodities, primarily grain. The study aims to substantiate, describe, structure,
and mathematically formalize proposed delivery options and choose the best. The research justifies picking supply chains
using automobile and railway transport from Ukraine to the European Union countries. According to three proposed
technologies, grain cargoes are exported in batches using containers. The advisability is justified for using each considered
delivery option regarding technological aspects. Mathematical modeling, particularly regression analysis, is used to
design supply chains. In this case, selecting the best technology is confirmed by corresponding calculations according to
designed regression models. The presented option for supplying agricultural commodities is the safest and most reliable
but more expensive. However, such logistics will be an excellent solution to reduce the negative consequences of a
possible food crisis for the global economy.

1 Introduction by Ukraine-Europe routes. A good example is supply chain

The proposed national transport strategy of Ukraingructures using E-commerce platforms [3]. Digitalization
significantly determines the priority areas for achievinguring product or cargo flow control allows manufacturers
quality transport services during the military conflict. Thi¢ind transport companies to have a certain level of
conception also provides for approaching levels of theiiaformation support in production and distribution
support and development of transport infrastructure fystems. This aspect is particularly important if risks are
advanced European standards. During a period @gnsidered posed by emergencies [4]. Herewith,
significant uncertainty in transport support, resolvingonsidered emergencies could worsen the stability of
problems is reducing influences of random factors b§fesigned food supply chains [5] without enough
building intelligent transport systems. It is demonstrate@formation support. _ . _
using smart methods (fuzzy patterns) when predicting trip In addition to ensuring physical security, an important
and delivery time [1]. aspect is the creation of safe financial and economic

It is also crucial to improve the level of delivery safetyettlements. Itis achieved by using innovative technologies
and reduce the negative impact of transport on tH@r the traceability of grain delivery quality [6] and using
environment [2]. It is necessary to respond to funds thBPn-standard business criteria for assessing investments in
improve management systems, implement certafh blockchain-based management information system [7].
administrative reforms, and qualitatively decentralize tasi&educing uncertainty factors makes it possible to design a
and functions for central departments relating to loc&gasonably reliable supply chain [8,9]. It is extremely
executive power. It will make it possible to design a higimportant in connection with the latest trends.
quality technology for supplying grain cargo in containers
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European partners increasingly note the negatitene at the border is nearly 16 days, sometimes a month
impacts of the current conflict on supply reliability and th¢l8]. The main problem at the same time is the width
food independence of European countries [10]. Expentfference in tracks between the railways of Ukraine and
note a significant price increase and logistics complexifguropean countries. Therefore, to move across state
during future distribution [11,12]. Repeatedly, food safethporders, specialists must either change "bogies with
issues were considered at sessions of relevant Wiheels" on railway wagons or transshipment cargoes from
committees. It is evidenced by the adopted resolutions ab#rainian vehicles to European ones. However, existing
councils [13]. World Bank representatives [14] and tradecsapabilities are not enough with current transportation
selling agricultural products to other world regions ardemands, according to data of EC.
concerned about the situation with supplies from Ukraine Therefore, European officials turned to companies with
[15]. Violating Ukraine's established trade routes with tha proposal to allocate or find "mobile grain reloaders" on
Asian region also causes some nervousness in fhe market. One option is also proposed - to deliver grain
population of Vietham and other Asian states [16]. cargo directly in universal containers since they can be

All of the above confirms the relevance of presentetloaded faster with appropriate cranes from the railway
studies to designing reliable and safe food supply chainsptatforms belonging Ukrainian railway to the European
such difficult conditions worldwide. one [19].

Ukraine belongs to the leading world producers and Since the beginning of the 2021-2022 marketing year
exporters of agricultural products, which include sunflowegffrom July 2021), Ukraine has increased the corresponding
oil, wheat, and barley. Significant nomenclature refers twlumes of export supplies for grain cargo by more than
cereals. However, the Russian invasion suspenddd% — to 42.6 million tons [20]. Corn and wheat were the
perspective transportation routes — through Ukrainian porsost exported. According to official statistics, Ukraine
on the Black Sea, which processed more than 90% of thesdd 32.5 million tons of grain abroad (Figure 1) in the
exports. The sale of grain is significant for our countr013—-2014 marketing period. In 2017-2018, export sales
because it brings in nearly twenty percent of Ukrainiadecreased to 39.4 million tons. But the country sold 50.4
export earnings. In addition, Ukrainian cereals providmillion tons of grain to foreign markets in the next quarter,
food safety for numerous countries in Europe, Asia, arahd 2019-2020 — 57.2 million tons. Export deliveries
Africa. The European Commission (EC) has developaamounted to 44.9 million tons last time. In particular,
and implemented measures to assist in transporting variddisraine exported 23.1 million tons of the main grain cargo
commodities from Ukraine to make grain cargo export corn, 16.6 million tons of wheat, 4.2 million tons of
safer [17]. barley, and 18.4 thousand tons of rye. As of February 21,

The EC quite qualitatively assessed problem areas42.6 million tons of grain cargoes were exported in the
supply chains. Thousands of rail wagons with grain ha@921-2022 marketing period: more corn - 18.7 million
been detained from the Ukrainian part near frontiers witlons, wheat — 17.8 million tons, barley — 5.6 million tons,
such countries as Poland and Romania. The average idle — 160.1 thousand tons [21].
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Figure 1 The exports amount of grain and leguminous, and products of their processing in 2013-2021
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The grain cargo supply to Europe is a completowards cooperation with intellectual and service focus on
technological process where it is necessary to developping with the growing complexity of customer
multimodal clusters in which production, warehouse, angquirements — this is evidenced according to research by
transshipment capacities will be combined. In the curre@iustia R. et al. [26]. An important aspect is resource flow
situation in Ukraine, supply chains using containers farontrol in logistics and other industries: metallurgy [27]
goods delivery are more efficient and reliable but relativelgnd automobile manufacturers [28]. Such principles should
costly. It should make it possible to simplify the process dife integrated into building supply chains in emergencies
boundary crossing for railway transportation, preciselgased on the classic distribution approaches of food flows
with insignificant volumes of orders by rail, but with a[29, 30] and grain cargoes on multimodal routes [31].
considerable distance — for example, when delivered to thtoreover, Ukrainian ports can be closed anytime to export
Poland or Spain ports [22]. And this aspect is alsagricultural products [32]. It will lead to searching for
providing a rational interaction between all elements dlternative supply chains. Therefore, some of the most
supply systems with minimal resource costs. Therefore,pbssible options for multimodal routes using container
is necessary to choose a methodological approach figlivery technology were reasoned and studied in detail in
designing rational technology grain cargo supplied ithis research.
containers by Ukraine—Europe routes.

The export of agricultural products from Ukraine is 2 M ethodology

strategic industry. At the same time, a significant share of The country's logistics potential is a combination of
products transported by leading international carriers [28alized and promising opportunities for creating logistics
are oilseeds, cereals, and beans. Ukraine exports 91.2%pftems and effective management of material and related
grain cargo by sea; the rest is by automobile and railw@yws, which make it possible to improve the economic
transport. The difficulties associated with changes in thgtuation per territory and increase its competitiveness [33].
geography of shipments force carriers to look for newhis definition reflects the main characteristic of the
effective solutions. One of these is grain delivered igountry's logistics potential - using opportunities provided
containers. This transportation kind is characterized by the country to its logistics systems [33].

universality, which allows carriers to supply products in" |n the study, to achieve a goal, we will determine
small batches with a volume of 500 to 5000 thousand tOI%ﬁternative techno|ogies for de"vering grain cargo in
Container transportation allows transport companies {fternational traffic — Ukraine — Europe, considering the
establish contact details with small consumers due to thgssibilities lack using seaports. The supply uses the road,
constant regularity of container international lines, gajlway transport, and related terminals. The using
certain delivery period, and abilities to plan processegntainers possibility for transportation will be considered.
clearly. To define the least costly option, it is proposed to apply
Grain crops are delivered in bulk by universajathematical modeling with regression model
containers. This transportation type is characterized by thgtermination based on selected impact parameters.
following advantages: reasonable cost of corresponding Based on information analysis of 10 companies
freights; shipment can be done in small batches; quotas gfg:rating in grain cargo logistics, statistical data were
not needed for costs of storing grain in elevatofptained on parameters of applications from customers:
warehouses, which are scarce. Transportation of grajfain cargo order volume; transportation distance during
cargoes in containers makes it possible to ensure: fa@ut (output) cargo flows; transportation distance
transshipment of grain from transport into containers; thenileage) by trunk transport. The selected parameters are
possibility of surveying and certification; customs suppoionsidered in the interval view. This study defines a
and clearance; installation of freight, and correspondingimber of conditions: 1) all demand characteristics for
booking. At the same time, specialized handling equipmegénders and recipients of grain cargo are known; 2) the
and machines are used for goods transshipment in {slivery process participants are grain elevators, transport
company's containers, such as screw reloaders, pneumaggnpanies (carriers), and railway; 3) the used resources
conveyors, etc. [24]. characteristics (containers, railway-wagons, trucks,
Container exports offer benefits to moving agriculturalferminals) are determined; 4) the control system
products through the presence of empty import containefgtermines service priorities according to product
that can be transported, making available domestic "digadiness rate; 5) customs authorities take an active part in
ports” more critical in international supply chains. Theyrocess control of frontier across.
document [25] highlights the impact and challenges of Consider three alternative technologies for delivering
increasing container transportation for agricultural goodsrain cargo in international traffic - Ukraine - Europe,
from remote areas to foreign markets in relation t@xcluding regular delivery through ports.
operations and management. The first technology is considered from the moment
Effective supply tracking is critical to managing globalyrain trucks unload at elevators, then batches of grain cargo
trade and logistics. That's why the organization angre stored until the moment arriving grain trucks at the
management of supply chains are constantly movingevators (Figure 2). The next logistic operation - cargo
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batches are loaded into grain railway wagons. Theappropriate documents are drawn up with established cargo
several wagons are sent to sorting railway stations, wherleecks. After that, trains go to European destination
completed trains depart to frontier stations. At this statiostations, where cargo is unloaded and stored. Further, grain
wheel sets are changed to “"European" ones, atrdcks supply grain cargo to recipients.

Cargo transportation by
several grain railway
wagons to the border
crossing station

|

Technological
operations at the
frontier station

Grain truck unloading at
elevator and cargo
receipting

Storing cargo by a grain
elevator

Cargo loading into grain
railway wagons

Cargo transportation in
grain wagons to
destination stations in
the EU

Loading grain trucks and
supplying grain cargo to
recipients

Grain cargo unloading
<— from wagons at stations ¢—
for next storage

Figure 2 Schematic representation for options of grain cargo delivery along the routes Ukraine - Europe - “Technology 1”

Logistics companies use the second technology f@ heading to frontier stations. At these stations, containers
unloading grain trucks moment at elevators. Batches afe transferred to platforms of "European” carriers, and
grain cargo are stored until containers are supplied &ppropriate documents are drawn up. Afterward, the trains
loading areas, and then containers are loaded (Figure @).to destination stations in the EU, where containers are
Further, containers are stored for some time in warehousggoaded and stored. From storage areas, containers are
(elevators). They are loaded onto mobile railwajoaded onto special vehicles and transported to consignees,

platforms, and then formed departure of several railwayhere grain cargoes are unloaded from containers.
wagons is sent to sorting stations, where a completed train

Grain truck unloading at
elevator and cargo
receipting

—»

Storing cargo by a grain :

elevator

Containers supply to
loading areas where
grain cargoes are
loaded

Containers are storing
in warehouses
(elevators)

'

Container trains traffic
to destination stations <«—
in Europe

Containers transship to |

platform wagons of

European carriers at
stations and transport
documents processing

-«

Loaded containers
transfer by platforms to
border crossing stations

Containers loading onto
railway platforms

|

Containers unload from
railway platforms and —»
stored in warehouses

Loading containers onto
vehicles

—

Containers unload from
railway platforms and
stored in warehouses

Figure 3 Schematic representation for options of grain cargo delivery by containers along the routes Ukraine - Europe -
“Technology 2"

The third technology also begins with grain truckserritory. Containers are unloaded from vehicles to

unloading at elevators. Batches of grain cargo are storedrehouses (elevators) in Europe. Then, after storing grain
until containers are supplied to loading zones, armhrgo in containers at warehouses, they are transferred
containers located on container trucks are loaded with grdiom containers to grain trucks based on orders, which then
cargo (Figure 4). Further, these vehicles go to state borddransport cargo to consignees and are unloaded at their
crossing frontiers with customs operations passagingecipient points.

Special trucks with containers follow by European Union
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Grain truck unloading at Storing careo by a erain Containers shift to
elevator and cargo —» E&albo DY e —  vehicles and loading

. elevator . .
receipting with grain cargo
Special trucks with Containers

: Passing customs :
containers follow b transportation to
Vo procedures at the +— P

European Union . customs checkpoints by
; frontier
territory trucks

;

—»>
Cargo unloading from
containers to Trucks loading by grain
—
warehouses and future cargoes
storing

Transportation to
—» consignees and grain
cargoes unloading

Figure 4 Schematic representation for options of grain cargo delivery by containers along the routes Ukraine - Europe -
“Technology 3"

Determination of rational technology of grain cargayrain cargo ¢;;}*); loading (unloading) time of grain

delivery in containers is proposed to be carried oargo in (from) containers per one tofeL’)
according to the estimated indicator - total cogts,(

which form values set off a certdth type of cost for each gcont _ ccont , ccont

. = - Qr,VQr = {20; 280}. 3
considered element of the technology u = Cut)y " tu)  Qr V0r = { } 3)

_vn _ The costs of loading (unloading) and reloading of
Zs=2inZpWn=1,..8 (1) grain cargo (container) to (from) a vehicle (truck, wagon)
8f the corresponding transport kind shall be taken into
account: average cost of loading (unloading), reloading to
corresponding transport kind) (at a certain pointj)

) . . ' (container storage warehouse, railway sorting station)
transportation distance (mileage) by trunk trans ; : . . X
time Igarameters of opeEationsgleZ(ezutiq;;)( perforfqmgg((j (Cawyy); Ioadlpg (unloadlpg),c reload.mg of corrgspondmg
operation costs,,). cargo (container) quantitytj;;;); limit quantities of

To achieve the proposed goals of research, tgansport kinds K); quantity limit of cargo transships
mathematical model has been designed for ration@ints according to corresponding delivery schenfgs (
technology determining during grain cargo delivery, whicAuantity of cargo (containers) loaded (unloaded) on (from)
takes into account: the container loading (unloading) costerresponding kind transport at a certain paig,{;;;)
(Zﬁ‘(’gt); costs for loading (unloading) and reloading of

The following parameters influence the estimate
indicator: grain cargo order volum@); transportation
distance during input (output) cargo flowsl,);

grain cargo (container) to (from) a vehicle (truck, wagon) i =X Zleqi(l)ij “tuij *Meontij Yk =

of correspond?ng transport typez;’glc)); costs of grain {1;2}; f = {1; 20}. (4)
cargo (container) storage in the warehouse and

technological idle time for corresponding transpdi ) The costs of storing grain cargo (container) at

transportation costs of grain cargo (container) by vehiclgarehouses and technological idle time at corresponding
type (truck, wagon) in the corresponding transport kind ifiansport kinds must take into account: average cost of
Ukraine and EuropeZ(,.); waiting for costs for grain cargo storing grain cargo and technological idle time at the
(container) shipment by corresponding kinds of trunkorresponding transport kinds at a certain point
transport£:%,); document processing costs for grain carggvarehouse, sorting railway stationfg(;); time for

(container) delivery45") storage of appropriate cargo (container) quantities and
technological idle time using appropriate transport kind at
Z,= Zﬁt(’lf)lt VIS A ZE A Zo + 2y + zZg (2) a specific cargo transship poimf;)
The container loading (unloading) costs are taken into Zg =X Zj;l Cstij " torij " Qr Ve = {1, 2}, f =
account: container loading (unloading) average cost with {1; 20} (5)
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The costs of transporting grain cargo (container) by The document processing costs of grain cargo
a vehicle (truck, wagon) belonging to correspondin¢container) delivery are taken into account: issuing
transport kinds in Ukraine and Europe are taken inocuments costs for cargo delivery by a certain transport
account: transporting grain cargo (container) average cédéhd (Cy;); insurance costs for goods supplied by a certain
by corresponding transport kinds on a specific chaimansport kind ;,,,;); customs clearance cost per vehicle
(Cyrir); cargo tranship points quantity limit according taC£,); customs clearance cost of grain camgg ()
the corresponding delivery scheme);( corresponding
transportation distances (input (output) cargo flow forlong 75! = Y% (Cy; + Cinsi) *Neose + Cloge + Copse s Yk =

cost»

distance) of grain cargo (container) by connected transport {1;2}. (8)
kind in a specific chainL{:";

T.ir

First, to solve problems using the proposed

Zyp =S W Corir 'L?}Tw vk = {1;2;w = methodology, it is necessary to carry out a statistical data
1. 1. dm ’ assessment from 10 companies operating in the Ukrainian
{1; 4} L5 € Ly UL, (6) P P 9

market. Order flows for 2021 are used as input data
ecause the current situation doesn't give any opportunity
ol receive alternative information about recent amounts of

into account: awaited shipment average cost for grain car gnsportation. The variables are the following flow

(container) using corresponding trunk transport kinds attgaraCt?t”?'CS: i tamourgjts_ Of. gtram i ctargo ofrlder,
specific cargo transship poin€.(,;;); waiting time for ransportation distance during inpu (output) cargo flow,
shipment of grain  cargo a:z)ntainer) using th and transportation distance by trunk transport. The values

ding t ' 1 ¢ ai X ) Sere obtained by analyzing orders for grain goods delivery
F:orrespon '”9 ranspor y!oe a- ace .am poﬁ@ﬁp_(j), . from Ukraine to the European Union, and the total number
impact-factor influence on idle time using correspondings orders (observations) equals one hundred.

transport kinds at a certain poikt(; ;;)

Awaited shipment costs for grain cargo (containe
using corresponding trunk transport kinds shall be tak

3 Result and discussion
Z&p = iz Zﬁ;l Coxp.ij * texpij " Qr " King.ij» VK = To obtain the most reliable data about value changes of
{1;,2}; f ={1;20} K; = {1.1;1.5}. (7) technological parameters describing processes of container
delivery on certain supply chains, the required
observations sample is determined (Table 1).

nf.ij

Table 1 Main mathematical characteristics of supply chains

= Grain cargo | Transportation mileage during ing Transportation mileage due to long-
arameter : :
order amount ) (output) cargo flow(km) distance suppl(km)

Expected vall 15C 40 1553.!

SIEETE 126.80 56.05 438.05

deviatior
Measurement 7.50 2.00 77.68

errol
Sample siz 92 97 55

The correlation between the two variables wasstablished influencing estimated indicators, and minimum
estimated by Chi-square. When using Statistica softward maximum values were determined using formulas (2-
calculations were made to determine the distribution lav®). The last was found by evaluating selected values from
for parameters of input order flows. It has been establishddee parameters (Table 2). Based on these data, an
that their values are distributed according to the normekperimental plan was completed according to obtained
distribution of random variables. Three factors werstatistics (Table 3).

Table 2 Exposure factor variation levels

Value Grain cargo order| Transportation mileage during inpuf Transportation mileage due to longt
levels amount (t (output) cargo flow (kv distance supply (kr
Minimal 20 15 312
Maximal 28( 65 279¢
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Table 3 Levels of influence factor variation (actual values)

. Variation level
Observation - - : — : :
; Grain cargo order Transportation mileage during ing Transportation mileage due to long-
series .
amount () (output) cargo flow(km) distance suppl(km)

Test: 20 15 312
Test: 20 15 279
Test ! 20 65 312
Test ¢ 28C 15 279
Test! 28C 15 312
Test ¢ 28C 65 312
Test 20 65 279
Test ¢ 28C 65 279¢

Regression analysis was performed by two functioanalysis since the criteria value "R-square" is maximum
types: linear and power. Microsoft Excel software waand equal to 1 (for all three cases). Evaluation parameter
used to design proposed model types, using a built¥lues checked the value of the corresponding coefficient
program for calculating regression. In this studyfor the linear type regression model. They are adequate,
regression analysis was performed using establishercept for the free member of the second model. This
function types for each technology. It is determined that thedicator is not considered when designing the linear model
linear function will be best according to mathematicdlTechnology 2" (Table 4).

Table 4 Regression models for each supply chain option

Supply chain optio Regression mod
"Technology 1" Z4 =500+4511.44-Qx+45-L; +27.5- L.
"Technology 2" Z =493.77 - Qp+42-L; +18-L,,.
"Technology 3" Z =1000+310.7- Qg + 45 Ly +37.8 L.

The obtained regression models were used to calculé¢ehnologies (Figure 5). Thus, input data are used as
choosing criteria for rational grain cargo deliverymaximal and minimal input order flow parameter values.

250000
225000
200000
175000

150000
125000
100000
75000
50000 | |I
O [ I 11
1 2 3 4 5 B 7 8

mTechnology 1 mTechnology 2  mTechnology 3 Test, case.

Total costs, UAH

[

Figure 5 Dependence diagram of total costs for grain cargo delivery in containers on routes from Ukraine to Europe from values
combinations of corresponding input parameters for each experiment test

Costs were compared for each technology. It helped$econd technology (transportation of grain cargo in
determine more economical options for effect according tmntainers by long-distance rail transport) is less expensive
combinations of influence parameter values (Table 5). Thiean Technology 1 (transportation of grain cargo in grain
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wagons by long-distance rail transport), with allUAH. Itis possible when using "Technology 2" compared
combinations of influence parameter values, with th®® "Technology 3" (transportation of grain cargo in
greatest effect being 32195.10 UAH. The greatest effecbntainers by trucks) at maximum distances and minimum
with all possible combinations of comparison is 52874.6@lume of grain cargo order.

Table 5 Results of economic effect comparing

Effect (UAH)
Observatior] Comparing results for Comparing results for Comparing results for "Technolog
series "Technology 1" and "Technology 1" and > and "Technology 3" '
"Technology 2 "Technology 3 9y
Test ! 3862.4( 301.2( -3561.2(
Test: 27450.9i -25273.71 -52724.6!
Test ! 4012.4( 301.2( -3711.2(
Test ¢ 32045.1i 26918.7 -5126.4(
Test! 8456.6( 52493.6! 44037.01
Test ¢ 8606.6( 52493.6! 43887.0I
Test : 27600.9i -25273.71 -52874.6!
Test ¢ 32195.1 26918.7 -5276.4(
4 Conclusions function model is most adequate because the “R-square”

This research represents the results of conditioiglue is equal to one. _ _
determining under which carriers (grain traders, supply Regression models of the corresponding type were built
companies) can choose a rational version of the technoldyg{/ three options for delivering grain cargo in containers on
for delivering grain cargo using containers by Ukrainetoutes from Ukraine to Europe. The effect-determining
Europe routes. For this, a methodology was developed tfiggults showed that “Technology 2” when compared with
included the following elements: alternative options desigrf €chnology 1" at all combinations of values of
for techn0|ogies of grain cargo Supp|ying; parameteﬁg(:hnOlOgical parameters, will have a positive result — the
definition for selection evaluating of an effective variantiotal costs are less (the highest effect level is 32195.10
creating mathematical models for values determiningAH at maximum values of input parameters).
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Abstract: Occupational health and safety (OHS) of warehouse workers is a crucial issue for warehouse managers. The
importance of OHS practices has increased over recent years due both to high levels of fatal accidents in the logistics
industry, and chronic shortage of labor in the sector, which requires systematic efforts to reduce absenteeism and increase
warehouse employee motivation. This article aims to address the current state of some fundamental OHS practices of
warehouse workers in Bulgarian manufacturing and trading organizations, and to outline some recommendations for their
future improvements. The data were collected using the questionnaire survey method among 91 manufacturing and
trading organizations in Bulgaria, which operate warehouses, and were processed using Chi-square analysis. The results
show that the share of trading organizations, which implement OHS practices is lower, in comparison with surveyed
manufacturing organizations. In addition, small organizations lag behind medium and large regarding the use of
fundamental measures to protect warehouse workers. The main research findings indicate that there is a need to expand
the frequency of OHS practices applied in trading organizations through a wider implementation of joint firefighting drills
with fire and emergency safety authorities, adaptation of warehouse infrastructure, clear designation of emergency exits
and placement of signs/work instructions for safe work at workplaces. Furthermore, it is critical to increase the use of
appropriate work clothing and personal protective equipment (PPE), as well as to provide regular safety briefings in
trading warehouses and small organizations.

1 Introduction stems from three main factors. First, in 2019 about a third

OHS practices are an issue of increasing importance @‘1%) of non-fatal accidents at work resulting in at least 4
warehouse managers. According to data provided Biays of absence and about a quarter (22.9%) of fatal
Eurostat in 2019 the transport and storage sector rariR§idents occurred in the manufacturing and trading sector
second, and accounts for 15% of all fatal accidents at wdfk the EU-27 [1]. Second, the incidents often happen in
in the EU-27 countries [1]. The operations carried out iwarehouses during the movements of material flows by
the warehouse engage a significant human resourcef@iklifts [3], which are used there due to their universal
labor-intensive activities that are performed in a workingPplication in heavy loads handling [4]. Third, previous
environment with a high degree of risk and hazards. fg§search in the manufacturing industry has been focused on
addition, physical work in the warehouse leads to fatigigudying the relationship between OHSAS 18001
and causes stress arising from the increasing demand to&/tification and operating performance [5], revealing the
down on customer service time. All that has an adveré&gsults of the implementation of a complex safety program
effect on the attractiveness of the logistics industry. Asif an automotive parts plant [6], outlining the issues of
result, in recent years the logistics sector has been knogafety requirements provided by service providers in the
to suffer from a chronic labor shortage [2], includingdutomotive industry [7], analyzing the factors for building
warehouse operations. In these conditions, ensurifgSafe work culture in the Malaysian manufacturing
adequate practices for health and safety working conditioffi§lustry [8], the safety of the work environment in Korean
of warehouse workers becomes a crucial issue fBranufacturing [9], as well as the relationships between
warehouse managers. On the one hand, they look #erk accidents and the causes of their occurrence in
options to reduce accidents resulting in inefficient use fomanian organizations [10], including manufacturing
the available workforce. On the other hand, improving th&nd trading, but has failed to reveal the most commonly
working conditions in the warehouse is an importartPplied practices for health and safety working conditions
prerequisite in efforts to boost the motivation of warehous¥ warehouse workers.
workers. Occupational accidents in Bulgaria are a serious

Despite the growing number of publications dealinghallenge. In 2019, the country ranked second in the EU-
with various aspects of OHS practices in general, little &7 With 3.37 fatal occupational accidents per 100 000
known at this point about their application in terms ogmployees [1], which is 2 times higher than the average
warehouse workers in manufacturing and tradintgvel for the EU member states. Nevertheless, OHS
organizations both in Bulgaria and abroad. The importanggactices in the logistics sector have not been included in
of this issue for manufacturing and trading organizatiort§e scope of some of the most significant studies in this

~ 403 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 10 2023 Issue: 3 Pages: 403-412 ISSN 1339-5629

Current state and improvement prospects of warehouse workers health and safety practices in
Bulgarian manufacturing and trading organizations
Miroslav Stefanov

field [11,12]. Therefore, it is the right moment now to stud®?  Theoretical framework

the OHS practices in manufacturing and trading OHS of warehouse workers is a controversial
organizations, and Bulgaria is the right place to condugianagement area that requires the achievement of a
such kind of research. Previous studies found inSUfﬁCieﬁUmber of Compromise solutions. On the one hand, the
knowledge in this field [13], as well as the need to apply amprovement of working conditions promotes a better
interdisciplinary research approach when conductingpor force utilization by reducing sick leaves and
studies [14] In addition, workers in small and mediumi'ncreasing work Capacity_ It also heips decrease the
sized organizations are among the most at risk of injuriggmpensation costs for occupational accidents, and the
at work [15] This shows that the size of the Organizatiqﬁsses caused by damage to warehouse equipment’
can also influence OHS practices. Currently, thifwolved in accidents with warehouse workers. On the
relationship is inadequately examined and hence it is algther hand, however, ensuring OHS requires financing a
worth researching. number of measures to improve the working environment,
Therefore, the aim of this article is to reveal the curreRhich reduces the profit margin. All this requires

state of some basic OHS practices of warehouse workergjBrehouse managers to be precise when opting for the set
Bulgarian manufacturing and trading organizations basefl OHS practices applied.

on which to outline the necessity for their future A number of good practices for OHS ensuring of
improvement. To achieve this goal, the following researGharehouse workers are found in specialized books,

gquestions need to be clarified: standards and some scientific studies. This study identifies
1. What are the fundamental and most frequently useime basic and frequently applied practices that will
OHS practices of warehouse workers? support efforts of logistics managers to build both a better

2. Are there statistically significant relationshipsworking environment, and better working conditions in
between OHS practices of warehouse workers angarehouses. These practices are systematized in three

organization type/ organization size? groups.
?). What is the Strength of the relatlonshlps between the The first group Comprises the conduct of genera| and
variables mentioned? specialized OHS training. Conducting general training

4. What are the individual differences in thg16-19] stems from employers' commitments to provide
statistically ~ significant ~relationships  between theheir workers with a basic understanding of all aspects
variables? _ _ _ related to OHS. In addition, training in narrowly defined

5. What recommendations for improving the health angk|ds also contributes significantly to reducing accidents
safety practices of warehouse workers can be formulatggth warehouse workers. Some basic OHS practices
and addressed to stakeholders? applied in these fields involve: first aid training [18-21];

This study extends existing knowledge on th@lemonstrations of available equipment safety use [18,21];
application of OHS practices in two ways. First, it outlinegint firefighting drills with fire and emergency safety
the importance of the practices most commonly applied faithorities [16,18,21], as well as periodical evacuations of
the protection of warehouse workers in the high-risfarehouse workers and visitors [20,21].
sectors of manufacturing and trading in Bulgaria, for which  The second group covers various OHS practices that
the Currently available knowledge is still insufficient.wi” mitigate warehouse workers' risks arising from
Second, the research provides some practical guidelinesyigrking environment. Measures such as adaptation of
assist warehouse managers in their efforts to improve t3@rehouse infrastructure [16-18,20] by improving the
working environment and working conditions and tQighting of work areas, better protection of pedestrian
support policy makers in building a more favourablgyalkways, etc.; use of equipment for protective signals
regulatory environment and funding opportunities fo20,22]; clear designation of emergency exits [16,18,19];
organizations to enhance health and safety culture dasignation of places with first aid kits [17,18,20] and
warehouses. . _ _ ~ placement of signs/work instructions for safe work at

The results of this article will offer valuable initial Workpiaces [18,21] are of top priority when ensuring safer
scientific and practical inferences not only in the Bulgaria@orking conditions.
context, but also for other developing countries lacking The third group of OHS practices takes into account the
knowledge of OHS practices involving warehousefforts of employers to improve working conditions.
workers. Fundamental measures of key importance in this field are

The rest of this article is organized as follows. Theelated both to provision of appropriate work clothing and

theoretical framework of the study is presented in sectig)pE [16-19,21], and periodically conducting safety
2. Section 3 deals with data and methods used. The resgffgfings [21].

of the study are addressed in Section 4. Section 5 focuses
on the discussions about OHS practices as well as some
recommendations to warehouse managers and policy
makers. Concluding remarks and some guidelines for

future research are provided in Section 6.
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3 Data and methods Within the first stagebased on a literature reviavith
3.1 Data the help of content analysis, some of the most significant
The article presents the final results of a surveRractices for ensuring health and safety of warehouse
conducted among manufacturing and trading organizatio@rkers were identified. They were included in the test
in Bulgaria that use warehouses. version of the questionnaire. It was approbated with ten
The data were collected using the questionnaire survBgrticipants including seven warehouse managers with up
method during the period April — May 2020. The surve{P © Years of relevant experience, as well as two warehouse
was conducted online through the LimeSurvey platformi?@nagers and a consultant with more than 5 years of
The questionnaire used consisted of a general and®¥Perience in the field. The results of the approbation
specialized section, the latter containing OHS practicé@”ﬂed the identified OHS practices of warehouse workers
issues. The general questionnaire section was complefiy S0me of the most frequently used, and they were
by 134 organizations, and the specialized section with OHRgorporated in the final version of the questionnaire.
practices by 91 organizations or about 68% of thosgherefore, in the construct "implemented practices to
participating in the survey. The share of manufacturingsure OHS  of warehouse workers” the following
organizations was 40.70% and that of trading organizatiofiasurement items were included: general training on
was 59.30%. In terms of size, 44% of the organizatiof§alth and safety at work; first aid training; demonstrations
were small (up to 49 employees), 31.85% were mediurfif available equipment safety use; joint firefighting drills
sized (from 50 to 249 employees) and 24.15% were lar§dth fire and emergency safety authorities; conducting
(more than 250 employees). Only representatives Beriodical evacuations of warehouse workers and visitors;
organizations familiar with OHS practices in use took paftdaptation of warehouse infrastructure; use of equipment
in the survey. They were selected among the oth& Protective signals; clear designation of emergency
participants through a control question for access to tR&ItS; designation of places with first aid kits; placement of
specialized section. signs/work instructions for safe work at workplaces;
The questionnaire used for the survey was approbatBtpVision of appropriate work clothing and PPE, as well as
during the period February — March 2020. periodically conducting safety briefings.

