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Abstract: This research project focuses on improving logsstperformance in the context of Logistics 4.0, by
implementing the use of quality management priesipln addition, the study looks at internatiormhpanies operating
in the port of Tangier Med. The objective is to m@@ the impact of improving overall performanceowarall business
results, taking into account quality standards, agament tools and the effectiveness of decisiordemBhe research
will take a quantitative approach by examining $tigs performance improvement variables in a 4fdepd. It focuses
on how the integration of quality management medteanh influence business performance. This studiyiboted to the
development of scientific research in the fieldgogviding tangible information and quantitative alan the impact of
improving logistics performance in an internatioaal/ironment. The results of this research aimrtwige innovative
solutions for international companies operatinghim port of Tangier Med. By combining the concegfttogistics 4.0
with quality management practices, companies cdgdefit from a significant improvement in their cgt@onal
efficiency and overall results. Ultimately, thisearch project has contributed to the promotidoest practices and the
adoption of innovative approaches in the field ofjistics 4.0, thus providing competitive advantagesompanies
operating in this sector. A quantitative methodglagas adopted. Surveys of 300 employees at the poxtided
guantitative data.

1 Introduction performance and overall results. This study offars
The advent of Logistics 4.0 has revolutionizedwlay informed vision of the opportunities and challengethe
companies manage their operations, highlighting tHéuest for a more efficient and competitive 4.0 $tigs in
integration of technology and automation to optenizthe dynamic context of the port of Tangier Med.
workflows and improve efficiency. In this constantl ) )
changing environment, the focus on improving2 Literaturereview
performance becomes paramount to maintaining Logistics 4.0, as an integral component of the tfour
competitiveness on the global stage. It is witk thimind industrial revolution, represents a paradigm shifjlobal
that this research project aims to examine in déjpgh logistics and supply chain management. It integrate
improvement of performance in the field of logisti4.0, emerging technologies such as the Internet of Bhjlad),
highlighting the importance of quality managemenartificial intelligence (Al), big data analytics,load
methods. More specifically, this study focuses on eomputing, and cyber-physical systems to create
relevant case: that of international companiesbisteed intelligent, responsive, and highly interconnecsegbply
in the port of Tangier Med. This port, as a majob lfior chains [2-6]. In the port environment, these tetbgies
international trade, provides an ideal settingdqui@e how enable real-time monitoring and optimization of gmar
quality management principles can be applied emgthen flows, significantly reducing delays and operationa
logistics performance in the era of Logistics 4lhhe bottlenecks while improving the coordination betwee
methodological approach adopted for this researbhsed multiple stakeholders including shipping lines,méral
on an in-depth quantitative study. The use of syswaf  operators, customs authorities, and logistics servi
300 employees working in the port made it possible providers [3-7]. The deployment of smart sensord an
collect rich and varied quantitative data. By meiaguthe  automated handling equipment enhances the preasidn
key variables related to improving overall perfonte, speed of cargo operations, while Al-driven presiti
this study aims to assess the impact of qualityagpament models facilitate better resource planning and sieci
methods on the results of companies operatingdrptit making, particularly in large and complex port
of Tangier Med. By contributing to the developmefit infrastructures like Tangier Med [8,9]. Moreovehet
scientific research, this study aspires to open newtegration of blockchain technology within Logcsti4.0
perspectives in the field of logistics 4.0. By takia close ecosystems ensures greater transparency, tratgadnid
look at how global companies can benefit from iréigg  security of transactions, thus reducing the rissand and
quality management principles, this research aims administrative errors that often hamper internatidrade
provide innovative solutions to optimize operationaoperations [10]. These technological advancements n
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only streamline operations but also contribute he t 2.2 Theroleof quality management in logistics
environmental sustainability of ports by optimizieigergy performance

consumption and reducing carbon emissions through Quality management (QM) focuses on the
intelligent route planning and automated systemslfl].  jmplementation of standards, processes, and agmsao
However, despite these promising opportunities, thgntinuously improve the performance of organizatio
adoption of Logistics 4.0 faces several challergesh as [18-24]. In a port environment, QM can enhance the
resistance to change, a lack of standardized istognd reliability of operations, minimize human and teiciah
the need for upskiling human capital to manage anglrors, and improve customer satisfaction [11-THe
operate these advanced systems effectively [13,14fdoption of international standards such as ISQL9A0
Consequently, ports embracing Logistics 4.0, sush forts helps structure and standardize logisticsqases,

