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Abstract: Due to operational and behavioral factors, the Bullwhip effect (BWE) arises with variations in the logistics
flow, yielding uncertainty and disturbances along the supply chain (SC). Previous studies have discussed isolated
approaches, underestimating the influence of behavioral aspects over operational ones, and multi-factor analysis, which
helps to measure and diminish the BWE. This study systematically assesses the bodies of knowledge to identify new
trends, emphasizing gaps and overlaps to underly behavioral-operational links and multi-factor scenarios through a unified
frame of reference built during the paper review. The results from this research spot new BWE trends like COVID and
closed-loop supply chain (CLSC) driven by disruption and return flows; the influence of behavioral causes over pricing,
returning flows, production capacity, and batching; the combination of multi-factor topics like pricing, production
capacity, synchronization, and order batching. This overview contributes to understanding new trends and connections in
the issues, highlighting logistic challenges and opportunities to explore future studies with a broader scope. It also
elucidates the BWE causes and how to handle them, which could assist in comprehending its effects and advantages on
the technical elements of logistics.

1 Introduction the need to close the gap between theoretical definitions

Supply chain (SC) is a complex system with actordhd complex systems. Analytical, empirical, and
making multiple decisions influenced by behaviorseXperimental methodologies have been implemented in
feedback information, non-linearity, delays, deviationglifferent components related to demand, replenishment
and uncertainty to satisfy the demand of retailers a@licy, and coordination to rethink the SC role, structure,
customers [1,2]. Lack of synchronization between sgroduct type, price strategy, competition, and
members yields demand variations, batch size oscillatiofgstainability. This trend to enhance the scope of the BWE
[3], and thus BWE, where SC actors mitigate fluctuationghalysis has led to include econometric variables like costs
and resource shortages through a misguided decisig@ld price to improve the outcome [10] and influence
making process by reacting and changing the capacitydémand through communication strategies to align
meet peak demands. This effect increases safety stock les@hsumers with the level of the stocks to increase or
investments, transportation costs, unstable planning, unrfiécrease orders. Furthermore, multiple components have
service acceptance levels (SAL), running out of productéXplored new pricing models like marketing techniques,
and revenue loss, affecting the company profit betwed@chnologies, inventory policies, forecasting methods, and
10%-30 % and the inventory balance, increasing holdifgulti-echelon SC [11,12]. Information exchange and
and shortage costs [4-6]. vendor-managed replenishment schemas to reduce the

The behavioral BWE describes stakeholder8WE have evolved into synchronized SC. However,
interventions and decision-making processes reflected il{egration complexity, lead time, lack of trust, and
operational aspects [7]. Although there has been &@nsferred information delays are challenges to overcome
increasing interest in studying human behavioral factot3,14].
associated with the BWE, most of this analysis is still at the Including a multi-factor approach to the BWE is an
individual level. It is necessary to extrapolate these factop¥erdue opportunity to explore topic combinations to
to a cultural and societal level, including more case studi@galyze closer-to-reality studies with multivariable causes;
that replicate a real-world business scenario witfiture studies may research complex systems, pricing
complexity instead of the beer game simulation [8]. strategies, service chqlns, and competitiveness factors [10].

Previous studies addressed variables that compound Bspite previous studies addressing bodies of knowledge,
BWE effects from different viewpoints to describetrends, assessing the status of repetitive topics, mitigation
measure, and reduce the impact on the SC [9], highlightig§ategies, and behavioral-operational factors [15-17], this
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paper identifies overlapping issues, gaps, synergies, futlEBCLUDE (SUBJAREA, “MATE”) OR EXCLUDE

research, updating existing taxonomy, and combiningUBJAREA, “ENVI") OR EXCLUDE (SUBJAREA,

frameworks to relate BWE causes. This study also showBHYS”) OR EXCLUDE (SUBJAREA, “MULT") OR

strategies for SC decision-makers to identify and mitigaeXCLUDE (SUBJAREA, “ENER”) OR EXCLUDE

the BWE. (SUBJAREA, “CENG") OR EXCLUDE (SUBJAREA,
This research guides answering the question: How c&4EDI") OR EXCLUDE (SUBJAREA, “CHEM”") OR

the BWE issues be synthesized by clustering topics EXCLUDE (SUBJAREA, “EART") OR EXCLUDE

illustrate existing links in the literature to identify gaps(SUBJAREA, “ARTS”) OR EXCLUDE (SUBJAREA,

trends, and future works? This paper builds a holistic vieWAGRI") OR EXCLUDE (SUBJAREA, “PSYC"”) OR

to contributing new insights, point likenesses, and BWEXCLUDE (SUBJAREA, “BIOC") OR EXCLUDE

mitigation benefits. (SUBJAREA, “HEAL") OR EXCLUDE (SUBJAREA,
This article is structured as follows: the methodologyiMMU”) OR EXCLUDE (SUBJAREA, “PHAR")).

used to find the clustered topics and trends about BWE

supply chains from the existing literature is presented in The initial abroad exploration includes all the search

Section 2. Using the frameworks proposed byesults related to the “Bullwhip Effect” keyword,

Bhattacharya et al. [15], Geary et al. [16], and Wang et &xcluding non-English articles, and areas like Physics and

[10] during the refinement phase addressed in Section@hemistry to zoom in on areas like Management,

the problem, solution, and future research are extracted@peration Research, Logistics, and Economy. Secondly,

identify trends, gaps, and overlaps. Section 4 depictsbath sources of information are joint, excluding duplicates

visual analysis explaining overlapped operational artd select 1,522 papers.

behavioral studies and the connection between causes,

mitigation strategies, clustered topics, trends, and future Category clustering: A clustering algorithm is applied

research. Finally, the conclusions and future works ate have a high-level view of relevant terms linked to the

reported in Section 5. BWE studies using VOSviewer. This software extracts
information from the title and abstracts to match and group
2 Methodology topics. The full counting method calculates occurrences of

This paper presents a systematic literature review &gywords in the documents. The initial result was 20,813
BWE based on the methodology developed by Hosseit®rms, applying a minimum of 10 occurrences refines to
Dmitry, and Dolgui [18]. The iterative process applied.083 - the relevance score selected is 60%, equivalent to
different criteria to filter pertinent contributions alignedf50 terms. Finally, the list is cleaned-up to remove
with the goals of this study, carry out the analysis, ariffelevant terms to obtain 305 clustered topics.
categorize the results, as illustrated in (Figure 1). The S _
following sections present more detail on the methodolo%y Network visualization: The clustered topics network

ui

applied. It (Figure 2a) explains the recurrency and links between
the terms divided by colors. There are nine clusters: first
[red], 63 items, agglomerates inventory, ordering,
(1) Searching Searching on »| Category Clustering synchronization, reverse logistics, and distribution
phase databases . .
processes. The second [green], 47 items, combine
I technology, communication, and optimization. Third
(2) Refinement Fitering based on [blue], 42 items, brgckets Qemand, pricing, and the market.
phase S B Fourth [yellow], 40 items, links demand, costs, and stocks.
ot s, | Fifth [purple], 39 items, connects the beer game, supply
|_irrelevant papers | chain structure, and simulation. Sixth [sky blue], 24 items,
R —p groups behavior, inventory information, and knowledge.
Fulltext Reading Seventh [orange], 22 items, groups algorithm, vendor, and
_ i market. Eighth [brown], 16 items, associates closed-loop
Reference scanning supply chain, control strategy, and inventory variance.
.- Ninth [pink], 16 items, correlates COVID, supply chain
(3) Categorization Analysis of iterature risk, and inventory stock-out.
phase review
Figure 1 Literature-review methodology flow chart Overlay Visualisation: The clustered topics timeline
(Figure 2b) exemplified when the BWE issues appeared,
2.1 Searching phase explaining it through the intensity of the purple and yellow

The Web of Science and Scopus citation databasesiors. Since the first decade of the 2000s, terms like VMI
were used to build an overview of the topics, applying @endor-managed inventory), inventory policy, demand
search equation. TITLE-ABS-KEY(“bullwhip effect”) process, forecasting method, and beer game have been
AND (EXCLUDE (SUBJAREA, “SOCI") OR present, while new topics like COVID, price, disruption,

~ 498 ~
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Big Data, closed supply chain, information transparency,
resilience, supply agility, and market share emerged since

2016.
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Figure 2 Category clustering timeline
2.2 Refinement phase prominent contributing authors to concentrate on insightful

Refining the articles aims to understand how BWEesearch. The iterative process includes an abstract
issue has evolved, detecting recent trend topics aatalysis, full-text reading, and reference scanning,

~ 499 ~
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applying the clustering categories to filtered documentsptimize the balance between publications and citations
(Figure 3). An H-index author filter was also used t¢19].

( ELECTRONIC SEARCH )

keywords: “BULLWHIP” & “EFFECT”

Document Type: Article _ﬁ
Time span: 2018-2022. | 1522 articles

anmbase: Scopus and WebOfScience J
/_ BASIC FILTER \
YEAR PERCENTILE FILTER
2022 100% 0=
2021 15% # citations>=1 > 187 articles
2020 30% # citations>=4
2019 45% # citations>=9
\ 2018 60% # citations >=14 /
'd ™
TREND TOPICSFILTER

keywords: “COVID” & “DISRUPTION" & “PRICE|PRICING”
\_ & "BEHAVIOUR | BEHAVIORAL™ & "SYNCHRONIZATION™

-

AUTHORS-REVIEWED FILTER

A
62 articles
Jilter: #157 authors selected” -
( LITERATURE REVIEW ™ | 26 articles |

Steps: (1) analyzing abstracts (2) Full-text
Reading (3) Reference scanning
Jilter: at least one authorwith h-index == 6 >

45 articles —

Figure 3 Refinement process

Filtering based on Category clustering: The search that explain how the topics are evolving: SC structure
phase identifies papers regarding relevance and tinsudies from linear and simple networks to no linear and
filtering by year, citations, trend recent topics, and authocemplex ones, from tangible to intangible products,
to identify the bodies of knowledge. The basic filter§inancial and information flows beside the logistic ones,
include English documents from 2018 until 2022, filteringnarket power approaches including competing scenarios,
relevant studies by the number of citations using percentsestainability including environmental perspective beyond
values. The trend and historical topics are searched in the economic one, and the operational BWE concept
title, abstract, author, and keywords. The authors-reviewé@ttorporating finance and regulatory subjects.
filters no-trend topics studies through a bibliographic
analysis of co-authorship to cluster authors with at lea8t1  Price fluctuations
four published documents and follow a line of research. The price effect on the SC’s actors creates fluctuations

From the initial 2,381 authors, 157 are selected. in demand and the BWE, analyzing the price stability,
price-sensitive demand streams, stochastic purchase prices,
3 Resultsand discussion and scenarios of multiple products interacting with price-

This research adopts three main frameworks to identiggnsitive demands [20,21]. However, more studies on how
the problem, approach, solution, result, and future studiggice contributes to BWE propagation are needed [10,15].
First, Bhattacharya et al. [15] classified the BWE into twdai et al. [22] developed a linear combination
main categories, operational and behavioral. Thgutocorrelated (LCA) demand function to measure the
operational causes are characteristics inherent to the B&E in a two-echelon SC; with an order-up-to (OUT)
operation, while behavioral ones are decision-makergolicy, deterministic lead time, autoregressive demand,
reactions that increase fluctuations in the network. Secoridtail prices, and customer reference prices. Price and
Geary et al. [16] designed a five routes framework tdemand correlation explains the customer’s decision-
reduce the BWE minimizing costs through differencénaking process to stockpile influenced by inventory level
equation (OR theory), a control law approach to solvingnd retailer's actions over price reference through
fluctuations, exchanging SC structure problems to get tfigctuations and discounts; suppliers who implement
desired response, causal loops approach with syst@hemotional strategies adjusting price span can reduce the
dynamics simulation, and previous practical experien®WE. Communication of external factors influencing
(Ad-Hocacy). Third, Wang et al. [10] identified six trends
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reference price rather than retailer and adoption ekimming, and penetration, Consumption psychology and
reference price models may be explored. pricing affecting the behavioral BWE, Closed-loop supply
Feng et al. [12] investigated disruption and panickinghain (CLSC) in pricing mechanisms, and the link between
with price fluctuations, analyzing pricing strategies t@ricing decisions and disruptions like Ripple Effect (RE).
adjust order variance through an econometric model (EM) Kumar et al. [11] propose a data-driven framework to
to reduce the BWE. The “naive” model defines price basedllect and process demand data and customer behavior
on capacity and demand-price function, omittingatterns, increasing accuracy forecasting, marketing
customers’ reactions and having the best relation betweefficiency, tracking advertising, and return reductions. The
order variability and profit, followed by the historical historical demand is ingested and decomposed into factors
regression prices and customer orders model. The “Orne-forecast future demand using seasonality and trends. The
period correction” model tunes price value with customeptimal demand is shaped using consumer insights,
deviation in the last period less effectively. A fixed pricgoromotions, advertising, sales, pricing effects, advertising
model eliminates order fluctuations whit non-profit resultgplan, and ROI to run scenarios to adjust and orchestrate the
Customer behavior deep knowledge helps to formulate tfieal demand. The data-driven fuzzy classifier-based
best pricing strategy under disruption. Short gaming, whefECB) improves the forecasting process, inventory costs,
limited resources influence panicking, can be explored. and profitability, enabling a feature to evaluate
Ma et al. [23] include price-sensitive and substitutbypothetical scenarios for new products. Future studies
products using a minimum mean square error (MMSHEhay optimize hidden layers and nodes in the fuzzy neural
demand function. A growing lead time does not increasetwork model, including intermittent demand and
the BWE proportionally; however, a better one enablésformation like weather forecasting, shipping, marketing,
pricing strategies to reduce it. The competitorsand customer profile.
information improves the making-decision process and Ma et al. [26] propose a four-channel SC network with
pricing strategy according to substitute produabne manufacturer and two retailers, using a price game
performance—a higher degree of substitution leads todel to simulate BWE response to changing discount
more impact. The correlated influence of competitor€onditions. The price adjustment speed and discount
pricing strategies can amplify the BWE; a strong selSensitivity infer the system’s reaction. A moderate price
correlation price coefficient with a weak mutual-discount keeps the system stable, but discount disruption
correlation price coefficient with competitors may amplifycould amplify the BWE to a chaotic state. SC actors should
the BWE to the opponent. The BWE can be mitigated witteduce price discount sensitivity and increase customer
a low self-correlation and high mutual-correlation pricéoyalty. Multiple channels, inventory, and discount
and a neutral BWE when high or low levels pair self anstrategies could be explored. Zhang et al. [27] simulate the
mutual correlation prices. Multi-substitute productsBWE in a complex system with dynamic price, decision
pricing strategies, and profit could be explored. schemas, service value, and coordination process,
The Cash Flow BWE (CFBE) impacts competenciesipproaching profit discrepancies in a multi-channel SC
conditions and market share, Chen et al. [24] compare twiofluenced by centralization levels. Centralized models
parallel SC with a retailer, a supplier, two products, and drave a smaller price gap between the retailer and direct
autoregressive demand process (AR). The CFBE is presehannel, yielding stable market conditions. A framework
in substitutable products or no-null price cross-sensitivityp coordinate mechanisms and contract agreements under
coefficient, improving forecast accuracy and service cliestiscount conditions may pair decentralized and centralized
increases market share and reduces CFBE. Healttates. The BWE may increase long-term service costs.
competitiveness and cooperative relationship partnebsrect channel’s service value and multiple manufacturers
decrease fluctuations. CFBE with multiple suppliersand retailers could be explored.
distributors, forecasting, sales channels, and retailers may Tai et al. [28] explore the price fluctuation impact on
be explored. the BWE in two-echelon SC with an OUT policy and price-
Ponte et al. [25] provide an SC mathematical modeknsitive AR demand. The BWE is calculated with demand
(MM) to reflect the quantity discounts influence in theand order variation due to price fluctuations. A steady-
BWE and the NSA ratios by analyzing logistic costs likéimited price strategy is better for increasing demand
purchase, inventory, stock-out, opportunity, and overtimeariation. A dynamic price strategy could decrease the
The model optimizes discounts in upstream decisioBWE in negative relations. This work could be extended,
making to implement it and downstream to calculate it. THacluding deviations in the forecast and price promotions.
discount encourages a mismatch in demand and orders, The trends include new flow types like strategy pricing,
yielding distorted information, waste, capacity costs, amgtice sensitivity, promotions, and discounts (Table 1),
underperformed inventory. However, it could reducadding complexity like substitute products, multiple
purchase costs for upstream decision-makers and increasepetitors, panicking demand, marketing, financial, and
benefits for downstream SC actors. Future studies canstomer behaviors, critical to understanding the BWE
explore: pricing strategies’ influence based on markupnder the price lens.
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Table 1 Price fluctuation literature review

Category Solution Technique Trend [10] (ME) Measure/ Sour ces
[15] M ethod. [16] (MI) Mitigate
o/B OR LCA FTy ME Tai et al[22]
o/B OR EM FTy ME & Mi Feng et al[12]
o/B OR MMSE FTy ME & Mi Ma et al.[23]
o/B OR AR FTy/C ME & MI Chen et al[24]
0 OR MM FTy ME Ponte et al[25]
O/B CT big datedriven FCE FTy ME & M Kumar et al[11]
0 FT bifurcation mode Fty/SC: ME & Ml Ma et al.[26]
0 S numerica simulation (NS  Fty/SCs/MI ME Zhang et al[27]
@) S NS FTy ME Tai et al.[28]

» Category: Operational (O), Behavioural(B).
» Solution Method: OR Theory (OR), filter theory (FT), control theory (CT), Simulation (S), Ad-Hocacy (AdH).

» Trend: SC structure (SCs), Product Type (PT), Flow Type (FTy), Market Power (MP), Sustainability (S), and Concept

©).

3.2 COVID-19, disruption, and Ripple effect Ghadir et al. [33] rank COVID-19 risks, using Failure
COVID-19 produced unprecedented effects in differedilode and Effects Analysis (FMEA) and Best-Worst
sectors affecting downstream and upstream material flodethod (BWM). The model combines Best-Worst Method
rethinking the globalization state, lean and localBWM) to define weights in strategies to reduce disruption.
production, and risk fallbacks [29]. These fluctuationdhe risks include deficient customer demand information,
combined the demand variations due to the customegiortages, BWE, intermittent delivery, delays, restrictions,
lockdowns with a downstream propagation of th&nd supply cut-off. SC visibility and information shared are
unfulfilment demand during the severe disruption, joiningrucial to reducing unpredictable market conditions’
the BWE with the Ripple effect (RE) and affecting the S@npact.
stability significantly [30]. Hu [34] uses differential equations with a Markov
Dolgui et al. [31] analyze the RE influence over th&upply-demand matrix to measure oscillations’ impact and
BWE through discrete and agent-based simulation. Tlésruptions in the network, demonstrating that small
shipment, production capacity disruption, and orddtuctuations are rather than larger ones. The SC stability
recoveries are simulated as discrete events, whiesponds to an aligned order strategy. The Hopf bifurcation
customers and communication use agent-based and m@tialysis calculates estimated logistic costs when the
agent frameworks. Supply interruptions, backorderetwork loses the optimal point and tries to achieve it
accumulations, and late recovering periods to restoagain.
downstream flows can trigger the RE and hamper the Xu etal. [35] use control system theory, super-twisting
BWE; communication and coordination reduce orderingSTW), and sliding mode control (SMC) algorithm to
inventory, and production deviations. Inventory policies tdesign a master entity in the system to synchronize a
control backlogs during disruption could be exploredzhaotic SC, reducing fluctuations and disturbances.
Scarpin et al. [32] combined BWE and RE to measure tfiwvaluating parameters like delivery efficiency, customer
COVID-19 outbreak impact through financial and nondemand satisfaction, distortion rate, and safety stock
financial variables. The Efficient Market Hypothesiscoefficient. The model can support technology to the
(EMH) and the Capital Asset Pricing Model (CAPM)decision-maker. Future research can extend the scope to
reveal the effect on the stock market where a nodgerations management with a depth dynamical analysis in
represents the airline companies, comparing buyers’ aadnulti-echelon chaotic SC, using fractional-order optimal
suppliers’ performance. Financially, BWE and RE affeatontrol.
more companies with high operating leverage and debt-to- COVID-19 disrupted the SC, creating an economic
assets ratio. The degree of centrality has an impagipact, panicking, influencing SC actors’ decisions, and
proportional to the number of suppliers and buyers. Globsipreading fluctuations. Future studies can collect more
airline stock index (GASI) could be extrapolated tanformation to validate current conclusions. Information
Nasdag, S&P 500, Dow Jones, and other industries. sharing (IS) is insightful in reducing fluctuating conditions
and uncertainty during a disruptive scenario (Table 2).
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Table 2 COVID-19, disruption, and RE literature review

Category [15] Solution Technique Trend M easure/ Sour ces
Method. [16] [10] Mitigate

0 S agen-based simulatic Fty/SC: ME Dolgui et al.[31]
@) OR EMH/ CAPM C/SC: ME Scarpin et al[32]

o/B FT FMEA/ BWM FTy ME & Ml Ghadir et al[33]
B FT Hopf bifurcation analys FTy ME & Ml Hu [34]
@) CT STW/SMC FTy ME & Ml Xu et al.[35]

3.3 Closed loop Supply chain model balancing lead time, customer service, and inventory

The CLSC topic is growing due to an increasing interetvels; future studies: nonlinear models, remanufacturing
in circular economies and their impact on profitmarkets, and multi-quality grades.
sustainability, and SC integration. However, there is a gap Dominguez et al. [43] ponder centralized or
between the research and the real world to improve tHecentralized schemas in a CLSC using multi-agent-based
current decision-making frameworks, coordinate actogimulation with multiple-return flows. The remanufacturer
efficiently, handle complex flows, and include ScCconsolidates the returning flow in a centralized model,
dynamics [36-40]. Giri et a. [41] consider the BWE as awhile the retailer has a remanufacturer per customer in a
inventory fluctuation with large wives flowing from the decentralized one. Transparency information, returning
consumer to the producer and replicated through tiflew, remanufacturing configuration, and the number of
demand. The anti-bullwhip effect has an opposite dynamigtailers influence the BWE. A centralized model reduces
having more minor wives and not always disseminatggverse flow uncertainty, smoothing new product orders
from upstream to downstream. A variance in the markatith operational and logistic efficiencies through
price can suppress an order amplification at each partioformation to minimize configuration effects. A
SC. Future studies can explore incentive systems fdecentralized model fits better in an SC with few
customers to increase the purchase of remanufacturiglependent markets and downstream organizations. An
products, including customers’ information and behavioréchelon to use reverse flow as raw material could be

Ponte et al. [42] study a CLSC with a control systengxplored.
proportional order-up-to (POUT) policy, and a quality- The CLSC is aligned with the SC structure trend
grading scheme to classify returning products, smoothifgable 3)that seeks to model the SC dynamics and return
order rate, and BWE. A quality-grading policy increaseows. The new U-shaped relations in the network create
inventory performance in low-quality returns and lowinteractions, contributing to potential disturbances and
frequency demand conditioned to manufacturing arftlictuations, increasing complexity, and helping to reduce
remanufacturing lead times differences. The qualitycosts and waste. Other BWE fields include the CLSC
grading mechanisms benefit the work-in-progresstructure topic due to the growing interest in sustainability,

complexity, and real-world problems.

Table 3 Closed-loop Supply chain model

Category Solution Technique Trend  Measure/Mitigate Sour ces
[15] M ethod. [16] [10]
@] OR MMSE SCe ME Giri et a.[41]
0 CT control system mod  Fty/SC: ME & Ml Ponte et a[42]
0 S Multi-agen-basec Fty/SC: ME & Ml Dominguez et al[43]
3.4 Order policy and batching policies and backlogging system. The batch size should be

The batch size growth and unaware decisions in tigévisors of the mean production rate [45]. Omitting the
order process may yield erratic dynamics in the SC and thatch size increases the BWE and decreases the SL, as the
BWE [44]. A batch size value divisor of the mean deman@UT policy does. The POUT policy may reduce the BWE,
mitigates the BWE [45]. The policy order-up-to (OUT) haghcreasing SL, inventory holding, and stock-out costs.
evolved to the proportional order-up-to (POUT), in which Cannella et al. [50] studied the POUT policy in a
the orders are issued partially and proportional to tHelLSC, decreasing the BWE. POUT policy surpasses the
difference between the target and the available invento@UT policy with production efficiency, SL balance, and
reducing the BWE [46-48]. economic benefits. The OUT policy is better with high

Ponte et al. [49] deepen the well-known implication ofeturn volume and low BWE cost. Inventory controls
batching in CLSC, being a booster for the BWE anbalance the optimal difference between the target and
including service level (SL). The mathematical modeturrent inventory, considering production costs, inventory,
represents a hybrid manufacturing-remanufacturingnd SL. An inventory controller in the CLSC optimizes
system (HMRS) with discrete events, including inventorynderestimated values to reduce return rates and costs.
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A stochastic forecast with the POUT policy limits theconstraints to a recoverable inventory with a cost function
BWE, satisfying the demand. could be explored.

Lin et al. [51] study a push-pull hybrid system with  Order Policy and batching size studies have increased
CLSC attributes using a nonlinear control theory anthe sophistication of the analysis by concepts like POUT
discrete-time simulation. The demand frequency and retuypolicy, reduction of the BWE through the batch size divisor
rate strongly influence the BWE due to returning ordershean, and the influence of CLSC. The principal
boomerang effect. An optimal stage linking capacitgonsiderations are sustainability, finances, and SL

(Table 4).
Table 4 Order policy and batching
Category Solution Technique Trend [10] Measure/Mi  Research Works
[15] Method. [16] tigate

@) OR MM SCs/FT ME & Ml Ponte et al[49]

0 OR difference equatic SCs/FT ME & Ml Cannella et al[50]
0 CT/< Nonlinear control/ simulatic Fty/SC: ME Lin et al.[51]

3.5 Information shared and synchronization and stock-out trade-offs with a cost structure. Increasing

Organizations with complex-large and decentralizeteturns flatten production positively or negatively,
SCs are dynamic structures exchanging asymmetdepending on inventory underperformance’s available
information and lack coordination [52], adoptinginformation. The information transparency in the
inefficiencies that lead to waste of resources, supptgmanufacturing pipeline decreases order variance and
discrepancies, financial losses, and suboptiméiventory depending on market pipeline data; the market
performance [53,54]. Synchronization strategies us#e decreases order variability and increases inventory
information sharing (IS) as the main component to aligindependently. Include other forecasting models and
the SC at strategic, tactical, and operational leveldemand attributes could be explored.
vertically and horizontally, to mitigate the BWE [55,56]. Dominguez et al. [62] simulate a four-echelon SC with
The collaboration schemas have two main scenarigs;multi-agent system (MAS), with partial IS scenarios,
cooperation, where organizations have mutuahfluencing SC performance, BWE, and inventory level.
commitment, goals, and dedicated resources [5#tomogeneous retailers collaborating and sharing
coordination which joins the decision-making process arifformation generate equal benefits with more impact than
IS, to enhance cross-organizational performd&8g heterogeneous ones. However, prioritizing an IS strategy

Dominguez et al. [59] research the impact of partiahenefits heterogonous retailers with poor forecasting, high
accurate, timely, and vertical IS in multi-echelons SC usirdggmand variance, and long lead time. The full IS model
the decentralized concept where not all membeghould implement in highlighted retailers due to the
collaborate. Regardless of its position, the number afiditional costs yielded by the strategy.
echelons sharing information is critical in the BWE Li et al. [63] represent a dynamic multi-echelon
propagation. The collaborative approach throughout IS ¢oordination scenario with material or information flows
more effective in the downstream than upstream directiogennected or interrupted. A multiagent-based framework
The average lead time may reduce the BWE in IS mode#)d a consensus control systeig,f simulate a switching
particularly at upstream echelons. Future research codgstem to evaluate stock levels in sub-chains and consensus
explore different IS types and structures with deviation. protocols. The study assesses total activation time in stable

Papanagnou [60] simulates a CLSC using a contrahd unstabilizable subsystems, including delays in
system model to mathematically describe the compldsansmitting information and materials. The control
relationships in a four-echelon network, demonstrating thtgchnique K,) mitigates the BWE mainly for isolated sub-
high product return rates with aggressive ordering policiehains, minimizing uncertainty demand. Future research
amplify the BWE. The model accomplished thecould include stochastic production delays, nonlinear SC
information asymmetry in a CLSC, including the Internetvith fuzzy control, and backorders accumulated in sub-
of Things (IoT) concept in the customer-to-retailer loop tohains.
share accurate information about the returned products andShaban et al. [64] model a coordination mechanism to
replenishment policies to mitigate the variations in theeduce the BWE through an Info-Smooth based on order
demand and the BWE. smoothing and information sharing transferred upstream.

Ponte et al. [61] model a CLSC influenced byTlhe inventory policy (R,S) seeks to cover the gap between
information transparency in order variance and inventorgurrent and target inventory levels, reducing inventory
defining marketing and remanufacturing archetypes witvariance and costs and decreasing adverse effects due to
visibility levels. The return rate, lead time, and informatiorder parameters such as lead time. Future research could
visibility degree compose BWE functions and net stockclude order batching in collaboration models.
amplification (NSA) ratio to analyze holding requirements
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IS groups topics to optimize the actors’ interactions andformation shared. IS includes synchronization or
mitigate the BWE, enhancing inventory decision-makingschemas of collaboration to coordinate actions at different
demand management, and SC flow. Complexity is a trefelvels to mitigate the BWE, especially in disruption
in the IS (Table 5), studying the progressive amount @kriods.

Table 5 Information Shared and Synchronization

Category Solution Technique Trend M easure/ Sour ces
[15] Method. [16] [10] Mitigate
0 S computersimulatior FTy ME & Ml Domingue: et al.[59]
0 CT control systems moc  FTy/SC: ME & Ml Papanagnc [60]
@) OR MM FTy/SC: ME & Ml Ponteet al.[61]
0 S MAS FTy /SC: ME & Ml Domingue: et al [62]
@) S (H_o0) FTy/SC: ME &Ml  Lietal.[63]
0 S simulatior FTy/SC: ME & Ml Shaba et al.[64]
3.6 Behavioral BWE mitigates the BWE, improving performance and

Human factors have been studied widely, such as lieéfectiveness. Profitability, customer satisfaction, market
underweighting, phantom ordering, and coordination risighare, SC configurations, vertical integration, and ordering
these can be present without operational causes [65]. Theentives schema could be explored.

BWE behavioral causes are associated with decision- Shabany et al. [71] researched the negotiation process
makers’ cognitive limitations and SC underweight [66]using token-based (TB) to classify current demand orders
SC’s actors who decompose problems based on a tawnd token volume from inventory shortages; the model
consecutive echelon approach tend to underestimate theorporates cooperation throughout IS where only
BWE [67]. The BWE mitigation via behavioral factorsretailers access customers’ demands. The multi-agent
involves an adjustment on the operational side, such sistem performs negotiation between retailer and
keeping inventory levels at a certain quantity [68]. manufacturer agents, using reverse ultimatum game (RUG)

Moritz et al. [69] simulate line underweighting, naiveand fuzzy logic to solve ambiguities. Implementing no-bias
forecasting, hoarding, phantom orders, anchoring asystem negotiation reduced the BWE by 30%. Developing
heuristic adjustment to classify irrational orders vidrust variables and revenue contracts can enhance
experimental data, applying particle swarm (PS)egotiation studies.
optimization, beer game (BG), and cogpnitive reflection test Villa [72] studied a limited supply where competitors
(CRT). In a multi-echelon SC, decision-makers withpoost placed orders volume, evaluating the BWE on
ordering bias increase ordering costs unequally in SSipplier responsiveness, customer overreaction, and
actors, being worse when a retailer has it. Increasitigtailer efficiency through heuristics. Retailers tend to
downstream ordering raises excess inventory and logistitcrease orders to reinforce a safety stock, expecting a
costs, while the upstream increases production inventd#fortage scenario with no signal in demand and ignoring
and cost to customers, reducing distributors’ stock levet@nceled orders. The model incentivizes outstanding
and decision-makers’ intervention. The model rejects thietailers proportional to effective orders to discourage
naive behavior that uses the most recent demand to fore€astr-stocks. Asymmetric competition’s influence over
orders; a cognitive process shapes the making-decisid@cision-making, performance, and collaboration could be
process improving outcomes and reducing costexplored.

Optimizing the forecast process can support decision- Xu et al. [73] simulate a chaotic four-echelon CLSC
makers in disruptions with signals, data, and suggestéigtorting sales markets and orders through differential
values. equations, including a fractional order sliding mode control

Narayanan et al. [70] use BG to design a metri¢FO-SMC) synchronization algorithm to control SC's
alignment framework with a coordination approachfluctuations and tracking variances in error with a control
including panicking and phantom orders. Synchronizingw—a master-slave configuration with a slave system’s
the decision-making process mitigates back-ordering asgnchronized behavior to reduce disturbances. The
costs. Financial penalties related to on-time, in-fuklgorithm provides insights to the decision-makers to
conditions to deliver orders turn a cooperative environmeunderstand a chaotic SC and recalculate targets. Coming
into a punitive one. The metric-alignment approachktudies may include demand changes, promotions, and
includes synchronization, goal congruence, and IS. Indisruptions risks.
four-echelon SC participants receive demand information Narayanan et al. [74] run an empirical experiment to
from downstream partners aligned with inventory anéssess ordering strategies flexibilty and SC
backorder costs. Even IS reduces the BWE, unnecesstngerweighting. Demand variations and constrained
information entangles decision-making, creating sulslownstream ordering limit decision-makers to handle
performance. Decision-makers’ alignment with retailerfuctuations, impacting lead times and SL. Flexible orders
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reduce variations and lead time costs, keeping the SL, andBray et al. [78] apply a dynamic discrete mathematical
allowing decision-makers to accumulate ordermodel (DDMM), a Markov-modulated demand process,
irrationally. A low flexible ordering increases the cost peand a Nested Pseudo-Likelihood (NPL). The analysis
order, while a high one has a “minimal” one—identified higher variance in shipments than customers and
disincentivizing irrational orders. Hard-constrained supplthe rational gaming action of upstream scarcity over stores
reduces underweighting behavior where decision-makeascumulating stocks to avoid shortages. Rational gaming
assess lead time to reduce order size, reducing or@défects inventory and the BWE. SC visibility could be
variation and SL. Flexible models may dampen the BWEnadequate; the final decision depends on the decision-
Close capital relations in SC actors can build trust andakers’ criteria.
benefits flow information [75]; which may lead to  Operational and behavioral factors focus on physical
opportunistic or gaming behavior [76]. Zhao et al. [77] usend institutional structures. However, behavioral factors
a multivariate regression analysis (MRA) to evaluatadd actors’ mental models, bundling rational decision-
capital relations, identify SC's links through financialmaking with heuristics [7] and spreading the BWE in the
statements to assess the capital relation net val®C through operational aspects. Methodologies like the
analyzing relationship length and dependency betwebeer game [79] include a holistic view of the problem to
customer and supplier. Mutual dependence increases thelerstand how behavioral and operational aspects are
BWE, selling costs, order backlog shocks, and grosisked (Table 6).
margin variations. However, the length of the relationships
can mitigate it.

Table 6 Behavioural BWE

Category Solution Technique Trend [10] M easure/ Sour ces
[15] Method. [16] Mitigate
o/B OR/< PS/BG/CRT FTy/ MP, SC ME & Ml Moritz et al.[69]
O/B ORJ/< BG FTy IMP/SCs/t  ME & Ml Narayana et al.[70]
o/B S TB/MAS/RUG/CBF  FTy /SC: ME & Ml Shaban et al.[71]
o/B OR MM FTy /SC: ME & Ml Villa [72]
o/B OR/CT FO-ASMC/ASMC) FTy /IMF ME & Ml Xu et al.[73]
O/B AdH Empirica FTy /ISC: ME & Ml Narayana et al.[74]
o/B OR MRA FTy /SC: ME Zhacet al.[77]
O/B OR DDMM/NPL FTy /SC: ME Bray et al.[78]

3.7 Leadtime, demand forecasting, longer than the remanufactured one benefits CLSC

replenishment policies, and inventory policy ~ performance. Incentivizing lower levels IS enhances SC’s

Orders are placed based on previous demaripstream performance. Order policies, stochastic returns,
subsequent lead times, and the amount defined by the stég&l returning product values determined by customer
policy and replenishment orders upstream. At the sarR€rception could be explored.
time, SC’s actor attempts to boost benefits regardless of Shaban et al. [84] simulate a single-echelon SC with
overall efficiency, increasing BWE and logisticcorrelated demand, OUT policy, and returning flow,
inefficiencies [80]. Deterministic or stochastic lead tim@nalyzing performance measures: order variance ratio
influences BWE combined with different demandOVR), NSA, and average SL. The model includes lead
forecasting methods and stock and replenishment policié®e, forecasting, and order parameters. Correlated
[81]. demand with OUT policy optimizes performance measures

Michna et al. [82] measure the BWE in an SC witt@nd is impacted by order parameters, tunning control
random autocorrelated demand and lead times, adoptiP@fameter reduces the BWE. Future research could study
the moving average method (MA) to forecast. Lead timéme series and new adaptive forecasting methods that obey
forecasting influences BWE, increasing the stimulus wheprrelated demand, optimizing forecasting and order
it combines forecasting and correlation demand. THOlCY.
volume of no-biased forecasting data is crucial to reduce Campuzano et al. [85] research a system dynamics
the BWE. Lead time correlation and BWE propagation ifimulation in a single-echelon SC with variable deadlines,
a multi-echelon SC could be explored. uncertain demand, and a rolling horizon (RH) updating

Dominguez et al. [83] model uncertain returns qualitjformation and plans, reducing inventory and logistic
effects over variable lead times, inventory, and stock §Psts. Lot-sizing, variable lead times, and RH hence the
CLSC through a MAS, analyzing return, informatioriPerformance, using logistic costs, SL, and the BWE as
transparency, inventory performance, and the Bwgetrics. Storage and prpductlon capacities constrain the lot
Uncertain returns fluctuations affect inventory. Avoidingsize, which a collaborative system such as VMI should be
the lead-time paradox where the production lead time §@nsidered.
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Bayraktar et al. [86] measure order fulfillment and théramework, improving the decision-making demand
retailer's performance in a two-echelon SC with seasonatocess.
demand using discrete events, mathematics models, andDisney et al. [89] studied a nonlinear inventory system
SEM causal effects analysis. The retailer prioritizes Shkyith OUT policy and lost sales, comparing sales and
lead time, and forecast accuracy over the BWE; whetheacklogging to measure the BWE and inventory
decision-makers underestimate backorder cost and tweplification and recovery. The lost sales model mitigates
BWE amplification affects fill rate and total inventory costthe BWE, contrasting with a backlogging system under
The decision-maker should try to decrease lead time asdme demand and forecasting conditions. No-negative
improve forecast accuracy; the SL seasonality affectenditions affect inventory variance metrics to measure
inventory cost. control, reducing backorder accuracy or lost sales

Oroojlooyjadid et al. [87] applied a BG with avisibility. Complete demand visibility handles lost sales,
reinforcement learning algorithm, comparing a basic stodut-of-stock, and total rate; the safety stock absorbs
policy with sub-optimal solutions and considering dluctuation and hidden demand from lost sales. Dynamic
decentralized information case in the decision-makingplenishment policies, no-linear capacity, and returns
process. The investigation develops a shaped-reward dataxld be explored.
driven algorithm (SRDQR) in a cooperative environment, Lead time, demand forecasting, replenishment policies,
including information about independent actions andnd inventory policy studies have included CLSC
minimizing SC costs in the training phase. Besides, trainsttuctures, models, and policies. Capturing the problems’
agents by SRDQR learn sub-optimal solutions and reducemplexity results in the sophistication of some models
costs compared to agents using a base-stock policy. THable 7) proposed. Additionally, metrics like lost sales
network design definitions may influence seasonal demaadd service level balance the financial assessment, aligning
functions to increase the response [88]; Future studies dhe solution with different organizational objectives
consider a network design aligned with the SRDQResides the evident economic benefit of reducing the BWE.

Table 7 Lead time, demand forecasting, replenishment policies, and inventory policy

Category Solution Technique Trend M easure/ Sour ces
[15] M ethod. [16] [10] Mitigate
0 OR MA FTy ME Michna et al[82]
0 S MAS FTy/SC: ME & Ml Dominguez et ¢ [83]
@) S AR FTy/SC: ME & Ml Shaba et al.[84]
0 S dynamic simulatio FTy ME & Ml Campuzano et a[85]
0 S SEM/ discrete simulatic FTy ME Bayrakta et al.[86]
0 S BG/ RL FTy/SC: ME & Ml Oroojlooyjadic et al.[87]
@) OR MMSE SC: ME Disney et al[89]
3.8 Production capacity Dominguez et al. [92] study a single-echelon CLSC

Constrained capacity impacts lead times directly; &ith capacity restrictions and uncertainty in stock demand
high volume of orders increases time and replenishmeafd returning units through differential equations, tracking
Shrinking the capacity increases lead times, spreaditite BWE on net stock and production variances.
fluctuations along the SC while the actors try to shiel®Remanufacturing forward flow fluctuations affect the
themselves from uncertain demand and periods, havingvhole system. Tuning correct capacity constraints, market
cycle that produces the BWE [90]. environment, and uncertainty degree dampen BWE.

Cannella et al. [91] study the production capacity effe¢iowever, low capacity can affect inventory holding costs
on operational performance linked to nonlineand SL. Ponte et al. [93] formulate a mathematical model
manufacturing lead times, work in progress, andf impact returns in a CLSC system, considering a U-
responsiveness. A two-echelon SC simulated with demagldaped dynamic between inventory performance and
variance, safety stock, and proportional controlleieturns. Additionally, unknown return fluctuations affect
influencing order variance, inventory level, and SLthe SC stability, increasing the BWE and the costs. The
Opposite to other studies, increasing manufacturingturns policy is an effective mechanism to hamper the
capacity has positive effects by keeping a lower constavariable effect.
lead time, while decreasing capacity has a negative effect CLSC schemas are linked to production capacity due to
mitigated by SC responsiveness to work under saturatigeturn flows and the SC dynamics’ complexity
Stochastic lead time with divergent and convergent CLS@tictuations, increasing the BWE. Policies could handle
and limited/amplified upstream affecting a downstrearthese variations, funneling raw materials in the SC to
capacity/responsiveness could be explored. reduce waste. Production capacity flexibility linked to

downstream/upstream disturbances is still an open topic.
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Table 8 Production capacity

Category Solution Technique Trend [10] Measure/ Sour ces
[15] M ethod. [16] Mitigate
0 OR mathematical mod SC¢ ME Cannelliet al.[91]
0 OR difference equatic  SCt ME& Ml Dominguez et € [92]
0 OR mathematical mod SC¢ ME Ponte et al[93]

distributor echelon-level elimination, and inventory policy.
Recently, researchers have considered lead time [95] and
ollaborative SC actors relationships [96] accurate

mitigation strategies, flows, trends and future research precasting [82]'. and pricing strategy. [28]’. IS [61]
interconnected using the SC structure. Bhattacharya et @iPacity production tunning [84], and handling CLSC
[15] review is used as a framework for BWE causeé?t“m'ng flow [60] as strategies to mitigate the BWE. This
adding the trends from the closed topics, such as cL$@per used the framework proposed by Wang et al. [10]. to
returning flows and COVID-19 disruptions. Forrester [94fONNeCt trends, found concepts, and future studies
identified three mitigation strategies: fast order handiingliScerned by authors.

4  Overlapping topics, futureresearch, and
trends
Figure 4 shows how cluster topics, BWE cause

i
i e

E | Frinemn Price | CONDAD | Information | oL et Jorder Polke fl-::r::;l.: i It
i Inchuded as varisbles BWE causes ig e e |RE Shared | i B ™ eplentdmmemn| CLSC Mot Fiskios. |1
! Strategies e e | Ivemtary n i A
i (@ Usedas mitigation strategy Palicy i
i i
i Demand Signal Processng Accurate Forecasting . . i
e . - !
1 CUSTOMER Price Flucruatons Pricmg Stratesy A
| i
| Demand nformaron v tsibdry: 5 !

= [Tefors v Suppor]
i -u/"- W\""-"— U Disruptions Decision-Making . . H
[Han) \_O¥(Ordes volume)  SH(Stigments) - A _ i
i ~ Shortage Gaming Information Shacng = . 1 . '
Ve v i
i 4 i
! _SJ ;_‘ Stocks Rationing Change Inventory Paticy . H
Pl 5 | - i
| = {j DISTRIBUTOR/RETAILER .. QOrdering Order Batching Faster Order HandEng . 1
i |8 Z i ]
[ - 5 = T o e 5cl preey i
12l 1R | MW Complexity || Lack ofSynchnizaton |[€oH0rEre SchemasLeve [ @ ™ o i
i > : h | ]
£ ov SH = =
i 5 T A Tead Time Long Lead Times Rieducing Lead Tiems P [ i
T e X
i = PRODUCER 7 . {
I 1 Production Limited Capacay Capacity Tusing @ ® |
FNE I ]
i /\f lu' lf l[.-\.-\.\_ Returns Variabie Retun Flow || Handing CLSC Retumn Flow @ i
| N ¥ i —
TRENDS
l Flow type J | Product Type | | Sustainability I | SC structure | | Market Power | [ Concept
1 i Mo . o =
>l s R T " | Linear, Nonlinear, Motopoly —p- | Operations > inance,

Logistics—ae Information —p Financial | | Tangible

Competing

Simgple Complex regulatory
* Multi-echelons « Retumning flows

= CLSC = Multiple-SC actors

* Zero-waste = Substitute Products

= Mutual-correlation price

+ Service level |* BWE in services
= Price sensitivity | |

= Strategy pricing
= Marketing plan
* Customer satisfaction

= BWE Cash Flow

FUTURE RESEARCH

* Panicking and Short gaming

« Multiple: products, pricing
strategies, SC actors,
forecasting methods and sales
channels

* Pricing decisions and RE

* Exogenous variable

+ Inventory strategies and
discounts

* Price promotions
+ Robust demand

.

1S variations with error

* Incentivize remamufacturing

purchases and markets
Analyze customer
information and behavior

* Non-linear models
* Quality grades in refuming

flows

* Echelons to re-use waste

ic production delays. non-
linear SC with fuzzy control. and
backorders accumulated in sub-
clains

* Metric-alignment frameworks:

market share profitability. customer
satisfaction

+ Trust variables and revenue

confracts in negotiations

= Comelated lead times

* Asymmetric retailers

+ New optimi Jenishment =

+ BWE propagation in a multi-

* New ordering policies with

+ Incentivize retailers 1o MIProve  gocpastic retums and lead times

the order process + Customer's perception changing
refuming product valne
+ Time series and adaptive

methods obeying

competition

policies. inventory policies and

- cormelated demand and order policy
analytic models

+ Stochastic lead time combined with *
different capacity models and

echelon CLSC.

* Production

capacity/responsiveness analysis

+ Distributers demand. order

policies. and collaboration
strategies. linking the SC
performance and production
capacity constraints

Order batching in collaboration
models

Figure 4 Overlapping topics, future research, and trends

Disney et al. [17] mapped operational and behavioral
through a Venn diagram, comprehending the intersection
of behavioral and operational causes. The taxonomy is
updated with the new clustered topics, showing the number
of behavioral studies intersected with blue numbers
(Figure 5), including cross-cutting topics involved in the
BWE causes.
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the BWE in these scenarios, actively including variables

BunWhlp efs from different topics. Future studies may corroborate the

A\ Ce hypothesis around the COVID-19 disruptions, including
ester B ,b\\‘bid’c't‘ by, the shortage gaming and new BWE mitigation strategies to
Q=T & control upstream and downstream flows influencing SC

Order
Lead Batching
Times 3 Hg,
2 %,

actors’ behavior under panicking, like pricing, tuning
capacity, and inventory policies.

Understanding and reducing returning flow disturbance
is challenging in CLSC structures, representing complexity
variations in some lines of research. This growing topic
provides economic benefits and sustainability.

Returning Behaviourial Nevertheless, none of the selected papers addressed CLSC

el e b combined with pricing. There are opportunities to research
’ Fluetuations more about this U-shape model, considering a new level in

> the SC to explore remanufacturing purchasing incentives,

Limited markets, quality classifiers, and zero-waste scenarios.

Production 3 Lack of Order policy and batching include demand forecasting,

Sty : St stock information, and CLSC return flows as variables.
ssi |\ " Shared. Nevertheless, more BWE causes, and mitigation strategies

i 6 could be linked to order batching.

The papers reviewed frequently mentioned IS to

i mitigate the BWE; its functionality has been strongly

Figure 5 Overlapping behavioral and operational BWVE  agsociated  with  synchronization and  collaboration
causeq17] schemas, extending the strategy scope to influence SC

. actors’ dynamics. There are opportunities to combine the

5 Conclusion IS with topics like pricing strategy, production capacity,

How can the BWE issues be synthesized by clusteriggq its contribution during disruption events.
topics to illustrate existing links in the literature to identify  The literature review found BWE behavioral causes
gaps, trends, and future works?orecasting Demand hasreflected in operational factors. However, no behavioral
been the dominant topic in upstreaming variations froltudy included order batching, shortage gaming, price
customers due to its relation with the BWE origin; there igyctuations, and limited capacity. Synchronization, lead
an increasing necessity to improve the informatiofime, and information visibility were strategies to mitigate
collected at this point to explain and influence customergwe. Future studies may explore ordering incentive
behavior, yielding trends like pricing strategy, IS, an¢hechanisms, competing  retailers’  asymmetries,
diSfUptionS like the COVID-19 pandemic. At the middl romotionsi and disruptions risk.
network |eve|, distributors and retailers interact thrOUg Lead time, demand forecasting, rep|enishment, and
inventory policies to dampen the BWE, including ordefhventory policy influence each other, exploring the CLSC
batching and lead times to further understand the orderifghdel in recent studies. Future studies could include
process factors; complexity has a relevant role, requirifgicing strategy, correlated and stochastic variables in
collaborative schemas to sync multiple actors and changifgmand, lead times, and non-linearities in the SC, like
elements. In the last level, where the BWE wave is highyapacity constraints or returns. Production capacity has
amplified, adapting capacity constraints are a normgeen a hard constraint in BWE causes and mitigation
response. Nevertheless, the SC progression to ClL3fpategies. Future research may explore production
models and returning flows add disturbances and nes4pacity flexibility to handle downstream and upstream
dynamics to the BWE, increasing the relevance Gfisturbances and CLSC influence over the production
managing this boomerang effect. capacity.

The pricing is evolving intrinsically to strategies and |ntegral solutions to remove local optimizations and
complemented concepts to increase the influence ovgsnefit the whole network have joined topics and
customers’ behaviors. However, it is necessary phisticated solutions to include new variables and
extrapolate the pricing strategy to other approaches iisights to improve the SC members’ decision-making
mitigate the BWE. Price components have been includggocesses. Complex models conceptualize problems and
in stocks, ordering, lead time, complexity, and productiogo|utions from real-world applications.
future studies may combine it with disruptions, short previous authors emphasized the opportunity to extend
gaming, IS, and CLSC schemas. the BWE research to topics like pricing, behavioral BWE,

COVID-19 increased the interest in disruption topicSinancial analysis, marketing process, multi-echelon SC,
multiple fluctuations along the network, like BWE and REjnventory policies, and advanced algorithms [8,97]. This
Information V|S|b|||ty and collaborative schemas mitigat%aper review recognizes emerging Subjects like COVID-19

Demand
Signal i Shortage
Processing Gaming and
2 6 Rationing

L] :\

Y
a5y WO
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and CLSC, distinguishing them from the previous work  https://doi.org/10.1016/j.indmarman.2019.05.003
due to the unified and updated review to visualize trend4,2] FENG, X., RONG, Y., SHEN, Z.-J. M., SNYDER, L.

gaps, and overlaps. V.: Pricing during Disruptions: Order Variability

versus ProfitDecision Scienced/ol. 53, No. 4, pp.
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Abstract: In modern marketing, analysing and acting on buyers' needs is very important. Companies try to listen to the
opinions of consumers because "they are always right". Marketing for commercial logistics plays an important role. All
the goods in the world are transported by air, sea, pipeline, road and rail. Based on this, large logistics companies that
need customer orders and customers who need their services use modern marketing strategies to sell their services. The
consumer wants the company to do everything for him at the highest level. He does not turn to the first company he meets
but evaluates the market and chooses the best one. The success of the company depends on which strategy the compan
chooses. Therefore, analysing these strategies is important for society, and only after analysing many examples used in
the modern world will it not make a mistake in its choice. The research aims to analyse the innovative marketing strategies
companies use in commercial logistics to sell their products and services successfully. In total, five modern marketing
strategies were analysed, which are diametrically different and, due to their uniqueness, specific to different types of
companies.