Data processing in the present study was performed During the ;econq stage reliability evaluation of t_he
using SPSS, ver. 20 and MS Excel software. measurement items in the used construct was carried out

using the Cronbach's alpha coefficient — Table 1.
3.2 Methods
To clarify the research questions posed in the present
study a five-stage research approach that engaged various
research methods was applied.

Table 1 Construct, measurement items and Cronbach’s alpha coefficient, used to study of warehouse workers’ OHS practices
in Bulgarian trading and manufacturing organizations

Cronbach’s alpha

Construct Measurement items .
coefficient value

1. Generatraining on health and safety at w

2. First aid training

3. Demonstrations of available equipment safet
4

5

. Joint firefighting drills with fire and emergency safety autho
Implemented . Conducting periodical evacuationswarehouse workers and visit
practices to ensure6. Adaptation of warehouse infrastruct
OHS of warehouse7. Use of equipment for protective sigi
workers 8. Clear designation of emergency €
9. Designation of places with first aid |
10. Placement of signs/woinstructions for safe work at workpla
11. Provision of appropriate work clothing and |
12. Periodically conducting safety briefil
Source: author’s calculation

0.828

The result obtained shows good reliability= 0.828). because qualitative variables such as type of organization,
This means that the selected measurement items canstm of the organization, as well as implemented OHS
used for subsequent statistical analyses. practices were used.

To establish the statistical significance of warehouse The requirement of no cells with minimum theoretical
workers' OHS practices in terms of both organization tydeequencies below 5 in regard to the relationship between
and organization size, statistical hypotheses testing usiognducting of general training on health and safety at work
Chi-squared analysis was performed. It was chosamd organization size wasn't met. In the subsequent
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analysis this relation wasn't analyzed, because inferenceferring to the established statistically significant

drawn would be of compromised credibility. The analysisterrelationships were discussed.

of the rest relationships shows that all the reliability Within the final stageon the basis of the results

requirements of the Chi-square analysis in terms obtained for the state of OHS practices in Bulgarian

theoretical frequencies and sample size were mehanufacturing and trading organizations, some

Consequently, the results can be interpreted. recommendations for their improvement addressed to
Within the third stagefor the statistically significant warehouse managers and policy makers were provided.

relationships established between the variables, the

strength of the relationship was evaluated. For this purpode, Results

the Cramer’s coefficient was used. In this section, the results of the applied statistical tools
During the fourth stagethe individual differences in are presented and analyzed. Table 2 shows relationship

the shares of OHS practices applied both for organizatietween OHS practices applied and research variables for

types and for organizations by size were assessed with yaich all the reliability requirements of the Chi-square

help of descriptive statistics toolkit. Only the differenceg@nalysis are met.

Table 2 Results of Pearson Chi-Square tests for the relationship between OHS practices applied and
organization type/organization size
Statistically significant relationship
between practices applied and
organization

OHS practices

type size

1. General training on health and safety at\ 0.147¢ -

2. First aid training 0.258c¢ 0.098:
3. Demonstrations of available equipment safet 0.398( 0.296¢
4. Jointfirefighting drills with fire and emergency safety author 0.0164 0.143:
5. Conducting periodical evacuations of warehouse workers and » 0.090¢ 0.399¢
6. Adaptation of warehouse infrastruct 0.014% 0.471¢
7. Use of equipment f¢protective signa 0.113¢ 0.451:
8. Clear designation of emergency € 0.0069 0.078(
9. Designation of places with first aid | 0.052: 0.433¢
10. Placement of signs/work instructions for safe work at workg 0.0167 0.328:
11.Provision of appropriate work clothing and F 0.0009 0.0012
12. Periodically conducting safety briefii 0.0499 0.0190°

Asymptotic Significance (1-sided); * Statistical significance, p < 0,05
Source: author’s calculation

The analysis of significance levels shows that there apeganization type and organization' size. The statistically
several statistically significant relationships between thg&gnificant relationships established are evaluated by the
OHS studied practices in the warehouses of the Bulgari@mamer's coefficient, and the results are systematized in
manufacturing and trading organizations and the variabl&able 3.

Table 3 Results of Cramer’s coefficients for the established statistcally significant relationships between OHS practices applied and
organization type/ organization size
Statistically significant relationship
between the practices applied andrganization

OHS practices type size
Cramer’s Cramer’s
coefficient Relationship coefficient Relationship

value strengtl value strengtl

Joint f|_ref|ght|ng drills with fire and emergency saf 0.924 weak i -

authoritie:

Adaptation of warehouse infrastructi 0.22¢ weak - -

Clear designation of emergency € 0.25¢ weak - -

Placement of signs/work instructions for safe work

0.223 weak - -
workplace

Provision of appropriate work clothing and F 0.32¢ averag 0.36¢ averag

Periodically conducting safety briefir 0.17:¢ weak 0.26¢ weak

Source: author’s calculation
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The analysis of the Cramer's coefficients shows that for The existence of relationships, despite predominantly
the statistically significant relationships establishe@eak strength, indicates that individual differences in the
between research variables, weak strength of relationshipeanings of OHS practices for the research variables can
prevails. An exception with regard to the practice relatdsk interpreted. These differences, in terms of OHS
to provision of appropriate work clothing and PPE ipractices applied and organization type are presented in
observed. For this OHS practice applied, mediurRigure 1.
relationship strength is established both with respect to
organization type and organization size.

Joint firefighting drills with fire and emergenc;L“ DI ”g'zl |y(|)|°w| 43,20%
safety authorities a 30,80%
, _ WINIUIIITITNITITTITTG 62,20%
Adaptation of warehouse infrastructuré ¢ 38,90%
e e e e 48,80%0

WU 89,20%

Clear designation of emergency exits / 66,70%

Placement of signs/work instructions for saﬂ%W' |‘|,_—>|:L| |7”(|)|O|A|J| II175,70%
work at workplaces 62,60%

» _ , WHWIUUIIIUUIUOUUIULLTTTTHTTTT 86,500
Provision of appropriate work clothing and PR 55,60%
e s 68,10%
o _ CNOnunBouuaouuIuRuIULLIIITIIHII- 83,809
Periodically conducting safety briefing 68,50%

e e e e e e e n e e e 74, 70%

0,00% 20,00% 40,00% 60,00% 80,00% 100,00%
I'Manufacturing organizations + Trading organizations ©Total

Figure 1 OHS practices applied in Bulgarian manufacturing and trading organizations - overall and by organization type
Source: author’s calculation

The analysis of the data shows that OHS practices of Clear designation of emergency exits is the most
warehouse workers are applied to a greater extent adammonly used OHS practice and it is implemented by
manufacturing organizations compared to trading ones. 5.80% of organizations surveyed. In regard of
manufacturing warehouses, there are more health amdjanization type, this OHS practice is applied by 89.20%
safety risks for warehouse workers due to the proximity @f manufacturing organizations and by 66.70% of trading
production machinery and the greater frequency ahes.
handling operations with heavier and bulkier loads. In Periodically = conducting safety briefings s
addition, manufacturing organizations more often havenplemented in total by 74.70% of organizations surveyed.
occupational health and safety experts who contribute Tdis practice to ensure the health and safety of warehouse
integrated improvement of health and safety measuresviorkers is used by 83.80% of manufacturing and 68.50%
all organizational entities. of trading organizations.
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Provision of appropriate work clothing and PPE isealth and safety of warehouse workers. This OHS practice
implemented by 68.10% of the organizations surveyetk applied by 62.20% of manufacturing and 38.90% of
The importance of this OHS practice is greater itrading organizations.
manufacturing warehouses than in trading ones. It is used The most underestimated OHS practice seems to be the
by 86.50% of manufacturing and 55.60% of tradingpint firefighting drills with fire and emergency safety
organizations. authorities, which is applied in total by 30.80% of

Placement of signs/work instructions for safe work atrganizations surveyed. It is applied by 43.20% of
the workplace is implemented by 75.70% of manufacturinganufacturing and 22.20% of trading organizations.
organizations and 53.70% of trading ones or in total by Individual differences in terms of OHS practices
62.60 % of the surveyed organizations. applied and organization size are presented in Figure 2.

About half of surveyed organizations are adapting
warehouse infrastructure as a measure to improve the

Periodically conducting safety briefingg

0,00% 20,00% 40,00% 60,00% 80,00% 100,00%

# Small organizations (up to 49 employees)

= Medium-sized organizations (from 50 to 249 employees)
~Large organizations (over 250 employees)

» Total

Figure 2 OHS practices applied in Bulgarian manufacturing and trading organizations - overall and by organization size
Source: author’s calculation

Data analysis shows that the practices of providing Discussion

appropriate work clothing and PPE, as well as periodically contemporary trends in trading warehouses that build
conducting safety briefings are used by 68.10%, ang better opportunities for faster order fulfillment in e-
74.70% of organizations surveyed, respectively. Theg@mmerce involve both an increase in stock density and
measures to ensure OHS are mainly used in large afigher degree of automation [23]. They lead to high
medium-sized organizations, and small ones lag behifigensity of material flow. As a result, health and safety
them. Small organizations often cannot afford to hire afsks of warehouse workers are increased, while OHS
OHS specialist and have more limited financial resourcegactices in the warehouses of the Bulgarian trading
to provide OHS measures at work. organizations are noticeably weaker than in manufacturing
Appropriate work clothing and PPE, as well agnes. Therefore, it is imperative that trading warehouse
periodical safety briefings are implemented by 90.90% @fianagers expand protection measures of warehouse
large organizations and by 75.90%, and 79.30% @forkers.
medium-sized  organizations,  respectively.  Small The finding that the surveyed organizations downplay
organizations are generally in a catch-up position, andige importance of joint firefighting drills with fire and
smaller proportion of them apply these practices, compargghergency safety authorities for OHS ensuring in the
to the share of medium and large ones. Providing Wofkarehouses is also a source of concern. This comes against
clothing and PPE is implemented by 50.00% of smajhe backdrop of worrying data from the US National Fire
organizations, and conducting periodic safety briefings iyrotection Association. They show that for the period
62.50% of them. 2016-2020 in the US only, an average of 1,450 warehouse
fires occur annually, killing an average of 2 civilians and
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injuring 16 others [24]. This indicates that a widemith surveyed manufacturing organizations. A need to
application of joint firefighting drills is necessary in theexpand protection practices in small-sized organizations
studied organizations. In particular, this need is even mateat lag behind medium and large ones in implementation
pressing for trading organizations, which apply this OH8f mandatory OHS measures such as provision of
practice noticeably less compared to manufacturing onegpropriate work clothing and PPE, as well as periodically
Some of the most significant fires in recent years claimembnducting safety briefings is also observed.
a number of victims among both workers and firefighters Based on the results of the analysis, several
in warehouse incidents in Tianjin, 2015 [25], Changchumgcommendations to warehouse managers and policy
2021 [26], Moscow 2016 [27,28], 2022 [29], Orlandomakers can be drawn up.
2022 [30], and hundreds of thousands square-feet property First, better warehouse workers protection can be
in fire incidents in Indiana 2022, lllinois 2022, and Nortrachieved through a wider implementation of OHS practices
Carolina 2021 [23]. by a greater number of trading organizations. Moreover,
The warehouse work environment is highly hazardouhiring a part-time OHS specialist or training such an expert
In manufacturing and trading warehouses, high intensigt the organization‘s expense would also contribute to OHS
movement of lifting transport equipment and pedestriansiprovements in trading warehouses.
as well as intense pressure to reduce customer service timesSecondreducing the health and safety risks for workers
are observed. Hence, the higher risk to health and safetyasf a result of fires requires warehouse managers in
warehouse workers. Available data shows that forkliBulgarian manufacturing and trading organizations to
accidents account for around 10% of workplace injuriesonduct joint firefighting drills with fire and emergency
[31] and they are often caused by a collision betweensafety authorities at least once a year.
forklift and a warehouse worker [32]. Therefore, the need Third, advancement of investments to ensure a safer
to adapt the warehouse infrastructure arises. Variousmrking environment can be accomplished with legislative
measures such as improving the lighting, installingitiatives by policy makers. Measures such as tax
guardrails, delineating separate areas for the movementefluctions on the amount of investments to adapt the
forklifts and pedestrians, as well as installation of signalarehouse infrastructure and/or provision of low-interest
warehouse traffic warning light system contribute tinvestment loans by the Bulgarian Development Bank
reduction of warehouse occupational injuries. would contribute to better protection of warehouse workers
The decrease of occupational injuries for warehouse Bulgarian manufacturing and trading organizations.
workers is a key prerequisite for reducing work injury Fourth, establishing an association that promotes OHS
costs, workers' compensation costs, absenteeism arfdvarehouse workers would contribute to increasing the
improvement of the employer brand trust. Although thexpertise and synergy in the field of safety in a warehouse
employment injury insurance scheme options armenvironment of member organizations. It would facilitate
constantly expanding, they are still overwhelming fothe interaction between warehouse managers and policy
many employers. As a result, ensuring health and safetynadkers by formulating common positions to support
work continues to be one of the most significant challengesgulatory framework updating and changing. In addition,
for business managers, and warehouse managerstha association expert committees could support
particular. According to a study conducted by Thevarehouse managers by drawing up recommendations,
International Labor Organization and The United Nationisistructions and guides for conducting periodic safety
Global Compact, around 60% of the global workforcériefings, tailored to the peculiarities in a warehouse
lacks protection against work-related injury and illnessnvironment.
[15]. In addition, data from the National Safety Council Fifth, policy makers could create conditions for
show that in the US private sector, employers lost thecquisition of suitable work clothing, PPE and protection
opportunity to use significant number of workers of alsigns to expand OHS practices applied in the warehouses
ages due to injury or illness in 2020 — 22.1; 27.3 and 28 small, medium and large-sized manufacturing and
workers per 10,000 employed, respectively for a periddading organizations in Bulgaria by including an
from 6 to 10; 11 to 20 and 31 + working days [33]. Thisppropriate application mechanism in the operational
gives rise to the need for constant prevention gfrograms financed by the European Structural Funds for
occupational accidents in the risky warehouse environmeBitilgaria.
and the wider application of practices for warehouse Sixth,ISO 45000 management system certification can
workers’ protection. In Bulgarian trading organizationslso help to build a culture of prevention and better control
warehouses this necessity is clearly expressed. The stadyhealth and safety issues in warehouses. It can be done
results show that warehouse workers in these storehousgth the support of policy makers and the provision of an
receive less protection in terms of some OHS practiceppropriate application mechanism under the operational
such as clear designation of emergency exits, placemenpobgrams of the European Structural Funds for Bulgaria.
signs/work instructions for safe work at workplaces,
provision of appropriate work clothing and PPE, and
periodically conducting safety briefings, in comparison
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6 Conclusion related to hiring a part-time OHS specialist or training such

The results of this research provided some valuab® expert at the organization's expense, conducting joint
initial scientific inferences and practical recommendatiorf§efighting drills with fire and emergency safety
regarding the OHS practices of warehouse workers @ythorities at least once a year, as well as participation in
Bulgarian manufacturing and trading organizations. Thestablishing an association that promotes OHS of
study outcomes laid out an answer to the research questigf@ehouse workers. The recommendations to policy
posed. They can be summarized as follows: makers are related to building an appropriate regulatory

First, some fundamental and frequently used OHSNhvironment and creating conditions for wider application
practices of warehouse workers are identified. These afé: OHS practices. Appropriate measures in this field
general training on health and safety at work; first aitfvolve tax reductions on the amount of investments to
training; demonstrations of available equipment safety usdapt the warehouse infrastructure, provision of low-
joint firefighting drills with fire and emergency safetyinterest investment loans by the Bulgarian Development
authorities; periodically conducting evacuations oBank and provision of an appropriate application
warehouse workers and visitors; adaptation of warehoudechanism under the operational programs of the
infrastructure; use of equipment for protective signalguropean Structural Funds for Bulgaria with the purpose
clear designation of emergency exits; designation of placgsacquisition of suitable work clothing, PPE, protection
with first aid kits; placement of signs/work instructions fosigns, as well as ISO 45000 management systems
safe work at workplaces; provision of appropriate workertification.

clothing and PPE, as well as conducting periodic safety The present research also has some limitations. They
briefings. stem from the relatively small sample size, the engagement

Second, existence of statistically significant Of & limited number of fundamental OHS practices, the use

relationships between some of OHS practices applied afonly qualitative variables, as well as the narrow focus
research variables are established. Such relationshfgdely on manufacturing and trading organizations in
between six of OHS practices and organization type a#&Pply chains. Overcoming these limitations in future
observed. These practices are clear designation fgsearch will require expanding the sample scope,
emergency exits; periodically conducting safety briefingdivestigating a more comprehensive set of OHS practices
provision of appropriate work C|0thing and PPE; p|acemeﬁpp|ied, selecting quantitative variables in order to create
of signs/work instructions for safe work at the workplacesonditions for the application of more advanced statistical
adaptation of warehouse infrastructure, as well as joitf0ls and inclusion of additional supply chain participants
firefighting drills with fire and emergency safety— suppliers of raw materials or/and logistics service
authorities. Statistically significant relationships regardingroviders.
OHS practices related to provision of appropriate work
clothing and PPE, periodically conducting safety briefingdcknowledgments
and organization size are also established. The results presented in this article are based on data
Third, the provision of appropriate work clothing andcollected within a project NID NI-3/2019Warehouse
PPE is a practice that is characterized by a mediug¥stems in logistics — management practices and trends”
relationship strength, both in terms of organization typ&his work was financially supported by the University of
and organization size. All other statistically significanfNational and World Economy Research Programme.
relationships between OHS practices applied and research
variables are weak. References
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Abstract: The purpose of this study is to evaluate the use of the Apriori association rule mining algorithm to classify and
predict the severity of the 718,565 accidents involving freight transport vehicles in Mexico, which occurred between 2009
and 2018. The accidents were classified into those in which there was only material damage or injured people
{Severity=0} and in those in which people died {Severity=1}. 115 association rules were obtained, 79 corresponding to
non-fatal accidents, and 36 to fatal ones. The main factors associated with the severity of the accident belong to male
subjects, involved in accidents that occur on weekends and in suburban areas, and where the probability of the accident
being fatal is 1.69 times greater. Thus, the results of using the association rules to relate demographic and circumstantial
characteristics of the accident with the severity of the injuries show an accuracy of just over 65%. Therefore, despite the
limitations that may occur due to the omission of relevant variables, and the fact that the results show little precision, the
feasibility of using machine learning techniques and, specifically, the association rules as promising tools to help analyze
accidents and help launch road safety interventions more effectively is manifested.

1 Introduction Mexico are very limited and it hasn't been deeply

In Mexico, each year over sixteen thousand people digvestigated about the groups and characteristics of drivers
as a consequence of a road accident [1], this is equal to i3zoad freight flows which have particularly high risks of
deaths per million inhabitants, which is why this causaccident [9]. In this sense, the data have been wasted and,
represents a severe prob]em of pubhc healthcar@s a result, their potential has been limited in the
Regarding, this country, diverse studies have been realiZ2igboration of public policies or in business programs for
in order to analyse the trend of deaths and injuries 8fcident prevention. _ . _ .
motorbikes, bicycles, drivers and pedestrians, as well as the The great amount of available information requires
prevalence in the use of helmet, safety belt or alcoh®Pplying interdisciplinary methods of data analysis and
consumption, among other subjects about risk factors [ealizing ~studies of an explanatory-casual kind,
4]. As far as accidents in road freight transport, in logistic@€eneralizing behaviors or making inferences in such way
activities, over 2500 deaths per year are acknowledged, 4Rat the patterns of relationships between the variables
the accidents are recorded by the National Institute 6@uld be acknowledged and extract a better understanding
Statistics and Geography [5] and the Mexican Institute &f the high volume of data. Under this context, this research
Transportation [6]. started with the purpose of identifying explanatory or

The records include genera] characteristics of tnyedictive variables of the fatalities of the road freight
accidents, in which the types of vehicles are included, #&nsport, in which the flow of goods takes place, and as a
well as the behavioral and socioeconomic data from ti§@se study of the statistics of Land Traffic Accidents in
injured people. However, despite the great deal &rban and Suburban Zones (ATUS) of the INEGI.
information, the data analysis reduces to the descriptiMéultivariate analysis techniques were attempted; however,
statistics, and only in some case of correlational manriée assumptions were not met, or the data did not fit the
[7]. Likewise, though in international literature the risknodels. It is how it was thought to use machine learning
factors of road accidents have been widely [8], the reseaf@g¢hniques and, in order to predict the severity of traffic

about road accidents of road freight transportation @ccidents in freight transport in Mexico, the supervised
technique of association rules with discrete labels was used
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to relate the variables of accidents with the severity of ttage several studies that use techniques such as association

injuries, that is to say, whether or not it was fatal. rule mining (ARM) to identify sets of attributes and
subgroups with a higher probability of severity in traffic
2 Literaturereview accidents [14-16]. Yao et al. [17] found with ARM that the

Techno]ogica| advances in sensors, positionin@ehaVior of road users, vehicle factors, geometric
systems, information collection devices and, in generdlharacteristics of the road and environmental conditions
smart devices connected to communication networikde among the factors associated with severe traffic
provide a large amount of data in all areas and activities 8acidents. Likewise, Feng et al. [18] found a strong
the planet. In this sense, transport is one of the activitiégrrelation between accidents and environmental factors,
with the greatest number of applications; this i§Peed, and location. _ o
demonstrated by Tang et al. [10] who conducted a review Nonetheless, the studies that use association rules to
of the Big Data literature in forecast research and fourdentify sets of factors that determine the severity of
that, in addition to a rapid growth in the number ofccidents show the importance of carrying out analyzes in
investigations, about 16.55% of the so-called hotspo@§ographical locations, with different cultural factors, and
correspond to transportation issues, and 11.38 % to trafftf €ach of the types of transport. Thus, for example,
forecast models. another study analyzing motorcycle accidents with ARM

Therefore, it is not surprising that there are more arll Australia [19] shows that among the factors with a
more records and information on traffic accidenté’)igher probability of severe injuries are the collision with
transport systems and logistics activities, which generaletruck or a static object, the accident while trying to pass
more research on the application of Data Science to pred@tcar or with a vehicle from the opposite direction, and
classify and identify the causes of incidents with ne#uring certain periods of the day, either during early
models and techniques that improve prediction ar@orning or late at night. While Das et al. [20] found that
information on future prospects in complex situationdighting conditions, vehicle turns, and the age range of
without linearity or seasonality. pedestrians 45 years and older, are frequently present in the

In this sense, to try to explain the behavior of accidentiictors determined by the association rules.
all kinds of machine learning techniques have been used. However, even though these methods have been in use
For example, Iranitalab and Khattak [11] used MultinomidPr several decades, there are still relatively few studies on
Logit (MNL), Nearest Neighbor Classification (NNC), the severity of road accidents. In this way, the diversity of
Support Vector Machines (SVMs) and Random Forestactors determined by the region and culture make it
(RF) to predict the severity of traffic accidents; and the§ignifi_cant to in_vestig.ate the elements that influence the
conclude that NNC had higher prediction accuracy ifeverity of traffic accidents, the different road users, and
general and in the most severe crashes, the RF and SVRR various types of transport; in order to provide
methods followed with sufficient performance, while thé€rspectives that help understand the causes of the severity
MNL method was the weakest. of injuries, and develop initiatives and effective public

On their behalf, Arhin and Gatiba [12] used Gaussiapplicies that help reduce the severity and deaths caused by
naive Bayes classifiers and support vector machin&affic accidents.

(SVMs) algorithms to predict the severity of injuries

caused by accidents at intersections without traffic light8 M ethod

Although the first technique had very low performance Open data corresponding to the period between 2009
with an accuracy of 48.5%; with the second, SVMs, thegnd 2018 of the statistics of Land Traffic Accidents in
achieved an accuracy of 83.2%, so they conclude that thésdan and Suburban Zones (ATUS) of the National
models can be applied by transportation officials ttnstitute of Statistics and Geography [5] were used . Ten
recognize and perform necessary mitigation actions annual files were collected, for which a total of 3,889,989
collision-prone intersections. records of traffic accidents were accumulated. All claims

Das et al. [13] also made predictions for injury severitinvolving a cargo transport vehicle were selected, and
in pedestrian-involved crashes in two cities in the Unitegarticipate in the flow of goods, giving a total of 891,172
States and evaluated three algorithms: support vectecords corresponding to 22.9% of the total.
machines (SVMs), random forests (RFs) and Extreme Specifically, for the selection of these records, the
Gradient Boosting (XGBoost). In this study, differentvariable type of vehicle was used, which INEGI [21]
levels of precision were found for each of the evaluatezdassifies into thirteen categories, and among which there
cities and the different algorithms; for SVMs 0.6250 andre three types of vehicles dedicated to the goods flow;
0.5849, for RF 0.6250 and 0.5769, and for XGBoostargo vans, with a capacity of up to one ton; cargo trucks,
0.7059 and 0.66. Thus, the best performance was for thich carry between one and five tons; and tractors with or
XGBoost algorithm. without a trailer, which transport more than five tons of

These studies show that there is no clear hierarchy gdods. After discarding the null records, the database on
methods in terms of their performance in predicting theargo accidents for the study decade consisted of 718,565
severity of injuries in traffic accidents. In addition, there
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records, 7,464 classified as fatal accidents {Severity=1he patterns obtained in the sets of elements X, which are
and 711,101 as non-fatal {Severity=0}. called antecedents or Left-Hand-Side (LHS), can be used
Subsequently, with multivariate analysis techniques, an predict the class of unclassified records Y, called
attempt was made to identify explanatory or predictiveonsequential or Right-Hand-Side (RHS). In addition, the
variables of fatalities in freight transport; however, thérules package outputs a diversity of rules, with their
assumptions of normality, homoscedasticityrespective confidence (1), support (2) and lift (3) values, to
multicollinearity, or the nature of the variables were najuantify the statistical strength of the different patterns.
met; even some methods of interdependence froze fhike software internally calculates the parameters with
computer. Given the binary nature of the main variablégrmulas such as the following:
which refers to whether there were fatalities in the freight
transport accident, it was considered to use binary logistic Confidence({X} - {Y}) =
regression. However, even though the global precision was Transactions containing both X and ¥ 1)
76.5%, the sensitivity had a very low value (1.8%), and the Transactions containing X
total goodness of fit (P <0.001) showed that the data do not Support({X} - {¥}) =

fit the model. Transactions containing both X and Y
This is how it was thought to use machine learning Total number of transactions )
techniques and, with the objective to predict the severity of
traffic accidents in freight transportation in Mexico, the Lift({(X} - {Y}) =
supervised technique of association rules was used $@yansactions containing both X and Y)/(Transactions containing X)
investigate among the variables related to the fatalities in Fraction of transactions containing Y
traffic accidents of vehicles that execute the flows of goods ®3)
by road.

For the case study of this research, the Apriori
algorithm was executed with variables from the statistics
of Land Traffic Accidents in Urban and Suburban Zones
/§TUS), which includes aspects related to people: sex and
e; behavioral variables: alcoholic breath and use of seat

4  Association rule mining
The Arules package, created by Hahsler et al. [22] w
used for the programming environment, R. Arule

ble of ing the Aoriori aldorith 4 day of the week, and the time of day; and the variables
anaﬂa e of processing the Apriori algorithm propose br%lated to the road, which include the region of the country,

and whether or not it is an urban area. The variables that

Essentially, the algorithm consists of analyzing a subsgh e sed, and their discretized values are shown in the
of elements contained in the attributes, which give rise tofgilowing ('I"able 1)

rule defined as an implication of the form if=XY; where

Table 1 Definition and categorization of variables
Variable Descriptior Values
Se» Sex of the drive Male
Womar
Yes
No
It is ignoret
No
Yes
It is ignore«
Northwest Zon
Northeast Zor
Occident Zon
Center Zon
Southeast Zot
Spring
Summe
Fall
Winter
From 00:01 to 05:£
From 06:00 to 11:£
From 12:00to 17:£
From18:00 to 23:5

Alcoholic Evidence of alcoholic breg

Belt Usage of safety be

Regior Region of the country where the accident happened

Seaso Season of the year in which the accident happened

Time Time of day when the accident happened

A WONREPRAWONPFPORRWONPEPWROWNEDNEPRE
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Weeken Day of the week in which the accident happened From Monday to Fride
Saturday and Sund
Suburban Zor

Urban Zon

From 1 to 20 years c
From 20 to 30 years ¢
From 31 to 40 years ¢
From 41 to 50 years ¢
51 or olde

Non-fatal

Fata

Urbar If the accident happened in Urban Zone

Age Age Grouj

Severity Severity of the accident

P OUOPRPRWNEPPFPLPONER

Thus, considering these variables, it is sought to explaine code in the supplemental material); and another that
the severity of the accidents. For this, the records wetempares and quantifies the rules with the values of the
classified in which there were only material damages oases, in such a way that it is possible to know which cases
injured persons {Severity=0} and in which there wereneet one or more of the rules (function RuleVsCases).
deceased persons {Severity=1}. In this sense, for the The number of rules per case was considered as the
prediction of fatalities in traffic accidents in freightclassification threshold, which is why the sensitivity,
transport in Mexico, the consequences that refer &pecificity and precision of the model were calculated
accidents in which there were deceased persons wemmnsidering from the fulfillment of one and up to ten of the
filtered {Severity=1} and their statistical factors wererules in each record. Once the number of rules that
analyzed , to determine the antecedents with the pattepresented the best indicators for classification had been
with the most significant associations. established, the prediction of the group belonging to the

Previously, the variables were decodified anéhitial set that contains all the records in which a cargo
established discretely and encode as a factor. To aveiehicle was involved was made and; based on this set of
overfitting and rebalancing the classes between fatalles, the variables related to the level of severity of the
{Severity=1} and non-fatal {Severity=0} accidents, justaccident were established. The R code and data used,
over one hundredth of the non-fatal records (n=7,463) wagluding all commands and functions to generate all
randomly selected. These were combined with fatatsults, graphs and figures shown in this document, are
accidents (FatalAcc; n=7,464) to form a database amcluded in the supplementary material.
rebalanced load accidents (Accdf_Rebalanced).

To monitor the algorithm, the rebalanced data s& Results

(n=14,927) was separated into two groups: the first By applying the Apriori algorithm on the training data
(Accdf_train), denominated as the training set and made figith parameters support = .1, confidence = .5), 785

of 70% of the records, and; the second (Accdf_test) thaésociation rules were obtained. After applying the filter on
contains the rest of the data (30%) and, was named the {8t RHS to consider only accidents according to the
set. Therefore, using the training data, the AprioBategory of whether there were {Severity=1} or not
algorithm was executed and the rules and associatgsbverity=0} deceased persons, a total of 115 rules were
parameters were obtained. However, given that what w@tained, 79 associated with accidents where there were
sought was to identify regularities between the differenfot deceased persons, and 36 where there were. Figure 1
variables and the accidents where there were deceagfgws a graph that considers the support (in the size of the
persons {Severity=1} or not {Severity=0}, a filter wasspheres) and the lift (according to the intensity of the color)
applied on the consequent, to only consider those relatedyigy it can be seen that, despite not having cases where both
the accident fatality variable (Severity). values are high, there are combinations where fatalities in
Subsequently, using the test data and, to determine $&go transport {Severity=1} show high lift or high
number of rules that each of the records meet, tw@pport, so it can be inferred that there is a set of rules

functions were used: one that fragments the rules afhere fatalities are an important consequent.
serves to identify the values of the different attributes that

integrate each of the rules (function ruleSeparation from
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Figure 1 Association rules graphic

Likewise, while inspecting the rules it was found that].69 times greater. The antecedents and consequences of
for example, when the driver is male, the accident occunsher rules, as well as their associated parameters can be
on the weekend and in a suburban area, {Sex = 1, Weekeseen in (Table 2).
= 2, Urban = 0} the probability that the accident is fatal is

Table 2 Some association rules and their associated parameters

LHS RHS Support Confidence  Coverage Lift Count
{Weekend=2,Urban=0} => {FatCar=1} 0.127459 0.862887 0.147712 1.700279 1309
{Sex=1,Weekend=2,Urban=0} => {FatCar=1} 0.123661 0.862186 0.143427 1.698897 1270
{Sex=1,Urban=0} => {FatCar=1} 0.234177 0.847129 0.276436  1.669228 2405
{Sex=1,Weekend=1,Urban=0} => {FatCar=1} 0.110516 0.830893 0.133009 1.637236 1135
{Weekend=1,Urban=0} => {FatCar=1} 0.114703 0.825508 0.138948 1.626625 1178
{Sex=1,Alcoholic=2,Urban=0} => {FatCar=1} 0.106134 0.794461 0.133593 1.565447 1090
{Alcoholic=2,Urban=0} => {FatCar=1} 0.109542 0.791696 0.138364 1.560000 1125

The occurrence in suburban areas, gender, the usetinfes in the different rules; This can also be seen in Figure
the seat belt and the season of the year in which thewhere a graph of support bars by frequencies is shown
accident occurs are attributes that are repeated sevevdh the ten elements that are repeated the most.