Tangier Med, position themselves as strategic nanles thereby promoting proactive management and incdease
global supply chains, enhancing their competitigsmend responsiveness.

resilience in the face of eVGr-eVOlVing market dedssand These princip|es are equa”y applicab|e in Complex

technological disruptions [13,15,18]. operational settings, such as ports, where theiefity of
logistics and operations significantly impacts Hreader

2.1 Logistics4.0 and itsimpact on ports supply chain. In a port environment, quality mamaget

Logistics 4.0 is based on a complete digitalizatbn is crucial for maintaining smooth and efficient cgieons,
logistics activities, facilitating real-time opei@ts and which directly influence the reliability of servieg@rovided
dynamic decision-making across the entire supp8irch to customers. By focusing on quality, ports camioecboth
By leveraging advanced technologies such as big datuman and technical errors, which are common sewte
analytics, artificial intelligence (Al), and thetémnet of delays and inefficiencies. This can range from mining
Things (loT), it promises a significant improvemanport  mistakes in cargo handling and documentation taramg
performance in terms of speed, reliability, andeembility the timely maintenance of machinery and equipment.
[1,2]. In the specific context of ports, the intagon of Through the systematic application of QM principlesrts
smart 10T sensors enables continuous data colfectio can significantly enhance operational reliabilitgduce
cargo status, equipment usage, and environmentglerational costs, and improve the safety and ggacafr
conditions, allowing operators to anticipate cotiges both workers and cargo. Furthermore, adopting
optimize resource allocation, and prevent delaygternationally recognized quality standards susHSO
Collaborative digital platforms enhance communaati 9001 is an effective way for ports to standardizeirt
and coordination between shipping companies, teiminprocesses. 1ISO 9001, with its rigorous focus orcgss
operators, and customs services, thereby streamlinicontrol, customer satisfaction, and continual ineroent,
administrative procedures and reducing vessel toumal  provides a structured framework for ports to assesb
times [16]. Intelligent management systems furtigport  optimize their operations. This global standarchpotes a
predictive maintenance, automate container handlirgnsistent approach to managing quality, fostering
operations, and improve inventory management, @msur transparency, accountability, and collaborationwieen
better space utilization and reducing human effbese different departments and stakeholders within tlog p
technological advancements collectively contribite ecosystem. Additionally, it strengthens a portimpetitive
maximizing quay capacity, enhancing operationaddvantage by ensuring that it meets international
efficiency, and strengthening the port’'s competitiess on expectations, thereby attracting global businestng@es
an international scale. However, the successfyt@tmoof and customers.

Logistics 4.0 in ports is not without challengessRtance The adoption of 1SO 9001 and other quality
to change often stems from the reluctance of toadit management practices can also lead to increased
actors to modify established workflows and adoptv neresponsiveness in port operations. With a strudtsystem
digital tools. Moreover, the absence of global deads for in place, ports can more easily adapt to changesrirand,
data exchange and technology interoperability carafgls emerging challenges, and unexpected disruptions, s

the seamless integration of these systems. Ports vieather events, labor strikes, or supply chaintshitis
developing regions, in particular, face additiobatriers proactive approach ensures that ports remain agdecan
due to limited technical skills and insufficienve@stment quickly implement corrective actions or improvensent

in infrastructure and training, which hinders thell f where necessary. Ultimately, the integration of ligua
realization of Logistics 4.0 potential [17-23]. Agdsing management practices not only elevates the opeahtio
these challenges is crucial for ports aspiring ésdme standards within ports but also enhances customer
smart, resilient, and competitive hubs in the glbdgistics ~ satisfaction by ensuring the timely, efficient, aetlable
network. delivery of services.
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2.3 Interaction between Logistics4.0 and quality  emissions through route optimization, thus meeting
management growing environmental and corporate social resmlitgi

Quality management acts as a key lever to maximig#€mands [28]. However, these benefits come with
the benefits of Logistics 4.0. Advanced technolsgiach challenges. Data standardization, interoperabiléyd
as Al and data analytics improve quality contradteyns digital skills gaps remain major obstacles to thdl f
by enabling early detection of anomalies and pmce§eployment of Logistics 4.0 within global supplyagfis
optimization [4-23]. Ports that adopt a strateggbiming  [29,30].  Diverse technological ~capabilities ~ across
Logistics 4.0 and QM see improvements in their keipternational actors can hinder seamless integratiod
performance indicators, including reduced operativgs, [Imit the expected efficiency gains. )
increased  productivity, and increased stakeholder The impact of Logistics 4.0 on global supply chams
satisfaction. transformative. By enhancing visibility, operatibna