1 Introduction such as marketing tactics, marketing strategy, marketing

Marketing is a foreign English word from the word werésearch, and many other expressions [1]. Marketing
all know as "market." Otherwise, marketing can bériginated in the United States in the late 19th century and
considered as actions related to creating a market. wHgdually developed during the 20th century. During this
the word marketing began to be used frequently, afterPgriod, it went through developmental phases. There were
short period, words related to marketing began to be usédPhases of development (Figure 1) [2]:

Figure 1 Six phases of marketing development

Marketing of the future — modern marketing strategies Some of the most well-known and commonly used
emerged gradually with the arrival of the new economy andodern marketing strategies include:

a new attitude of companies towards their customers. The
customer has become a determinative factor in production,
transportation, and service provision, to which companies
and entrepreneurs have had to adapt, including by
implementing modern marketing strategies [3,4]. Modern
marketing strategies differ in the approach and level of
using innovative technologies, customer relationships, and
services that companies offer their consumers [5,6]. .

Experiential Marketing — it aims to promote the
product through its features and benefits and connect
it with an interesting and unique experience. The
main idea of this marketing strategy is not to sell the
product but to show how this particular brand of
product chosen by the customer can enrich the
consumer's life [7].

Guerilla Marketing — we can classify it among the
unconventional forms of marketing, which aim to
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attract potential consumers so that they do not evantegrating these external and internal flows is necessary to
realize that it is a promotion or advertisement, of aucceed in the market, which can be achieved through
certain product or service, at the lowest possible cosbommercial logistics methods [15]. Commercial logistics
The basis is to be original, to have an original ides a relatively complex science that encompasses many
with an even more original implementation [8]. functions. First and foremost, planning, distributing,

» E-marketing — we can classify this marketing strateggontrolling, and managing material flows is important,
among the most modern. It has great potential, shich are always linked to information and financial flows
today's time is full of information and communication[15]. It absorbs various functional areas of business -
technologies, and this strategy is mainly orientegurchasing, inventory, information, storage, transportation
towards online purchasing products and service products, and many other areas related to this particular
[8,9]. type of logistics [16].

«  Product Placement — the strategy is based on placing Commercial logistics is a relatively new direction that
the products of a certain brand directly in the contestpports resource and product flows in production and
of a television program, film scene, or other medigirculation [15]. Speaking of the main goal pursued by
where this product is presented, either visually degisticians, which is first and foremost the maximum
verbally. In this way, the seller does not "annoy" th€ombination of material and technical supply, followed by
final consumer with advertisements that directlghoosing a strategy for selling the product at a more
interrupt the TV program or film. Still, by watching favourable price through wholesale or retail sales,
his favourite program, the viewer subconsciousljransporting various goods, which is a rather expensive
notices the products in the film [8]. process that also requires reprocessing, which concerns the

«  Aftermarketing — describes the new thinking thathformation that must also be transmitted, for example,
reminds marketers of the importance of buildingibout the movement of goods, etc. [15]. The subject of
lasting relationships with consumers to extend theffommercial logistics covers the production and
"lifetime" to the business. It also points to the neegommercial cycle at two levels, macro and micro, which
for a more balanced allocation of marketing funds téevelop the most optimal methods of quality management
acquisition activities (such as advertising) an@f material, information, and financial flows [15,17]. The
maintenance  activites (such as consumépain problems that commercial logistics addresses in each
communication programs) [10]. of these areas are [15]:

«  Word of Mouth Marketing — is popularly called word  Inventory management - it is crucial to properly plan
of mouth in the age of social networks. They were Mmaterial inventory, which allows the company to
always there, so information was passed from one quickly adapt to changes in demand, ensuring stability
person to another based on referrals [11]. It is a viral in the product distribution channel.
method that spreads the word and the discusston Procurement - purchasing raw materials, materials, and
about the product as much as possible. These semi-finished products must be carefully planned to
conversations can take place online or offline. It can ensure that suppliers can deliver the required quantity
be anidea, a slogan, an advertisement, a phrase, somen time according to the company's plan.
clever marketing move, or some push to start*a Product transportation - when it's time to deliver your
discussion with people [12]. product, which many people may be waiting for,

« Mass Customization — a form of production of goods questions arise about choosing the right transportation
and services intended for a (relatively) large market method, then develop a customer service schedule that
that can satisfy individual customers' individual satisfies everyone and ultimately deliver this product
requirements at costs that roughly correspond to the from the warehouse to the consumer.
costs of making a mass-produced standardized Warehousing - this includes the convenient location of
product [13]. warehouses, which is also very important for the

« Relationship Marketing — the goal is to go beyond comfortable arrival of large vehicles and the packaging
specific products or services to achieve stronger of stored materials and goods.
consumer relationships. Through this type ef Information is one of the important points because it
marketing, company managers try to create a bond deals with processing orders, which are the "bread" for
between customers and products, as they realize thatthe company. Because if there are no orders, a company
consumers are the key to the business's long-term crisis occurs [17].
success [14].

The basic principles of commercial logistics include
Commercial logistics costs and quality, which always prevail over quantity, time,
A business is not a simple system but rather closefd location [15].
linked to its external environment through input and output
flows, such as materials and information. Optimizing and
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2 Methodology competitors. The peculiarity of this marketing is secrecy, it
In the context of the marketing concept, three kelp Used inconspicuously, but people subconsciously see it

resources are important: and remember it. The money spent on this marketing is
1. People/employees. average. Still, there is one peculiarity, only companies with
2. Process. talented marketers who are creative in promoting the
3. Technologies. company will achieve the result of this marketing. Small

and medium-sized businesses often use this type of

Marketing research is based on the knowledge #farketing; one of the reasons is the lack of money for
various scientific fields, such as mathematics, statisticgdvertising, but large companies also use it. This type of
economics, psychology, computer science and othepdarketing requires eccentricity to attract most people’s
Technical development contributes to this to a great exteattention to the art of presenting this marketing. The

especially in the field of information and communicatiodnanuscript describes logistics companies such as "DHL"
systems (Figure 2). and "FedEx"; these companies are competitive and large,

and their services are used almost worldwide. "FedEx" is a
bold and "arrogant” company with many competitors.

Their slogan, visible on vehicles or aeroplanes of the
company, "Always First", shows potential customers that
they do their job faster than other competing companies.
(Figure 3).

Key
Marketing
Resources

Figure 2 Key Marketing Resources

' Figure 3 Guerrilla marketing of "FedEx" against competitors

The methodology of applying marketing to a company "DHL" and "UPS" [18]

can be understood as a sequence of related activities or

logically arranged steps. One of the company's " DHL " marketing strategies is
The basic steps are: also Guerilla marketing. As it competes with such large
1. Defining the research problem. companies as "FedEx" and "UPS", it must "defend" itself
2. Data sources. so that people see its importance in the market and use its
3. Methods and techniques of data collection. services. Large companies, such as those mentioned above,
4. Determination of sample size and selection. invest a lot of time, energy, and money in promoting their
5. Data collection. products and maintaining their brand in the competitive
6. Data processing and analysis. market (Figure 4).
7. Presentation of research results.

Applying marketing to the company is one of the ke}
activities that shape the company's main goal. It als
reflects the needs of the target audience-customers, frge
the most general level to the targeted/customized level. =

3 Results o

The result of the analysis we conducted is an overvie: -
of logistics companies that use innovative marketin
strategies in practice. Not every strategy may be suitat’ "
for a company. Therefore, it is all individual. Company
managers have the difficult task of choosing a strategy f
their company that will work for the benefit of the .
company. A marketing strategy is necessary to achiefrégure 4 Guerrilla marketing of
excellent results in the competitive market.

The research was focused on five innovative marketing E-marketing — a strategy that is very popular among
strategies in practice. large companies because they can spend a lot of money on

Guerrilla marketing — this strategy is bold. online advertising. This strategy is undoubtedly effective
Companies using this strategy receive criticism from theflecause it uses the internet, which almost everyone can

A

DHL in fhe'"uri:dérgro‘lj'nd [19]
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access, which is a great advantage. It is mainly useboose the product that suits them and that they need. Their
through online stores, social networks, and YouTubeesponsibilities include selling goods and delivering the
Companies grow faster with the help of email marketingrroduct to the customer worldwide, and the delivery cost
They communicate with their customers without eveis minimal or even free, depending on current discounts.
seeing them. For example, “"Alibaba Group" andliexpress constantly offers its customers promotional
"AliExpress" are Chinese companies that sell variowsctions and discounts on various products, attracting many
products. These companies use e-marketing. They haansumers. Figure 5 shows how the company offers
created online stores through which they sell theanother discount on women's dresses, up to 70 %, a large
products. In these online stores, everyone can browse adection of models, and free delivery.

Sell on AliExpreds Cookie Preferences | Help Buyer Protection  [] App W / English/ EUR Q2 Wwizh List & Account

AliExpress | i

hurnan hair wigs  spple watch band | kitthen sccessories  necklace forwomen  fishing  gel nail polish

= Categories
8 Q Safe & reliable payments (-9 Money back guarantee @ 24/7 Customer Service

Women's Fashion

Men's Fashion
Your fave shopping guide
Phi & Tel imunicati 5 :
ones & Telecommunications T Lt e
| Computer, Office & Security

Consumer Electronics

‘Welcome to AliExpress!

Great-vallli

deals

Save more with coupons
and get up to 70% off

Jewelry & Watches

Home, Pet & Appliances Top products. Incredible prices

-61%,

Bags & Shoes

I v €037 €253
Toys , Kids & Babies

% Outdoor Fun & Sports
Beauty, Health & Hair - .
s 13100

Automobiles & Motorcycles Ls820/1s830

H SuperDeals
1

i €037 €0,94
@ Tools & Home Improvement —— €84,08 €1541 €12,97

L—— ) 1843 sold 5282 sold 1493 sold

Figure 5 Example of the online store of the "Aliexpress" company [20]

In a short period, companies of this type have expand€dnsumer Electronics". Its essence is to attract customers
on the market, and their competitor has also becon buy the latest electronics, which many are interested in.
Amazon, one of the best online platforms for selling anBor example, as we see in Figure 6, virtual reality glasses
delivering goods worldwide. The larger the company anat new headphones with excellent sound quality, many
the larger the range of products, the more successful itwgant to buy these things, but only some things can be
E-marketing helps companies expand their possibilitiesought at an acceptable price. Still, it is possible in stores
Alibaba Group advertises in its online store "Latedike "Alibaba" and "Aliexpress".

("{m.lmh.. T T — S Ty T Yo & oty v g Wadie () otes  Fart e i

wegones [ e - Q) seamh

On Promotion

THE LATEST
CONSUMER
ELECTRONICS

pes

Figure 6 Example of the "Alibaba Group" online store [21]
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Figure 7 shows how Amazon uses beautiful images on fisoducts and enjoy free shipping". By this, they mean that
online store, displays products of the day on the storétsey have products for everyone. Another big advantage is
homepage and new products that have just arrived to attriet free shipping of these products worldwide right to your
potential customers and writes: "Discover millions ofloorstep.

= amazon., N~ Get Access to Deals  Amazon

2.

Account & Lists Orgers  Prime \.-:’ca.-t

New to Amazon Singapo... | Today's Deals Al for just $$2.99/month . Download the App

Gt s Amazon Agp aoed whop maorg of
DAL My atere B ATe

O I@ 'C

Booen o & e =

Figure 7 Example of the " Amazon" online store [22]
Relationship marketing is characterized by building Another well-known company is the Indian courier

strong and long-lasting customer relationships that acempany "Blue Dart", which also takes care of its

beneficial and pleasant for both parties. Companiesistomers by constantly introducing new features to make

utilizing this type of marketing will eventually have a goodhem feel comfortable. Examples of these new service

reputation. For example, DACHSER works individuallyfeatures include:

with each client, much like business partners who make the « TrackDart - tracking of shipment status.

best decisions for both parties. This is the main aspect of . MailDart - tracking of postal shipments.

such a relationship between the company and the client, + InternetDart - memory bank for shipments.

which is suitable for both parties. Therefore, there is a long- «  PackTrack - tracking software for medium and
term interaction between them. The company supports large customers.

customers in the purchasing and sales market, another «  ShopTrack is a tracking and CRM tool for e-
aspect of successful cooperation. The company has a commerce portals (see Figure 9).

service called "DACHSER Contract Logistics", which
large companies can use to manage their goods. They ti
DACHSER because the company manages the storage BLUE DART 2 &fE
various goods in its warehouses. The company performs
logistics work at a high level of quality, which depends o
the needs of its customers (Figure 8).

Home | Corporate Profile | Service Guide | E-business Solution

D> TrackDart ™ Service Guide

Track your shipment gstic Priority - The fastest mos: reliabl
R decikments and emrall shepmenis vnder 32 1

Enter your |
» Domestic Prorby

1 .
O Wi aphill Cyrt Apex(Air Package Exprassz)
» Dart Surfaceline( Surface Express)
72117167 @ (38
AL emperature Control Logistics (TCL)
For multipla queries _ z
usa commas (,) b AN 0 Alpart

egi 321119864, + Intermational Services

Source : Bluedart.com

" T e Figure 9 Features for customer convenience of "Blue
ey e Dart" [24]
Figure 8 Service "DACHSER Contract Logistics" [23]
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Word-of-mouth marketing, also known as oral or
verbal marketing, is one of the most common and cost-The company provides these services after the sale of its
effective forms of marketing. It is popular among mangoods and services are called after-sales logistics.
companies because it is a low-cost marketing method,
especially for startups that are new to the market. If 4 Discussion

product is of high quality, people will talk about it and its Based on the analysis carried out, it is possible to state
popularity will grow. Its effectiveness is quite high, buthe following for individual marketing strategies:
under one condition: if the company does its work Guerilla marketing is one of the most creative types of
efficiently and quickly in the case of logistics companiesnarketing, money is not the most important thing here, but
Nowadays, when people spend their free time on thge mind, creativity, and in some cases even the courage of
Internet and social media, it is easier for companies {fRe company, even if the company is not afraid of
distribute their services. Large companies that can affogdmpetition, will do aggressive marketing against its
to buy ads on social media platforms like Facebookompetitors. This type of marketing attracts potential
Instagram, and Twitter, where most people are, caystomers due to its extraordinary and striking appearance;
distribute their products. People communicate with eagfeople like it because the advertisement needs to be more
other in this way and spread information about variougandard and clear.
companies and their products. Social media platforms arg-marketing requires quite a lot of money in the initial
designed very competently. The information in these adgage because it needs money to create websites. Every
should be interesting so that people will talk about thQ]ajor company uses this type of marketing because it
product with their friends. In this case, when peoplgorks for today's public, who shop a lot online and see ads
communicate, they spread various information like a virugnline. Television and radio are no longer so popular; it is
which can be useful, for example, to the same companiggre interesting to use the Internet. Such marketing is
that spend money on advertising on social media and enjgfen provided through online stores and, of course, social
feedback from people. networks. All companies are trying to break into the
Aftermarketing, also known as post-purchasentemet, which is a big step for starting and developing
marketing, is a strategy that focuses on building goung companies, but there is only sometimes enough
relationship with the customer after purchasing. Mamphoney for this. Good marketing work should be
companies can use this strategy, but they must decideyiéticulous concerning the client; if it is an online store,
they can invest their time and resources into supportifien the company is obliged to deliver the goods to the
their customers after selling their product or service. Whilglient on time because he is waiting for him and relies on
a company may initially lose some resources, it can gaife services of this company.
customers and a good reputation over time, which is more&elationship marketing is exactly the kind of marketing
important than money in today's market. An example @hat benefits both parties. In this marketing, the analysis of
such a marketing strategy is the German logistics compagi client's needs plays an important role, which gives the
"DB Schenker,” which offers service and after-salegompany a starting point, because it will help it to get
logistics aimed at supporting the needs for spare parts af)@ser to the client and build the kind of relationship with
reverse logistics, helping to reduce maintenance and wagig that the company needs to support its services in the
costs, as well as minimize costs and extend return timespifarket. The company should always be open to
the most demanding areas of the supply chain. [25]  communication and responsive so the client can see that the

The company provides the following services [25]:  company will support and advise on the right choice. Any
Exchange and warranty: company can use this type of marketing because it does not
* Return to the dealer. require a large investment, but it takes time to
*  Asset return. communicate with the client.
*  Waste recycling. Word-of-mouth advertising is the type of marketing we
« Additional services: encounter most often; it is used through social networks
«  Visual and mechanical inspection. and word of mouth. Initial financial contributions may be
«  Screening. average depending on the company's size, but when a
. Technical inspection. company invests in advertising, it will see results quickly

g the form of orders. There are several conditions for the
productive work of this strategy: a quality product and
- Timely delivery for end-user supply chainPositive reviews; this will brmg_ the company customers
service programs. ar_1d success on the market. T.hIS type of marketlng_ is very
. . widespread, but at the same time, it needs to be aligned to
+ Service levels over time. . ) .
. Storage services and other services such remain a desired manufgcturgr for po_tennql customers.
icking. technical inspection. and packagin ost-purchase marketing, like relationship marketing, is
?; glfd ; d pec auf P 9 g'very important for customers. Caring is an inherent part of
onsolidation and optimizatianf transport.  is” yne of marketing; it "bribes” customers. When a

» Logistic services for spare parts are als
available:
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customer buys a product, they will be informed that they processes Vol. 9, No. 10, pp. 1-14, 2021.
will have free support after purchasing the product. For https://doi.org/10.3390/pr9101850

example, a warranty for a product or service for repairif] JUSTITIA, A., AMBARRINA, D., RAHARJANA,
malfunctions, a toll-free telephone number where the client 1.K., DINA, N.Z., IAHAD, N.A.: Influences of Social
will be provided with comprehensive advice on issues of Learning on Customer’'s Intention to Download an
interest to him. Many companies use this type of Application from a Start-up CompanyEM Journa)
marketing; there are special departments that help their Vol. 11, No. 4, pp. 1640-1652, 2022.

customers; they try to do their work efficiently to meef6] ALMEIDA, L. de Franca, NETO, F.M.M,
customers' wishes. For companies that choose this type of FERNADES, R.T.V.: Interdisciplinarity in scientific
marketing, it is important to support the client at a high research: the employment of technological tools in data
level, for positive reviews, spreading information about analysis within an interdisciplinary contexficta

their product and retaining customers. Tecnologia, Vol. 8, No. 2, pp. 42-45, 2022.
[7] POST, P., BRAND, B.:The Power of Experience
5 Conclusions Branding, ANA/The Advetiser, 2000.

Many modern marketing strategies help companid§] HESKOVA, M., STARCHQN, P.: Marketingova
promote their products and services. Each strategy haskomunikace a moderni trendy v marketingu, Praha,
some specifics, so it doesn't always "work" for every type Oeconomica, 2009. (Original in Czech) )
of company. In addition, some strategies help the compal} MOLOKAC, M., KORNECKA, E., PAVOLOVA, H.,
and the customers; they mutually benefit. The company's BAKALAR, T., JESENSKY, M.: Online Marketing of
task is to analyze the situation in the market, the situation European Geoparks as a Landscape Promotion Tool,
in the company, and whether the company can afford a Land, Vol. 12, No. 4, pp. 1-22, 2023.
specific type of strategy. It is a difficult process, but wheHL.0]l VAVRA,  T.G.: Aftermarketing: How to Keep
the company makes the right decision, it will bring the = Customers for Life through Relationship Marketing
desired success in the form of new, but also the retention Chicago, Irwin Professional Publishers, 1995.
of regular customers. [11] BigCommerce, www.bigcommerce.comWord-of-

Five modern marketing strategies were analyzed - Mouth Marketing: How to Get Happy Customers to
guerilla, e-marketing, relationship, word-of-mouth, and  Advocate for Your Busings§Online], Available:
after-marketing. Based on the analysis of these strategies, https://www.bigcommerce.com/blog/word-of-
each strategy is unique and has conditions and prerequisites Mouth-marketing/#create-an-epic-experience-firs
for the company to be effective in the market. However, [06 Feb 2023], 2023.
before implementing a specific marketing strategy, it 62l Influent?al, www.this_isinfluential.comWhat is.buzz
necessary to analyze everything in detail. Each company Mmarketing strategies and example4Online],
has a choice of many ways to present its product, but its Available: hf[tps://www.th|3|_5|nﬂuentlal_.com/blog/str
goal is always the same - to sell products or services. Many ategy/what-is-buzz-marketing-strategies-and-
companies use a combination of strategies to increase their €xamples [10 Feb 2023], 2023.
chance of success, as many more consumers canlb@ SYSKA, A.: Produktionsmanagement, Das A — Z
covered with a combination. But marketing is necessary to ~ Wichtiger Methoden und Konzepte ftir die Produktion
develop a company. Big, medium, and small businesses Vvon heute Wiesbaden, Betriebswirtschaftlicher
can become competitive and profitable only because Verlag Dr. Th. Gabler GWV Fachverlage GmbH

customers want quality care at a reasonable price. Wiesbaden, 2006. _
[14] KELLER, L.K.: Strategickérizeni znaky, Praha,
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Abstract: The COVID-19 Pandemic has changed many parts of the world, turning everything upside down in its path.
Everything has changed, not just education, which has seen some unexpected changes in many places worldwide. There
has been a rapid transition to online education in Arab nations due to COVID-19, which has both positives and cons.
Most institutions can already adapt to education's digital teaching and learning-based future. In this study, a narrative non-
systematic review methodology was used to examine the influence of COVID-19 on postsecondary education, the
function of academic leaders, and the administration of Arab nations. For this investigation, a total of twenty-six pertinent
scientific publications published by Arab countries were considered. Findings revealed that the psyche and emotions of
students have been suffering from the limitations of the online higher education system. It was also noticed that students
and teachers faced huge problems during this pandemic. The review also explored the strength of existing Middle Eastern
countries' digital infrastructure facilities. Despite many limitations, instructors, institutions, and students learned many
essential things during this critical COVID-19 period. Additionally, they learned how to adapt to a technology
environment, which is crucial for professional success. The study's findings support the attitudes of students, teachers,
leaders, managers, and other stakeholders toward online learning in challenging circumstances also in the field of logistics
and transport.

1 Introduction issues [2]. In the same way, the Pandemic is affecting the

The COVID-19 Pandemic had a discernible impact ofducation field. Scientists have been working hard to find
virtually every facet of life, but it profoundly affected@ cure for this deadly virus, but they haven't been able to.
educational institutions and the teaching and learnifRgcause of this, educational institutions have turned to
processes. The responses taken by h|gher educamlne tuition methods to prOVIde various services, such as
institutions to the Pandemic often fall into one of threteaching and administrative tasks. Tertiary education
categories: retaining in-class teaching with social distanc@akeholders must face many problems adapting to a new
adopting hybrid models (blended learning, restricting thenline environment. The right people in charge must deal
number of students on campus), or transitioning to onlifvth these problems as soon as possible.
instruction [1]. As a safety measure against the COVID-19 Many studies have warned against confusing well-
risk, schools have been forced to stop all face-to-fagdanned online learning, which requires careful
education, including labs and other learning method#structional design, long planning, and specialized
Because of this, colleges and universities have startedt@gching infrastructure, with the quick and temporary shift
take steps to prevent social isolation, and changes to Reonline learning during COVID-19 to keep instruction
curriculum are quickly following online learning. 90ing. Different governments’ solutions ranged from
Distributing content online is more practical since it has tHghuttering schools to adopting online education, and
potential to be a stimulating and interactive classroorfventually leading to the development of a blended
However, due to time constraints, the curriculum overhal@arning solution [3]. In this context, it has been argued that
is expected to happen hastily and without adequa@@nflating quality online learning with emergency online
planning. learning may have a negative long-term effect on the

As of March 9, 2021, more than 116.5 million cases d@rmer, as educators and students with limited or no prior
COVID-19 and more than 2.5 million deaths from th@&xperience with online learning may view it as a subpar
disease had been reported worldwide. This includes Arafernative to face-to-face learning [4]. This difference is

countries. Not only does the epidemic affect health, butifpportant because, despite countervailing data, online
also affects social, political, economic, and religiougducation is often seen as subpar to traditional classroom
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instruction [5]. The need for pedagogical flexibility toeducation infrastructure into a more sustainable approach.
prioritize students' well-being and access to equitable aitlis might be made possible as a result of the findings.
inclusive learning settings is another key theme discussed In addition to the introductory section, the rest of this
in articles concerning the abrupt shift to online educatigmaper is organized as follows: State-of-the-art dealing with
[6]. Indeed, multiple studies have stressed the importantee most relevant and vital literature is highlighted in
of educational institutions prioritizing their students' an&ection 2, and Section 3 presents the research
educators' physical, mental, and psychological well-beingethodology, data, and empirical models. Section 4
over the necessity of teaching the curriculum [7]. Aftefindings and discussions, and section 5 outlines the
COVID-19, another set of studies looked at how studentencluding remarks by providing concrete policy
and educators viewed the growing trend of online learningnplications.

While the vast majority of these studies are limited to a

single school or nation, there are also international surves Research question

that pO” students in as many as 62 different nations. These Tak|ng these distinctions into account, the purpose of
results show that, on average, students have adjusted el study is to answer three primary research questions:
to the new classroom setting. Most experts, however, agree RQ1: Does COVID-19 impact the role of leaders and
that a rich person’s happiness is correlated with his or hganagement in ensuring quality higher education?
socioeconomic level. In addition, a few of these studies RQ2: Can higher education institutions overcome
highlight hurdles that could impede the efficient deliveryritical situations like the COVID-19 Pandemic?

of online education, such as the unreadiness of most RQ3: Has COVID-19 provided an opportunity to

institutions, faculty, and students to engage in massive afifinsform the education infrastructure into a more
emergency online courses. sustainable System?
As the quantity of scientific papers grows fast, it is

critical to identify the factors contributing to highly 3 Research methodology
significant publications. A narrative review combined with  +. ~onduct a review of the impact of COVID-19 on

a qual_itz_itive research meth0d°|°gy is .ben_eficia! ilﬂigher education in Arab nations, this review article
dgtermmmg research fmdmgs for developing 'nf.eCt'Oyﬁmploys a narrative non-systematic review method, which
disease outpreaks [8] During the COVID-19 eP'de”.‘"%s a qualitative research method to describe and analyze
several studies looked at the Ie_ve_l of professionalisil v “hations' experiences in responding to and dealing
shown by school leaders and administrators as well as i1, he disruption caused by COVID-19. A non-
challenges they faced in leading their schools with fewg giomatic narrative review synthesizes several sources of

pte%ple:[ Ies;t suphplles,g agdh grle;ate(rj dlstan((:je;s bbetvglq Bearch from which conclusions may be drawn and blends
students and teac ers [9]. School leaders need to be ablg [0\ iewers' individual experiences and viewpoints into

trengthens the narrative review approach. This is due to
e lack of scientific studies on the COVID-19 Pandemic's
fects on higher education as well as the Pandemic's
ovelty and rarity.

Reviews, editorials, comments, and other relevant
ﬁpers were also considered because there weren't many
ﬁginal, thorough empirical studies published in English.

X : us, reports on the practical aspects of teaching and
classrpom Iea_rnmg. In other wqrds, there is a lack (Parning by students and professionals published in various
narrative studies on COVID-19 in the Arab world thap,q s outiets as well as grey literature made up of opinions

study research performance quantitatively, and the, o nerts and practitioners published in bulletins and
relationship between popular research themes has not bﬁgﬂ/sletters, are included in the search. The data was

adequately documented [11]. This is a problem becausgyacteq using four significant electronic databases:

COVID-19 is an important research topic. As a result, theggcoHoSsT Scopus, Google Scholar, and Google
purpose of this study was to evaluate the effect that Covijos The ke;/ search terms used were "COVID-19 and
19 has had on how Arab nations oversee the quality of th he.r education” Higher education leadership and

higher education systems. Because of its excellent anagement during COVID-19, and "COVID-19 and

(information technology) infrastructure, the h|gherOnlineteaching in Arab countries.

education industry in the United Arab Emirates (UAE) was

reasonably ready for the drastic change demanded by thepeated previous ResearchPublications list related

corongvirus. The findings may uncover more eff':"Ctiv‘f:'ontent information about online education in Arab
techniques to locate an opportunity to transform the

COVID-19 has focused mostly on analyzing the resear
performance of worldwide studies, but the resear
framework of COVID-19 in the Arab world has receive
far less attention. The difficulty is in ensuring that
credentials gained via various educational pathways
recognized and valued equally. Distance learning must
just as good as, and lead to the same credentials
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Nations is presented in Table 1. Our review of the tabteations. Most of the research was done in Arab countries
shows that COVID-19 has revealed the strategiduring the mature phase of COVID-19 using case studies
opportunity to transform the education infrastructure intoand surveys. Some articles also proposed a model for

more sustainable way for many countries, especially Aramergency remote learning.

Table 1 Publications list related content infor mation about online education in Arab Nations

Study Citation| Country | Research Stream Method Sectors Key Contributions
2020 [12] Oman Emergency remojProposed arjMiddle Easg|lllustrate the Context, Inpl
Mohmmed (Arab) teaching implemented|College Process, and Product (CIH

model model for evaluating the adop
model's  effectiveness a
application
2021 Arar [13] Kuwait, |Ecological schoqSemi- School Reported various degrees
Lebanon, |leadership in Crisistructured unrest among schdg
Morocco, interviews administrators as  well
Palestine, insightful information on ne
and Qatg pedagogical and leaders
(Arab) approaches at their schools in
pos-COVID era
2020 [14] Middle Role olPropose University |Stating the growing influence
Kawamorita Eastern |Entrepreneurial |conceptual academic entrepreneurship
countries [Universities inmodel demonstrating a fruitful optig
(Arab) COVID-19 for Middle Easter
policymakers
2021 [15] Oman private highe/Survey PostsecondRepresents the insights of
Abushammala education an ry  privatghigher education system
COVID-1¢ institution:
2021 [16] Jordan Student’s  BeligOnline University | Educate decisiomakers on ho
Almomani and onlingdescriptive students' motivation a
education ifsurvey attitudes toward online learni
COVID-19 will impact their future goals ar
choices
2020 Crawforg8] 20 higher  educatigDesktop University |Evaluate how well highg
Countries |intraperiod digitajanalysis education can adapt to
pedagogy approach Pandemic.
response
2021 Fazza | [17] Middle |Online and blendgcase study | University [ldentify major challenges
East learning in highe students' engagement in on
(Qatar) education learning and propose possi
solution:
2020 José Sa| [11] Higher Educatio|Content Educational|lnformation about th
and COVID-19 |analysis institutions |opportunities and threats t
COVID-19 poses to high
education at a time when {
sector must rethink its leaders|
models, engagement chann
and pedagogical approacheg
order to ensure the sector's Igng-
term viability is prwvided
2020 Tanveer [18] Saudi |Online LearniniThe surveyUniversity |Emphasize how virtual class
Arabia and Educatio|Predictive affect  students' acaden
Sector study, an outcomes.
SWOT
2020 Mahyoolj19] Saudi e earning for EFlSurvey University |Analyze the new experiences
Arabig and COVIL-1¢ the students in online learni
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and determine the viability of t
virtual learning method
2022 Moussa| [20] UAE Students’ Oxford University | During the COVIDt9
Academic Succe{Happiness lockdown, assess the level
and HappinegQuestionnair happiness  among colle
Levels whilg(OHQ) students and its related to th
COVID-1¢ academic progre:
2022 Vajpeyi[21] UAE COVID-19 anqcross- university, |Draws attention to the vario
Misra Mental Health gsectional academic |distinct issues that minority ki
Minority Arab|study college with low socioeconomic stat
Higher-Education confront. Campus initiatives g
Students required to support studer
emotional need
2020 Buheji | [22] Bahrain, |[Emergency remojcase study | education|{ln the 'new normal' pos
Irag, aneducation organizatiorjpandemic, a hybrid strategy t
Russia S combines imperson and onlir]
learning is the way to ¢
2021 AlH[23] Saudi Technology iQuestionnairgJniversity [Contribute to resolving t
Ghurbani Arabia higher  educatio problems that the use of ICT
during COVID-19 higher education in Saudi Ara
is facing, notably those that ha
emerged amid the COVID9
Pandemic
2021 Alsmadi| [24] Saudi Digitalization ~ o{Survey University |In  the future, encoura
Arabia learning durin educational institutions
COVID-1¢ digitize their course materis
2020 Hussain| [25] Qatar |Distance LearninCase study | Internationéth future academic years, sh
During Pandemic ly some reflection points f
Accredited |integrating technologgnhance
Undergradupgearning in distance education
te Pharmag
Progran
2021 [26] Spain, COVID-19 Oor|cross- University | Crosszultural knowledge of ho
Cifuentes- Oman, higher education |sectional COVID-19 has impacte
Faura Nigeria, students' welbeing, behavior
and and learning.
Cambodii
2021 [27] UAE Realtime  onlingSurvey Higher Concerns for academics ¢
Chaudhry delivery channel i Education |decisionmakers who advocg
crisis Institutions |the success elements of
learning delivery methods in tf
area
2021 Khaoulaj [28] Morocco | Covit9 onCase study | Higher Provide examples of Morocc
Higher Education Education |higher education landscape.
Institution:
2020 Krafft |[29] Arab Academic Survey University |Reflect impediments to resea
Countries |challenges ar from several COVIDt9
COoVID 19 socioeconomic limitation
perspectives.
2021 [30] Saudi Higher education jdescriptive- [University |In nations like Saudi Arabi
Alghamdi Arabia the post-COVIDrqualitative where remote education is S
19 era research infancy, students have qua
design access to online learning.
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2020 Lily (a) |[31] Arab Distance EducatiqPropose Education |Examining numeroy
countries |to Pandemic conceptual |Institutions |implications through the revie
model of interviews, social media pog

and online classe
2021 Alshaikh[32] Saudi COVID-19 on th¢Technology—University |Highlighted key issues for t
Arabia educational proceg3rganization higher education authorities.

Environment

(TOE)
frameworl
2022 Lily (b) [[33] Arab Coronian Observation |University |Produces insights to t
countries |Education Method academicians from t

perspectives of coron
education's digital, domestic, g
political domain in Ara

countries.
Key findings of twenty-six (26) published articles on
online higher education during COVID-19 in Arab nation: AT
were analyzed and tabulated in Table 1. The curre the Repository,
research, which is based on an analysis of 26 papers at Mooes
Arab countries that weren't part of any systemat T

3 . . Online Lectures (MS
evaluation, shows that COVID-19 has highlighted th ’*\,O_lmmpm |

strategic potential to restructure the educatio Lecture Notes)
infrastructure of many countries in a more sustainable we l

Maximum studies were conducted during the maturit

period of COVID-19 in the Arab and Middle East countrie W sien o

with the case study and survey methods. Some articles ¢ Whattsup, Youtube)

roposed a model for emergency remote learning. . . .
brop gency 9 Figure 1 Transformation process of lecturer materialsto the

, . students of a Middle East College [1
3.1 Online platforms and lecturer transformation ege (13

Significant challenges arose when delivering online yith days of the directions, many university lecturers
lectures utilizing various information technology deviceszng colleagues began investigating all accessible
Teachers who formerly taught in live classrooms may neggjeoconferencing software with social media. Emails,
to embrace new methodologies to achieve effectivgiyejeans, Zoom, GoToMeeting, Skype, WhatsApp,
teaching outcomes, impacting tertiary education qualitézTalk, and the university's Moodle platform were also
Furthermore, children in isolated and rural places may lagkilized. After hearing about the great experiences of
network capacity, limiting their educational opportunitieSseveral faculty members with the Zoom platform, the
Additionally, instructors on recorded broadcast networkgstitution decided to acquire Zoom Enterprise versions for
could encounter issues with licensing while sharingacyity usage. These versions were then integrated into the
expertise. Figure 2 depicts the transition of lecturgjnjversity's learning platform, Moodle, with the help of the
materials for students. If the model is circular, StUde”Uhiversity‘s software department. Now that almost all
may join the learning cycle at any moment and continue &cond-semester programs have been finished, there is
collect information. An online lecture, which may be givenittle question that using the online method has allowed
on any of the available platforms, is the starting point faftydents to complete the semester even during challenging
the subjective delivery of education. These online lectur@gcumstances.
provide a complete overview of the topic and an Taple 2 demonstrates the benefits and drawbacks of
opportunity for students to raise questions concerning thgrious instructional delivery modes commonly used in
subject or the complete component. These online lectuiggycation. However, in the present pivotal COVID-19
are now being taped and made available to studepjgriod, a compromise model that combines the key benefits
through the intuitions platform and social media (M$f poth instructional delivery techniques while avoiding
Kaizala). Students who experience Internet connectigfe downsides is required. Arab nations, as a result,
problems or have restricted bandwidth can see the recorq;%q,ebped a specific framework for transformation to
lectures a second time. address these issues and guarantee the continuity of the

educational process.
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Table 2 Numerous online teaching approaches and their advantages and disadvantages [ 15]

Methods

Advantages

Disadvantages

Online classes

Students will get the chance to ask ques
about the issue after receiving a thorg
description.

The online courses emphasizéheoretica
knowledge more than practical skills, which wil
challenging to acquire during the COVI»
Pandemic.

Lecture
recordings

Students having trouble connecting to the inte
or having limited bandwidth can catch up us
recorded lectures.

The difficulty of downloading the complete lect
will always exist due to the limited availability
Internet data. Additionally, students won't be

to suggest equations or find solutions to {
previously asked questio

PPT voice over

The main advantage of the voieer PowerPoir
slides method is that it has a small file size
uses a limited Internet connection to offer f
lesson indications on each slide.

Voice-over PowerPoint is ineffective for m
theoretical explanations. Since students could
it difficult to comprehend the solution methg
voice-over PPT cannot be used to provide
majority of theoretical concep

MOOC

Because it was planned and prepared in adv
it provides well-structured and arrandedtures
The text typically discusses the learr|
objectives and outcomes.

Not all modules have it available. Additiona
some kids may have trouble enrolling becausg
not free. Access to the Internet is a hurdle as

Via social media

Teachers and students can communicate i
time thanks to social media sites like MS Kai
and YouTube.Ilt might also be used to pass al
hints or make brief notes. Additionally, becau
consumes the least amount of Internet traffic,
the easiest method of communicating
students. The majority of this software is al

M heaprimary drawback would be the distrac
kids experience when using social media platf
such as MS Kaizala and YouTube, where

attention is distracted.t's also difficult to hav
meaningful conversations or make insigh
observations due to a lack of communicaf
Furthermore, there are tough questions abot

preinstalled on the students' mobile dev

validity of YouTube source

3.2 Arab country's research contribution during

COVID-19

One of the researchers has researched COVID-

vell.

regarding the Arab world's expanding contribution t
international research. The United States and the Unit
Kingdom are at the core of cooperation and have the m
significant partnership with Arab nations, according to th
Author's research. The 6131 COVID-19 papers he
contributions from 25,562 institutions in total. A network
of cooperation between Arab nations and between Ari
and non-Arab nations is shown in Figure 2. The majorit
of COVID-19-related articles that the Author found cam
from Arab nations. King Abdulaziz University came in
second, King Saud University in first, and Cairo Universit

Bakrain

Lebanon
@ Offer
Algéria Frapce
Mofgcco ltaly
Sudan
f Unile@tates Spain
Ofian WVin Switzgrland
v ~Unitediingdom @
Jogdan e
e Capada
United A@B Emirates’ % } e ks
SouthiAfrica

Kt
Malilysia

%‘ I‘” T Australia

Japan

China

in third. Furthermore, Saudi Arabia had four of the top tefigure 2 A network of collaboration visualization between Arab
institutions, indicating that the nation has several potent countriesaswell asArab and non-Arab countries[34]

research groups in this area.

Figure 3 depicts the Arab countries' publication
contributions to COVID-19, as published by Sa'ed H.
Zyoud (2021). Saudi Arabia produced the most COVID-19
publications (2186, or 35.65%), followed by Egypt (1281,
or 20.78%) and the United Arab Emirates (UAE), which
produced 719, or 11.73%. Saudi Arabia is ranked first in
this finding for output. Kuwait, Lebanon, and the United
Arab Emirates are placed second, third, and fourth,
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respectively. Yemen and Lebanon are rated third and
eighth, respectively.

2500 4
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3
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o
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=
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Figure 3 Involvement of Arab nationsin COVID-19 research [34]
(Note: UAE = United Arab Emirates, SAR= Syrian Arab Republic, LAJ = Libyan Arab Jamahiriya)

Research on higher education students during tif®m transnational research and 5 (4.55%) coming from the
COVID-19 Pandemic and the role of nations was done tynited States and Saudi Arabia. The figure in the UAE and
Deng et al. in 2021. According to this Author's finding, thangladesh is 4 (3.64%). Scholars published a minimum
figure publications are shown in Figure 4. Figure 4 depicteumber of papers (1, 0.91%) in Qatar, Kuwait, Morocco,
110 research publications published in 31 countries durifdalaysia, Italy, Lebanon, Ukraine, Egypt, Ethiopia,
the COVID-19 crisis. The majority of the publicationsPakistan, Slovakia, Switzerland, and Uganda.

(51.36%) were published in China, with 9 (8.18%) coming

Ll 1_J

Qatar
Uganda
Switzerland

1
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Figure 4 Published papers on higher studies and COVID-19 in various countries
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4 Findings and discussions and networking. A thriving economy, information transfer,
. Impact of COVID-19 on Arab Countries' Higher and §OC|aI _ well-being are supported by universities.
Education Despite their budgetary constraints, colleges can operate

With new teaching pedagogies and educationdfith greater entrepreneurial enthusiasm by concentrating
resources, COVID-19 has revolutionized the educationglore on external demands and developing novel ways to
field. Students completed their studies through variodgpart information and instruction to students and
online platforms even throughout the COVID-190Usinesses. One example is Oman, where universities are
Pandemic. The results of these platforms and methods fBpVing toward online teaching methodology using various
online education vary by nation. Infrastructure, pedagog§igital tools as a last resort to the pandemic problem, state
policy, and support from educational leadership afhat entrepreneurial col[eges contrlbuteq to the proactive
contribute to this diversity in educational efficacy. Due t§tance taken by most Middle Eastern nations.

COVID-19 and the fast transition from offline campuses to o o

digital platforms like Google Classroom and Zoom, !l. Management and Leadership in Universities for
students have experienced various challenges. The absdhi€Online Education System

of consistent internet connectivity, speed, quality, Responding to the demands of adjusting to
accessibility, and availability of electronic media an@ontemporary communication media, providing education
applications was the first barrier that students had f1d knowledge to its students, and training to its academia
overcome [16]. According to the survey by Aimomani eyvas challenging for the management and leaders.
al., 80% of Jordanian students believe that the standardtiversities in nations like Oman, Saudi Arabia, Kuwait,
instruction has declined. However, the Author als@nd the UAE used the coronavirus's effects to improve the
underlined that there are many successful outcomes desfif€rmation and communication systems that were already
the students' displeasure with educational methods. TR&omponent of their face-to-face curricula. The existence
students adapted modern information and Communicatigﬁ private universities in nations like Oman fUrtherjUStifieS
resources, including Wikipedia and encyclopedifroviding educational services to students through digital
databases, YouTube videos, and eBooks. platforms suggested by the Ministry of Higher Education,

Additionally, in a study from 2021 showed that using?;eseamh & Innovation in 2020. These private institutions
online resources for learning requires students to put fgve the web infrastructure in place to give audio and video
extra time and effort. Another issue for internationdectures online since they release their coursework and
students confined to dorms, because they cannot returrf@irse materials online. The integration of ICT into the
their home countries is their inability to pay tuition. Due t@ducational process is crucial to its success. _
the absence of lab classes, education quality has dropped.Consequently, Oman is raising its level of technical
Using online learning platforms also creates an imbalancracy through cutting-edge technology equipment, smart
workload and makes it impossible to track studentgevices, and computer apps [35]. The availability of
learning progress. According to another author, the horfiéectronic tools for education and communication among
environment can hinder students' ability to study and retaf#man’s pupils results from the country's pervasive habit of
information due to a lack of focus and discipline. This i§Sing computers and other gadgets for interaction. A
just another consequence of home-based, distarfd@ilar online platform has been established by the
learning. Teachers' familiarity with technology and theidordanian Ministry of Education, allowing teachers to
ability to impart knowledge to pupils through electroni¢hare their materials and students to engage in lectures
methods may have an influence on students. Students wi¥@ugh designated television channels. The Omani
impacted by the lack of access to research and laborat@8vernment is attempting to bring telecommunications and
practicals. This research highlights the importance #fternet access to rural communities. The COVID-19
tutoring and classroom instruction in assisting students fievalence shows that underfunded organizations and less
understanding course material. Due to this barrier f@rtunate students who lack access to online learning
innovation and research, universities will not be able t@frastructure may respond to such a catastrophe. For
evolve into entrepreneurial units or entrepreneuri@xample, two of the researchers questioned whether higher
universitiesi enab“ng them to create jobs' disseminﬁguclatlon |nSt|tUt|0ﬂ$ could handle the n_eXt era of dlgltal
knowledge, and promote national growth andearning. Egypt's private schools are using the country's
development. Numerous studies explain the idea Bfeexisting internet infrastructure to provide students with
university entrepreneurs being inventive through researcccess to online courses. British University in Cairo and

The global Pandemic made it challenging td\merican University in Cairo undertake online education
disseminate practical knowledge and disabled labs, With Moodle, Blackboard, Zoom, email, Microsoft Class
barrier for entrepreneurial universities. Some authofotes, and Microsoft Team Software, among other
studied the difficulties entrepreneurial universities in thEommunication technologies. Although academics and
Middle East confront due to COVID-19. There is a dearthtudents were aware of these communication channels
of private and governmental investment with difficulties iPefore the pandemic, their use of all these digital tools and
start-up management, technological transfer, incubatogftware has increased. These articles discuss the presence
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of private universities in the Middle East. Large numberiafrastructure with the money they save from campus
of students attend the public universities in Cairo araktivities and maintenance. The university's administration
Alexandria. That could make transitioning to an onlinenay require instructors to present course material to
education system more difficult suggested by the Ministrstudents using synchronous and asynchronous modes. so
of Higher Education and Scientific Research in 2014. Livéhat they may focus on the topic at hand without being
lecture streaming is a choice by Alexandria Universitydistracted by background noises or slow internet. He
demonstrating the school's strong network, hardware, aarjues that in order to give their students with a quality
software capabilities. The United Arab Emirategducation, educators need to acquire skills in online
University and the University of Sharjah embraced thpedagogy and digital literacy. It may be challenging for
Blackboard platform described in The National and UAE@ducators and school administrators to keep tabs on student
in 2020. With the knowledge obtained from the first eerganizations and their members' activities and progress.
University in the UAE, Hamdan Bin Mohammed SmarFinancial difficulties faced by institutions and students are
University, established in 2009 to deliver online learningnother issue of concern. Numerous studies revealed that
easily, these Universities quickly improved in response ©©OVID-19 increased unemployment, which made it more
COVID-19. Even professors and other educators are takidgficult for students to pay their tuition. Because of this,
part in training for using digital pedagogy and the internetducational administrators and leaders can set up simple
to deliver education. These case studies of Oman, thayment plans or fee reductions until the crisis returns to
United Arab Emirates, Egypt, and Jordan demonstrate howrmal. For remote learning procedures and supporting
these nations utilize their developed digital infrastructurstudent programs, adequate money is crucial. To
to mitigate the negative effects of COVID-19. understand the priority of the needs, management and
leadership need to be aligned in the educational unit. Due
lll. Transformation of online education through to ineffective teaching techniques and the subsequent lack
proper educational leaders and management system of memory of the content, many students may choose to
during COVID-19. drop out of the courses. Due to their inability to handle a
Planning policies and programs that can influence thariety of software programs and digital technologies,
establishment and execution of an online education systatadents may prefer traditional teaching techniques despite
with high satisfaction among academia and students tiee potential advantages of online education. Leadership in
crucial for educational leadership and managemeritigher education has the power to reduce students'
Several studies conducted surveys to better understamorkload and screen time while also making essential
students, and teachers' situations and the readiness ofgibkicies and programs more engaging in the classroom.
digital infrastructure at universities. Understanding thBailey and Lee advocated locating a suitable Learning
drivers, obstacles, and opportunities facing all thBlanagement System (LMS) to support students'
stakeholders in the education sector will enable leadersladucational requirements since they saw the necessity for
and management to support the educational communitew technology for learning as a fearless call for leadership
Effective results can be attained by implementing welend management. Solutions to the challenges posed by
planned tactics and an active approach. Top-lev€lOVID-19 and the implementation of a digital learning
administrators, such as the dean, provost, chancellor, anftastructure in universities. The transition to online
trustee, need to understand that online education is cru@aucation is made through educational leaders and
to the financial health and growth of the university. Currergdministration throughout COVID-19.
educational leadership and management practices should
be updated to include new Internet offerings. This report IV. Educational leadership and management for
identifies several issues that the management and leadamine education sustainability.
of the university can address. Two significant devolved Leadership and management are crucial in creating a
powers of any higher education institution were alssustainable online education system by developing a
covered by Tanveer et al. [18]. In his view, universitiesomprehensive framework considering digital transition
might provide online learning and teaching experienceseeds. Leaders can outline all the restrictions and
that had engaged in education design capital if they enlisteldallenges associated with the shift to online learning.
the essential planner participation and updated aheéaders can evaluate all the components and participants
restructured the learning organizations into efficient and the educational system and incorporate all needs at the
controlled units. Regarding this, Wenzel, Stanske, anddividual, group, and organizational levels. Leaders can
Lieberman outline four ways firms might handle a crisishelp if the educational system undergoes a new change and
cutting costs, sticking it out, innovating, and leaving. Thhas a common vision and objectives. reiterate their
only viable option for universities in the current COVID-emphasis on universities as people-oriented institutions
19 crisis is innovation through the entrepreneuriakhere internal actors like students and academic staff and
engagement of staff and students to design and implemenrternal actors like politicians, the press, quality assurance
cutting-edge solutions to the exigency of providinggencies, and the local community interact. Leaders must
education services online. Universities can create digitdiscover ways to foster teamwork despite divergent values,
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cultures, ideas, and viewpoints to bring all internal an8 Problem and benefits findings
external stakeholders together to respond to the crisis. A The above discussion shows the following problems
company's leadership may orchestrate all of these movigad benefits of online higher education at the Universities
parts to achieve a greater goal. Leadership may findgt Arab countries.
challenging to make judgments when there is a dispute problems: Digital barriers between students and staff
over the creation of regulations and when academigere quickly revealed due to the lack of internet access in
institutions have various aims, standards, and processgsyeral communities in the hinterland regions where some
Therefore, academic leaders can concentrate on preventifigdents and employees reside. Additionally, students
conflicts and other small concerns among the managers afghnot access the internet using computers, laptops, or
other academic personnel. Leaders can assist managemgffets that are present in the classroom. There was a lack
in staying on track to meet a more significanbf practical instruction for the students and enough prior
organizational objective. Create a sustainable onlifgaining for lecturers on the demands of online learning.
education system to adopt sustainability leadership. Legbcause of their social isolation, they were unable to
Filho et al. defines sustainability leadership as a procegarticipate in lab or fieldwork for needed courses. Internet
where the roles of leaders and management are distinct 8gfvice providers' lack of preparedness for such demands
complementary, as stated by Sa & Serpa. He says leadgig unexpectedly heavy internet traffic lead to slow
have a crucial role in promoting these policies anghternet speeds at home. When questions are asked, there
programs as part of the sustainable leadership proc@ssypically little to no feedback, and many students no
developed by academics and politicians. longer contribute to the class discussion as they would in a
Putri, Mirzania, and Hartanto's research demonstratggnventional face-to-face situation. Due to power outages
the importance of leaders in establishing sustainability §y connectivity issues, neither students nor teachers can
organizations. by holding the organization's membetpmplete their work on time. Students and staff frequently
accountable and in charge of achieving institutional goadempromise with deadlines and even the standard
using leadership techniques or modes that they find megiticipated of their product when they cannot use
appealing. Excessive time spent in front of screengchnology tools to complete their tasks promptly because
feelings of isolation, and inactivity are all factors thabf their numerous constraints. Many lecturers are
policymakers should consider. The effects of COVID-18ompelled to use multiple-choice questions in online
on Middle Eastern students' mental and physical health &fgams due to the restricted chances for assessment
demonstrated in this study. With an Equality Impachonitoring, and many students cannot use video services
Assessment, leadership must strike a balance betweendgaling some live class exercises and tests.
external and internal influencers without sacrificing the Many students who were accustomed to the traditional
needs of higher education institutions for health, safetjgce-to-face method of instruction found the online method
and high-quality instruction. He added that decisiorchallenging. Some students, overwhelmed by the transition
making by the leadership might be made without having 3§ online learning, were disrespectful to their teachers.
impact on the gender balance in an academic organizati®fbst students found it difficult to concentrate during
The American Council on Education (ACE) suggests thghline instruction because many had to finish their
all leaders in higher education interact with students asignments from home, where they were exposed to
provide attention to the mental and emotional health aR@rious distractions and other household difficulties. The
well-being of all stakeholders. Leaders, according to thgyick transition caused some students to feel worried and
Reimers and Schleicher paradigm, should use sevegglxious. As a result of being overwhelmed by schoolwork
channels of communication to learn about and address Hi& other commitments, several students discussed
issues of all stakeholders and students. There are tlm@éhngs of hope|essneSS' mental health issues' and even
when the academic community, including the studentsyicide at this time. As a result of the transition from
might benefit from the guidance of a leader. We want {@aditional to online learning, computers and other portable
draw attention to one more component: managers afthnological devices are used extensively in our daily
leaders should evaluate and track educators to determififcational and teaching activities. As a result, numerous

how well kids are performing regarding learning outcomegecurity flaws, virus exposure risks, hacking potentials,
and how effectively teachers are teaching. According thd other cyber-security threats exist.