~ 417 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 10 2023 Issue: 3 Pages: 413-422 ISSN 1339-5629

Predicting crash injury severity in road freight flows with association rules algorithms
Luis David Berrones-Sanz, Estefania Perez-Diaz, Dulce Maria Monroy Becerril, Esteban Martinez Diaz

[va]

@ _

T

=

T ©

3 o]

z

& = _

g_c:

o

E o |

= O

o |

o
M Y s N ! 2 el O £V
& s & S/ (/ g s & .(/ 4
£ A N
& T s A A & ¢ &

S N

Figure 2 Frequency bar plot

Nonetheless, it is known beforehand that thessases, obtained the values indicated by the association
variables represent risk factors and that, therefore, thayles, in addition to quantifying the number of rules that
increase the probability that the accident is [8]. Given it sre fulfilled per case. The histogram of Figure 3 shows the
sought to identify the elements that are related to fatalitif®quency of the rules associated with accidents with
in freight transport accidents, the function to separate rulfgalities and the frequency presented in the test data, it can
(ruleSeparation) and another to compare with the cadms seen that, for eight rules per case, the highest frequency
(RuleVsCases) was used. With these functions, it wa$ fatalities in vehicle accidents is presented freight
possible to identify whether the variables, for each of thavolved.

o
o o
—
o
=
o
&
c |
@
-]
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Number of rules by cases
Figure 3 Histogram of the number of rules per case

In this way, eight or more rules are proposed per cafgeverity=0}. Thus, by applying the rules to the test data
to determine the discrimination threshold and, therefore,ahd classifying the cases that are within the threshold, the
the forecast of the cases will be established as a fatal laahfusion matrix can be established (Figure 4).
accident {Severity=1} or as an accident without fatalities
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Figure 4 Confusion Matrix for the threshold of 8 or more rules

In addition, if the sensitivity, specificity and precisionthe balance between the value of the sensitivity and that of
of the predictions are graphed with different thresholdbe specificity is obtained; and values of 0.67 are obtained
according to the number of rules, Figure 5 is obtained. for the sensitivity, 0.62 for the specificity, and 0.65 for the
this, it can be seen that near the eight rules per case is wh@egision.
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Figure 5 Sensitivity, specificity and precision of the model by number of rules per case
6 Discussion and conclusions of goods. However, in Mexico, there is a gap in accident

Every day the use of techno|ogies that recor'ﬁpvestigation meth0d0|ogy, as most investigations are
information is being integrated and, therefore, a lardedsed on traditional statistical methods.
amount of data on transport and the supply chain activities Thus, it is highlighted the importance and growth that

is being accumulated. Most of the databases are #t#ta mining and different machine learning techniques
analyzed in their entirety, they have non-lineahave had to discover patterns, generalize behaviors and

relationships, the models are of the non-deterministifake inferences that help to understand traffic accidents

polynomial-time hardness (NP-hardness) class or the melgiter; among which there are, for example, neural

analyzes are short-range. networks [25], regression trees [26] or text mining
The analysis of traffic accidents is an essential task fé€chniques [27].

freight transport companies, and avoid breaks in the flow
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In addition, the use of machine learning techniques htt®e flow of goods that are transported by road. One strategy
become cheap and easy to apply due to free software, soohld be the development of road safety campaigns in
as R or Python, which include libraries and functions thathich the factors and attitudes that drivers carry out and
form a very flexible and extensible work environment, anthat lead to accidents are disclosed. Kolter [28] indicates
that make it possible to systematize in a constant basis that a campaign to change social behavior must contain
analysis of information. some guidelines such as identifying the objective, the

In this study, an extensive set of data on traffiactors that prevent the negative attitude of the people to
accidents in Mexico is used and the Apriori algorithm ofvhom the campaign is directed, validation and feedback,
association rules is applied to predict the severity @xecution, monitoring, and campaign evaluation. In
accidents in freight transport. The results of using thgeneral, in Mexico, there are very few efforts and there are
association rules to relate the demographic andry few campaigns dedicated to the self-transportation of
circumstantial characteristics of the accident with theargo, rather they are dedicated to cars to avoid driving
severity of the injuries show a precision of just over 65%under the influence of alcohol, fatigue, or for the use of seat

It can be inferred that the level of imprecision may bbelts.
due to the nature of the variables; given that the records areThus, with the information resulting from these
retrospective and were not specifically designed to classi@yalyses, and if this type of model is used, it will be
their severity. For example, in the international literaturpossible to establish categories that integrate common
there are well-known risk factors regarding the increase amnguments and that contemplate both physical, chemical,
the severity of the accidents; These include the speedbatlogical, and mechanical risks; demands derived from
which the vehicles circulate, weather conditions such #ise organization and technical division of labor; and
rain, snow or fog, ergonomic conditions of the vehicleglements related to psychosocial and behavioral factors.
psychosocial factors and the drivers' days, among othafith this information, alternatives should be sought in the
working conditions that are not included in the databaseedia that are accessible to professional drivers, among
and which may be omissions of relevant [8,9]. these could be social networks, the radio, training courses,

The use of association rules is an alternative that, the facilities where they load and unload, or where they
addition to indicating the possibility of an accident due tprocess their driver's licenses. It is also important to use the
the exposure to some risk such as the odds ratios méss media and place billboards on-road sections as a
traditional epidemiological methods, can be used traphic means of advertising information.
classify individuals with a set of characteristics or who are
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Abstract: Teleworking has been proposed by organizations and policymakers as a key strategy to help reduce the number
of commutes and boost employee satisfaction. Since telework may be linked to a tool to reduce traffic in urban areas, this
research aims to determine the impact that telework has on traffic congestion in Madrid (Spain), given a post-Covid19
context in which many organizations have implemented teleworking in the long term. This study provides evidence that
teleworking has had a limited favourable impact on traffic in the city of Madrid based on the correlation between telework
implementation and the traffic data collected from 7.365 traffic sensors located in Madrid that are distributed and managed
by the Madrid City Council. Covid19 represents an influx point with regard to telework implementation, allowing this
kind of research to interpret the answer to the question. The results of our research, through regression calculations and
Pearson's correlation coefficient, show that telework in the city of Madrid does not generate a positive impact on traffic
during peak times proportional to the increase of telework, as expected based on the existing literature. However, there
are other elements that influence the modal choice that may affect this correlation, considering that teleworking allows
people greater residence flexibility and that residence location and distance to the workplace are factors that significantly
influence the modal choice of transport.

1 Introduction suggesting telework has no clear impact on traffic

Home-based telework, also known as teleworking, ig"Provement [13]. The different research methodologies
labour methodology that allows employees to work frorAnd various geographies studied may explain the varying
home to the extent the job allows, emerged two decade@ints of view. Also, several studies point out the impact
ago from developments in information and communicatio#at telework may have on home location [14] and the
technologies (ICT). The number of workers who couldesulting effect on the mobility patterns and transport
potentially work from home has grown over the years arRghaviour for the employees who work from home.
due to the Covid19, this labour methodology has beconi&€leworkers tend to have longer commute distances than
firmly established [1,2]. others [15-17] which impacts travel patterns with regards

Telework has led to a paradigm shift in urban mobilityt0 means of transport and vehicle use. The impact that
given that the main purpose of transit in urbaf€lework may have on travel patterns is _influenced by
environments is commuting [3-5]. The fact that residenfiher factors such as frequency of days working from home
can work from home contributes to a reduction in thE’], commute distance [12,18,19] and commute travel
number of commuters in absolute terms [6,7] and cdine [20,21]. _ _ o
prompt a significant change in urban mobility. Telework This research aims to provide an exhaustive literature
represents an opportunity to improve environment&€view and a make new contribution to the impact of
sustainability [8], as it is an efficient and sustainabléelework on traffic by analyzing the evolution of
measure that is viewed favourably by consumers sincecRngestion in the city of Madrid during peak times in
does not imply a significant cost and provides indire@orrelation with the  establishment of telework to
benefits in terms of economic savings and work/liféletermine the relationship in between both variables,
balance [9]. based on information provided by the Madrid Council and

ThUS, this phenomenon has prompted anincrease in gﬁ;hered from 7.360 traffic sensors throughout the City.
number of studies and research evaluating the effect that The analysis is carried out specifically in the city of
the telework has on urban traffic since it may help redud4adrid (Spain). As the sixth most populace region in
commuters. Some studies suggest there is a positizerope [22] and the third most populace metropolitan area
impacts [10-12], while others conclude differentlyin Europe [23], there is a high percentage of organizations
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that have implemented telework [5,24] and an equally higelecommuters averaged 3.5 remote working days per
percentage of white-collar workers. In addition, Madridveek [30].
has a series of environmental characteristics—cultural,
labour-related, economic, climatological, educationaR.2 I mpact of telework on urban mobility and
etc.—that influence the choice of means of transport [25]. traffic

Since Covid19 helped telework globally, this research Mopbility in urban environments depends on the means
aims to offer new evidence from Madrid after pandemigf transport chosen for the journey. The choice of means of
disruption compared to the literature published prior {9ansport depends on various cultural [31] and
Covid19 when the teleworking situation was Signiﬁcantlbnvironmenta| factors [32], but especia”y on the
different. The jUStiﬁcation for the Study lies in the fact thahotivation for the tnp [33] In Europe' most travel in urban
telework represents a paradigm shift within organizationshvironments is work-related [4], so any attempt to make
and for urban mobility given  that this type of work-relateghis type of travel more sustainable will achieve significant
travel accounts for a high proportion of aggregate travghprovement ratios [34].
and, above aII, the Change that telework exerts on the Te|eworking' also known as te]ecommuting, is a way
Iifestyle of residents, significantly influencing means Ofo perform one's professiona] activity remote|y from a
transport choice for commutes. distance. This form of work, primarily concentrated among

(white-collar) jobs with the operational flexibility to allow
2 Literature review: impact of telework on it, was developed in the 1980s [35,36], though the first
urban mobility and traffic studies adapted to a regulated and recognized form of work

2.1 Mobility and teleworking patterns of Madrid performance did not emerge until the 1990s [37]. [36]
city provide the most complete definition: "a flexible work

The city of Madrid is the sixth most populace region i rrangement whereby workers work in locations, remote

Europe with 6.62 million inhabitants[22]. According to th rom their central offices or production facilities, with no
most recent survey on Madrid's population mobility [ZG]Personal_ contact with co-work_ers, bUt the ability to
ommunicate with co-workers using ICT".

there are roughly 15,847,266 daily commutes within the COVID-19 brought about a paradigm shiftin the labour

region, while in the city's local area, the number of trips X .
amounts to 7,728,000. Taking into account suburbzﬂqarketS of different world economies [38,39]. The

Madrid, given its proximity, the number of daily trips totalaralysis Of. ac_tivity a_nd suspension of mobility forced
14,680,000. Twenty-seven percent of daily trips are worlhany organizations to implement the technology necessary

related. Excluding walking trips, the percentage of dail carry out activity remotely. Once the health Crsts
work-related commutes rises to 36.7%. Likewise, of thegk!PSided, organizations consolidated the model, permitting

total commutes, 58.9% are made using private vehiclég,u.ch telework t(_)_remain. permanent [1]. The_ cessation of
while the remaining 41.1% use public transport. The&€tivity and mobility restrictions caused a major reduction
mobility in all areas, both urban and interurban [40-42].

figures show a high percentage of private vehicle usage tor. duction in th bil f | d vehicl
work-related trips among Madrid residents, which poses IS reduction In the mobility of people and vehicles
@sulted in a drastic decline in greenhouse gas emission

challenge for transportation authorities to plan and scal . .
the ur%an infrast?ucture while at thep same  tim vels [43,44]. However, other studies claim that there was

encouraging the use of public transport. Madrid has ) increase in private car useasa _result of COVID-19 for
extensive public transport system, with the second mo%qfety. reasons; these stud|e$ predlct.that public transport
extensive metro in Europe (after London [27]). Thereford!Se will return to pre-pandemic levels in the future [45].

public transport providers must keep working to increase Some of the existing literature suggests that telework
public transport usage rates. potentially represents a chance to drastically reduce the

Due to the Covid pandemic and the correspondi mber of trips, thus reducing traffic [10-12] but other

healthcare measures implemented, companies were for _ife_s SLI'g?eSt Lhat thg .bene:;itsle’of telecommuting are
to adopt teleworking systems in light of the restriction§'gr\]/{/'.cr?my esdst anhantl_mpate [f 1 | K b
imposed by public administrations, which led to an Vith regard to the Impact of telework on urban
increase in the percentage of teleworkers in the Europe@ bility, there is ample I|teratu_r9 that strives to determine
Union, from 15% in 2018 to 25% in 2020 [28]. In 2019WNether telework  has a positive or limited impact on
only 8% of employed residents in Madrid were teleworkingaﬁ'c' The flrstt (Sth:g"is apE_ear?d baﬁk in the 1?d90r?’ Iwhetn
[5], while as of September 2022, this figure rose to 23% [ was suggested that working from home wou €lp cu
24, 29]. It is important to note that the type of telewor affic in urban areas by reducing the number of trips and

offered differs from one company to another, according jstances  for peoplg \(vorking from home [46-49].
logistics, and organizational and operational needs; for?WeVver, some contributions suggested that the aggregate

example, remote work can be carried out full-time or parif[a\’elI Impact \.N'" remain re:jatlvely_;lat |glthe58un|1re,hevlen
time on weekly basis. In 2021, Madrid's 3.2 million telecommuting increased considera y [50]. In the ast
couple of decades, some studies has addressed the question

~ 424 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 10 2023 Issue: 3 Pages: 423-434 ISSN 1339-5629

Telework and the limited impact on traffic reduction - Case study Madrid (Spain)
Alvaro Hernandez-Tamurejo, Beatriz Rodriguez Herraez, Maria Leonor Mora Agudo

of whether teleworking affects urban mobility positivelytelework:  partial-day  teleworking and full-day
negatively, or in a limited way. teleworking. Partial-day teleworkers significantly increase
Several studies suggest that commute distantee number of trips and travel further while full-day
represents an important factor in travel behaviouteleworkers, on the days they engage in telework, make
Commute distances for telecommuters, as an aggregaignificantly fewer and shorter trips and are less likely to
are lower than distances for non-teleworkers, given thikive a car compared to those who do not telework [12].
reduction in the number of commutes [16,51]. Howevef72], through a hazard model, determines that part-day
more recent research concludes that teleworkers, commigkeworkers tend to commute during midday intervals
further on a weekly basis regardless of the fact that thgoiding peak-hours.
number of commutes is reduced [52]. Telecommuting also The majority of the literature agrees that it is possible
increases total daily trip rates for both telecommuters abal obtain positive results reducing peak-hour trips and
their households [53]. vehicle miles travelled, through telework [11,20,68].
However, it is important to consider thatAvoiding peak-hoursis directly correlated to flexibility at
telecommuting is a major factor in residential locatiomork. One of the main drivers for teleworkers is the
decisions [54], meaning that the distances covered cangmssibility of avoiding peak traffic hours [73].
influenced by the household's decision since telework The literature review has been based on a
allows workers to move their homes further from theomprehensive examination of the Web of Science
office, given the reduction of commute frequencydatabase, where 53 articles have been identified as the
However, there is no clear evidence of the impact thatost relevant to this question. Of the 53 articles, 44 of
telework may have on home location choice [55,56]. Olnem, 83%), are studies based pre-Covid19 circumstances
the other hand, residence location may trigger the decisishen the worldwide telework rate was far lower than post-
to telework [57]. [58] conclude that telecommuters tend t6ovid19. This means that there is lack of contributions in
choose lifestyles involving longer one-way commuteshe current scenario where teleworking is much more
longer daily work trips, and longer daily non-work tripgorominent.
than non-telecommuters, as a result of the residential
location being further from the office. In fact, teleworkerg ~ Methodology

are willing to accept longer — albeit lees frequent - Based on a review of the literature, since telework is
commutes [21] . Telework may weaken the relationshignderstood as a measure that could improve traffic by
between the current urban structure and travel pattefggiucing commutes, the data indicates the effect is limited
prompting a redrafting of the policies to adapt the urbagy null. In this respect, this research aims to analyze how
structures to an increasingly widespread telework contegdlework impacts urban traffic in the city of Madrid,
[59]. according to the methodology described in this section.
Itis important to point that the travel patterns shown by  First, we must determine the evolution of the telework
teleworkers are also studied based on the effect thate over the years [5,24,29] and traffic occupancy in
telework has on both work trips and non-work tripspadrid, using aggregated figures from the Madrid City
Teleworkers tend to cover further distances daily for no@ouncil database centre [74], and introducing timeframes
work trips [18,60], and clock a higher number of non-worlg determine peak and off-peak times. This previous data
trips [13,61-64]. organization allows the subsequent correlation an d
Teleworkers also show relevant patterns in relation %gression ana|y3is to detect dependencies between
modal choice and its consequent impact on traffic. Somglework and traffic occupancy in Madrid city.
studies indicate that telework may allow a Significant Using regression ana|ysis’ we ana]yze the re|ati0nship
aggregated reduction of car use [10,65] in miles. In fagietween telework and Madrid traffic during peak times The
telework may contribute both to the shifting away frongependent variable, peak time traffic in Madrid, is denoted
automobile dependency to sustainable travel [66], to thg& vy, while the independent variable, telework
use of active transport modes [12] and to the increased g$@lementation in Madrid is denoted X. There is always an
of non-motorized travel [67,68]. Moreover, certaingccepted margin error since the variables will never
literature suggests that teleworkers modal choice pattei@isrelate perfectly. The variation from the regression line
tend toward more pollutant transport modes [69], includingan be split in two parts: explained variation, which is
cars [70]. The higher is the telework frequency , the highgecounted for by the independent variable, and
the private car use [19]. unexplained variation, which is not accounted for by the
The International Labor Office (ILO) classifiesindependent variable. Thus, part of the change in variable
telework as three types; regular telework at home, highly due to another variable that we set as hypothesis, and part
mobile telework ("at several locations regularly, with §s due to other factors as indicated in the literature review.
high level of mobility”) and occasional telework ("at one |n regression analysis, we seek to determine if the
or more locations outside the employer's premises oni¥lationship pattern between two variable values can be

occasionally”) [71]. But there are also studies that suggeféscribed as a straight line (1), which is the simplest and
distinct travel patterns based on two types of dailshost used form.
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worse the model is at prediction. A quantitative measure of

Y=a+bX (1) the explanatory power of a model i§ RIso known as the
where: Coefficient of Determination (3):
Y is the dependent variable, measured in units of the
dependent variable, X is the independent variable, R2 — Explained variation 3)
measured in units of the independent variable, and a and b Total variation

S;etwgg?lsttﬁgtvsargeg;g'sng( ;23 Ynature of the relationship The Coefficient of Determination measures the percent
a or Y-intercept (also knoWn as Yint) represents thvariation in the response variable (y) that is explained by
p_ P fhe model. Values range from O to 1. AhdRse to zero

value of Y when X = 0.

b represents the incline of the line known as th\évoUId suggest a weak linear refation.

regression coefficient and is the change in Y associated
Goeffcient. the more nfuence the ndependent varispleo/o0TS  corelation  coeficent given s
' P representativeness and its use in relevant academic

has on the dependent variable, and the more change MeSearch on urban traffic [75,76] and telework [77]. We

associated with a change in X. Qefine the occupancy of the road as the dependant variable,

The regression coefficient represents a good choice : . . )
check the effect of the telework variable to the traffi(\:N?th telework being the independent variable on this study.

variable from a policy researcher perspective. To quanti% .
the strength and direction of the relationship between tw Data analysis: telework and the effects

To complement the analysis, we have also applied

variables, we use the linear correlation coefficient (2): on the traffic
4.1 Aggregated data analysis
»&Fi= DO Figure 1 shows the average traffic volume distribution
r= —s’; _lsy (2) for February 2020 in the city of Madrid, based on raw data
where: published daily by the Madrid City Council using 7,360

% and s are the sample mean and sample standa¥ghicle detectors that count vehicles and determine the
deviation of x, andy and s are the mean and standarcdegree of urban road occupancy [74] to assess traffic
deviation of the y, distribution by the hour. Monday through Thursday were

n is the sample size. considered, as they are typical workdays in the city of

Madrid and are homogeneous in terms of timetables.

This statistic numerically describes how strong th€Many organizations have specific schedules on Fridays;
straight-line or linear relationship is between the tw¥/orkers are often allowed to leave the office at lunchtime).
variables and the direction, positive or negative. Pre-COVID February 2020 was chosen to determine the

ANOVA analysis is also used to partition the variatiopaseline for traffic distribution in the city to set a threshold
using sums of squares. The sums of squares and mean si@ht1e subsequent analysis, as it is important to understand
of squares are commonly presented in the regress@rﬁmer trgfflc patterns in order to measure the impact of a
analysis of variance table. The ratio of the mean sums §févant increase in post-COVID19 telework. o
squares for the regression and mean sums of squares forf Ne parameter used to observe traffic congestion is
error form an F-test statistic used to test the adequacy'8fd occupancy  from vehicles picked-up by traffic
the regression model. The relationship between these su#f§sors. The road occupancy parameter indicates the

of squares is defined as follows: percentage of time a traffic detector is occupied (by the
Total variation = Total variation explained vehicle) on average. For example, 50% occupancy in a 15-
+ Unexplained variation minute period means that the sensor has detected the given

vehicles for 7 minutes and 30 seconds, on average [78].

The larger the explained variation, the better the model Figure 2 shows the area of data collection where the

is at prediction. The larger the unexplained variation, trR€nsors are distributed and captures the road occupancy
that is targeted throughout this research.
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Figure 1 Daily traffic occupancy in Madrid urban areas (February 2020 aggregated mean) [73]
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Figure 2 Area of data collection - Madrid (Spain) [79]

As illustrated in Figure 1, from Monday to Thursdaytraffic by 43,000 vehicles per hour. This would, therefore,
there is a concentration of traffic between 7:00 and 9:3Mprove traffic flow, substantially decrease greenhouse gas
a.m. and between 6:00 and 8:00 p.m. These rangmsissions, enhance air quality, and minimize the many
correspond to the usual times for entering and leavimgpgative effects of pollution on the environment [80].
physical work. In other words, in a period of four and a half
hours, there is a concentration of traffic due to work-relatefl2 I mpact of telework on Madrid traffic (pre-
commutes in the city of Madrid. COVID vs. post-Covid)

Assuming that the 2.2 million private vehicle Table 1 shows the rate of telework implemented in

commutes are concentrated into these two 4.5-hour slaigadrid from January 2019 to September 2022 and the
and that at least 51% of the workers who can telework in

Madrid [5,30] do so one day a week, Madrid would reduce
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urban traffic occupancy recorded on a monthly basis Nov 8.30% 12.44
according to the following assumptions: Dec 8.30% 9.9¢
- Traffic occupancy measured as monthly average from Jar 27.80% 6.68
the recorded data [74] Fel 27.80% 8.58
- Peak-hours considered: Mar 27.80% 9.07
o From 7 a.m. to 10 a.m. Usual time of workplace Apr 25.80% 0.18
arrival. , May 25.80% 9.5€
o From 5 p.m. to 8 p.m. Usual time of workplace < Jur 25.80% 9.75
departure. _ 18 Jul 22.10% 7.53
- Weekdays cqn3|dered. Mond_ay to Thursday._ Friday fis Aug 22 10% 542
excluded as timetables may differ in the Spanish market Sey 22 10% 10.29
where employees are allowed to leave the office at : :
. Ocl 21.50% 10.82
lunchtime (from 2 to 3 p.m.)
X . Nov 21.50% 10.48
- Holidays are excluded from the analysis
' Dec 21.50% 8.53
- Traffic road occupancy shown as monthly based on Jar 53000 8.01
daily averages per the above conditions. Fol 23'200/( 9.58
- 2020 is excluded from the analysis due to the impact Me 22'100/( 9.8‘
of Covid19 and the restrictions followed by publig ar A S/
. ; ; N Apr 22.10% 9.2C
authorities could distort the target metric. N
I May 22.10% 9.52
Table 1 Ocupancy and telecommuting evolution (aggregate Jur 22.10% 9.34
daily peak time averages) [5,24,29,74,81] Jul 22.10% 7.0C
. .| Urban traffic Aug 22.10% 5.0€
0,
Spot analysis | %Telecommuting Load Peak
Jar 8.30% 9.67 The figures shown in Table 1 contain the aggregate
Fek 8.30% 11.34 information from the original database to highlight the
Mar 8.30% 11.28 figures analyzed subsequently since each daily occupancy
Apr 8.30% 10.37 file contains more than 1 million rows.
3 May 8.30% 10.58 o ) .
I~ Jur 8.30% 11.07 Table 2 show the statistical analysis applied to
ul 8.30% 8.85 understand the correlation between the rate of telework
Aug 8.30% 575 implemented and the impact on traffic during peak-times
Sey 8.30% 1114 as suggested by the existing literature.
Ocl 8.30% 12.21
Table 2 Calculated values from statistical analysis (correlation/ANOVA)
SUMMARY OUTPU
Multiple R 0.335936893
R Squar 0.11285359
Adjusted R Squa 0.11125224
Standard Errc 2.25434699
Observation 55€
ANOVA
Degrees of Sum of Mean
freedon Square Squarn F-Value Significance |
Regressin 1 35€.155: 35€.155: 70.4741 3.913E-1€
Residue 554 281£.472¢ 5.082(
Total 55¢ 317:.627¢
Coefficients SItEar?grard t Stat P-value Lower 95% ;J5p %Oe/: ;gv(\)';: %pg;r
Intercep 11.192¢ 0.244( 45.862¢ 9.09E-191 10.7131 11.671¢ 10.7131 11.671¢
Teletwork % -1C.5952 1.2621 -8.394¢ 3.913E-1€ -12.074: -8.1161  -12.074: -8.1161

Regression testing suggests a weak coefficient valaaggests that telework does not have a strong impact on
of 0.3359. The closer the value is to 0, the more negatitraffic in Madrid. In line with this result, according to the
dependence there is between both variables. This reRItSquare that shows the value of the coefficient of
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determination, the result obtained from the regression tisst is obtained to check this assumption. F-significance is
0.11 which represents an only 11% meaning that tiwbose to O (3.91x1#) being lower than 0.05a{
strength of the linear relation between both variables ssgnificance level). This means that null hypothesis can be
weak. rejected so that this model is correct in explaining the weak
The standard deviation shows a low value indicatinglationship between both variables.
that the behavior of both variables is stable and consistent Another index used to confirm the hypothesis that
within this system. telework does not contribute significantly to traffic
The ANOVA test has also been considered taken inbmprovement during peak times is the Pearson correlation
account to allow for the testing of the null hypothesis whicboefficient (4) between telework and peak traffic.
considers that the model chosen to explain the dependency
between telework and peak traffic is not adequate. An F
r= Xxi— %) vi—¥) (4)
VEGi= D2 X (yi- ¥)?

Ocupation (dispersion)

=) = = t
Lilelaspeslos e sionatie Jonmmpmmesmr ]
- e o o0 O D
enre C=Ees sk =R

L] EnERgEs
° @D
®

U

0.00% 5.00% 10.00% 15.00% 20.00% 25.00% 30.00%

Figure 4 Pearson correlation coefficient — telecommuting/traffic occupancy (p=0.05)

Figure 4 shows the dispersion of the correlatiom the same proportion, or at least in any significant
between telecommuting and traffic occupancy where th@oportion. This circumstance may thus indicate a
correlation coefficient (r) is -0.33593. The negativgoresumed change in the pattern of consumer behaviour
coefficient shows an inverse relationship between the twath regard to the modal choice on days when they must
variables in such a way that when telework increasdsavel to work in person.
traffic in Madrid decreases, but this correlation is limited
given the value obtained as per Table 3. 5 Conclusions

The result of our analysis leads us to conclude that,
although telework reduces the number of trips in urban
r=1 Perfect correlation environments, the positive impact on traffic in the city of
050<r<1 High degree Madrid"during pealfjtimﬁs is Iirlnited, regardless of whatris

generally expected when eliminating commutes. The
0.30 <r < 0.49 Moderate degree decrease in traffic in Madrid is not proportional to the
0<r<0.29 Low degree increase in telework that is taking place. Three reasons may
r=0 No correlation be behind this limited positive effect. First, COVID-19 still
causes some misgivings about using public transport for
health and hygiene reasons. Second, in the city of Madrid,

These results confirm that the effect of telework on
0, 0,
reducing traffic in Madrid is not so sensitive, suggestin%m of the 22.1% of employees who work from home, 9.6%

i 1 0,
that the decrease in traffic due to telework does not occ Ilework occasionally, that is less than 50% of the work

Table 3 Pearson coefficient value interpretation
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Abstract: The interactivity of information flows is becoming a major success factor and leading to significant changes in
the field of e-business. The main purpose of the study is to evaluate the effectiveness of Internet marketing in e-business.
It has been determined that ensuring business efficiency is inextricably linked with the use of Internet technologies in
building communications with the target audience, logistics and supply chain management. The need for the introduction
of Internet marketing in electronic business is highlighted to achieve and ensure efficiency, profitability and fulfillment

of key KPI indicators. The method of economic and statistical analysis and evaluation of the effectiveness of Internet
marketing in the context of e-business sectors in the world was applied. The key theoretical aspects of e-business
development and its main directions are considered. The main indicators for evaluating the effectiveness of Internet
marketing in e-business are identified, which allow determining the final structure of Internet marketing effectiveness
indicators by industry. The organization of electronic business based on the proposed KPI indicators will provide a
function to control the effectiveness of marketing, logistics, which is achieved by increasing conversion, reducing costs
and improving competitive positions. A statistical analysis of world sales volumes in the field of e-business was carried
out using Internet marketing tools. The results of the study, in contrast to existing approaches, made it possible to
substantiate the need to apply in practice the formed methodology for the formation of KPI indicators their further control
to ensure the effectiveness of Internet marketing.

1 Introduction the effectiveness of Internet marketing in order to make
Business models and internal processes of modeRgnagement decisions based on it, it is necessary to
companies are characterized by the fact that the excha§§&prehensively evaluate the effectiveness of marketing
of information flows and business information, theactivities in e-business in the context of industries and
implementation of operations and transactions afegments. _ . o
automated using information systems and technologies. A Ensuring the effectiveness of e-business, e-logistics
significant part of decisions in the field of organizing af@hd information flow management is inextricably linked
effective business (from production to logistics), regardle¥dth the use of Internet marketing tools, which is
of the segment of the world economy, is based on the yearacterized by the formation of a whole range of
of modern Internet technologies. The presentedctivities for interaction and communication with the target
technologies provide information flow and dateaudience throughout the entire life cycle of the company:
management to provide various web services. Any typesfé®m production, sales, service, maintenance and logistics.
commercial and non-commercial operations, including thEhe identified issues are relevant and in demand in the
exchange of information via the Internet, the organizatiomodern world for the formation of theoretical and practical
of trade processes and the exchange of goods and servidgBects of organizing e-business and evaluating its
their logistics between companies or groups of persons, &féectiveness, which is ensured by the use of an Internet
intensively developing within the framework of a newmarketing strategy. The development of the theory of e-
segment of the world economy - electronic business aRisiness — organization in  connection with the
individual industries in it (e-marketing, e-logistics andmplementation of the Internet marketing strategy and the
many others). development of a methodology for evaluating the
The organization of electronic business in modergffectiveness of Internet marketing are a necessary and
realities cannot be imagined without the use of Intern&glevant topic and require deeper research.
marketing, which provides the entire cycle of organizing
sales, interaction and communication with the targdtl Themain directions and features of the
audience, logistics, service and support to ensure the  development of electronic business
effectiveness of the company's commercial activities. The The historical development of electronic business
introduction of a complex of Internet marketing inbegins in the 20th and 21st centuries, when a unified
electronic business is associated with significant cosisformation system of the planet was created. If earlier the
therefore, the company's management is interested in tesources of economic development were quite rigidly tied
effectiveness of investments in marketing activitiedo territories and technologies, now the main resource is
However, in order to obtain objective information abouinformation, which largely contributed to the development
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of the Internet. Since the early 1990s, the spread pfocurement conducted via the Internet, sociological and
information and communication technologies has taken onarketing research for government agencies, various
an all-encompassing scale, and the speed of their spreadial advertising on the Internet, placed by order of
has exceeded all expectations. At present, there is gavernment agencies and aimed at preserving the physical
sphere of human activity that would not underg@and spiritual health of the nation [4].
significant changes due to the massive introduction of E-business is a cumulative concept for many classes of
modern information and communication technologies. Thaformation systems that are aimed at automating the
term "e-business" the IBM Marketing and Internet groupommercial work of excellent companies and
coined it in 1996. Commercial use of the Internet wasrganizations, regardless of segment, type of activity and
prohibited until 1990, but as a result, e-business could rgtography. It is very important to emphasize that e-
reach its full potential. Significant to the intensity of thebusiness, which is focused on interaction with the
development of e-business is that in the 1990s, the finsumer in the field of sales, is supported by the entire
large private corporations received permission to operatalue chain from production, sale of services to logistics
on the Internet, and the control of the Internet, which wasd support. At the present stage, the leaders of the world
previously under the complete control of the USconomic and political space are precisely those countries
government, was transferred to private individuals. Aftehat have learned to determine the vector of development
that, in 1992, the commercialization of the Internebf information technologies and the effective management
received the approval of the US Congress, and from thaft information flows, use new opportunities for their
moment, the e-business market entered a new phase ofjiplication and popularization in all areas of activity. It is
development. In 1993, the electronic money technologi@gll known that the global industry of information and
of the future were invented, and in 1994, the first electronfelecommunication technologies is one of the most
payment system appeared on the Internet. In 1995, ftthgnamically developing sectors of the world economy. The
Amazon online store site was opened, which is today tiformation sphere has become the locomotive of the
largest online store in the world, and at the same time, teeonomic development of many countries. It is no
first online bank began to operate. It should be noted thasincidence that relatively recently such concepts as e-
the first online stores, in fact, conducted electronic businelsgsiness and e-commerce, e-logistics and e-economy have
using the long-established technology of trading bgppeared in the economic environment.
telephone and mail, which at that time was widespread in Electronic business in the modern world is any business
the United States [1-2]. activity that uses the capabilities of global information
After this stage of development of e-business, the firsietworks to transform the company's internal and external
business models related to the B2C category appeared. Tbenmunications in order to increase profits. In accordance
primary mechanism of Mail Order - Telephone Order wasith UN standards, a business is recognized as electronic
transferred to the Internet environment, which was an ordétwo of the four components (production of a product or
for a product or service by filling out a form on the seller'service, generation of demand, delivery and logistics to the
website, payment was made by a plastic card, delivery @dnsumer, and payment) are carried out using the Internet.
goods was carried out by mail or through a courier servidé-business is considered to include sales, marketing,
This direction includes any type of business focused on tfirancial analysis, payments, employee search, e-logistics,
end consumer: online stores, banking services faser support, and partner support. Electronic business is a
individuals via the Internet, online auctions, onlindorm of doing business, in which a significant part of it is
education, paid advertising on the Internet and much moaarried out using information technologies (local and
At the same time, electronic business between individuatdpbal networks, specialized software, etc.).
C2C, is gaining momentum. A striking example is Internet Thus, the relationship between the concepts of
auctions, consulting services between individuals via thelectronic business" and "electronic commerce” should be
Internet; various exchange platforms, and tutoring via tr@nsidered as inseparable parts of the whole, since these
Internet. On the verge between C2C and B2C, there deams are often used interchangeably. In the first case,
websites of freelancers (photographers, make-up artistdectronic business consists of such structural components
cosmetologists), which, in fact, are online stores sellings: electronic commerce (electronic commerce); electronic
services to individuals [3]. private procurement (e-procurement); electronic public
A qualitative leap in the development of e-business, grocurement (e-government); electronic customer service
markets, e-logistics occurred when the desire to expatelcare for customers); e-care for business partners (e-care
distribution channels led to the B2B sales network. Ifor Business Partners); e-logistics and e-care for
principle, anything can be the subject of commerce heremployees; e-care of influencers. In the second case, the
but the main prospects for B2B are in the service sectorplrticipants between whom there are commercial relations
is currently the largest and fastest growing e-busineg&4] determine electronic business. The structure of e-
sector. Electronic business in the field of B2G, in fact, iBusiness depending on the participants is shown in
similar to B2B; only the customer in this case is the statBigure 1.
The main example of this type of interaction can be public
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( Business-to-Consumer (B2C)
Business-to-Business(B2B) concerns commercial relations between legal entifies
means commercial relations of legal entities (companies and organizations), on the one hand,fand
(enterprises and organizations) among themsefves|  individual entrepreneurs (private clients), on th
other hand
\_
( Administration-to-Business/ Consumer (A2B/
Consumer -to-Consumer (C2C) A2C)
means commercial relations of individual (administrative bodies for business / consumer
entrepreneurs (private clients) among themselyes;] Thus, the state also received its own abbreviatior in
\_ e-commerce

Figure 1 The structure of e-business depending on the participants

E-business is characterized by the fact that companieffectiveness of e-business by rationally defining the main
of a certain type, which operate on the basis of Interngtiages and tools to achieve the main goal. An e-business
technologies, are concentrated in this area of activity. Thisarketing strategy provides control and management of
type of business is aimed at servicing the digital flow dhe marketing activities of a company's goods and services
products, and the full cycle of the transaction includes alking various tools such as target audience analysis and
stages from production, sale, delivery, service , supporésearch, market research, promotion, advertising,
service and everything is based on Internet technologiesintenance and service, e-logistics, and more. Depending
[5]. on the evolution of marketing and its areas of application,

This type of business is dependent on innovation arlde nature of demand in the market for goods and services,
the use of information technology, and the organization gfich characteristics of marketing as types, forms and types
the sales, communication and service process is impossibfenarketing are distinguished. Types, forms and types of
without the use of a marketing strategy that is inseparabitearketing directly depend on the tools that are used in the
from the Internet. The effectiveness of e-business omotion. It is possible to conduct an electronic business
ensured by a rational strategy of Internet marketing, whidbcused on Internet technologies, but without an Internet
includes all the necessary components and elements thmtrketing strategy, its development is impossible. Since e-
are necessary to achieve the main goals of companies. business is characterized by the use of Internet

technologies, the effectiveness of which is possible with
1.2 Therdationship of e-businessand I nternet the help of Internet marketing, its tools should be
marketing considered:

E-business is a sphere of active emergence and use of Content marketing, which includes podcasts, blogs,
innovations,  information and  telecommunicatiorink baiting, guest posts, video creation, webinars.
technologies, which can be effectively organized by - Email marketing, which includes lead magnets,
building a development strategy based on Interné@gmentation, split testing and email automation.
marketing. The relevance and necessity of this study is - Search engine optimization (SEO), which consists of
confirmed by the presence of a large number of studieskfyword research, search engine optimization of website
this area, which contributes to further research arfges (internal optimization), external optimization,
development of this direction. technical SEO. o o _

The process of organizing an e-business should have an- Conversion optimization consisting of conversion
integrated approach and include all key stages from thecused web design, headline optimization, calls to action
production of goods and services to their sale, promotiot§; TA). social proof; A/B testing (Ul and UX elements),
communication with customers and further servicdargeted advertising. o
logistics, which can be achieved through marketing. - Social media, which include advertising in instant
Marketing activity is a controlled and multifaceted proces®essengers and social networks, choosing the optimal
that is aimed at meeting the needs of potential and ré&annel, social listening (monitoring social media).
consumers of the company's products, which consists in the - Paid advertising: - retargeting (remarketing), which
implementation of not only specific marketing functionsincludes the following activities: Google AdWords,
but also the setting of specific goals, ways to achieve the#ivertising on YouTube, advertising on social networks,
and sources of resources for commercial activities PHrchasing programmatic advertising  (programmatic
generaL advertising).

When organizing an e-business, it is important to use a - Free online marketing tools, which include free
marketing strategy based on the same technologies aM@Psite and online store builders, free personal blogging
approaches, i.e. on the Internet, which will ensure tif€rvices, social networks, forums, message boards, free
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email services, online instant messaging servicgstoducts sold in the framework of the effectiveness of
directories and free services for posting information aboutarketing activities. This approach also takes place in
goods and services, Q&A services, thematic portals for fre@odern conditions of organizing the activities of
publication of ads, online auctions, sites selling goods. manufacturing companies, taking into account small
- Leads and lead generation, which are aimed amprovements and expanding factors for analysis, taking
personal interaction, attracting leads via the Internahto account the specifics of the company's activities. In the
Newsletters (e-mail, SMS, etc.). work of L. Balabanova [7], it is proposed to evaluate the
- Viral marketing, consisting of banner and teasezffectiveness based on the evaluation of the following
advertising. areas: procurement, marketing integration, information
- Video marketing, which is based on the type ofdequacy, strategic focus, operational efficiency. It is
content and its promotion among the audience. important to state that this approach does not define a
- Guerrilla marketing, which is aimed at developingsystem of indicators for organizing the assessment process
cooperation with companies, advertising and holding @nd requires serious improvements and modernization of
shocking action, the natural introduction of goods into thidne methodology itself, which requires further research and
lives of ordinary people using front men who play the roldevelopment in this area.
of happy buyers. Anfinogenova Yu. [8] when determining the
- Non-standard marketing, which includes theffectiveness of marketing, groups of indicators are
following types and areas: Crazy PR, Storytelling andistinguished based on the ratio of marketing costs and
many other innovative areas. profits or sales volumes: profitability index (the share of
- Electronic logistics, which ensures the finalization ofeduced profit from marketing activities to reduced costs);
the marketing process and the delivery of orders amdarket share of the organization; dynamics of margin and
purchases to consumers. The organization of this processfit; dynamics of sales volume, which is a direct
at an effective level will improve supply chains andeflection of the effectiveness of marketing activities;
management of logistics information flows. reaching the breakeven point. It is important to note that
The described Internet marketing tools are directlthis approach is aimed at a detailed analysis of the main
involved in the process of organizing an electronic busineksy items of expenses and income, which does not take into
and are an inseparable part to ensure its effectivenessgcount unplanned expenses that may arise under the
depending on the type of activity and audience segmeirtfluence of various factors, which should be improved in
To ensure the effectiveness of Internet marketing in &is methodology to meet its modern realities.
business, which is based on the promotion of goods and Kotler F. [9] focuses on the need to assess the
services and the retention of the target audience, develgationship between marketing performance indicators
marketing strategies and policies that include the tact &md factors of the external and internal environment. This
achieve the goals. approach is relevant and in demand in modern business,
however, no specific methodology has been proposed that
1.3 Review of scientific literaturein the fidd of would rationally evaluate the entire marketing process
evaluating the effectiveness of I nternet from production to sales and logistics, which requires a
marketing in e-business more detailed study and improvement of this approach,
The intensity of the development of information andiaking into account modern business conditions. Yasheva

telecommunication technologies and the need to mandge [10] emphasizes that the priority is the evaluation of
information flows encourage many managers of modeffonomic efficiency, and not the ma(ketlng activity |ts_eIf.
companies to change their approaches to organizinS important to state that aIthoughth|s_approach considers
activities and actively carry out marketing intra-Marketing expenses only as an operating expense (and not
organizational changes, research on the exterfd an [nvestment) and_does not include all cycles of t.he
environment, which can be carried out based on 4Rarketing process. This approach has become a logical
effective organization. E-business, which is supported @a_rtllqg point for evaluating the effectiveness of_marketmg
an Internet marketing strategy. activities 'Fhroygh the anaIyS|s_ of 'Fhe return on investment
The relevance of improving the efficiency of moder®f marketing investments, which is currently widely used
companies in the e-business segment is due to the nee@td/Vestern companies, is gaining popularity and is being
search for and organize a business using an Interfgither developed. L
marketing strategy that will ensure the implementation of !N her study, Moiseeva M. [11] provides indicators of
strategic plans. To highlight the main directions in the fielftarketing activities by function ~(market research,
of the theory of evaluating the effectiveness of Intern@sSortment policy, marketing activities, communication
marketing in e-business, it is necessary to consider fglvities) and general indicators (profitability, strategic
existing approaches in the scientific works of scientists. ctivities). However, it should be emphasized that the issue
Assel G. [6] emphasizes the need for consta®f eyaluatlng the effectiveness of Internet marketing in e-
evaluation based on an analysis of the volume Husiness remains open and requires detailed research. Tull,

production costs and their impact on the volume donald S. [12] argues that an empirical approach is better
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than a quantitative approach based on statistical testingtofdevelop a methodology for evaluating the effectiveness
narrow deductive hypotheses. The paper presents tfe Internet marketing in e-business determines the
results of a study conducted in the early 90s in Englanglevance of this study and its practical significance. Based
some European countries and the USA [13]. This approach the generalization of the reviewed scientific literature;
is a classic and does not meet modern trends and featureshould be argued that the process of evaluating the
of e-business organization, which requires a more detaileffectiveness of Internet marketing should be carried out
study. Based on a review of scientific literature andn the basis of the following steps and procedures:
research in terms of evaluating the effectiveness of Internet 1) Determination of the purpose of the process of
marketing and its effectiveness, it should be stated that tealuating the effectiveness of Internet marketing.
effectiveness of marketing was analyzed in the following 2) Collection of statistical information and formation of
areas: the internal attitude of the company's managemanbase of KPI indicators for a comprehensive assessment
to marketing (its definition, roles and functions),of the entire marketing process from production to
organization of this activity (involvement in the strategidogistics.
planning process, level of coordination and information 3) Analytical analysis of information flows and
exchange between marketing functions) practicalalculation of KPI indicators.
implementation of marketing functions (use of marketing 4) Substantiation of initial values and methodology for
research, planning, participation in the development of neyualitative assessment of calculation results.
products and organization of an effective logistics process, 5) Formation of economic conclusions and
etc.). development of projects of management decisions [14-16].
The considered main studies in the scientific literature To substantiate the main KPI indicators for evaluating
in the field of evaluating the effectiveness of Internghe effectiveness of Internet marketing in e-business, it
marketing in e-business allow us to conclude that theresbould be noted that these indicators should take into
no single approach to evaluating the effectiveness, whielecount the strategically important factors of influence in
should be formed based on the selected approaches amatiern business conditions, both internal and external,
requires improvement and more detailed study. The neethich is shown in Figure 2.

~ 4 ™)
External factors Internal factors
(demographic; economic, (suppliers of products; intermediaries; sales
___environmental factors; representatives; competitors; contact audiences;
scientific and technical; socio-political; consumers; potential customers and others).
macroeconomic; volatility and uncertainty).
\_ S
4 . 4 . D
StrategicFactors Tactical Factors
(formation of the marketing strategy of the (planning and control of the main plans and tasks at fhe
organization; plan for the development and tactical and operational level of management to ensfire
achievement of the strategic goals and objective$ d the effectiveness of the organization's Internet markefing
the organization). and achieve strategic goals).
\ \_ J

Figure 2 Factorsinfluencing the effectiveness of Internet marketing in e-business

Internet marketing in electronic business is aimed determines the use of Internet marketing tools to ensure the
solving such issues as studying the tastes and prefereneffisiency of companies and achieve strategic goals.
of the consumer, researching competitors, searching for
distribution channels, analyzing the volume of produ@ M ethodology
distribution for companies, creating new productsy 1  Peer review process
researching and working on an advertising campaign [17]. £_pysiness is aimed at the integrated automation of the
Modern trends in the organization of e-business agmmercial work of companies and organizations, which
characterized by the fact that the use of a standard se{0fqcysed on interaction with the consumer in the field of
marketing is not enough to ensure the effectiveness ©fjes and support for the entire chain of the sales and
activities, which causes orgfanizations and companies IHbistics process. Strengthening competition and the
move to a new era of marketing - Internet marketing.  generation of instability by the crisis processes of the world
_ The deve]opment of mlnovatlve technologles and theé’conomy strengthens the role and necessity of using
implementation and use in the e-business sectors of {8 keting in the activities of economic entities. The
economy makes it possible to optimize the cost structuieowih of uncertainty, both external and internal, puts in
for standard marketing mixes of an organization anfe first place for many companies the issue of ensuring the

~ 439 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 10 2023 Issue: 3 Pages: 435-444 ISSN 1339-5629

Evaluation of the efficiency of internet marketing in electronic business
Mahmud Agel Abu Dalbouh

effectiveness of activities, taking into account th&he proposed method for evaluating the effectiveness of

presented factors. The effectiveness of many companiedriternet marketing, taking into account the formed and

characterized not only by making a profit, but also bgertain factors, can be applied in the practical activities of

strengthening planning, monitoring economic programsyodern companies. The developed methodology will

qualitative risk assessment, using existing systemigghlight the strengths and weaknesses of the Internet

methods for managing information flows, and solvingnarketing strategy of modern companies with its further

various marketing and logistics problems. adjustment to achieve strategic business goals and ensure
A review of scientific literature in the field of the effectiveness of e-business in general.

evaluating the effectiveness of Internet marketing in e-

business, indicating the presence of a problem that consi8ts Result and discussion

in the lack of a unified approach to developing a \when organizing an e-business, which is based on an
methOdOk)gy for evaluating the effectiveness of |ntern¢|ﬁternet marketing Strategy, success |arge|y dependsi as a
marketing in e-business, followed by the definition of keyyle, on the achievement of specific results, such as: profit
indicators and their elements that would take into accougifowth, the number of calls, clicks, goods or services sold,
the influence of all factors through the use of innovativgs well as the quality of supply chain management.
Internet tools and methods. The informatization of socie®jowever, the choice of communication channels with the
and the intensive development of electronic business afigent at the planning stage will require an assessment of
characterized by the fact that the organization of th-ﬁfectiveness even before making Changes to the
business, taking into account all factors, is impossibi@arketing. Brand promotion on the Internet is a complex
without the implementation of an Internet marketingind costly process, as competition in commercial segments
strategy. is growing every day. It is definitely possible to calculate
However, the use of Internet technologies is relevant {fe ratio of profits and investments, but this is not enough
the modern World, which in turn leads to the mOdernizati%r a Compiete picture_ To evaluate the effectiveness of
and improvement of existing methods, mechanismgnline marketing in e-business, several tools are used, and
concepts and management strategies, marketing anddigh of them has its own metrics by which you can evaluate
application in electronic business are no exception, whighe effectiveness. The main KPIs of the effectiveness of

indicates the need for further research. Since in modefternet marketing companies in e-business are presented
marketing there is no single approach to evaluating the Table 1.

effectiveness of Internet marketing, there is a conceptual
need and relevance for the development of methodological Therefore, the vector of marketing strategies is shifting
foundations for their evaluation and a deeper study, whighwards  individual work with the consumer.
was carried out and reflected in the main results of thiSommunication based on mutual interest is today the
article. leading direction of Internet marketing in e-business.
The key goal of the study is to evaluate th@jodern marketing tools allow you to conduct a deep
effectiveness of Internet marketing in e-business. linalysis of the target audience, its preferences, and requests
accordance with the purpose of the study, the followingnd determine the need for the introduction and launch of
tasks were defined: analysis of the theory of Interngt particular product or service. These tools allow you to
marketing and the elements contained in it; classificatiqfteate a profile of each client in order to build the most
of existing Internet marketing tools in terms of theigppropriate interaction scheme with him. This approach
effectiveness; classification of KRI indicators f0r|eads to Optimization of marketing budgets' expansion of
evaluating the effectiveness of Internet marketing ithe client base and sales growth by studying your audience
electronic bUSineSS; formation of recommendations fqnd Choosing the most accurate message when Organizing
improving Internet marketing in modern conditions. T¢n e-business.
achieve the goal of the study and the implementation of the The organization of an electronic business based on an
tasks set, general scientific and private research meth@fifernet marketing strategy is based on a combination of
were used. several tools, each of which requires costs and investments.
Analysis and synthesis of key areas that are usedffferent tools can bring different results and value
evaluate the effectiveness of Internet marketing in @epending on the niche and segment being used.
business; process and system approaches - to develop agkgyluation of the effectiveness of Internet marketing may
algorithm for evaluating the effectiveness of Internefary depending on what goals the company's management
marketing in electronic business; economic and statistiGalirsued in the e-business segment. To evaluate the
analysis of KPI indicators for the effectiveness of Interneiffectiveness of Internet marketing in e-business, it is
marketing in e-business and their grouping depending @@cessary to use various labels and markers [18].
the type of activity; graphical method and method of Tq substantiate the described hypotheses and the theory
constructing analytical tables - for visual interpretation ajf this study, it is necessary to evaluate the effectiveness of
the main results of the methodology for evaluating thgiternet marketing in electronic business. The functioning
effectiveness of Internet marketing in electronic businesgf e-pusiness in the context of Internet marketing is
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inextricably linked with the use of innovative technologiesvorld-class companies use innovative tools to evaluate the
and tools that allow you to optimize the main businesffectiveness of Internet marketing in e-business, one of
processes of companies and improve your work. Mamwhich is Google Analytics [19].

Table 1 The main KPI indicators of the effectiveness of Internet marketing companiesin e-business
KPI indicatol Features of the methodology for evaluating the effectiveness and charac
Displays the number of visits that ended with the target action (registration, purchase) to the total
number of visits. CR allows you to evaluate the effectiveness of a given marketing «
Displays the number of users who left the site after viewing only 1 page. If the Bounce Rate is
Bounce Rate (BR) | more than 40%, this is a serious reason to reconsider the approach to organizing this element of
the organization's Internet marketi
Average Order Value | This indicator allows you to compare in retrospect the performance indicators of the Internet
(AQV) marketing tool in terms of the amount of income genel
Cost Per lick (CPC) The ratio pf spending onan advertising campa}ign to the numbgr of.clicks. Allows you to evaluate
the effectiveness of using contextual advertising placed on paid sites.
Cost Per Order (GB) | Displays the cost effectiveness of attracting one client through the use of Internet marke
Return Of Investments| An indicator of the effectiveness of Internet marketing tools and return on investment.

Conversion Rate (CR)

(RO
Return Of Marketing | The main indicator of the effectiveness of Internet marketing. Shows the return on investment
Investments (ROM in marketing

Also, special attention should be paid to such Internatarketing, which is reflected in the indicators (AOV,%)
marketing tools in e-business as search engine optimizatiemd (CPC,%).
and contextual advertising, which provide increased The structure of Internet marketing performance
customer loyalty, brand awareness and promotion, whighdicators in the electronic business of world companies by
generates an increase in income from this type ofdustry as of 01.01.2022, in %, is presented in Table 2.

Table 2 The structure of Internet marketing performance indicatorsin the € ectronic business of world companies by industry as of
01.01.2022,in %

Conversion Rate (C %) Average Order Valu(AQV, %)
Tourisn 25.10% Baby food and toy 18¢€.35%
Real estate 11.20% Vehicles 130.93%
Business consultir 27.40% Clothing and accessor 117.51%
Business servic 15.70% Fooc 112.92%
Lending 24.30% Sport and relaxatic 94.15%
Healthcar 12.30% Animal cart 80.11%
Higher education 11.50% House and garden 76.55%
Building 14.90% Art and graffit 76.49%
The legislative framewo 15.40% Agricultural good 63.95%
Professional educati 25.00% Electronic: 60.39%
Spor 11.00% Appliance: 55.61%
Electronics 12.00% Healthcare 37.96%
Cost Per Ord¢ (CPO, %) Bounce Rate (B, %)
Laws and Governme 86.49% Art and entertainme 58.85%
Vehicles 48.37% Vehicles 48.30%
Business and Manufacturi 38.54% Beauty and fitnet 57.31%
Beauty anditnes: 71.88% Books and literatu 63.41%
Personnel and Managem 43.90% Business and Manufacturi 56.41%
Educatiol 8C.00% Financt 57.92%
Financt 41.14% Fooc 58.36%
Insuranc 48.05% Hobbies and entertainmi 55.53%
Healthcar 31.96% Internet and televisic 58.53%
Repair worl 68.12% Work and educatic 54.07%
Spor 61.22% Electronic: 28.23%

This tool is a service developed by Google to generasdlows you to evaluate not all indicators, which does not
detailed statistics on marketing activities. A feature of thgive a reliable picture, and for their detailed calculation and
service is that the webmaster allows you to calculate tegaluation, many settings and personalization approaches
ROI and the effectiveness of marketing expenses. This tdolthe description of indicators are required.
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A

This tool is one of the most used and allows you teffectiveness ensures the achievement of the strategic goals
control the effectiveness of Internet marketing in eef the organization. The effectiveness of e-business
business and understand how certain tools affect tbeectly depends on the Internet marketing tools used to
company's efficiency in the e-business segment. achieve all the company's strategic goals. The assessment

The presented structure of the main performanad the effectiveness of Internet marketing of companies in
indicators of Internet marketing companies in thé¢he world in the context of industries as of 01.01.2022
electronic business allows us to determine that usimgtermines the need for more intensive development of
innovative Internet technologies for promoting goods anditernet marketing as a key tool for ensuring the
services such as: a website, corporate pages on soeiff¢ctiveness of e-business. The functioning of Internet
networks, advertising, which indicates a high percentage wfarketing and its application in electronic business is
conversion (CR,%) and the number of visits (BR,%) in thgaining more and more widespread use in all industries.
sectors: business consulting, vocational training, tourisBince, the main indicators of the effectiveness of Internet
and lending, politics, legislation, finance and insurance, ttmarketing are the payback of the funds spent on marketing
necessary level of marketing efficiency is provided. activities and the number of customers attracted to the

It should be noted that in order to use innovative tootsompany. The cost structure for Internet marketing tools
and Internet technologies in marketing, it is necessary amd their effectiveness in global e-business companies by
spend quite large amounts of investments, and thémdustry as of 01.01.2022 in % is presented in Table 3.

Table 3 Sructure of costs for Internet marketing tools and their effectivenessin global e-business companies by industry as of
01.01.2022in %

Cost Per Click (CPC, USD) Return Of Investments (ROI, %) RE eﬁectlt\(/)ec)TSeﬁ;g;vllr?tozr)net g
Clothing $0.45 Electronics 60.609 Laws and Government 70.30%
Vehicles $2.24 Vehicles 52.40% Search contextual advertising 29.30%
Business and Manufacturi | $2.52 | Business and Manufacturing 45.5( Display Advertising 6%
Beauty and fitne: $1.81 Finance / Insurance 69.70 Social Media Postings 5.10%
Business consultir $3.08 | Business and Manufacturing 38.9( Targeted advertising 14.90%
Educatiol $1.06 Healthcare 37.909 Email marketing 6.500
Electronic logistic $2.72 Electronic logistics 36.409 Insurance 10.10%
Finance/ Insuran $5.77 Education 35.309 Healthcare 5.00%

The effective use of Internet marketing allows you tamplementation into activities depending on the industry
increase profits by promoting and increasing consumand type of activity [20]. The effectiveness of Internet
loyalty, which in turn provides a competitive position inmarketing in e-business is ensured by an increase in the
the market, increasing conversions and optimizing cost®lume of conversion through the use of certain tools. The
The organization of e-business is impossible without thdynamics of sales in electronic business, which are
use of innovative mechanisms and management tools, grdvided with the help of Internet marketing in trillion.
this also applies to marketing. Since e-business is baseddD, as well as the growth rate compared to the previous
Internet technologies and work organization approachesygar in % for the period from 01.01.2017 to 01.01.2022,
cannot be imagined without an Internet marketing strategye shown in Figure 2.
that distributes all the necessary steps, tools and their

15.90%
1L 20— ? 05

17.17%

112020 e ————————————— |77
20.20%

112010 e ———————————— 151

18.30%

11.2018 e ——— | 05
22.30%

1.1.2017 e —— 1 06

The growth rate over the previous year,% mSales using online marketing tools (trillion US dollars)

Figure 3 The dynamics of salesin electronic business. which are provided with the help of Internet marketing in trillion. USD USA.
as well as growth rates to the previous year in % for the period from 01.01.2017-01.01.2022
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The presented dynamics of sales volumes in electrordombination ensures the effectiveness of existing
business. which are provided with the help of Interngirocesses.
marketing. increase every year. which indicates an increase Due to the lack of a unified approach in the scientific
in interest in the effectiveness of Internet marketing by tHeerature to determine the methodology and tools for
management of world companies. which is also confirmezlaluating the effectiveness of Internet marketing
by the growth rate compared to the previous year in %ompanies in electronic business. a study of approaches
From the results obtained. the hypothesis of the need feas conducted and an approach to evaluating the
constant evaluation and monitoring of performanceffectiveness of Internet marketing was formed. .
indicators is confirmed. which will allow planning both at KRI indicators have been selected to assess the
the operational and tactical levels the company's marketiaffectiveness of online marketing of companies in
strategy in electronic business. Since evaluating tledectronic business. depending on key influencing factors
effectiveness of each tool allows you to identify priorityand strategic goals. To substantiate the methodology for
areas and weed out frankly weak and ineffective ones. evaluating the effectiveness of KPI. the key tools of

Internet marketing of e-business companies were

4 Conclusions identified. which made it possible to determine the need for

The intensity of the development of innovativetheir use in the framework of achieving and ensuring the
technologies and their implementation in modern businedshievement of target business indicators and tasks. It is
segments requires constant improvement of managemafgued that. taking into account current trends in the
approaches and methods. The study is aimed at Studymgnlementatpn of innovative technol_og_|es and approaches
the existing scientific approaches to evaluating th&® doing business on the Internet. it is necessary to use
effectiveness of modern Internet marketing. which is a@Xisting Google ~Analytics tools to evaluate the
integral part of electronic business. The emergence affiectiveness of Internet marketing and obtain reliable
rapid development of the global Internet has led to a rég@sults. _ _
revolution in the organization and conduct of business. The A methodology for evaluating the effectiveness of
transformations affected both the external relatiorgnline marketing of e-business companies based on key
between companies and their partners or customers. as Wéll indicators of global companies by industry has been
as the internal structurecompanies. Not only new areasféfmed. which made it possible to determine the most
doing business (trading platforms. auctions. electronf@tional and effective tools. as well as profitable e-business
markets. e-commerce and others). but the existitgdustries. Based on the sorted methodological approaches.
strategies for conducting and organizing activities ha&e author assessed the effectiveness and considered the
changed radically. dynamics of sales of electronic business using Internet

The main results of the study made it possible t@arketing tools for the period from 01.01.2017 to
achieve the set goal. which concerned evaluating tRd-01.2022. _
effectiveness of Internet marketing in e-business. Scientific The presented allowed us to formulate the main
approaches and theories of development of key aspectdWgPotheses and confirm them in terms of the fact that in
the development of e-business in the world are consideré&fider to ensure the effectiveness of Internet marketing in
This made it possible to focus on the intensity of th@lectronic business. it is necessary to use innovative
development and implementation of information an#nethods and Internet technologies to achieve strategic
telecommunication technologies in all spheres of humé&als.
life. and also made it possible to argue for the lack of a The results of the study. in contrast to existing
unified approach and methodology for evaluating tha@Pproaches. made it possible to substantiate the need to
effectiveness of Internet marketing. which led to th@pply in practice the formed methodology for the formation
relevance and need for a detailed Study_ Based on fPferl indicators and their further control to ensure the
presented. the author carried out a deep analysis of existiffgctiveness of Internet marketing.
scientific approaches and theoretical aspects to the
development and establishment of e-business. identifi&defer ences
the main types and forms of e-business. depending on {a¢ SENYO, P.K., LIU, K., EFFAH, J.: Digital business
participants in modern conditions. ecosystem: Literature review and a framework for

The peculiarity of the organization of electronic future researcHnternational Journal of Information
business. which is inextricably linked with the introduction Management, Vol. 47, No. Augustpp. 52-64, 2019.
of information technologies into the global business https://doi.org/10.1016/j.ijinfomgt.2019.01.002
industry. is considered. where the need to use marketing26BICAN, P.M., BREM, A.: Digital business model.
an element of management and strategy is highlighted. digital transformation. digital entrepreneurship: Is there
Since e-business is based on Internet technologies. thena sustainable “digital”Sustainability, Vol. 12, No. 13,
marketing must correspond to this. In the article. the author p. 5239, 2020. https://doi.org/10.3390/su12135239
argues the inextricable link between e-business. e-logisti¢3] RANGASWAMY, A., MOCH, N., FELTEN, C.: The
e-commerce and Internet marketing. the use of which in role of marketing in digital business platforrdsurnal
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Abstract: Logistics in companies is a necessary process that has high costs with mostly no added value. Lowering this
cost is vitally important for companies to stay competitive. Nowadays, storage systems are a critical part of any company’s
logistic system, and many of them try to reach an optimum level where they can operate with little freedom of movement
of goods declared by the changing market. There are several manual and automated methods to achieve this. However,
we hear quite little about the use of artificial intelligence in the field. This study focuses on the implementation of Al
technology into warehousing, especially in categorizing goods. After an overview of the recent literature on Al
technologies and their application in the field of logistics, the introduction of an Al application follows. The main goal of
the application is to categorize each good stored in a warehouse into ABC-XYZ groups, which determines the place of
the good in the warehouse and the ordering frequency with the quantity. After acquiring and cleaning the training data
from a real company, the determination and selection of the least input parameters is an important and challenging task,
which is demonstrated. The effectiveness of the supervised learning can be seen as an ANN (artificial neural network)
can output, with the aid of a non-conventional metaheuristic approach - the black hole algorithm - as the learning agent
is demonstrated by an example, which also shows the result of an ABC-XYZ categorization run on a dataset from a
multinational company.

1 Introduction and literaturereview run Al supported queries on them continuously to find

Recently, as we can see in the news, there has bedtidglen parameter or process relationships [12]. This could
surge in the development and use of artificial intelligenc@asily lead to 10T-SL (Internet of Things - Smart Logistics)
(Al), not only in research and industry, but also active ug¥/stems, where smart contracts and more effective services
in real life situations. So far, large corporations have usé@n increase warehouse efficiency, faster receipt actions,
some forms of Al to determine the weather [1], to analyd&suing, transferring, and picking [13]. One of the biggest
compounds and tissues chemically and biologically [2], @nq most advancgd areas of z_art|f|C|aI m_telllgence res_efarch
trade stocks [3], to assess consumer needs [4], to crégtémage processing, which is essential for self-driving
tailored advertising [5] or to run the largest text searctehicles and visual recognition systems. To train these
systems [6], to name just the most well-known ones. Apdiystems, large amounts of data are needed, and if we want
from the last decade, there has been mass-fear abouttth&éontinuously expand this data, we need to use cloud-
effect, power and awakening of artificial intelligence [7]Pased services. EDGE computing with Al-infused cloud
which has been greatly influenced by the exaggeraté@rvices provides a solution for this problem [14].
media, but nowadays Al is mostly accepted as a useful tool In @ warehouse, there are plenty of possibilities to use
that, if used properly, can do no harm. To give a concrefd-driven or augmented systems. As | mentioned earlier
example, the open source chatbot ChatGPT is enjoyiMtpual recognition is in a very advanced state, w_hlch can be
unprecedented popularity, with 13 million daily users andsed to control safely fully autonomous vehicles [15].
a total user base of 110 million in January 2023 [8]. It caisual recognition and artificial intelligence have another
engage in quasi-intelligent safe conversations, grabitd impact on warehousing within sorting and picking.
answers, and help on topics or write your homeworkick-by-vision owes its existence to smart glasses and the
which has caused huge scandal in the US. rise of augmented reality [16]. Although not yet widely

Considering thiS, it is hard to imagine that there a,@dopted due to its relatively hlgh installation cost and Al
industrial areas where artificial intelligence is hardly usedaining time, but in the future, it could easily become more
at all, neither in the design, nor in the construction, nor fccessible [17]. As most of us know, pick-by-voice is a
the operational phases, although it is also mentioned in thgll-established technology, that can work without any
Industry 4.0 principles and directions under the topic dhajor Al, but for better voice recognition or giving special
automation [9,10]. instructions the method can be improved by Al [18].