Timmis et al., the assessment component of universities is Benefits: Online resources developed significantly

still in its infancy. To meet the online education systemsompared to other resources because so many lecturers and

faculty members and academia must adapt the evaluatigndents had access to online blogs, papers, websites, and

method. other related resources. One of the benefits of moving to
online education is that it allows for the recording of live
courses, meetings, and other interactions in the cloud.
There is a rising utilization of the available resources.
Before COVID-19, Moodle and other platforms were not
generally used, but they are comprehensively and
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frequently used now. Upgrades to university technologReferences

include buying hardware and licensing, particularly add1] jzumI, T., SUKHWANI, V., SURJAN, A., SHAW,
ons to support the organization's Moodle and Zoom video R.: Managing and responding to pandemics in higher
conferencing systems. Technology and other online educational institutions: initial learning from COVID-
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Abstract: The study examines the service quality dimensions of e-hailing taxi services for passenger flow in
Johannesburg. The objective is to determine the major service quality characteristics that affect customer satisfaction for
using e-hailing taxis in Johannesburg. Questionnaires were randomly distributed to 499 e-hailing taxi users in
Johannesburg. This study identified and tested service quality dimensions relevant to passengers’ desire for a transport
service. The study added safety and affordability to the traditional five service quality factors for analysis. The data
collected were subjected to exploratory factor analysis (EFA) and regression. EFA identified reliability, tangibility, safety,
and empathy as the major service quality factors for e-hailing taxis in Johannesburg. It was found that these variables
significantly affect customer satisfaction with e-hailing taxi services in Johannesburg. A change in reliability will
contribute about 19% to customers’ perception of e-hailing taxi services, 28% for tangibility, 15% for safety and 19% for
empathy, respectively. The study indicates the importance of safety as a major service quality dimension of public
transportation. It implies that e-hailing taxi operators need to pay attention to passengers’ safety with vigilance and
appropriate safety measures.

1 Introduction user satisfaction is crucial and will determine whether a

Technological advancement has led to a global shiervice will be used again [7]. Currently, customer
whereby a large range of products, services, arfdtisfaction is determined by rating their experience
information can be accessed using smart devices. There f¥ards a driver, using a scale of 1 to 5 stars on the e-
also been continuous growth in application-relatefiailing apps to rate the overall service experience of users
services, from Google Maps and music to transport-relatéyf @ more in-depth understanding of what service
apps known as electronic-hailing (e-hailing), such as Ubétributes users value most [8]. Several studies on the
Bolt, and in-Driver [1,2]. Global Positioning systemsservice qualities of different economic sectors globally
(GPS) and advances in software applications have resultglicate that it has received much research_attentlo_n from
in a growth of e-hailing transportation services, whergcholars over the years [9]. Most of the studies applied the
passengers and drivers are connected using the internet$8[vice quality indicators popularly named SERVQUAL
The need for real-time interaction between the driver amy [10] to analyse the dimensions of service provision and
the customer has given traction to e-hailing transportatighistomer satisfaction.

[4]. Within Johannesburg, e-hailing services have gained a This study extends the knowledge about service quality
huge market due to their ability to offer people a®y using a modified SERVQUAL model to measure the
alternative form of public passenger transport flow. EPerceived service quality of e-hailing taxi services. While
hailing taxi services can match the public passenger fidfte traditional SERVQUAL model has five dimensions,

and transportation supply [5]. Despite the popularity of éhe current study addeq safety and affordability, which are
hailing taxi services in emerging cities, especially in sufontext-relevant  attributes  to  measure  customer
Saharan Africa, there is limited knowledge regarding theatisfaction. Safety includes security, which is relevant
most important service attributes to users, as well as théiven the many reported safety and security problems in
level of satisfaction. public transport services in Johannesburg. The

The growing use of e-hailing services has led to a ne@ffordability dimension is important given that many of
to analyse consumers’ opinions and satisfaction &SA's cities, especially Johannesburg, have high-income
discontent after the service is provided [6]. Understandiigequalities [11]. [12] stated that the increasing growth in
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motorisation results from the decreasing urban transp¢if7,20], auto mechanics [19] etc. However, [16] included
safety. It indicates that e-hailing taxi services will have teatisfaction, trust, and commitment as additional
address the safety perception to achieve custon@dimensions to measure service quality from a marketing
satisfaction. Also, the ability of the public to pay for eperspective. Also, [20] found access, finance, and
hailing taxi service, which is more expensive thaemployee competence as significant additions to service
traditional minibus taxis, is another concern about euality dimensions in the banking industry. It implies that
hailing taxi service quality and customer satisfaction. [13]Jontemporary studies in service quality may further
noted that many households in automobile-dependestamine the industry and context-specific attributes to
countries such as South Africa spend more than whatneeasure service quality. Following [16], this study adapts
affordable on transportation. Also, [14], a World Bankhe five dimensions of service quality attributes with the
paper reported that the poor in cities of developingddition of safety, customer satisfaction, and affordability
countries find it difficult to afford public transportation. So,to explore the e-hailing taxi service in Johannesburg.

this paper examines the service quality of e-hailing taxis

and customer satisfaction in Johannesburg. The stugy?  Transport service quality

informs e-hailing taxi service providers and drivers about Public transportation in Johannesburg, South Africa, is
the important service quality dimensions to users, thigaditionally dominated by minibus taxis, buses including
enabling them to better meet their customers' service needSlTCO, Metrobus, BRT-Rea Vaya, and trains, namely
The relevant government agencies are also informed Mmetrorail and Gautrain [24]. The e-hailing service has
possible policy directions that can support the industry tfecome a major transport service provider serving as an
meet user requirements. The study contributes to th&ernative mobility means for public transport as well as
existing knowledge by answering the following questionssrivate car users. Studies on transport service quality in
1. What are the most important service quality dimensiod®hannesburg have been published. For example, [24-26]

for e-hailing taxi service customers? _ compared the service qualities of bus and mini-bus
2. How do the most important service quality factors affe¢perations. [27] measured the perception of commuters
customer satisfaction in Johannesburg? about the service quality of mini-bus operators. [28]

The paper is structured under six (6) sections. Aftegsxamined the service quality of mini-bus taxi commuters,
this section, section 2 presents the literature review, whigecifically referring to the violence that black females are
section 3 describes the methodology adopted for tl&posed to while commuting in Johannesburg.
conduct of the study. Section 4 provides the study results,

section 5 discusses the results, and Section 6 concludest®  Research gap

paper. Numerous studies have been conducted on the service
) ) quality of e-hailing transport services. For instance, [6]

2 Literaturereview focused on augmenting the SERVQUAL model by adding

2.1 Servicequality and itsdimensions the price dimension and focusing on those service quality

Service quality has been described as a comprehensagpects most valued by e-hailing users in Malaysia and
means of evaluating a particular service in terms dfdonesia. Utilising the SERVQUAL model, [3] assessed
customer expectations and satisfaction levels [15]. Ttiee service quality of Uber drivers in Ipoh, Malaysia, to
description of service quality assumes that service quali@xplore users’ perception of e-hailing services. A study by
determination is by the judgement of customerg29] focused on service quality using the RECSA model to
comparing expectations with perceptions of actual servicketermine Malaysian users’ intention to use e-hailing
received [16]. From the consumer perspective, serviéervices. Within South Africa, studies about e-hailing
quality is the difference between expected and perceivédlrvices have centred around young people’s travel
service [17]. Service quality remains an evolving concepehaviour and attitudes toward different modes of
that requires contemporary management skills to positiéi@nsport, the influence of e-hailing on urban mobility in
a business favourably in the market [18]. The significaiiouth Africa, as well as the institutional void associated
contribution of service quality to business growth igvith e-hailing platforms in Colombia and South Africa [30-
customer satisfaction and loyalty. Because of thé2].
importance of service quality to business growth, many However, there is still a scarcity of studies on transport
studies measure service quality by perceived custonhailing taxi services in Johannesburg. The few available
satisfaction, loyalty, and retention [17-20]. studies related to e-hailing taxi services investigated crime

One of the many service quality measures is tH83] and employment [34]. In addition, [35] investigated
SERVQUAL model, which measures the perceptions aritle operational and labour policy framework for e-hailing
expectations of five dimensions: reliability, empathyservices in South Africa. The existing scope of research on
responsiveness, assurance, and tangibility [21]. Sevet@nsport service quality in South Africa indicates the
studies have assessed the service quality of differegxistence of a knowledge gap about the quality of e-hailing
industries using the five dimensions. Service qualitiaxi services, which this study fills by investigating user
studies cover industries such as beverage industries [2gtisfaction with the service quality dimensions. Hence,
the health sector [22], libraries [23], the banking industrihis study focuses on service quality by modifying the
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SERVQUAL model, including safety and affordability, to  The questionnaire was presented in two sections. A
investigate e-hailing taxi services in Johannesburg. Thégction was devoted to demographic information, while the
study thus contributes to the existing literature bgecond section focused on obtaining perceptions of service
examining the experience of commuters using e-hailinguality attributes. The service quality dimensions adopted

taxi services in Johannesburg, South Africa. in the study are reliability, safety, affordability,
responsiveness, assurance, empathy, and tangibility.
2.4 Theoretical review Customer satisfaction was included as a variable in the

The study reviewed two theories about service qualiguestionnaire to measure the respondent’s perception of
measurement. The first, as proposed by [10], known as teir satisfaction with e-hailing taxi services in
SERVQUAL model, measures the perceived servicégohannesburg. Each of the dimensions has five (5) items of
against the expected service to determine customergeasurement. The study thus comprised forty (40) scale
satisfaction with a particular service using ten (10fems to measure the quality of e-hailing taxi services in
dimensions. [36] retained the theory and model but reducéghannesburg. The items were presented on a 5-point
the service quality dimensions to five (5) and listed thetalkert scale, from 1 — Strongly Disagree to 5 — Strongly
as reliability, responsiveness, assurance, tangibility, aAgree. The items were presented in statement form to give
empathy. Other revisions of the model retained thi@spondents weight to their perception of each item under
construction and the five service dimensions. The secoféch service quality dimension.
theory reviewed for this study was proposed by Cronin and The data analysis used two techniques — exploratory
Taylor [37,38]. The theory was built on the SERVQUALfactor analysis (EFA) and regression analysis. The EFA
model but considered performance as the only factefas used to reduce the 40 items to a few orthogonal ones
measuring service quality [39]. Hence, the model wdbat will represent the remaining items to identify the most
named SERVPERF to investigate the perceptions whportant quality service factors for Johannesburg's e-
service quality as a proxy for customer satisfaction. THeailing taxi services. EFA employs the variance of the
model measured performance using the five dimensions\@riables to extract the common factors that explain
SERVQUAL in place of service expectation andcustomer satisfaction with e-hailing taxi service quality
perception. So, this study applied the ideas of teitributes. The EFA provides information about latent
SERVQUAL model by examining the service quality of efactors and estimates of the correlation between observed

hailing taxis in Johannesburg. variables and their relationships with each unobserved
variable. The EFA found reliability, safety, tangibility, and
3 Data and method empathy as the common service factors determining

The study is explanatory research and adopted gHstomer satisfaction with e-hailing taxi services in
exploratory research design to achieve its objectives. THghannesburg. o _
goal was to investigate the service quality of e-hailing taxi 1€ Second part of the analysis is the regression of the
services to add to the existing knowledge of tradition&@Xtracted common factors by EFA with customer
forms of transport since research on e-hailing taxi servicédtisfaction. The regression model determines the extent
as a means of mobility is limited in Johannesburg. TrRnd significance of the relationship between the extracted
study considered the population of Johannesburg at 5.62¢nmon factors and customer satisfaction. The data
million and determined the sample size using 1 over 10,06§'Ployed for the regression analysis were created by
persons living in the city. Therefore, the sample size for tjgansforming the items that load significantly on each
study is 564. So, 564 copies of a well-designegommon extracted factor. The transformation for creating
questionnaire were produced for data collection. The da8d computing the new variables was done by the mean of
for the study were collected by sampling a total of 49the significant items associated with the extracted common
respondents in Johannesburg. The response rate is 88.5/p@i0rs- Specifically, the mean of the items that form each
cent. The questionnaire was administered to tH¢Mmon service quality factor was used to create new
respondents randomly at various shopping centres VA'iables: reliability, safety, tangibility, empathy, and
Johannesburg East, Central, North, South and West Rafdstomer  satisfaction. The regression analysis used
The respondents frequently use e-hailing taxi services §gStomer satisfaction as the dependent variable and

and from shopping centres. The survey was conductgliability, safety, tangibility, and empathy as the

using a simple random sampling technique to ensure ttiagépendent variables. This was done to determine how
members of the population had an equal chance at #Rch vgrlable gﬁects cusf[omer satisfaction with the quality
survey. The random technique was applied using Micros@f €-hailing taxi services in Johannesburg.

Excel by generating random numbers of the 564 samples. 1N regression model for the study takes the form (1):
Then, the generated random numbers were assigned to

each copy of the questionnaire before administration for Y = @+ BX1+B;X; + BX;+ ByX, + e (1)
data collection. The study surveyed adults who could

independently choose their mode of public transportatioMere: .
in Johannesburg. Y = dependent variable,

B, — B, = coefficients of the independent variables,
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X; — X, = independent variables,

e = error term of

the model.

Therefore, equation (1) transforms for this study as (2):

CuSa =a + B;Rel +BTan +B;Saf +B,Emp +e (2)

where:

CuSa = Customer Satisfaction,

Rel = Reliability,
Tan = Tangibility
Saf = Safety,
Emp = Empathy,
B = Coefficient o
e = Error term.

4 Resaults

f the independent variables,

service quality factors are the major determinants of
satisfaction for e-hailing taxi services in Johannesburg.

The output of the analysis shows that the data is
adequate and suitable for EFA with a KMO test value of
.967 and Bartlett’'s Approximate Chi-Square 15608.468,
which is significant at p<0.000. The result indicates that
the final output of the analysis is reliable.

The communalities of the analysis presented in Table 1
show that all the study items will significantly contribute
to the reduced e-hailing taxi service quality factors. This
reflects the communalities result showing that the least
value after extraction is greater than .500 (See Table 1).
The values representing the variance of the items is the
data's communalities. The communalities are determined
by adding the squared loading values of the initial and
extracted loadings. The values of the extracted
communalities show that all the items have an acceptable

The study focused on assessing the service qualfgiance that can explain the variability in the common
dimensions of e-hailing taxis that influence customerdactors for e-hailing taxi services in Johannesburg, except
satisfaction in Johannesburg. The study determines whi¢@m A4, with .187 after extraction. It implies that item A4

will produce an insignificant contribution to the common
service quality factors for e-hailing taxis in Johannesburg.

Table 1 Communalities of items for e-hailing taxi services

Indicator: Description of indications Initial  Extractior

Reliability

R1 When e-hailing taxi service providers pledge to resolve complaints wit .565 .544
specified time frame, they deliv

R2 When you have a grievance, the taxi service provider is sincerely intere .595  .575
solving it

R3 The taxi driver will arrive on time for pickups and drc 628 597

R4 The taxi driver understands the routes and locations for pickups anc .61 .537

R5 There is convenience in taxi booking and taxi boarding (Ease, speed, '.654 .577
availability).

Safety

S1 Taxi service providers have convenient payment op 57z 582

Sz There is a low probability of an accident occurt .69 .69

SE There is a lovpossibility of injury because of reckless drivi .64t 662

S4 There are appropriate safety measures for both the client and the 74z 76(C

SE Enough safety measures are taken, and the driver is vi 70z 71¢€

Affordability

Al Fares are affordab .667  .581

A2 Fares guarantee value for your mo .69¢ .602

A3 Fares are worth the efficiency that comes w-hailing service: .68t .61z

A4 | can consistently afford the services wee 27€ 187

A5 Discount(s) isoffered by ~hailing service .60C .53

Responsivene

RE1 The taxi service provider will notify the customer when passenger pick .651  .539
drop will be performe:

REZ The taxi service provider will give prompt services tocustomer: .651  .57¢

RE: Taxi drivers will never be too stubborn or busy to respond to customerre .63%  .58:

REZ4 The ¢hailing taxi offers 2-hour service quality all the tirr .62z 552

REE Drivers are willing to answer the questionscustomer .641  .607

Assuranc

AALl Drivers are professional and follow traffic rules and regulat .70C  .60E

AA2 You feel safe and secure when riding a 732 .63¢
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AA3 Drivers are consistently courteous with y 765 .67¢

AA4 Price isfairly consistent, and there is value for moi .62C  .53¢

AA5 Taxi service providers have driver, vehicle, and customer tracing capal .649  .547
in case of any issues ari

Empath

El Taxi service providers have customer feedback options, driver rating o] .711  .592
and customer follo-up options

E2 The taxi service providers will have operating hours convenient t.697 .624
customel

E3 Employees/Drivers are not mean and are attentive t g1z 72

E4 Taxi drivers will always be willing to assist customers (boarding and lugt .71z .697

E5 Taxi service providers understand your specific ni 762 .75C

Tangibility

T1 Taxi vehicles are mode 751 .74z

T2 Taxi vehicles’ interior and exterior is visually appealing (Clean, Comfort .761  .728
Spacious, and Attractive

T3 Taxi drivers usually appear ne 78 .76¢

T4 Taxi-related materials (receipts/statements) are visually appt 707 .64z

T5 The process of paying bills easy and comfortab .681  .64f

Customer

Satisfactiol

Cs1 Overall, | am satisfied with service c-hailing service: 732/ .65¢€

CSs2 The e-hailing service provider performs better compared to other s.726  .669
providers

CS: In general, | anhappy with the -hailing service experienc .72¢  .65¢€

CS¢ Requesting a ride was simple and conver 682  .65¢F

CSE Customer support service is available, e.qg.,-service querie 708 .64z

Extraction Method: Principal Axis Factoril

The analysis took a further step to confirm theervice quality factors. The total percentage contribution
suitability of the data for the technique by determining theonfirms the suitability of the common factors to represent
total variance explained by each item to identify thall the items. The information in Table 2 further provides
number of factors that can summarily explain the servitee dimension for understanding the proportions of the
qualities of e-hailing taxis. The analysis identified five (Syariance of the items that form the common service quality
variables as common factors of e-hailing taxi services factors of e-hailing taxis in Johannesburg. With this, at
Johannesburg. The identification follows the rule thabtation, the percentage of the variance of the first common
items with an initial total eigenvalue greater than one (factor explained 17.55 per cent, the second factor
significantly contribute to forming the common factorscontributed 15 per cent, the third factor contributed 11 per
Table 2 shows that five (5) items with an initial totakent, the fourth factor explained 10 per cent, and the fifth
eigenvalue greater than one (1) accounted for 66.5 per ctttor contributed 8 per cent to describe the common
of the total variance at extraction and 62 per cent afteervice quality factors of e-hailing taxis in Johannesburg.
rotation to explain Johannesburg's common e-hailing

Table 2 Percentage of Total Variance of e-hailing taxi service
Extraction Sums of Squar¢ Rotation Sums of Squared

Initial Eigenvalue Loading! Loading!
% of Cumulative % of Cumulative % of Cumulative

Facto Total Variance % Total Variance % Total Variance %

1 19.93¢ 49.84¢ 49.84¢ 19.56¢ 48.91¢ 48.91¢ 7.02C 17.55( 17.55(

2 2.747  6.85¢ 56.70¢ 2.43( 6.07¢ 54.99: 6.027 15.05° 32.60"

3 1.46¢  3.65¢ 60.36" 1.05¢  2.64¢ 57.63: 4,43; 11.08( 43.68:

4 1.341  3.35:¢ 63.71¢ .99:2 2.47¢ 60.11¢ 4,047 10.11¢ 53.80¢

5 1.122  2.80¢ 66.52¢ 754 1.88¢ 62.00: 3.27¢ 8.19¢ 62.00:

6 .98¢ 2.46( 68.98:

7 .93( 2.32¢ 71.30¢
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8 .86¢ 2.17¢ 73.48:
g .83¢ 2.08¢ 75.56°
10 73E 1.83i 77.40¢
11 .651 1.62i 79.03:
12 .55( 1.37¢ 80.40°
13 S51¢ 1.29¢ 81.70«

14 48¢ 1.22( 82.92!
15 A4 1.11¢ 84.04:

16 404 1.00¢ 85.05:
17 .387 .967 86.01¢
18 .37C .92t 86.94:
18 .36( .89¢ 87.84:
20 .341 .85¢2 88.69¢
21 .33¢ .831 89.52!
22 31 .78¢ 90.31«
23 314 .78¢ 91.10(
24 .30¢ N 91.87:
25 271 .691 92.56¢
26 271 .67¢ 93.24:
27 .262 .65¢ 93.89°
28 247 617 94.51:
29 .23¢ .59¢ 95.11:
30 .231 57¢ 95.69(
31 .22z .55¢4 96.24:
32 .20¢ 51c 96.75°
33 19¢ 494 97.25:
34 .18¢ A7 97.72¢
35 17¢ 44(C 98.16¢
36 168 40¢ 98.57:
37 162 404 98.97¢
38 .14¢ .36¢ 99.34(
39 13¢ .34¢ 99.68¢
40 .12¢ 314 100.00(

Extraction Method: Principal Axis Factoril

The common factors were extracted with principal axigie model is highly important for transport service quality
factoring and varimax rotation to identify the latent itemsneasurement.
that form the common service quality factors. The rotation An interesting output in Table 3 is that item Al (fares
was done such that the values were presented accordingt® affordable) loads under customer satisfaction. It
size. The coefficients of the variables were also suppressadicates that customers find issues about the affordability
to 0.600 such that items with a coefficient of less thaof transportation prices important to their perception of
0.600 are considered to have little contribution to thservice satisfaction. This may explain why affordability is
common factors of e-hailing taxi services in Johannesbungt among the common service factors in Table 3. It aligns
(See Table 3). The decided threshold of 0.600 is regardedh [42], who found a significant relationship between
as reliable for the study, irrespective of the sample sizaffordability and customer satisfaction. So, it implies that
[40, 41] advocated that factor loadings of at least 0.6 shodlte masses in developing countries perceive the
be regarded as reliable irrespective of the sample size.aFordability of public transport as service satisfaction. It
further consideration of Table 3 shows that the mostdicates the incorporation of the affordability service
significant e-hailing taxi service qualities determininglimension into the customer satisfaction element, implying
customer satisfaction are reliability, tangibility, safety, anthat affordability of the service is integral to customer
empathy. The significance of the finding is that all theatisfaction. That is, if transport service is not affordable,
safety items in the questionnaire have the highest loaditigere would be no level of satisfaction.
factor and significantly determine the user's expectation Another interesting result of the analysis is that all the
and service performance of e-hailing taxis intems considered under the safety factor significantly
Johannesburg. It implies that the safety dimension addedciantribute to the qualities the respondents consider
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influencing their safety concerns about e-hailing taXR4 and R5 were excluded. T4 and T5 were excluded for
services. Other factors have some items excluded for th@angibility, and E1 and E2 were excluded under empathy.
little contribution, which is considered insignificant. ForThe retained items (See Table 3) significantly determine
customer satisfaction, CS1 was removed. For Reliabilitthe respondents’ perception of each factor.

Table 3 Rotated factors of e-hailing taxi servicesin Johannesburg
Facto

2 — Reliability 3 —Tangibilty = 4 — Safety 5 — Empathy

1 — Customer
Indicator: Satisfactiol
CSs¢ .67(
Cse .652
CSst .64%
CSs: .62(
Al .602
R1 642
R3 .63¢
R2 .63€
T1 .68(
T3 67¢
T2 671
S4 .83¢
SE .81(
Sz .802
Sz T8
S1 67%
E3 .66¢
E4 .66E
ES .652
Reliability Statistics .900 .841 917 910 .906
(Cronbach’s Alphe

Extraction Method: Principal Axis Factoring.
Rotation Method: Varimax with Kaiser Normalizati
a. Rotation converged in 7 iteratic

The reliability statistics of the items that form the The identified e-hailing service quality factors are
common factors with very high Cronbach’s Alpha valueraturally dependent on one another by the degree of
indicate that the items for each identified common factorslationship the respondents attached to them. The
are reliable in determining the service quality factors of eorrelations matrix in Table 4 shows that the variables have
hailing taxis in Johannesburg. a significant relationship with one another at p < 0.000. The

The second aspect of the analysis examines therrelations between the variables are positive and imply
relationship between the major e-hailing service qualitthat an increase in the unit of one variable will yield an
factors and customer satisfaction using regression analysierease in the other. So, Table 4 implies that customers
The major e-hailing service quality found by EFA arewvill tend to derive satisfaction from e-hailing taxi services
reliability, tangibility, safety, and empathy The analysigs their perception of the common service quality factors
was conducted by subjecting the four (4) common servidecreases. It is observed from Table 4 that customer
quality factors as independent variables to measure theatisfaction has very high significant relationships with the
effect on customer satisfaction (dependent variable) withdependent variables except with safety with r = .474.
e-hailing taxi services in Johannesburg. Other high correlation values are between tangibility and

The descriptive statistics of the regression analysisliability (r = .630) and empathy and tangibility with r =
show the mean values of the variables for the studys61. The results in Table 4 imply that patronage of e-
Customer satisfaction has the highest mean of 3.82fgiling taxi services will continue to increase due to
tangibility has 3.716, empathy has 3.665, reliability hasustomers’ satisfaction with the service quality factors.
3.629, and safety has 3.567. The output indicates that fheble 4 indicates that the common service factors are
data have an acceptable level of normal distribution fassociated positively with customer satisfaction.
regression analysis.
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Table 4 Correlations matrix of e-hailing service quality factors Table 6 provides the ANOVA test result of the
CuSer Rel Tan Saf Emp regression analysis to determine whether the hypothesis
Customer that the major e-hailing service quality dimensions affect
Satisfaction (CuSe 1.000 customer satisfaction should be accepted. The result shows
Reliability (Rel) .63z 1.00¢ an F-Test of 186.849 when the values of the independent
Targibility (Tan) .69z .63C  1.00¢ variables are set at zero. The ANOVA test presents
Safety (Saf) 474 394 .380 1.000 F(4.494) = 187 at p = 0.000, which brings to the conclusion
Empath (Emp] .65(  .587 .661 .39z 1.00( that the e-hailing taxi service qualities of empathy, safety,

reliability and tangibility significantly affect customer
Table 5 presents the model summary of the multipkatisfaction.
linear regression showing the strength of the relationship
between the dependent and independent variables. The Table 6 ANOVAtest of e-hailing service quality factors
correlation coefficient, R, its square? Rhe adjusted R Model Sum of f Mean Sig
and the standard error of the estimate. In a regressi Square Squar )
model, the R serves as the unit for measuring the Regressio 215.34: 4 53.83¢ 186.84¢ .00C°

predictive strength of the model. For the study, the mod 1 Residuz  142.33; 494 .28¢

explains that empathy, safety, reliability, and tangibilitt ~ Total 357.67' 49¢
account for most of the variance in customer satisfactiCa Dependent Variable: Customer satisfas
with e-hailing taxi services in Johannesburg. b. Predictors: (Constant), Empathy, Safety, Reliability,
Tangibility
Table 5 Model summary of e-hailing taxi service qualities
. Adjusted R Std. Error of The coefficient of the service qualities for e-hailing
Model R R Squarg Squar the Estimat taxis in Johannesburg presented in Table 7 provides the
1 776 602 59¢ 5367 estimates of the standardised and unstandardised
a. Predictors: (Constant), Empathy, Safety, Reliability,Coefficients of the regression, t-test values, significance
Tangibility level of the estimates and collinearity statistics of the

model. The estimated coefficients to explain the effect of
The R of .602 indicates that the variables explain 60.2-hailing taxi service qualities on customer satisfaction in
per cent of the variance in customer satisfaction with ¢his study take the “Unstandardized Coefficients B”. It
hailing taxi services in Johannesburg. It implies that 60 pprovides for each independent variable the predicted
cent of the changes in customers’ satisfaction with ehange in the dependent variable. So, it indicates that
hailing taxi services can be attributed to customersustomer satisfaction with e-hailing taxi services will
perception of reliability, tangibility, safety, and empathyncrease by 18,9%, 27.6%, 14.8% and 18.9% for every
level of their service quality. The adjusted R squaredditional score for reliability, tangibility, safety, and
attempts to improve the estimation dfiRthe population. empathy, respectively. This implies that the four major
The adjusted R square of .599 represents 59.9 per censefvice quality indicators significantly determine customer
the variance in the service quality factors determininggtisfaction with e-hailing taxi services in Johannesburg.
customers’ satisfaction with e-hailing taxi services in

Johannesburg.
Table 7 Coefficients® of service qualities factors of e-hailing taxi servicesin Johannesburg
Unstandardised Standardised
Coefficient: Coefficient: Collinearity Statistic
Mode B Std. Erro Bete T Sig. Toleranc VIF
(Constant .88 A1E 7.74¢ .00C
Reliability .18¢ .03¢ 21F 5.53¢ .00C .53¢ 1.86¢
Tangibility 27¢ .03¢ .33¢ 8.17( .00C A47( 2.12¢
Safet .14¢ .02¢ .16¢ 5.31¢ .00C 79¢ 1.25¢
Empath .18¢ .032 23¢ 5.85¢ .00C .50 1.98¢

a. Dependent Variable:ustomer Satisfactic

The collinearity statistics of the analysis with theempathy on customers’ satisfaction with e-hailing taxi
Tolerance and VIF values indicate no issue ddervices in Johannesburg.
multicollinearity with the model. The VIF value for the
four variables is greater than 1.00, while thei Discussion of results

corresponding Tolerance values are more than 0.1. It The flow of public passenger transport in urban centres

implies that the regression analysis output is reliable g5 characterised by various land use patterns and public
predicting the effect of reliability, tangibility, safety, and
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infrastructure. The land use centres attract the flow of Safety is a major transport service dimension, including
people who are public transport service passengesecurity concerns, which this study added to assess the
However, the qualities of public transport serviceguality of e-hailing taxi services in Johannesburg. In fact,
influenced the passenger flows to the land use centres. Tihis unsurprising that users of e-hailing taxi services accord
study provides insight into the service quality factors thaignificance to safety as a service quality measure. This
users of e-hailing taxi services consider most important will arise from the safety concern of the users since public
their satisfaction. High quality of service within an industrgransportation has a higher safety risk because it usually
or organisation has been regarded as an essential mearcaafies more than one non-related person in a car [51]. In
building customer retention and loyalty for businesBne with this study, [52] applied AHP to service quality
growth [43,44]. It implies that an organisation or businedactors and found that safety has the most significant
will continue to grow as much as it can sustain high servigeeight for bus services in the Philippines. [53] found that
qualities of its products based on its capacity to providesignificant indirect relationship exists between safety and
customer satisfaction and retention. public transport quality in selected European cities. The

This study identified the most important service qualitgoncern makes it important that safety should be included
attributes to users of e-hailing taxis and determined tlaes a service quality indicator for public transportation. The
extent of their influence on satisfaction with the services wiolent attacks from traditional meter taxis, carjackings and
Johannesburg. The study found reliability, tangibilityfransport-related crimes in Johannesburg make safety a
safety, and empathy as important service qualitymajor concern among users of e-hailing taxi services. The
dimensions that promote e-hailing taxi services anmhajor e-hailing services such as Uber and Bolt have been
significantly influence user satisfaction in Johannesbur@creasing the safety measures on their apps, including a
Reliability has been a key dimension of assessing servigafety tool kit to make it easier for users to contact
qualities of public transportation in different countriesemergency services. Including safety measures make users
That this study found reliability as a significant servicenore satisfied with the e-hailing service.
quality factor for e-hailing taxi services in Johannesburg is Empathy, the capacity to absorb and understand the
similar to other studies. In Nigeria, [45] found thefeelings of others, is an important service quality factor of
importance of reliability for public transportation in Kogie-hailing taxis expected by the users. The finding of this
State as customers’ expectation exceeds their perceiwtddy regarding empathy aligns with [54] study, which
reliability. In Ethiopia, [46] explored the passengersfound that empathy has a cause-and-effect relationship
satisfaction with HIGER city bus services. [47] also foungvith passengers’ satisfaction with public transportation.
the reliability and tangibility dimensions of public Often, passengers demand e-hailing taxi services to meet a
transport service quality as the largest contributor afeed, which dictates their feelings. It implies that operators
service quality to customer satisfaction. The study by [48f e-hailing taxi services in Johannesburg are expected to
in Malaysia also supports the finding that reliability andtudy and understand the feelings of the respective
tangibility dimensions of service quality factorspassengers, which are diverse and unique to individuals.
significantly affect customer satisfaction. In the UK, [49Likewise, [52] found that reliability and empathy
recommended reliability improvements to increase publgignificantly affect public transport service quality and
transport passengers' perceived satisfaction. Numerausstomer satisfaction.
other studies have identified reliability as a significant Therefore, the important service quality measures of e-
public transport service quality factor influencing customemailing taxi services for user satisfaction in emerging cities
satisfaction. The finding implies that e-hailing servicare tangibility, empathy, reliability, and safety. This study
users regard the pickups and drop-offs to be on time, thighlights that while the traditional SERVQUAL model
vehicles are available when required, and they can rely applies in other industries and contexts, the e-hailing taxi
the providers to resolve conflicts. When the drivers achiewedustry in Africa can apply a modified four-dimension
the foregoing, the users are satisfied with the e-hailing taxiodel to measure satisfaction. Thus, service quality
service. Practically, e-hailing taxi operators work round theositively affects user satisfaction with e-hailing taxi
clock, making the users call for service at any time of theervices.
day, unlike the traditional public taxi services, which do
not work at night seasons. 6 Conclusion and recommendation

The fact that tangibility is a major significant e-hailing  This study investigated the service qualities of e-hailing
taxi service quality for customer satisfaction inaxis and customer satisfaction in Johannesburg. The study
Johannesburg is compelling. The users consider tfifentified the most important service quality elements to e-
tangibility of e-hailing taxi services regarding the physicahailing taxi users as tangibility, empathy, reliability, and
appearance of vehicles [50] and the drivers. This resudlifety. Further, a positive relationship was established
aligns with several authors who have worked on transpgjétween service quality and e-hailing taxi service user
service qualities in different cities [27-30]. Users of esatisfaction. The other traditional dimensions, viz.
halllng taxi services will be satisfied with the service Wheassurance and service qua”ty responsiveness were
the vehicles are in good condition, appear neat, and ffigslevant to user satisfaction with the e-hailing taxi
driver is smart and professional. service. Interestingly, the study established that customers
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considered the affordability of e-hailing taxi services for Theoretical and Applied Information Technology, Vol.
satisfaction. Also, the study found safety a major quality 99, No. 10, pp. 2445-2457, 2021.
dimension for e-hailing taxi services in Johannesburg. THi8] MOHD IDROS, N.A.N., MOHAMED, H., JENAL, R.:
is primarily due to the constant robbery and other attacks Determinant factors of customer satisfaction for es-
that public transportation passengers face. Therefore, thehailing service: A preliminary sudy, International
managerial policy recommendation from the study Conference of Reliable Information and
provides that e-hailing taxi companies need to pay attention Communication Technology, Springer, Cham., pp.
to the safety of their passengers by ensuring responsive 803-811, 2018.
vigilance with sound safety measures to build the safef9] AKROUSH, M., SAMAWI, G., ZURIEKAT, M.,
perception of prospective customers of the service. The MDANAT, M., AFFARA, I, DAWOOD, S.: A
service providers may need to employ advanced Comparison of Service Quality Dimensions in the
technology to enhance their safe operations. Mobile Service Market: Evidence from Emerging
The study contributed to the existing literature by Markets,Theoretical Economics Letters, Vol. 9, pp.
identifying that e-hailing taxi customers consider service 271-295, 2019. https://doi.org/10.4236/tel.2019.92021
reliability, tangibility, safety, and empathy as the mosgtl0] PARASURAMAN, A., ZEITHAML, V.A., BERRY,
important for their continuous patronage and satisfaction. L.L.A.: Conceptual model of service quality and its
So, this study successfully highlighted the four important  implications for future researchJournal of
service quality dimensions that need to be investigated for Marketing, Vol. 49, pp. 41-50, 1985.
e-hailing taxis. The study is limited to e-hailing taxi11l] EVERATT, D., LYNGE, H., ABRAHAMS, C. GCRF
services in Johannesburg. Further, studies can replicate the Centre for Sustainable, Health and Learning Cities
study in other cities of developed and developing nations. and Neighbourhoods (SHLC), [Online],
In addition, further studies need to investigate the Available: http://www.centreforsustainablecities.ac.
significance of the four service quality dimensions in other  uk/research/city-report-neighbourhood-
modes of public transportation. characteristics-and-inequality-in-the-city-of-
johannesburg/#:~:text=Johannesburg%20is%20amo
ng%20the%20most,white%20and%20Indian%20(alt
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Abstract: For a company to make a profit and satisfy customers' needs, it must have the correct individual processes - the
production process is one of the most important. This paper proposes a solution to eliminate the problem based on
identifying the cause of the blocking - idle times in several workplaces of the production line. Another goal was to
determine whether increasing productivity and the number of products on the given line is possible. At the beginning of
the research, a system analysis of production operations was carried out. A simulation was chosen as a tool for solving
the goals. Tecnomatix Plant Simulation creates the simulation model. The model was verified by a simulation experiment
that simulated the current state, and the data obtained by the analysis were used. The experiment was performed for three
simulated times: 8, 16 and 48 hours. After the verification of the model, experiments were performed on the models. The
paper presents the results of three experiments for a simulated time of 48 hours. Based on the experiments, it was found
that in the case of shortening the work cycle at critical workplaces No.5 and No.15, it is possible to make the process
more efficient - to equalise the workload of individual workplaces and increase production by 25%.

1 Introduction cause of the blocking - idle times in several workplaces of

The mission of the manufacturing company is téhe production line. Another goal was to determine whether
achieve the best possible profit results by eliminatingicreasing productivity and the number of products on the
losses. It is necessary to satisfy customers' needs to fulfiyen line is possible. Simulation was chosen as an
the requirements as best as possible. For a companyatxiliary tool for solving the goals based on the analysis of
make a profit and satisfy customers' needs, it must have tfg current state. Simulation modelling is an excellent tool
correct individual processes - the production process is of§é analysing and optimising dynamic processes.
of the most important. The production process comprises a A simulation tool has become widely used since the
series of activities of different natures (processing;950s[2]. Simulation is a research method where we
transport, assembly, inspection) performed on differef@éplace the object of study with a model. We experiment
machines and devices. It ensures the material flow from tAg the created model to accumulate information and
input to the end of the production process. Discrepanéyatistics and use them in the real sysgn
between these activities and equipment can result in Simulation on real process models aims to obtain
downtime. However, idle time can also be caused by oth@formation, one of today's most valuable sources.
factors, such as in the case of lack of material but also tBgnulation eliminates the need for surplus financial
case of accumulation of material at the workplacgesources from interventions in the real system. The
Compliance with these facilities and activities impactiformation thus obtained is used to evaluate and improve
labour productivity, product quality improvement,the modelled system [3,4]. Computer simulation methods,
production process efficiency increase, cost reduction, aadpecially discrete event simulation (DES), are the most
ultimately, customer satisfaction. Inconsistencies betweginiversal and are widely used. Currently, researchers use
these activities and equipment can result in idle time. many simulation tools for computer simulation:

Productivity in the industry itself is efficiency. ExtendSim [5], Tecnomatix Plant Simulation [6], Witness
Efficiency refers to the resources needed to achieve th@, FlexSim [8], ARENA [9], and more [10]. Computer
desired results. These essential sources include the tigigulation can be used successfully to solve problems in
during the facility's production process and the amount gérious fields.
funds and energy expendgd. The simulation was used by several authors in the

This article’s research subject is a production lingolution of transport in deep and surface mining [11]. The
consisting of several workplaces. This paper proposesadthors [12] presented the simulation study as an efficient
solution to eliminate the problem based on identifying thgol for the analysis times and costs of underground
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haulage systems (railway and vehicles) that are used in 1
mining processes with ARENA simulation software. The
study of the authors [13] describes the possibility o
modelling the disconnecting process of mining wagons i
the program Tecnomatix Plant Simulation using th
SimTalk program.

Simulation is often used in logistics solutions:
transport, handling, storage, delivery of parcels, packagin
and more. The authors present the simulation model f
assessing the effectiveness of implementing a goo
delivery process [14]. Software Tecnomatix Plan
Simulation, paired with a genetic algorithm, was used fc
simulation in shipment and sorting processes to determil
the number of workers needed to speed up the departure
shipments and optimise the workload of workers [15].

Authors often present simulations of production plants
processes, and lines in their works. The case study |
carried out in a medium-sized company aimed to take tt
first step towards sustainable production developmer

—

REAL OPERATION

Simulation tools

Y

v

System analysis
of operation

Selection
of simulation tool

v

Creating
a simulation model

¥

Proposals,
recommendations

Verification
of simulation model

L]

Simulation
experiments

v

t

Analysis
of simulation results

eliminate bottlenecks in production and shorten the
production process. The means to verify and evaluate the
proposed solution was a simulation in the ExtendSim. A Svstem analvsis. Svstern analvsis is a suitable ool
Authors often use Tecnomatix Plant Simulation (TPL) fO{ - oY ysIS. sy y

simulation in this case. The authors' work [16] presentse?fl;n?gr"#gsg]% E{Ez fet?z;gog;hﬁhi ;zztigﬁnléczéiglggfwgzn
TPL simulation model consisting of five modules P

representing individual parts of the operation. The ma\tﬁem‘ Thanks 1o this, we can get to know the system’s

module represents a complete production plant and, thi] nctioning in detail and derive individual results of

the simulation model as a whole. The sub-modules a?nzlert\i/;glor?”nsetr?gc?isVSIsue?jtlg"nnaﬁnlfr?rTc;rslgs ﬁﬁg?erc\z‘e vT/glnst
divided into production lines, warehouse, intermediat Y y

storage and output. Using the above modules, the auth jdmprove the given system or completely replace and

kept the simulation clear and provided the possibility gfeate a new one [2.0'.2.1]'_ Th_e _Process of analysis
more accessible work with individual sections or theifSPreSeNts the main activities: defining the problem of the

modifications. TPL was also used in the case study P(;oduction line, defining the elements and links of the

create a simulation model of the production process a Egdnlé(g'eosr]sg:]e di\r':g 9{:?5@gsfggff:ﬁg?gégc\?agﬂﬁg'ngn d
test the energy consumption of selected equipment with y '

proposal of measures to increase the company's OEE &S one. of thg time _sf[udy_ methpds and summary of
overall equipment efficiency) [1]. The authors' work'ndmgs including deficiencies. First, the observatlo_n
presents a case study on creating a virtual environment ﬁ%thoi%grﬁzuujedot%&?isoerge t:r? dsuﬂ;ly g{);g?vg;%dnucg?n
optimising the production-assembly process in the T I‘e’rators Subse ﬁentl th'e method of time studies was
software environment [17]. The streamlining utilisation OPged ~ .“O erat(iqon s):;a shot” for each workplace
the assembly line using TPL software was dealt with b eration sﬁa <hots arep aimed at studvin ap wor.k
[6]. The minimising risks in the workplace using TPL was perat P : udying L
dealt with by [18], too. The authors' work presents Jpperation or a work cycle. To achieve reliable data, it is

integration of 3D objects into the simulation as part of thg)e(gﬁj?jsearé;goﬁkiirtgfmgtp;r:gggn_I_rre]gogd esrzgf):]alrélgfc? |t§
material flow [19]. : P

provided in several stages: preparation for monitoring and
measurement, observation, measurement and recording of

2 M qhodql ogy o o __measured values, processing and analysis of named times -
The simulation of the selected logistics activity consists, giuation of the obtained data [22].” With the help of

of several steps [5]. These steps have been extended. JRg\ysis of the system, we obtain data from operations:
basic steps are described in the following points and showRa racteristics of the line, description of the activity on the

in Figure 1used in this case: production line, graphic representation of the sequence of
activities on the production line, activity times, and
definition of identified deficiencies.
B: Selection of a suitable simulation tool for creating a
simulation model. Several simulation tools are currently
available. Our workplace has several tools for simulating

Figure 1 Steps of methodology
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the problem: ExtendSIM10, Tecnomatix Plant Simulatiorprocess consists of several technological and assembly
and taraVRbuilder. Their advantage is graphic symbolisroperations on the production line at different workplaces.
creation of statistics, 2D and 3D animation, and flexibilityrhe selected line consists of 15 workplaces, four fully
when changing the model and the input data. automated. There is also one preparatory workplace on this
C: Creating a simulation model of a real system by tHae. There are 12 production operators on the line and one
chosen simulation tool. The construction of the simulatioworker in charge of running and servicing all four

model is presented in the Results. automated workplaces. This line operates in two shifts
D: Verification of the created model based on valugbanks to the high demand for the product.
obtained from the operation. A counter is placed at each workplace of the production

E: Simulation experiments to eliminate the problem oline, which shows how many pieces were produced at the
the production line. Simulation of experiments, in whictworkplace and how many pieces should be produced at the
the input parameters of the simulation model are changegiven time according to the standard. Each workplace is
The task of the experiments is to see changes in the outpgtiipped with a computer on which the work process at a
parameters of the system. particular workplace is displayed.

F: Analysis of simulation results. Outputs from Small materials, such as screws and gaskets used in
individual experiments (statistical parametersproduction, are placed on the worktable in small crates.
performance parameters and graphical outputs) are ugddminium parts are stored in large crates at the workplace.
for analysis and behaviour of the system under changbktbre extensive materials are stored in cardboard boxes on
conditions. These results need to be interpreted and ugedlets or gitterboxes along the production line. Each

correctly. position includes a conveyor belt along which the product
G: Proposals, recommendations to eliminate thmoves and a lifting device to lift the product. Each
problem. workplace has a red crate, which is intended for non-
conforming material [23,24].
3 Result and discussion The sequence of workplaces where individual
31 Theresultsof the system analysis operations are performed is shown in Figure 2.

The mentioned methodology was applied to improve
the efficiency of the production line. The production

Workplace Workplace Workplace Workplace Workplace Workplace Workplace
I > > > > —» _ —»!
No.1 No.2 No.3 No.4 No.5 No.6 No.7

Input:
materials

Automated Workplace No.10
Workplace Workplace Workplace Workplace
1 woas [° No14 [* Noa3 |[© No.8
O : : Automated Workplace No.11 I :

EXIT:
pallets to the shipping warehouse

Automated Workplace No.9 |‘;

Automated Workplace No.12

Figure 2 The sequence of workplaces

The production process on the line starts at workplatiee electrical test, which is used to check the electrical
No.1 and ends at workplace No.1Bhe primary input parts. Product production ends at this workplace.
material is the bare frame, on which other input material¥orkplace 15 is a packaging workplace, as mentioned
are gradually mounted at individual workplaces. Eacabove.
workplace is supplied with different input materials, except One of the tasks of the system analysis was:
for production workplaces No. 9, No.10, No.11, and No.12,to observe the operation of the input material line,
which are arranged in parallel. Here, automatic tests ofo observe individual operations on the production line,
manufactured products are carried out. The finishedo record the operating times of individual operations,
product is packed at workplace 15, loaded on a pallet antb record idle times and other irregularities,
taken to the warehouse of finished products. - and, based on the observation, to define the identified

Assembly operations are carried out at workstationsdeficiencies.

No.1 - No.7. Workplaces No.8 - No.12 are test workplaces.

The assembly operation is carried out at workplace No.13, The analysis revealed:

and the worker at this workplace also performs thell input materials are used in the production of the
preparatory operation for workplace No.14. At workplace product,

No.14, the last assembly operation is performed, as well as
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- workplaces are supplied along the marked route byutlisation and logistics for all levels of plant planning,
service vehicle approximately once every 40 minutefom global facilities and local plants to specific production
i.e., 12 times in one shift, lines. Tecnomatix Plant Simulation is object-oriented,

- the length of work operations at workplaces No.1-No.4ierarchical modelling based on dedicated object libraries
No0.6-No.8, No.13 and No.14 is 3 minutes and 20 seconfis fast and efficient discrete and continuous process

on average, modelling. This software tool has many built-in tools and
- the length of the work operation at workplace No.5 is graphical outputs to assess production system
minutes, performance, including automatic bottleneck detection,

- the length of the work operation at workplace No.15 is throughput analysis, etc.
minutes and 9 seconds,
- the length of work operations at workplaces No.9 - No.123  Simulation model
is 5 minutes, automated workplaces arranged in parallel, The following chapter describes how to create a digital
- during one shift, an average of 96 pieces of finisheflodel. The simulation model (Figure 3) is created from
products were produced on the production line, blocks from the "Material Flow" library, the "Resources"”
- relocation of finished products from workplace No.15 ifibrary, the "Information Flow" library, the "User
carried out using a forklift. 16 pieces of the finishednterface" library and the "Tools" library. Blocks are
product are placed on one pallet, pallets with products drgerconnected using a "Connector".
transported to the output warehouse six times during one The first block in the model is the "EventController",

shift. which starts, stops, resets and controls the speed of the
simulation. It is the starting block without which the model
The analysis revealed the following deficiencies: cannot be run.

- during production, there were idle times of workers and The input materials in this model are "Source” blocks
accumulation of semi-finished products in front ofn 11 pieces (11 input materials), representing the input
workplaces No.5 and No.15 (difference in operatinghaterial warehouse.

times), _ . The central part of the model is the production line,
-there were objects in the workplaces that were ngthich contains 15 workplaces. A conveyor belt transports
necessary for the operation, material between individual workplaces comprising the

- the material and work aids used by the workers durin@onveyor" block. During the production process, the
production were not marked and did not have precisgain (input) component is transported along the conveyor
location or arrangement, the operator sometimes hashigit, where the required operations are gradually
search for these aids and materials, and thus, the wedkformed. Workplaces 1 to 8 and 13 to 14 form the
cycle is extended, "AssemblyStation"  blocks, representing assembly

- the work cycle also extends if an operator who wagperations (assembly of additional components into the
assigned to the workplace from another workplace worksain component). Workplaces 9 to 12 form the
at the workplace. "ParallelStation" block. The "ParallelStation" block was

used because no other parts are directly assembled at this
Creating a digital model using simulation was possibl&orkplace, but the product is automatically tested. These

based on the production line analysis. four workplaces are the same. Workplace 15 also consists
of the "AssemblyStation" block, representing product
3.2 Selection of a suitable smulation tool packaging and storage on a pallet. At workplaces 1 to 8 and

The Tecnomatix Plant Simulation was chosen t&3 to 15, a "Workplace" block represents a worker
simulate the production line. As mentioned above, we haperforming his activity. These workers are generated from
three tools available at our workplace: ExtendSIM1Ghe "WorkerPool" block and are managed using the
Tecnomatix Plant Simulation, and taraVRbuilder. Wé&Broker" block. The supply of workplaces occurs along a
decided to use the Tecnomatix Plant Simulation tool fromarked route, represented by the "Track" block. A service
the available tools for two reasons. The first reason, wehicle follows this route. This vehicle will load the
have experience in creating models in this tool, e.qg., versuscessary material from the inbound warehouse. Loading
taraVRbuilder. The second reason is the easy-ts done using the "Method" block. The block is
understand available 3D spatial visualisation angrogrammed where and under what conditions the material
animation of material flow during simulation compared tavill be loaded. Next, the vehicle continues along the
the ExtendSIM10 tool. Based on this 3D spatial animatiomarked route to workplace No. 1, where it is unloaded
it is possible to identify inconsistencies in the material flowsing another "Method" block under certain conditions.
quickly. The vehicle performs these actions at each workplace, and

Tecnomatix Plant Simulation software enables thafter completion, it returns to the input warehouse, where
simulation, visualisation, analysis and optimisation of starts its cycle again.
production systems and logistics processes. Using Plant The "Chart" block in the model shows the percentage
Simulation enables optimisation of material flow, resourcatilisation of individual workplaces. The "ShiftCalendar"
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block in the model serves to specify the working time ofarehouse, to which the finished products from the
individual shifts. Workers' breaks during the work shift arpackaging workplace No. 15 are moved using a forklift.
also set in this block. The last part of the model is the output

EuesRCerrg
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Figure 3 The model print screen

3.4 Veification of smulation model - 195 products were packed at the packaging workplace
The verification of the model was carried out by a (Workplace No.15) (12 pallets, 13 pallets contained only

simulation experiment that simulated the current state. In3 boxes with the finished product), and one product was

this experiment, the data obtained by the analysis werdeing packed.

used. The experiment was performed for simulated times:

A: 1 shift, 8 hours, From the simulation experiment for simulated time C,
B: 2 shifts, 16 hours, the following results were obtained:
C: 2 days, 48 hours. - 384 pieces of finished products were brought to the output

warehouse (24 pallets), which again represents 96
From the simulation experiment for simulated time A, products per shift,

the following results were obtained: - 391 products were packed at the packaging workplace
- 96 pieces of finished products (6 pallets) per shift were(Workplace No.15) (24 pallets, 25 pallets contained only
brought to the output warehouse, 7 boxes with the finished product), and one product was

- 97 products were packed at the packaging workplacexgain in the packaging process.
(Workplace No.15) (6 pallets, 7 pallets contained only 1
box with the finished product), and one product was in Figure 4 shows the utilisation of workplaces. Figure 4
the process of being packed, shows in green the utilisation of individual workplaces
- the first product was packed and placed on the pallet during two working days (4 working shifts). At workplaces
less than 45 minutes, and in 1 hour and 53 seconds, that precede workplaces No. 5 and No. 15, the blocking of
products were loaded and taken to the warehouse.  the given workplace is shown in yellow. This blocking is
caused by work-in-progress products having to wait at
From the simulation experiment for simulated time Bworkplaces until they are gradually moved to the following
the following results were obtained: workplace, and queues of work-in-progress products are
- 192 pieces of finished products were brought to the outgiarmed. The light blue indicates when the production line

warehouse (12 pallets), which represents 96 products fenot in production. Production only takes place on the line
shift, after the end of the afternoon shift at the start of the

morning shift the next day. Breaks during the production
process are shown in dark blue (lunch/dinner break).
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Figure 4 The utilisation of workplaces

The results prove that it is possible to produce 98locking of workplaces in front of workplace No.5.
products in one working shift on the given line undeBlocking workplaces in front of workplace No.15 was not
current conditions. The model is verified, and the valugemoved. The result of this experiment is the same number
obtained by simulation are identical to those from thef products produced as in the current state.

analysis. E: In this experiment, the work cycle time was modified
at critical workplace No. 15 from the original value of 4
3.5 Simulation experiments and simulation minutes and 9 seconds to the average time of previous
results workplaces of 3 minutes and 20 seconds. By adjusting the

Experiments were performed on the verified modeﬂme, the prOdUCtion of finished pI’OdUCtS increased from 96
The main goal of the experiments was to eliminate tHe 103 pieces per shift, i.e., by 7 pieces. The blocking of
blocking of workplaces, to equalise the performance dforkplaces in front of workplace No.15 and front of
workplaces and to find out whether it is possible to increa¥@rkplace No.5 was not removed.
the production of finished products as well. The simulated F: In this experiment, a time adjustment was made at
time in these experiments was two Working days, as mitical Workplaces No.5 and No.15 for 3 minutes and 20
experiment C. Experiments were performed: seconds. In this experiment, the blocking of workplaces in

D: In this experiment, the work Cyc|e time at Critica]front of Workplaces No.5 and No.15 was removed, and the
workplace No.5 was adjusted from the original value of workload of workplaces was equal, figure 5. The
minutes to the average time of the previous workplaces, Rgeduction of finished products increased from 96 to 120
3 minutes and 20 seconds. This experiment removed @S per shift, representing an increase of 24 pcs/shift.

Resource Statistics

100 Working
Setting-up

= 80 Waiting
2 ; Blocked
‘s 60— PoweringUpDown
= Failed
E 40 Stopped
o Faused

20 Unplanned

0
1 2 3 4 5 & 7 : §-12 13 14 15
Workplaces

Figure 5 The utilisation of workplaces

Based on experiment F, it was found that on a give®i6  Proposals and recommendations
line, by reducing the work cycle of selected workplaces, it However, the question arises: How to reduce the time
is possible to remove the blocking of workplaces angf working cycles in operation?
increase production by 25%. One of the solutions would be to eliminate the
deficiencies identified by the analysis, which are related to
the work items and materials used in the workplaces (the
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workplaces contained objects that were not necessary ftrortened and partially equalised, thereby increasing the
the operation, material and work tools used by workespeed of the material flow on the production line. It can be
during production, were not marked and did not have @ncluded that by shortening the work cycle at workplaces
precisely defined place or arrangement, the operatdo.5 and No.15, it is possible to make the process more
sometimes has to search for these aids and material afficient - to equalise the workload of individual
thus the work cycle is extended). workplaces and increase production by 25%, increasing the
Eliminating these deficiencies is possible by applyingumber of products by 24 pcs/shift.

the 5S method in workplaces and removing unnecessary However, how can we reduce work cycles at critical
items. Most of the material is in crates and pallets aforkplaces? The article presents one of the options,
various sizes without marking. Therefore, it would b@&amely the application of the 5S method, which focuses on
advisable to place labels with information about the givesrganising and maintaining a safe, organised, and efficient
material (material code, photo of the component, etcyorkplace. Applying this method, whether at selected
Precisely designated places for all work aids, tools, amebrkplaces or the production line itself, will be beneficial
materials used at work would be marked on the worktablés, several areas - reduction of downtime, increase in
applying a plan for cleaning workplaces and work aids atorker productivity and thus production of the line, and
workplaces at regular intervals, which would impact safetynally, benefits in the field of occupational safety and

and work productivity. accident prevention.
What increase in production can be achieved in Applying the 5S method at workplaces No.5 and No.15
possible demand from this line? is the first time-saving solution for eliminating the problem

Based on the results of the last experiment, it is possibilglated to material flow. Suppose the problem with the
to increase production by 25%, i.e., 24 pcs per shift, whighaterial flow persists even after the 5S methods have been
is 48 products during a two-shift operation. The futurapplied. In that case, the presented simulation model can
decision is whether this increase in production after itse used to verify and evaluate future solutions to the
efficiency in two-shift operation is sufficient or necessaryproblem.

e.g., it is within the company's competence to introduce a Itis more than likely that in the coming years, there will

third direction following its business goals. As forbe an increase in demand for the creation of simulation
downstream processes, such as the storage distributiommfdels of production systems in manufacturing companies
products when production is increased on this line, theiat will try to implement the Industry 4.0 strategy and thus
assessment was not the subject of the solution in thigcrease their competitiveness.

contribution.
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Abstract: The article deals with the principled solution of allocation and layout of workplaces in a company producing of
variety building components. Allocation and layout are very important areas for ensuring the efficient operation of
companies engaged in production as well as in commercial activities. Both allocation and layout solutions have a strategic
importance for companies. The investigated company produces construction metal elements as a part of modern
construction technologies. The problem is related to the constant improving activities in the company in order to ensure
its competitiveness on the market. The production process of construction metal elements consists of workplaces such as
cutting, drilling, milling, welding and galvanizing. Workplaces for inspection and loading of finished products are non-
production. The solution of the project was aimed at streamlining activities in terms of logistics, material flows as well

as in terms of safety.

1 Introduction 2 Literaturereview
While searching for possibilities to increase the Allocation and layout are an important element for the
production capacities of the manufacturing of buildingffective increase of capacities in logistics. The importance
elements in the investigated company, the problem arosiallocation and layout solutions is still the same for any
how to effectively allocate and place productiormanufacturing company. Many companies approach the
equipment, warehouses, buffers, to implement transpaxlution of allocation and layout systematically, but some
routes in their production hall where building elements armaake layout more efficient only over time, based on their
made. This is also attended by streamlining of the layoutafquired experience and knowledge. The authors
production and interoperation equipment, storage ar@hbajova, et al. state in their publication th&eSigning
interstorage areas in the hall to meet technological, safetyvorkplace may be a challenging task. It is important to
and capacity requirements. make sure that the new workplace will prevent unnecessary
The procedure for effective solution of allocation andesource waste, but also create a safe working environment
layout consists of the following parts: for employeesT1].
« Measurement of premises, production machines, Solution of allocation and also, within certain
equipment and workplaces. limitations, layout is a strategic solution that will be
« Analysis of spatial parameters, possibilities antmplemented in practice for several years. For this reason,
limitations, machines and equipment, material inpuféie solution must be approached with all seriousness.
and outputs of products, material flows in a spacélocation is a process that results in the location of the
storage possibilities and legislative regulations angompany, warehouse, production, machine and everything

standards. that can be allocated on an area or in a specific space [2].
« Design of logistic elements, handling units for the In terms of effective allocation and layout solutions,
needs of effective activities in production. many methods and procedures can be used. The authors

- Design of the allocation and layout of productiorronova, et al. used, for example, the Cluster Analysis
workplaces, machines and equipment for thenethod for solving layout, which is described in their work

placement of material at the entrance and durirlg]- Many authors use computer simulation as an effective

production, the location of the entrance and exit gpeans of solving allocation and layout problems [4-8].

products for galvanizing and the location of finished ~According to authors Grznar, etdhe one of the most -
products. important tasks in designing is detailed design. In this

process, the final layout of the elements, together with their

* Process-efficient storage of semi-finished productd, ds f . 2D and 3D vi I
efficient transport routes within the production hall@€Mands for space in a common 2L an View, plays a

creating paths for the safety movement of workers. rather complex matter(9].
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One of the popular methods for solving of the areas and buffers by means of a system solution under
mentioned problem is the CRAFT method (Computerized defined conditions.
Relative Allocation of Facilities Technique), which
belongs to the group of enumerative methods and gives the Result and discussion
optimal solution under defined conditions and constraints. Considering the new trends in building industry, the
The application of the above method is practicallgompany is focused on the development and production of
described in the papers [10-13]. construction elements that serve both to ensure and to
There are a number of procedures and methods that g@plement construction operations and processes. The
be used to solve a strategic decision of allocation apgliority of the production of construction elements is a
layout in practice. Therefore, the authors of this papesystainable state of effectively spent costs for their
when ertlng the artiCle, limited themselves to the faCtU%roduction, which is achieved by Stream“ning |ogistics
side and defining the principle procedures that can be usg@cesses, streamlining production processes and using

in general in the subject matter with a practicadyitable technological equipment and suitable materials as
demonstration of the solution of the specific task. well as their streamlining allocation and layout.

3 Methodology 4.1 Presentation of the offered services

Inappropriate allocation and layout of production Since its establishment, the company has been engaged
facilities leads to inefficient logistics, prolonged materiain the development and production of iron building
flows, longer transport times and an increased need f@lements of its own construction. In addition to the
intermediate warehouses (buffers) for materials, sengroduction of iron construction elements, the company
finished and finished products. All this increases the cosiffers services in the field of processing and
associated with the production itself. Allocation and layouimplementation of operations related to mechanical
efficiency concentrates capacity, material, economigroduction and processing of iron elements such as sheets,
safety and technological rules in order to minimiz&roxors" (reinforcing steel), steel bars with various profiles
subjective approaches in the allocation and layout ¢f L, T, U, o, o, etc.), pipes, prisms, etc. Classification of
workplaces and production facilities. offered services is followed:

The solution of the problem applies a project approach  Cutting - circular saw, automatic band saw, plasma
with the basic postulates of logistics such as the systems cytter.
approach, algorithmic thinking, coordination, planning and Carving by plasma.
global optimization, which are contained in the parts Drilling - manual, stand drill, automatic.
forming the methodology: «  Tuming.
« The global objective of the project solution is 0, Thread milling.

increase productivity, increase the capacity utilization, Welding - electric arc welding in a protective
of equipment, reduce costs and increase safety at atmosphere of inert gas, spot welding

work, . «  Bending - manual, machine.

» Toanalyse the actual state of layout of production and
interoperation equipment, storage and interstora%z
areas, including pallets, crates and boxes that form
small buffers.

2 Material flow analysis
There are 6 main material flows in the company

. : , . - Figure 1), which are characterized by parts with final
;L%dggnleoa%%gtesgf”b?;gectt“.gtﬁ”:n%nqn?grnoc'2';?.;%roduction or with production for the finalization of
ploy producti : peratl uilding elements.

equipment, storage and interstorage areas and buffers

in the production hall, where building elements arﬂwrough the production hall according to the production

made. technology of each product. In the production of individual

* '(Ij'o clievelop a system fE,r deployment andhto gro_po oducts, many of the production operations are identical
eployment options taking into account the definef ing welding, drilling, milling, cleaning and re-drilling

critena. . _ _ after galvanisation, storage, affixing ID labels). The
* To design logistics elements, handling units for thg;oqction operations have their own product-specific

The material flow analysis shows that material flows

needs of streamlining operations in production.  h3rameters, which creates considerable variability in terms
efficient variant. requirements, as well as space requirements for the storage

* To design an efficient layout of production anchf materials at the start of production, work-in-process
interoperation equipment, storage and interstoragfaterials, semi-finished products, pre-galvanising or
galvanising products, and finished products.
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4.3 ldentification of deficienciesin terms of
material flows
There are following findings and shortcomings found N,
from the system analysis of the company's activities
focused on the allocation and layout of production &=
equipment, materials, semi-finished products, products,
waste and material flows:

e« The company places its work-in-progress, semi-
finished products, products and waste in a large area
within the production area (Figure 2).

* Materials in production, semi-finished products,
products and waste are stored in various non-
standardised “"boxes or containers" (paper and
polystyrene boxes, plastic crates, iron containers,
buckets, wooden boxes, etc.), many of which are not
suitable in terms of strength, technically and safety.Figure 3 Inefficiently used space around the plasma cutter in the

« "Containers" with production material, semi-finished production hall
girf?grt:acr:;s ,ty?)g’sd g?tsaﬁgg_wasm are placed on seveae.léll Design concept for thealloca@ion an_d_l:_slyout

«  Downtime on special production equipment, such as _ Of theworkplace and production facilities
automated drilling machines, caused by lack of There is advisable to implement the following
qualified personnel and production planning. measures to get the operation of workin the prqductlon hall

« Inefficiently used space around the plasma cutter §fore  efficient,  which include production and
blocked space around the plasma cutter with variodfd€roperation equipment, storage and interstorage areas,

materials and production waste (Figure 3). including pallets, crates and boxes and buffers:

« Inefficient use of space for the dispensing and To introduce standardised pallets into the production
receiving of semi-finished goods and products. process. _

- Crossing of material flows in the production hall. ~ * T introduce standardized pallet metal boxes and

. Repetitive loading and unloading of semi-finisned ~ nandling units into the production process.
and finished products in and out of crates, on and off ~ 10 introduce standardized pallet racks, stacking of
vehicles. pallets into the production process.

» To introduce storage racks and a shelf stacker for
metal sheets (plates) into the production process.

« To streamline the layout of workplaces while
respecting technical, technological and safety
conditions and constraints.

As many non-standardised crates, boxes, as well as
different types of pallets are used in production, it is
necessary to introduce standardised pallets, crates and
boxes to streamline handling, moving and storage
operations.

44.1 Storage- handling units
The design of handling units for the storage of
Figure 2 Location of materials, semi-finished products, produc aterials, semi-finished products, work-in-progress and
and waste in the production hall inished products is based on the existing dimensions of the
most common used euro pallets 800 x 1200 mm (Figure 4),
in addition to specialised transport units. The height of the
euro pallets is set at 144 mm according to STN 26 9110
standard. Its possible load capacity is as follows (according
to the mentioned standard):
* 1000 kg, if the load is arbitrarily distributed on the
upper surface of the pallet;
* 1 500 kg, if the load is evenly placed on the top
surface of the pallet;
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2 000 kg, if the load in solid form fits evenly acrosse
the entire upper surface of the pallet; .
4 000 kg an additional load when stacking, if the load
is on a pallet adjacent, full flat on a horizontal ande
rigid surface.

Figure 4 Standard Euro pallet size 800 x 1200 mm

Escape routes.

Taking into account the sequence of flows of
materials, semi-finished and finished products.

The needs determined by the manufacturing
technology.

Workers requirements.

Limitations due to the technical condition of the

production hall.

The layout designs (Figure 7, Figure 8) of workplaces,

production and interoperation equipment, storage and
interstorage areas and buffers are based on the following

conditions:

The design of the internal handling unit (hereafter,

referred to as the box) for use with a standard Euro pallet
(but also without it) is 600 x 400 x 200 or 400 mm (I x w X
h) for small-sized elements (Figure 5). According to the
above pallet and enclosure dimensions, the shape and
especially the dimensions of the handling boxes and the
arrangement on pallets (Figure 6) are designed to be 1200
mm x 800 mm or 1200 mm x 1000 mm.

4.4.2

$

600 ke

[ ] °
I ! I 1 | I
1 : | 1 [ 4 =Pl
: i ] | Siledio s
1 Boxl : Box2 | 1 Boxl: ]
| : o TN T |

1
T RET S | o eRNECS -
STHER W E
' ' i i N I
| Box3 | Box4 | i Box5 | 1
: I ! i 18 [ i i
] VS L _J___: ________

_kgﬁ

800

Figure 6 Stacking of ﬂproposed boxes on standardised pallets

Allocation and layout of workplacesin .
compliance with technical, technological and

safety conditions and restrictions

The solution and design of the allocation and layout of

workplaces, production and interoperation equipment,

storage and interstorage areas and buffers must take into

account the requirements and restrictions defined by
legislation, Slovak technical standards, manufacturing
technology and observe safety at work.

The basic constraints and requirements that need to be

taken into account when designing the layout are:

Corridors widths and space around machinery and
equipment.
Width of transition aisles.

The area around the headquarters (Control and
Personnel Centre), has to form a safe zone for the
production floor personnel. No forklift or other
vehicles shall enter the zone, any other elements
restricting movement such as materials, sheets,
cuttings, products, etc. cannot be placed in the zone.
The zone with the entrance and exit at the Control
Centre will form one of the main green escape routes.
The transition corridor in the middle of the hall must
be clear, without serious restrictions. In addition to
the material entrances and exits, the corridor also
serves as an escape route, located in the centre of the
hall between the two opposite doors. It must be kept
clear from the point of view of its functionality and to
ensure the continuity of material flows, supply and
safety.

The functional form of the products is given by the
welding workplaces. Welding processes form the
essence of production, it is advisable to centralize
them and place them among the columns in the
production hall with dimensions per one welding
workplace of about 4 x 4 meters. The material flows
are concentrated at the welding workplaces, which
have their own material inputs and outputs that are
dimensionally heterogeneous and as well as they are
related to each other in terms of technological
processes. For these reasons, it is advisable that the
workplaces should have dimensional variability on
both, the input and output sides of the workplace.
The production operations, with their technical
support, which form the main content of the
production and are carried out regularly, consisting of
several types of similar or identical equipment
(drilling, cutting), will be cumulated within their
sections. This measure can have the synergistic effect
of increasing production and the substitutability of
production equipment in one section, without the
need for unnecessary material transfers.

Production operations, with their technical support,
which do not form the main content of production and
are carried out sporadically, will be located at the end
or at the wall in the production hall (turning, thread
cutting, milling).
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« It is necessary to use standardized logistic racks as connected to the supporting columns in the hall (as it
well as available, non-standard but safe free areas, was before) for the efficient and safe placement of the
e.g. on the roof of a tool-warehouse-shelter in the steel plates (sheets), for the plasma cutter zone. This
production hall for the needs of efficient location and  solution opens up the possibility of variability for the
storage of tools, templates, matrices and other location of the sheet metal storage in a different
elements for production needs. location of the production hall columns.

» It is necessary to use the storage of the sheets in a
specialised self-supporting rack, which is not

drilling section

W/B\
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section

o

oversized custom production

cutting section

39
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43,0
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Figure 8 Design of the section layout in the production hall
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5 Conclusions [5] FABIANOVA, J., JANEKOVA, J., HORBULAK, J.:

The actual solution of allocation and layout has its own Solving the bottleneck problem in a warehouse using
laws, rules, techniques, procedures and methods. In manysimulationsActa logistica, Vol. 8, No. 2, pp. 107-116,
scientific papers, it is possible to find procedures whose 2021. https://doi.org/10.22306/al.v8i2.209
solution is based on common regularities such as the usd@fFEDORKO, G., HUSAKOVA, N., GREGOR, D.:
computer simulation [14-17], the use of modelling and Design of allocation of new technological equipment
CAD systems [18-21], the use of multi-criteria decision Within the frame of production process in company
making [22-25] or other approaches to solve efficient Getrag Ford Transmissions Slovakia, s.r.Acta
allocation and layout [26-30]. Montanistica Slovaca, Vol. 15, pp. 14-221, 2010.

The intention of the allocation and layout solution wak’] IZARIKOVA, G., RUDY, V.: Parametric structuring
to design an efficient layout of metal building elements Of production systems trought zonal modesita
production workplaces based on their operations and MechatronicaVol. 1, No. 3, pp. 11-18, 2016.
processes as well as logistical patterns for the needs[@f KLIMENT, M., PEKARCIKOVA, M., MIZERAK,
production efficiency and layout of production and M., TREBUNA, P.: Optimization of processes using
interoperation equipment, storage and interstorage areassimulation software elementagcta Simulatio Vol. 8,
and buffers in the production hall, while meeting the No. 2, pp. 9-15, 2022.
defined technical, technological, safety and optimization https:/doi.org/10.22306/asim.v6il.57 )
criteria. [9] GRZNAR, 'P., MOZOL, S., GABAJOVA, G,

The conceptual solution of allocation and layout for the MOZOLOVA, L.: Application of virtual reality in the
company engaged in the production of metal building design of production systems and teachiAgta
elements brought savings in the form of 30% reduction of Tecnologia, Vol. 7, No. 2, pp. 67-70, 2021.
crossing material flows, increased safety at work, created https:/doi.org/10.22306/atec.v7i2.110
workplaces that were arranged according to the procedl#®] KHOSHNEVISAN, M., BHATTACHARYA, S,
defined by the technology of products manufacturing, SMARANDACHE, F.: Optimal plant layout design
which ensures smooth material flows, safe zones without for process-focused systemsAdvances and
mechanization that were defined for workers, Applications in Statistics/ol. 5, No. 2, pp. 197-208,
standardization was introduced in terms of technical, 2005.
production and logistic means, small buffers located in[&1] SMUTKUPT, U., WIMONKASAME, S.: Plant
considerable area in the production hall were eliminated Layout Design with Simulatiorinternational Multi-
and other places without practical use were eliminated too. Conference of Engineers and Computer Scientists,

Vols | and I, Kowloon, China, March 18-20, 2009,
Acknow|edgement pp. 1834-1839, 20089.
The submitted paper is a part of the project 010TUKH12] PRASAD, N.H., RAJYALAKSHMI, G., REDDY,
4/2023 - Application of educational robots in the process A.S.:A Typical Manufacturing Plant Layout Design

of teaching the study program industrial logistics. Using CRAFT Algorithm12" Global Congress on
Manufacturing and Management (GCMM - 2014),
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Abstract: Researchers have been intrigued by parcel lockers for last-mile delivery services, prompting them to investigate
the matter more. This study examines factors affecting consumers’ intention to use parcel lockers through the Unified
Theory of Acceptance and the Use of Technology (UTAUT). This study proposed the mediating role of performance
expectancy in the relationship between social influence and effort expectancy with the intention of adopting parcel locker
services. An online structured questionnaire was employed and managed to collect data from 444 respondents. The non-
probability purposive sampling technique was chosen as the sampling technique, while the SmartPLS version 4.0 analysed
research data. The data found that performance expectancy and compatibility over consumers' intention strongly exerted
the intention to use parcel lockers. For the mediator factor, the analysis uncovered evidence that performance expectancy
can effectively mediate the relationship between social influence, effort expectancy, and intention to adopt parcel lockers.
The research demonstrated the significance of the UTAUT model in pinpointing the reason for the parcel locker's adoption
intention in Malaysia. The research findings could provide meaningful information to logistics businesses, courier
companies, and relevant government bodies to design and implement strategies to enhance the acceptance and usage
parcel lockers as the last delivery option compared to home delivery.

1 Introduction the efficiency, convenience, and security of the parcel

The sales from global e-commerce achieved an all-tin§iglivery process.
high of 5.2 trillion US dollars in 2021, and it is anticipated In Malaysia, Pos Malaysia created a parcel locker
that this figure will continue to rise in the years ahead [1§€rvice in 2016 known as the “EziBox". Meanwhile, a
As a result of the growing popularity of online Shoppingpartner_shlp was |n|_t|ated t_)etween Ninja Van and Prasarana
last-mile delivery (LMD) has gained prominence and/lalaysia Berhad, fitted with 86 parcel lockers along Rapid
become an integral aspect of the supply chain. One of #e Light Rail Transit (LRT) stations from Puchong to
potential options to improve the efficiency of LMD andGombak and Ampang. These lockers offer a convenient
logistics flow is automated parcel lockers [2]. In LMD,option for those not at home to receive deliveries and those
automated parcel lockers are a self-service technolo#§io prefer to pick up their parcels at the station during
(SST) that is a substitute for the more common honigeir daily commute.  In 2021, the Malaysian
delivery practice, allowing onsite and offsite users t§&0mmunications and Multimedia Commission (MCMC)
conveniently retrieve parcels, consolidate freighiaunched the National Courier Accelerator Package
enhancing the use of delivery transport, and shortenitgAKEJ) to boost postal and courier delivery services.
delivery routes [3]. As an SST, parcel lockers allo’AKEJ concentrates on introducing more independent
consumers to receive and send their parcels without thifick-up and drop-off (PUDO) activities for local
party assistance and m|ght solve the problems posed Qj§trlbut|0n StathI:]S. ThUS, ConSUmerS-Would. be offered
home delivery. These benefits have positively increasé@ore PUDO services, such as a collecting point or parcel
the use of parcel lockers worldwide. In modern logisticgtorage.

systems, parcel lockers are essential, as they can enhanc&ven though shipping companies are interested in
offering parcel locker services, the utilisation rate of parcel

lockers is not encouraging. For example, a mere 5.8% of

~ 567 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 10 2023 Issue: 4 Pages: 567-575 ISSN 1339-5629

Do I need to use it? Factors influencing the intention to adopt automated parcel lockers as last-mile
delivery services
Fara Adura Mohd Yusoff, Fazeeda Mohamad, Puteri Fadzline Muhamad Tamyez, Siti Aisyah Panatik

the parcels received by Ninja Van were delivered tbody of work connected to last-mile delivery, especially in
designated collection points [4]. Extensive studies ha¥be context of parcel lockers. Third, the suitability of the
indicated that the typical consumer remains uncertalbiTAUT model for the Malaysian context could be
about using these types of self-collection services becawestablished in this study.

of innate inertia, concerns about the technology, the lack of

convenience, and fear of being exploited if they use 2 Literature review and research
parcel locker [5] and [6]. Past studies iII_uminated thqt hypotheses

consumers must embrace the technology instead of Str?cfl Unified theory of acceptance and use of
implementation since forced utilisation could affec

attitudes negatively [7]. For the success of parcel locker technology (UTAUT)

services, an immediate investigation of consumer Ihm thef Reld of technoc:ogy acfciptahncel, theUL_I{rXIiﬁrd
intentions in Malaysia towards using parcel Iockerssig eory of Acceptance and Use of Technology ( )

required. Moreover, although this innovation in LMD i as been utilised extensively to examine different types of

i ; technologies, including learning systems [9], electronic
?é?ﬂlng popularity, researchers have largely neglectedg%vemmem systems [10], and online banking [11]. The

The LMD field gains a substantial depth of knowIedg&urrem work evaluates e-commerce-related behavioural
from this research. First, it could expand the existin tention to adopt one type of self-service technology

knowledge regarding the intention to use parcel locke z_arcel Iockers_) as a 'aSt'.”.‘”e d_elivery sewige due to its
among consumers, specifically those in Malaysifv'dem capacity to be utilised in an extensive array of

: hnology acceptance studies. Hence, the study
Secondly, assessing the part played by performan‘k,eeC . Lo
expectancy as a mediator makes a useful contribution to fRRMEWOrk is based on the UTAUT presented in Figure 1.

FACILITATING
CONDITION

SOCIAL INFLUENCE

PERFORMANCE INTENTION TO
EXPECTANCY ADOPT PARCEL
LOCKER
EFFORT
EXPECTANCY
COMPATIBILITY
Figure 1 Framework of the study
2.2 Social influence have found that perceptions of EE affected the acceptance

In the current work, social influence (SI) refers t®f various technologies: mobile applications [14],
significant individuals - for example, friends, familyexoskeletons [15]and online pharmacy [16]. In this study,
members, or those in the community and social circle - wiassigning EE as a predictor aids in analysing the belief
might impact users by supporting the selection of parcpatterns of consumers in terms of using self-service
lockers when delivering online purchases. In LMD studietgchnology, i.e., parcel lockers. The study formulated the
past studies suggested that social influence assumeshspothesis:
important role in forecasting behavioural intention in
utilising autonomous delivery vehicles [12] and parcdt2: Effort expectancy positively influences consumers’
lockers [13]. Thus, the first hypothesis is: intention to adopt parcel locker services.

H1: Social influence positively influences consumer2.4 Performance expectancy

intention to adopt parcel locker services In the present study, performance expectancy (PE) was
measured by how much easier people thought sending and
2.3 Effort expectancy receiving packages would be if they used a parcel locker.

Effort expectancy is assumed as the belief than earlier LMD studies, PE was also crucial in determining
consumers held parcel locker delivery and collection e intention to select autonomous delivery vehicle
simple; it just requires a smidge of effort. Previous studigervices [17], express delivery service [18], and green
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banking technology [19]. Based on the flexibility of pick-3 ~ Methodology

up times and the availability of 24-hour operations, the The completion of the objectives of the study was

performance of LMD was expected to improve with parcebunded on the quantitative method. The unit of analysis in

lockers. Thus, the second hypothesis is: this study was a person, whereas the response refers to
individual responses from e-commerce consumers who

H3: Performance expectancy influences consumergad never experienced using parcel locker services. This

intention to adopt parcel locker services. study conducts survey research by utilising voluntary
o N sampling as a form of non-probability sampling technique.
2.5 Facilitating conditions In determining the minimum sample size, G*Power 3.1

The current study defines facilitating condition (FC) aperformed a priori power analysis [26]. Based on five
the availability of an environment and infrastructure thasredictors and to obtain 95% power, medium effect size of
can support the parcel locker application as a last-mife15 and a confidence level of 0.05, 138 minimal sample
delivery service for online purchases. Other papers hagiges are needed for this study. As [27] suggested, a
iluminated that FC significantly influence consumerssample size of 30-500 was considered appropriate. Based
intention to embrace autonomous delivery vehicle services the G* power calculation, 444 responses were collected
[17] and online shopping [20]. Thus, based on past finding test the suggested model. The data was collected during
the next hypothesis stated that: August 2022 through Google form in an online survey

form.
H4: Facilitating ~ conditions  positively  influence  The items used in the questionnaire were collected by
consumers’ intention to adopt parcel locker services.  procuring items from previous studies. The works of [13]
were utilised for PE, EE, FC, compatibility, and intention;
2.6 Compatibility those of [28] were utilised for Sl and FC; those of [21]

This study proposed compatibility as to whether thevere utilised for Sl; those of [29] were utilised for
LMD innovation - the self-service delivery known ascompatibility; and those of [30] were utilised for intention.
parcel lockers - was compatible with consumers' currehe first section inquires about the respondents'
values and lifestyles. In the field of innovation acceptancbackground. Meanwhile, section two focused on the
compatibility has been revealed to be a key element factors that led consumers intention to adopt parcel lockers.
many areas, such as e-wallets [21], self-collection servic€kirdly, the intention construct was assessed in the last
[3], and mobile wallets [22]. With the shift in consumerssection. The questionnaire utilised a seven-point Likert
lifestyles from offline to online shopping, most workingscale, from 1 (strongly disagree) to 7 (strongly agree). The
consumers are not at home during delivery. Thus, parstludy opts for Partial least square-structural equation
lockers could be another home delivery optiomodelling (PLS-SEM) to analyse the data. This study
corresponding to their requirements, values, and lifestylespted for PLS-SEM due to the capability of SEM to
Thus, the following hypothesis was formulated: demonstrate statistically significant constructs and

stressing predictions when estimating statistical models.
H5: Compatibility has a positive influence on the intentioBased on the recommendation of [31], a two-step SEM
of consumers to choose parcel locker services. analysis was employed, featuring the measurement and
structural models.
2.7 Mediating effect of performance expectancy
Limited research has explored how performancd Result and discussion

expectancy might mediate between effort expectancy aadl  Respondents’ demographic
social influence in parcel lockers utilisation intention. Regarding their demographic profile, from the 444
Based on the_p_rewous literature, consistent correlatiopsspondents, the proportion of female respondents (74.1%)
have been exhibited between EE and PE [24,25], Sland Bﬁwmghed that of male respondents (2595%)
[25], and PE and intention [18]. Therefore, this studrespondents looked to be largely in the 18-24 age range.
predicted that PE would play the mediator role in 1) linkingh terms of employment, most of the online consumers in
EE to the intention to adopt parcel lockers and 2) betwegls study were students (59.9%), followed by those in full-
Sl and parcel lockers adoption intention. Thus, H6 and H§me employment (32.0%). Meanwhile, most respondents
are: made online purchases monthly (46.4%), but around a
o quarter of consumers rarely made such purchases (25.7%).
H6: Performance expectancy has a mediating effect on thigyst respondents preferred a home delivery mode for
association between social influence and the intention ghtaining their products bought online (96.40%). This
select parcel lockers. implies that traditional home delivery remains popular

o among online consumers in Malaysia.
H7: Performance expectancy has a mediating effect on the

association between effort expectancy and the intention to
select parcel lockers.
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4.2 Common method bias

As the study only collected single source data}.3 Measurement model analysis
following the advice from [32], the first step was to check.3.1  Reliability analysis
common technique bias. Using this method, each variable Before condusting the analysis, the measurement
was regressed on a single common variable. Should thedel has been developed a sshown in Figure 2. The
variance inflation factor (VIF) be below 3.3, no bias ha€ronbach’s alpha and composite reliability values for each
been introduced from any single data source. Considerifagtor are shown in Table 2, demonstrating that every value
that the VIF in this study was smaller than the thresholdas higher than the predicted factors’ 0.7 cut-off point
value of 3.3, no conflict was seen with common methd@®3] and thus indicates the high reliability of the measures.
bias and no evidence of single-source bias in the responses.

| coupt | | compz | [ comps | [ cowmps |
o5y 0968  0.966 {gsp
0.907
si2
0.920
0.841
s . S 102 o1,
PE1 \ -
L > [ e ]
= 0.923 0.614 BI3
0.833 )
[ees 1.
PE
=
0,882 0.042 BIS
mﬂ.ﬂ?:{
0.900
EE
EE4
/0.314 0.856 UFS(J:“] 0.817 U.STQ\
| Fret | [ P2 | [ Fea | [ Fea || Fes ]
Figure 2 PLS-Path Model
4.3.2 Convergent validity they were considered significant. Meanwhile, over half of

To determine the eligibility of employing a structuralthe item variances in each construct differed statistically
model to test these hypotheses, the measurement modsigiificantly from the others because the latent constructs'
convergent and discriminant validity had to be determineextracted average variances (AVE) ranged between 0.708
The first step was to construct the measurement model vaas] 0.919, above the optional 0.5 cut-off value [33]. Since
created, as shown in Figure 2. Based on the views of [26]| the values were above the minimum level recommended
at the point at which the loading and average varian@ethe literature, the conditions of convergent validity were
explained (AVE) reach 0.5, convergent validity is deemeahet in this study. The findings of the measurement model
to have been obtained. As each standardised loading itkave been compiled in Table 1.
was above the 0.7 threshold value for their predicted factor,

Table 1 Convergenalidity

Construct Item Outer Cronbach's CR AVE
Code Loading alpha
Behaviour Intention BI1 0.90¢ 0.96( 0.96¢ 0.861
BI2 0.93:
BI3 0.94¢
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Construct Item Outer Cronbach's CR AVE
Code Loading alpha
B14 0.93(
BI5 0.92¢
Compatibility COMP1 0.951 0.971 0.97¢  0.91¢

COMPZ 0.96¢
COMP: 0.96¢
COMP¢ 0.95(

Effort Expectancy EE1 0.88: 0.91¢ 0.941  0.79¢
EEZ 0.92(
EEZ 0.87:
EE4 0.90(

Facilitating Condition FC1 0.81¢ 0.89¢ 0.92¢  0.70¢
FCz 0.85¢
FC:z 0.84(
FC4 0.817
FCt 0.87¢

Performance Expectancy PE1 0.85¢ 0.89¢ 0.927 0.76:
PEZ 0.92:
PE: 0.83:
PE¢ 0.87¢

Social Influence Si1 0.90( 0.89¢ 0.92¢  0.76¢
SI2 0.91¢
SI3 0.83¢
Sl4 0.841

4.3.3 Discriminant validity having values of (b=0.091, t= 1.884: LL=0.014, UL 0.174)

Discriminant validity must be determined whenand (b=0.577, t =10.091: LL= 0.481), respectively.
convergent validity has been demonstrated. Discriminafherefore, H4 and H5 were supported. Conversely, no
validity was achieved when the heterotrait-monotrait ratisupport was demonstrated for social influence (b=0.055, t
(HTMT) value was less than 0.90 [34]. Based on Table 2, 1.057), effort expectancy (b =0.087, t = 1.399), or
all the HTMT values met the specified conditions, provingacilitating conditions (b=0.042, t= 0.868). Regarding the
that the discriminant validity had not been affected. mediation analysis, both H6 and H7 were supported. By

following a suggestion by [36], the significant relationship
Table 2 Discriminant validity: Heterotrait-Monotrait Ratio  that effort expectancy had intending to adopt when
Statistics (HTMT) performance expectancy was the mediator is shown in
Bl COMF EE FC PE SI  Table 3 (Sk»PE — INT; b=0.017, t= 1.467) and (EE —
PE — INT; b = 0.059, t=1.813). Concerning % the

Bl

COMF  0.78( investigation discovered thatfor COMP— INT =0.358

EE 0.66( and PE— INT= 0.008, indicating that the effect size of
FC 0.51: each hypothesis is either small or large.

PE 0.62( 0.54¢ Regarding the variation in intention, 52.9% might

Sl 0.601 0.68: 0.71f 0.72¢ 0.67( be explained by the exogenous variables, as shown by the

value of the coefficient of determination (R2) being 0.529.
4.4  Structural model analysis [37] recommended using PLS predictive to improve
Based on the suggestion by [35], standard beta (bjedictive capability in response to the current critique of
values, and t-values obtained through bootstrapping withtze blindfolding practice. Most RMSE values for PLS-
resample numbering 5,000 were analysed to measure &M were below those of the LM for the dependent BI
structural model. As indicated imable 3 performance constructs, as Table 4 shows. The study concluded that the
expectancy and compatibility were significantly linked tonodel has medium predictive power. Meanwhile, some
the intention for parcel lockers adoption, with each variabledicators recorded lower RMSE values for predicting the
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errors of PLS-SEM than the LM for the PE construct,
indicating the low predictive power of the model.

Table 3 Summary of hypotheses testing

Confidence
Interval
Hypotheses Path Beta Stéarr;g?rd tValue 5.00% 95.00% Decision
Direct effects
H1 S| -> Bl 0.05¢ 0.05: 1.057 -0.03: 0.13¢ Not supporte
H2 EE-> Bl 0.087 0.06: 1.39¢ -0.01% 0.18¢ Not supporte
H3 PE-> BI 0.091 0.04¢ 1.88¢ 0.01« 0.17¢ Supporte
H4 FC->BI 0.04: 0.04¢ 0.86¢ -0.041 0.11¢ Not supporte
H5 COMP ->BI  0.577 0.057 10.091 048  0.670 Supported
Indirect effects
H6 SI->PE->BI 0.017 0.011 1.647 0.00¢ 0.03¢ Supporte!
H7 §|E > PE > 4059 0.032 1813 001 0117 Supported
Note: p< 0.05 (1-tailed test). LL, lower limit; UL, upper limit at 95% and 99% confidence interval
Table 4 PLS predict to adopt parcel lockers. These outcomes resemble those
Items Q2 predic PLS-SEM RMSE LM _RMSE obtained by other researchers investigating technology
BI1 0.46: 0.90: 0.931 adoption in e-wallets [22] and mobile banking [38]. In a
BI2 0.50: 0.84: 0.86¢ trend predicted to be ongoing, the typical modern
BI3 0.52¢ 0.91% 0.93¢ consumer has generally become familiar with online
Bl4 0.49¢ 0.94¢ 0.96¢ purchases. Furthermore, most consumers, especially those
BI5 0.49: 0.97: 0.991 in cities, work and not at home for parcel delivery.
PE! 0.411 0.93% 0.93: Therefore, a parcel locker can be considered a delivery
PE: 0.54¢ 0.83¢ 0.81( method compatible with modern consumers’ lifestyles.
PE: 0.38: 0.97% 0.99: Social influence was found not to significantly
PE< 0.49¢ 0.89¢ 0.90¢ influence consumers' intention to adopt parcel locker
services, so H1 was not supported. Alignment was
5 Discussion and conclusion identified between this outcome and those of previous

These results could become the basis for further studigdies to have employed the UTAUT model, in which
on using the UTAUT model in the context of parcepocial influence was revealed as less relevant [14]. This
lockers. Each predictor variable’s standardised be¢@uld have been because the current research was
coefficient was checked to inspect the impacts on tf@nducted from the individual perspectives of consumers
endogenous variable of the exogenous variables, as ¥ghout experience using parcel lockers. Itis highly likely

research hypotheses outlined. Nevertheless, Heat most of the respondents had a social circle or lived in
contribution was made to the intention to adopt parc@ community that did not use parcel lockers. Therefore,
locker services by Sl, EE, or FC. social influence has no significant influence on the

Asillustrated in Table 3, three hypotheses were rejectéfention to use parcel lockers. _
(H1, H2, and H4), and four hypotheses were validated (H3, This study also shows that the exogenous variables of
H5, H6, and H7). Of the UTAUT predictors, performanc&E and FC did not significantly affect behaviour intention;
expectancy (H3) was the most significant factor for thBence, H2 and H4 were not supported. The outcome
subjects studied. The current findings correspond to thod@monstrates inconsistency with certain previous works,
obtained in different studies on LMD, which havewhich have illustrated the important influence of the EE
illustrated how performance expectancy significantijactor on the intention to utilise technology [39]. Given
impacts the intention to utilise various LMD-relatedhat the parcel locker is a new method of delivery in
technologies [18,19]. This shows that Malaysiafomparison to standard home delivery, this finding was
consumers' intention to adopt parcel locker services wadrprising, even though it was consistent with those of
strongly founded on factors highlighting functionaiseveral other studies [40] and [21]. The facilitating
advantages (performance expectancy). conditions findings were consistent with those of other

Except for that UTAUT construct, compatibility wasresearchers [41] and [42] who found this was not a
also found to significantly influence consumers' intentiofiignificant factor affecting individuals' intentions to utilise
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technology. In this study context, the sample consisted firfidings, which are a valuable contribution to this type of

non-users of parcel locker services, so they may hakesearch in the context of a developing country.

lacked the understanding and skills necessary to facilitate

parcel lockers in terms of the organisational an@.2 Practical implications

technological infrastructure. To ensure the outstanding performance of parcel
The study suggested that PE was a mediator betweebkers, courier managers should devise various

the relationship of SI and adoption intention and betweaachniques. This should lead to improved consumer

EE and intention to adopt. The result validated thexpectations of the performance of parcel lockers and an

mediating influence of PE on the connection between Hficrease in positive recommendations from those in their

and H7. These results demonstrated the significance gifcial circle. Once they recognise the good performance of

performance expectations in shaping consumers' intentiparcel locker services, consumers will not hesitate to use

to utilise automated parcel lockers. The analysis @&lch services even if they know they must participate and

Hypothesis 6 revealed that performance expectancy wowglert more effort to complete the delivery process. A

likely decline when individuals in a respondent’s circlefurther recommendation is to exploit media platforms -

such as their friends or family, did not use parcel lockegsich as short message services (SMS), emailing, and social

and thought the respondent should not use such servigesworks like Facebook - as these can be useful in fostering

either, which appeared to affect the respondent’s decisiefectronic and effective word of mouth. This would

about whether or not to use the service themselves. Tihgprove the function of future parcel locker consumer

acceptance of H5 means that when consumers possessténtion and adoption rates.

high level of performance expectancy and are informed of

the superiority of automated parcel locker services, thgy | imitations and suggestions for future

are more inclined to employ automated parcel lockers, research

even if they need to make additional efforts to receive their h h highliaht h lth

parcel compared to when arranging home delivery. The current research outcomes highlight how useful the

UTAUT model could be in conducting analyses of

In conclusion, performance expectancy is a ke . ! . )
alaysian customers’ perceptions of self-service parcel

influence on the intention to use parcel locker SerVicel%ckers Regardiess of the significance of the study's

Therefore, delivery companies offering parcel Iocke{ . L .
; . . . indings, some limitations may determine future research
delivery services should prioritise enhancing the

functionality and performance of parcel lockers t(g)aths. Firstly, the sample could be expanded to allow for

) .~~~ Coverage of a broader geographical area of Malaysia, such
encourage more consumer interest and adoption in t

future. Apart from providing effective parcel locker S other rural areas, instead of focusing solely on an urban

. i : . area. Secondly, this study utilised the UTAUT paradigm to
services, delivery companies and relevant agencies shou ; . : . )

) ) : examine potential drivers of intention to use. Therefore,
also disseminate details about the advantages af

. -~ 1the body of knowledge could be augmented by

performance of parcel lockers, such as service efficienc L . . o .
T ; . ifivestigating online shoppers' motivations for using

accuracy and reliability, convenience, and environmenta . .
. ! . automated parcel lockers from various theoretical
considerations. As parcel lockers are useful and easier 0 cpectives
collect and post, it is paramount to highlight these featurB§">P '

among consumers to motivate them to move from tf)&
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Abstract: Supplier Relationship Management (SRM) has been recognized to play an important role in improving
purchasing performance. However, there is no evidence yet to prove this application in the aircraft maintenance, repair,
and overhaul (MRO) industry in Thailand. This paper studied SRM which are arm’s-length SRM and cooperative SRM
practices, and their impacts on purchasing performance in the aircraft MRO industry of Thailand by using Delphi
Technique. Data are collected from in-depth interviews, and by means of a questionnaire. Sample group of this research
are 20 specialists who involved with purchasing processes in aircraft MRO. The results show that cooperative SRM
improves purchasing performance in all aspects, while arm’s-length SRM only improves purchasing performance in
reducing sales price.

1 Introduction and Singapore. Purchasing in the aircraft MRO industry of
The COVID-19 pandemic hampered the economiEhailand still focuses on supporting operations, rather than
growth of almost every country and resulted in closure §€ing a core strategy of the organisation. As a result, it is
many airline companies. In 2020, aviation industrympossible to optimise purchasing performance [6]. Due to
revenues totalled $328 billion, around 40 percent of tH@€ recovery of aviation industry, the demand in aircraft
previous year [1] With more than half of the g|oba| ﬂeemal.ntenarl]ce and al.rcraft Spare partS requrement INncreases.
on ground in 2020 and lower utilization of the remaining€livery time and inventory management have become
aircratft, airlines deferred as much maintenance as possiplain activities in this situation, as well as cost control.
to preserve the company cash flow [2]. According to theherefore, finding an effective purchasing strategy for
Oliver Wyman forecast in 2020, the MRO revenues acrod¥craft MRO has become essential and consequently SRM
the aviation industry declined 41 percent if compared with aircraft MRO industry received more attention than in
2019. However, as per a report, MRO demand is expectefVious.
to grow 50 percent between 2021 and 2024 and increase of This research is qualitative research by using Delphi
over $30 billion, as fleet size and utilization gradually geesearch method, which is suitable to collect expert
back to pre-COVID level [3]. Heath Patrick, Steven LiefPpinions in a small group and allow experts to re-consider
and Jim Currier, leaders from Honeywell Aero Spacteir opinions in the topics that they answer. Data were
explained that the aviation industry need to focus on cda@llected from purchasing managers and senior purchasing
structure, reliability of aircraft and equipment, support staffficers in the airline MRO division or aircraft MRO
and crews to recover post pandemic [4]. To reduce cost dnpanies in Thailand. There were 10 organisations and 2
increase the reliability of aircraft, MRO purchasing will bé€ople from each were interviewed. The objective is to
an important tool in this situation as it will support the flowstudy SRM activities, the implementation of SRM, and its
of MRO inventory and aircraft maintenance efficiency. €ffects on purchasing performance. Results are used to
SRM is a purchasing strategy which has beeluild a conceptual model of SRM types that suitable to the
recognized for reducing purchasing costs, purchasifgfcraft MRO industry.
errors, the process of inventory management, while ) )
improving product quality and the accuracy of produ® Literaturereview
delivery [5]. Through research, such recognition has been In recent times, the theories, conceptual frameworks,
proven in manufacturing, retail, wholesale, and distributioand researches about SRM have received a lot of attention.
sectors. However, when employing SRM, there is ndflost researches focused on the characteristics of different
much evidence proving improvement to the purchasirgRM types and the impacts of SRM on organizational
performances of other industries, including aircraft MR@erformances in terms of costing and production
industry. When purchasing aircraft spare parts, the aircraftficiency. However, this research studied the impacts of
MRO industry in Thailand has some drawbacks iSRM on purchasing performance. The literature review
comparison to neighbouring countries, such as Malaydiacuses on SRM factors in selecting SRM types, different
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SRM types, purchasing, purchasing performance aw@cisions in choosing SRM type is tlellaboration
variables used in the conceptual model. degree with supplier There are two important factors
relating to collaboration degree with supplier, which are
2.1 Supplier Relationship Management (SRM) the degree of collaboration according to the activities that
SRM is an ongoing process, which aims to build aupplier and buyer doing together [15], and the degree of
harmonious purchasing-supplier relationship, througéollaboration according to information exchange or
which both parties work together to streamline and maleformation sharing [16].
the purchasing and supply chain processes more efficient
in long term [7,8]. Different ways to categorize the2.3 Purchasing and purchasing performance
purchasing-supplier relationship have been presented by Many companies have turned their attention to
academics and researchers, however, they are generpllychasing because it greatly influences cost reduction and
categorized into 4 ideals. enhances business competitiveness. Nowadays, purchasing
The first one is ararm’s-length relationship, which concepts differ from purchasing concepts in the past.
occurs only when a purchase occurs. It is a short-teffimaditional purchasing concepts focused on ‘low price and
purchasing-supplier relationship which mainly focuses oon-time delivery. However, these contained additional
reducing costs, and there is no collaboration or two-wdydden operational costs [22]. Purchasers nowadays focus
exchange of information [9-13]. The second is represented complete cost reduction, value-added service, the ability
by aparticipating relationship between the supplier andco meet customer needs and long-term supplier
purchasing. Both organisations coordinate to solvelationships [23]. No matter which concepts are used, an
problems, but on a limited basis. The partnership usualbyganization still needs efficient purchasing, and that
has short-term aims, which mostly targets on cosefficiency must also be measurable. According to literature
reduction and prompt product delivery [9,11,13]. The thirdeviewed, purchasing key performance indicators can be
purchasing-supplier relationship is &ollaborative divided into 4 categories, which comprise: cost
relationship in which purchasing and sales cooperate effectiveness, quality performance, on-time delivery, and
strategy planning, operational planning and problemuantity accuracy [24].
solving. This relationship has long-term aims and focuses Cost effectivenessis the most important key
on cost-reduction and improvement to the efficiencies glerformance indicator for measuring purchasing
both organizations [9,10,12,13]. The last sgategic performance. Cost effectiveness focus on unit price
alliancesthat are represented by collaborative purchasingeduction, ordering cost, inventory cost and transportation
supplier relationships, with no ‘end-date’. Both parties amost.Quality performancefocus on the quality of product
committed to working closely together, in joint: producpurchased and the quality of supplier. It is measured by the
design, strategy planning, problem solving and venturdsvel of product purchased that not meeting the quality
They aim for complete cost reduction and improvedequirement, the purchasing satisfaction level of the

performance [10,11,13,14]. supplier's performance in responsibility and delivedn
time delivery measured by lead time requirement, the
2.2 Factors which affect the decisions in number of on time delivery, delay of production process
choosing SRM types due to late delivery of product or material. The last key

SRM is categorized into many types, according to tHeerformance indicator isquantity accuracy which
characteristics and activities. Therefore, implementation 8¥€asured by the number of deliveries with the incorrect
the right SRM type to the industry is essential [9]. From tHauantity and defects, andlthe deficit or surplus of inventory
literature review and related researches, factors whi€gused by the purchasing and scheduling departments
affect the decisions for choosing SRM types can bBemselves.
summarized into three main factors.