Most researchers agree that automation and Industry Another unigue example of the implementation of Al
4.0 tools not only allow us to improve our hardware, buifito warehouses comes from researcher Min-Chun Yu,
also to automate our software and decision-makirifith a great promise to compare the outcome of the original
systems [11]. To achieve this, existing enterprisBC analysis with methods infused by artificial
databases, such as SQL-based ones, can be easily linkdatgligence [19]. The ABC analysis has a few variations,

program written in C#, .Net or MATLAB languages anddut most of them sorts the stored items in descending order
by price multiplied by quantity of consumption, then using
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the Pareto principle to classify them into categories A-B-@egree of certainty on actual data that has not yet been seen
with 80-15-5% breakdown. A set of data provided aw give a proper output [20,21].
training and testing data for the three method of Al, which Backpropagation is a very powerful and tool for
are: Back-Propagation Network (BPN), which is a type adjusting the weights of connections between nodes, but
Artificial Neural Network (ANN) and use a back-to-frontnot the only one; we can also use heuristics for this
normalising method for setting the weights of the nodeurpose. The former is a simple and efficient technigques,
connections; Support Vector Machine (SVM), wherg¢hat best at smaller standardized problems in matrix forms
minimal risk structures can be achieved by a linear modelnd fine-tuning already good solutions, but not so efficient
and implementing vectors as margins of parameters; andk-big complex and noisy datasets. It is also very sensitive
nearest neighbours, which is a reliable clustering tool, thiair the initial settings and input parameters [22].
can be used for easy and fast grouping, but very sensitive The heuristic approach is another good technique to
for input and initial data. The study claims, that the SVMdjust the weights, but it requires more computing power
method worked the best, on average the model guessesahd the solution’s correctness has a bit more uncertainty. It
right categories with a success rate of nearly 80%. Thisgood for any kind of problem, mostly without restriction,
study has inspired this research most. Recently remhd with their application, it is possible to oversee a much
company data was received for optimization and researeger spectrum of weight-solutions [23]. Most of the times
purposes, that could easily be used to create an AB@en we search for heuristics in Al topics the genetic
analysis dataset for Al testing and validating. The compaigorithm (GA) will dominate our findings. This method is
also performs their own XYZ analysis on items, with whicla very good candidate for almost every problem including
they can store more effectively and calculate shippingeight adjustments in ANN models, because it is very
guantities better, thus improving their material flow andobust, easily calibrated, and have numerous versions
make a more efficient warehouse and logistic system. included as packages in many programming languages and
This paper’s purpose to create an example of trainingcampliers. Genetic algorithm, however, is not the only
weak Al, that can pre-categorize items based on a corporgt®d heuristic option. There are many cases, where other
supervised data set into both ABC and XYZ categories. heuristics can surpass GA in different tasks, like in the
paper “Black Hole Algorithm and Its Applications” [24].
2 How artificial neural networksworks? The black hole algorithm (BHA) is a population-based
Most of the time for categorizing tasks we don’t need @€taheuristic algorithm with a semi-memory storage for
very powerful or complicated Al models. Most logisticsolutions. Classification is the strength of this algorithm,
based problems are not a particularly complicated for thhich can work very effectively when the parameters are
kind of tools: most of the time it doesn't need visualractional numbers with limits, where we can interpret the
processing or text recognition with a human like responsélistance” between individual objectively [25]. In most
In most cases there are a fixed number of parameters AN the numbers and their weights are predetermined and
inputs, and well-defined outputs. There are plenty dimited (-1...1), which is ideal for the BHA to work
artificial models and techniques which we can use to sol@éfectively. In addition to these, the basic algorithm of
this problem. One of the easiest, well described, and wetHA is much simpler and works with much fewer steps
developed models are the Artificial Neural Network$han GA, so an iteration step is only a fraction of the time
(ANN). These are machine learning models, that aff GA. It also handles more populations more effectively
designed to simulate the way human brain works, wheg@cause an iteration step doesn’t require ranking or
nonlinear classifiers mostly used to create and refifgeighting the individuals, there are no special crossovers,
complex relationships between inputs and outputs f@nly the best remains and the rest of the population
classification purposes. An ANN model contains sever&hanges. These are the reasons why BHA was chosen as
node-layers for processing information, called neuronie artificial neural network’s weight calibrating tool, for
The layers are usually called input layer, hidden layer atde ABC-XYZ classification problem.
output layer. ANN models can be used for a wide range of
tasks, of which the best known for image and speech ANN model for ABC-XYZ prediction
recognition or natural language processing. ANN models  with black hole algorithm

are trained on supervised data with the help of heuristics, To create a practica]/industria| acceptab|e ANN mode]y
or a process called backpropagation, where the algoritho initial steps must be taken: data mining and layer
adjusts the weights between neurons in response to {R&rameter) definition. The order of these is determined by
input data. This process iterates until the model is able fghether we already have the data for testing that can be
accurately predict the output for a given input in the tegfocessed, or whether we are trying to create a new system
data. However, this process can also be computationadlifd data collection will follow. In this specific case the
intensive and for complex problems, which is not alwaygccess to corporate data was very useful, which is used as
predictable, or require significant amounts of training data. test database after cleaning and pre-processing.
After the Iearning phase the model can be used with a hig‘&tura”y, permission was granted by the company to use
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(2

their data in this research if the company and the goodgximum twice the number of input and output
cannot be recognized by competitors. This means the datrameters; the second hidden layer and after, the neuron
collection came first and the definition of layers were theounts should be between 2/3 and 1/2 of the previous layer
second step. There is only rule of thumb on how marg6].

hidden layers there must be (1 is always required): for not After cleaning and processing the corporate data 9
too complex tasks (with reasonable parameter count) masputs were selected, and of course 2 outputs: prediction of
authors recommend between 1 and 3. The same appliegem classification into: ABC & XYZ. Because these are
the number of neurons (or nodes) in the hidden layers: thexa@ high numbers, and from my understanding, this
are formulas, but since the number of parameters can fgreblem didn't look very complex, so | created 2 hidden
between a few and millions (image processing) it's verayers with 12 and 6 nodes. These parameters and layers
task dependent. For a small number (under 100) of inpzéin be seen in Figure 1.

parameters the first hidden layer has a node count of

Normalization, 1. st Hidden Normalization, 2. st Hidden Normalization,
InputLayer (3 parametera) weighting layer (12 nodes) weighting layer (6 nodes) weighting Output Layer (2 parameters)
Size of Warehouse 1 | | g 9 N L 1
(max. palette number) N = ,f =~ 2 A
Price of anftem (EUR) | 2 '\
Number of items 3 ¢
on a palette < \
% A 2 K \ N / s 2 - X » 1 Categorizing: ABC
Summary of used items |, L ’ N .
(specific KPI indicator) ° °
Daily average demand 5 e e L] od [ ]
of an item ° ! °
Standard deviation of 6 = / N -_ \
daily demand of an ftem = ¥ 11 £ 7 + 5 + 2 Categorizing: XYZ
Dally average inventory 7 ¢
Standard deviation of 8 A ."\\
daily inventory W
Share of average inventory Y =3 \ Y. i W v -
to total inventory (%) 9 12 6

Figure 1 Layers of ANN network for ABC-XYZ prediction

3.1 Defining theinput dataset for artificial The corporate dataset contained information about
neural network nearly 3200 items, which was real storage and movement

Besides C|eaning’ pre-processing the data is a|m(§ata for a whole month from multiple company warehouses
always needed. If the whole cleaned dataset was givenbigken down to the second. Unfortunately, about 1800 of
input we had nearly 140 parameters (in daily breakdowrifle 3200 items were not .ac.:tive in the examined month, so
which is unnecessary. |nput parameters 1...4 is nmor.e- than half of the tralnlng data we |0-Se by defaul-t.-ln
changed, these are the followings: size of warehoud€dition, there were errors and gaps in the remaining
(capacity by palette number of the location), price of agatase_t: there were some warehogses that doesn't classified
item in EUR, number of items in a palette, and a KAfems into ABC-XYZ, and most items had at least one
indicator, which summarizes the number of used itenframeter missing, like price or quantity. After the data
(only left it in because it has been asked by the compangleaning only 255 items remained in the training dataset,
Input parameters 5...9 is calculated: daily average demaw#lich is still plenty enough to train an Al. Part of this
of an item, and its standard deviation, daily averagdeaned and pre-processed data set is shown in Table 2.
inventory and its standard deviation, and the average of the In Table 1. we can see two yellow column ABC (Corp.)
daily percentage of an item occupancy in the givednd XYZ (Corp.). These are the classifications defined by
warehouse. With these inputs, we need to try to avotfie company for every item in the testing dataset, and most
having data that are part of other parameters or to expré&gortantly for Al developers, these are the supervised
them by the relationships of other parameters. Always ai#tputs, that we want to acquire at the end of the training
for the previous principle if effectiveness is the goal. ThBrocess. Also, the green columns in the table are the input
only exception is we have parameters that, althougtarameters and the grey columns (120 columns) contains
related, have a very complex relationship that can only f@e daily data, which used for the calculation of input
truly expressed through more layers that we have. parameters 5...9.
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Table 1 Part of training dataset

Income [Used items| Remains Stock
SD of SD of Initial Initial i i i

: Number Used Daily Ao Dally Ao AN nitia nitial | (no.item) | (no. item) | (no.item) | (palette)

Warehous| Price of ) palette daily daily N stock stock

) ) of item average average daily ABC XYz
Iltemno. | esize item number average |. average factory | factory
on : demand inventory|. stock | (Corp.) | (Corp.)
(palette) [ (EUR) of item demand inventory N total (no.| total |03.25.2022 03.25.2022 | 03.25.2022 | 03.25.2022
palette (palette) (palette) ratio )

(KPI) (palette) (palette) items) | (palette)

N1 1155 258.46 24.00 6.83 23.43 9.22 58.43 15.34 0.0506} A X 2208 92 0 552 1656 69
N2 1155 169.96 48.00 171 11.71 6.80 26.71 28.16 0.0231 A Y 624 13 0 480 144]
N3 1155 100.52 32.00 6.25 28.57 14.33 133.57 51.17 0.1156f A Y 8224 257 0 1312 6912 216
N4 899 48.33 80.00 1.54 17.57 7.16 40.86 22.81 0.0454] A X 2000, 25) 0 1760 240
N5 899 40.70 105.00 0.50 7.43 3.69 11.00 7.55 0.0122] A X 945 9) 945 945 945 9)
N6 899 48.32 64.00 1.48 13.57 8.44 4.29 11.95 0.0048| A Y 704 11 0 1344 -640 -10]
N7 899 25.30 36.00 4.53 23.29 11.16 41.29 11.18 0.0459] A X 2124 59 864 1116 1872 52
N8 1155 23.83 80.00 0.94 10.71 5.56 38.71 12.54 0.0335] A Y 3680, 46) 0 1280 2400 30]
N9 899 50.07 48.00 0.85 5.86 5.70 3171 11.29 0.0353] A Y 624 13 384 0 1008 21
N10 1155 25.89 48.00 1.69 11.57 5.44 42.43 22.71 0.0367] A X 1152 24 0 480 672 14}
N11 1155 137.22 48.00 0.23 1.57 2.07 3.86 3.02 0.0033] A Y 288 6) 0 0 288 6)
N12 1155 21.50 50.00 0.72 5.14 9.25 74.29 24.74] 0.0643] A Y 1700 34] 1700 1150 2250 45)
3.2 Theimportance of ABC and XYZ analysis volatile, but there is a certain tendency to fluctuate. For

The results of ABC and XYZ analysis are not the mogtxample, there may be a steady increase or a steady
important indicators or management parameters for tlecrease, or perhaps seasonal patterns of use. This category
company, but they can be used as an easy decision supjsoeharacterised by a medium forecast accuracy. Category
tool for the whole internal and external logistic system t&Z" includes materials whose use is completely irregular,
manage the stock levels of incoming materials and itemsWith a very low forecast accuracy [28].
the warehouses, plan stock entries and withdrawals, free up
space, control delivery deadlines, prepare the right Application and results
materials for product changes and plan the ordering There are many programming languages and compilers
quantities coming into and out of the factory with their timehat can write ANNs effectively, but for research purposes,
intervals. there is a very simple and effective programming language

ABC analysis aims to distinguish between itemand its application that handles matrices very well, which
(mainly materials) that are significant and insignificant t¢gs MATLAB. There was no doubt that the application was
the materials management system. It separates the essetiiten in this language. Also programming in MATLAB
from the non-essential based on the annual use (valyes fairly easy with the pre-made libraries and the huge
and/or quantity) of the products, classifying them into Bumber of blogs on the internet was helpful in this topic.
categories (A, B, C). The materials are grouped according addition, the implementation of the black hole
to their relative importance and differentiated inventorglgorithm, which is the core process of the model, was also
management methods are applied according to the growgktively simple, because of its easy structure and
[27]. comprehensibility. After a few unsuccessful runs, when the

The pareto principle states: about 5-20% of the itemgsults did not improve, the solution was able to move
cover 70-80% of sales these are "A" category items. "Bérward with a simple trick: make the output neuron
category items cover 20-30% of sales with 20-30% of sal¢iresholds a variable. Previously, we had defined the
and the remainder being "C" category. Pareto logic als@lues and the categories, when the first output neuron’s
states: the biggest savings can be achieved with "Ad4lue is between 0...0.33 was category "A", between
category because of its high value. This is certainly tr@®33...0.67 was category "B", and above 0.67 was category
because of the law of large numbers, but the othec". This applied to the XYZ category also. After making
categories should not be forgotten, as "C" will be precisetjie limits their own parameters, which can be modified by
those products that are sold infrequently and in smale BHA, the results improved significantly.
quantities. [27]. Figure 2 shows a complete run of the current best result

The results of XYZ analysis are to indicate an@f ABC-XYZ solutions. The run lasted around 9 hours on
categorize the fluctuations in demand for items over @&currently very average computer (HexaCore AMD Ryzen
longer period. We can express market volatility in terms & 3600 CPU with 16GB DDR4 memory and NVIDIA
the relative dispersion of demand. The "X" categorgeForce GTX 1660 SUPER 6 GB video card). During this
includes those items whose consumption shows only mingme, roughly 25000 iterations were performed with a
fluctuations. This category is characterised by a high levgbpulation of 500.
of forecasting. The use of materials in category "Y" is more
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e ABC

e XYZ

- ABC-XYZ

Percentage of correct solutions

3705

11113

Iteration number

Figure 2 Result of an ANN performance for ABC-XYZ prediction

As Figure 2 shows the ABC-XYZ results starts atertain items in the system, but doesn’t show us the
around 25% of good predictions of the 255 training datérequency of usage, which is also important to create a
which is statistically correct: there are around 40% of “Cstable and optimal warehouse and manufacturing system.
category and 40% of “Z” category items. To predict onlyrhis research attempts to address this scientific gap in an
this category, which is the largest, there is a near 16% wficonventional way, by using an artificial neural network,
correctness, just by categorizing every item into “C” antb categorize each item of a given company into both ABC
“Z". After the initial categorization there is a quickand XYZ categories, based on their own manual
improvement: in only 9000 iteration the model guesses tlategorization. In most cases, such categorization
categories correctly 50% of the time. After the 2500hanually will only give good results if you have had the
iterations, the model can categorize the training items int@m for a long time and have enough data about it. Another
ABC category 85%, XYZ category 93% and both 82%dvantage of the Al-trained method is that the trained
correctly. This level is higher, than a normally skillednethod does not need the data mentioned above. It can
worker capable of, if he/she needs to categorize an itémmediately categories it with high accuracy, provided that
based only the item’s parameters, and without seeing ttie training was successful and appropriate parameters are
other item’s values. It is likely that if the application hadavailable. A properly trained system can also handle faulty
more runtime, than the results could have gotten betterincomplete items (parameters) to a certain extent, which
results, and after a while it could have reached practicallycreases the robustness of the system.

100% accuracy, but given the slowing improvement, this To prove the useability of the Al aided systems, an
task could have taken several days or even a week on thgplication was created in MATLAB, with the learning

computer. black hole optimization algorithm (substitute for the
genetic algorithm and backpropagation, which are
5 Conclusions commonly used for this purpose), that the method can

The usage of artificial intelligence in the field ofPredictan item category correctly 82% of the time after an

internal logistics is rare, besides visual recognition in AG‘_@-hour running.o.n an average computer. This can be
and robotic systems, which can be also recognised frotfiproved by giving more runtime to the method or
the literature review. There are only a few literature§0mbine multiple algorithms to make it more efficient. In
which encourage the industry to implement high-levetverage this 82% is as good as an average human workers
systems that support Industry 4.0 principles with Alguess with some experience in the field of warehousing and
implementation, with which companies are much capabl@gistics.

of making simpler decisions or assisting the logistics Future of this research: further testing of this model and
systems. These are both visual and background assista®@dnvestigation on data from other companies, with these
benefits, mainly for easy transparency, flexibility, and easiettings, to see the results and percentages of correctness.
management of materials and goods, and there are plektyaddition, these questions should be answered in the
of un-used databases that, can be a source for training dfi#re: Can we create a model and a set of rules consisting
The only literature, that can be found on the topic of thidre-determined weights, which will create good results
research is from Min-Chun Yu, who uses Artificialwith industrially accepted and collectable pre-defined
Intelligence to create a method for automatiénputs? Does the black hole algorithm aided Als performed
categorization of warehouse goods into ABC. The AB®etter, than a Genetic algorithm or backpropagation aided
categorization is good for representing the quantities grtificial neural networks?
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Abstract: Despite the importance of the cold supply chain in preventing food waste worldwide, there are only a limited
number of cold chain providers in Malaysia. This study investigates the factors influencing the intention to provide cold
warehousing service logistics providers in Malaysia. Employing a purposive sampling method, data were gathered via an
online survey of logistics companies in Malaysia. 184 usable datasets were valid for further analysis. Owing to concerns
regarding predictive purposes, structural equation modelling with SMART-PLS 4 was applied to test the hypotheses of
this study. The analysis found all direct hypotheses were supported. The relationship between CEO innovativeness and
intention, and government support toward intention, is positively mediated by organizational readiness. Meanwhile, cost
failed to mediate the relationship between CEO innovativeness and intention. The study developed a new model with two
mediators for a better understanding of the factors influencing the intention to provide cold warehousing services in
Malaysia from the perspective of logistics providers. The findings will provide meaningful information for the
government to craft a better policy to enhance the number of cold service providers.

1 Introduction not only to preserving cold products, but to ensure the

One-third of the 4 billion tonnes of food producedProducts safety and quality before it arrived at the hand of
annually worldwide is wasted due to supply chain failure&nd users. o _ _
from farms to retailers and loss of final consumption in Cold storage is vital to perishables and respective
restaurants or at home. The number of food waste iRgustries like Halal. According to [2], the cold storage
estimated to grow annually. Food waste is a moral issigarket was valued at $89.32 billion in 2018 and is
because almost 12 per cent of the population in the woiliojected to reach $217.59 billion by 2026, growing at a
is suffering from hunger. Lack of cold storage lead to foogompound annual growth rate of 11.71% from 2019 to
waste problems which are prone at developing nation&)26. The total capacity of refrigerated warehouses
Temperature Changes Occurring in the cold chain lead \@@r!dWIde WaS.719 mIIIIOU cubic meters in 2020. Factors
economic losses as well as lost market opportunities duectdving growth include online grocery sales, flat-rate meal
quality loss issues and export protocol deviations. Lack &ervices, consumer preference for fresh and perishable
cold storage is one of the major bottlenecks for an efficief0ods, and the rise of pharmaceuticals requiring special
and effective food cold chain. When capacity of col§torage. Growth is seen at a compound annual growth rate
storage is observed in secondary cities, it is often of po@f 11.71% from 2019 to 2026. A major challenge for the
quality, with variable or high temperatures, temperatuf@dustry is that demand for cold storage is outstripping
indicators rather than digital, no shelving, possibly n&upply. In the United States (US), for example, the supply
pallets, lack of entrances, insulation, loading docks, ard refrigerated warehouses is outdated and the construction

mechanization [1]. Therefore, cold warehouse is need€fimodern facilities lags behind demand. Also, more than
78% of US cold storage were built before the year of 2000,
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suggesting that modern cold storage is often undatespite the importance of CEO innovativeness and cost,
resourced. In Malaysia, the relatively high growth ofhis relationship was not thoroughly tested in the supply
refrigerated  storage compared to refrigeratedhain studies especially for the adoption cold warehousing
transportation can be attributed to the establishment of neervices. On top of that, even government support is
facilities in free trade zones by industry players. This i&indamental to encourage organization adoption of new
because the investors prefer to invest in cold storage ateithnology or new approach, lack of study looking at this
is a safer long-term investment despite the highewrriable with the organization readiness. While there is no
investment cost. Additionally, there is a seasonal spike agreed-upon accepted conceptual framework and/or
demand, especially during the fasting month of Ramadaneference model for use by academics and practitioners
Nowadays, cold warehouse is also needed to improwerking in the industry of cold chain, conceptual/reference
the value chain especially within developing country likenodels abound in other fields, but cold supply chains have
Malaysia. Cold storage are fundamental aspects to prevant received similar attention [9]. The cold chain is thus
deterioration of the product quality. The demand for frozefertile ground for further work. Nevertheless, cold chain
foods such as frozen meat, ready meals, fruits, vegetableSP in emerging market is an appropriate context for
cookies, fast foods, and bakery items is on the rise duegenerating new insights on the service innovation research.
the rise of households, markets and retailers. This trendTisis makes the service innovation like cold warehousing
also impacting the Malaysian logistics market. The colddoption within developing countries is still promising
chain market in Malaysia can be segmented into five majtapic in research.
categories: fruits & vegetables, bakery & confectionery, The study contributes in numerous ways. First
dairy & frozen desserts, seafood, and pharmaceuticals. Deriching literature in cold warehousing services adoption
to the growing demand for perishable food, developmefibom the perspectives of service providers. Second, the
of logistics hub and increasing demand for Halal productstudy introduces the relationship between CEO
the Malaysian cold chain market is anticipated to gromnovativeness and cost. Third, exploring the relationship
significantly. Halal cold chain products require sea/airpolietween government support and the organizational
complex while [3] stated that an appropriate logisticeeadiness, which is very limited in the adoption literature,
infrastructure such as cold warehouse and other cold chaimd scarce of studies were look at the relationship between
facilities also needed for managing halal supply chain them. Fourth, lack of mediation analysis in the TOE
Malaysia. Malaysia has established itself as a hub for trmmework, but, the studies introduced two mediators
halal industry, driving demand for cold storage. Howevewhich is cost and organization readiness. The findings of
[4] stated that the adoption of cold chain is low amonthe study could be applied to various countries who has
developing country. Moreover, [5] stated that only feveimilar characteristics with Malaysia.
cold chain providers exist in Malaysia makes this industry
is a niche area and it can be seen from the small numbepof Ljterature review

registered cold chain operators in the Malaysia Logistics This section discusses related literature, develops

Directories. Nonetheless, logistics providers in Malaysigypotheses, and elucidates the research framework.
remain uninterested to provide cold warehousing services

despite the high demand and potential. Therefore, the stugly  Cold warehouse

would discover factors influencing the intention to provide pgrishable products are prone to degradation as soon as
cold supply chain services among logistics providers ilrhey’re harvested. Therefore, a proper post-harvest
Malaysla. _ i ) _ . handling are essentials for maintaining the quality and
Various previous study was discussing cold chain in thgoonging its shelf life. Thus, cold storage is needed to fill
context of food safety, temperature break and conditiofhe role. In cold warehousing, the most important design
last mile delivery [6], supplier selection [7], monitoringe|ements are low temperature, temperature uniformity
application [8], and service innovation, however not manyqoss the room's cold compartment, temperature stability
studies conducted to investigate the service innovatiqfiih minimal fluctuations, good air distribution to maintain
from the perspective of service providers. The purpose f%fmperature uniformity, minimal temperature to avoid

this study was to expand the cold chain literature Ryenydration, air circulation, and minimal air inflow to
understanding the considerations of cold storage providef$nimize fluctuations.

before offering relevant services in developing countries,

including Malaysia. As a result, this study could be 5 The technol ogy-organisation-environment
reference by service providers within developing countries (TOE) framework

prior to their consideration for becoming one of the cold The TOE Eramework describes how oraanizational
warehouse service providers. By applying a quantitative g

ntext influences the adoption and implementation of
approach pased on the TOE framgwork, the current .Stuf%n%ovations in three different ways [10]. The TOE
sought to fill gaps in the existing literature by identifyin

gframework explains that three different elements of a

factors that contribute to Malaysian logistics provider? , . . .y )
X ; : : irm’s context influence adoption decisions comprises
intention to provide cold warehouse services. Moreover,
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technological context, organizational context anéi2: Organizational readiness positively influence the
environmental context. The technological context includestention to provide cold warehousing services.

all technologies that is relevant to the firm either already in

used or are still available in the market. The Organization2l2.3 CEO Innovativeness

context refers to company characteristics and resources.CEO is an entrepreneur figure who is crucial in
While environment context embraces the structure of thetermining the innovative attitude of a firm which
industry. In this study, cost is representing thepenness to follow new ways and methods [15]. CEO’s
technological context, CEO innovativeness anhnovativeness is the extent to which a CEO is willing to
organizational readiness representing organizationattively adopt new management techniques and
context, while environmental context is represented kgchnologies to improve the organization. CEO are
government support. Because the TOE framewodupposed to have power ininfluencing the firms’ strategies
incorporates both human and non-human factors into oaed related performance. Thus, CEO can alter the direction
framework, TOE provides a more comprehensive view aff a company either to object or support such decision on

technology adoption. technology adoption consequently allocating necessary
resources. CEO are the key decision makers whose
2.2.1 Cost decision can influencing current and future activities of

Cost can be referred to the expenses that a firm incdisns’. This is because CEO can drive their firm to adopt
to sustain cold warehousing which has a significarstrategies that deviates from industry norms in order to
influence on executive’s decision making [11]. The higlhecome more innovative by communicating and
initial cost to adopt cold warehousing includes th@mplementing compelling visions. [16] mention that CEO
refrigeration system, acquiring new building or upgradinginovativeness has a positive association with innovation
the existing building that suitable for cold storage, systenaslopted over last few years, this is because they are not
monitoring for temperature control, and backup powesnly risk-takers, receptive towards new technology and
systems to prevent power outage. Nevertheless, thiew thing differently, they are also consistence and visible
running cost of cold warehousing also very high due to tle committing funds and resources for new technology.
high energy consumption for the refrigeration system and Innovative CEO can alter the effect of cost barrier
also the indirect cost such as hiring new employees mwards cold chain adoption. The CEO can overturn the
training existing staffs. High installation and operation costost barriers by finding financial solution to support the
preventing efficient cold supply chain in developingcold chain adoption. This is aligned with [15] where
country. High electricity bills have been repeatedly pointedinovator CEO would prefer solutions that change the
out as a problem for cold storage and electricity costs a®ucture in which the problem is embedded. Therefore,
higher in the remote regions than in the capital [1]. This isnovative CEO would have a negative influence towards
why [12] confirmed that cost is the only variable thatost barriers in providing cold warehousing services.
significantly act as barrier to Halal warehouse adoptioihose innovative CEO surely can give effect towards
Previous studies confirmed that cost has negative effenganizational readiness by giving instruction either to
toward the intention to adopt new technology. Thus, thadlocate necessary resources prior to cold warehouse
study proposed that: adoption. Since CEO is the ultimate decision maker in a

firm, this makes the CEO can direct the firm readiness to
H1: Cost negatively influence the intention to provide colddopt cold warehouse. Thus, the study proposed that:
warehousing services.

H3: CEO innovativeness negatively influence cost of
2.2.2 Organization readiness providing cold warehousing services.

Organizational readiness can be defined as th&l: CEO innovativeness positively influence
accessibility of organizational resources required fasrganizational readiness.
deployment of cold warehouse [13] in term of financial,
manpower and technology resources. Organizational2.4 Government support
readiness could be limited by technology and financial Government support refers to the extent to which a
resources. Prior for cold warehouse adoption, compangmpany is affected by government activity that stimulates
definitely need to have expertise and essential knowledtfe cold chain industry by creating basis and values needed
to properly manage the adoption. Preparation in financidgr adoption [17]. Support from the government can be
human resources and technology may determine the levepresented as the nationalized legislation, tax refund
of organization readiness towards the cold warehousempliance, industrial standards, hardware infrastructure,
adoption. Previous study by [14] confirmed that OR hasr even media publication. Support from government could
positive effect on intention to adopt supply chain analytigsrovide favourable environment thus removing barriers to
system. Postulated to that, the study proposed: adopt cold warehouse. Governments can encourage

companies for innovation adoption, by supporting firms
through the appropriate imposition of tax laws and

~ 455 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 10 2023 Issue: 3 Pages: 453-462 ISSN 1339-5629

Cold warehousing services from the perspectives of logistics providers: the mediating role of cost
and organizational readiness

Abdul Hafaz Ngah, Mohd Faizal Abu Hassan, Michael Tio Boon Yiaw, Nurul Haqimin Mohd Salleh, Jagan
Jeevan

beneficial firm development policies. When support igovernment in the form of legislation and financial
ample, most probably the cold warehouse adoption tenstimulation could influence the readiness of an
to be quick. Because of the ease in legislative and financ@ayanization to adopt cold warehouse. The CEO generally
incentives, the burden of an organization can be reduceds full control over organization’s financial and human
and increasing the readiness towards cold warehoussources which could be used to support for information
adoption. Thus, the study proposed that: gathering regarding their competitors as well as to
allocating requisite financial resources for cold warehouse
H5: Government Support positively influenceinvestment. Based on [15], technology adoption

organizational readiness. consideration by the CEO happens when company has
achieved organizational readiness for its financial and
2.2.5 Mediator (Cost and OR) organizational resources in order to maintain or gain their

Mediation commonly used as contributions for studiesompetitive edge.
in social science. In an emerging market, costs for cold According to, the government support as administrative
chain adoption is higher and riskier due to the inadequatad financial incentive promoting the introducing of new
infrastructure and chronic shortage of resources. Motechnology to the company. This support allowing soon to
investment on equipment, human resources and bBe cold warehouse providers to prepare their readiness
facilities, bears higher operations costs and are ma@wards financial and human resources. Government holds
vulnerable to institutional environment, for thea significant role in determining the regulations through
involvement in cold chain logistics services, [18] statethcilities and governing work pattern which impacting the
that cold chain industries are facing numerous challengesmpany readiness to adopt cold warehouse. Thus,
including high cost where it accounts for 30% of the globgovernment can use their tools and policies to ease the
energy consumption. It was believed that cost coufthancial and human resources aspect in serving readiness
mediates the relationship between CEO innovativenest cold warehouse adopters. Figure 1 illustrates the
toward the cold warehouse adoption. Innovative CEO temdsearch framework of the study.
to favours for technology adoption. However, due to thBostulated to that, the study proposed:
high initial and running cost of cold warehousing, the is a
likelihood that CEO will turn down the adoption. TheH6: Cost negatively mediates the relationship between
financial cost could be negative determinant for compar@EO innovativeness and intention to provide cold
affordability to adopt cold warehouse. However, thevarehousing services.
characteristics of innovative CEO can alter the willingneds7: Organizational readiness positively mediates the
of such company to adopt technologies for improving thelationship between CEO innovativeness and intention to
organization. provide cold warehousing services.

Besides, this study is proposing that the organizationdlB: Organizational readiness positively mediates the
readiness could be mediated by CEO innovativeness amdhtionship between government support and intention to
government support. This means that the openness of CE@vide cold warehousing services.
to adapt new technology and the encouragement by the

Cost
i
H3 |
!
CEO ot S e ) -
Innovativeness Drgaplzat1on H2 * & Intention to provide
— == » Readiness I ¥ Cold Warehonse
,'
Government Direct effect
Support

Mediation

Figure 1 Research framework
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3 Methodology Out of 184 respondents of the study, majority of the
Due to unit of analysis of the study is at thdespondents were assistant managers (52.7%). Moreover,
organization, thus, only managers from logistics providef-3% of them is having less than 5 years of experience in
who not yet providing cold warehousing services are valffie current job positions, 56% of the respondents were
respondents of the study. To ensure respondents’ validiiploma holders, 60.3% of the respondents were male.
a filter question “My company offer cold warehousing?6% or most of the logistics providers involve in the study

services” was added in the beginning of the questionnair@’e from large size, and interestingly, 73.4% of them are
local companies. Most corporations (74.5%) were

3.1 Research instruments established above 9 years. More than half (51.6%) of the

The measurements of the study were adopted frafRmpanies focused on handling food products.
established literature in supply chain studies. CEO .
innovativeness was adopted from [19] cost. Organizatich Analysis
readiness and intention from [12] and government suppéitl  Common method bias
from [20]. To address the common method bias using the Since the data were collected from a single source, it
procedural method, the study employed different ancharight lead to common method bias. The study used
scale [21] to measure the endogenous variables (1-5) grdcedural method by applying different anchor scales to

exogenous variable (1-7). measure exogenous and endogenous variables [21]. For
statistical method, following [25] the study used a full-
3.2 Sampling method and data collection collinearity testing to remedy the CMB. Table 1 illustrates

Since the population of the study in unknown, the studize results which shows that all the VIF values were lower
employed the non-probability sampling method . Since ttiban 3.3 [25], thus suggesting the CMB was not severe for
study focus on the non-provider of cold warehousinthe study.
services, thus the study will rely on the purposive sampling
method. Based on the list of logistics provider acquired Table 1 Full collinearity
from the Malaysia Logistics Directory, the study contactedConstruc | CEC |COSTE| HR | ITTN GsS
all the companies to ensure their willingness to respondito VIF 1.99¢] 1.33: | 2.52¢ | 2.08¢ | 1.53¢
the study. Among 645 companies, 420 were agreed to
respond, thus, the study proceed the questionnaire W& Measurement model

email. Out of 420 emails, only 195 were responded The established the measurement model, two types of
completely. After through scanning, only 184 were valigajidities must be established; convergent validity and
respondent for the study. o discriminant validity. The convergent validity will be
Since the study focus on the predictive purpose, Sm@itaplished if the loading and average variance extracted
Partial Least Squares (PLS) 4 [22] was applied using(AvE) is> 0.5 and the composite reliability (CR):. 7.
structural equation modelling (SEM) approach. A$26). The analysis shows that all the loading, AVE and CR
proposed by [23], while using the Smart PLS software, thgere higher than acceptable threshold value, confirming
must ensure that the sample size is sufficient to test iyt the convergent validity has been established for the
research model. Employing the G*Power, with 80%tydy. Table 2, illustrates the value for loading, AVE and
power, medium effect size and p = 0.05, proposed by [24R of the study. On top of that, using the hetro-trait
with two predictors in the research model, the minimuronotrait ratio, all the values were lower than 0.85 as

sample size is 68. Thus,. with 184 sample of the study, itéﬁggested by [27], thus confirming the study also having
confirmed that sample size was not an issue for the studye problem to establish the discriminant validity.