The first factor is product purchasdgpes of products 2.4 Research gap
purchasedhas direct impacts on SRM types [15]. Product According to the relevant literature, there are various
quality and unique features or product types are importagftidy areas for SRM research. Some focus on SRM's type
factors to consider too when choosing SRM types [163nd activities in the different environments, some focus on
Product price and product value are also important whéme impacts of SRM on interested factors, and while some
selecting SRM types to implement [17,18]ypes of focus on the factors that affect SRM.
purchasing policiesis the second factor affecting the In this research, we focus on 3 important areas in SRM,
decisions in choosing SRM types. The main importanthich are types of SRM used in aircraft MRO industry,
purchasing policies according to the literature review afgctors that influence selecting SRM types and the effects
purchasing policy according to supplier ability, purchasingf SRM on purchasing performance. Hines [9] explained
policy according to purchasing costs, and purchasififat different SRM types are suitable for different business
policy according to purchasing contract period [16,19-21%ituations. To implement the right type of SRM, the
The different purchasing policies are suitable to theompany needs to understand their requirements and
different types of SRM. The last factor affecting thdimitations, including examining the factors that related to
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selecting SRM types in each business situation. SRM hagrchasing managers and senior purchasing officers in the
been proved to have significant impact on organizaticarline MRO division, or aircraft MRO companies in
performance in many areas, such as cost reductidhailand. Two specialists were selected from each of 10
operation and production performance, distributiorprganisations. The sample size was 20, which is the
inventory control and purchasing performance. Thguantity required to achieve a reliability success rate of 90-
different SRM types will bring different benefits in95% [26]. In Delphi exercise, a minimum of 12
business performance. The study about different typesrespondents is generally considered to be sufficient to
SRM and their effects on different purchasing performan@nable consensus to be achieved [27]. Each organisation
indicators will also help organization to design andvas chosen by using simple random sampling, from a
implement the correct SRM type to suit their requirememiopulation of 40 organisations [28]. Data collection was
and situation, especially in post Covid-19 recoverdivided into two cycles to compare and confirm the opinion

situation for aircraft MRO industry. of experts for each question. In the first cycle, open-ended
guestions were used in in-depth interviews, which were
3 Methodology also semi-structured interviews. In the second cycle, a

This research is qualitative research using Delpkating scale questionnaire and structured interviews were
research method (Figure 1), which has been proven to be@h conducted. Both were pre-planned interviews [29],
reliable measurement instrument in developing newhich covered the topics relating to SRM types: factors
concepts and setting direction of future-orientated resear¢hich affect the decision-making in choosing SRM types,
[25]. Data were collected from in-depth interviews, and burchasing performance measurement, and the impacts of

means of a questionnaire. These were conducted M on purchasing performance.
3 main area of study which are
. . iF ff lecti f SR
Literature Review 1. factors a ect‘to s.e ecting typ.e of SRM
=1 2.Type of SRM in aircraft MRO industry
3. Effect of SRM on purchasing performance
l o
/ In depth — Interview with 20 participants from 20 organizations \
in aircraft maintenance, repair, and operation industry in order
Data collecting by using Delphi to examine, and compare, the variables from literature reviews
Method (Round 1) and the variables of real environment. The data obtained were
analyzed and synthesized to use in determining the framework
l \ of the research in the next data collection /
~

Using questionnaire to collect data with same sample group and
find the median and the interquartile rank (IR). The variables
Method (Round 2) which had a median of above 3.50 and an interquartile rating of

below 1.50 were only considered as significant, respectively.

Data collecting by using Delphi

v

R 4 N

) ) Data were analyzed and synthesized based upon the theories

Analysis and Synthesis data and and concepts derived from literature reviews and researches.
building conceptual model of SRM A conceptual model of SRM types suited to the aircraft
maintenance industry was built.

J . J
Figure 1 Flow diagram illustrating the method of this research

4 Results 4.1 Results from the first cycle of data collection
The results will be presented in two parts. The first part The results obtained from the open-ended questions in

showed the results obtained from the first cycle of dathe interviews with specialists showed that there are two

collection, and the second part is the results from tmaain types of SRM used in the aircraft MRO divisions of

second cycle of data collection. Details are as follows: airlines or aircraft MRO companies: arm’s-length SRM
and cooperative SRM. The factors affecting the decisions

for choosing each SRM can be summarised into four types
of ideals: (1) types of goods/parts purchased, (2) supplier
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type, (3) purchasing policies, and (4) collaboration degresippliers. For product types that separated by its
between suppliers and purchasing. For the variables relategpbortance level for aircraft, specialists suggested using
to the SRM activities, the data from in-depth interviewsooperative SRM with the more important parts and arm’s-
showed that there are three main categories: (1) purchadieggth SRM with the lesser important parts.

activities, (2) information-sharing related activities, and (3)
other activities in managing product quality, managing
inventories, and using supplier technologies an
knowledge. For the impacts of SRM on purchasin
performance, most interviewees reported that SRM wi
affect purchasing performance, in four areas: (1
purchasing costs, (2) purchase volumes, (3) delivery le:
times, and (4) supplier performance.

4.2 Results from the second cycle of data
collection
Data from the in-depth interviews conducted were use
to develop a rating scale questionnaire to collect data fi
forming a structured interviews. The questionnaire wa.
given to the same sample to verify the importance of the Figure 3 Median score for type of supplier which effect to
variables to be used when developing a SRM conceptual selecting SRM type

model that suit the aircraft MRO industry in Thailand. The ) ) - L
results of the second cycle of data collection can be SuPplier type directly affect the decision-making in

summed up in the variables used, as shown in figure 2-£8100Sing SRM types. Specialists emphasized the median
The result of factors which affect decision in choosin@é?ore of all factors under this category are over than 3.5.

SRM types is shown as radar chart for each sub-factors gen studying the details, cooperative SRM is found_to be
Figure 2 - Figure 5. used for suppliers who have had longer business

relationships and high trading values, and suppliers who
scored high in supplier evaluation. In contrast, arm’s-
length SRM is used with suppliers who have had a short
business relationship and have low trading values, and
& suppliers who passed the supplier evaluation at standard
level. The results also showed that cooperative SRM is
used with suppliers who are on the reference list of aircraft
manufacturers, while arm’s-length SRM is used with
suppliers who are not.

Figure 2 Median score for type of product which effect to PR Gl Wit
selecting SRM type focu

The results showed that specialists emphasised
almost all factors, excluding product types separated
repairability whose median score is 2.5. Most specialis o
explained that types of goods can be divided int
‘Consumable products’ and ‘Reparable products’ and ¢ : 2
SRM types are used for both consumable and reparau'Figure 4 Median score for type of purchasing policies which
products. The results also showed the factors of goods type effect to selecting SRM type
according to value and price is the most important.
Cooperative SRM is suitable to employ for goods which - g6 cjajists emphasized all factors related to purchasing
have high value and only provided by a limited number(g

i ol h X bl olicies, the median score of all are over than 3.5.
suppliers. In contrast, arm’s-length SRM is suitable tg,,cha5ing policy that focus on quantity of supplier get the
goods which have low value yet provided by multiple,

ighest score from specialists. Cooperative SRM is used
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for a single supplier policy, while arm’s-length SRM issuppliers through bidding processes by comparing prices.
used in multiple supplier purchasing policy. Cooperativit followed by determining supplier quantity, making
SRM suits to use in purchasing policies which focus otontracts and negotiating. Purchasing activity which got
complete purchasing costs, long-term contracts, and withe least attention is making frequent small quantity orders.
win negotiations. On the other hand, arm’s-length SRNIhe median score for is 3, lower than 3.5. Specialists
suits for purchasing policies which focus on price, nexplained that arm’s-length SRM focuses on price,
contract terms, and win-lose negotiations. competition, and goods delivery. In most purchasing
activities the buyers need to contact multiple suppliers.
This results in longer lead-times in the purchasing process.

Figure 5 Median score for type of level of collaboration which

effect to selecting SRM type Figure 7 Median score for Arm’'s-length SRM in information-

. . hari tiviti
The collaboration degree between purchasing and sharing activities

supplier focuses on the areas of information-sharing, time-

line Off collﬁboranon and b;JhsmegsE) pgrpose, ;c_he Smlgl?/:%? related activities in both cooperative SRM and arm’s-
score for all aréa are over than .5. Looperatve Ibsngth SRM but differ in the details of information sharing.

smtable_to empl_oy W'th.the suppliers Who have greatel, arm’s-length SRM, the results showed that purchasing
level of information-sharing, longer perceived duration ofnd sales only exchange information related to the

collaboration and financial recuperation, and ventures in oducts, or parts purchased when making orders. The

other areas. The mterqgarple range for every _fac.t(.)r a®mmunication is not frequent and there is concealment of
equal to 1, therefore, it is considered as significant, ¢ rmation between companies

respectively.

The result of important activities in both SRM types ir
shown as radar charts for sub-factors as Figure 6
Figure 11.

Specialists paid much attention to information-sharing

Figure 8 Median score for Arm’'s-length SRM in other related
activities

Specialists also emphasized other related activities,

. . , , - such as quality and quality checking of incoming delivery,
Figure 6 Median score for Arm's-length SRM in purchasing reiacting or returning defects when they have been
activities assessed. However, they do not give priority to activities

hich use supplier technologies and knowledge, the

The pu_rchasmg_ activities in arm s-Ie_ngth SRM tha.}r::edian score is 2, which is lower than acceptable median
most specialists paid the greatest attention to is selecting
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score. Specialists explained that in term of purchasing thegecialists, purchasing needs to consider which
did not use much supplier technology and knowledg&éformation to exchange and share, so that it will not affect
however, they need to collaborate more with supplier in thee image of the organisation, the management techniques,
technical and technology area. nor the business competitiveness.

! : ) ] Figure 11 Median score for Collaborate SRM in other related
Figure 9 Median score for Collaborate SRM in purchasing activities

activities
i ) ) For other related activities, specialists gave top priority

Figure 9 shows the level of importance of purchasing, sing supplier technologies and knowledge, and the
activity in cooperative SRM. Specialists gave their prioritgecond lies in jointing efforts to improve product quality.
to purchasing activities relating making long-termygyever, the results showed that specialists gave low
contracts, making purchases from single suppliers, apgqrity to activities related to VMI and activities related to
shor;emng lead-times in the purchasing process, with tgﬁantity and quality checking of goods delivered. It is
median score 3.5 and above. They explained that thegg:ause the suppliers who are in a cooperative relationship
three activities mentioned are required in cooperatiygst reach certain standards in quality and in-time delivery
SRM. Win-win negotiations and joint-efforts in of their goods. The purchasing department does not have
operational planning are the purchasing activities whigly \vaste time rechecking. For activities related to VMI,
specialists gave the second priority to. According to thgsecialists explained that most suppliers of important
_spemahsts, purchasmg activity which focuses on total Cogjycraft parts are located abroad. Urgent delivery from
is the least important. abroad will increase transportation costs. As a result,
purchasers will allow suppliers to store their goods in the
company warehouses instead. The interquartile range for
both SRM types is equal to 1, therefore, it is considered as
significant, respectively.

The result of the impacts of arm’s-length and
cooperative SRM to purchasing performance is shown as
radar chart for each sub - factors as Figure 12 - Figure 19.

Figure 10 Median score for Collaborate SRM in information- k5%
sharing activities 7. Low administrative ) p 3. Low transportatior

From information-sharing activities, the results showe 1
that specialists paid the most attention to open exchan Mgl
of information sharing, exchanging other information asid 6. Highiinventory cost s i
purchasing-sales operations, and sharing importe
information which is not related to purchasing and sales. 5. Low inventory cost
is followed by activities related to enabling suppliers tc
access to buyer information and those involved frequent
contact between purchasing and sales. According to

Figure 12 Median score for impact of arm’s-length SRM to
purchasing cost
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Figure 12 shows the result of the impacts of arm’s- For the impacts of arm’s-length SRM on supplier
length SRM to purchasing performance in purchasing cogierformance in terms of delivery lead-times, specialists
The specialists agreed that arm’s-length SRM reducesmmented that suppliers are unable to deliver goods on
products price by using bidding and price comparisatime as promised and take longer lead-time. Arm’s-length
method. However, it increases transportation costs aBfRM causes suppliers to be poor in responding to changes
administrative costs due to more frequent purchase, asurgent orders. The median score for short lead-times and
shown from the median score below 3.5 in both factors. good ability in making urgent delivery are lower than 3.5.
addition, specialists noted that no clear impacts of arm’s-
length SRM on inventory costs were found. From furthe L.Pa
interviews, most specialists confirmed that arm’s-lengt
SRM reduces products price but increases transportat
costs and administrative costs in return. While th
inventory costs will vary according to delivery times an
purchasing volume. Therefore, the impacts of arm’s-leng
SRM on inventory cost cannot clearly be adjusted for.

E Figure 15 Median score for impact of arm’s-length SRM to
7 A supplier performance

For the impacts of arm’s-length SRM on supplier
performance, specialists also commented that most
T suppliers in arm’s-length relationship are poor at meeting
customer demands. As a result, suppliers get standard
scores in supplier evaluations and do not get a chance to
develop cooperative relationships with purchasers.

Figure 13 Median score for impact of arm’s-length SRM to
product purchased quantity

For the impacts on product purchase quantity, arm’s 8. High administrative 4 2 Wi B e
length SRM causes low accuracy in delivery quantity an S @rieeniig
poor inventory management. Due to a lack of informatior e =
sharing between purchasing and sales, and poor suppl ; wowssminisie_ . X & Lo wanaportation
ability to respond to immediate change, arm’s-length SR Vs st
delivers poor accuracy in quantity. Furthermore, it cause o
poor inventory management. The specialists commentt g
that insufficient quantities of product in stock is still the PR DR
main problem for purchasing under arm’s-length SRM
The median score for good inventory management ar

high accuracy of delivery quantities are below 3.5. Figure 16 Median score for impact of cooperative SRM to
purchasing cost

The importance level for the impacts of cooperative
SRM on purchasing performance is shown in Table 16-19.
For the impacts on purchasing cost, cooperative SRM
causes higher product prices due to no price comparisons
and limited suppliers, yet reduces transportation and
administrative costs. Some specialists commented that
cooperative SRM increases inventory costs, as in airline
MRO suppliers permit the buyers to store their spare parts
in buyer's warehouses instead. Specialists are allowed to
borrow from suppliers instead of keeping more inventory

il or paying more for transportation when they need it in
Figure 14 Median score for impact of arm’s-length SRMyrgent.

to delivery lead-times
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Figure 17 Median score for impact of cooperative SRM to
product purchased quantity

For the impacts on products purchased quantity, tl
results showed that cooperative SRM leads to high
accuracy in delivery quantity and leads to good invento
management. The median score for low accuracy
delivery quantity and poor inventory management are
which is lower than acceptance median score.

Figure 18 Median score for impact of cooperative SRM to
delivery lead-times

For the impacts of cooperative SRM on supplier
performance in terms of delivery lead-times, specialists
commented that suppliers can deliver products on time as
contractual agreement and take shorter lead-times. It
makes suppliers respond efficiently to urgent orders. The
results showed that open exchange of information sharing
between purchasing and sales in cooperative SRM leads to
better purchasing performance in terms of delivery lead-
times, accuracy of delivery quantity and the ability to
respond to urgent orders.

Figure 19 Median score for impact of cooperative SRM to
supplier performance

For the impacts on supplier performance, all specialists
agreed that joint efforts in operational planning and
information sharing between purchasing and sales in
cooperative SRM enhances supplier ability in meeting and
responding customer demands. In addition, they agreed on
using cooperative SRM with suppliers which have higher
scores in evaluations. The interquartile range for both
SRRM types impact on purchasing performance are equal
to 1, therefore, it is considered as significant, respectively.

By analyzing the data collected according to the Delphi
technique in Round 2, the data are used to build a supplier
relationship management model and the impact on
procurement performance as shown in Figure 20.
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Factors that affect the
Decisi king in choosing SRM

SRM Types

Purchasing Performance

Types of goods/parts purchased
according to

e the importance of parts to the
aircraft

the ability for reparation
supplier quantities

wvalue and price of goods/parts
types of suppliers

Types of suppliers according to

® the duration of business
relationship

® the reference list of the airplane
manufacturers

* purchase values

* scores from supplier
evaluations

Arm’s-length SRM
1. Purchasing activities
e Making short-term contracts
¢ Traditional/win-lose negotiations
¢ Selecting suppliers by comparing prices
and delivery times
® Long lead-times in purchasing processes
® Making purchases from multiple
suppliers
2. Information-sharing related activities
e Limited information sharing
¢ Communication is not frequent
¢ Concealing some mformation
3. Other related activities
® Checking the quality and quantity of the
goods
* Rejecting and returning defects

Performance measurement in
1. Purchasing cost
¢ Low goods price
¢ High transportation and administrative
costs
2. Purchase volumes
¢  Low accuracy in delivery quantities
* Poor inventory management
3. Delivery lead-times
¢ Long lead-times
¢ Poor ability in making urgent deliveries
4. Supplier performance
® Poor ability in meeting customer
demands
* DPoor ability in responding to changes
¢  Low scores in supplier evaluations

Purchasing policies according to

price/cost
supplier quantities
contract periods
negotiation type

Degree of collaboration between
suppliers and buyers according to

Cooperative SRM
1. Purchasing activities
Making long-term contracts
Win-win negotiations
Purchasing emphasis on total cost

Joint efforts in operational planning
Selecting suppliers by comparing prices
and delivery times
®  Short lead-times in purchasing processes
® Making purchases from single suppliers
2. Information-sharing related activities
®  Open exchanges of information sharing
* Communication is frequent

Performance measurement in
1. Purchasing cost
¢ High goods price
¢ Low transportation and administrative
costs
* High inventory cost
2. Purchase volumes
® High accuracy in delivery quantities
*  Good inventory management
3. Delivery lead-times
* Short lead-times
*  Good ability in making urgent
deliveries

¢ Sharing important information 4. Supplier perfo_rmance
3. Other related activities *  Good ability to meet customer demands

*  Good ability in responding to changes
® High score in supplier evaluations

*  purpose

* the duration of business
relationships

* information exchanges

e Joint efforts in improving product quality
*  Using supplier technologies and
knowledge

Figure 20 Conceptual Model SRM in aircraft maintenance, repair, and operation industry

5 Conclusion related activities, including joint efforts in improving
5.1 Conclusion and discussion product quality and using supplier technologies and
The results showed arm’s-length SRM and cooperatif&owledge. . .

SRM are used in the aircraft MRO industry in Thailand, Different SRM types have different impacts on
which are different from the literature review whichPurchasing performance. Cooperative SRM helps reduce
showed four types of SRM. Factors that affect the decisidi@nSportation and administrative costs but increase goods
in choosing SRM types are product type, supplier typ8lice and inventory costs. The result is consistent with
purchasing policies and collaboration degrees betweggsearch of Wang (2007), Tobias and Peter (2009) and
purchasers and suppliers. The important activities &tin€s (2020) indicating that strong relationship
arm’s-length SRM in the aircraft MRO industry inManagement styles. help increase the efficiency of
Thailand consist of (1) purchasing activities, indudin(@rocurement costs if compared to weak relationships.
contract period, win-lose negotiation, bidding, pricd!OWeVer, the impact of Coopgranve SRM on increasing
comparison, making purchases from multiple suppliers. (gjventory cost showed the different result from other
information-sharing ~ related  activities,  including™®S€arch; because Cooperative SRM allows airline keep
exchanging information related to the products purchase®me of the important aircraft spare parts in their inventory
less—frequent of communication between purchaser affore making an order. Cooperative SRM also helps
supplier, and the concealment of information. (3) othdfProve supplier performance to meet the purchasing
activities, including checking the quality and quantities dieduirements, reduce errors in transportation and inventory
products, and rejecting and returning defects. THBanagement, reduce the lead-times, and respond to
important activities of cooperative SRM consist of (1yustomer (_:iemands and changes efficiently. This research
purchasing activities, including making long-term contracghowed similar result with the study of Joseph and
win-win negotiation, purchasing which focuses or¢h”5t'a”, (2001) and Wang (2007) which explained that
complete costs, joint efforts in operational planning anPOPerative relationship improves supplier performance
making purchases from single suppliers. (2) informatior@"d increases customer satisfaction. In contrast, arm’s-
sharing related activities, including open exchange §ngth SRM causes some problems in inventory
information sharing, exchanging other information besidéganagement, product delivery time, the accuracy of
purchasing-sales, sharing important information angtantities delivered, the ability to meet customer demands

frequent contact between purchasing and sales. (3) otR&d the ability to respond to changes requirement. Similar
with the research result of Wang (2007), Tobias and Peter
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(2009), Ghaith, Ayman and Khaled (2014) and Hines] CHOPRA, S., MEINDI, P.: Supply Chain
(2020), this research proved that weak relationship cause Management: Strategy, Planning, and Operati2H,
poor supplier responsibility. However, this research result ed., New Jersey: Person Education, Inc., 2004.
showed that arm’s-length SRM brings benefits in reducirié] NAWAT, K.: Aviation Industrial: Structure and
purchase price and making supplier switching easier, but it importanf The Aerospace Magazin¥ol. 2011, No.
increases transportation cost, especially urgent shipment August, pp. 38-39, 2011.
cost. [7] AMAD, L.C., ABDUL, H., ABU, B., SALLEN, N.
In the aircraft MRO industry of Thailand, both SRMs Md., CHOY, C.S.: Adapting buying supplier
are applied in purchasing aircraft spare parts. However, the relationship practices in the local industmsian
results in this research showed that all specialists agreed Academic of Management Journslpl. 13, No. 2, pp.
that developing arm’s-length SRM into cooperative SRM 17-32, 2008.
will bring better impacts on purchasing performance.  [8] TOBIAS, M., PETER, R.: Supplier Relationship
Management: A Case Study in Context of Health Care,
5.2 Limitation and suggestion Journal of Theoretical and Applied Electronic

The results showed that appropriate SRM model will Commerce ResearcWpl. 4, No. 3, pp. 58-71, 2009.
help improve procurement performance in aircraft MRAP] HINES, P., LAMMING, R., JONE, D., COUSINS, P.,
industry. However, this study still has some limitation in RICH, N.: Value Stream Management: Strategy and
term of amount of data and limited period of time, the result Excellence in the Supply ChaiNew York, Prentice
only represented for specific group of industry and in some Hall., 2000.
specific situations. Therefore, the results of applying tHd0] LAMBERT, ~ M.D., EMMELHAINZ, ~ M.A.,
SRM model with other industries or organizations that are GARDNER, J.T.: Developing and implementing
different from the case study may give results that do not  SUPPly chain partnershipshe International Journal

match the research presentation g;é_gglstlcs Managemenv/ol. 7, No. 2, pp. 1-17.

This SRM model in the aircraft MRO industry wasg11] MONCZKA, R.M., TRENT, R.J., HANDFIELD, R.
developed by collecting data from a small population, ~ pyrchasing and Supply Chain Manageméft,ed.,
which suitable for using qualitative research method. South-Western, Thomson Learning, 2002.
Therefore, the research results may cause discrepancie[qif] DAVID, B.. Supply Chain Management Best
the number of populations increases. Future study using Practices2™ ed., New Jersey, John Wiley and Sons,
guantitative research methods is recommended to study the Inc., 2010.

details of the SRM activities according to the model O3] ZENG, X.: Supplier Relationship Assessment,

how affects procurement in each aspect. Learning and Educationvol. 9, No. 4, pp. 226-229,
2020. https://doi.org/10.18282/l-e.v9i4.1739
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Abstract: Material inventory planning is needed in the industrial world to advance a business because it will affect the
costs incurred, the production process, and the profits generated by the company. The company has a problem that occurs
when the control of raw material inventory could be more optimal. It recorded that throughout 2021, 33.647,18 meters of
fabric pants were stored in warehouddss is influenced by several factors, including tladculation of safety stock,

lead time due to uncertain logistics and the selection of methods that have not been makheizexelty of this

research is that it discusses inventory planning, the methods used are Silver Meal Algorithm and the Wagner Whitin
Algorithm. Data processed is on demand for clothes and jeans throughout 2021. The results show that the Silver Meal is
suitable for five materials, and the Wagner Whitin Algorithm is on one material. Companies can use both methods for
each raw material. Nevertheless, it is more optimal if the company utilizes only one method for procurement of raw
materials, the Silver Meal because when it is used in the long term, the cost of raw materials is less than the Wagner
Whitin Algorithm. The Siler Meal’s total inventory cost is Rp. 138.281.497, and the Wagner Whitin Algorithm is Rp.
170.010.097.

1 Introduction inventory. Material inventory planning is needed in an
The business world continues to experiencg]dustry to develop its business because it will affect the

developments in meeting the various needs of consumé@$ts incurred, the production process, and the profit
who continue to grow and are competent in choosing wh@gnerated by the company [4]. _

they need. Consumers in the middle to upper class always This company is an industrial company in the garment
look for good quality at a more affordable price. To meétector and has exported to various countries. Cloth pants
consumers' needs and desires, companies must haveld@ jeans are products that are always ordered by
optimal supply of raw materials. Therefore, a compan§onsumers, even though the demand is dynamic. From the
must have suitable raw materials in an inventory contrégsults of the interviews, it is known that one of the
system [1]. Inventory is part of a company that plays a vitroblems faced by the company is controlling the
role in a business operation, so a company is asked to ca@¥ilability of raw materials that could be more optimal.
out the management that can help the company's conditiddt high inventory in the warehouse causes an increase in
that occur in inventory management to achieve the desirgi@rage costs in the warehouse and the company’s profits
goals. Inventory management is of utmost importance p&¥€ not optimal. Throughout 2021, it was recorded that
of a company that produces a product, with inventor§3.647,18 meters of fabric pants were stored in
management, stock balance can be achieved withdtrehouses, and this led to an increase in the cost of
excess stock and shortage of stock [2]. A company nedii§curing these raw materials. Fabric is the primary raw
effective inventory management so that the company cétgterial for the production of trousers and jeans. Demand
conduct a seamless production process to enable fRe the company constantly changes every month. The
sustainability of company processes [3]. The intendedgmand function depends on the marketing and operational
purpose is to minimize the Company's costs to control i%:tiVitieS of the company. Several factors that affect the
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(3

demand function include price, rebate, lead time, spack? Forecasting

quality, and advertising [S]. In other words, the quantity of Forecasting is the art or science of predicting the future.

demand is dynamic, but the company uses a stafifis can be done by projecting historical data into the

inventory method. This is the cause of overstock. future with a form-systematic model. Alternatively, it
Forecasting is very important and widely used at evegould be by using a combination of mathematical models

stage of the supply chain from supplier to customethat are adjusted to the reasonable judgment of a manager

Including the problems in meeting consumer demand. TIE]. Types of forecasting methods (1), (2), (3), (4), (5), (6),

dynamic quantity of demand for raw materials makeg):

companies need to apply forecasting methods. Good « Forecastingingle moving averagd 2]

forecasting helps companies take the right policies such as

determining how many items to produce and how to set Ft = AtmatAeat tAn 1)

target inventory levels to minimize stockouts so inventory .

» Forecasting single exponential smoothin
storage costs can be reduced [6]. g sing P g

Dwiputranti and Gandara conduct research with the Ft=F; + (@ (A, — F_y) 2)
am of reducing consumer demand stockout fluctuations «  Forecasting the weight-moving average
and minimizing costs incurred during one period. Based on
the results of the study, it was found that the silver flour Ft=WA_, + WA, + ..+ W,A_, 3)
method can minimize the total cost of procurement by i
saving Rp. 26,773,013 or 4.15% [7]. *  Forecasting error

Usman, in his research with the intention of avoiding S IAt—Ft|
excess or shortages of raw materials, such as in those MAD = n (4)
periods previously. The result of this research is the )

Wagner Algorithm method Within is the best proposed MSE =2 (5)
method because of the high cost of inventory the most !
efficient use of Rp. 11,533,000 [8]. MFE =ZAtFt (6)

Azwir explained in his research that the consignment n
stock and mix strategy 4P methods are most suitable for MAPE _ 3100 |At - Fyjl/Ay )
solving inventory problems. This study obtained a decrease B n

in inventory value by 26%, and the amount of stocRescription:

decreased from 149 days to 98 days [9]. Ft = forecast,
Fadhil, in his research, implemented the Min-Mat = actual demand.

stock method to solve inventory problems and th . .

Waterfall method as an inventory in¥orr?1ation system. Thii-3 The methods Silver Meal Algorithm and

research succeeded in cutting inventory costs in the  Wagner Whitin Algorithm

company and managing inventory records in a unified and The Silver Meal focuses on the lot size that can

centralized way [10]. minimize total cost per period, where the lot size is
In this study, the company still uses the static invento§pbtained by adding up the needs of several consecutive

method, which causes overstock, so two methods dieriods as a tentative lot size (8) [13].

applied. The best method is chosen based on the least cost 1
inventory. K(m) =— (A+hD, + 2hD5 + - + nhDy,) (8)

1.1 Inventory Wagner Whitin Algorithm (AWW) This technique

The term "inventory" refers to the materials, parts, ar@ftempts to determine the optimum lot size by evaluating
materials-in-progress that a corporation has on hand foRt order quantities to meet the net requirements over the
production process as well as the final components whole planning horizon. The math from AWW is "elegant”
products that are accessible to satisfy orders froffi achieve this goal without actually having to consider,
Component customers at any moment. |nventory is §ﬁecifically, every possible Strategy. This is a solution to
activity that includes the company's goods that are intenddt¢ lot size for the previously used net requirement
to be sold within a certain time frame, as well as inventogghedule (9), (10), (11) [14].
of goods_ ’Fhat are _st|II being produced and raw materials that Qu = X°_ D, ©)
are awaiting use in the production process. Inventory has a k=c
very important function to support operational continuity Zee = C+hYC (Qu — Q) for 1sc<e<N  (10)
company. This function is to provide a choice of goods in
order to meet demand customers, to separate several stages  fe = Min {Zce + fc-1}forc=1, 2, ... , e (11)
of the production process, to take advantage froBescription:

discounted quantities, and does not avoid inflation [11]. A = order cost,
D = total demand,
h = holding cost.
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14  Safety stock e Calculating inventory planning costs using the
Dealing with lot sizing in inventory is increasingly Wagner Within Algorithm (equations 9, 10, 11),

complicated because of requests. Uncertainty in demand Calculating safetgtock,

can occur because it is influenced by various factors such

as weather, the economy, market competition, to the SS=ZxoxvL (12)

reliability of suppliers. From the time an item is orderedDescription:

until it is delivered, it might take anywhere from a fewSS = safety stock,

hours to several months. The lead time is the amount gf = service level,

time between placing an order and when the products = standard deviation,

actually arrive. The availability of the items and theL =lead time.

distance between the buyer and the supplier have a big

impact on the waiting time. Due to the grace period, safety Comparing calculation costs with the company

stock, or inventory set aside for needs while awaiting the Holding costs consist of maintenance costs, warehouse

delivery of the items, is important. To deal with demanélectricity costs, and warehouse keeper salaries, which are

uncertainty, safety stock has been employed extensively cAlculated based on the capacity of the warehouse and each

level of item, also known as a stock keeping unit (SKUyaw material.

known as safety stock is kept in a warehouse to manage

unforeseen demand [15]. Table 1 Holding cost

. . . . Material it/Month (R
Safety stock is a unit of inventory that is constantly Eaeb”riacs Cost/Umté5;) nth (Rp)
present in a business to prepare for demand variations and Yarn 1.46(
prevent stockouts. Meanwhile, safety stock (safety stock) Zippel 1: 26(

is an additional inventory stored to protect against
variations in sales levels or more recently in manufacturing The cost of messages for the procurement of raw

or delivery [16,17]. materials is the total telephone, administrative, and
shipping costs for each raw material. The procurement of
2 Methodology raw materials for fabric is Rp. 6.800.000, yarn and zipper

This study includes quantitative research using Rp. 1.500.000. The following are the details of the
historical data on demand for cloth pants and jeans frasdoking fees made by PT. XYZ

January 2021 to June 2022. Other data were obtained from

interviews with this company. Table 2 Ordering cost
After all the data is collected, the data is processed by Ordering Cost Cost
following these steps: Administration Fe Rp. 150.00

Telephon Rp. 150.00
Shipping cost Fabri¢ Rp. 6.500.000
Shipping cost Yar | Rp. 1.200.00
Shipping cost Zipp¢ | Rp.1.200.00

» Forecasting single moving average (equation 1),

» Forecasting single exponential smoothing (equation
2),

» Forecasting the weight moving average (equation 3),

» Calculation of forecasting error (equation 4, 5, 6, 7)3  Result and discussion

* Calculate inventory costs which include orderingg1  Forecasting

costs (A) and holding costs (h), . _ From the forecast error rate calculation, the method
*  Calculating inventory planning costs using the Silveghosen for the demand for cloth pants and jeans is the
Meal (equation 8), weight moving average because it has a minor error value.

The following forecast results from cloth pants and jeans.

Table 3 Raw Material need for cloth pants

Period Fabric (Meters) | Yarn (Rolls) | Zipper (Pieces)
July 202: 5615. 42¢ 400C
August 202 5572.¢ 424 400C
September 2022 5222.8 396 3700
October 202 4334.. 32¢ 310C
November 202 4750.¢ 36C 340C
December 20z 6579.: 50C 470C
January 20z 6270.: 47¢€ 450C
February 2023 6509.7 492 4600
March 202: 6786.. 51€ 480C
April 2022 6613.: 50C 470C
May 202! 5795.¢ 44C 410C
June 202 5397.: 40¢ 3%0C

Total 69447.2 5268 49500
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Figure 1 Materials needs for cloth pants
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Table 4 Raw Material needs for jeans

Period Fabric (Meters) | Yarn (Rolls) | Zipper (Pieces)
July 202: 2641.69: 20¢ 190(
August 202 3122.00. 244 230¢
September 20: 2439.68. 192 180(
October 202 2072.38 164 150(¢
November 202 2237.66! 17¢€ 160(
December 20z 1918.40! 152 140(¢
January 202 2305.47 18C 170cC
February 202 2215.06 17¢ 160(
March 202 2055.43! 164 150(
April 202 1925.46! 152 140(
May 202! 1997.51! 15€ 150(
June 202 2284.28 18C 170cC
Total 27215.088 2144 19900
Fabric
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Figure 2 Materials needs for jeans

3.2 Safety stock Additional orders are made when the average cost of
An additional inventory known as "safety stock" is kepthe second period is still less than the average cost of the
on hand to guard against or sustain the risk of materiist period. Suppose the cost of ordering the second period
shortages (stock out). Using the findings of thés higher than that of ordering the first period. In that case,
calculations, the six different categories of raw materiat§e calculation is carried out as before, starting again with
were given safety stock. The quantity of safety stock withe previous period. Meanwhile, the Wagner Whitin
vary depending on a number of factors, including th&lgorithm aims to find the most optimal alternative among
volume of orders, the degree of service, and the lead tinadl. existing alternatives. This method's stages include
Based on the calculation results, different safety stockalculating all alternative orders based on the period. If we
were obtained for the six types of raw materials, namehave obtained the results of alternative calculations, the
283.86 meters for fabric trousers. The company must haext step is to find the lowest cost for each period. Then
a minimum inventory of 283.86 meters of fabric pants tthe lowest cost from each period becomes a reference to
anticipate raw material shortages in the production procegetermine how many times to order from each item.
Similarly, twenty rolls of yarn for fabric pants with safety  In comparison to the total inventory cost supplied by
stock, 200 pieces of zippers for fabric pants, 124.56 metéhe company, calculations using the suggested approaches
of jeans fabric, eight rolls of yarn for jeans, and 100 piec&¥agner Whitin Algorithm and Silver Meal Algorithm
of jeans zippers. The size of the safety stock will depemdoduced a minimum total inventory cost. The ideal order
on several things, such as order frequency, service lewglantity utilizing the two recommended techniques, which
used, and lead time. is smaller than the total cost of inventory, shows the
difference in the overall cost of the company's inventory

Table 5 Safety stock with the proposed method. The results differ from the
Materials Safety Stock company's total inventory expenses since the optimal order
Fabric Pants| 283.86 metefs quantity will lower the ordering cost, which is rather high.
Yarn Fabric | twenty rolls The table below shows the prices for the two and the
Zipper Fabric 200 pieces company's procedures.
Fabric Jeans| 124.56 meters
Yarn Jeans | eight rolls Table 6 Comparison of total inventory cost
Zipper Jeans| 100 pieces _ : Total Inventory Cost
Materials Silver Meal Company’s
. (Rp) | AWWRP) | (Rp)
33 Inventoryplanning Fabric Pan | 66.838.881, | 72.329.250, | 99.447.53
Inventory planning calculation uses two methodS varn Fabrii | 7.418 54 11.313.22 | 16.359.26
Silver Meal and Wagner Whitin Algorithm. These twd Zipper Fabri| 7.794.34 11.357.02 15.402.96
methods determine which produces the lowest inventd Fabric Jeand 47.029.416)3 66.421.726,9 56.338.048,6
cost, and the Silver Meal determines the average cost [ Yarn Jear 4.956.401 5.571.94 7.113.98
period. Zipper Jear |  4.243.92 3.016.94 7.974.50
Total 138.281.497,4 170.010.097| 202.636.284,6
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Comparison of Costs
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Figure 3 Comparison of costs

Table 6 and figure 3 show differences in total costmaterial times four ordering, jeans thread zipper two times
using the three methods. The company's calculation resuwdtsd ordering jeans two times. Method Wagner Whitin The
are more expensive than the two tested methods, namalgorithm generates a total inventory cost that is higher
the Silver Meal Algorithm and the Wagner Whitinthan the Silver Meal but lower than the company's
Algorithm. approach because to the small order interval with the

The computation yields Silver Meal have a nominarequency of ordering fabric four times for pants, fabric
total inventory cost than the Wagner Whitin Algorithmpants for two times ordering, zipper cloth pants ordered
method, and this is influenced by ordering costs artd/o times, jeans fabric material eight ordered times and
storage costs. Although storage costs using the Wagieans one time. As for the zipper of jeans, one order is made
Whitin Algorithm are, on average, smaller than the Silveso that the costs incurred are smaller than the Silver Meal
Meal, the ordering costs using the Wagner WhitiMethod.

Algorithm are more significant than the Silver Meal Companies can use both methods for each raw material.
method. However, it is more optimal if the company utilizies only

Based on the results of the calculations, the moshe method for the procurement of raw materials, namely
recommended and suitable method is to be applied at BB Silver Meal Method because when used in the long
using the two proposed methods. XYZ is a Meal for theerm, the costs incurred for the procurement of raw
raw material for making cloth pants, fabric jeans threachaterials are lower than the Wagner Whitin Algorithm
Silver. As for the zipper of jeans method, using the Wagnarethod. This research can be developed again at the shelf
Whitin Algorithm is more optimal. However, it is moretime of the material so that it can maximize the existing
optimal if the company utilizes only one method for thénventory so that there is no dead stock. For further
procurement of raw materials, namely the Silver Meaksearch, it is necessary to add research objects and not
Method because when used in the long term, the coftgsus on just 2 products so that the results obtained are
incurred for the procurement of raw materials are lowenore optimal for the company. because the more objects
than the Wagner Whitin Algorithm method. that are predicted, the smaller the percentage of forecast

error.

4  Conclusions
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Abstract: The study investigates the impact of the 10T on the cost and quality of last-mile logistics, the critical and often
challenging final phase of the supply chain. With the relentless growth of e-commerce and the increasing demands for
efficient and reliable delivery services, understanding how loT affects last-mile logistics is increasingly becoming
important. Through the integration of 10T technologies such as GPS tracking, RFID systems, and real-time data analytics,
the study aimed to assess the extent to which the application of the IoT affects the cost and quality of last-mile distribution
in South Africa. As a result, the study provides valuable insights into the potential cost savings or increases associated
with 10T adoption, quality challenges and areas of improvement, customer satisfaction and the overall performance of
last-mile distribution systems. The methodology involves the collection of primary data from selected distribution
companies in South Africa. Statistical software was used to analyse the data to shed light on the tangible benefits and
challenges associated with 10T adoption in last-mile logistics as they relate to cost and quality. The research findings
indicate that implementing 10T in last-mile distribution systems in South Africa can significantly improve efficiency and
effectiveness. The IoT integration with existing infrastructure enables seamless communication, proactive decision-
making, and reduced delivery delays. Overall, by leveraging loT technologies and real-time data analysis, organisations
can optimise their distribution processes, reduce costs, improve quality, and enhance overall customer experience.

1 Introduction operations, enabling businesses to deliver goods with

Last-mile delivery is a critical component of the supplymproved quality and cost efficiently.
chain, but it faces numerous challenges, exacerbated by the )
complexities of the Covid-19 era [1]. While it is the mosR ~ Literaturereview
crucial link, [2] claims that it is also the least effective2.1 Last-mile distribution systems
Efforts to eliminate obstacles and enhance transportation [6] define Last Mile Distribution Systems as the last leg
quality have led to a focus on consumer-driven logisticef the supply chain, covering the transportation and
cost reduction, and innovative solutions like micro-hubgelivery of goods to the final point of consumption. Last-
and crowd delivery [3]. [4] suggest thatin recent years, thgile Distribution Systems are crucial for ensuring timely
global demand for efficient and reliable last-mileand efficient delivery, as well as customer satisfaction.
distribution systems has been on the rise, driven by t{1§ opine that this stage often involves complex logistical
rapid growth of e-commerce and the need to rea@perations, including route optimisation, inventory
geographically dispersed customers and during the covithnagement, and coordination with various stakeholders
19 years, this growth doubled, causing a need fguch as couriers, drivers, and customers. Efficiency and
innovative solutions to the challenges associated with tlagfectiveness in last-mile distribution are vital for customer
increasing demand of home deliveries. South Africa, assatisfaction, cost optimisation, and overall business
rapidly developing nation with a thriving digital economysuccess. Customers are provided with a plethora of online
is not immune to the challenges associated with last-mieirchasing options, which places greater pressure on last-
logistics [5]. This study assesses how IoT adoption affeatsile providers to ensure their service delivery and
the cost and quality of last-mile distribution in Southbfferings are optimal at all times [8]. It is imperative for
Africa. It aims to uncover potential cost savings, qualityast-mile service companies to maintain cost-effectiveness
enhancements, customer satisfaction improvements, angtl superior quality of the service provided despite the
overall performance of the LMD sector. Leveraging loT'thcreased demand for deliveries for them to flourish in the
capabilities can enhance efficiency, visibility, ancbnline market [9].
responsiveness in deliveries, leading to satisfied customers
and reduced operational costs. By addressing South
Africa’s unique logistics challenges, this research paves the
way for more efficient and sustainable distribution

~ 597 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 10 2023 Issue: 4 Pages: 597-603 ISSN 1339-5629

Improving last mile distribution systems through the Internet of Things: a South African case
Masithembe Kafile, Thokozani Patmond Mbhele

2.1 Internet of Things (1oT) in supply chain vendors, gathering real-time progress data from vendors,

management producing real-time quality/maintenance data, inventory

2.1.1  Overview of the Internet of Things (10T) tracking, and information sharing. Enhancing reverse
technology logistics, enabling quality monitoring and quality-

The loTs is not a single technology, but rather a creati@@ntrolled logistics, collecting product data while in use,
alliance of numerous complementary technologiedhd cooperative ordering are all ways to increase
working together to close the gap between the digital afferational efficiencies and income prospects [20].
physical worlds [10] and [11]. The phrase "Internet oMaking better operational decisions and improving
Things" was first used in 1999 by the Massachusetg§rategic outcomes at the SC and firm levels is ultimately
Institute of Technology's (MIT) Auto-ID Center for SCMMade possible by the availability and analysis of loT-
to describe a method of tracking items via the Internénabled real-time data [21]. For instance, [22] describes
using radio-frequency identification (RFID) linking to anhow 10T and big data analytics are used in a logistics
Electronic Product Code (EPC) serving as a uniqu@mpany to enhance driver safety, operational
identifier for each individual item [12]. Since then, theeffectiveness, and environmental sustainability. Cost
definition of a "Thing" has expanded to cover a variety dmplications play a crucial role in the adoption of IoT-
digital gadgets that can be uniquely identified, reagnabled last-mile distribution systems. Implementing loT
sensed, addressed, and operated autonomously througH§8nologies in the context of last-mile logistics involves
Internet. Examples include RFID, sensors, actuators, célgnificant upfront and ongoing costs, including device
phones, and smart products [13]. By utilising the Internfocurement, network infrastructure, data storage, and
as a communication infrastructure, a means of data storafintenance. For organisations operating on tight budgets
and a p|atf0rm for data processing and Synthesis’ thég'éWlth ||m|ted resources, the _fl.nanCIaI burden of loT
authors further contend that the capabilities of loT devicé®Pplementation can pose a significant challenge [23]. For
are hypothesized to surpass the inherent functionality &¥iS reason, careful assessment of the return on investment
any item. Today, social networks, cloud computing, bilf essential, along with considering the long-term cost
data analytics, and GPS telematics all contribute to the I#Enefits when planning the integration of 10T solutions
platform’s expansion [14]. Self-awareness, individuality24]. Moreover, the scalability of IoT adoption becomes a
control, interconnection, adaptability, transformabilitycomplex task due to the heterogeneity of products and
synergy, self-decisiveness, and strategic behaviour ataderlying technologies. Building an infrastructure

important loT features [15]. capable of supporting thousands of connected products

requires substantial investment. Therefore, addressing

2.1.2  Applications of theloT in Supply Chain cost-related concerns and finding cost-effective solutions
M anagement is vital for successfully improving last-mile distribution

[16] reported that SCM has seen a transition that tak8¥stems through the Internet of Things [25]. Although
the form of a basic RFID-based tag for product recognitioHere is a definite need for loT application in the last mile
then adopts sensor technology and then communicatstribution of goods processes [26] further report that due
devices to a smarter supply chain. The authors found tti@thow fast technology is moving, there is a reluctance
technical advances have opened the way not only to trdé®m top management to invest in any form of technology.
the goods but also to predict situations for avoiding losséis resulted in a fear that it would be deemed obsolete
for the company and safeguarding the goods properly féithin a few years [27].
the right individual to collect information and convey them
to the right person at the right time for the early deliverya3 M ethodology
the goods. [17] showed that tools like RFID followed by8.1  Theresearch approach and data collection
wireless sensor networks and then middleware, web methods
platforms and cloud computing play a significant role in - Thjs study follows a quantitative research approach.
integrating the supply chain information digitally. The quantitative analysis of the impact of 10T on the cost
Adopting technologies such as the loT in SCM alsgnd quality of LMD companies helped to evaluate the
decreases the times required to purchase or buy prodységential benefits of integrating 10T technologies in
and services and offers improved communication usinghproving last-mile distribution in South Africa. A
items that in effect speed up the efficiency of companigructured survey questionnaire was designed to collect
[18]. The study also showed that the Internet of Things ifata from six last-mile distribution companies within the
strong in terms of visibility, auto-capture and sharing obyrban region of south Africa, using a purposive sampling
information. This in turn provides a positive effect oiechnique, two hundred and ten (210) participants were
costs, followed by quality and supply chain flexibility inselected for the study as the sample derived from the
integrated supply chain businesses. population including logistics managers, delivery

[19] the 10T in the supply chain management sector fsersonnel, and administrators. Consequently, only one
not just for big, resourceful companies and their SCs. It fundred and seventy-nine (179) questionnaires were
a widely used and widely accessible technology for g@seable. The survey was designed to gather information on
variety of SCM functions, such as information linking withthe challenges faced, the potential benefits of 0T adoption,
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and the critical factors influencing cost and quality whilevhich serve as the foundation for interpretation and the
ensuring the anonymity and confidentiality of thediscussion of the results.

participants. The questionnaires were then coded into

Excel and exported into the Statistical Package for Socidll  Theinfluence of theloT in the LMD

Sciences (SPSS), version 27.0. Frequency distribution and industry in South Africa

descriptive statistics were employed in the analysis of the |n asking the respondents about their perceived or
quantitative data. experienced influence of 0T in the LMD industry in South
Africa, the researchers aimed to ascertain the specific areas
3.2 Population, sampling and sample size in which 10T had a discernible impact on both cost and
A population can be defined as the total number @fuality. This information can assist organisations in
units, elements, or cases such as individuals, organisatiofisecting their focus towards the most promising loT
items, or events from which a sample can be drawn fapplications within the LMD sector. Evaluating the
study purposes [28]. The population in the context of thigdvantages of 10T in LMD not only facilitates the
research was selected using purposive sampling aassessment of returns on investment (ROI) but also
included six last-mile distribution companies in Durbanprovides a clearer understanding of the value proposition
The practical reason for excluding other LMD companiegssociated with the implementation of loT solutions.
in South Africa is that Durban is one of the three biggeSthrough the systematic collection of data on positive
cities in South Africa with an effective and sustainableutcomes, this study aimed to quantitatively measure the
logistics sector, therefore, this population was a goddfluence of loT across various dimensions, including cost
representation of the entire country. According teavings, increased productivity, error reduction, quality
[29] sampling is "the process of selecting a sufficierdnhancement, heightened customer satisfaction, and the
number of the right elements from the population so thatatainment of competitive advantage. The resultant
study of the sample and an understanding of its propertiegearch findings are poised to make substantial
allow for generalisation to the population elements'contributions to the establishment of industry best practices
Alternatively put, sampling is the procedure used to gathand guidelines. These insights can be shared among
data about a population's overall makeup throughdustry professionals, policymakers, and stakeholders to
examination of a subset of it. Based on the formula fegiable  well-informed  decision-making, ~ promote
sample size with the margin of error set at 5%, the samgellaborative efforts, and accelerate the adoption of loT
size for this study was 210 with a response rate of 17&hlutions in the LMD sector.
Using Yamane's statistical formula to determine the
adequate sample size of a population of 440 under study1.1
This would hence be (1):

Use of theloT inlast-milelogisticsin South
Africa

The researcher asked this question to understand
adoption rates and gain insight into the extent to which IoT
technologies have been adopted in the industry. This
information can assist in identifying trends and assessing
the current level of implementation as well as in
understanding the current landscape, challenges, and
opportunities in this field.

_ N
= Tnen

y
Where:

n - sgnifiesthe required sample size

N - signifies the popul ation under study

E - signifiesthe margin of error. It setsthe accuracy of the
sampl e proportions. With an accuracy of plus or minus 5%,

theneis usually set at 0.05. Table 1 Use of 10T technol ogiesin organisational operations

The study illustrates with the above formula to Respl\(l)nses Per cent Pe(r:cent of
determine the sample size from a given population size - ( )_ 5 asei
440 (N) with a margin of error (€) of 0.05 by substituting Lracked vehicle] 177 23.70% | 98.90%
the given variables as follows (2): Expanded 160 21.40% | 89.40%

delivery route ) )
_ 440 Expansion an
n= 1100055 2 use of drone 10 1.30% 5.60%
440
n=—— I 126 | 16.90% | 70.40%
221C1) deliverie!
n= i
S(;?n?r fulfimen) 137 | 18.40% | 76.50%

Therefore, a sample size of 210 respondents out of Packaging arn
population of 440 would be an acceptable number qypaliinc 51 6.80% | 28.50%
responses to maintain a 95% confidence level. Defects
4  Resultsand discussion manageme 38 SEllon | 22088

Based on the overall aim of.the study, this sectiolReverse logistic 47 6.30% 26.30%
presents the results and analysis of the collected dajy iz 746 100.00% | 416.80%
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The researchers inquired about the 10T technologies Table 3 Business processes affected by |oT
currently in use within the organisations to evaluate thei Responses Per cent Per cent of
impact on cost and quality aspects of operations. T (N) Cases
descriptive analysis revealed that out of a total of 74(Reporting an 178 33.5%| 99.4%
instances where smart technology influenced operations/decision makin
significant 98.9% of these cases were related to trackqOrder fulfilmen 17¢ 33.1% | 98.3%
vehicles. This indicates a pronounced reliance on loT fqFleet manageme 177 33.3% 98.9%
monitoring and managing transportation logistics, whichTotal 531 100.0% | 296.6%

can have direct implications on cost efficiency, route
optimisation, and overall quality of service. Moreover, the Furthermore, respondents were asked what business
descriptive findings revealed that in 89.4% of cases whepeocesses are affected by IoT in the organisation. the
smart technology played a role in the respondentéscriptive analysis revealed that among the 531 cases of
organisations, it was associated with expanded deliveysiness processes influenced by IoT, the majority (n=178;
routes. This expansion might signify potential cost savin@9.4 %) were attributed to reporting and decision-making,
through efficient route planning and quality of service, aigidicating that 10T technology plays a crucial role in
it can impact delivery times and customer satisfactioenhancing data-driven decision-making processes.
Additionally, in 76.5% of cases, smart technologyAdditionally, 98.9% of the cases were linked to fleet
impacted the order fulfilment point. This suggests potentiahanagement, revealing how loT contributes to cost
improvements in inventory management and ord@ptimisation in this area as loT devices can provide real-
processing efficiency, which can positively affect both cosime tracking and monitoring of vehicles, leading to more
control and the accuracy and timeliness of deliverieefficient route planning, reduced fuel consumption, and
directly impacting quality. Furthermore, in 70.4% ofmaintenance cost savings, all of which positively impact
instances, smart technology was linked to improvethe organisation's overall cost structure. While 98.3% of
deliveries. This improvement may encompass variouhe cases were associated with order fulfilment,
aspects, including on-time deliveries, reduced errors, andderscoring the importance of 10T in streamlining supply
enhanced customer experiences. chain operations. Improved visibility and tracking of
To further explore the integration of loT within theinventory and orders can result in faster and more accurate
LMD sector, respondents were asked about the prevailingder processing. These results highlight that loT
loT technologies employed within their organisation. Theignificantly affects both cost and quality in various
findings showed that out of 399 cases of technologies thasiness processes, emphasising its potential to drive
are currently most used, 99.4% (n=178) were linked tsfficiency, reduce expenses, and enhance decision-making
End-to-End tracking, revealing its prominent rolewithin the organisation.
Furthermore, 97.2% of these cases were credited to the
Global Positioning System (GPS), underscoring its wide Table 4 Challenges of the [oT

adopti.on. In contrast, a mere 5.0% (n=9) _of f[he_z cases we Challenges Responses Per cent Per cent
associated with sensors, signifying their limited usage (N) of cases
while 6.1% of the cases were attributed to Radio Frequen( Connectivity 33 7.20% 18.40%
Identification (RFID). These results hold significant| Data
implications for both cost-effectiveness and quality] collection and 169 36.90% | 94.40%
enhancement within the LMD industry. processin
Limited
Table 2 Commonly used |oT technologies bandwidtt 23 5.00% 12.80%
Responses| . .. | Percent of Cybersecurit 17t 38.20% | 97.80%
_ (N) cases Lack of 0 0
Enc-to-end trackin|  17¢ 44.6% | 99.4% requlatior 58 12.70% | 32.40%
Security camer: 27 6.8% 15.1% Total 458 100.00% | 255.90%
Sensor 9 2.3% 5.0%
Radio  Frequenq 11 2.8% 6.1% The descriptive analysis of the challenges faced by the
Identification loT in the LMD industry indicates that cybersecurity is the
(RFID) most prominent concern, with 97.8% of respondents
Global Positionin| 174 43.6% | 97.2% identifying it as a challenge. This has significant
System(GPS implications for both cost and quality. Investing in robust
Total 399 100.0% | 222.9% cybersecurity measures can be costly, but it is essential to
protect sensitive data and ensure the quality of 10T systems
by preventing breaches and data loss. Similarly, (94.4%) of
respondents highlighted data collection and processing as
a challenge. Efficient data collection and processing are
~ 600 ~
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vital for delivering high-quality services and products ir5.2 Recommendations
the LMD industry. However, implementing the necessary Based on the study findings, the key recommendations
infrastructure and technologies for data management cim last-mile logistics businesses and other stakeholders in
be costly. Furthermore, if data collection and processinge industry are to prioritize the integration of loT
are not done accurately, it can lead to errors and lower tlaghnologies into their operations for cost-efficiency,
quality of insights and decisions made using loT data. Thgiality, and sustainability in the LMD sector. This includes
challenges related to lack of regulation (32.4%nvesting in cybersecurity by implementing robust security
connectivity (18.4%) and limited bandwidth (12.8%) alseneasures and encryption protocols to safeguard sensitive
have cost and quality implications. The absence of clegata and loT devices from potential threats. The second
regulations can create uncertainty and compliance costs fetommendation is to improve data collection and
businesses, impacting their cost structure. Additionallprocessing capabilities, focusing on data accuracy and real-
poor connectivity and limited bandwidth can hinder théme analysis, which will enable better decision-making
real-time functionality and effectiveness of IoT systemsind resource optimisation, ultimately reducing wastage
potentially compromising the quality of services and datand improving both cost and quality efficiency.
analysis. Furthermore, it is crucial for businesses to invest in security
In summary, the identified challenges in the loT LMDcameras, loT-enabled vehicles, sensors, RFID, and GPS to
industry, including cybersecurity, data collection angoost productivity, efficiency, and customer satisfaction in
processing, lack of regulation, connectivity, and limitethe last-mile delivery process. Collaboration with
bandwidth, all have varying degrees of impact on both cagigulatory bodies and industry stakeholders to establish
and quality. Addressing these challenges effectively tbmprehensive guidelines and standards for loT
crucial for LMD businesses to maintain high-qualityapplication in the LMD sector, ensuring compliance and
services and products while managing their costgcountability, is also advisable. Additionally, the study

efficiently. recommends the use of alternative connectivity solutions,
such as edge computing and 5G networks, to mitigate
5 Conclusion connectivity issues and enhance data transmission

This section contains the study’s concluding remarks gfficiency. Lastly, stakeholders across industries should
relation to the research objectives, recommendations aig¢ognise the value of IoT technologies and consider their

summary of findings and implications for the studly. adoption in day-to-day operations and future planning, as
the digital revolution continues to reshape the e-commerce
51 Summary of findings landscape. This proactive approach will help last-mile

The study found a strong correlation between cost atRgistics businesses maintain high-quality services while
quality efficiency in LMD businesses that have integrate@fficiently managing costs, fostering innovation, and
loT technologies. Key factors influencing cost efficiencypustaining their competitive edge in the face of evolving
and quality management include accurate and timeleg3allenges and opportunities in the sector.
collection of data through loT sensors which equips
businesses to make informed decision making, optimises3 ~ Contribution and practical implications
resource allocation and minimises waste all enhancing both  of the study
cost and quality efficiency. These findings align witt6.3.1  Contribution to the body of knowledge
previous research on Logistics 4.0 initiatives which benefit This research addresses the lack of empirical studies on
the economy by lowering logistical expenses, increasinbe application of 10T technologies in the LMD industry in
productivity, and improving customer satisfaction [30]. Durban, South Africa. By studying the factors influencing

loT innovations, such as real-time predictive analyticgost and quality efficiency, the research provides valuable
offer new opportunities for both traditional and onlinansights for logistics companies in South Africa to develop
retailers to enhance customer experiences, optimisgategies for adopting innovative technologies to improve
inventory management, and improve supply chaicost and quality management. This not only helps them
operations. By adopting these 10T advancements, retailddscome innovation-based logistics service providers but
can stay competitive and deliver seamless experiencesateo promotes sustainability. The study contributes to the
customers [31-35]. The study also revealed that Idbgistics industry and the broader field of Supply Chain
technologies positively influence the responsiveness aMhnagement. Additionally, it extends knowledge and
performance of last-mile logistics companies. Elementmderstanding of the application of 10T technologies in
such as security cameras, loT-enabled vehicles, sensafgD companies, providing more literature on IloT
RFID, and GPS contribute to increased productivititechnologies and business performance in the LMD sector
efficiency, and customer satisfaction by reducing leaof the Supply Chain. This work advances understanding in
times, defects, and information inaccuracies. Additionallgn under-researched context and provides a detailed
end-to-end supply chain visibility provided by thesdramework for applying loT technologies in the LMD
elements enables partners to enhance marlgsctor in Durban, South Africa, and other developing
responsiveness and mitigate supply chain disruptions. economies worldwide.
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5.4 Implications of the study pandemic,Technology in Society, Vol. 69, No. May,
54.1 Managerial implications pp. 1-19, 2022.

To survive and succeed, LMD companies mugB] WINKELHAUS, S., GROSSE, E.H.: Logistics 4.0:
embrace cutting-edge technologies to effectively reach the a systematic review towards a new logistics system,
market and meet customer demands. Strategies promotinglnternational Journal of Production Research, Vol. 58,
the use of advanced technologies, like 10T, are essential for No. 1, pp. 18-43, 2020.
success. In South Africa's reduced consumer spending https://doi.org/10.1080/00207543.2019.1612964
power, a viable option for businesses is adopting a low-cd4l YANG, C., LAN, S., ZHAO, Z., ZHANG, M., WU,
leadership strategy without compromising quality. The W., HUANG, G.Q.: Edge-cloud blockchain and loE
adoption of contemporary perspectives in strategy enabled quality management platform for perishable
formulation, with 10T technologies as a driver for agility ~supply chain logisticdEEE Internet of Things
holds promise for helping last-mile businesses achieve Journal, Vol. 10, No. 4, pp. 3264-3275, 2023.

competitiveness and sustainability. https://doi.org/10.1109/J10T.2022.3142095
[5] AJAYI, M.O., LASEINDE, O.T.: A review of supply
5.4.2  Policy implications chain 4IR management strategy for appraising the

The study recommends that the South African manufacturing industry’'s potentials and shortfalls in the
government should adopt policies that support technology 21° century,Procedia Computer Science, Vol. 217,
use in logistics companies through strategic management pp. 513-525, 2023.
and financial backing. Moreover, allocating resources {6] DEVARI, A, NIKOLAEV, A.G., HE, Q.
address other critical needs, such as infrastructure Crowdsourcing the last mile delivery of online orders
development (roads, electricity, and internet bandwidth), is by exploiting the social networks of retail store
vital, as these challenges often hinder progress. To enhancecustomersTransportation Research Part E: Logistics
the SME sector, the government should prioritise and Transportation Review, Vol. 105, pp. 105-122,

providing managerial and technical skills to SMEs. 2017.
[7] GIELENS, K., GIJSBRECHTS, E., GEYSKENS, I.:
55 Futureresearch Navigating the last mile: The demand effects of click-

This study offers valuable insights into 10T's potential and-collect order fulfillmentJournal of Marketing,
to improve last-mile distribution systems in South Africa, Vol. 85, No. 4, pp. 158-178, 2021. S
with a specific focus on the influence of 10T on the codBl KAYIKCI, Y.: Sustainability impact of digitisation in
and quality of the LMD sector. However, there are logistics, Procedia manufacturing, Vol. 21, pp. 782-
opportunities for future research to explore additional 789, 2018. . N
dimensions and aspects of 10T integration in last-mil®] BUYUKOZKAN, G., GOCER, F.: Digital Supply
logistics, including risk management, environmental Chain: Literature review and a proposed framework for
impact and sustainability, Regulatory and legal future researchComputers in Industry, Vol. 97, pp.
implications, customer experience and comparative 157-177, 2018.
studies. By addressing these areas of research scholardittps://doi.org/10.1016/j.compind.2018.02.010
would expand the knowledge and understanding of ho0] BALAJI, M.S., ROY, S.K.: Value co-creation with
loT technologies can transform and optimise last-mile  Internet of things technology in the retail industry,
logistics, ultimately leading to more efficient and  Journal of Marketing Management, Vol. 33, No. 1-2,

customer-centric delivery systems. pp. 7-31, 2017. .
[11] DE VASS, T., SHEE, H., MIAH, S.J.: 10T in supply
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Abstract: According to the World Health Organisation (WHO) a health system consists of many components like
organizations, institutions, resources, and people whose primary purpose is to improve health. The system is complex and
requires staff, funds, information, supplies, transport, communications and overall guidance and direction to function
properly. These elements interact with each other and, as in the logistics system, there are uninterrupted physical, decision-
making and information flows between its most important elements, which include: service providers, service recipients
(patients), a payer (the National Health Fund), control and supervision institutions, the Ministry of Health. The Polish
healthcare system is struggling with many problems, such as insufficient access to health services, inefficient system
management, shortages of medical staff, or underfunding. The use of Value Stream Mapping (VSM) standards can
significantly contribute to the improvement of logistics processes of the Polish healthcare system. The standards can be
also used to improve the processes of treatment of other diseases, but also the functioning of healthcare units.The aim of
the article is to present the possibility of applying Value Stream Mapping standards in the process of ischemic stroke
treatment as the results of the project ‘Lean Management in Healthcare’, implemented by the consortium consisting of
the Medical University of Warsaw, the Institute of Psychiatry and Neurology in Warsaw and the Polish Society of Health
Economics, financed by the National Centre for Research and Development under contract no. I1S-2/200/NCBR/2015.

1 Introduction » Insufficient access to health services, in particular to

A healthcare system consists of all organizations, Specialist doctors, including health inequalities based
institutions, resources, and people whose primary purpose ©0n socio-economic status and place of residence;
is to improve health by delivering preventive, promotive,  Inefficient management of the system at all its levels
curative, and rehabilitative interventions [1]. ‘Healthcareis  with a lack of coordination between its individual
categorized as a service sector, where service in the form sectors: primary healthcare, outpatient specialist care,
of medical aid is provided. It is very important to hospitals, rehabilitation, long-term care and social
rigorously upgrade the healthcare system, in terms of care;
efficiency and productivity. As the healthcare is not just  Staff shortages of medical staff and an inadequate
merely a business, but a system which has an impact on all model of competence in medical professions and
lives’ [2]. uneven distribution of medical staff;

Logistics activities are complicated particularly ine Insufficient activities in the field of public health,
hospitals due to the number and complexity of disease prevention and insufficient involvement of
organizational (administration, hospital wards, outpatient  Poles in their own health;
clinics, laboratories, hospital pharmacy, sterilization, etc.3  Underfunding of the healthcare system;
and functional (wide range and number of services |nsufficient access to innovations in healthcare,
provided) logistics processes [3]. including modern therapies;

Due to the large number of existing medicale | ack of along-term, coherent and evolutionary vision
technologies (over 100,000), health care is one of the most  for the reconstruction of the healthcare system.

complex spheres of the economy [4]. The demand for

medical services far exceeds the ability to finance them, The problems identified in the Polish healthcare system
and to some extent even satisfy them, due to the fact th@icate the need to look for alternative ways to increase
modern civilization contributes to the increase in thgye efficiency of the system, in the face of its long-term
number of diseases at a faster rate than it is able to keepwalerfunding in relation to the ability to meet the health
with their treatment [4]. S needs of the society [6].

According to the ‘Results of the nationwide debate on stroke is currently a major social problem, as it is the
the directions of changes in healthcare, the main challengggd most common cause of death and the main cause of
faced by the Polish healthcare system include [5]: permanent disability [7]. Annually, 15 million people
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worldwide suffer a stroke, 5 million die and another Bnventory) and has far less than half of accidents and
million are left permanently disabled, placing a burden otlefective products [15]. There are five principles of lean
family and community [8]. Stroke is uncommon in peopl§16]:
under 40 years, however, also occurs also in about 8% ef Identify value from the customer's perspective;
children with sickle cell disease [8]. In the acute phase of Identify the value stream for each product or service
ischemic stroke, two methods of causal treatment are and address all wasteful steps;
currently recommended: intravenous thrombolytic therapy  Make the product or service flow continuously and
with recombinant tissue plasminogen activator (rt-PA) and standardise processes around best practice;
mechanical thrombectomy involving mechanical removal  |ntroduce ‘pull’ between all steps where continuous
of the clot from the lumen of the cerebral vessel [9]. flow is impossible;

Time is of the essence when treating a stroke, which Manage towards perfection.
confirms the popular statement ‘time is brain’ (referring to
the famous Benjamin Franklin’s original aphorism “time is Initially, the lean system developed mainly in the
money”), because with each moment that a stroke gogSomotive industry, but over the years it has also spread

untreated, the nervous tissue in the brain is rapidly agd other areas, including the healthcare sector. According
irreversibly damaged [10]. ‘Time that the brain does nQ, 3 E. krafcik: ‘lean plants are more capable of
receive oxygen determines the extent of the brain dama%ﬁhultaneously achieving high levels of productivity,
the shorterthe time the less the permanent damage andqq}g"ty' and mix complexity’ [17]. ‘Lean brings benefits
longer the time the more permanent or residual brajg, organizations to be more competitive, as it creates value
damage. Thus, treatment is aimed at getting the patientfd cystomers by eliminating all waste from activities and
a hospital and into a stroke treatment protocol as 00N Jiaining lean processes with high economic efficiency’
possible’ [11]. For this reason, improving the treatment ¢i g \waste in the healthcare system is no different from
patients with a stroke is so important. » waste in manufacturig systems and includes any
One of these ways is to optimize the logistics processggpenditure of time or resources that does not cotribute to
that play a key role in ensuring appropriate patient carge efficient delivery of quality healthcare to the patient

Improvements of the logistic processes can reduggg) There are eigth types of waste in a healthcare system
healthcare costs and provide better support for clinicgls.

processes [12]. One of the main goals of logistics in
healthcare is to search for methods that shorten the waiting
time and increase the availability of medical procedures
that reduce the cost of treatment [2].
The Chartered Institute of Logistics & Transport (UK) ,
defines 7 Rights of Logistics as:
» getting theRight product,
* intheRight quantity,

Defects (deficiencies and errors), e.g. time spent not
doing something right the first time, checks and

fixes for errors, and deficiencies caused by lack of
tools, equipment, or lack of availability;
Overproduction (doing more than patients need or
taking action too early);

e Transportation (unnecessary movement of patients
and products in the system like samples, materials,

* intheRight condition, instruments, devices, apparatus, etc.);

* attheRight place, «  Waiting (e.g. for the next action, study, decision, or
* attheRight time, resources necessary for action);

* totheRight customer, « Inventory (excess stockpiles resulting in frozen
* at theRight price [13]. financial resources, expired medications and

These rights are particularly important in the treatment  additional disposal costs);
of ischemic stroke, in which a crucial issue is the reactiom  Motion (unnecessary employee movements and
time and medicating, that have a great impact on the state processing);
of health and even life of the patient. Streamlining logistics  (Over)Processing (doing work that is of no value to
processes in the treatment of patients with a stroke is the patient and other employees);
possible thanks to the usage of the lean management Hyman potential (waste and losses resulting from not
concept and its tools, such as Value Stream Mapping engaging employees with knowledge and potential
(VSM). for improvement, ignoring their ideas, not caring

) ) about their development).

2 Literature review

The term ‘lean’ was first applied by John F. Krafcik in - The healthcare system is not a manufacturing plant but
1988 to explain the Japanese system of success and lategociotechnical system in which the technical system is
spread by James P. Womak, Daniel T. Jones and DargRisely interrelated to a social system of people and
Ross in their leading book ‘The Machine that changed thgganisation’ [20]. Lean manufacturing methodology
world’ [14]. In their research, they found that the terntould be used in healthcare logistics for solving problems
‘lean’ best describes a system that operates on half of dsd improving its global performance [21].
usual resources (space, labor, capital investment,
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The application of lean to the treatment of patients is dnstitute of Psychiatry and Neurology in Warsaw as a
attempt to eliminate all forms of waste, withoutmodel unit for the analyzed process [6]. Research methods
undermining any clinically important steps [22]. such as unstructured interviewing and participant

According to Al-Balushi et al. [23] factors that areobservation were used to develop the VSM standards. In
important for the successful application of ‘lean’ inthe study the desk research technique with two types of

healthcare include: sources of information were used: primary (including e.g.

» Strong leadership team’s support for lean; data made available by medical facilities) and secondary,

« Identifying lean with the strategic agenda of thavhich include scientific publications, press articles from
healthcare setting; trade journals and statistical data obtained from online

«  Understanding what value and customer groups exigblications
in healthcare; _ _
*  Undertaking the end-to-end process view to identif} ~ Result and discussion

and eliminate waste; The concept of developing VSM standards was based
+  Personnel training and involvement in lean principlegn the DMAIC (Define, Measure, Analyse, Improve,

and methods; Control) method, according to which the following
« Measurement and reward systems aligned to le®@focedures were identified [6]:

objectives; 1. Identification and selection of the value stream
« Matching demand and capacity levels to improve (selection of the VSM process),

flow. 2. Map of the current state,

3. Analysis of data of the current state map,
Lean has many essential tools that can help organize 4. Future state map and implementation,

tasks and improve processes [24]. One of them is Value 5- Evaluation of implementation effects and
Stream Mapping (VSM), which is particularly important continuous improvement.

for the identification and elimination of waste. It helps to ) o )
visualize the patient's path, understand the entire process of The standard, as the basis for any activities aimed at
medical treatment which can be later simplified bymproving the current state, requires a process approach.
removing delay, unnecessary movements, consultationsdte process mapping technique is one of the specialized
other appointments, and the need for remedial clinic#0ls enabling process identification, necessary for the
intervention [22]. Delay is the most serious problem ifffective and efficient operation of an entity from the
service medical provision, especially in in the treatment €althcare sector [6]. Due to the fact that healthcare

patients with a stroke. professionals are accustomed to follow instructions, the
VSM standards have been prepared in accordance with the
3 Methodology principles of rules for creating procedures. Procedures can

rpe defined as an established way of carrying out an action

The originator and initiator of the project, resulted i defin les i i ¢ th
the described standards, was the Polish Society of Health Process . elining rules n a speciiic aréa of the
anization's operation, responsibility for activities and

Economics, which was the leader of a consortium who&¢9 giti for thei >t Th | © th
members also included the Medical University of Warsa\x?in itions for their supervision. They also specify the

and the Institute of Psychiatry and Neurology in Warsa: Pes of input documents (to be taken into account by the
specializing in the development of new methods Oactlons regulated by the procedure) and output documents

treatment and rehabilitation of patients with mental an o be taken into account by the activities described by the

neurological disorders procedure) [25]. The design of the procedure should ensure
The development of the standards was possib'l transparency and ease .Of application [25] that IS why
primarily thanks to the involvement of healthcare facilitiesn® VSM standarQs described the procedures with the
Srlqllowmg elements:

which provided both substantive and practical support 1 Title

the field of mapping the treatment processes of stroke
. A . . ?
patients and providing information about them. These were 2. Purpose (W_hat dog; 'ghe procedure regulate?).
3. Scope (Which activities, processes, resources, etc.

the following facilities: the procedure is related to?)
1. Institute of Psychiatry and Neurology in Warsaw, . b'FI)' d riah i
2. Mazovian Specialist Hospital in Radom, 4. Liability and rights. .
3. Mazovian Provincial Hospital in Siedice, 5. Description of the activities (afc a relatively general
4. Mazovian Brodnowski Hospital in Warsaw, !evel, W.'th reference to op_erqtlonal dpcuments, €.9.
5. Mazovian Hospital in Plock. instructions, templates;_ it is a(_jwsable to use
graphical forms of notation, e.g. in the form of a

The map of the current state and the map of the future flowchart).

state for the purposes of the standards were developed™ Retc_:ords_ ((jc_ioctur:jwelznﬁ In wh%h the results dO; the
based on the analysis of the treatment process of patients7 Ai? |or|?s in tlca ed in the procedure are recorded).
with ischemic stroke in the 2nd Neurological Clinic at the - achments.
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Each procedure contains a process diagram. As #re current state, while Figure 2 shows a diagram for
example, Figure 1 shows a diagram for creating a map @ating a map of the future state and implementation.

Value Stream Manager

1. Medical procedures.

2. Other requirements for a given A
disease entity. . Development of a Value Stream Map
3. The defined type of patient |  of the patient's treatment process .| Map of the current
representative. " according to the current state state
4. Resources for the treatment process
of patients. T
Available resources: financial, personnel,
measurement tools and methods, system dat
Figure 1 Diagram for creating a map of the current state [6]
Value Stream Manager
1. Map of the current state of the
patient's treatment process. .
2. Identify and eliminate bottlenecks
and losses in the process. > Create a future state map R Future stat
3. New values for process KPIs. - -uture state map,
y implementation

Available resources: project team,
measurement tools and methods.

Figure 2 Diagram for creating a future state map and implementation [6]

While creating a map of the current state it is advisabgervices are provided. The maps should be laid out in such
to involve representatives of all departments anaway that it can accommodate indicators and visualization
organizational units participating in a given value streamwf processes taking place in the area of basic and auxiliary
in order to correctly identify the path of the patient flowprocesses. The maps should include following areas [6]:
activities in the process, bottlenecks and potential losses 1. The area of the patient's health quality indicator.
and improvements. The development of a map of the 2. The area of auxiliary processes.
current value stream is aimed at a graphical representation3. The area of basic processes.
of the treatment process of a representative patient with a4. The area of key parameters of the value stream.
stroke and the basic indicators of the value stream. The 5. The area of registration the patient's stay time in
value stream includes the analysis of patient treatment individual place of performance of basic services.
processes within the scope specified by the value stream6. Value stream cost area.
manager. The development of a map of the current state 7. Summary area of indicators for a periodic value
begins with the detailed identification of the selected value stream (e.g. 1 year).
stream according to the flow of a specific type of patients
entering the healthcare facility, i.e. according to the The area of the patient's health quality indicators
International Classification of Diseases (ICD-9 and ICDgraphically reflects the patient's current state of health
10), which appear at the beginning of the value streamccording to the adopted classification (Rankin Scale or
Defining the type of patient according to theséNational Institutes of Health Stroke Scale - NIHSS) at a
classifications allows to collect the system data and showgden stage of treatment according to the available data.
be done within the framework of Standard No. Irhe indicator should be based on system data or patient
(identification and selection of the value stream). On thisistory cards over time.
basis, the starting and ending points of the analyzed processThe area of auxiliary processes graphically reflects the
of the current value stream state should be defined. Bgitaces and types of activities performed during the patient's
maps (of the current and future states) are divided intotféatment process, where the patient (as a rule) does not
analytical areas reflecting the parameters and indicatorsreside, where resources are prepared, auxiliary and
each stage of the patient's stay process and the courseiafnostic tests are performed, results required in the
treatment and the patient's stay in individual places whegeocess are developed, which are then provided in the area
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of places where basic services are performed. In this are@atment process of a single representative patient (unit
it is necessary to identify the activities and resource®st) with separate costs of individual cost components

necessary for the preparation of services, which are thech as all resources (personnel, apparatus, premises,
subject of subsequent provision at the places where thguipment), medical and non-medical supplies, medicines,

basic services are performed, and to estimate them inmaals, costs of external services and overhead,

temporal and quantitative manner and to identify théepartmental, administrative and board costs assigned to
frequency of their provision. the patient (so-called "hotel costs", surcharges, etc.).

The area of (essential) basic processes graphically The summary area of the current status map indicators
reflects the chronological identification of places on the the form of a graph presents the summary selected and
diagnostic and therapeutic path, where the patient stays andst important value stream indicators reflecting the
where auxiliary and essential services are provided as ppatient stream according to the patient-representative
of the basic treatment processes. In this area, it is necesgmthway. The data source for the summary of the indicators
to identify the activities and resources necessary for tiethe annual aggregated data of the key parameters of the
provision of services and to estimate them in a temporakatment process, time, patient health index and value
and quantitative manner, as well as to identify thstream costs. It is recommended to use the most important
frequency of their provision. indicators that describe the value stream, such as the total

The area of key parameters of the value streaoost of the representative's patient value stream, an
graphically reflects the resource ratios for individual placeadicator of the effect of treatment of patients appearing at
of service. It should be developed on the basis of datee end of the treatment process, an indicator of the
obtained during the patient's diagnostic and therapeupiercentage of VA time to total LT treatment time.
pathway and on the basis of data on the availability and use The development of a visualization of the treatment
of resources time. In this area the resources (and theocess of the representative patient required a physical
number of them) required to serve the patiemassage through the patient's diagnostic and therapeutic
representative subject to the Value Stream Mapping shoutdth, i.e. through all the places where services are provided
be defined. (the so-called Gemba Walk). During the walk, it was

The area of recording the patient's residence time imecessary to identify: places where services are provided
each location graphically reflects the chronologicahnd prepared, the process of patient displacement,
identification of the patient's residence time in eachctivities and their sequences, resources used in the process

location with an estimate of the time spent on [26]: and assigning them to activities, external services provided
« VA (value added)- treatment activities that increasto the patient, information flow process, potential losses
value in the process, and bottlenecks in the process, deviations in resources and

« NVA (not value added) - activities related to thédrocesses from the standard treatment process [6].
process, which do not add value to the treatment Any identification should also include the determinants

process, where: of the process diagnosed as deviations from the patient's

« VA is the time of treatment and activities closelystandard path. The scope of deviations should include:

related to the patient reflected on the PT (Processifpces where services are provided, services provided,
Time) line of the graph for a given place of thduman and material resources and the number of resources

patient's presence, required for given activities, activities carried out in each

« NVA is the waiting time in the process and thePlace with the use of devices, apparatuses and instruments,
transport time - WT/TT — (Waiting Time /Transportdevices, apparatus and instruments, duration of activities in
Time) reflected on the WT/TT line of the graph for £2ach place, necessary to safely serve the patient

given location, representative [6]. All these parameters can be optimized
. CT (Calendar Time) reflects the length of the patient@d affect the quality of the logistics of the patient's
stay in a healthcare facility. treatment process.

An example of a future state Value Stream

The value stream cost area in the form of a graph sholv@p together with described indicators of the treatment

the costs of treating a patient with a stroke at differeRfOC€ss of patients with ischemic stroke is shown in the
stages of the treatment process. It is the cost of theure 3.
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Figure 3 The example tifie future state Value Stream Map of a treatment process of patients with an ischemic stroke [6]
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An example of a future state map of the value stream of hospitalization room, which will shorten the
the treatment process of patients with ischemic stroke is diagnostic time.
shown in the Figure 3 which highlights areas where
improvements in the treatment of thrombolysis stroke In the area no. 5 on the future state map, an
patients are proposed. Places of improvement were markegprovement has been proposed to ensure the possibility
on the map in red with sequential ordinal numbers. of administering a thrombolytic drug in a computed
In the area no. 1 on the map of the future state, &ammography or MRI room, where a diagnosis is made and
improvement was proposed consisting in the removal afdecision is made to administer the drug, which will result
the barrier and the station serving it at the entrance, white
equipping the ambulance with a remote control or a system shortening the time from the correct diagnosis to the
for remote opening of the barrier, which will translate into  administration of the drug as a result of the shift in the
a reduction in the time of entry of the ambulance into the  process of moving the patient from the ground floor
premises of the healthcare facility by approx. 0.5 minutes. to the second floor and the time necessary for
and reduce security costs. additional related activities by approx. 5 minutes for
In the area no. 2 of the future map, an improvementwas the next stage of treatment,
proposed to record patient data at the stroke site or duriRg start of thrombolytic drug preparation approx. 2
transportation, via electronic devices for remote and minutes earlier,
automatic transfer to the emergency room system. The the possibility of reducing the stocks of expensive
improvement will reduce the time needed to register the  thrombolytic drugs by approx. 50% as a result of

patient, enter data on symptoms and health status by eliminating stocks in the monitored rooms of both
approx. 2.5 minutes, and at the same time avoid errors clinics (the analyzed healthcare unit has two

when transcribing from paper forms. neurological clinics treating patients with a stroke)

In area no. 3 on the map, an improvement has been and accumulating the necessary supply in one place
proposed, consisting of: where the drug is administered to patients who are
* moving the qualifying examination room from the  |ater admitted to both clinics of the facility; the

lesion area no. 2 to 4, closer to the CT and MRIroom,  limitation may also apply to other drugs necessary to
which will translate into a reduction in the time of be administered at this stage of treatment,
patient transportation to the examination by approx. 2 reduction of stocks of expensive thrombolytic drugs

minutes and, at the same time, an increase in the in both clinics, contributing to the reduction of drug
efflc:lency of the use of staff time and a reduction in losses resumng from expired and non-use of full

the costs of resources involved in the patient's doses by packaging units,

transfer, _ 3 + reducing the time spent on rehabilitation and stay by
+ the use of beds with the ability to measure the gpout 10%.

patient's weight in the emergency room will allow for

more precise selection of drug doses according t0 |n the area no. 6 on the future state map, an
medical procedures proportionally to a body weighfmprovement was proposed to eliminate the thrombolytic
which in the case of a thrombolytic drug is vengrug supply from the handy first aid kit as a result of
important due to its high cost and may allow to redugg@oving the drug administration site to the MRI site.
the cost of drug consumption, In the area no. 7 on the map of the future state, an
« the use of a wider door in the ambulance drivewaymprovement was proposed consisting in shortening the
which will make it easier to manoeuvre the bed witfime spent on contact with the patient's family and
the patient and introduce them to the emergen@kplaining the causes, symptoms, path of further treatment
Room. and prevention after leaving the healthcare facility, by
making leaflets devoted to the subject of stroke available
In the area no. 4 to be improved on the future state map,the healthcare facility in order to reduce the number of
the following changes have been proposed: questions from the family and the time spent on
» extension of the patient registration function taexplanations by the attending physician by approx. 10
include registration functions performed in theminutes during the first visit and next by approx. 5 min.
emergency Room, thanks to which the registrar's It has been proposed to introduce continuity of
workplace in the additional admission room will beregistration of patients' health at every stage on each day of
eliminated and the use of human resources in the fielle patient's stay in a healthcare facility in order to better
of registration functions will be increased, select resources and means, control and verify the medical
+ creating an emergency room closer to the CT arattions taken.
MRI room, which will reduce the transportation time  An improvement has been proposed, consisting in the
of the patient approx. 2 minutes, performance of activities by personnel with adequate and
« earlier blood tests with portable devices performed isufficient education to perform given activities in order to
the emergency room, rather than in a monitorexeduce the work of resources with a higher rate of labor
cost by involving employees such as medical secretaries,
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who can perform activities related to fill in the certairtechnological, organizational and economic point of view,
documentation for a neurologist. in a very wide and diverse range of medical procedures.

It was observed that there was a need to make The main goal of the described standards was to
improvements consisting in shortening the time at the firachieve effects in various areas of treatment and
stage of the process, i.e. diagnosing a stroke outsidduactioning of healthcare facilities. There are mainly four
healthcare facility and transporting patients to it in the stypes of effects [6]:
called ‘time window' of 4.5 hours for ischemic stroke. Ine  Procedural, directly related to the medical procedure
this area, it is proposed to increase public awareness of (in this case, it concerns the treatment of patients with
stroke prevention and recognition of the early symptoms of  ischemic stroke).
each type of stroke through social campaigns about the role  Medical (technological), related to learning about the
of the nearest environment in improving the whole  shortcomings of medical procedures.
treatment process by reporting this fact and calling theé  Organizational, related to the organization of the full
ambulance immediately. process of preparation for treatment, treatment and

The above-mentioned proposed improvements may rehabilitation stage.
contribute primarily to the improvement of the patient's,  Economic, related to alternative methods of treatment
health as a result of earlier administration of the drug and  from the point of view of costs and time savings,
thus less cost-intensive further hospitalization, shortening expressed in the form of costs.
the time of stay in the facility, improving the efficiency of

the facility's resources and reducing the indirect costs of The article shows that the described VSM standards can
the patient's further functioning in society, which were nafypport logistics processes in the treatment of patients with

measured. ischemic stroke, where time saving is particularly
) important as it increases the chance of returning to the
5 Conclusions patient's normal life and reversing the effects of the stroke.

The use of lean management tools is still not veryhe standards can be also implemented in treatment of
popular in improving patient treatment processes ipatients with other diseases. The scope of application of the
Poland, even though there are many examples of temndards in healthcare can be very wide. It results from the
positive impact of lean concept implementation on thkigh adaptability of the method, expressed on three levels
development of hospitals around the world, as below [156]:

* Reduce total clinical trial time by 60% without » Process, expressed in terms of different
increasing staffing or purchasing new equipment configurations of nodes with variable (flexible) time
(Alegent Health Hospital); and cost parameters;

* More than 70% reduction in instrument Technological, expressed in terms of different levels
decontamination and sterilization cycle times  of permissible deviations of individual structural
(Kingston General Hospital); elements of medical processes;

* Reducing patient waiting times for orthopaedice Organizational, expressed through various
procedures from 14 weeks to 31 hours (ThedaCare adaptation activities at different structural points of

Hospital); the organization of the holistic treatment process.
*  95% reduction in patient deaths due to bloodstream
infections (Allegheny Hospital); Thanks to the above-mentioned objectives, the

* Reduced hospital stay by 29% and avoided a hugelaptation of the presented method described in these
investment in a new emergency department buildirgfandards may prove to be very useful from many points of
(Avera McKennan Hospital); view in a very wide and diverse range of medical

« Increase revenue from surgical procedures (Ohrocedures, because a standard is a tool that allows for
Health Hospital) and savings, invested then ifeplicating an effective remedy for anyone who acts in
improving  healthcare  through  improvemenisimilar circumstances [28].
workshops (Park Nicollet Health Services Hospital). The use of the developed standards is also associated

with the introduction of changes in the health care facility,

The standards were developed in close cooperatigfich is a complex issue not only from the organizational

with representatives of the medical community, and theoint of view, but also for psychological and sociological
final version was reviewed and approved by the Nationggasons, which were not the subject of research discussed

Consultant for Neurology. In the opinion of Polishin the whole project. Particularly important are the changes

scientists dealing with the application of the leahat transform the organizational situation of an individual

management concept in healthcare, the project und®id a team into an innovative situation, very often
which the analyzed standards were created was vemjerpreted as disruptive and threatening to the individual.
important for the Polish healthcare system [27]. Reference visits to hospitals allowed us to observe

The adaptation of the presented method described in @entifically interesting problems and phenomena that
standards may prove to be very useful from #gay become the subject of further research, which is a
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continuation of this project. The presented standards were ischaemic  stroke  current  guidelines  and
used in a few Polish hospitals and can be an important tool recommendations (Profilaktyka pierwotna i wtérna
supporting logistics processes in the whole healthcare udaru niedokrwiennego mézgu swietle obecnych
sector. zalecé i rekomendacji)Forum Medycyny Rodzinnej,

The application of the lean management concept in the Vol. 12, No. 3, pp. 89-98, 2018. (Original in Polish).
Polish healthcare system needs to be popularized, becad€d DRUMM, C.: Time is Brain: Why it's important to get
despite numerous foreign examples of its use in order to treated for stroke ASAP [Online], Available:
eliminate waste and maximize the savings of resources and https://www.jeffersonhealth.org/your-health/living-
the quality of services provided, in Poland it is still a new  well/time-is-brain-why-its-important-to-get-treated-
issue that is used by only a few medical units or hospitals.  for-stroke-asap [11 Jun 2023], 2022.

[11] Medical University of South California: Stroke, time

Acknowledgement is brain, [Online], Available: https://muschealth.org/
The article concerns the results of the project ‘Lean  medical-services/geriatrics-and-aging/healthy-
management in Healthcare’, financed by the National aging/stroke-time-is-brain [9 Jun 2023], 2023.
Centre for Research and Development under contract Nb2] CORDES FEIBERT, D., ANDERSEN, B,
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Abstract: Global digitalization has caused a modification of the modern world market and the adaptation of business
strategies of modern companies. The target of the research is to define the peculiarities of trends in the evolution of
digitalization, innovation in marketing and logistics of modern companies. It is substantiated that the efficiency and
competitiveness of a business are constructively related to the implementation of digital innovative technologies in the
marketing and logistics system to optimize business processes and reduce management and operating costs. Based ol
scientific generalization, it is indicated marketing and logistics interaction and specific features of key aspects in
influencing competitiveness. Based on structural and logical analysis, revolutionary technologies and innovations in the
marketing and logistics system are highlighted for maximum automation of business processes of modern companies,
based on which their development trends are determined. The need for a systematic approach to the consideration of
marketing and logistics as inseparable elements of the continuous cycle of companies (production-promotion-sales-
service-logistics) is put forward. Based on structural and logical analyze peculiarities of the implementation of the
marketing logistics system of companies in conditions of digitalization and innovation, which can be applied in the
forming a digital marketing strategy and managing the logistics system of companies in the long term.

1 Introduction a marketing-logical system remains relevant and requires

Modern business trends necessitate a flexible aﬁ@ta”ed Study. Because of thiS, new Challenges and tasks
adaptive approach to company management, which is € formed in the global system management, which are
key to its effective operation in a highly volatile anctimed at developing economic systems, optimizing and
uncertain environment. Global processes of digitalizatidfproving the marketing and logistics system. The
and innovation in all areas of company activity, which ar@ultifunctionality of management decisions in the
characterized by the ability to ensure competitiveness Marketing-logical system greatly complicates the process
world markets while maintaining their positions andf information exchange between different systems and
improving them in the future. However, as part ofeads to increased contradictions between the production
maintaining a competitive position, modern companieadnd organizational and economic systems. Thg resolution
conceptually need to expand the consumer segment #Hdthe presented contradictions can be carried out by
target audience by intensifying marketing and logisticddapting marketing and logistics systems based on the
processes through application of digital technologies afi@plementation of digital technologies and innovations,
innovations that will ensure the execution of strategi¢hich will be studied in more detail in this article.
business goals and objectives. The conceptual task of Ensuring the efficiency of a company's activities in
modern marketing is to analyze and consolidate tfgday's highly competitive global markets is characterized
information received as a necessity for the effectivey the need to organize a marketing and logistics system in
functioning of companies in uncertain conditions. Takingmenably with latest technology conditions and trends
this aspect into account, the issue of optimizing theUpporting strategic business goals and objectives. The
management of business processes of modern compa¥@dPany’s competitiveness is inextricably linked with an
through the use of digital technologies and innovations Bffective marketing-logistics system, which provides the
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entire chain of production of goods and servicegehicles, markets and forms of organization in the industry
(production-promotion-sales-service-logistics) andre clearly related to innovation. It should be noted that this
requires constant improvement based on digital innovatiapproach is specific and aimed at the specifics and
technologies. Taking into account the peculiarities of theharacteristics of the industry, and not all areas of company
intensity of the application of digital technologies andctivity, which is essential and significant in modern
innovations, as well as the implementation of digitatonditions and can only be considered for companies in
information flows in the concept of modern marketing anthis industry, as well as for other forms and types of
logistics, there is an urgent need to study this issue for thetivity, but it remains unclear The issue of determining
future improvement of approaches to management atite specifics and characteristics of the evolution trends of
argumentation of key trends in the evolution of theompanies in economic activity segment has been
marketing and logistics system. resolved, which requires a more detailed and in-depth

The relevance and necessity of the study is due to thieidy.
fact that the intensity of the implementation of The interpretation of the introduction of innovative IT-
digitalization and innovation processes in the marketingechnologies for the purpose of modifying management
logistics system of companies requires argumentation ojects and ascertaining the economic, social,
the features of their use, highlighting the relationship arehvironmental, scientific and technical effect are
development trends. considered in the scientific work of P. Adams [2]. This

To achieve the goal of this study, it is inevitable t@pproach is based on studying the influence of technology
conduct a detailed study and analysis of the features in tned innovation on the object of company management,
application of a modern marketing and logistics systermhich will allow taking into account these factors when
argue the main role of digital technologies and innovationfgrming the company's strategy, but the essence of digital
followed by highlighting the relationship between themtechnologies and innovation and their impact on the
ensuring the efficiency of companies. Because ensuring timarketing and logistics system of modern companies is not
efficiency of companies directly depends on the processdisclosed, which requires improving this approach and
strategy formation and is based on versatile officials amdore detailed study.
trends in the modification of digital innovations in the Features and changes in the original structure of the
marketing and logistics system, which requires detailggtoduction mechanism, the transition of its internal

and in-depth research. structure to a new state, with regard to products,
technology, means of production, professional
1.1 Review of scientific literaturein thefield qualifications of the workforce, organization of logistics
of digitalization, innovation and marketing and sales; changes that have both positive and negative
in logistics consequences, both economic and social of the

The intensity of global digitalization is expressed by thiitroduction of innovations and advanced technologies are
implementation of digital technologies and innovations ifonsidered in the scientific research of S. Shao [3]. This
all sectors of the world economy. However, globalizatioPProach is very interesting and relevant in modern
processes of integration into a single superior econonfienditions, but this approach justifies the clarification of
space are forcing the management of modern companiedp features of new technologies and innovations in the
radically review and improve existing approaches tfitérnal processes of the company. Based on this, taking
organizing activities, which must necessarily be based §}© account the tendency in the modification of the global
digital technologies and innovations, since their use cap@rket and the need for business scaling to achieve
ensure the company’s efficiency and achieve your Strateg\*@xmum.results, _the issue of the need to |_mplement digital
goals and business objectives. Considering the relevancd&thnologies and innovations not only for internal but also
modemizing the existing management mechanism far external busmess processes of companies is becoming
modern companies and introducing digital technologié@'eva”t’ which remains unresolved and requires further
and innovations into the business processes of tfesearch.
marketing and logistics systems of companies, it remains Focusing on the features of the development and
necessary to search for basic scientific approaches dn#ggration of marketing and logistics into a united system,
practical recommendations in this area to substantiate k&3 the basic practice of supply chains in markets in the
trends and features of their development and subsequefientific study of Dadzi K. [4]. This approach argues for
application in long-term planning development. It idhe key r_oIg and complemen_tary elements of_the marketing
important to state that the basis this issue and represent@fd logistics system, which are determined by the
hypotheses of scientists in the field of digital technologie§/ficiency of companies in the main markets by building an
innovation and marketing and logistics systems. optlmql supply chain. It _should be r_10ted that this approach

Noteworthy is the scientific approach of H. Alzoubi [1],Will highlight the main theoretical aspects in the
which argues for the conceptual need to improve existiffgoperation of marketing and logistics of a company in
approaches to marketing and logistics of companies. TH¥dermn conditions for organizing an effective supply
approach argues that changes to introduce and use fd\@in. however, the question of key tendency in the
types of consumer goods and services, new production £Hyplution of the marketing and logistics system under the
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influence of digitalization and innovation remains open, 3. Tools for achieving and maintaining competitive
which requires detailed research. Focusing on the fact tltvantages.
in highly competitive global markets there is a constructive
relevance in the implementation of digital technologies and It is important to note that the presented interaction
innovations in the field of marketing and logistics systemseates new conditions and additional opportunities for
into the activities of companies, we should consider thacreasing the value of the product, service and its offer for
scientific work of Granstrand O. [5]. This study focuses othe consumer, which increases the degree of his
an approach that states the process of practical applicatgatisfaction with the purchase and determines his readiness
of innovation and leads to the creation of products arid become a regular customer of the company. This is a
technologies that are better in their properties, focused oandition for achieving its competitiveness, increasing the
economic benefits and additional income, and covers th@vel and strengthening of competitive advantages in the
entire range of activities - from research and developmdphng term, as
to the marketing and logistics system. This approach is well as bringing its strategic potential in line with the
more adapted to modern business realities, but does nonditions of the external environment. The quality and
reveal the specifics and features of the implementation odmpleteness of the maodification of logistics and
digital technologies and innovations in the marketing andarketing functions have a positive impact on the
logistics system, which requires more detailed research.company's competitiveness in the global market.
Noteworthy is the scientific approach of Dana L. [6]Marketing parsing determines and specification customer
who argues that the final result of creative work is obtainedbstitution; Logistics tools ensure synchronization
from investing in science and new technologies, in neturnover flow at the end of the forehanded period redress
forms of labor organization, service and managemememand on the basis of exploration marketing. Since its
including forms of control, accounting methods andiarget audience characterizes each market, therefore, the
planning the use of which is aimed at improving economiaractical issues of ensuring competitiveness through the
efficiency. A specific toolkit for entrepreneurs with whichimplementation of digital technologies and innovations
they use change as a chance to implement a new typesibuld be related to the specific market and the company's
business or service. The presented concept conceptualiabsity to:
the features of the use of new technologies and innovations 1. Resist the growing competitive pressure and
in the performance of companies and their impact on tineutralize the negative effects of an aggressive
procedure for assessing impact factors and choosiegvironment.
alternative tools, but taking into account modern tendency 2. Return to the initial positive state and maintain their
in the global digitalization of all spheres of human lifeorganizational integrity while showing the flexibility of the
However, the question of the features and specifics ofganizational and managerial structure.
digitalization, innovation in marketing and logistics 3. To form a holistically dynamic equilibrium system
remains unresolved, which requires a more detailed studlgat independently organizes the effective achievement of
Conceptualizing the above, it should be noted that wrganizational goals and determines the guidelines for
modern scientific literature there is no single approach astrategic development [7].
view on determining the features of the use of digital
technologies in the marketing and logistics system of Modern business conditions are characterized by the
companies, and there is also no justification for the role &dct that the specific interaction of marketing and logistics
digital technologies innovations that generate modebusiness stages in a company represents a wide range of
trends, which in turn confirms the relevance and necessigtivities that depend on suppliers of raw materials and

of this research. their delivery to the end consumer, which provides goods
or services in accordance with current needs. Logistics is

1.2 Marketing and logistics: features the final element of efficiency, contrary to the relationship
of interaction and impact on between the marketing and logistics systems. It is

the competitiveness of modern companies important to note that this allows us to talk about marketing

The digitalization of global business is based on tH@9istics, as well how to state the logistics aspect of
introduction of innovation and causes increase@SSessing the competitiveness of companies. When
competition, the formation and implementation of E_ghgcussmg the interdependence of marlgetmg and logistics,
logistics-marketing system and interactions, which is 1 iS conceptually necessary to emphasize the fact that the
factor in increasing the efficiency of companies. This jgresented relationship between flow and market-oriented

characteristic in that this interaction is the following: ~ Management concepts underlies marketing logistics - a
1. Interrelated management concepts (logistics agyStém of planning (marketing) and organization
marketing as a streaming market construct). (logistics) of presenting a product or service of the required