Table 2 Convergent validity

Construct Item | Loading CR AVE
CEO Innovatiness | CEO] 0.86¢ 0.94¢ 0.80¢
CEO: 0.917
CEQ: 0.88¢
CEO/ 0.93(

Cost COSTS: 0.807 0.84¢ 0.58:
COSTS. 0.811
COSTS. 0.82
COSTS: 0.58:

Intention ITTN1 0.98 0.99: 0.97¢
ITTN3 0.99(

ITTNS 0.997
Government GSI] 0.92: 0.951 0.86¢
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Support GS2 0.93¢
GS: 0.93¢
Organizational ORI 0.86: 0.871 0.771
Readiness ORZ 0.80¢
OR: 0.89¢ 0.94: 0.89:
OR4 0.92i

Table 3 Discriminant validity (HTMT)
COST¢ GS ITTN OR

Construc
CEC

COST¢
GS 0.45¢ 0.41¢
ITTN 0.62i 0.37¢
OR 0.67¢ 0.43¢
4.3 Structural mode was hypothesized to has a positive relationship with OR.

To test the hypotheses, develop from the resear®¥ith (3= 0.382, P < 0.001), it is confirmed that GS has a
framework, the study carried out the bootstrapping witpositive relationship with OR, hence H5 was supported.
5000 iterations to calculate path co-efficient. The From the research model, there are three endogenous
hypotheses will be claim as supported if the beta valuevgriables for the study. 22.8% variance for cost was
similar with the direction of hypothesis, T-valud.645, P explained by CEO, 48.1% variance for OR was explained
value< 0.05 and there is no zero value between the lowby CEO and GS, meanwhile 50.6% variance of ITTN was
level (LL) and upper level (UL) of the confidence intervakxplained by OR and COST. As the hypotheses were
[23]. Prior to that, the multi-collinearity among thesupported, itis crucial for the study to report the effect size
construct must be assessed. The study will be freed frdff). Effect size was categorized by [28] with small (0.02),
collinearity if the variance inflated factor (VIF) were lowermedium (0.15) and large (0.35). H1 and H3 have a medium
than 3. 3. Table 4 shows that all the VIF values were loweffect size, meanwhile H2 and H4 were having a large
than 3.3, confirming that collinearity was not a threat in theffect size, meanwhile H5 only managed to has a small
dataset. effect size. Table 4 illustrates the analysis for the direct

All the direct hypotheses of the study were supportetlypotheses of the study.

For the H1, the findings suggested that C88TTN (= To enhance the predictive power, the study suggested
-0.118, P < 0.05) thus, confirming the negative effect ¢¢OST and OR as mediators within the framework. Using
cost on ITTN, and supporting the H1 of the study. Ththe [29], to bootstrapping the indirect effect, and the
study proposed OR to has a positive relationship witnalysis found that cost was not having a mediation effect
ITTN for the H2. With p= 0.641, P < 0.001), thus for the relationship between CEO and ITTp (0.056, P
confirming that OR positively influence ITTN, thus= 0.051, LL -0.001, UL 0.112), thus H6, the first
supporting the H2 of the study. For the relationshipypothesis for mediation was unsupported. As expected,
between CE® COSTS fp= -0.477, P < 0.001), the OR was found to positively mediates the relationship
analysis shows that the CEO innovativeness negativdigtween GS and ITTN3¢ 0.245, P < 0.001; LL=0.166,
influence cost, thus supporting the H3. For another diredi = 0.332), thus supporting the H7. Lastly, OR also was
analysis related to the CEO innovativeness, the stu@gund the positively mediated the relationship between
hypothesized that CEO positively affect the OR. Th€EO and ITTN = 0.295, P < 0.001, LL = 0.202, UL =
analysis shows the evidence of the positive relationship390), thus supporting the H8. Table 4 and figure 2
between CEOOR (3=0.460, P < 0.001), thus supportingillustrates the summary of findings for the hypothesis
the H4. As the last hypothesis for the direct effect, the Ggsting.

Table 4 Hypotheses testing result

Hypothesi |Relationshi| Bete SE T Value P valu LL UL VIF F2
H1 COS1> ITTN -0.11¢ 0.07: 1.64¢ 0.05( -0.23¢ -0.001 1.15¢ | 0.02:
H2 OR- ITTN 0.641 0.060 10.757 0.001 0.532 0.732 1.159 | 0.684
H3 CEC->COSI1 -0.47% 0.067 7778 0.007 -0.58¢ -0.37¢ 1.00C | 0.29t
H4 CEO-> OR 0.46( 0.07¢ 6.03¢ 0.007 0.33( 0.57¢ 1.21f | 0.35¢
H5 GS->0R 0.38: 0.06¢ 5.75¢ 0.007 0.27¢ 0.49¢ 1.21F | 0.24:
H6 CEO-> COSTS~ ITTN 0.05¢ 0.03¢ 1.64: 0.05] -0.001 0.117 -
H7 CEO-> OR~> ITTN 0.295 0.058 5.071 0.001 0.202 0.390 0.087
H8 GS> OR~> ITTN 0.24¢ 0.05] 4.841 0.007 0.16¢ 0.33: 0.06(
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0.477 (0.000) 0.118 (0.049)
0.460 (0.000) 0.506 0.641 (0.000)
CEO 0.382 (0.000) OR ITTN

GS
Figure 2 Sructural model

44 PLSPredict — LM RMSE shows all negative values, the model has

As the study concern on predictive purpose, PLSirong predictive power; if majority was negative,
predict analysis was performed to measure the predictig@oderate predictive power, if minority was negative, low
relevance. Firstly, the value of?Qnust be > 0, before predictive power, while all positive value indicating of the
looking at the Root Mean Square Error (RMSE) from PL8rediction was not confirm. Table 5 shows that for Cost an
modelling and Linear Modelling (LM). The analysis will OR, majority of the items produce negative values,
indicate the errors for each modelling techniques. Thus,iifdicating for both variables have a medium predictive
the value from PLS RMSE were lower than LM RMSEpower. Meanwhile for ITTN, since the result shows all
indicating lower error, thus producing higher predictivéregative value, suggesting the model for ITTN has a strong
power. As proposed by [30], if the result from PLS RMSpredictive power.

Table 5 PLS predict
ltem Q?predict PLS-RMSE LM RMSE PLS-LM Decision
COSTS1 0.13:Z 0.80: 0.80¢ -0.00z2 Mediumr
COSTS2 0.08:¢ 0.72¢ 0.75:2 -0.02:
COSTS3 0.21: 0.87¢ 0.89¢ -0.02]
COSTS4 0.01¢ 1.00: 0.9¢ 0.04
ITTN1 0.361 1.57: 1.59¢ -0.02¢ Strong
ITTN3 0.34¢ 1.52¢ 1.53i -0.017]
ITTNS 0.37 1.52; 1.52¢ -0.00:
OR1 0.4f 0.78¢ 0.791] -0.00¢ Mediumr
OR2 0.25] 0.87: 0.881 -0.00¢
OR3 0.39i 0.82¢ 0.t 0.02¢

5 Discussion

warehousing services. Higher cost to provide will lower the

The study aims to unearth factors influencing th#étention to become cold warehouse service provider. The

decision to provide cold warehousing services among tfigding supported [12] in their adoption of Halal warehouse
logistics providers in Malaysia. To achieve the researdudies. Since cost is a crucial factor faced by the current
objectives, the study employed the TOE framework, b{pgistics prpviders, thgs the_y should come outvyith crea;ive
providing five direct hypotheses, and three mediations 88d meaningful solution, since cold warehousing services
contribution for the study. Besides enriching the limite®as a bright future and lower competition in Malaysia [3]
literature in cold supply studies, especially in warehousing Organizational readiness was found to have a positive
services from the perspectives of logistics providers, tigdfect on the intention to provide cold warehousing
findings of the study also provides meaning information fgtervices. The study portrays that higher readiness will
many parties involves in the industry. increase to intention to provide cold warehousing services.
For the first hypothesis, the study found that cost ihe finding is supported by [14] who found that

negatively influence the intention to provide coldorganizational readiness positively influences the adoption
decision. The finding signalling that, while the
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organization is ready in term of human resource aridalaysia. The findings strengthen the idea of the
financial, they also will have a higher intention to becomgnportance of organizational readiness prior to
a provider for cold warehousing services. Thus, parti@sganization to explore new business in their organization.
who could boost the organization readiness such as higfidws, if they are willing to offer cold warehousing services,
institution to provide qualified human capital, and financiaby all means, the human resource and financially must be
institution to back up the arrangement to become coldealthy enough since it requires a lot of works and money
warehousing services in near future since increasing th&irbe part of the cold warehousing providers.
numbers will be helpful to many parties including
themselves. 5.1 Theoretical contribution
CEO innovativeness also has a favourable relationship Present study has successfully enriching literature in
with cost of adoption. Higher CEO innovativeness willfOE models in the perspective of cold warehousing service
lower their cost, thus supporting the negative relationshggrovider. The exploration of empirical confirmation of
between them. The finding is similar with [15] whomediation analysis for CEO innovativeness and GS by OR
claimed that innovative CEO will provide a good solutiothas managed to contributes in the TOE model. This result
to solve the firm limitation. Thus, hiring an innovativecan be replicates and further develop in other settings.
CEO not only good for the company’s image, but also wilbespite the unsuccessful of establishing mediation analysis
reduce the operation cost for the organization. between CEO innovativeness and cost towards intention,
CEO innovativeness also found to have a positivhis means that there’s still an opportunity for other
relationship with organizational readiness. The finding wagsearch to be conduct to confirming this theory further.
supported by previous study by [16] who found that CE@he non-confirmation maybe due to the unsuitable context
innovativeness positively affect organization futureyr setting to test the idea.
behaviour. This finding indicates that high CEO
innovativeness will produce higher intention to adopt ne®.2  Practical contribution

technology in their business activities. Hence, appointing pjscoveries in this study has predominant connotation
innovative CEO not Only will |OW€ring the cost, but alqur the development of cold warehouse industries
escalation their organization intention to adopt new way @kpecially within the developing countries. The practice of
conducting business, such as providing new diversificatigip|d warehouse to upsurge the value chain benefiting every
from current business from conventional logistics providefeve| within the channel echelon and perquisite the
to become a cold warehousing provider. consumers. Enhancement in cold warehousing were
Another supported hypothesis with the organizationglxpected to be and answer for the global foods waste
readiness is government support. The findings supportigorale issues. The results are useful for every stakeholder
the idea of [31] who suggested that the government showil consider their stands for promoting cold warehouse
provide favourable environment which will eliminatingadoption. This could also be tools for managerial
barriers to provide cold warehousing services. The stugdynsideration to gain market share in this industry.
agreed with [32], government support could be This model shows that CEO and the government play
implemented by imposition of tax laws and many othsjital roles against the readiness of warehouse providers.
financial assistants to encourage companies to ImproggQ through their innovativeness must able to remedy any
their services for the sake of the gross domestic produgigrriers in the form of financial and human resources.
and also delighting the community’s requirements. Whilst the government on the other hand must provide as
For mediation analysis, the study found cost did nghuch aids as possible in the form of tax reliefs and
mediate the relationship between CEO innovativeness a@jucing unnecessary legislation [3]. By doing this, the

intention to prOVide cold WarehOUSing services. It sho omotion of cold warehouse supposes to succeed.
that, if the logistics providers truly believed benefits wil

outweigh the cost, whatever cost, they are willing to begf  conclusion
for the sake of future benefits. Even the demand for the

. . > ) Results in this study has ascertain the key factors
cold warehousing services in increasing, and Iackcm

fluencing the intention to adopt cold warehouse services
flich useful to improve the value chain towards
nsumers. Specifically, all five direct hypotheses were
pported, whereas only one of the three proposed
ediation  hypotheses was unsupported. CEO

competitors in the business, however, the cost neede
penetrate the market is too big for them, thus justify why
the cost did not mediate the relationship between C
innovativeness and intention to provide cold warehousir

ser\(gces.. . di itivel di hinnovativeness, GS and OR remains the contributors to
rganization readiness positively mediates thg, 4 \yarehouse adoption subsequently enriching the
relationship between CEO innovativeness and governmegl oy ve in hoth TOE model and also in cold warehousing.

support toward intention to provide cold warehousmghe investigation has proved that CEO innovativeness and

services. Thus, indicating the important of organization@lg . he mediated by OR towards the intention of service
readiness in supporting the decision to provide co

. . o . providers for considering to offer cold warehouse.
warehousing services among logistics providers i
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Knowledge in this study may become basis for CEO and Conference on Industrial Engineering and Operations
government to find ways in promoting cold warehouse. Management, No. August, pp. 3449-3456, 2020.

CEO and government could steer the direction of compaf] TAN, Y., LI, C.Y.: Logigics in Malaysia: Market
and industries through finding creative solution and overview and M&A trends, [Online], Available:
preparing company to cold warehouse adoption. https://www.pwc.com/my/en/assets/blog/pwc-my-
Nevertheless, the mediation roles of cost were insignificant deals-strategy-logistics-in-malaysia.pdf [03 Apr 2023],
to change the view of CEO towards cold warehouse 2018.

adoption. Despite the innovativeness of the CEO towar{f] HSIAO, Y.H., CHEN, M.C., LU, K.Y., CHIN, C.L.:
beneficial of cold warehousing, cost remains preventer Last-mile distribution planning for fruit-and-vegetable
towards any technology adoption. Thus, the decision to cold chains, International Journal of Logistics
provide cold warehousing services is not solely dependent Management, Vol. 29, No. 3, pp. 862-886, 2018.
on organisational readiness or CEO innovativeness but also https://doi.org/10.1108/1JLM-01-2017-0002

on technology and environmental factors in motivatin§/] KHAN, A.U., ALI, Y.: Sustainable supplier selection
logistics providers to offer cold warehousing services. for the cold supply chain (CSC) in the context of a
Other parties, especially the government, should also assistdeveloping country Environment, Development and

in increasing the number of cold chain providers in Sustainability, Vol. 23, No. 9, pp. 13135-13164, 2021.
Malaysia, which will not only benefit the logistics https://doi.org/10.1007/s10668-020-01203-0
providers but also improve the quality of foods for citizeng8] MELIS, R.B., MC CARTHY, U., RUIZ-GARCIA, L.,

while reducing the waste amount in the country. GARCIA-HIERRO, J., ROBLA VILLALBA, J.l.:
New trends in cold chain monitoring applications - A
6.1 Limitation and recommendation review, Food Control, Vol. 86, pp. 170-182, 2018.

This study has several limitations which can endorses https://doi.org/10.1016/j.foodcont.2017.11.022
for further research. Only four variables were testel®] TSAI, K.M., PAWAR, K.S.: Special Issue on Next-
namely cost, CEO innovativeness, government support and Generation Cold Supply Chain Management: Research,
organizational readiness in the model. It is suggested that Applications and Challengesjternational Journal of
more variables should be included in the framework for Logistics Management, Vol. 29, No. 3, pp. 786-791,
future development in this area. As for now, there’s only 2018. https://doi.org/10.1108/IJLM-08-2018-340
two mediation variables were used which is cost and OR.0] TORNATZKY, L., FLEISCHER, M.The process of
Therefore, more mediation analysis should be included for  technology innovation, Lexington, Mass.: Lexington
further explaining the phenomenon of deficiency within ~ Books, 1990.

cold warehousing. [11] SUN, S., CEGIELSKI, C.G., JIA, L., HALL, D.J.:
Understanding the Factors Affecting the
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Abstract: Indonesia has a lower employee engagement rate than other nations in Southeast Asia, and this phenomenon
applies to all industries, including the logistics sector. The logistics industry generally contributes a critical portion of a
nation's economy, so further study of the management effectiveness in logistics companies is essential. Any company
requires a reliable workforce to function at its best. This research investigates some variables influencing employee
engagement in the Indonesian logistics industry. The first variable is corporate governance; the second variable is internal
control; corporate reputation is the third, where all these three are set as independent variables. The research also examine:
whether leadership style moderates the influences of the three independent variables on employee engagement. This study
collected data research by distributing questionnaires to 742 respondents from 353 logistics firms. Statistical results came
from the Partial Least Square-Structural Equation Modelling (PLS-SEM) method used in this study. The findings revealed
that the three independent variables positively and significantly impacted employee engagement. The leadership style
functioned as the moderating role in corporate governance’s impact and the corporate reputation’s effect proven in this
research; in contrast, it did not apply to internal control’s impact. These results suggest that logistics companies in
Indonesia can improve employee engagement by ensuring exemplary implementation of the three independent variables
while adopting a leadership style that supports these efforts.

1 Introduction [4]. High employee loyalty improves performance within
An important field of any national economic growththe corporate space. This finding proves that a solid
contributor is the logistics industry. According to [1],employee is required to strengthen the organization's
Indonesia’s logistics industries contributed 21.3% of theompetitiveness [5]. The new trend that emphasizes the
Gross Domestic Product (GDP) 2021. It indicates that thigcessity for employee engagement study is the frequent
sector significantly contributes to the country’s economghange of jobs by the millennial generation due to their
and its survival is critical. In 2018, Indonesia’s logisticdack of loyalty and concern about the work atmosphere
performance index was ranked™globally by The World rather than building a career and getting promoted while
Bank [2], categorizing it as one of the lowest regions. ftaying in the same workplace [6]. Secondly, most
indicates that this sector has substantial room for futug@mpanies with open job vacancies need applicants with
growth, which must come from the government and priva¥@rious work experience, and they expect newly recruited
organizations. Companies must use their resourcggployees to adapt quickly to the environment without
optimally to achieve corporate goals due to the increasiRgsic training [7]. Based on empirical evidence, most
business competition [3]. This fact is also in addition to th@novative companies with better customer service have
need for change from conventional to digital-baseBigher stock performance and fewer employee resignations
companies with employee support. The pandemic alé@an their competitors [8]. Most leaders usually focus on
accelerated the necessity of transforming into a digitét€ corporation’s positive impact of high employee
world, forcing all sectors to switch to digital-basecEnNgagement because it significantly contributes to
operations immediately. organizations, given its substantial role and numerous
The quality of human resources can be measurédvantages. Gallup [9] stated that companies having more
through employee engagement (EE), which shows howlid employee engagement grades outperform firms with
much they are psychologically and physically availabl®w engagement rates in absenteeism, well-being, safety
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incidents, patient safety, quality, depreciationfor its diverse culture; thus, leadership became one of the
profitability, productivity, output, sense of belonging to thenost critical variables because diverse cultures mean
establishment, and customer loyalty or engagement.  various leadership styles that can be implemented, thus
When it comes to employee engagement, topecoming this study's originality. Therefore, the findings
management must also understand the critical factors fafrthe research can enrich body knowledge about employee
the success of its company. Corporate governance (C&)gagement in logistics industry, especially in Indonesia
fosters a positive working environment that increasesontext.
employees' effectiveness and efficiency. According to
Saratun [10], modifying organizational culture will2 |iteraturereview
encourage the employees’ growth while maintaining high 1 Corporate governance
trust and justice. Good corporate governance and internal |nqonesia has a national committee that oversees the
control (IC) create an excellent Working environment a”ﬁlnplementation of good corporate governance npillars,
boost the employees’ comfort, which can keep thejpciyding related policies, calledkomite Nasional
psychological health while working in the company, thugepjjakan GovernangiKNKG). This committee helps to
creating a more substantial possibility of engagement. Aé?wcourage healthy economic growth and create a
exceptional corporate reputation (CR) leads to Sig”iﬁcaﬂbnducive business climate [16]. KNKG strongly
engagement because employee seeks not only physicgéourages companies operating in the country to adhere
wealth, such as money but also psychological wealth, sugfifive fundamental business pillars, called TARIF. The
as their reputation, when working in a reputable companyarir  stands  for transparency, accountability,
thus can become why they get more engaged. In thesonsibility, independence, and fairmess, generally

logistics industry, the three variables mentioned play &andard rules or principles in good corporate governance.
critical role in daily operations. They are not solely based

on past research but are an integral part of actual busing Internal control

processes. Therefore, considering them as research|ysama| control is a set of procedures to ensure accurate

var;@ﬁles;salogmal optlo&: h imol and reliable business performance in compliance with
erefore, these establishments must implement 1080\ 4iing rules and regulations [17]. The senior

notch corporate governance to achieve solid employ nagement team implements the procedures using

engagement. Strict internal controll promotes attaining rious tools and techniques to achieve the objectives
busmeTIS g(;)_alli an<':1v|reduces f{]certamtyawulch emﬁ)lpy?sﬁted to reporting and compliance. Smaller organizations
generally dislike. Mutnuru [11] reported that applying jicely experience financial issues [18]. The quality of
internal control in small entities worlgplaces directly orporate internal control is determined based on how a
cloznne;:ctshto emplogj/eehenga?fem_ent. Il\éelj_maln and Mgld%(';mpany's different units or departments are organized, its
[12] _burt er stated that ekecnv_e |m;')Aementat|or’bwners, the audit process, and other factors. These include
contributes to a positive work environment. A COmpany'§,q yoarg characteristics, committees, ownership structure,
reputation is crucial because employees must feel securein, ..~ 4, git quality, and regulatory and market
Fhelr workln_g environment, _The b.uslzlnesss reputatiogy,ironments [19]. Vijayakumar and Nagaraja [20] stated
influences its confidence in attaining sustainabilityy, i soynq internal control is essential in a corporation
comfort, and other related factors. Ali and Ali [13] reloorte‘%hecause it mitigates the possibility of risk. This variable
that_ I mgmf_mantly impacts employee engagement s, ensures that employees adhere to company policies
Similarly, Shirin and Kleyn [14] stated that this variable IS nd ascertains it is smoothly run [21]
an essential determinant of employee engagement. Even in '
volatile working situations, corporate reputation minimize§ 3 Corporatereputation
em;_)rlﬁéee :ggggfcsﬁ a?:\,ggﬁlrztg)slea\,\cﬁe[tlhse]} exemplar Corporate reputation is the image portrayed based on
: 9 C Pal¥e activities carried out by the organization. Martineau
corporate governance |mpleme_ntat|o_n improves employ | stated that a product's appearance combines
engagement. The research investigates whether SthC . . . )
) ; unctional and psychological characteristics. This
internal control practice enhancgs employee engagemgpétemem aligns with the finding from Scott Cutlip that
and whether corporate reputation value has the same

; images are pieces of information containing essential
impact. The study also further assesses whether leaders . . . .
; . attfibutes, such as beliefs, ideas, or impressions [23].

style (LS) improves the effects of the three independe : T -

. X ‘Corporate reputation portrays an organization as critical
variables on employee engagement in the Indonesian e

TS , 999~ ersonnel, such as employees, customers, etc. Specific
logistics industry. There is limited past research th

studies the impacts of the three independent variables dgiions like procrastination can damag.e it and take.many
. ars to rebuild. Corporate reputation is an evaluation of
employee engagement; notably, there are no p Si

. ) . Stakeholders by their direct experiences with the
researches that examine the impact of leadership style’as_ . . ) : L

. . . organizations, including the use of all communication
the moderating variable between these independen

variables and employee engagement. Indonesia is known
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channels that provide information on their actions and Preliminary studies reported that consistent and

activities, according to Gotsi and Wilson [24]. transparent ~ communication  increases  employee
engagement [32]. Transparency fosters trust between
2.4  Employee engagement employees and management, thereby causing them to

Kahn [25] stated employee engagement involvégcome more engaged [33]. Men and Hung-Baesecke [32]
utilizing workers' abilities in their job tasks, demonstrateteported that accountability positively affects employee
through their physical, cognitive, and emotional action&ngagement. Chaudhary [34] stated that leaders optimize
Employee engagement implies being physically presentcarporate social responsibility as a talent management
work and participating in various activities. Anprogram to develop a committed workforce. In the pillar of
organization must succeed amid increasingly fieroedependence, when a corporation is managed
competition and growing external uncertainty. After allprofessionally without the intervention of other parties,
employee engagement reduces the companies’ challengeger strategic decisions are achieved [35], and employees
during economic volatility and promotes future growttwishes are considered [36]. O'Connor and Crowley-Henry

[26]. [37] reported that procedural, interactional, and
distributive justice affect employee engagement in the
25 Leadership style pillars of fairness. In addition, the study of Mura [38]

Mullins and Christy [27] defined leadership style as theoncluded that more than 90% of small business people
specific method leaders employ and how they behat€lieve a firm culture that values ethics aids employee
toward their subordinates. Leadership style is a series fgfention. This finding strengthens the necessity of good
methods or unique ways for leaders to influence theforporate governance practices in boosting employee
subordinates in achieving set vision or goals. Bandura afgagement.

Schunk [28] reported that this variable is crucial to produce The following hypothesis was derived from the above
a conducive workplace because employees respond to tigcussion: _

organization based on the leaders' values, emotions, H1: Corporate governance impacts employee
attitudes, and behaviors. Past research studied médijgagementin a positive and significant way.

leadership styles, but this research is limited to four types:

authoritarian, democratic, laissez-faire, and bureaucrat#6.2 Framework and hypothesis for internal control
Additionally, the research set this variable as a dummy @id employee engagement

the statistical approach due to possible changes based onStrict internal control supports achieving corporate
situational contexts. goals and reduces uncertainty generally detested by

Authoritarian leadership reflects a process in whicRmployees. Mutnuru [11] stated that implementing this
leaders wield significant power and authority and ofteMariable is significantly related to employee engagement.
impose their will on others. This leadership style reflects™eijman and Mulder [12] further noted that an exemplary
dominant attitude causing a different team morale ad§ implementation contributes to a conducive work
effectiveness level [29]. Meanwhile, a democratic lead@nvironment. Meanwhile, Kumar and Sia [39] reported that
invites employees and team members to share their inp@ work environment positively affects employee
on decisions but ultimately retains decision-making. Thighgagement. In such an environment, tasks are more likely
technique enables these individuals to take control of thé@ be completed successfully, reducing work goals and
destinies and promotions and are motivated to work hakiereby making the employees feel more involved with the
instead of being financially rewarded [30]. The laisseZarganization [40].
faire management approach allows emp|0yees to WOfl_( The_following hypothesis was derived from the above
freely without interference and does not establish specifiiscussion:
goals [30]. Bureaucratic leadership is associated with H2: Internal control impacts employee engagement in
procedures or policies; if the rules do not protect therd, Positive and significant way.
leaders can refer to their superiors [31].

263 Framework and hyphotesis for corporate

2.6 Conceptual framework and hypothesis reputation and employee engagement
devel opment A company's reputation is essential and boosts

261 Framework and hypothesis for corporate employees’ confidence in their working environment. This
gover nance and employee engagement variable tends to affect their confidence in achieving

Good corporate governance fosters a healthy worki stainability, work CO'_“fO”a ete. All and Ali [13] stated
environment, which increases employees' productivity/at corporate reputation significantly affects employee
level of attachment. Indonesia's Committee for Corpora gagement. Peer the study by Men [41], this statement
Governance, or KNKG [16], reported that this variabl§"OWs that it significantly _and positively affects emp'o_yee
adheres to five fundamental principles: transparencg,ngagemem [.42]' Perceived corporate reputation is an
accountability, responsibility, independence, and faimes§>Sential predictor of employee engagement. It reduces

employee fatigue and the intention to resign, even in
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unstable working conditions [15]. Furthermore, companiex6.6 M oder ating role of leader ship style in corporate
with good reputations have advantages in hiring employeesputation
due to higher quality job applicants [43]. Leadership quality indicates how good the company's
The following hypothesis was derived from the aboveeputation is. The transformational leadership style makes
discussion: the corporate reputable for being friendly to its employees.
H3: Corporate reputation impacts employedn contrast, authoritarian leadership enables strong
engagement in a positive and significant way. corporation and reputation [52]. Alfalah [53] stated that
both leadership skills positively affect corporate
2.6.4 Moderating role of leadership style in corporate reputation. Stavrinoudis and Chrysanthopoulou [54]
gover nance further reported that possessing a high charismatic
A leader initiates corporate governance, and it simplgadership resonates with a significant corporate
indicates that the leadership style is likely to affect iteeputation. Influential and creative leaders with vision are
implementation. The transformational leadership style mssential in enhancing a company's reputation [55]. They
most likely to employ a type of corporate governance thaked to understand the different dimensions of a crisis to
pays attention to the employees’ opinions. Meanwhilenanage the situation effectively [56]. Preliminary studies
authoritarian  leadership styles conduct corporatgtated that corporate reputation positively impacts
governance with little concern for employee opinions. Thismployee engagement [13]. Based on some literature and
fact raises the question of whether leadership style capinions, leadership style as a moderating variable affects
moderate corporate governance’s impact on stabrporate reputation with employee engagement.
engagement. Angus-Leppan et al. [44] reported that The following hypothesis was derived from the above
leadership style affects corporate social responsibility amliscussion:
is part of corporate governance. This finding is vital in H6: Leadership style’s positive and significant
guiding corporate governance practices and stronghgoderating role in corporate reputation on employee
influences related matters [45]. Deliu [46] reported thangagement.
corporate governance ensures everybody benefits from
using companies' resources. Good leadership is vital
successfully implementing corporate governance [47]. Corporate

good leader creates systematic corporate governance Gemmance E\

is easy for the employees to adhere [48], ultimate
affecting employee engagement with the firm [33]. Internal Control 7}
The following hypothesis was derived from the abov

Employee
Engangement

discussion:

H4: Leadership style’s positive and significant Corporate
moderating role in corporate governance on employe Reputation EF' Lo ]
engagement.

Leadership Style

2.6.5 Moderating role of leadership style in internal
control

Leaders decide how the corporation executes internal
control, so their leadership style significantly dictates daig

Figure 1 Conceptual framework

Figure 1 explains six hypotheses in this study, with
ree direct influences of three independent variables on

diti fih o hen i Kes | | mployee engagement and the other three indirect
condition of the organization, then it makes internal contr@lg o cooo of leadership style acting as moderating

effective and efficient [49]. This thought aligns with the ,iopies
finding of Dal Mas and Barac [50] that leadership styles '
affect internal control, especially internal audi
effectiveness. Aziz [51] also found that, especially i Methodology .
democratic leadership, it will lead to engagement becauder  Sample and data collection
they listen to employee voices. Meanwhile, internal control Questionnaires were distributed to forwarders or
positively impacts employee engagement [11]. Goo@gistics firms in Indonesia. Th_e flrms.pa.rtlmpatmg in this
leaders tend to possess a robust internal control systEfRearch must be the Indonesian Logistics and Forwarders
[52], affecting employee engagement [37]. Association (ILFA) members. An online Google Form link
The following hypothesis was derived from the aboy¥/@S Sent to respondents from October 14, 2021, to
discussion: February 22, 2022. However, of the 3412 companies
H5: Leadership style’s positive and Signiﬁcamregistered as ILFA members, only 353 were selected. This
moderating role in internal control on employeeStudy used purposive sampling method to select
engagement. respondents; the population is limited to specific people
who can provide the necessary information or meet the

internal control practice. If the style fits the situation an
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criteria set by the study. The respondents compris@iediction relevance — PLS predict coefficient, and f2 —
supervisors with at least two years’ work experience aradfect size.

graduates with a Diploma 3 (D3) or above. The criteria are

compromised because when working for over two yeats Research results

and with better education, respondents are assumedt9 Characterigtic analysis

know better about their working corporate and will have Taple 1 illustrates the breakdown of respondents’
better judgment. It was discovered that, of the 80dnsitions divided into five categories: 40.70% of those

respondents from the 380 companies who filled out thg,eyed worked as a supervisor, 46.63% as a manager,
questionnaire, only 742 of them from 353 firms were valig 5004 as a general manager, 4.99% as a director, and

based on sampling criteria. 1.48% as a commissioner. The distribution of respondents
. by tenure now includes employees with 2 to 5 years of
32 Dataanalysis service and employees with more than 5 years of service.