2. Logistics is the basis for the application of &uantity and quality according to the level of demand and

marketing is the basis for developing, a logistics stratedyne-price indicator. Marketing logistics ensures the
and optimizing the logistics system. organization of marketing and the implementation of

logistics according to supply and demand. To achieve
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consistency and proportionality between supply anbelong to different areas; logistics and marketing have
demand, it is necessary not only to ensure the movementofnmon areas.
commodity, communication and financial flows, but also According to many researchers, it is advisable to
to predict demand and improve relationships betweawnsider logistics and marketing as independent sciences,
companies and their counterparties. From the perspectagtivities that have both common and specific areas for
of marketing logistics, the consumer ensuresach of them [9]. Based on this, the author of the article,
competitiveness. The consumer's perception of the brabdsed on an in-depth critical analysis of scientific research
determines its competitiveness to the extent of uniquenes®l scientific generalization, argued that modern
and satisfaction of needs according to the gradation of theiarketing and logistics closely complement each other in
significance. Focus on the consumer underlies thmeeting consumer needs at reasonable costs. The primary
justification and implementation of the company'sunctions are marketing, which answers the question “what
competitive advantages, which are determined by tle needed?”; logistics functions are secondary, it answers
introduction of digital technologies and innovations in théhe question "how to do it?".
activities of companies. It encourages the creation of Marketing and logistics are equal parts of the
customer value, attractiveness and usefulness [8pbmpany’s unified sales system for its products. It should
Character of logistics in operation becoming and evolutiobe noted that with the immediate implementation of a
of a customer-oriented system is great. Since eaoharketing and logistics system, not only sales efficiency
company, based on the main characteristics, parametgrsreases, but also the functioning of the company in the
and interests of its target audience, emphasizes its miss@nbush of the use of digital technologies and innovations,
and vision for assessing competitiveness, its achievemetitat designate the relevance of this research.
are impossible without digital technologies and Noting the considered scientific approaches in the field
innovations. of modification of marketing, logistics and implementation
The relationship between logistics and marketing aff digital technologies and innovations, the author of the
modern companies is a complex and debatable issagticle structures the key interactions of marketing and
However, given this, it should be noted that there alegistics companies to ensure competitive advantages in
different points of view: logistics is part of marketing;the global market, which are presented in Figure 1.
marketing is part of the logistics; logistics and marketing

Prodiict The need for a product / service on the part of Product
the consumer ;
Place and distribution Place
Marketing
Price "4R" Buyer, Consumer
Logistics
Promotion nTpn Quantity
Studying consumer
behavior Expenses
Quality
P e
Time
Satisfaction of requests and needs of consumers

— B

Figure 1 Key interactions between marketing and logistics companies for provision of competitiveness advantages in the global
market

Conceptualizing the presented, it should be noted thegrvice [10]. It is important to understand that the strength
marketing and logistics are important sources, since theif the influence of logistics on the company's
effective operation directly affects the quality of customezompetitiveness largely depends on how efficiently and
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competently logistics interacts with the company'separate the spheres of interests of business areas. Arguing
marketing activities. It is also worth noting that thehe presented specific interactions of marketing and
marketing and logistics concept is not universal for anggistics and theirimpact on the competitiveness of modern
company and can be diverse, which is determined by tbempanies, it is important to state that leadership and
specifics and type of activity of the company. It requiresompetitive positions in the global market today are
changes and improvement through the implementation a€quired by those who are competent in the field of
digital technologies and innovations based on the field @dgistics and marketing, own your methods, effectively
activity of each company and its strategic goals ardtegrate and apply them in practice in the process of
business objectives. Due to the presence of strongmpany management. However, given the trends in the
competition in the global market, which forces companigsodification of digitalization and changes in innovation,
to revise existing approaches to organizing activitiedigital technologies are necessary to optimize the business
repeatedly, modern companies must maximize the usembcesses of companies and increase the efficiency of
the full marketing and logistics concept. Neverthelessyarketing and logistics. The evolution of the digital
world practice says that in the near future this approach wéltonomy and globalization lead to a radical revision of
become more widespread. This conclusion is al®xisting methods and approaches to modern business
supported by the fact that modern business is forced to exisainagement, which requires a more detailed study and
in conditions of uncertainty and a constantly changingtudy of the specifics of digital business transformation,
economy, which means that companies are constangjich will highlight the main aspects and its role in the
looking for new solutions and ways to strengthen ammarketing and logistics system.

consolidate their positions in the market, which are

possible with the help of modern digital technologies an@ M ethodology

innovations. Based on the above, we can conclude that peer review process

logistics and marketing activities are capable of T jmplement the research and determine the features
complementarity. At the same time, being implementeg| 1o gevelopment of digitalization, innovation and their
synchronously within the framework of the marketing angy, plementation in the marketing and logistics systems of
logistics concept, they establish an effective solution {gmpanies, various sets of methods and tools were used.
business problems related to organizing company stratefife need for this study is determined by the inefficiency of
and achieving business goals. Appliance of marketing toqlganagement companies in the global market, which are
in logistics system management operations creates MeRkracterized by high costs of organizing activities and
significant and favorable ground for the development Qfinimal profitability. All this is because the global
financial stability and economic activity of companiesgjgitalization of the global economy is characterized by the
Thus, it is impossible for companies that develop onlyrowth of new technologies and management approaches
marketing or only logistics to achieve a leading position ithat are based on innovation and require their application
the modern world market. The growth of profitability andy, the marketing and logistics system of companies. To
efficiency leads to a constant search for mechanisms bagggicve this goal and confirm its relevance, the author of
on innovative digital technologies and their constructiveye article conducted a critical analysis of the features of
infusion into the business of companies. Based on g, gevelopment of approaches and methods in the field of
above, it should be noted that marketing is “planningyigitalization and innovation and their implementation in
“implementation”, “control” over the physical flows of y5rketing and logistics, and also expressed an opinion on,
materials and finished products, from points of origin t8aseqd on structural and logical resolution, the key aspects
points of destination, in order to satisfy consumer neeqs the use of new technologies, such as internal business
Ensuring the efficiency and competitiveness of compani@gocesses of companies, as well as external ones when
is possible only based on meeting the needs of custom@ggeracting with counterparties. Based on a critical
Marketing allows you to track and determine the demangdsq|ytion of scientific research, it is shown that there is no
that has arisen and answers the questions: what producfiiyjle approach to organizing an effective marketing and
needed, where, when, in what quantity and what qualitiygistics system and identifying key development trends in
Logistics - provides the physical promotion of thgnhe context of digitalization and innovation, which
demanded commodity mass to the consumer [11].  confirms the relevance and necessity of this research.
Logistics integration allows the delivery of the requiregaseq on structuring and scientific generalization, key
product or service to the right place and time at minimagl,,roaches to organizing the marketing and logistics
cost. Marketing is aimed at market research, advertising,ctem were conceptualized, which made it possible to
psychological impact on the buyer and other factorgjentify their key interactions to ensure the competitive

Logistics, in the_first place, is aimed at creating technicallé(dvamages of modern companies in the global market in
and technologically related systems for transporting, rent conditions.

materials through commaodity distribution chains, as well Structuring and scientific generalization made it

as systems for monitoring their passage. Based on the mgifsip|e to justify the need to use digital technologies and
results, it should be noted that marketing and logistiggnovations to ensure business efficiency. An analysis of
communications interweave, which makes it difficult the features of trends in the digital transformation of
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modern business made it possible to argue for key trerskrvice using digital technologies and innovations. Not so
in development based on a statement of the main digitahg ago, the introduction of social networks in the
technologies and innovations being introduced in allusiness sphere could be called a revolution, but in modern
sectors of the world economy. This led to the identificatiooonditions this is not enough and many companies need
of the main directions and most promising niches ohodern technologies to improve management methods and
digitalization of the world economy. Attention is focusedrand promotion. With the revolutionary transition from
on digital technologies and innovations, which aranalog to digital business strategies, companies are gaining
reflected in the marketing and logistics systems of modesignificant competitive advantages.

companies. Main excellence and flaws of application However, decisive action is needed, and some of the
digitalization, innovations in the marketing-logisticsnew processes are launched quickly and efficiently, while
system of modern business are highlighted. Theoretiaathers can lead to long-term transformations, and even
hypotheses of the features of interaction between tpeovoke deterioration in short distances. A rational
marketing system and logic have been formed, as well agproach to digital transformation and the introduction of
scientific and practical recommendations for theffective tools will help to digitalize the company and
implementation of digitalization and innovation in theexpand its opportunities in the global market.

marketing and logistics system of companies, which Digital transformation on a global scale is expanding at
represent a detailed description of modern trends that camintense pace and is characterized by the development of
be used in practice in the formation of a company&s new phase with the active use of innovation, artificial

marketing and logistics system. intelligence, machine learning, remote seating, online
assistants and consultants, and many other tools.
3 Result and discussion Digitalization and innovations in the marketing and

Modern market conditions are conditioned by a globa@gistics system are interconnected and ensure the
digital  transformation, which consists in theoptimization of business stages and increase their
implementation of methods for the inculcation of digitapfficiency for the company as a whole. Based on this, on
technologies and innovations in the business processedt basis of scientific generalization and critical analysis of
companies. Digitalization is used to change and impro@é§ientific approaches [12-13], the author substantiates the
business operations, making it scalable, efficient and mg¥@nceptual impact of digitalization, innovation on
profitable. marketing and logistics of modern companies, which is

It is important to state that the transformation digital ohown in Figure 2.
business is aimed at improving the quality of customer

Theimpact of digitalization, innovation on marketing and logistics of moder n companies

A V4

a Intensity of development of interaction between suppliersand customers; )
Order portfolio management using online toals;

Development of artificial intelligenceand itsinculcation in the business processesof companies;
Use of cloud technologies;

Flexible management, analytical data and forecasts;

» Innovationsin e-marketing strategy and supply chain management;

\_ ° Automation of business processes with the help of digital technologies and innovations. )

w.":“""'W”—“w""’izu < Logistics %

( E-commer ce; \ Electronic Data | nter change (EDI); \
Internet platfor msand aggregators; Satellite technologies (GPS);
Internet advertising and SEO- search engine Automated inventory and  warehouse
optimization of company websites; management systems (WM S);
SMM, SERM - web promotion and brand 3D printing;
reputation management in social networks Organization of deliveries by drones;
and the Inter net; Unmanned ddliveries;
Big Data, Blockchain, and marketing Blockchain;

\analytics. j \Big Data and logistics activity analytics; j

Figure 2 Conceptual impact of digitalization, innovations on marketing and logistics of modern companies
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It is important to state that, in contrast to thefficiency of business processes; 6) High-quality planning
identification of features of the development anaf production, logistics and service.
integration of the marketing-logistics system into the basic It is important to note that the intensity of the
practice of supply chains in basic markets in scientifiapplication of digitalization, innovation and their
research [4], in Figure 2 states that the key task ofhplementation in the marketing and logistics system of
digitalization and innovation of modern business is tourrent companies hinge from economic evolution of a
simplify the management process and increase pgrticular country and company, the general policy of the
efficiency by optimizing costs, business processes asthte and the strategy of the company and the global world
automation. market as a whole. Arguing the technologies and
It should be noted that the accentuated influence ofhovations classified by the author of the study, their
digitalization and innovation on the marketing and logisticenplementation in the marketing and logistics system of
system of modern companies should be considered in monedern companies has a significant potential for
detail in terms of digital technologies and innovationsncreasing productivity and, ultimately, raising the
which are conceptualized by the author of the study basst@dndard of living.
on an in-depth structural and logical analysis of scientific Despite the fact that the impact of new technologies and
works and approaches [13-14], which allowed to argue thgeneral purpose” innovations, such as artificial
key ones. intelligence, block chain, Big Data, on productivity has not
The classification of key digital technologies andet fully manifested itself in the global space, nhumerous
innovations in the field of marketing, logistics, theititerary sources demonstrate a positive correlation between
features and characteristics are presented in Table 1. the introduction of established digital tools and the
Focusing on the influence of digitalization andperformance of companies [15]. Based on the presented, it
innovation on the marketing and logistics of modershould be stated that the implementation of digital
companies, conceptualized by the author of the study,téichnologies and innovations in the marketing-logistics
should be noted that the global modification of digitabystem of current companies ensures the intensification of
technologies and their application in marketing andvolution processes and the emergence of new forms and
logistics processes largely ensures autonomy, speedls for organizing business processes by automating,
accelerates their implementation and reduces the costoptimizing and improving them in terms of quality, service
infrastructure and operational components. Financial amthd maintenance.
analytical planning, inventory and supply chain Digital technologies and innovations in marketing
management, simplifies the process of managing tldetermine the development and implementation of
company as a whole. It is important to state that the greatestewed forms of web promotion using innovative
effect comes from an integrated approach to thehannels that can increase the reach of the target audience,
implementation of digitalization and innovation in allincrease brand awareness on the Internet and significantly
business processes of the company from all sides, usingialirease sales. As for the logistics part of the companies'
relevant digital tools, means and channels. The presentetdivities, the cost of production directly depends on it,
digital modification affects all sectors and niches of theshich occupies a share of about 20 to 60%. To reduce it or
global economy, including the marketing and logisticeicrease the competitiveness of the company, you should
systems of current companies. constantly work on improving the logistics component.
It should be noted that the digital transformation oThe modern global market requires the full provision of the
modern business is a complex and lengthy process tleahsumer with logistics services and often logistics is
requires the involvement of specialists, time and financitdansformed into a completely new model, where supply
costs. The argumentation of key business goals under ttiains are based on digital technologies and innovations.
influence of innovations is highlighted in a scientific study The implementation of digital technologies and
[12], where it is considered that the key drivers ofhnovations ensures the achievement of a number of
marketing are innovations and information technologiestrategic business goals: 1) Reducing equipment downtime
and information flows, but the issue of their comprehensivand increasing production volumes; 2) Acceleration of
influence on the marketing and logistics systems gfroduction design processes and delivery of products to the
companies, taking into account modern trends, is nobnsumer; 3) Reducing the cost of field testing through the
addressed, which requires in-depth analysis andtroduction of digital twins and visual modeling tools;
conceptualization of the main aspects. Based on this,4it Increasing the level of transparency of operations and
should be stated that digitalization and innovation ineducing costs throughout the supply chain management
business ensure the achievement of many strategicle; 5) Reduction of energy losses during technological
business goals of modern companies: 1) Optimization operations. It should be noted that in the modern conditions
company costs; 2) Stay ahead of competitors kyf the functioning of companies, the most popular
introducing new technologies and improving the quality diechnologies and innovations are wireless
service and products; 3) Leadership positions of tlommunications, artificial intelligence, including
company and formation of the company’s brand imagepmputer vision, speech technologies, decision support
4) New opportunities for consumers; 5) Improving the
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systems, and distributed registry systems, virtual or
augmented reality solutions.

Table 1Classification of key digital technologies and innovations in marketing and logistics of modern companies

TECHNOLOGIES
AND INNOVATIONS

CHARACTERISTICS OF THE IMPLEMENTATION OF INNOVATION
TECHNOLOGIES

MARKETING

MARKETING (SMM)

solving other business problems of companies in modern conc

The branch of the digital economy with financial and commercial transactions that are
carried out using computer networks, and the processes associated with such
transactions.These technologies have found their application in the following indystries:
ELECTRONIC g . : .
COMMERCE electro_mc mformatlop exchange (Electronic Data Interch.ange, EDI), electron_lc movement
of capital (Electronic Funds Transfer, EFT), electronic commerce (English e-trade),
electronic money (e-cash), electronic marketing (e-marketing), electronic banking (e-
banking), electronic insurance service-insurance
A set of actions to raise the position of the company's website in the results of search|engines
SEARCH ENGINE | for certain user requests, in order to increase network traffic (for information resources),
OPTIMIZATION potential customers (for commercial resources) and subsequent monetization (fevenue
generation) of this traffi
ARTIFICIAL Technologies that improve marketing strategies and increase conversions based on business
INTELLIGENCE acceleration, personalization, machine learning and consumer ir
SOCIAL MEDIA A set of measures to use social media as channels for promoting companies or a brand and

ADVERTISING (PPC)

An advertising model used in digital marketing in which an advertiser places ads on websites

and pays their owners for a user clicking on a placed banner (text or |

CONTENT
MARKETING

A set of marketing techniques based on the creation and / or distribution of inforfnation

useful to the consumer in order to gain trust and attract potential customers thro
implementation of digital technologies: websites, chats, and blogs, video and auc

ugh the

SEARCH ENGINE

An approach to organizing a company's strategy that shapes and influences the public

document transactions and send cargo to a company's logistics

REPUTATION perception of the company, individuals, or others on the Internet, which helps shape a
MANAGEMENT positive public opinion about the business, its products, and services.
(SERM!
New opportunities for advertisers. Ensuring the protection and privacy of consumer data,
the anonymity and independence of transactions available to individual users| gives
BLOCKCHAIN . :
consumers more control over how, when and with whom they deal. These technplogies
allow you to ensure a continuous marketing process with your target au
A variety of large volumes of data that are stored on digital media. These include general
BIG DATA market statistics and personal data of users: information about transactions and payments,
purchases, movements and preferences of the aut
LOGISTICS
Additive manufacturing expands the manufacturing process, shortens supply chains by
3D-PRINTING printing products to order and reducing stocks of finished products. Delivery of raw
materials by 3D printinlogistics companies at delivery points instead of finished pro
An approach to transferring data between physical objects (“things”) that are equipped with
INTERNET OF Lon . . : . ; ,
built-in mechanisms and technologies for interacting with each other. It is assumed that the
THINGS, (10T) ; . S >
company of such networks is able to rebuild processes to minimize participation
CLOUD Providing high-speed network access, expanding physical resources, infrastructure scale and
TECHNOLOGIES efficient supply chain manageme
Optimization of internal processes, eliminates the human factor and errors, speeds up work
ARTIFICIAL ! ; : . .
with a partner, helps to quickly get a comprehensive analysis and recommendations for
INTELLIGENCE ; A . "
improving the company's logistics proces
ROBOTIC PROCESS| Business process automation technology based on metaphorical software of robots (bots) or
AUTOMATION artificial intelligence workers. A distinctive and main feature of RPA robots is the ability to
(RPA) use the user interface to collect data and control applications t human interventior
AUGMENTED Technologies that provide a direct or indirect representation of the real world through
REALITY elements of computer reality percept
BLOCKCHAIN Technologies that allow shared access through the Ethereum network to securely verify
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The use of unmanned technologies in e-commerce4s Conclusions

also relevant - this is not just a tribute to fashion, but a pjgjtal transformation of business on a global scale is
necessary condition for survival in a highly competitivgjue to the need to modify approaches and management
market. In addition, the e-commerce and logistics markgfethods. The study is based on the substantiation of trends
today is faced with a large shortage of personnel, whigh the modification of digitalization, innovations in
strengthens the role of these technologies [16]. marketing and logistics of companies that ensure
Also important is the introduction of robots andpperational efficiency. The processes of global
unmanned technologies, which relate not only to thgigitalization of all sectors of the world economy are
process of delivering goods and services, but also to thgused by the variability of the external environment and
entire logistics chain, which includes sorting andhe use of digital technologies and innovations, which
warehousing. Dark stores, which are small warehouggtimize operation and their maximum automation. An
stores that are inaccessible to ordinary customers but gifhortant element of the study is a systems approach to
used by market participants to quickly complete ordeg§bstantiate the operation of digitalization and innovation
within the city to organize fast and high-quality logisticsef the marketing and logistics system, which represents all
have taken active distribution. Arguing the presented itages of the company’s functioning.
this study, it should be noted that the intensity of The results obtained made it possible to achieve the set
digitalization processes, innovations in marketing angoal in terms of substantiating the features in digitalization,
logistics of modern companies in many cases dependsiffovations in marketing and logistics of modern
many factors that can stop these processes, namely:  companies based on the use of analysis. The key scientific
1) Lack of necessary infrastructure. First, the compampproaches and foundations for the development of
needs to deal with internal issues and develop tReoretical aspects of the application of digital technologies
fundamentally new approach to conducting marketing arghd innovations into the practical activities of companies
logistics activities. Infrastructure is the foundation fogre highlighted. Based on critical analysis and scientific
digital technology and innovation, and without itgeneralization, the need to increase attention to the
digitalization is difficult to achieve. processes of intensity of modification of digital
2) Lack of the necessary budget. Digitization involvegechnologies and innovations in all spheres of human life
an  impressive  financial  investment. Beforgs argued. This led to the conceptualization of key theories
implementation, the company should analyze its financighd justification for the lack of approaches and methods for
capabilities and assess all possible risks. applying digital technologies and innovations in the
3) Lack of competencies. The company's staff mawarketing-logistics system, which confirmed the relevance
have a low level of digital maturity, which is often theand need for detailed research. A critical analysis of
reason for rejection of change. existing approaches to organizing the activities of
4) Internal objections. Changes in the traditional way fompanies based on the evolution of digital technologies
working of the staff are often perceived negativelyand innovations allowed us to confirm that existing
especially if the question arises of the need to increase Hjgproaches and methods do not correspond to the realities
level of knOWledge, skills and abilities. Demonstrating th@f business functioning and are targeted and non-
benefits of digital technologies for staff and learning frodpecialized, depending on the type of the company. Based
successful cases of other organizations. This will heh this, the author highlights the conceptual relationship of
minimize the backlash. the marketing and logistics system and the features of the
5) The risk of reducing the number of jobs. Withapplication of digital technologies and innovations, which
digitalization, the risk of unemployment is growing,provide a competitive attitude in global market and allow
because many professions are becoming irrelevant duest@ling the business, increasing sales and brand awareness.
automation and robotization of processes. The key interactions between marketing and logistics
6) Information security risks. It is necessary to thinlgf companies to ensure competitive advantages in the
about digital security and take measures against possiglgbal market are identified. This made it possible to
hacker attacks and theft of digital data [17-18]. Based @grmulate the theoretical prerequisites for creating a
the foregoing, it should be noted that global supply chaiRgmpany strategy in such a way that it is systemic and
are under constant improvement based on the use of digjieparable from marketing and logistics. The important
technologies and innovations.  Innovative  an@spects and features of the modification of digital
technological development in marketing, logistics angkchnologies in the global economy are argued, based on
transport companies is no longer just a goal, but \ghich the main strategic business goals are identified, the
necessary condition for survival in the global competitivgichievement of which is possible by the use of digital
market. Modern business is at the beginning of a ne@chnologies and innovations in the company's marketing
logistics modification, which is associated with theand |ogistics system. The main directions of development
intensification of digitalization and innovative processes igf digital technologies and innovations and their impact on
all areas of company aCtiVity, and in the near future -tAe business processes of modern Companies are
significant part of companies’ business processes will kgpstantiated. Based on the results obtained by the author,
automated and robotic. the conceptual impact of digitalization and innovation on
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the marketing and logistics system of modern companieq8 MOLDABEKOVA, A.: Digital technologies for
considered. Based on this, the author classifies key digital improving logistics performance of countries,
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current companies, describes in detail the most popular No. 2, pp. 208-216, 2021.
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Abstract: Companies can achieve effective and efficient process if they make continuous improvements to achieve
sustainability. In general, companies are aware of waste in the production process, but do not carry out measurements and
analyzes related to this waste, including unit cost and profit analysis. A production system is needed that is able to
minimize the unit costs and maximize profits in the company, one of the concepts used is the lean concept. This study
aims to analyze the cost unit and profit generated in production systems that apply lean principles. Production system
simulation is carried out using the concepts of Heijunka, Jidouka, and Kanban System. These three concepts are applied
to a production system simulation that uses miniature cars with unit cost and profit comparison outputs with traditional
production systems, pull systems, heijunka, jidouka, and Kanban systems. The results show that the unit cost of
simulations 1 to 6 is getting lower, while the profit is increasing. In simulations 1 and 2 no profit was obtained because
of implementing the traditional system while in simulations 3 to 6 there was an increase in profit because they had applied
lean principles to the production system. Simulations that have implemented the lean concept have low unit costs and
increasing profits, but what distinguishes the work methods applied. Production systems that apply the lean concept can
help a company achieve sustainability in the economic field.

1 Introduction the concept of downsizing or lean is considered capable of
Competitionin the industrial world is becomingovercoming this. With lean production, sustainability from
increasingly stringent with the existence of new innovativ@h €conomic standpoint will be easily achieved in the form
manufacturing technologies so that this makes companfsunit cost efficiency with maximum profit achievement.
able to continue to maintain and improve quality anBased on sustainable development, there are three pillars
production capacity [1]. that are the focus in achieving sustainability, namely social,
Lean Manufacturing is a concept that is able to identifgnvironmental and economic [3,4]. To achieve
and eliminate waste through continuous improvemerfiustainability in the economic field, good productivity
This method is ideal for optimizing the performance ofust be applied to the production system [5]. _
production systems and processes because it is able toManufacturing companies looking to increase profits
identify, measure, analyze, and provide solutions f&an make continuous improvements in productivity and

continuous improvement. Basically lean aims to eliminatuality by reducing additional working time, labor,
or reduce waste [2]. production time, and production costs by streamlining

Waste can affect the company's sustainabilitproduction processes. Some of the tools that can be used to
especially in the economic field of the production systen@ichieve sustainability in the economic field are by
A production system that is not lean will cause high unifnplementing the Kanban, Kaizen, and 5S systems [6]. The
costs and low profits for the company, making it difficultToyota Production System (TPS) has long implemented a

to achieve sustainability in the economic sector. Therefolgan or lean production system by implementing several
concepts in its production system by making continuous
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improvements by finding methods that are able tsystems, especially in manufacturing. Thus the company is
minimize unit costs and increase profits from thable to achieve its respective sustainability in the economic
production system side. Some of the methods applied dield, especially in the manufacturing sector by applying
the Heijunka method, which is leveling production both ithe best production system simulation results in
terms of volume and product mix [7], the Jidoka method iminimizing unit costs and maximizing company profits
which there is an automation process that turns manuster testing the production system simulation to several
processes into automatic ones, and the Kanban methodthods applied to TPS.
which is a production order card that functions to control
inventory [8]. 2 Literaturereview

Several studies have been conducted to maximize projiy | egn manufacturing
by referring to the lean concept for achieving sustainability Tgiichi Ohno created the TPS, which is the basis of
in the economic field. [2] the concept of leanarigys lean production movements. The definition of lean
manufacturing is to maximize profit by reducing waste Ofhanufacturing is that lean is a systematic approach to
the production floor and making improvements to anijentify and eliminate waste through continuous and
identified waste. [1] using the concept of leany,stainable improvement and development [11,12].
manufacturing to increase production capacity that can | ean is a systematic approach that can identify and
maximize business profits, to identify waste that occurs uggqce the occurrence of waste based on value-added
value stream mapping. [9] researching related to caggyivities and non-value-added activities, basically in lean
studies in the automotive sector regarding the producti®@ninuous improvement is carried out to gain excellence
of spare parts, the application of a combination Qf the production system by flowing products (materials,
customized lean and green strategies resulted in a reductjgé} in process, output) and information with a pull system
of around 10.8% of the product_ion costs of representati £4,15]. Lean is being able to produce products in high
spare parts so that from reducing production costs, profifjanities, have lower overhead costs, and use production
can be maximized. [10] in research conducted applyingsources more efficiently [16]. A company that has seen
lean manufacturing to the furniture industry in Malaysighat a lean production system will provide a good change
and the results show that deficiencies were found in legfijts pusiness, will be compelled to try implementing this
implementation due to the challenges faced, namely in tQ?stem in its company [14].
form of technical knowledge, training, and financial According to [17] to become lean manufacturing
resources during the initial phase of lean implementatio;bquires a way of thinking that focuses on making the
[11]conducted a study by applying lean manufacturing in@qduct flow through stages that provide value without any
company to encourage an increase in the companyiSsiacies (one piece flow), a pull system originating from
financial strength by making continuous improvements {Q,siomer demands to achieve short processing intervals

the production system. [12] developing a methodology thgh 4 culture of continuous improvement diligently.
can be applied by small and medium enterprises (SMESs),

especially SMEs in the manufacturing sector, the results 8%, g ,gainable manufacturing
research provide suggestions for the right lean tools for
SMEs in maximizing profits. [13]presents a customize],
approach to low cost economic and ecological optimizati

The application of sustainable manufacturing in any
dustry, including industry in Indonesia, requires not only

. : oo ; anning a production system based on the three pillars of
of manufacturing processes, by identifying the relationsh gap y P

: o . stainability (economic, social and environmental), but
between ecological cha.racterlsncs and Lean principles 1., 5 holistic implementation method to support the
develop an Eco Lean mindset.

; . . plication of the concept of continuous improvement.
Based on several previous studies, this research wy

. 0 easurement of sustainability performance is always
develop a production system based on lean principles

) : ! ¥sed on the triple bottom line, which focuses on
adopting the method applied by the TPS, which has begp,;ionment, economy and social (Figure 1). A company

proven capable of minimizing unit costs and maximizing; he sajd to have a sustainable manufacturing system if
proflts by red_ucmg waste on .the. production flqor_ Qe company has been able to achieve a level of
achieve sustainable manufacturing in the economic fielg.

Producti . b h stainability in these three aspects. However, companies
roduction system improvements can be seen throughy, separate sustainability improvements in each aspect
production system simulations that are run with severg

. ) cause these aspects will continue to be related. In
types ofm_mula’uons that apply the TPS method,namely.t ﬂcouraging sustainability in the economic and
heijunka, jidouka, and Kanban systems. In the productiqd),

system simulation, miniature cars are used.

The purpose of this study is to obtain a productio
system that can minimize unit costs and maximize profi
by adopting lean principles in it and referring to the methg,
used in the Toyota Production System. The results of thi
study can overcome the problem of waste in production

vironmental fields, companies need to implement lean
manufacturing systems. To foster sustainability in the
Bconomic and social domains, companies should adopt
th large-scale manufacturing and an efficient logistics
stem. From a production standpoint, logistics plays a
cial role in acquiring materials from suppliers for the

~ 626 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics

Volume: 10 2023 Issue: 4 Pages: 625-636 [ISSN 1339-5629

Profit comparison analysis in production system simulation based on lean principles to achieve
sustainable manufacturing

Saiful Mangngenre, A. Besse Riyani Indah, Nadzirah Ikasari Syamsul, Andi Nurwahidah, Muhammad Reza D.
Bagus

company's production processes. Simultaneously, frombg expecting average production to be in balance with
marketing perspective, logistics is instrumental in thiong-term demand forecasts which can also include
distribution of goods from the company to consumers. Taariations in short-term demand. At Heijunka, reserve
increase sustainability in the environmental and sociptoduct inventories are carried out to deal with sudden
fields, companies need to implement green manufacturirgeaks in demand so that customer orders are still fulfilled
Therefore, it can be concluded that in achieving without changing production. In addition, Kanban is a
sustainable manufacturing system, companies mustheduling approach that matches supplies with actual
implement a lean, mass and green manufacturing systeeeds. Kanban is supported by a nameplate in the form of
To increase sustainability in the environmental and socialcard containing information on the parts that need to be
fields, companies need to implement green manufacturimgrovided in the production unit/facility or by outside
Therefore, it can be concluded that in achieving suppliers. Visual cues such as kanbans can also be used to
sustainable manufacturing system, companies musintrol overproduction and uneven production rates.
implement a lean, mass and green manufacturing systdidoka aims to design equipment in a production system
[19]. capable of automatically detecting production problems
and stopping when these problems occur. Examples of
problems are equipment malfunctions, quality issues, or

Environmentally delays in worker response. The visual system is able to

Benign Mfg provide information to workers who operate machines
. [22]. In applying the lean concept to TPS to reduce costs,
Environmental most of the production processes include the principles of
Green\Mfg Kaizen activities, flow analysis and Kanban systems [16].
Green Mfg 3 Methodology
™ 3.1 Data collection
Sustainable Production system research based on TPS was carried
Economic / M{Q Social out in two stages of data collection :
1. The research was carried out with experimental
Lean Mfg Miss activities in the _Manufacturing System _Lab with
\ /, Mfg cmsst;?ézilsvm step 1-6 simulations on the TPS for miniature car
9 products of the Pick Up <P/U>, Double Cabin <D-
Mass Mfg

Cab>, and Multi Purpose Vehicle <MPV> types.

2. Literature research, namely literature studies related
to the issues, will be discussed in this study such as
lean manufacturing, sustainable manufacturing, and
the TPS.

Figure 1 Sustainable manufacturing
sourceq18]

2.3 Toyota Production System
The application of the Toyota Production System (TPS).2  Processing and analysis of data
principle aims to expedite all production areas with various Processing the data is done by calculating the unit cost
processes, achieve high quality output, reduce wastad profit generated in each simulation that is carried out
generated, achieve high quality output, and achieve lostarting from step 1 to step 6. The cost components that are
production costs in producing products. Economic benefitsilculated to determine the unit cost and profit are
will be achieved by optimal inflows and outflows as welblepreciation costs, labor costs, and production costs at each
as a minimum area. The financial benefits will bgroduct unit workstation. In this study, a comparative
enormous by applying this TPS principle in the productioanalysis of the unit cost and profit generated in each
line. With a balance between stations in the productigimulation based on the TPS was carried out.
process, it will reduce stock in each process. This will lead
to lower production costs. With effective stock3.3
management will be able to prevent the instability of a 1.

Distribution of work stations
Work Station <WS> #1

production process. In addition to balancing the process
between stations, it will have implications for increasing
overall production output. The process of balancing output

between work stations is what will be the focus of this 2.

research [20].
According to Taiichi Ohno [21] the most basic waste is

overproduction, because it accounts for most of the other3.

waste. The TPS aims to achieve stable and lean production

Perform the assembly of the lower part of the car by
combining the chassis, front & rear axle and axle
holder

Work Station <WS> #2

Assembling the bottom of the car by combining the
results of WS #1 and wheel products

Work Station <WS> #3
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Performing the assembly of the top of the car bliow long it takes to produce an output, including non-value
combining the results of the WS #2 product and thedded activities and value added or the time it takes an
body according to the model being worked on  operator to complete 1 cycle of work including to do

4. Work Station <WS> #4 manual work and walk. Takt time is not a tool,
Conduct quality checks and record defects founconcept used to design a job and measure the tempo of
from WS #3 products customer demands. Takt Time (TT) is the time available to
produce an item or service divided by the amount of
3.4 TPSsmulation steps and conditions products or services demanded by the customer in that

The TPS simulation (Figure 2) is carried out with 2 cyclperiod [23]. Each cycle time is fulfilling 5 demands out of

times with a takt time of 90 minutes. Cycle Time (CT) id0 total demands.

Simulation Conditions
o Simulation -15min/game
= Takt time : 1.5min(90sec)
9 Production :1 shift’'game
2 Delivervy :Sunitcvcle
9 Product : 1unitbox
Units/Divi Demands

th

W A

Cycle 1 Cycle 2
Figure 2 Simulation conditions

Simulation #1 (Figure 3):

Layout 1 STEP #1 : Traditional Manufacturing

| Component

Trolley

,‘ K {
\)@1

Component |

Trolley
A Lp il

G

_TL >
Supervisor

Component &

Finish Product
{input from each W5)

/
=
Warehouse

Figure 3 Traditional manufacturing
Source[24]

In simulation #1 the company implements a productiofinished goods stocks and semi-stock stocks and those

system that is still traditional where it uses a warehouse Eady to be sent to customers.
a centralized place for both material stocks as well as
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Simulation #2 (Figure 4):

(T &3 STEP #2 : Stock Between Process

@

Chutter Chutter

Component Component

Trolley iTrolley
==
[}’pri /

N7, 5 ¥l e LP3
_._* "r e N
B3 ' W
= ) X o o
1 3 e

Supervisor

Warehouse
(Component)

&)

Figure 4 Stock Between Processes
Source[24]

In simulation # 2 the company implements a productioand warehouse only as a place to store materials and still
systemwho have implemented a store at each work statiose production orders in the form of a schedule.

Simulations#3 and #4 (Figure 5):

IEIZNSM STEP #3 : Pull System (use waiting post)
STEP #4 : Heijunka (use heijunka post)

Component |

par |

C
ha==

Supervisor

Warehouse =
{Component)

| Customer

Source[24]

In simulation # 3 the production system implementedaiting post function is a tool to obtain information from
by the company is a pull system at each work station, wisualized customer.
this simulation Kanban and waiting post are used, the In simulation #4 the production system applied is a pull
Kanban function is a card for production orders while thgystem and heijunka post which are tools with the aim of
equalizing the operator's workload.
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Simulation #5 (Figure 6):

L t4 STEP #5 : Built in Quality

WS #1 Chutter WS #2 Chutter
(Assy Chassis) | ws #1->2 (Assy Tire) WS #2>3

&

Supervisor

Warehouse
{Component)

AR

Y

Figure 6 Built-in Quality
Source[24]

Heijunkal
Post Post

In simulation # 5 the company implements a productiowork station operator must check product quality and
system with Built-in Quality (does not receive,ensure the point quality of his work.
manufacture and forward NG goods) in simulation 5 each

Simulation #6 (Figure 7):

Man Power Required:

Layout 5 STEPﬁC{mﬁnﬁDUSF{’M &Stﬁﬂdﬁrdi:@d Work 1 Suparvisar

1 Loglstic Persons (DL}
1 Shipping Ferson (DL}
Haspeetor A==

- (&)1 PRIC Person
WS #1 WS #3 Finish 6] 1 Customar
fSusb Assy) | {Final "5‘\'} Good = DL Divect Labour
Total : 8 persons
- DL: 5
{;_k—l persons
)]
<
Supervisor

Warehouse
{Component)

K
4 Post | Post
) G
=T
Bp
k¥

X

9] 18
|4.'€‘QI?_ / J
G .

Figure 7 Continuous Flow & Standardized Work Kaizen
Source[24]

In simulation # 6 the company implements a productiois calculated to find out the unit cost, profit, and no good
system which implements TPS by flowing each one patate in each simulation. Profit and unit costs generated in
and reviewing work standardization based on Takt Timeach simulation will be analyzed to get the best simulation.

[24]. Each simulation uses a different method. Simulation 1 uses
traditional manufacturing, simulation 2 uses stock between
4 Resultsand discussions process, simulation 3 uses a pull system, simulation 4 uses

To process the data, the reserachers calculate the tG@iiunka, simulation 5 uses build-in quality, and simulation

cost at each workstation for each simulation. The total cd&tiSes continuous flow and standardized work kaizen. The
following calculation is a description for simulation 1
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(traditional manufacturing), which consists of calculatindor each simulation is the same, namely 10 units of cars
the total cost based on the cost of good production and cansisting of Pick Up <P/U>, Double Cabin <D-Cab>, and
good production at each workstation. The number of ordevtulti Purpose Vehicle <MPV> types in each simulation.

Simulation #1

1.

Total CostWAS #1

cost =$10

goodproduction = Quantityk Cost = 1 x $10 = $10

No good production = Quantityjk Cost=0x$10=0

total cost = good Product No good Product = $10 + 0 = $10
. Total CostWAS #2

cost =$20

goodproduction = Quantityx Cost = 4 x $20 = $80

No good production = Quantityx Cost =0x $20=0

total cost = good Productt No good Product = $80 + 0 = $80

Total CostWAS #3

cost =$30

goodproduction = Quantityx Cost = 3 x $30 = $90

No good production = Quantityx Cost=0x $30=0

total cost = good Productt No good Product = $90 + 0 = $90

Total CostVS #1 #2 #3

total cost =WS#1 + WS#2 + WS#3 = $10 + $80 + $90 = $180

So, the total cost obtained in WS #1 #2 #3 Simulation 1 is $ 180.
Total CostWWAS #4

cost = $40

goodproduction = Quantityx Cost = 4 x $40 = $160

No good production = Quantityx Cost = 6 x $40 = $240

total cost = good Product No good Product = $160 + $240 = $400
. Shipping

Number Of Orders =10 Pcs

Cost Delivery (On Time) = $100 x Quantity = $100 x 7 = $700

Cost Delivery (Delayed) = $80 x Quantity = $80 x 0 = $0

Total Deliveryd) =9

Cost Undelivered
/Reject Product
Total Income

$30 x Quantity = $30 x 3 = $90
Cost Delivery - Cost Undelivered$700 - $90 = $610

So, the total income earned on shipping Simulation 1 is $610.

Unit cost = (Fixed Cost + Total Cost WS #1#2 #3 + Total Cost WS #4) / Total Delivery
= ($200 + $180 + $400) / 7 = $111

Profit =Total Income (Fixed Cost + Total Cost WS #1 #2 #3 + Total Cost WS #4 + Labor Cost)
= $610 — ($200 + $180+ $400+ $180) = -$350

Total NG WS#4
Total Order Customer

Quality(NG Rate) x 100% =2 x 100% = 60%
To calculate the unit cost and profit in each simulation,

Ms. Excel, the following are the calculation results in

simulation 1 shown in Table 1.
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Table 1 Lean Manufacturing Simulation 1 Evaluation Sheet

Lean Manufacturing Simulation Evaluation Sheet Round #1

The cost of depreciation is fixed: | $ 200)—> A
Labour No. of Labour: $ 15|— F
Cost of Labour $ 180
WS Area Status Quantity (Q) Cost® Total Cost (Q x C)
Good Product Pcs $ 10|
#1 InFrovess praduct No Good Product Pecs $ 10 $
In Warehouse Good Product Pes $ 10| § 10
_ Sub Total 1 $ 10|— 1
Good Product Pcs $ 20| $
In Process product
#2 Ne Good Product Pcs $ 20| §
In Warehouse Good Product Pcs $ 20| $ 80
Sub Total 2 $ BO |—= 2
Good Product Pcs $ 30| %
#3 RE eSS oI No Good Product Pes | § 30| §
In Warehouse Good Product Pcs $ 30| % 90
_ Sub Total 3 $ 90 [— 3]
| Total1+2+3 5 180 [— B]
. Good Product Pes $ 40| $ 160
#4  |Final nspocton No Good Product Pes |§ 40[s 240
Total $ 400 [— C|
Number of Order 10 Pcs
On time Pes |§ 100| § 700
SHIPPING Delivery Delayed Pes | § 80| %
Total Delivery (D) Pcs
Undelivered /Reject Product Pcs 3 -30| § (90)
Total Income $ 610 |— E|
Unit Cost (A+B+C)/D $ 11| — G|
Profit E-(A+B+C+F) $ (350)
On time delivery 7 Pes —> H
Customer Satisfaction Late delivery 0 Pcs — ]
Undelivered 3 Pecs —_s J
Total delivery = ((Hi( 1+J))x 100%) | 70%)
[Quality [NGrate | 60% % | (NGA + NGB + NG C + NG Fl)
(Production total in all processes)
The results of the comparison of company profits from
each simulation can be seen in the table below (Table 2).
Table 2 Comparison of simulation results
Quality Man
Simulation | WS#1 | WS#2 | WS#3 | WS#4 | Total income | Unit cost | Profit |(No Good | Power
Rate)
1 $1C $8( $9C $40( $61( $111 -$35( 60% 12
2 $1C $8( $18( $40( $87( $97 -$16¢ 10% 11
3 $1C $2(C $15( $44( $100( $82 $4¢ 20% 9
4 $1C $4C $15( $24( $100( $64 $22¢ 0% 9
5 $1C $0 $24( - $87( $5( $30( 0% 8
6 - $2(C $12( - $100( $34 $54( 0% 7

The TPS simulation involves several work sectionthe operator and limited by the supervisor. In simulation 1,
consisting of four workstations, a warehouse section,ramely traditional manufacturing involving 12 workers
Production Planning and Inventory Control section. Eachith 4 workstations, in simulation 2 involving 11 workers
work station has its own workload which is carried out bwith 4 workstations, in simulations 3 and 4 involving 9
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workers for 4 workstations, in simulation 5 involving 8 Simulation setup 5 (built-in quality) consists of 1
workers for 3 workstations, and in simulation 6 whictsupervisor, 1 PPIC person, 1 shipping person, 3 operators,
involved 7 workers for 2 work stations. Based on thé logistics person, and 1 warehouse person. In this respect,
division of labor for each simulation, it can be seen thatork station 4 as the inspector is omitted. This is because
from simulations 1 to 6 there was a decrease in the numliee company implements a production system with built-in
of workers, which was also followed by a reduction in thquality (does not receive, manufacture, and forward no
number of workstations. Except for simulations 3 and 4jood products) in a way that each work station ensures the
they still use the same number of workers anduality of their respective work. Therefore, itis known that
workstations, this is because what was done was orhe unit cost value is $ 50, while the profit value is $ 300,
changes to the production flow with the lean concepind the quality (NG Rate) is 0%.
applied in simulation 3, namely the pull system and Simulation 6 setup consists of 1 supervisor, 1 PPIC
simulation 4, namely heijunka person, 1 shipping person, 2 operators, 1 logistics person,
Based on the results in table 1, a comparison of tlaed 1 warehouse person. In this case, the work station 2
simulation results can be seen. Setup simulation dberator is omitted because in this simulation, the company
(traditional manufacturing) consistsfrom 1 supervisor, applies a process layout using 2 work stations and divides
Production Planning Inventory Control (PPIC), 1 shippinghe work. As a result, it is known that the unit cost value is
person, 4 work station operators, 4 logistics persons, an® B4, the profit value is $ 540, and the quality (NG rate) is
warehouse person. In this simulation, the compar@fs.
implements a traditional production system because it usesIn determining profit, a "profit planning approach"
a warehouse as a place for stock centralization whiemalysis is carried out which is based on the relationship
consists of stock of finished goods, stock of semi-finishdaetween costs (cost) and income (income), the amount of
goods which are then sent to customers. The simulatioltome can be known based on the amount of demand [25].
results show that the unit cost value is $111, the profit vallie the simulations performed, it is known that the
is - $ 350, and the quality (NG Rate) is 60%. production costs calculated to determine profit are
Setup simulation 2 (stock between process) consistingpreciation costs, labor costs, and production costs based
of 1 supervisor, 1 PPIC person, 1 shipping person, gh each workstation per unit product. The cost of
operators, 3 logistics persons, and 1 warehouse personptaducing a product per unit is divided into two types,
this case the logistics person for WS #4 is eliminatetemely the cost of good product and no good product.
because in this simulation, the company implements Good product means that the product produced is fit for
production system that has implemented a store at eadle in the market and meets quality control standards,
work station and the warehouse is only a place for storinghile no good product means a product that does not meet
materials. From the simulation results, it is known that thguality standards and is not fit for sale in the market. In the
unit cost value is $ 97, the profit value is - $ 165, and th@oduction system simulation based on the TPS concept,
quality (NG rate) is 10%. the number of demands is assumed to be 10 units for three
Simulation setup 3 (pull system) consists of Zlypes of cars. The selling price to determine the amount of
supervisor, 1 PPIC person, 1 shipping person, 4 operatargome is divided into three, namely the selling price of the
1 logistics person, and 1 warehouse person. In this case,pheduct that is on time, the selling price of the product that
logistics person for WS 1 and 2 is omitted. So there is only delayed, and the selling price of undelivered/rejected
1 logistics person left to deliver materials to each workroducts. Total income is obtained based on three types of
station. This is because the company's production systgmoduct selling prices. While the amount of profit is
applies a pull system method at each work station. In thebtained based on the difference between the amount of
simulation, kanban and waiting post are used, the Kanbertome and depreciation costs, production costs incurred at
function is a card for production orders while the waitingach workstation for each simulation and labor costs. The
post function is a tool to obtain information from visualizedotal cost of production becomes one of the variables to
customers. The simulation results show that the unit castlculate the unit cost. The unit cost is obtained by
value is $ 82, the profit value is $ 45, and the quality (N@alculating the depreciation cost and the total production
rate) is 20%. cost at each workstation then divided by the total product
Simulation setup 4 (heijunka) consists of 1 supervisosuccessfully delivered to the customer. production costs
1 PPIC person, 1 shipping person, 4 operators, 1 logisticgurred on each workstation for each simulation and labor
person, and 1 warehouse person. In this simulation, tbests. The total cost of production becomes one of the
condition of the company implementing a productiowvariables to calculate the unit cost. It is obtained by
system is the pull system method at each work station acalculating the depreciation cost and the total production
using heijunka posts as a tool to equalize the operatatsst at each workstation then divided by the total product
workload. . From the simulation results, it is known thasuccessfully delivered to the customer. production costs
the unit cost value is $ 64, the profit value is $ 225, and tiecurred on each workstation for each simulation and labor
quality (NG rate) is 0%. costs. The total cost of production becomes one of the
variables to calculate the unit cost. It is obtained by

~ 633 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 10 2023 Issue: 4 Pages: 625-636 ISSN 1339-5629

Profit comparison analysis in production system simulation based on lean principles to achieve
sustainable manufacturing

Saiful Mangngenre, A. Besse Riyani Indah, Nadzirah Ikasari Syamsul, Andi Nurwahidah, Muhammad Reza D.
Bagus

calculating the depreciation cost and the total producti@monsidering the number of products that are on time
cost at each workstation then divided by the total produdetlivery, late delivery, and undelivered.
successfully delivered to the customer. To see how much the level of product quality is
Customer satisfaction is the main goal for busineggoduced, the TPS concept also calculates the Quality rate.
actors. Customer (consumer) satisfaction is the ability offehe quality rate is determined based on the number of
product to meet or exceed consumer expectations gmabducts that fall into no good product category at each
desires [26]. Customer satisfaction determines the succeswkstation. The purpose of calculating the quality rate is
and failure of the company. Therefore, it is very importarib determine the level of production effectiveness in the
to know and understand whether the customer is satisfiptbduction system that is run based on the quality of the
with the services provided by the company. Calculation eésulting product [27].
customer satisfaction is based on the TPS concept by

COMPARISON OF SIMULATION RESULTS
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Figure 8 Comparison of simulation results

Based on the simulation results 1 to 6, the unit costaBd Conclusions
prOﬁt values are different. Based on figure 8, it shows that Based on the research results by running 6 simulations
the value for the unit cost starting from simulation 1 to 6 isased on TPS obtained unit cost and profit results for each
getting smaller. This also happens to the profit value whi&imulation. Simulation 1 shows the highest unit cost, which
shows that from simulations 1 to 6 it is increasing. Withs $111 when compared to simulations 2 to 6 which have
reference to the unit cost and profit values generated in fagplemented lean principles in their production systems.
graphic images, it can be concluded that using the samgewise, with the profit generated, simulation 1 produces
number of orders with different work methods, it will affecthe |owest profit, which is -$359 when compared to
how much the unit cost and profit values are obtained Rymulations 2 to 6. The profit generated by simulation 1
the company. Simulation 1 which still uses the traditionahows that the production system that is run in simulation
method produces the largest unit cost and the lowest profitresults in losses for the company with a minus profit
however, in simulation 5, the workstation was streamlineg¢alye. From simulations 1 to 6, the unit cost results are
namely the quality control section. The role of qua“'ﬂgetting lower, as well as the profit earned is increasing.
control is held by each operator at workstations 1 to Simulations using lean concept implemented by TPS show
Likewise with simulation 6 which applies the lean concephat the continuous improvement steps being carried out
by applying kaizen in the process. From the unit cogfe increasing in simulations 2 to 6 by applying the lean
results for simulations 5 and 6 there was a decrease and:gAcept. The results obtained show that the greater the lean
increase in profit. steps taken by the company, the smaller the unit cost will
Referring to the work method for the car productiolbe and the higher the profit will be. In addition to
system by running simulations 1 and 6, lower unit costs aggliculating unit cost and profits, each simulation also
higher profits are produced by adopting the lean conceptdgiculates the percentage of customer satisfaction and
the production system. This can support the achievemejufality rate. If implementing the lean concept in the
of SUStainab“ity in the economic field by Obtaining Worl&)roduction System, the company has the potentia| to
methods that are able to produce low unit costs ap@hieve maximum profits because the unit cost is also low.
maximum profits. However, a potential drawback when implementing the
lean concept is the increased workload for manpower, as
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If the lean concept is applied to the production system, Study,Materials Today: Proceeding¥ol. 37, No. 2
the company's sustainability, especially in the economic pp. 96966, 2021
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Abstract: A critical factor in the manufacturing industry is waste and losses in individual operations and processes. The
expansion of elements of lean production, such as the pull system with the interconnection of key technologies, brings
new elements of production planning and control. Thanks to new technologies, many more possibilities exist to uncover
potential bottlenecks. Simulations and modelling bring new possibilities for experimentation in the virtual environment
of prepared systems or devices without directly disturbing the functioning system. The presented article deals with the
issue of applying lean approaches in finding optimal solutions within logistics flows. The aim of the article is to define
and test the potential for streamlining logistics flows with TX Plant Simulation software support. The research and
empirical part of the study was solved based on a rigorous analysis of the initial situation in a specific company for the
selected product group, as the Value Stream Mapping method was used for the analysis. A simulation model of a real line
was created in the TX Plant Simulation software with the help of the Value Stream Mapping library for value creation,
which is part of the software. The goal was to find out possible waste within the logistics flow, and its causes and propose
the necessary steps to eliminate the waste.

1 Introduction From the point of view of designing and developing

The current trends in the manufacturing industrproduction and logistics systems, it is necessary to look at
include the acceleration of product deve|0pment, tH@e difference between flexible and adaptable systems.
earliest possib|e start of production, the growth d'f_'|8X|bI|Ity means the ablllty to respond to Changes within
flexibility, quality, and variability of production in & predetermined range of requirements efficiently,
conjunction with low costs. Changing demands froimewise, and cost-effectively. In terms of manufacturing
customers, Changing products' and deve|0pidgg|3tlcs, ﬂelelllty involves aQaptlng StrUCtUre-S and
technologies all affect the structure of business processBE)cesses to changes at the tactical level by referring to the
and affect work procedures, input materials, aniint interaction of employees, machines, production
production equipment. From this also follows the need gystems, and the network to create value. Adaptability
achieve adaptability of enterprise processors, whicBxceeds flexibility because it represents the system's
however, must pass through all hierarchical levels. It Rotential to respond to changes beyond predetermined
possible to reflect on this challenge through theorridors of activity and to proactively respond to changes.
evolutionary concept of Industry 4.0. The basic pillars df logistics, adaptability means the ability of a material
Industry 4.0 are digitization (of products, processe§ow system to adapt to new circumstances by being
equipment, and services) and the application ofriable. Processes and systems can be changed and
exponential technologies. However, the transformation §fodified. Achieving these goals is conditional on the
the enterprise into a smart factory will require expertise afiplementation of new technologies capable of handling
know-how in all functional areas of the enterprise. Thiguch demands. Product functionality verification in a
Concept is a|ready known from ten years ago when it Wygtual environment will be an essential standard soon.

presented at the Hannover Mess. However, it is a questifith increasing global competition and increasing
of how it penetrated industrial reality [1-3]. customer demands, the importance of improving business

processes is growing. In recent years, the term lean
management has become more and more frequently
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associated with this connection. The origin of this approach The bar line is a technological device suitable mainly
to management is associated with the Japanese comptmyproduce bars, prepared from several materials and
Toyota, and thanks to the ability to respond more quicklarious ingredients, such as classic cereal, nut, oat,
and flexibly to customer requirements, it has penetrated theconut, marzipan or caramel, popular protein beetroot and
entire world, and gradually increasing case studies testfiyit raw, or other mixed recipes. | can also mention various
to ever-new areas of its use [4-10]. specialties such as French nougat, dried bananas, and

The concept of lean thinking describes the workpricots in chocolate or multi-layer bars. In Tab. 1 we can
philosophy and practices of the Toyota Production Systesee pocesses related to the production of the bar

In TPS, the use of a resource that does not add any value

according to the customer is excluded [5]. The processes Table 1 Processes related to the production of the bar

work on the principles of using less material, requiring less

Description of the bar manufacturing process

investment, using less inventory, needing less space, and Area

Information

using fewer people [11-13]. Customer
Achieving a value stream in lean manufacturing
consists of four key strategies [11]:
» Synchronization of external deliveries to customers.
« Internal production synchronization.
* Flow formation.
 Creation of a traction system.

The main goal of these strategies is the elimination of

the required number of sticks is
100,000 pieces in 2 weeks

one type of bar - nut, caramel, or
fruit covered in chocolate

the average number of working days
in a month is 20 (net shift time fund
is 480 min.)

packaging of finished bars - 50
pieces in a bc

losses [11]:
» Transportation.
» Waiting.
» Overproduction.
» Defects and repairs.

Supplier

supplies the necessary raw materials
(nuts, caramel, fruit mixture,
chocolate, packaging)

raw materials are stored in the
warehous

» Storage.
* Movement.
» Redundant processing

Planning

When trying to improve processes, many companies
encounter the problem that there is no person who has the
necessary knowledge about the entire flow of material and

all communication with the customer
and supplier is electronic

planning accepts weekly or daily
refinements

information on the daily production
plan is based on the physical
inventory of the warehous

information, or about all the processes associated with theE
product. A common method that enables this deficit to be
overcome and at the same time to identify areas where

xpedition

it will be shipped from the
warehouse in 2 wee

improvement efforts should be directed and solutionsProduction
suitable for the entire company should be proposed is value
flow mapping. The interface between process innovation
and process improvement is not well defined. Innovations
constitute a more radical leapfrog transformation in the
process. Under the word improvement, we imagine the
activities of people involved in processes who try to
increase their performance daily (elimination of waste,
expenses, downtime, increasing performance and quality).
Improving the overall process chain as a complete system
of activities involves value stream mapping which is also
the focus of the case study below [14-16].

2 Methodology
2.1 Input data for creating a simulation model

input caramel, nuts and chocolate
melting caramel, grinding nuts and
chocolate

mixing caramel and nuts and mixing
with fruit mixture

solidification of the mixture and
melting of the chocolate

cutting the mixture into bars of the
appropriate size

coating the bar with chocolate and its
solidification and control

printing and cutting the package and
wrapping the bar

storage in boxes and waiting in the
warehouse for dispat

The company under investigation looks at each request
for a new bar line individually, uses experience fro
several realized projects, listens to customers and consi
their ideas about the product, and uses its test center either

3%% Simulation model of the production of the
selected product

to develop and design new ideas or to Verify customer In the TX Plant Simulation VSM |ibrary, we simulated

recipes on a test bar line.

the production of a chocolate bar filled with nuts, caramel,

and a fruit mixture. The customer requests to produce
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100,000 pieces of this type of bar within 2 weekssolidification follows. After solidification, the worker
Chocolate, nuts, and caramel enter the simulation froohmecks the formed sticks, and they go further to the
separate inputs. The chocolate is ground and then meltedermediate storage 2.

The nuts are also ground and mixed with the melted During these operations, the bar wrapper is printed
caramel into one mixture. After that, a fruit mixture ifrom a separate input and then cut to the required size. The
mixed with the mixture of nuts and caramel, which comdast station is the packaging of the bar, where one worker
from another separate entrance and is subsequently coatedlso present to check possible defective pieces. The
to a solid state cut into smaller pieces, and travels to théhers are packed in boxes and that's the end of the process.
intermediate warehouse. From it, the solidified cut mixtur€he course of the simulation can be seen in Figure 1.

is coated with chocolate and the process of chocolate
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Figure 1 Simulation of the current state — process diagram and WSM diagram

After the end of the simulation, we will see the final
table of produced pieces, see Table 2

Table 2 Result information after simulation — current state

N ModelsModel |
Simulation time:8:00:00.0000
Object Name| Mean Life |Throughput|TPH [Production| Transport|Storage| Value Portion
Time added
output_produgtPart 40.3741L 4112 514 95.27% 0.00% 4.73%  59.39% | |

Cumulated statistics of the parts which the drain deleted.
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From this table, we find that 4,112 bars are produced|irTime of valu-adding operations (mi 384(
8 hours, the productivity of the simulation is 95.27%, theTime ofnor-value-adding operations (mi | 288(
storage is 4.73%, and the added value of the ent|rgotal production time (day 5.68
simulation is 59.39%. VA index 1116
Table 3 Resulting iljdicators of the current state From the process diagram, we gradually drew a map of
Total number of operatio : 14 the value stream in the TX Plant Simulation library, see
Number of valu-adding operatior 8 Figure 2.
The ratio of adding operations / total | 57.14%
oper ations
e EC e sCRmO e i sG O hmGHmba MmO el sG5|
=

B cootra
B ovaen

e

30 S| amrmutes St
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Figure 2 Simulation of the proposal state — process diagram and WSM diagram

After the end of the simulation, we will see the final
table of produced pieces, see Table 4.

Table 4 Result information after simulation — proposal state

| ‘M odelsM odel

Simulation time:8:00:00.0000

Object Name| Mean Life |Throughput| TPH |Production|Transport|Storage| Value Portion
Time added
output_product Part 1:26.004p 5692 712 55.8204 44.18% 0.00% 50.00% I
output_snippetsPart 56.7500 58| 7| 47.5894 52.429 0.00%4  38.779% | N

Cumulated statistics of the parts which the drain deleted.
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3 Result and discussion is 1,580 pcs more than in the current state, while another

After simulating the current situation, we found thaP8 pcs are scraps. During the two-shift operation, 11,384
4,112 sticks are produced in eight hours of one shift, thaieces are produced per day and 116 pieces of offcuts are
is, 8,224 sticks are produced in a day with a two-shifreated. If .the customer s_tlll requires 100,000 pcs in two
operation. If the customer requests 100,000 pcs in twéeeks, which is 10 working days, 113,840 pcs will be
weeks, which is 10 working days, only 82,240 pcs will beroduced, which means we will reach this goal. More
produced, so we will reach the goal of 100,000 pcs in onBpsitive is the fact that we will exceed it one day earlier,
13 working days. that is, in nine days.

After simulating the future state, we found that in eight For a better understanding of these results, we can also
hours of one shift, 5,692 pcs of sticks are produced, whi€lisplay them graphically in Figure 3.

NUMEBER OF BARS PRODUCED
120000 113884
100000
82240
80000
56920
60000
41120
40000
20000 . 11384
5..i 5692 pros
0
PCSFOR 1 SHIFT PCSFOR 1 DAY PCSFOR 1 WEEK PCSFOR 21 WEEKS
B CUREENT PROPOSAL
STATE STATE

Figure 3 Graphical representation of produced pieces of bars

The added value of the entire current simulation iactivities is 57.14% in the current state and 53.85% in the
59.39%. The added value of the entire future simulation figture state. The last compared indicator is the VA index,
51.68%, which is 7.71% less than the current one, butwdere in the current simulation it has a value of 11.16%
larger number of bars will be produced and in a shortand in the future simulation it has a value of 35%.
time. The productivity of the current simulation is 95.27%
and the productivity of the future simulation is 57.30%. These indicators can also be seen in Figure 4.

The ratio of value-added activities to the total number of
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COMPARISON OF SIMULATION RESULTS

9E 3
J

TOTALADDED PRODUCTIVITY RATIO OF ADDING VAINDEX%
VALUE % b AND TOTAL
ACTIVITIES %

m CUREENT m FROFOSAL
STATE STATE

Figure 4 Graphical display of percentage comparison of simulations

Although some indicators show the current state gsoduction, but on custom production, where different
better, we must also look at the customer's requirementsachines or devices are always produced, as well as
Since it was requested to complete the order in two weeklferent confectionery. Therefore, it is difficult to
a future simulation where more pieces of sticks amalculate various indexes and downtimes because each
produced in a shorter time is more acceptable. Here, tavder is original. By using simulation software, the
the rule that less is sometimes more is confirmed. company can save costs in the event of unsuccessful

Value stream mapping is one of the most importamrototypes or introduced changes directly into production.
methods that a company can use to increase (@ the simulation model, as was pointed out in the thesis,
productivity. By mapping, we get an overview of that is possible to try the introduction of new operating
activities taking place in the company, in specific places aystems, without directly interfering with the real
the current time. By mapping, we can deduce how mudompany.
time, space, and effort a certain activity will take, and thus
we are able to eliminate waste. The map is much mae Conclusions

complex, it contains time intervals, so it is better to create value stream mapping is one of the most important
it by handWriting direCtIy at the Workplace, rather tharﬁnethods that a company can use to increase its
complicated and inconvenient on the computer. productivity. By mapping, we get an overview of the
When using the VSM - Value Stream Mapping methogctivities taking place in the company, in specific places at
as a tool for redesigning production flows, the key outpyke current time. By mapping, we can deduce how much
is the VAI - Value Added Index. However, the productionime, space and effort a certain activity will take, and thus
flow in operation is not smooth, there are frequenke are able to eliminate waste. The map is much more
downtimes of material (or production in progress), due {€mplex, it contains time intervals, so it is better to create
the accumulation of stocks before technological operatiogspy handwriting directly at the workplace, rather than
- this is an aCtiVity that does not add value to the prOdU@émpncated and inconvenient on the Computer.
and therefore neither to the customer nor to the production \when using the VSM - Value Stream Mapping method
company. The company subsequently tries to minimize thg a tool for redesigning production flows, the key output
times that do not add value as part of continuoys the VAI - Value Added Index. However, the production
Improvement. flow in operation is not smooth, there are frequent
This work dealt with the mapping of the value flow indowntimes of material (or production in progress), due to
the production of bars in a specific company. It wage accumulation of stocks before technological operations
necessary to focus on a specific type of product andhis is an activity that does not add value to the product
production because the company is not focused on magfy therefore neither to the customer nor to the production
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company. The company subsequently tries to minimize the N.: Dynamic simulation tool for planning and

times that do not add value as part of continuous optimisation of supply procesternational Journal

improvement. of Simulation Modelling, Vol. 20, No. 3, pp. 441-452.
This work dealt with the mapping of the value flow in ~ 2021. https://doi.org/10.2507/1JSIMM20-3-552

the production of bars in a specific company. It wafs] DAVIS, R.A.: Demand-Driven Inventory Optimization

necessary to focus on a specific type of product and and Replenishment: Creating a More Efficient Supply

production because the company is not focused on massChain Wiley, New Jersey, USA, 2013.

production, but on custom production, where differert’] GRZNAR, P, KRAJCOVIC, M. GOLA, A,

machines or devices are always produced, as well as DULINA, L., FURMANNOVA, B., MOZOL, S.,

different confectionery. Therefore, it is difficult to  PLINTA, D., BURGANOVA, N., DANILCZUK, W.,

calculate various indexes and downtimes because eachSVITEK, R.: The Use of a Genetic Algorithm for

order is original. By using simulation software, the Sorting Warehous®ptimisation, Processes, Vol. 9,

company can save costs in the event of unsuccessful No. 7, pp. 1-13, 2021.

prototypes or introduced changes directly into production. https://doi.org/10.3390/pr9071197

On the simulation model, as was pointed out in the thesj8] STRAKA, M., SPIRKOVA, D., FILLA, M.:Improved

it is possible to try the introduction of new operating efficiency of manufacturing logistics by using

systems, without directly interfering with the real company computer simulation, International Journal —of

[17,18]. Simulation Modelling, Vol. 20, No. 3, pp. 501-512.
2021. hitps://doi.org/ 10.2507/1JSIMM20-3-567
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Abstract: Operational excellence serves as a cornerstone for the success of businesses,and effective risk management is
key for minimizing disruptions, and ensuring business continuity. This paper proposes an innovative methodology that
harnesses the power of machine learning in supply chain risk assessment to enhance the ability of organizations to identify,
predict, and mitigate various risks that can impact their efficiency, effectiveness, and resilience. This study addresses the
inherent subjectivity in human assessment which presents a significant challenges and potential biases in the evaluation
process. Auditors, who play a crucial role in identifying and assessing risks within an organization's operations, often rely
on subjective judgments influenced by their experiences, expertise, and personal biases. To mitigate this issue, we employ
a deconstruction approach, breaking down risk factors into sub-factors, and leverage an Artificial Neural Network model
as a predictive tool for accurate risk level predictions and enhanced assessment objectivity. Real-world data from a global
automotive company specializing in wiring harnesses are utilized to train the Neural Network model, on a dataset of 2100
samples, exhibits good performance of risk prediction as evaluated by appropriate metrics such as Determination
Coefficients and Mean Square Error. Overall, this research contributes to the advancement of risk management practices
addressing the challenges of subjectivity in human assessment, to more objective by providing a reliable and data-driven
framework that supports managers in strategic decision-making and fortifies supply chain operations through an early
risk alarm, empowering organizations to proactively manage risks and achieve autonomy in effective risk management.

1 Introduction disruptions, as it plays a pivotal role in effective RM

Supply chain risk management (SCRM) has becongérategies.
more significant and attracted researchers' attention in Today auditor's subjectivity can play a role in
comparison to previous years when less attention wel§termining the risk level. It seems to be extremely
given to risk management (RM).Furthermore, thdlifficult to assess risk, in the same manner, taking the case
complexity of production processes, huge quantit9f two auditor_s working on the same organi.zation cannot
produced, uncertain demand, unexpected changes, &valuate the risks equally, as the difference in professional
increase in various disruptions types cause substaniiglgment and experience influence their risk assessments
losses.[1] risks in the realm of SC management can BBd lead to subjective evaluations. The risk assessment
broadly categorized into two main types: strategigubjectivity might cause various problems with severe
uncertainty and operational catastrophes. To illustrate tRzonetary problems. It can lead to inconsistent evaluations
impact of such risks, consider the recent globdf risks that make it challenging to compare and prioritize
phenomenon of the COVID-19 pandemic, which triggeretisks consistently. also, the subjectivity may lack
a widespread scarcity of shipping containers and teansparency and fail to provide a clear justification of the
Significant rise in emp|oyee absenteeism’ resu|ting in faCtOfS inﬂuencing the risk levels which leaves excessive
substantial financial loss of billions of dollars.|leeway for managers to understand and evaluate risks on
Additionally, the SC landscape faces inherent risk&eir own ina way that will not interfere with the strategic
stemming from geopolitical events, like the RussiaPlansforthe company. _
Ukraine war, as well as challenges arising from the lack of As for the impact of subjectivity in the risk assessment
synchronization between supply and demand. TheBgocess, the primary objective of this research is to
factors, as highlighted by [2] contribute to the complexitieginimize the subjective nature of human assessments and
and vulnerabilities encountered in SCM. Uncertaintyachieve a more objective risk evaluation approach using
stochasticity, external disruptions, and risks cafttificial Intelligence (Al) techniques that can help in
temporarily or durably impact the performance of the S@ddressing some of the subjectivity challenges in the risk
where the need for implementing a well-defined RMiSSessment process by introducing more objective and
process is crucial for mitigating exposure and minimizingata-driven analysis which reduces reliance on subjective
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judgments and provides a more objective basis for righivironments. However, the current research on Al
assessment. integration in SC lacks models capable of providing
This study was carried out as the power of Aprobabilistic risk assessments that account for uncertainties
technologies its significant role in enhancing riskand ambiguities in SC risk scenarios.
assessment processes due to several reasons and purposésirthermore, research could investigate how Al models
such as the handling of large volumes of data moman effectively collaborate with human experts in making
efficiently than humans and this is particularly importandecisions related to SC risk. Additionally, addressing the
in risk assessment, where numerous variables and factgep of integrating human knowledge into Al models for SC
need to be considered. Further to the human judgmeitk assessment represents our contribution in this paper.
which sometimes can be influenced by biases, emotions.
Al can provide consistent and objective analysi® Literaturereview

minimizing the impact of human subjectivity and errors, Mathematical tools have played a pivotal role in the
leading to more accurate risk assessments and betf@std of SCRM, enabling advanced analysis, modelling,
informed decision-making. In addition, Al models carhnd decision-making processes. Recently, research has
leverage historical data to make predictions about futufgun to apply additional tools such as Al covering
risks to anticipate potential risks and proactivelproduction risk management, and SC risk challenges in
implement strategies to mitigate them. In summary, Algomplicated environments, and in a specific part of the
capabilities in data processing, analysis, accuracy, apfbcess.[3] classified the reviewed papers published
real-time monitoring make it an invaluable tool forhetween 2003 and 2013 on SCRM into four categories,
enhancing risk assessment across SC. definitions, types, factors, and methods for

We propose a methodology with the goal of automatingCRM.Furthermore, methods are classified for risk
and standardizing the risk assessment process. Bnagement as either qualitative or quantitative depending
deCOﬂStrUCting the risk factors into distinct SUb'faCtorS, W&h their core OperationS, such as risk detection, assessment,
systematically examined each component and analyse@uction, and monitoring.
them collectively as a comprehensive feature vector. This [4] centres their investigation on the implementation of
vector serves as input for the machine learning (MLhtelligence-based tactics to improve the management of
model, where each numeric parameter conventionalcRs and strengthen overall resilience. The outcomes of
represents the status of each factor in each sub-process. the@ study offer valuable perspectives on the existing
used data was collected from a real automotive compagdscape of SCRM methodologies and the efficacy of
operating in wiring hamesses worldwide, the type asilience approaches across various sectors. [5] examined
industry was chosen as it's the pillar of the nationahe influence of digitization, big data, and Industry 4.0 on
economy, further to the widely of concern on SC disruptiofheir role in mitigating the cascading impact of SC risk.
risk that has been considered in recent years by b@{avertheless, the researchers highlighted the necessity for
business and academic practitioners. As the automotive ffgther investigation before introducing decision-support
has become ianeaSingly difficult to manage and Witho%ystems that incorporate ML and agent aigorithms to
effective RM it's almost hardly possible to see its operatigthhance the optimization of stochastic systems.[6] present
norma”y. The International Automotive Task Force (lATFa Comprehensive model that |everages big data in the
16949) reports for 5 years were cleansed and convertechiinning and process control domains to effectively
the predefined set of parameters as in Table 1. Augifanage SC risks, this approach involves collecting
reports are the result of an audit system assessing #ensive data from various sensors, both internal and
quality management system of the company, verifying riskxternal, which are then meticulously analysed to generate
defect prevention, process variation, and waste in the $gtailed reports for decision-makers, enabling them to
and production process. make informed decisions regarding SC redesign.

Due to the scarcity of available data, a unique and |n their research, [7] demonstrate the potential of
highly confidential dataset was obtained, which played @ilizing SC data analysis not only for pursuing and
pivotal role in training the ML model capable of accuratelyhanaging supply risks but also for enhancing supplier
predicting risk levels within a SC. We trained the model o erformance. This approach empowers giobai SCs to
80% of the collected data and 20% of a test set of tg?oactively respond to SC risks rather than adopting a
samples. reactive approach, enabling them to take initiative in

Ultimately, the integration of Al into SCRM hasmitigating potential disruptions and ensuring a more
introduced new dimensions of complexity and opportunityesilient and efficient SC ecosystem. However, their study
However, there are notable research gaps and challengggs not mention a predictive model but only a practical
that require investigation, particularly in the areas ofata presentation. Another study by [8] offers a conceptual
cleansing, integration, and validation of SC data. There af@mework for SCRM using ML techniques and big data
gaps and challenges in Al models that provide interpretaligthout evaluating and implementing the framework, their
risk assessments, enabling SC professionals to understagflclusion suggests that incorporating Al in SCRM
risk behaviour. Addltlona”y, gaps exist in Al models thabrocesses can potentia"y enable the discovery of new
can adapt and update in real-time based on changing gfowledge. This new found knowledge, when combined
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with the expertise of decision-makers, has the potential tioe investigation of inventory control methods holds
facilitate optimal decision-making in SCRM processes. exceptional significance. [17] In their proposed
Existing literature reveals that various Al techniqguemethodology, they adopt a state-feedback neural network
exhibit partial applicability in different contexts of risk controller to determine the ideal order quantity, accounting
management in various stages of the SC. One of the mfist uncertainties in the deterioration process and adhering
used Al techniques in various levels of productiotno the FIFO issuing policy. [18] develop Al forecasting
management is the ANN applied in the area of forecastingodels for better forecast and inventory management
demand planning, inventory management and risknprovement.
assessment. As the efficacy of forecasts is contingent upon[19] Their study elucidate the evolution of deep
the accuracy of predictions, scholars have redirected thiarning (DL) and ML concepts within the framework of
focus to the area of fast-changing data combined wittevising a plan for identifying and evaluating SCRs. Their
traditional forecasting and Al techniques to generate moogitcomes indicate a notable enhancement in the ability to
accurate predictions of forecasts to improve demaridrecast whether a shipment is destined for export,
planning.[9] studied the ability of ML in generating moreoutperforming numerous other pre-existing ML
accurate forecasts in comparison to traditionahethodologies.Scholars have increasingly promoted the
methods.[10] suggest a methodical managerial strategy fmoption of Industry 4.0 (14.0) solutions as a strategy to
investigating the correlation between Al and the bullwhimitigate supply chain disruptions (SCDs) [20], especially
effect ,their research provides scholars and managers withlight of the challenges exposed by the COVID-19
a fundamental platform for advancing theories on how fmandemic. In their research [21],they built upon prior work
alleviate the fluctuations in SC caused by the bullwhim 14.0 and SCRM, creating 13 projections that delineate
phenomenon. [11] In ordering management ML is used tow 14.0 technologies will shape Supply Chain Resilience
establish an optimal ordering strategy in several SC levgBCRES) by 2030. Their study evaluates the potential of
to evaluate order priority and manufacturing order priority4.0 in enhancing SCRES within a post-COVID-19
[12] create an enhanced version of grey neural network®ntext. As well,[22] their study seeks to elucidate the role
which can assist businesses in making more accuratie Al applications in supporting Operations and Supply
forecasts regarding market demand following disruptiorShain Management (OSCM) processes, as well as to
in transportation. Subsequently, they conduct an empirigaihpoint the advantages and challenges associated with
study to validate the practical viability of this improvedheir integration. The findings underscored the capacity of
mode.[13] used a combination of ANNs and autoAl techniques in OSCM to enhance the competitive edge
regressive integrated moving average (ARIMA) models tof companies by diminishing expenses, shortening lead
forecast the requirements for blood platelets. The intentidimes, and enhancing service levels, quality, safety, and
behind their approach is to minimize uncertainties withisustainability.[23] examined how Al techniques can
the SC associated with blood platelet demands.Thélr enhance SCM through the execution of a structured
inquiry offers a practical instance where they predianalysis of existing literature.
monthly demand for three blood components through the In this study, we carefully selected the primary risk
utilization of ANNs. The outcomes of their analysidactors based on their direct relevance to SC and
illustrate that ANN models outperform ARIMA models inproduction organizations. Specifically, our focus was
the realm of demand forecasting. directed toward the critical and potential factors that
From the reviewed existing literature on the Alinfluence the risk level during auditors' evaluation in each
application in SC, we can see that Al techniques have bd&TF audit. These selected risk factors encompass
used throughout the SC, neural networks have shown theammon types of risk in manufacturing, supply, transport,
results also in problems related to supplier selectiademand, and information, considering their external and
process. [15] In their study, they employed ANN to addregsternal interfaces. This selection process served as an
the primary challenges associated with case-basgttial foundation for creating an additional resource aimed
reasoning within supplier selection. This was done with trat defining and categorizing the deconstructed risk factors
intention of enhancing both the precision in revising stagéas more detail. The objective is to achieve more accurate
and the efficiency of the supplier selection process.[16sk evaluation from the auditors by placing more emphasis
Their paper aims to put forward a hybrid strategy thatn the sub-factors and enabling a precise assessment of risk
melds the Z-number Data Envelopment Analysis (DEAfactors integrating an ANN model in RM process flow as
model with the ANN to improve the process of selecting Figure 1.
resilient suppliers. The objective is to refine supplier
selection by incorporating two key aspects: an efficiencd M ethodology

centered assessment through Z-number DEA and t88 Rjsk management process flow with ANN
predictive potential of ANN, with particular emphasis on integration

the resilien_ce of suppliers. . In Figure 1, we detail the methodology employed to
Enhancing strategies for managing the movement pfio oot an ANN model in the RM process for risk

gOO.(ZISt_\NIthIIﬁ.tE.rOdUCt;OH Iog|st|c§ Zysttems 'é a S|gn|f|ce;| rediction purpose, to mitigate and reduce SC disruptions
aspiration within contemporary industries. L.onsequeéntiyng control risks in advance. The initial phase involves the
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identification of potential risks that could impact theparameters of the model which represents the risk factors
organization, followed by risk factors deconstruction intén this research are mainly based on their relevancy to the
sub factors to get more precision on the risk elements. Thetomotive SC. The selected risks cover external and
identified risk factors are evaluated in terms of theinternal risks in different node of the SC, covering
severity, impact, and probability. Gathered and cleaneipply,demand,manufacturing,process,financial,macro,in
data is used to train the model to predict risk level of theentory,information,payement and transport risks.
potential risks that may disrupt the SC, foreseeing risk8oreover the inputs include the results and feedback from
helps in prioritizing and providing strategies to mitigate thgifferent OEMs (Original Equipment Manufacturers) and
risks, decisions can vary in their approach, ranging frofier 1 suppliers. Audit reports were employed as the dataset
accepting the entire risk without implementing any actionsontaining risk factors and served as the input layer for the
for low-risk events, to implementing a series of preventiv&NN used in training the predictive model for future risk
measures for high-risk events. A regular RM processstimation.The model underwent training using a dataset
review ensures that new potential and suspected risks a#sisting of 2100 samples. The risk data is highly
remains up-to-date and introduced in the model to kgassified business information that is publicly unavailable.
verified and assessed if they occur. Figure 1 depicts the rigitaining the data from an automotive manufacturing

assessment flow integrating the ANN model. company for the purpose of risk prediction was a
challenging goal and a unique opportunity to gain insights
Identify the risks using confidential business information.
(risk factor ,and possible
events) Table 1 List of parameters
Deconstruct risk factors No | Paramete Literature
into sub factors 1 | Leadership and commitme | [24,25,26,27,2¢
iy 2 Products/services [29]
Set risk criteria reguirement
( Severity,Likelihood, and 3 | Performances evaluati [30]
Impact) 4 | Continuous improveme [31]
> 5 | Demand [32,33]
Evaluate the risks Uncertainty/Variabilit
(Based on the risk criteria) 6 Manufacturing ris [22,34]
iyl 7 | Delivery/Transport dele [35]
ANN prediction of the risk 8 | Supplier dependen [36]
level 9 | Information systel [37]
(Based on historical data,set 10 | Financial risl [38]
of inputs and output ) 11 | Inventory contrc [39,40,41
Develop and implement 12 | Payment contr [42]
strategies to mitigate the 13 PurChaS.e orde [43]
. 14 | Macro risk [44]
15ks
Measures and review the We cor_lverted the fingjings of 150 IATF audit reports,
RM process regularly produced in 2018-2023, in accordance with the exhaustive
- selected risk factors from the IATF standards that are most

Figure 1 Risk assessment process flow with integration of ANKelevant for the selected automotive company, specific and
unique risk factors were neglected as their low probability
3.2 Neural network model for risk assessment of occurrence in the results of the audits. The focus was on
In order to initiate the development of our proposethe most relevant and probable risk factors assessed and
methodology of applying ML tools in SC risk assessmeméported during several audit reports with a high impact on
an exhaustive list of parameters was selected, coveritig operational business.
most of the operational risks, from a reel audit report of an Auditor's risk assessment practice is an investigation
automotive company that covers the results of IATbased on experience and risk knowledge way of saying and
certification following regulations and automotiveassessing the risks, auditors do not have a well-defined
standards. We focused on a research sample consistingesfult for each parameters deviation linked to the IATF
30 automotive production sites operating in wiringstandards and regulations basics, parameters are not
harnesses word wide. Findings and audit results of 5 yeatgluated in the same way for all auditors. In order to get
were converted in accordance with the selected operatioaal easy, objective, quantitative, and accurate risk
risks which were observed as parameters and a major rigisessment each of the selected risk factors is broken down
of the selected automotive company. The selected
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into their sub-factors and the results are fit as an inpabmprehensive understanding of the most influential
vector to train the ML model. factors in the overall risk probability assessment for each
Regarding the numerical evaluation of the audit resultdmpany, it is important to identify the key impacting
for each assessed parameter, auditors assign a risk levdhofors. This knowledge is particularly valuable as the
high, low, or medium to indicate the severity of the riskeports are derived from the same company with consistent
associated with that parameter. However, it's wortstandards applied across various sites.
emphasizing that the final audit results are subjective While it may not be immediately evident, the selection
assessments made by the auditors based on their judgnoémarameters from the IATF 16949 standard, as related to
and interpretation of the assessment. the topics in Table 1, is undertaken with a specific aim.
The deconstruction of risk factors into sub-factors i$hese parameters are chosen based on their alignment with
crucial to achieve a more accurate assessment of fhaetors derived from quality management standards. These
selected parameters. To accomplish this, each sub-factofasftors hold essential roles in establishing the quality
every parameter was assigned a value based on ritanagement requirements expected of automotive
performance level. A value of 0 indicates a neutral level ofianufacturers and suppliers. This research aims to assess
compliance with standards and regulations, -1 indicategtee automotive industry's capability to manage risks. The
weakness in adhering to the standards and regulations, aaceful organization of these selected parameters is
1 indicates an appropriate level of compliancedesigned to evaluate an organization's risk exposure and
Additionally, each compiled report was assigned a riskompliance with the IATF standard. By considering these
probability value, ranging from 0 to 1, representing théactors collectively, we contribute to a comprehensive
likelihood of risk for each company. To obtain armunderstanding of their impact on organizational
assessment for each specific evaluated risk and gairpexrformance and overall success (Table 2).

Table 2 Selected parameter is derived from a set of sub-parameters

L eader ship and | Products/services Supplier dependency Delivery/Transport delay
commitment were|requirements were|Alternative supplier in cas®atural Accidents (Fire,
compiled from the| compiled from the| of major supplier stoppage Earthquake)
following sub-parameters |following sub-parameters: | Long-term relationshipsAbnormal
(1) is the company takingl) Is the communicatigmwith reliable suppliers Accidents(Manmade
responsibility  for  thewith customers include: (apupplier monopoly Disaster/Terrorism attack)
effectiveness of the qualifyhe provision of informatiopSelection of the wrondPackaging and shipping
management system? relating to products angartner quality issues
(2) Are the qualityservices? (b) the treatmebhbw technical reliability | Safety stock unavailability
management systeraf consultations, contracts, Custom clearances
requirements integrated intor orders, includingl nfor mation system Transportation breakdown
the organization's busingssnendments? Information infrastructure | Damages in transport
processes? (c) obtaining feedback fronsystem Integration No  transport  solution
(3) Is the organizatiorcustomers regardindgnformation transparency | alternatives
promoting the use of theroducts and servicgdpformation delays Lack of outbound
process and risk-basgdcluding their complaint§Zompatibility in IT| effectiveness
approaches? Any applicable legal anglatforms
(4) Is the organizatioregulatory requirements? |Back up procedures Purchass orders
incentivizing, guiding, and2) Does the organization Purchase process control
supporting  persons  fose appropriate means |@emand through the ERP system
contribute to theidentify output elementdJncertainty/Variability Purchase procedures and
effectiveness of the qualitwhere it is necessary tBorecasting errors documents follow up
management system? ensure compliance wifiMarket change
(5) Does the organizatigproducts and services? |Bullwhip effect distortion |Inventory control
promote improvement? (3) Does the organization Regular warehouse
6) The priority of increasingoreserve the output elemenp@ontinuousimprovement |inspection
customer satisfaction |iguring production anDoes the  organizatigi®Warehouse inspection
maintained by theservice provision to arcontinuously improve theaccording to procedures
organization? extent sufficient to ensureelevance, adequacy, ardventory system update
7) Are the customerfsompliance with theeffectiveness of the qualitfFinancial risk
requirements understood amdquirements? management system? Exchange rate fluctuations
met? NOTE: The preservatigiboes the organizatighoss of contrast

may include identificationconsider the results of thilarket growth
Payment control handling, contaminatigranalysis and evaluation, @rofit margin

control, packaging, storagwell as the outputs of th Price fluctuations
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Presence of sufficient contidtansmission, or transporhanagement review, o

mechanisms ensuringnd protection. determine if there are negdgacrorisk

alignment between a or opportunities to considgPolitical instability

certificate of receipt and th& anufacturing risk as part of continuoy&conomic downturns

corresponding invoiceUnstable manufacturingmprovement? External legal issues

Appropriate  measures |iprocess Sovereign risk

place to ensure effectiyEmployee accidents Regional instability

control over payments Insufficient maintenance Social and cultural
Lack of experience/training grievances

Performances evaluation | Production capabilities Natural Accidents (Fire,

(1) Does the companProduct inflexibility Earthquake)

determine: (a) what needs|tdachine breakdown, Abnormal

be monitored and measure@uality problems Accidents(Manmade

(b) the monitoring,Design changes Disaster/Terrorism attack)

measurement, analysis, afachnological changes
evaluation methods to ensure

the validity of the results? )
when  monitoring  and
measurement  should pe
carried out?
2) Customer satisfaction: |Is
the organization actively
monitoring and assessing
customers' perceptions
regarding the extent to which
their needs and expectations
are being met?
Does the organizatian
analyze and evaluate the
level of custome
satisfaction?

=

3.3 ANN model application on real database The probabilities by the auditors were given by text that

A stable database was formed from the audit repomgflects the level of the risk as low, medium, or high
conducted for 5 years to create a consistent databasdTable 3). These are transformed to represent low: [0 —
train the model. For example, we chose 2 IATF audif3], medium: [0,4 — 0,7], and high: [0,8 — 1]. In the
reports of 2 sites audited in 2022. Table 3 shows how te¥ample, Site 1 was assigned a probability value of 0.3,
risk factors and their risk sub-factors were converted intoiadicating a relatively low level of risk. Conversely, Site 2
table of parameters as a sum of each graded {-1,0,apd Site 3 received probability values of 0.4 and 0.5,
parameter. respectively, indicating moderate levels of risk.

Table 3 Risk factors and their risk sub-factors
Parameters Site Site | Site | Details
1 2 3
Continuous | 1 1 1 Site 1,2,3:
improvement The organization has a high adequacy and effectiveness of the quality
management system, continuously improving.
The organization has a good consideration for the outputs of the management
review to determine needs and opportunities for continuous improv:
Leadership | 1 0 -1 Site 1:
and The company has a high responsibility for the effectiveness of the quality
commitment management system and requirements are integrated into the organization's
business processes and customer's requirements as well as the applicaple legal
and regulatory requirements are determined, understood, and met continuously
in a good level. The company maintains customer satisfaction and prgmotes
improvement.
Site 2:
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The company has a responsibility for the effectiveness of the quality
management system and requirements are integrated into the organization's
business processes. Customer requirements are determined and understood,
regulatory requirements are not determined, and either. The company maintains
the customer satisfaction and promotes improvement. understood.
Site 3:

The company has a very low responsibility for the effectiveness of the quality
management system and requirements are not integrated into the organigation's
business processes and customer requirements are not determined and either
understood. Customer isfaction is not met and improvement is very |

Total risk| 0.3 | 0.4 | 0.5
probability

4 Reaults and discussion of the ANN model After inputting the data into the network, we employed
ANNS are crucial in ML and Al, mimicking biological two suitable evaluation metrics, Mean Squared Error
neural structures. ANNs consist of interconnected layers @SE) and R? (coefficient of determination), to assess the
artificial neurons that process input, learn from datlodel's predictive performance for both cases. Case N1
through weight adjustments, and excel in tasks like pattefvolved predicting the overall risk probability for each
recognition and prediction across domains. This learnif@mpany, while case N2 focused on predicting the risk
ability empowers researchers to create intelligent systef&bability for individual factors across all company sites.
Capab|e of understanding Comp|ex phenomena_ These evaluations helped us identify the effectiveness of
In the context of this work, the dataset comprises 2140e model in predicting the total risk probability and
samples, each consisting of 150 observationdetermining which factors have the most significantimpact
characterized by 14 parameters with values {-1, 0, 1} arfil the company's overall risk profile.
a score within the range [0, 1] representing total risk In Figure 2, the Mean Squared Error (MSE) values
probability. This distinctive dataset configurationbetween the desired target values and estimated model
necessitates ANNs to master regression tasks. To enabfugputs for training data are plotted against different
robust evaluation, the data is partitioned into trainingPochs for case N1. The horizontal axis represents the
(80%) and testing (20%) subsets. Additionally, the model$ogression of the model over time, while the vertical axis
performance evaluation employs k-fold cross-validatiod€presents the MSE values, which range between 0.002 and
which partitions the dataset into subsets for both trainif§004. The graph shows that the MSE values decrease over
and testing, vielding reliable performance assessmei@8ochs, indicating that the model is improving its
across multiple iterations. predictions and reducing errors during the training phase.
The architecture of the neural network is thoughtfully ~Similarly, in Figure 3, the MSE values for testing data
designed through hyper-parameter tuning, with the numb@ie depicted over different epochs for case N2. The graph
of hidden layers strategically selected based on probldystrates the performance of the model in predicting the
complexity. The specific configuration comprises sevefsk probability for each factor across all company sites.
|ayersl Commencing with 14 inputs and Culminating in ahe MSE values also eXhlblt a deCfeaSln.g trend, Indlcatlng
single output, employing the sigmoid function to ensurthat the model’s predictions are becoming more accurate
values within the [0, 1] range. The choice of 100, 80, 7@nd closer to the desired target values during the testing
60, and 50 neurons across hidden layers is meticulougijase. o
calibrated to optimize model performance. The model's Overall, the observed trends in Figure 4 demonstrate
optimization employs Adam as the optimizer and Meathat the neural network model is performing well,

Squared Error as the loss function, implemented usig@ntinuously learning from the data, and effectively
TensorFlow 2.10.0 library. reducing errors over time, leading to achieving the lowest

MSE values possible.
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Figure 4 Mean Squared Error Trend over time of case N1

In Figure 5, the determination coefficient (R?) valuedlustrates how well the model generalizes its predictions to

are plotted against different epochs to measure thew, unseen data. As the epochs progress, the R2 values for
goodness of fit for the training data. The horizontal axithe validation data also increase, indicating that the model
represents the progression of the model over time, whikeperforming well in capturing the underlying patterns and
the vertical axis represents the R2 values, ranging from Ouariability in the data.
1. The graph shows how well the model predicts the Overall, the observed trends in both Figure 5 and
outcome by indicating the proportion of variabilityFigure 6 demonstrate the improvement of the model's
explained by the model. As the epochs progress, the [iedictions over time, as indicated by the increasing R2
values increase, indicating that the model's predictions ar@lues. These results indicate that the model is effectively
becoming more accurate and explaining a larger proporticapturing the relationships between the variables and
of the variance in the variables. explaining a significant proportion of their variance,

Similarly, in Figure 6, the R2 values for the validatiorleading to a good fit between the predicted outcomes and
data are depicted over different epochs. The graphe actual data.

~ 652 ~

Copyright © Acta Logistica, www.actalogistica.eu



brﬁ Acta logistica - International Scientific Journal about Logistics
g Volume: 10 2023 Issue: 4 Pages: 645-658 ISSN 1339-5629
3 [ Improving supply chain risk assessment with artificial neural network predictions
?}o Nisrine Rezki, Mohamed Mansouri
&
Lo R-Square of Case N1 R-Square of Case N2
"~ | — wain LA AP AR AN A — train A A AN ATV
validation_data validation_data
0.8 - / 0.8 - /
0.6
z 2 0.6
g g
% 04 %
0.4
0.2
0.2 4
0.0
0 20 40 50 80 100 0 20 a0 60 80 100
epoch epoch
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For both cases, the R-squared values for the modedsternal influences, or other unaccounted variables that
predictions range between 0.5 and 0.85. This indicates thatre not included in the model. The aim of the model is to
the model is able to explain a significant portion of theapture as much of the variability as possible and provide
variance in the dependent variable. The proximity betweenstandardized and objective assessment of risk, but there
the training and validation R-squared values suggests thatl always be some level of unexplained variance.
the model's performance is consistent across different To ensure that the developed ANN model avoids
datasets, indicating its generalization ability. overfitting or overtraining problems, two key parameters

In case N1, the developed model demonstrates amed to be carefully adjusted: the number of epochs and the
explanatory power of approximately 85% in terms of thaumber of neurons in each hidden layer.
variance in the dependent variable. This means that the In this study, the optimum size of epochs and the
model is able to account for 85% of the variability observesppropriate number of neurons for each hidden layer were
in the risk assessment. However, there is still 15% of thietermined through experimentation and evaluation. The
variance that remains unexplained by the model. goal was to strike a balance where the model achieves good

In case N2, the model shows an explanatory power pérformance without overfitting the training data. For
approximately 70% in relation to the variance in thexample, when comparing the performance of the model
dependent variable. This indicates that the model canth 100 epochs to the model with 150 epochs, it was
explain 70% of the variability observed in the riskobserved that increasing the number of epochs led to a
assessment. However, there is 30% of the variance thlaicrease in performance for both statistical measures: R-
remains unexplained by the model. squared (with a higher percentage of unexplained variance)

Overall, the increasing trends of the R-squared valuasd MSE (with greater distance between the training and
and their proximity to 1 demonstrate the model's ability tealidation test values).This indicates that the model with
capture and explain a substantial portion of the variance100 epochs achieved better results in terms of capturing the
the data, indicating its effectiveness in predicting theariability in the dependent variable and minimizing the
outcomes for both cases. prediction errors. It suggests that increasing the number of

It's important to note that the remaining unexplainedpochs beyond a certain point may lead to overfitting,
variance may be attributed to various factors such ashere the model becomes too specialized in the training
inherent complexity in the risk assessment processata and fails to generalize well to unseen data.
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To optimize the model's performance and improve Rinderstanding to new instances, enabling it to provide

squared and MSE, adjustments were made to the numbaliable risk-level assessments.
of epochs, (Figure 7, Figure 8), and the number of neurons

~Table 4 Predicted and trained values risk level comparison

in the hidden layers. By fine-tuning these parameters, we— == . - . ~
aimed to achieve higher values of R-squared and lowgFredictedProbabili Predicted) Trained Predicted
values of MSE.Through this adjustment and parametar Yaluet |ty Rang|Risk Leve| Values | Risk Leve
tuning process, it was determined that R-squared and M$E_0-5¢  [0.4, 0.7 Mediur | 0.€ | Mediur
can vary significantly depending on the number of epochs_0:5¢__|[0.4, 0.7] Medium | 0. Mediurr
and neurons in the hidden layers. The model's structurie, 041 [[0.4,0.7| Mediun | 0. | Mediur
including the configuration of hidden layers and the_ 0.4C_ |[0.4,0.7| Mediun | 0.4 | Mediun
number of neurons, has a direct impact on the predicted 0.32 [[0.0,0.3]] Low 0.5 Low

values and overall performance of the model. The .
predicted values of the model align with the scale range 8f Conclusion
the training dataset, as shown in Table 4. This implies that The overarching goal of this study was to establish a
the model's predictions are consistent with the data it w¥thodology serving in the risk assessment process in the
trained on. Specifically, the predicted values consistentipdustry. Our suggested work tries to formally
fall in the middle of the scale range, indicating that theonceptualize the risk assessment process practice
predicted risk level aligns with the risk level observed ifonsisting to objectify the risks instead of their
the trained dataset. Furthermore, the computed riskbjectivity, as the interviews conducted with expert
probabilities generated by the model exhibit a good fit wituditors indicated a prevailing absence of educational
the assessed risk levels determined by the auditors. TRF@grams or professional accountability standardizing the
positive indication confirms that the model hagvay of assessing the risk, this lack of formal methodology
Successfuiiy learned and Captured the patterns aﬁdone of the main factors of subjectivity Ieading auditors
relationships present in the training data. to look at risks differently. The subjective nature of auditor
In Figures 9-14, we explored the effect of decreasirfgsk assessment introduces uncertainty in  risk
the number of hidden layers and neurons in the ANN€asurement. To address this issue, we proposed a
model. Specifically, we transitioned from a modemeasurable risk approach based on risk levels assessed by
architecture with 5 hidden layers and 100, 80, 70, 60, afte auditors. Risks were categorized into specific ranges
50 neurons for each hidden layer to a simpler architecti#8d assigned a percentage of occurrence. This quantifiable
with only 1 hidden layer consisting of 50 neurons. approach aims to provide a more objective and
The observed trend in the performance of the model $$andardized assessment of risk, reducing the inherent
that as we decreased the number of hidden layers dwpjectivity in the evaluation process and making more
neurons, there was a decrease in performance metrics seggfise and consistent risk measurement. The suggested
as R-squared and MSE. This is reflected in the greaf®€thod comprised the entire risk assessment process, from
distance between the training and validation valuegngaging the firm with a clearly defined set of criteria for
indicating a higher level of prediction errors. evaluation, which were deconstructed to their sub-risk

The alignment between the predicted values and tfctors, for an accurate risk evaluation instead of a general
actual risk levels, as well as the confirmation througfisk factor assessment, then utilized as a feature vector for
evaluation metrics, provides confidence in the modelt§€ input layer of the neural network model which return
ability to generalize and make accurate predictions f@nd predict a computed risk probability aiming to
unseen data. It suggests that the model has effectivégntralize the risk in its perimeter. The used data was
learned from the training data and can apply it€ollected from a real automotive company presented word
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wide and operating in the same activity sector, audit repogsmanner to get results automatically to speed up the
of 5 years served as input of the model they were cleang@dcess of collecting data, in addition to the subjectivity in
and transformed from textual written into the predefinedvaluating the risk level assessed by the auditors to
deconstructed risk factors, the selected data is resulted imansform it to a risk percentage, this assessment may keep
small, confidential but a highly valuable data. a degree of subjectivity, it would be preferable to have this

Indeed, the implementation of the neural networkssessment by the auditors instead of their general
model in risk assessment can significantly reduce tlidgment. Moreover, exploring the relationships between
impact of auditor subjectivity and improve the reliabilityspecific risk factors that may have a low individual risk but
and consistency of risk assessment. The continuostl influence the overall risk in the SC should be a focal
learning process of the neural network allows it to improveoint for future directions. Additionally, conducting
its predictions over time by reducing errors and adjustingterviews with auditors to gather their insights and
its internal parameters. This leads to achieving acceptaidedback on the methodology would enable adjustments to
Mean Squared Error and R-squared values in both casestNd model based on their needs and help address any
and N2. subjectivity in the risk assessment process. Taking these

The acceptable MSE values indicate that the predictpérspectives into account, we will consider and incorporate
risk probabilities are close to the auditor's risk levelhem into our future research endeavours.
assessment, values range between 0.002 and 0.004, the
MSE values decrease over epochs, indicating that theeferences
model is improving its predictions and reducing errorfl] GASPAR, P., CERYNO, P., FERRER, A., THOME,
during the training phase. Furthermore, the model's A.: Phases and tools for supply chain risk management
performance in terms of capturing the variability in the a systematic literature revievGestdo & Producdo
dependent variable is reflected in the R-squared values by Vol. 27, No. 3, pp. 2-10, 2020.
achieving approximately 85% and 70% respectively for https://doi.org/10.1590/0104-530x4227-20
case N1 and N2. [2] QAZI, A., QUIGLEY, J., DICKSON, A,

By having the predicted risk values within the scale KIRYTOPOULOS, K.: Project Complexity and Risk
range, it provides a means to evaluate and quantify risk Management(ProCRiM)Towards modeling project
using the model's predictions. This enables stakeholders tocomplexity-driven  risk  paths in  construction
make informed decisions based on the risk assessmentprojectsinternational Journal of Project Management
results generated by the neural network model. The Vol. 34, No. 7, pp. 1183198, 2016.
alignment between the predicted values and the risk level https://doi.org/10.1016/j.ijproman.2016.05.008
scale enhances the model's usability and applicability {8] HO, W., ZHENG, T., YILDIZ, H., TALLURI, S.
real-world risk assessment scenarios. The method we Supply chain risk management a literature review,
recommend has the capability to provide practical benefits International Journal of Production Research, Vol. 53,
as a tool for companies and organizations. that are looking No. 16, pp. 5031-5069, 2015.
to evaluate and manage their risk as by addressing the https://doi.org/10.1080/00207543.2015.1030467
subjectivity in risk assessment, organizations can bendfl ZEKHNINI, K., CHERRAFI, A., BOUHADDOU, I.,
from more reliable and consistent risk assessments, which CHAOUNI BENABDELLAH, A., BAG, S.: A model
can aid in strategic decision-making and enhance the integrating lean and green practices for viable,
overall risk management process. sustainable, and digital supply chain performance,

However, the study is not free of limitations. The International Journal of Production Research, Vol. 60,
research findings strongly support the notion that ML is No. 21, pp. 1-27, 2021.
highly effective in both reducing the time needed for risk https://doi.org/10.1080/00207543.2021.1994164
assessment feedback and improving the accuracy dhiHOSSEINI, S., IVANOV, D., DOLGUI, A.: Review of
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