The research used PLS-SEM with SmartPLS 4@terestingly, 64.29% of respondents have worked for their
software under outer and inner frameworks. Theyurrent employers for 2-5 years, and 35.71% have joined
measurement of the outer model connects the latefkir current organization over 5 years. The respondent’s
variable with the manifest. Confirmatory factor analysigducational background went into three groups: below
(CFA) measured the latent constructs’ reliability an@indergraduate (Diploma), undergraduate, and
Valldlty Hair et al. [57] stated that the model test ConSiSEﬁstgraduate (Master/Doctor) Degrees_ |ncidenta”y,
of convergent and discriminant validities as well as internak 239 of the respondents had recently obtained a
consistency reliability. The structural model describes thgiploma 3 degree, 51.89% had a Diploma 4 equivalent
relationship among variables. Its evaluation consists of Rgegree, and 32.88% were under a Master/Ph.D.

qualification.

Table 1 Descriptive analysis (respondents)

Characteristic Total Percentac
Working Positiol
Supervisa 302 40.70%
Manage 34¢ 46.63%
General Manag 46 6.20%
Board of Director 37 4.99Y%
Board of Commissione 11 1.48%
Total 74z 100.00¥
Working Perior
Two to five year 477 64.29%
More than five yea 26& 35.71%
Total 74z 100.00¥
Recent Educatic
Below Undergraduat 11z 15.23%
Undergraduat 38t 51.89%
Postgradua 244 32.88%
Total 74z 100.00%

Table 2 shows the division of companies in fiveeompanies that apply democratic, laissez-faire,
locations representing the main islands in Indonesibureaucratic, and authoritarian leadership styles.
84.42% of firms are in Java and Bali, 5.10% in Kalimantamnterestingly, 78.19% of companies applied democratic,
5.38% in Sumatra, 3.40% in Sulawesi, and 1.70% in oth&rl2% applied laissez-faire, 13.88% applied bureaucratic,
parts of the country. Respondents from Java and Balnd applied 4.82% authoritarian leadership styles,
occupied the most significant portion as compared to otherspectively. It showed that most logistics firms in
areas. These company breakdowns are based on flmdonesia adopt a democratic leadership style.
leadership styles adopted. This category includes
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Table 2 Descriptive analysis (company)

Description Total Percentac
Company'’s Locatio
Java and Be 29¢ 84.42Y%
Kalimantar 18 5.10%
Sumatri 19 5.38%
Sulawes 12 3.40%
Other: 6 1.70%
Total 35z 100.00¥
Leadership Style Implement
Democrati 27¢€ 78.19%
Laisse-faire 11 3.12%
Bureaucrati 49 13.88%
Authoritariar 17 4.82%
Total 35¢ 100.00%
4.2 Common method bias collinearity statistics (VIF) in the inner VIF value. If the

PLS-SEM states that common method bias will happefiF value is higher than 3.3, then we can conclude that
if the measurement method influences a value in SEM [58here is an indication of common method bias. Meanwhile,
This step was done to make sure the collected data wasihiofIF numbers are 3.3 or lesser, we can conclude the
biased. The test was done by measuring the value ropdel is not under a common bias effect [59]. Table 3

validates that all constructs are common method bias-free.

Table 3 Common method bias

CG CR EE IT
CG 3.21- 3.10¢ 3.27¢
CR 3.24¢ 3.27: 3.20¢
EE 3.23i 3.10¢ 3.29¢
IC 3.23¢ 3.12¢ 3.19:

Based on Table 3, the VIF in each variable produces®/E value > 0.5 and a loading factor higher than 0.7,
value < 3.3, meaning that the data was not symptomseaning all indicators were valid to measure each latent

biased. variable [60]. From the reliability test results, it is evident
that all latent variables have CR (Composite Reliability)
4.3 Outer modd analysis and CA (Cronbach Alpha) values > 0.7 and are declared

Table 4 shows the data processing results where gliable [59]. This fact shows that all the dimensions used

indicators of dependent and independent variables haveas measuring tools are valid and appropriate for each
construct.

Table 4 Convergent validity and reliability test

Construct Indicator: Loading Factc AVE CA CR
X.1.1 0.87¢
X.1.2 0.86¢
Corporate Governance X.1.2 0.867 0.757 0.920 0.940
X.1.4 0.84¢
X.1.5 0.88¢
X.2.1 0.82:¢
X.2.2 0.881
Internal Control X.2.3 0.87: 0.754 0.918 0.939
X.2.4 0.90:
X.2.5 0.85:
X.3.1 0.78¢
X.3.2 0.84:
Corporate Reputation X.3.2 0.81( 0.677 0.904 0.926
X.3.4 0.857
X.3.E 0.84:
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Construct Indicator: Loading Factc AVE CA CR
X.3.€ 0.79¢
Y.1.1 0.90:
Y.1.2 0.90(
Y.1.2 0.84;
Y.14 0.87i
Y.1.t 0.82i
Employee Engagement Y.1l.€ 0.89( 0.773 0.971 0.974
Y.1.7 0.881
Y.1.8 0.907
Y.1.¢ 0.891
Y.1.1C 0.86(
Y.1.11 0.88¢
4.5 Inner model analysis contributed (0.800) to employee engagement. In other

The coefficient determination value (R2) in Figure 2vords, it explains 80% of these constructs.
shows that three independent variables strongly

X1
—_
X1.2 0879
0869 >~
X1.3 4—0.867 —
0.849 = “Y1 & |
X1.4 0.885 Y110
X1.5 / -
¥1.11
0326 0903
X211 ¥1.2
DEBS‘/Q
xX22 0.823 Y1.3
0.881
K23 4—0.877 : 0317 Y14
03902
x24 0.857 Y15
Internal Employee
%25 Control Engangement Y16
0.324 N Y17
X3 -
'\\ \ -
Y1.8
x32 #_EI.?BS v
X33 Y10
X34
t.-"'
X35 0.796 Corporate
i ti
o Reputation
X3e

Figure 2 Structural model without moderation
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Figure 3 Structural model with moderation
The predictive-relevance value was tested using tAge model is presumed to have good predictive power
PLSpredict technique to illustrate that each exogenousien the RMSE value in PLS is less than LM [59]. Table
variable’s indicators can predict the endogenous attributésillustrates the PLSpredict figures.

Table 5 PLSpredict analysis

imonsion _PLS LM PLSLM
'MENSION "OMSE MAE 2 predic RMSE MAE 2 predic RMSE MAE Q2 predic

Y11 0.46¢ 0.36( 0.68¢ 0.46¢ 0.36(  0.68¢ -0.00: 0.00C  0.00:
Y.1.2 0541 0.41¢ 0.62° 0.55¢  0.41¢€  0.60: 0.01¢ 0.00: 0.01¢
Y.1.3 0.51¢ 0.41€ 0.61] 052 0.41¢  0.60: -0.00€ 0.00C  0.00¢
Y.1.4 053 0.43¢ 0.61F 053¢  0.43¢  0.60: -0.00¢ -0.00; 0.01
Y.15 0.56] 0.45. 0.55: 0581 0.46;  0.52( 0.02( -0.01C 0.03:
Y.1€ 0.48: 0387 0.62( 0.49: 038  0.60: -0.011 0.00: 0.017
Y.1.7 0.49( 0.397  0.60( 050 0.39¢  0.58( 0.01: -0.007 0.02C
v.18 0501 0.40: 0.63 0.51f  0.40¢  0.61 0.01¢ -0.00¢ 0.02C
Y.1.8 0.59:  0.43¢  0.60¢ 0.59¢ 0.43¢  0.60¢ -0.00:  0.00C  0.00¢
Y.1.1C 049t 0371 0.6 051¢ 0.38] 0.57¢ 0.02¢ -0.01C 0.04¢
Y.1.11 058 0.42¢  0.55( 059t  0.44€  0.53: -0.011 -0.017 0.0

Note: The letter in italics shows that RMSE PLS subtracts RMSE LM

The model is declared to have good predictive power
because Table 5 data shows RMSE value lesser than the
LM.
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Table 6 f2 — Effect size analysis

Path F-Square Category
CGon EE 0.171 Moderat¢
IC on EE 0.157 Moderat¢
CR on EE 0.155 Moderate

The f test calculates each effect of exogenous variabldss Hypothesistesting
on the endogenous variable. Based on the results of the f Table 7 shows that hypotheses 1, 2, 3, 4, and 6 were
— effect size calculation in Table 6 which shows the Faccepted. On the other hand, the fifth hypothesis implied
square () value is within the range of 0.15 to 0.34, itthat leadership style did not enhance internal control’s
means the exogenous ones have moderate effects ondfiect on the dependent variable in a positive and
endogenous variable. significant way.

Table 7 Hypothesis testing

. . . Path P Hypothesis

Hypothesis Path (Relationship) Coefficien t-value Value Conclusior

H1 CG on EE 0.326 7.004 0.000 Accepted

H2 IC on EE 0.313 5.621 0.00( Accepte

H3 CR on EE 0.32¢ 5.113 0.00( Accepte

H4 LS to CG on EE 0.065 1.970 0.025 Accepted

H5 LS to IC on El -0.11¢ 3.77: 0.00( Rejecte

H6 LSto CRon El 0.05¢ 2.00¢ 0.02% Acceptel
5 Discussion raising engagement. This fact means the company needs to
5.1 Thediscussion of hypothesis 1 strictly implement its internal control because it leads to the

The proven first hypothesis implies the better thEeeling of being tr_eated fairly_and thgs increases employee
corporate governance practice, the more employees &fagement. This result aligns with Maslow's Theory,
engaged. Good corporate governance informs employddaereby people have needs, with a sense of fairness and
of the establishment’s rules, vision, and mission. This faggcurity at the second level [8]. Meanwhile, when these
means companies need to ensure the value of their gdtR$ds are met, it leads to higher engagement.
corporate governance is following employee values. This Mutnuru  [11] = stated that internal  control
fact aligns with the goal-setting theory that having specifignPlementation directly relates to employee engagement
and ambitious goals leads to enormous performance [EﬁVel- This finding aligns with Meijman and Mulder [12]
An increase in performance causes employees to f@hd Kumar and Sia [39] that |m.plement|ng good internal
comfortable at work, ultimately increasing theircontrol creates a more productive work atmosphere that
engagement. This result aligns with the research findin§§€PS the employees engaged. Furthermore, Bakker [40]
by Vogelsang et al. [61], and Yue et al. [33] on the abilit§tated that a positive work environment where the
of good governance to increase employee engagemg_mplo_yees feel involved and proud leads to more rgbust
through the implementation of the transparency dimensidif)ancial performance and lower employee resignations.
Also, implementing accountability in good corporateTh_e environment m_akqs them feel happier, thereby Iegd_lng
governance increases employee engagement. WHer{ncreased organizational performance and pro_du_ctlwty.
companies carry out their responsibilities with an excelle@ratun [10] stated that good internal control within the
corporate governance dimension, they create a sensec@fPoration increases the level c_Jf trust and fairness, which
pride in employees, ultimately increasing their engagemefi© affects employees’ perception of the company.

[62]. This fact is in line with the studies by Slatten and i i )

Mehmetoglu [35] and Bandura and Lyons [36], those-3 Thediscussion of hypothesis 3 _
independent organizations carry out certain activities The third hypothesis shows corporate reputation
without being influenced by outsiders, thereby increasingpsitively and significantly impacts the dependent
the employees' sense of security at work. O’Connor ay@riable. This statement means if a company's reputation
Crowley-Henry [37] and Saratun [10] stated that faitmproves, its employees will be more engaged. Employees
corporate practice must provide equal opportunities f£ed material and non-material benefits, such as a sense of

every employee to boost their engagement. pride. Besides, any company with good branding also
possesses better employee retention [14]. This fact means
5.2 Thediscussion of hypothesis 2 the company always needs to maintain its reputation

The second hypothesis proves that a properRPSitively becau_se it Ie_ads to employee pride and
implemented Internal  Control system positively an@ngagement. This fact aligns with the expectancy theory

significantly affects Employee Engagement. An exempla%hat a person tends to act a certain way toward others [15,].
implementation of this process leads to faimess and wofkorking for a reputable company boosts the employees

effectiveness, thereby boosting employee comfort arfiide, which triggers engagement. This fact is consistent
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with Maslow's hierarchy theory that employees havihe democratic approach enables leaders to make firm
needs, with pride at the fourth level [8]. The studies by Atiecisions and implement internal control more effectively,
[13], Men [41], Shirin [42], Shirin and Kleyn [14], and and this result aligns with the finding of Igbal et al. [65].
Santg et al. [63] stated that a positive corporate reputatid@robler [49] and Dal Mas and Barac [50], stated that each
makes staff more engaged. Furthermore, Ali et al. [64@adership style influences corporate internal control.
reported that a good corporate reputation reduces employeeMeanwhile, Mutnuru [11], and Kumar and Sia [39],
fatigue, even in unstable working conditions, including theeported that internal control makes staff feel more
willingness to resign. This fact is under the study bgttached to their employer. This fact means leaders need to
Gatzert and Schmit [43] that companies with goo@mplement a compatible leadership style, mainly because
reputations are advantageous in hiring employees withis study was conducted in Indonesia, known for its

higher qualifications. diverse cultures; thus, the requirement of each individual
in the company is different. The democratic leadership
5.4 Thediscussion of hypothesis 4 style became one of the best to implement because of its

The fourth hypothesis demonstrates that leadershiyillingness to appreciate employees’ feedback.
style reinforces corporate governance's effect. This fact
suggests that a more decisive leadership style will furthBr6 The discussion of hypothesis 6
boost corporate governance’s effect on making staff feel The sixth proven hypothesis means that a stronger
more attached to the organization. This fact means lead&adership style will moderate corporate reputation’s effect
need to retain the style of leadership implemented becausethe dependent variable. The leader's activity affects the
it positively affects how the corporate is governed anfirm's reputation and staff engagement. These include that
affects employee engagement. The application dtiie leaders’ coaching skills have pros and cons impacts on
leadership style shall follow the characteristics of astaff turnover intention and happiness, respectively,
organization. This statement is consistent with thieading to employee engagement [33]. Each type of
contingency theory that the best course of action is to rdlyadership style gives the corporation a different
on changes in internal and external situations [22]eputation. For instance, the authoritarian leadership style
However, applying a democratic leadership style isreates the impression of democratic safety and comfort,
currently better because it makes the leader listen to inpuile Laissez-faire provides the trust with the impression
from subordinates capable of improving corporatef strict rules. This fact aligns with Men and Stacks [52]
governance, which aligns with the study done by Igbal &tat leadership styles increase employee engagement
al. [65]. This variable helps to guide corporate governancepending on their application and portray different
practices [46,66], leading to employee engagemergputations. This means that leaders must implement their
[32,34]. O'Connell [47] reported that leadership style is theeadership to the extreme to lead to a more substantial
primary key to successfully implementing corporateeputation and employee engagement. Men and Stacks [52]
governance frameworks, which tends to increase employaed Dutot [67] stated that each leadership style affects
engagement [38]. Corporate governance’s influence ovemployees' perceptions of an organizational reputation.
employee engagement is enhanced by leadership style Meanwhile, Ali and Ali [13], Men [41], and Shirin [42]

[66]. reported that corporate reputation has a direct effect on
employee engagement. The findings also align with
5.5 Thediscussion of hypothesis 5 Olmedo-Cifuentes and Martinez-Le6n [68] that a

The fifth hypothesis demonstrates that the leadershijarticipatory and competitive leadership style positively
style significantly reduces the impacts of internal contraiffects employees' views of corporate reputation.
on employee engagement. Each has its advantages Aedording to Alfalah [53], wise leaders can quickly adopt
disadvantages in influencing internal control. However, thdifferent leadership styles in response to different
stronger the style, the weaker the internal control, situations. Previous results supporting this study by Lee
leadership style changes according to the situation affé] show that successful companies depend on influential
condition. For example, some need to be given strict rulgs)d creative leaders with a vision to enhance their
freedom, and greater listening opportunity. Ideally, theeputations.
authoritarian leadership style strengthens the quality of the
control mechanism. 6 Concluson

On the contrary, the influence of the democratic style In summary, research results have shown that good
on the implementation of internal control significantlycorporate governance positively and significantly increases
affects employees' competence and ability to makemployee engagement. The strict internal control practice
decisions. In a democratic leadership style, there is usuadliso positively and significantly improved employee
a conflict between the corporation and the interests ehgagement. Similarly, an excellent corporate reputation
every individual. The leader's willingness to appreciat@as also proven to positively and significantly enhance
employees’ feedback and make correct decisions d#nployee engagement. Senior management teams in
essential to maintaining good internal control. Therefor¢ggistics companies in Indonesia need to put serious effort
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into ensuring good governance practices and strict control concept for public health practicApnnual Review of
programs in their respective firm to deliver reliable and Public Health Vol. 30, No. May, pp. 175-201, 2009.
trustworthy financial results and set up a more solid stg#] DIAZ-CARRION, R., LOPEZ-FERNANDEZ, M.,
engagement level. As for corporate reputation, every ROMERO-FERNANDEZ, P.M.: Sustainable human
employee must ensure the company’s image is kept safe byresource management and employee engagement: A
doing all company activities per law and regulations. holistic assessment instrumen€orporate Social
The study also revealed that leadership style was Responsibility and Environmental Managemerl.
influential in improving corporate governance and 27, No. 4, pp. 1749-1760, 2020.
reputation’s influences on employee engagement. On tfi§ HAYDON, R.: Decision Wise: What Are CEOs Saying
contrary, it decreased internal control’s effect on employee About Employee Engagement? [Online], Available:
engagement. Indonesian logistics industry leaders must https://decision-wise.com/what-are-ceos-saying-
determine the most suitable leadership style under different about-employee-engagement [30 Mar 2023], 2020.
conditions. This fact is because no single leadership sty AGYEMANG, C.B., OFEl, S.B..: A Comparative
is compatible with all situations. There must be a balance Study of Private and Public Sector Organizations,
among the selected leadership types to ensure a betterEuropean Journal of Business and Innovation
engagement level. Finally, senior management teams will ResearchVol. 1, No. 4, pp. 20-33, 2013.
have to see a more comprehensive approach from a hufigrDEMING, D.J., NORAY, K.: Earnings Dynamics,
resource perspective and accounting and businessChanging Job Skills, and STEM Careershe
commercials to improve employee engagement quality in Quarterly Journal of Economi¢c&/ol. 135, No. 4, pp.

the office. 1965-2005, 2020.
[8] ELLIOTT, G., COREY, D.:Build it: The rebel
7 Limitations and futureresearch playbook for world-class employee engangemastin

The present study only used four variables to discover Wiley & Sons, Inc, 2018.
factors affecting employee engagement in Indonesidl HARTER, J.K., SCHMIDT, F.L., AGRAWAL, S,

logistics companies. There could be more variables to BLUE, A., PLOWMAN, S.K., JOSH, P., ASPLUND,
study their influence on employee engagement. Therefore, J.: The Relationship Between Engagement at Work and
future studies must use additional or new variables to Organizational Outcomesl0" ed., Gallup, October,
enrich prospective findings. Also, while this study was 2020.

conducted only in the logistics industry, employeél0] SARATUN, M.: Performance management to
engagement may look different in other sectors. Therefore, €nhance employee engagement for corporate
future research can choose other various industries to test Sustainability, Asia-Pacific Journal of Business
the research's generalizability effectively. The research Administration Vol. 8, No. 1, pp. 84-102, 2016.
also does not explicitly focus on groups of generations such _ https://doi.org/10.1108/APJBA-07-2015-0064

as boomers, millennials, and generation Z. Future studidd] MUTNURU, S.: The Role of Internal Controls on
can use this room better to understand different levels of Employees’ Engagement in Small Organizations,

emp|0yee engagement among generations_ Journal of Business Studies QUﬁrteN&Ol. 7, No. 4,
pp. 102-114, 2016.
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Abstract: The article focuses on the importance of mobile applications in enterprises with a focus on logistics in the
service sector. In the theoretical part, individual software applications in the field of occupational health and safety, fire
protection, which are used in Slovakia and the Czech Republic are clearly described. The article contains a brief overview
of the legislative regulations on the basis of which the obligations for management decisions in enterprises arise. A
telephone survey was conducted in 110 micro, small and medium-sized enterprises between 2022 and 2023 in order to
determine the use of software solutions in ensuring the fulfilment of obligations in the field of occupational safety and
health and fire protection. To collect data, research questions were set and a questionnaire was developed, which included
6 merit questions, identification questions and a specific question aimed at finding out the prioritisation of the most
preferred mobile application features in the study area. The questions were closed-ended, with options where the
respondent could choose only one answer. SPSS for Windows version 21.0 was used for statistical analysis and processing
of the collected data. We used methods of statistical description, analysed using relative abundance, arithmetic mean,
standard deviation and median. At the level of statistical inference, we used chi-square goodness-of-fit tests to analyse
categorical variables. We also used nonparametric tests, Friedman analysis of variance, 3D pie charts, and 3D group bar
charts. We found that business representatives had a significantly higher preference for the functionality "record of initial
and recurrent BOZP and PO training", followed by the second most preferred functionality "OSH inspections and fire
prevention inspections”. The research focused on logistics enterprises.

1 Introduction medium-sized enterprises. Our goal is to point out the

Fulfilment of obligations in the area of safety and healiinsufficient offer of mobile applications that would
protection at work and fire protection are importariﬂtegrate the fulfilment of obligations in the field of BOZP
preventive measures for the protection of life, health aand PO. Determination of the prioritisation of the
property of persons. The aim of this article is to point o functionality of individual applications, which points to
the possibilities of simplifying the fulfilment of the abovePossible problem areas in the fulfilment of BOZP and PO
obligations. Our first step is theoretical research, in whicobligations. We also point out the demand of enterprises
we describe the possibilities of the current softwaifor the mentioned mobile applications.
security of services of safety and health protection at work
and fire protection (hereinafter referred to as BOZP andl  Theoretical research
PO). We have found that there are specialised softwa?¢l  Availability of BOZP and PO software
systems that primarily deal with either the BOZP issue or applications in the Slovak and Czech
the PO issue separately. When analysing the offer, our aim Republics
was to find out what mobile applications specialised pjodern software solutions take into account the
companies offer. We found that in Slovakia and the Cze¢8q irements that are given by the individuality of
Republic, there is an insufficient offer of mobilejngiviqual processes in companies. Software solutions
applications that would integrate the management of the st pe adapted to the legislative requirements of each
fulfilment of BOZP and PO obligations. In the neXisiate. This means that the internal legislation of individual
theoretical part, we describe the legislative regulations, #ates differs. Therefore, even software solutions can have
the field of BOZP and PO, which impose obligations ogjtferent requirements for individual duties. In Slovakia,
enterprises, which the enterprise is obI.lged to monitor amsere are many companies that deal with the development
subsequently ensure at specified time intervals. Wg,q application of software in the field of safety and health
prlmarlly deal with natlonal_ legislation valld_ on theprotection at work and fire protection.
territory of the Slovak Republic. Based on the findings of e company Besoft offers BTS software, which
the theoretical part, we established research questions @afsists of 14 modules.
research hypotheses. We also developed a questionnaire
and conducted a questionnaire survey in micro, small and
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The modules themselves are divided into: of the implementation process will guarantee the correct
1. Safety and health protection at work (BOZP),integration of the information system with the company
2. Fire protection (PO), [5].

3. Environment, The information system of the supplier method of

4. Civil protection, revision has its fundamental justification and brings time
5. Employees, savings and the seamless transfer of information between
6. Technical equipment, individual subjects performing tasks in the area of safety
7. Chemical substances, and health protection at work, as well as work inspections.
8. Risks, The issue of revision and controls should be identified with
9. Waste, the idea of Industry 4.0 [6,7].

10. BOZP management system, The goal of digitisation in logistics is to speed up all
11. Tests [1]. processes and make them more accurate and smoother [8].

In the processes of activity of fire protection technicians,
The goal is to provide organisations with a complex aiccuracy means reducing the risk of fires to a minimum.
services from selected areas for the fulfilment of legislativ@novations play a significant role in the success of the
obligations, which, last but not least, monitor the protectiocompany as well as central state administration bodies.
of life and property. When developing the aforementioned Nowadays, innovations are becoming an important
software modules, the long-term requirements dhctor in the success of the company. Their legal
individual subjects were taken into account. implementation can put the company ahead of the
BOZP ASPI primarily focuses on searching for alcompetition [9].
regulations, court decisions and copyrighted comments, Given that the key drivers of a logistics system include
various monographs, models, as well as other translajgducts, preferences of customers, technology innovation,
legislation, which will enable the user to orientateylobalisation, sustainability, infrastructure, and cost, it can
himself/herself in the legislation. It provides time-savingbe assumed that a logistics service can create a competitive
clarity and simplicity. niche in terms of how it can respond to the key drivers [10].
It is divided into BOZP ASPI and BOZP ASPI Profit, Based on experience using mobile solutions and
which contains comments, samples and Englisharious hardware suites to support logistics and transport
translations [2]. processes such as booking of vehicles, invoicing, and
The BWSS software allows the user the possibility gfayment services, tracking of deliveries, exchange of
advanced and highly efficient processing of the summatypical sets of information between participants [11].
agenda of safety and health protection at work. It enables
the linking of the training agenda as well as the revisic2.2 Legislative obligations

agenda. It includes the modules: Operation of individual objects and mandatory
1. The basic package of services, conditional legislative conditions in the area of fire
2. Work safety notebook, protection. The basic law in the field of fire protection is
3. Reserved technical equipment, Act No. 314/2001 Coll. on fire protection and on the
4. Personal protective work equipment, amendment of some laws as amended by later rewrites
5. Administration, [12]. The implementing decree of this law is the Decree of
6. Protection of personal data [3]. the Ministry of the Interior of the Slovak Republic no.

121/2002 Coll. on fire prevention [13].
The software, which integrates issues of occupatior  Fire equipment division, fire engineering equipment
safety and health and fire protection and is easy to \(PTZ):
intuitively, is offered by the company Traiva. A new a) Fire extinguishers,
feature is the processing of training through Safetutor. Itis b) Fire shutters,
a training with a test in 3D at the world level. It offers  ¢) Equipment for extinguishing sparks in PD,

various levels of software solutions aimed at professionally equipment for the supply of water for

qualified persons, manufacturing and non-manufacturing extinguishing fires, equipment for the permanent

companies with over 50 employees, non-manufacturing supply of electricity in the event of a fire,

companies - offices, small manufacturing companies, evacuation and emergency lighting, other

medical facilities, doctors, schools, authorities [4]. equipment for the evacuation of people and
It must be said that the Ministry of the Interior of the intervention [14].

Slovak Republic employs various professions despite t
fact that it is a non-production organisation. For thi  Fire engineering is stable extinguishing equipment and
reason, it is necessary that all specifics are taken itsemi-stable extinguishing equipment. There are also

account when implementing the software module. ~ devices for removing combustion products and electric fire
Eaph .|mplementat|on of any ERP system in aalarm along with voice fire alarm [14].
organisation represents a fundamental change in In our article, we will deal with the records of fire

functioning and organisation. Only a correctly set cour:extinguishers, fire shutters, hydrants and electric fire
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alarms and their central voice offices. We will describwill simplify the public procurement process. Also, the
which necessary data the operator is obliged to register.entire process of securing individual inspections according
Basic legislative regulations in the area of: to the above-mentioned legislative regulations. In this, the
a) Fire extinguishers are a Decree of the Ministry ¢software can enter the process, which accurately evaluates
the Interior of the Slovak Republic no. 347/200:the required data and makes the process more transparent.
Coll. on the properties and conditions of operatiolAs we have mentioned, fire protection processes are guided
marking and ensuring regular inspection of firby many legislative regulations of different legal forces,
extinguishers [14]. which follow the main purpose of protecting people and
b) Fire shutters are a Decree of the Ministry of thproperty from fires. The main purpose is the protection of
Interior of the Slovak Republic no. 478/2008 Collhuman life, followed by the protection of property.
on the properties, specific conditions of operatio.,
and ensuring regular inspection of the fire shutte? ~ Methodology
[15]. 3.1 Composition of the research group
c) Hydrants are a Decree of the Ministry of the Interior We conducted a questionnaire survey in the Slovak
of the Slovak Republic no. 699/2004 Coll. z on th&epublic in enterprises engaged in the provision of
provision of water for firefighting [16]. services.
d) The electronic fire alarm is a Decree of the Ministry The survey took place in the regions (a total of 110
of the Interior of the Slovak Republic no. 726/200&nterprises):
Coll., which establishes the properties of an electric 1. Bratislava region - 20 surveyed enterprises,
fire alarm, the conditions for its operation and Trnava region - 10 surveyed enterprises,
ensures its regular inspection [17]. Nitra region - 15 surveyed enterprises,

2
3.
- . .. 4. Trertinregion - 15 surveyed enterprises,
The Ministry of the Interior of the Slovak Republic is g
6
7

the operator of facilities, where facilities are operated by
Fhe economy _section and individual support centres located 7 pregoy region - 10 surveyed enterprises,
in regional cities [18]. _ 8. Kosice region - 15 surveyed enterprises.

The fire technician and the designated operator of the
facility need to know the individual fire equipment for their ~ Representatives of micro-enterprises predominated in
work. Unlike reserved technical equipment [19], they arthe research group, representing up to 60% of the research
usually characterised by a larger number. The bagioup (N = 66). In terms of number, they were followed by
knowledge that the operator and fire technician must kno@presentatives of small enterprises, who made up 37.3%
includes, in particular, data on the location, data on the typéthe research group (N = 41). The least numerous group
of fire equipment, inspection interval, revision, date of theere representatives of medium-sized enterprises, which
last and subsequent inspection, the validity of theepresented only 2.7% of the research group (N = 3). The
inspection, or a higher test, requirements for ensurirgpmposition of the research group in terms of enterprise
inspection, or service. For this, it is necessary to hagZe is summarised in Table 1.
accurate records of employees, data on initial training in
the fire protection section, data on repeated training in the Table 1 Composition of the research group in terms of
fire protection section, and a schedule of preventive fire : enterprise size (N = 110)
inspections. However, the problem may arise for operatorsQuestion Answers N Ne
with a higher number of employees or facilities. ForSize of your 1 to 9 (micro-enterprises) 66 60.C
operators with a lower or low number of employees orenterprise 10 to 49 (small enterprises) 41  37.%
facilities, the process of securing mandatory obligations igceording to 50 to 249 (medium-sized
easier. In this case, there is easier control and provision #fe number enterprises)
supplier assurance of training, inspections and service. [t €mployee:
also necessary to draw attention to the problem of pub%é

Banska Bystrica region — 10 surveyed enterprises,
Zilina region - 15 surveyed enterprises,

3 2.7

procurement of these services, as state organisations Data collection methods

obliged to proceed according to the Public Procurement n order to cpllect the datfa. necessary to answer our
Act no. 343/2015 Coll. on public procurement and Oresearr]ch questions, 'Iord verlﬂcat_lon pf (;]ur _relsedarghG
amendments to certain laws [20]. Public procurement JtélpOt eses, we compiled a questionnaire that include
controlled by the Public Procurement Office. Itis a proceésems' . . . . W .

that is of interest to the public, the media and the like, The_ first que_stlonnawe item, "The size (,),f your
Therefore, it is necessary for this process to be transpargmerlorlse according to the number of employees ! aIIo_wed
and in accordance with individual legislative standar S o a_nalyse what part of our research group IS micro-
[21,22]. However, this requires that the individuaf°"terPrises, small  enterprises and  medium-sized
descriptions of the objects of the contracts be determin8eTPrises. . "

as accurately as possible. In the case of central public With the help of the second item, "Do you use a

. . o
procurement, precisely the data generated by the Soﬂwgpertware solution for securing BOZP and PO services?",
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we determined the rate of use of the given PCs, or mobiteobile applications that integrate the management of
software solutions. BOZP and PO obligations using frequency analysis

The third item, "What is your attitude towards mobildollowed by chi-square goodness-of-fit tests. Frequency
applications whose solutions simplify the management ahalysis enabled us to determine the absolute and relative
the fulfilment of obligations?" allowed us to identify thenumber of individual responses from enterprise
attitude of enterprises towards the given mobileepresentatives to questions regarding mobile applications
applications, regardless of whether they currently use tfar the management of BOZP and PO services. Chi-square
given mobile applications or not. goodness-of-fit tests allowed us to determine whether

With the help of the fourth item, "Do you know speciapositive and negative answers to individual knowledge
mobile applications that would integrate the managemenitiestions occurred significantly more often than incorrect
of BOZP and PO services?", we investigated thanswers.
knowledge of enterprises about the existence of the given In the case of the question "Do you use a software
mobile applications, regardless of whether they currentgolution for securing BOZP and PO services?", the results
use the given mobile applications or not. of the frequency analysis showed that the most frequently

The fifth item, "If mobile applications that integrate thechosen answer was "Yes, our company has purchased the
management of BOZP and PO services were commorgiven software, which is installed on the PC", which was
available on the market, would you purchase them®given by up to 40% of respondents. The answer "No, we
allowed us to identify the interest of enterprises in the givado not use the given software solutions" was chosen by
mobile applications in case of their better availability, an81.8% of enterprise representatives. In terms of frequency,
at the same time point out the fact that whether or not tttee answer "Yes, we use the given software solutions that
availability of mobile applications is one of the mainwe have installed in the PC and in the MA" followed,
reasons for not using them. which was given by 14.5% of the respondents. The least

Within the sixth item, "Which functions should thefrequent was the answer "Yes, we use the given software
functionality of mobile applications for the management cgolutions in MA", which was chosen by only 13.6% of
BOZP and PO services provide?" the respondents had #rderprise representatives. It can be summarised that only
task of ranking the individual functionalities of the giver28.2% of enterprises used mobile applications that
mobile applications according to priority, respectivelyntegrate the management of BOZP and PO obligations.
importance, and thus point out the functionalities thathe remaining 71.8% of enterprises did not mention the
would convince enterprises to the highest extent to acquirse of the mentioned mobile applications. According to the
the given mobile applications. results of the chi-square goodness-of-fit test, the mentioned

difference was statistically significant2 = 20.945, p <
3.3 Methods of statistical processing and data.001. From the above, it follows that the number of
analysis enterprises that use mobile applications integrating the

For the purpose of statistical analysis and processing®gnagement of BOZP and PO obligations is significantly
collected data, we used the program SPSS for Windol@ver than the number of enterprises that do not use these
version 21.0. mobile applications.

We analysed the obtained data at the level of statistical In the case of the question "What is your attitude
description  using  numerousness  (N), relativéowards MA, the solutions of which simplify the
numerousness (NR), arithmetic mean (AM), standaf@anagement of the fulfiment of obligations?”, the results
deviation (SD) and median (Mdn). of the frequency analysis showed that the most frequently

At the level of statistical inference, we used chi-squaf@0sen answer was "Our company has a positive attitude
goodness-offit tests to analyse categorical variables. Di@vards MA, that's why we mainly use paid versions”,
to the ordinal nature of the remaining variables, we decidédich was given by 62.7% of respondents. 29.1% of
to use nonparametric tests, namely Friedman's analysisegterprise representatives chose the answer "Our enterprise
variance. does not use MA". In terms of frequency, the answer "Our

In order to graphically represent the results of thenterprise does not have a positive relationship to MA"
analyses, we used 3D pie charts and 3D group colurffilowed, which was given by 5.5% of respondents. The

charts. least frequent answer was "Our enterprise only uses free
versions”, which was chosen by only 2.7% of enterprise
4 Result and discussion representatives. It can be summarised that up to 65.5% of

; enterprises have a positive attitude towards mobile
4.1 Testing research hypotheses pplications that integrate the management of BOZP and

RHL1: We assume that 5|g_n|f|cantly More micro, smag,, obligations. The remaining 34.5% of enterprises had a
and medium-sized enterprises do not use mobile

L . ncf:gative attitude towards the use of the mentioned mobile
applications that integrate the management of BOZP ang 2. ; :
PO obligations. applications. According to the results of the chi-square

. . L oodness-of-fit test, the mentioned difference was
We verified the assumption that significantly mor o S — -
. X . . Statistically significanty2 = 10.509, p = .001. It follows
micro, small, and medium-sized enterprises do not use .
rom the above that the number of enterprises that have a
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positive attitude towards mobile applications integratinfrequently chosen answer was "Yes, | would purchase",
the management of BOZP and PO obligations iwhich was stated by up to 78.2% of respondents. The
significantly lower than the number of enterprises that haanswer "I would decide later" was chosen by 13.6% of
a negative attitude. The described finding supported oenterprise representatives. In terms of frequency, the
research hypothesis. answer "We have purchased it" followed, which was given
In order to gain insight into the reasons for not usingy 8.2% of respondents. The least frequent answer was
mobile applications integrating the management of BOZMo, | would not purchase", which was chosen by none of
and PO services, we decided to also analyse the answerthefenterprise representatives (0%). It can be summarised
enterprise representatives to questions regarding thtiat up to 86.4% of enterprises would acquire mobile
attitude towards these mobile applications, their level @fpplications that integrate the management of BOZP and
knowledge of these applications, and also their potentidD obligations, assuming their better availability. The
future interest in purchasing these mobile applicatiomemaining 13.6% of enterprises would only consider
under the assumption of their better availability. buying them. According to the results of the chi-square
In the case of the question, "Do you know a special Mgoodness-of-fit test, this difference was statistically
that would integrate the management of BOZP and Psgnificant,y2 =58.182, p <.001. It follows from the above
services?", the results of the frequency analysis showttht the number of enterprises that would acquire mobile
that the most frequently chosen answer was "Yes, | knovdpplications integrating the management of BOZP and PO
which was given by up to 80.9% of respondents. Onlgbligations is significantly lower than the number of
19.1% of enterprise representatives chose the answer "Materprises that would only consider it, while there was no
| don't know". According to the results of the chi-squarenterprise in our research group that would certainly not
goodness-of-fit test, the mentioned difference wagsurchase such a mobile application.
statistically significanty2 = 42.036, p < .001. From the It can be summarised that the number of enterprises that
above, it follows that the number of enterprises that atesse mobile applications integrating the management of
aware of special mobile applications integrating thBOZP and PO services is significantly less than the number
management of BOZP and PO obligations is significantlgf enterprises that do not use these applications, but the
higher than the number of enterprises that are not awarerefson is neither a negative attitude, nor ignorance, nor lack
these applications. of interest in the case of better availability. The above
In the case of the question "If MA, integrating thendicates that the main reason for these findings is the
management of BOZP and PO services, were commonlpavailability of the given mobile applications. The results
available on the market, would you purchase them?", thee summarised in Table 2, Table 3 and graphically
results of the frequency analysis showed that the masfpresented in Figure 1.

Table 2 Frequency analyses of responses of respondents from among micro, small and medium-sized enterprises to questions
regarding the use of mobile applications for the management of BOZP and PO services (N = 110)
Questions Answers N NR
Yes, our company has purchased the given software,

Do you use a software which _is installed on the I?C 44 40.0
solution for securing BOZP Yes, we use the given software s.olutlons that we have 16 145
and PO services? installed on fche PC and in the MA .
Yes, we use the given software solutions in MA 15 13.€
No, we do not use these software solutions 35 31.¢
. . Our company has a positive attitude towards MA, which
tov\\//\;?g; II\S/IXOLtjrr]:tsthIJL?tieons is why we mainly use paid versions 69 62.7
. o Our enterprise does not use MA 32 29.1
which simplify the - -
Our enterprise uses only free versions 3 2.7
management of the 0 <o d h — [ationshin with
fulfillment of obligations? ur enterprise does not I\/Ia'g\/e a positive relationship wit 6 55
Do you know a special MA Yes, | know 21 19.]
that would integrate the
management of BOZP and No, | don't know 89 80.9
PO services?
If MA that integrated the Yes, | would purchase 86 78.2
management of BOZP and No, | would not purchase 0 0.C
PO services were We have purchased 9 8.2
commonly available on the
market, would you | will decide later 15 13.6

purchase them?
N — observed numerousness, Nrelative observed numerousness in %, MA — mobile application.
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Table 3 Comparison of respondents' answers to questions regarding the use of mobile applications for the management of BOZP and
PO services (N = 110)

Chi-square goodness-of-fit test

Questions Categories N Ngr N p
Do you use MA to provide BOZP and PO Na 79 71.8¥%
services? Ye 31 ogoy 20945 <001
What is your attitude towards MA, the Negativi 38 34.5%
solutions which simplify the management . o. 10.509 <.001
of the fulfillment of obligations? Positive 2 65.5%
Do you know special MA that would Ng 21 19.1%
integrate the management of BOZP and o 42.036 <.001
PO services? Yes 89 80.9%
If MA that integrate the management of Ye: 95 86.4Y%
BOZP and PO services were commonly
available on the market, would you Probably 15 13.6% 58.182 <001

purchase them?*
N — observed numerousness; Nrelative observed numerousness iny%s, chi-square goodness-of-fit test, p — level of statistical
significance.
* Respondents had the option to choose the answer "no", but no one chose it.

100,00%
90,00%
80,00%
70,00%
60,00%
50,00%
40,00%
30,00%
20,00%
10,00%
0,00%
NegativBositive Yes Probably
Usage of MA Attitude to MA Know!edge of MA Demand on MA

Figure 1 Comparison of respondents' answers to questions regarding the use of mobile applications for the management of BOZP
and PO services (N = 110)

RH2: Micro, small and medium-sized enterprisefraining of BOZP and PO" and "BOZP checks and
prefer to the most significant extent the functionalitiepreventive fire inspections” in the framework of mobile
“records of initial and repeated training of BOZP and PO'applications for the management of BOZP and PO services
and "BOZP checks and preventive fire inspections" in thesing Friedman analysis of variance.
framework of mobile applications for the management of The results of the analysis showed that in the case of
BOZP and PO services. various functionalities of mobile applications integrating

We verified the assumption that micro, small anOZP and PO services, there are statistically significant
medium-sized enterprises prefer to the most significadifferences in terms of their preference by enterprise
extent the functionality "records of initial and repeatedepresentativeg?(5) = 307.309, p < .001. Specifically, we
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found that enterprise representatives significantly preferreacid PO" (MR = 4.10). On the contrary, enterprise
the functionality "records of initial and repeated training ofepresentatives significantly least often preferred the
BOZP and PO" (MR = 1.32). The second most preferrddnctionality of “personal protective work equipment”
was the functionality of "BOZP checks and preventive firéMR = 5.14) and "management of fire-technical
inspections" (MR = 2.35). From the point of view ofequipment, records and controls" (MR = 4.24). The above
preference, the following were the functionalitiedindings supported our research hypothesis. The results are
"management of reserved technical equipment, records asuinmarised in Table 4 and graphically represented in
revisions" (MR = 3.85) and "specialised training of BOZRFigure 2.

Table 4 Comparison of preferences for individual functionalities that mobile applications that integrate BOZP and PO management
would have (N = 110)

Interactional stvles of teachers Descriptive indicators Friedman's analysis of variance
Y MR AM  Mdn _ SD 7 df D
records of initial and repeated training ¢
BOZP and PO 1.32 1.32 1 0.877
BOzP che_cks anq preventive fire 235 235 5 0.698
inspections
Management of reserved technical
equipment. records and revisions 3.85 3.85 4 0.788  307.309 5 <.001
the specialised training of BOZP and PO 4.1( 4.1C 4 0.93¢
personal protective work equipment  5.1<4 5.14 5 1.10¢
Management of firetechnical equipment 4.94 4.24 5 1953

records and controls
MR — mean rank, AM — arithmetic mean, Mdn — median, SD — standard devjatioRriedman analysis of variance, df — degrees of
freedom, p — level of significance.
Respondents had to rank individual functionalities in order of priority, with 1 — the most important functionality and 6 — the least
important functionality. A lower score thus represents a higher preference or importance.

Preference of individual MA functionalities
5,5

4,5

3,5
2,5
C -
1

Function 1 Function 2 Function 3 Function 4 Function 5 Function 6

H

Mean Rank
w

N

Functionality 1 — records of initial and repeated training of BOZP and PO, Functionality 2 - BOZP checks and preventive fire

inspections, Functionality 3 - management of reserved technical equipment, records and revisions, Functionality 4 —specialised training

of BOZP and PO, Functionality 5 -personal protective work equipment, Functionality 6 - management of fire-technical equipment,

records and controls.

Notice: MA = Preference of individual MA functionalities.

Figure 2 Comparison of preferences for individual functionalities that mobile applications that integrate BOZP and PO management
would have (N = 110)
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5 Conclusions Available: https://www.wolterskluwer.com/sk-

The findings in this article point to the possibilities of _Sk/solutions/aspi/bozp-aspi [15 Jan 2023] 2023.
increasing the efficiency of logistical assurance of thi] BWSS, BWSS software, www.bwss.sk,
fulfilment of obligations in the area of BOZP and PO using [Online], Available: https://www.bwss.sk/softver
applications. The article points out the importance of [15Jan 2023]2023.
protecting the life, health, and property of natural and legd] Traina, E-bozp system, www.traiva.cz, [Online],
persons, as well as the high difficulty of fulfiling Available: https://www.traiva.cz/blog/ebozp
legislative requirements. Based on our research and [15 Jan 2023]2023. _
statistical evaluation, we found that the market lacks dA] HUDAKOVA, M. ONDREJKA, R.: Analysis of
offer of integrated mobile applications for which there isa Process risks of the implementation of the SAP
potential demand from micro, small and medium-sized information system in the enterprisgOnline],
enterprises. Based on the evaluated survey, it can beAvailable: http:/casopisy.euke.sk/mtp/clanky/42007/2
concluded that enterprises have a positive attitude towards -hudakova-ondrejka.pdf [21 Mar 2020], 2007.
mobile applications, but do not use them due to theif] DIRES, M.: Analysis of logistic provision of revisie
unavailability. We can also support the stated statement on for ~ central  state administration bodiésfa
the theoretical part, on the basis of which we found a logistica, Vol. 8, No. 2, pp. 189-197, 2021.
limited offer of software solutions in the addressed area. _ https://doi.org/10.22306/al.v8i2.227 )

Currently, mobile applications are popular with thd?/] DIRES, M., CHOVANOVA -SUPEKOVA, S.
public as well as with enterprises, as they streamline the Industry 4.0 and the perception of basic concept by
process of fulfilling complex and extensive obligations. €mployees with different educational backrounds,
The search for solutions can be in logistics startups, which Relik 2021, 4.-5. Nov. 2021, pp. 114-123, 2021
mainly develop applications and try to increase customb BACHAR, M., MAKYSOVA, H.: Evaluation of the
convenience, thereby improving people's quality of life impact of intelligent logistics elements on the efficiency
[23] and thus increasing customer satisfaction in services. ©f functioning internal logistics processegcta
The stated findings and research evaluations create spacel€cnologia, Vol. 5, No. 3, pp. 55-58, 2019.
for innovative creators of mobile applications, who have https://doi.orgl0.22306/atec.v5i2.50
opportunities to develop and innovate their entrepreneurl®] LOUCANOVA, E., OLSIAKOVA, M., PALUS, H.:
activities. Innovative solutions are aimed at reducing the The relationship of innovation and the performance of
number of occupational fatalities, common injuries, and business logistics in the Eld¢cta logistica Vol. 9, No.
property damage to natural and legal persons. For 4, pp. 479-485, 2022. _
enterprises, the use of these mobile applications meanshttps://doi.orgl0.22306/al.v9i4.355
saving time, more efficient and innovative fulfilment ofl10] SURPEL, D.:Outsourcing of logistic services in
mandatory legislative obligations. Mobile applications will ~ Polish e-commerce storesScientific papers  of
enable easy communication between enterprises and Silesian University of Technology, Organization and
enterprises that provide BOZP and PO services. At the Management seriegpl. 2022, No. 166, pp. 769-782,
same time, they create space for more effective training and 2022.
specialised periodical training. http://dx.doi.org/10.29119/1641-3466.2022.166.48

The findings of the article also point to the priorityl11] SONG, D.A.: A Literature Review, Container
order of the functionalities of the individual areas of BOzZP ~ Shipping Supply Chain: Planning Problems and
and PO. The given order points to a research gap that can Research Opportunitiemgistics, Vol. 5, No. 2, pp.
be the subject of further scientific research in the area of 1-26, 2021.
logistics of BOZP and PO services. The reasons why https://doi.org/10.3390/logistics5020041
individual functionalities are prioritised, others less sd12] Law no.314/2001Coll, protection against fires and on
may point to problems in security logistics, which can be ~ the amendment of some laws as amended, later
addressed by further scientific research. Therefore, we [Online], Available: https://www.zakonypreludi.sk/z
recommend that scientific research be focused on 2/2001-314[24 Jan 2023], 2001. (Original in Slovak)
individual functional areas and the problems that aridd3] Decree of the Ministry of the Interior of the Slovak

when securing them. Republic no.121/2002 Coll, fire preventjon
[Online], Available: https://www.zakonypreludi.sk/z
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Abstract: Toroidal is an inductor with an O-ring core. In 2021 there was an increase in the percentage of toroidal disability,
namely the highest percentage of disability at 2.78%, while in 2020 the highest percentage of disability was only 1.33%.
Therefore, companies need to make improvements to the quality of their products to prevent a continuous rise in the
percentage of defects over time. This study aims to propose an enhancement to reduce/prevent defects in toroidal inductor
products. The method used is the Fault Tree Analysis (FTA) and Failure Mode and Effect Analysis (FMEA). The FMEA
method is utilized to reduce flaws that occur by considering the value of the risk priority number (RPN). The FTA method

is used to identify possible defects by applying analysis of the fault tree description. The results of this study are that
improvements should be focused on the failure mode of the wound wire because it gets the highest RPN value of 216
with the cause being less focused workers, while the lowest RPN value is on the red pin failure mode of 56 with the cause
of no sandpaper changing schedule. From the results of the study, several suggestions for improvements were made in
the form of increasing supervision for workers, increasing rest periods, conducting training, installing display limits for
stripping, repairing stripping machines, replacing vise, repairing worktables, and making a schedule for sandpaper
replacement prevents the defect. Companies must make improvements to human flows and ensure tools and materials are
in optimal condition.

1 Introduction was 2.78%, this is the highest number for the percentage of

The electronics industry is one type of industry theflefects in the company compared to previous years which
consistently has the largest contribution to economias only in the range of 1%.
growth in Indonesia in 2019 [1-3]. In its development, the The existence of defective products certainly results in
electronics industry has become a big consideration féfaste for the company, both in terms of materials and also
business actors in the field of electronic equipment spdfe terms of the disposal of the defective product [4].
parts to expand their scope and contribute to iflthough some defective p_roducts can be_ reworked, the
improvement. CV. CKM is a company that produces spaRéesence of rewprk defects is _also very detrimental because
parts for electronic equipment. Electronic equipmerthe company will need additional costs to reprocess the
produced by CV. CKM is a toroidal inductor. reworked defective products [5]. . _

This toroidal inductor itself is an electronic equipment In addition to the losses described previously, defective
spare part that functions as a store of energy or electAtoducts are very dangerous if they escape the quality
current with a larger inductance and a size that tends to®@ntrol section and are used by the customer. Because
smaller than other types of inductors. The toroidal core g@nsidering its function as an inductor, if there is a
usually circular so that the magnetic field is closed arf@ismatch such as a scratch on the wire (wire wound) it will
relatively little or even does not induct other component§sult in an induction field or an open magnetic field so that
in the vicinity. it can induce other components that are around, and if there

Along with the development of the electronics industryis & lack of stripping defects it can cause a red pin due to If
in 2021 there was a surge in demand for toroidal produdfe enamel wire is not peeled properly, it will result in not
at CV. CKM causes the manufacturing company tBowing or not optimally flowing the magnetic field by the
produce more products than usual. The more companf@&oidal.
produce products, it turns out that the more defective Based on these problems, the company must take
products are produced by the company. In 2021 the highésfrective steps to reduce or even eliminate defective

percentage of defective products produced by the compa@yoidal inductors. So, the objectives of this study are:
a. Recognize factors causing defects in toroidal
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products in CV. CKM. addition, FMEA can also document actions regarding the
b. Make suggestions for improvement based on thisk of failure that can be used by companies for continuous
priority of repairs to reduce defective products. improvement. The steps taken in making FMEA
documentation are [21]:
2 Literaturereview a. Determine the components of the production system
This study was carried out using methods of Fault Tree ~ Or process be analyzed.
Analysis (FTA) and Failure Mode and Effect Analysis b. ldentify the function of the system or production
(FMEA). Failure Mode and Effect Analysis (FMEA) is a process.
procedure to describe various kinds of potential failures in C. Identify the mode of failure.
a structure and then analyze them to determine their effectd- Determine the influence of the failures of each
on the system so that they can be classified based on their ~ Process.
severity [6]. Meanwhile, Fault Tree Analysis (FTA) is an €. Specify the cause of failure.
analysis technique of failure conducted from top to down f. Specify value of severity.
that aims to find the cause or a combination of causes that9- Specify occurrence value.
may cause unsafe conditions to a lower or basic failure rate. h. Specify value of detection.
This makes FTAs an excellent complement to FMEA [7]. i- Calculating the Risk Priority Number (RPN) value
The FTA used in this study is to find out factors causing is carried out to determine a failure that becomes a
failures in the FMEA manufacturing process, namely atthe ~ priority from each mode of failure using the
phase of determining the cause of failure. FMEA is an  following formula: RPN = Sx O XN (1).
effective and formidable analytical tool that is greatly used - Recommend corrective actions of the highest
to check modes of failure and terminate the possibility of priority.
failure [8].
FMEA is usually used to evaluate parameters such as
2.1 Fault TreeAnalysis (FTA) occurrence, severity, and also detection in determining the

FTA or Fault Tree Analysis (FTA) is an approachiSk Priority Number (RPN) [22]. The severity value (S)
applied from top to down that is used to analyze failuréletermination or the severity value of this failure starts
that start with potentially unwanted events and theffith @ scale of 1 as the smallest scale with low
determine the causes of how these events could occur @nséquences to a scale of 10 with the highest
FTA is also an alternative to identify the possibility offonsequences, so that the severity scale assessment is
failure by using a diagram of a fault tree as reasoning tH@sed on how serious the effects of a failure are [23]. While

signifies the relationship between a failure and the causelBf assessment of occurrence or probability level usually
the failure [7]. This logic gate will later help in building arefers to the failure mode or several fallurgs_ ona scz_ale of1
more detailed schema of the relationship between eveffis10, where 1 becomes the lowest possibility of failures,
that can affect its quality [10]. The logic gates that aréhile 10 tums out to be the highest one [22]. As for the
usually used in the FTA manufacturing process consist gftection value based on the possibility of failure to be
AND gates which are used when all input events occur afgtecteéd which is given a value scale of 1 to the most
OR gates are used when one of the input events occurs [£fficult or even undetectable with a scale of 10, the
The event symbols that are often used for making FTAs &ggtermmano_n of this detection scale refers to the cause of
the Top Event symbol which symbolizes the main eveHE‘_e_ failure with th_e currgnt cpntrols [23]. FMEA method is
which is always placed at the peak of the tree of faul, andlized to d_etermlne which risks have the greatest concern
also the event symbol which describes an intermediaA@d action is needed to prevent _problems before they arise
failure event that can be used anywhere except at the bddft- The smallest RPN value is better than the largest
level of the fault tree and the basic event symbol Whictppca_use the largest value indicates the severity of the risk
symbolizes the lowest failure event or base on the fault trébfailure.
[12]. FTA differs from diagrams of a block of reliability
and has a wider scope than diagrams of reliability block Meéthods
[13,14]. The use of FMEA and FTA methods can be merged for
analysis of failures so that the advantages of each of these
2.2  FailureMode and Effect Analysis(FMEA) methods can be obtained, by using the FMEA and FTA
Failure Mode and Effect Analysis (FMEA) is aapproaches separately or by using a combined approach
structured way that can identify and prevent as maretween the two [22]. FTA describes the causes of errors
failures as possible [15-17]. The method of FMEA is use#d more detail by pointing to the topmost event which is not
to set, recognize, and abolish failures or potential failur€xpected to occur, while FMEA provides an overview of
before the product reaches the customer [18]. where this error occurs and what effects will be caused by
FMEA has a purpose to perform any action to abolistiie topmost event error [25].
and degrade the occurrence of failures based on activitiesCompared to the use of FTA and FMEA alone,
that have the highest potential [19]. FMEA can assist #ig¢searchers prefer to utilize a merger of FMEA and FTA
selecting critical parameters of each process [20]. lecause it is considered to have an advantage in detecting
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(A

errors [26]. In addition, FTA is considered only able tdo the process of making FMEA. At the stage of making
analyze the causes of failure in detail without considerifgMEA, namely in determining factors causing failures, the
the criticality and risks that exist, so FMEA is needed askI'A method is utilized to determine factors causing failure
complement to FTA because FMEA can assess criticality the basic cause.

and risk [7]. The combination of these two methods is

recommended to be used for production processes that4® Identify Failure Mode

carried out repeatedly because it provides a clear view of Before identifying the cause of failure, the initial step
analysis, collecting mechanism of similar data, and the building an FMEA is to identify the failure mode.

relations between error modes and failures [26]. recognition of modes of failure or types of defects will be
described using a diagram called Pareto to specify the
4 Reault and discussion dominant type of flaw that causes disabilities. The Pareto

Problem-solving is used using the FTA and FMEAliagram for each type of disability can be seen in Figure 1.
methods. The use of FTA in this research is a complement

Pareto Diagram of Toroidal Defects

120.0%

100.0%

80.0%
60.0%
40.0%
20.0%

0.0%

s Number of Defect = Cumulative Percentage of Defects
(pes)
Figure 1 Pareto diagramtypesof Toroidal Inductor Product Defects

Under the Pareto 80:20 principle, the failure mode withe dominant disability on the diagram of Pareto, namely
then be identified as the cause of the failure, namely loose top five kinds of defects which are included in 80% of
winding, bad winding, bonding over, red pins, and woundumulative defects. Identification of the causes of failure
wires which are included in the 80% cumulative percentagsist at the phase of making this FMEA is done employing
of defects. So, these five types of defects or failure modE$A. The use of FTA for the cause of this failure because
must be corrected so that defective products can B&A can describe the causes of failure based on the top

reduced. events to the most basic causes that cause failure or
defects. Identification of factors causing failure using the
4.2  ldentify Causesof Failure fault tree analysis is provided in Figure 2 — Figure 6.

To build an FMEA, you must first identify the causes
of failure. The failure to be analyzed further is following
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Improper vise Wire pulling is not
installation strong

Thevise is old
so itsdurability
has decreased
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Worker fatique

4 4
Worker lacking Inexperienced
training workers

Figure 2 FTAWinding Loose
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Figure 3 FTAWinding Bad
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Figure 4 FTA Bonding Over
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Figure 5 FTA Pin Red
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Figure 6 FTA Wire Wound
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4.3 Calculation of RPN Valuein FMEA how often defects occur. This assessment is carried out
After knowing the mode of failure and its causes thahrough discussions with the company, namely by the head
occurs in toroidal inductor product, the subsequent stepdbthe production department. This assessment is based on
to rate the scale of severity, detection, and occurrendbe potential causes obtained using the FTA method and
Determination of the rating scale of the level of seriousnegdapted to the control processes carried out by the
(severity) is used to find out how serious the consequencagnpany at this time.
will be if the disability occurs. After rating the scale of  After performing the severity rating, occurrence rating,
severity, the next step is to rate the scale of the value of #ied rating of detection, calculating the value of RPN (Risk
probability of failure (occurrence). Determination of thigPriority Number) becomes the subsequent step to be taken.
occurrence value scale is done to find out how often tide RPN value calculation is conducted to set the priority
defect occurs by looking at the existing failure modes. Thi repairs according to the peak value. The largest values
assessment is carried out objectively based on the dataRPN are sorted to the smallest value so that it can be
available in the mode of failure. The phase of rating tfgeen what improvements must be made first. The FMEA
scale of value of detection level is carried out to predi¢locumentation outcomes are shown in Table 1 which
presents the top RPN value as a reference for enhancement.

Table 1 FMEA documentation results

>
Potential & :; <
. otential . n = Q| <
AT Failure FOEME e Potential Causes Current Control 2 E K
Process Effect =Rz
Mode S| 33| . |=
> | Of = =
V||| & @
0n|o|lo| ¥ |x
New jok No regular training schedt 5(175| 4
L . . Supervision from the head of {
W|nd|ng The t0r0|daW0rkeI’fatlgue . 6| 210| 2
) ; productior 715
Loose function is n - —
optimal Ragum is ol Ragum check periodica 3|10t |1C
The desk is ol Checking the workbench regule 2| 7C |14
Windin isi
g Worker fatigue Sruo%ir(\:/tliil:)n from the head of 1 6| 180! 3
Bad The product shaj P
V\filndin is not up t(New jok No regulartraining schedu 6|5|5|15C| 6
9 |standard Ragum is old Ragum check periodically 3| 90|12
The desk is ol Checking the workbench regule 2| 6C |1E
ision from the head dhe
i i Workers are not carefl ISuperV|§ lon 6| 120| 8
Bonding Bonding |Causing a glob. broductior 5|4
Over glue on the toroi — —
Lack of worker abilit  |No regular training schedt 5(10C |11
Workers are less focugSupervision from the head of {
i ; 6|168| 5
when strippin productior
., |Workers don’'t know th -
o . The. ,toro'dalimits of stripping No regular training schedule 51| 140| 7
Stripping | Red Pin  [function is n Unscheduled r 704
optimal nscheduled sandpay,spection by workers 2| 56| 1§
chang
Ilr:je stripping machine Regular machine checks and repaifs 3 |84| 13
Lack of worker abilit  |No regular training schedt 5(118C| 3
Toroidal ca Supervision from the head of f{
Winding, . linduce othe Workers are less focuged PErVt 6|216| 1
Striopi Wound Wireg productior 9|4
tripping components — .
around it l—lr:je stripping machine Regular machine checks and repaifs 3 [1eg
5 Realt analysis While FMEA is used to appraise the risk of each mode of

This study combines the FTA and FMEA methods téilure so that improvements can be prioritized.
reduce defects in toroidal products in the company. FTAis The causes of defects in toroidal products are

used to determine the cause of defects in each failure mod@minated by humans/workers, machines, and tools used
during the production process. These three factors are the
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main factors causing the failure. While theresults frorRefer ences

FMEA are the main priority for repairing the wound wirg[1] FISCHER, A.P., JASNY, L.: Capacity to adapt to

of mode of failure with a value of RPN 216 with the cause environmental Change: Evidence from a network of

of workers or humans being less focused. The lowest RPN organizations concerned with increasing wildfire risk,

value is in the red pin mode of failure with a value of 56 Ecology and Society, Vol. 22, No. 1, pp. 1-17, 2017.

which is caused by the absence of a sandpaper replacemenkttps://doi.org/10.5751/ES-08867-220123

schedule. Then a proposed improvement is made for evesy MUNA, A., AUSAT, A.. The Application of

mode of fz_iilure according to the priority of improvement ~ Technology in the Age of Covid-19 and Its Effects on

from the highest to the lowest RPN value. Performancedpollo: Journal of Tourismand Business,
Some suggestions for enhancement that can be vol. 1, No. 1, pp. 14-22, 2023.

provided are increasing supervision from the head of https://doi.org/10.58905/APOLLO.V1I1.8

production for employees, providing additional rest times] WANOF, M.1., GANI, A.: MSME Marketing Trends in

for workers, conducting training, installing display limits ~ the 4.0 Era: Evidence from Indonesigollo: Journal

for correct stripping, repairing stripping machines, of Tourism and Business, Vol. 1, No. 2, pp. 36-41,

replacing vise, making repairs to worktables andsandpaper 2023. https://doi.org/10.58905/APOLLO.V1I2.22

replacement schedule. This improvement proposal Waf ALKATIRI, H.A., ADIANTO, H., NOVIRANI, D.:

_made to increase efficiency in the production of toroidal * |mplemetasi Pengendalian Kualitas Untuk Mengurangi

inductors. Jumlah Produk Cacat Tekstil Kain Katun
After the proposed improvement was implemented by Menggunakan Metode Six Sigma Pada Pt. Samal

the company, the percentage of defects fell to 1.25%. So OnlineInstitut Teknologi Nasional, Vol. 03, No. 03, pp.

that the improvements made are considered sufficient to 148-159, 2015. (Original in Indonesian)

increase efficiency in the production of toroidal inductorgg] KADIM, A.: Penerapan Manajemen Produks Dan

although the implementation of this proposed " Operas Di Industri Manufaktur, Jakarta: Mitra

improvement cannot be done entirely. The implementation \wacana Media, Jakarta, 2017. (Original in Indonesian)

of the new improvements made by the company is in t§] PONTORORING, P.P., GILBERT, S., ANDIKA, A.:

form of increasing supervision, providing rest periods, ' Welding Products Defects Analysis with Fault Tree

installing stripping limit displays, repairing worktables, Analysis and Failure Modes and Effects Analysis,

and regular sandpaper replacement schedules. Innoscape 2018-Jakarta, Prasetiya Mulya (PM)
) Proceedings, Jakarta, pp. 38-48, 2018.
6 Conclusions [7] SHAFIEE, M., ENJEMA, E., KOLIOS, A. An

According to the outcomes of research that has been Integrated FTA-FMEA Model for Risk Analysis of
conducted, the researchers draw the conclusion that the Engineering Systems: A Case Study of Subsea Blowout
identification results of FTA (Fault Tree Analysis) are PreventersApplied Sciences, Vol. 9, No. 6, pp. 1-15,
known that the factors that cause defects in toroidal 2019. https://doi.org/10.3390/app9061192
products include humans, machines, and tools usdf] AIZED, T., AHMAD, M. JAMAL, M.H,
According to the outcomes of RPN values obtained in the MAHMOOD, A., UBAID UR REHMAN, S., SRAI,
process of making FMEA, the suggestions given include: J.S.: Automotive leaf spring design and manufacturing

a. Increase the supervision of the head of the process improvement using failure mode and effects
production. analysis (FMEA)|nternational Journal of Engineering

b. Provide additional rest time for workers. Business Management, Vol. 12, 2020.

¢. Conduct regular training. https://doi.org/10.1177/1847979020942438

d. Installing border display doing stripping. [9] HIDAYAT, A.A., KHOLIL, M., HENDRI, SUHAERI:

e. Stripping machine repair. The Implementation of FTA (Fault Tree Analysis) and

f. Perform a vise replacement. FMEA (Failure Mode and Effect Analysis) Methods to

g. Workbench repair. Improve the Quality of Jumbo Roll ProductP

h. Make a sandpaper change schedule. Conference Series: Materials Science and Engineering

Vol. 453, pp. 1-13, 2018.
Companies must make improvements to human flows https://doi.org/10.1088/1757-899X/453/1/012019
and ensure tools and materials are in optimal conditioji0] EASTMAN, C., TEICHOLZ, P., SACK, R., LISTON,
Therefore, the logistics factor of the material must be given  K.: BIM Handbook, a Guide to Building Information

more attention by the manufacturing company Modelling, 2"¢ed., John Wiley & Sons, Inc, Hoboken,
2011.
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