Several case studies show how modern ports, suchediciency, transparency, and sustainability, whékso
Rotterdam and Hamburg, have integrated Logistis 4demanding significant organizational adaptatiorgistics
solutions while relying on quality frameworks totiopize 4.0 provides a competitive edge to major logistiaiss like
their performance. These ports have notably indeste Tangier Med Port, reinforcing their position as qtai
digital platforms to coordinate logistics actorslamsure players in international trade [18].
full traceability of goods [16]. In North Africa,opts such
as Tanger Med are also beginning to adopt th# Materialsand methods
combination to position themselves as competitive The literature highlights that major shipping comiga
logistics hubs [18]. operating at the Tanger Med container terminalfude

Maersk Line, CMA-CGM/Delmas, Hamburg Siid, Hapag
3 The specific impact of Logistics 4.0 on Lloyd, ARKAS, and Tanger Alliance [1]. Tanger MedrP
global supply chains hgs. four contamer_termmals W|th_ a total qapa@tyQ
illion TEUs, making it the leading container pant
frica and the Mediterranean by volume. In 2022, it
handled 7.6 million TEUs, ranking as the fourth tmos
fficient port globally according to the Global Gaimer
ort Performance Index (CPPI). The port is conmktie
174 ports in 74 countries [18] and serves as egfiahub
for transshipment and trade, particularly for Mads
import/export activities. Tanger Med | connect puet to
inland areas via rail and highways, enhancingiesin the
region’s logistics network.

Maersk Line, founded in 1928 and headquartered in
| Copenhagen, Denmark, began operations at TangemVed
2005. As the largest container shipping companiaily,
Maersk operates a fleet of 639 ships and handles
approximately 12 million containers annually. In180
Maersk reported a net income of $20.7 billion anested
$822 million to improve Tanger Med’s infrastructure
(APM Terminals, also part of the Maersk Group, has
operated at Tanger Med since 2005 and handles 43% o
fransshipments and 48% of container movementseat th

ort.

The CMA-CGM Group, founded in 1978 and based in

The emergence of Logistics 4.0 has profoundl
transformed global supply chains by integrating eryb
physical systems, the Internet of Things (loT)jfiaral
intelligence (Al), big data analytics, and advance
automation [5-21]. These technological advancemars
no longer limited to operational support but haeedme
strategic assets that redefine global trade anplygpain
management.

One of the most significant impacts of Logistic8 &
the enhancement of supply chain visibility. Realei
tracking systems and connected devices enablencionis
monitoring of goods flows from production to final
destination. This capability improves demand foséoa,
supports proactive decision-making, and strengttibas
resilience of global supply chains, particularlyridg
disruptions such as port congestion or healthfak-26].

Furthermore, Logistics 4.0 fosters process optititina
and resource efficiency. The use of smart senso
autonomous vehicles, and predictive maintenanogcesd
operational costs and downtime while improving Bss
utilization. This optimization contributes to fasteansit

times, lower inventory costs, and increased fléitybin i .

supply chain operatio%s [20-25]. dxyp Marseille, France, started operating at Tanger M2008.
Another essential aspect is the integration q\ﬁ\/ith 449 ship; _and 29,000 employees, the company

blockchain technologies, which enhances transpgramd ogg(rj;?essl%f ;TI’]]IQIOQGIOEI’%S ?é?mg] Col\f/lA'I-'zCa:r%I\e/zli DIG\}/IIre?(?Sin

trust among global supply chain stakeholders. Bibain e ; .

secures transactions and documentation, reduces fr aggi%SthVthgwfg?ATE' Contsh(ljp 1'?;‘3" fand MSC

sk, and acolrates customs clerance processas 1 2010 CNACEMIDCITas mariged 1ok of o

crucial advantage for large transshipment hubgtikéPort . 9 ' 9

of Tangier Med [18-27]. 13':}'% '%2012..(1 blished in 1871 and head d
Logistig:s 4.0 contri_b utes to gupply chain su;tei!hyp in HaanTbuL:rg Ggrr,nzita hI:sEz) érr]ated ata'lljan izri I\?;;r;?r:e

by enabling data-driven environmental optimization 08. Wi hgi77 hi Y, d peral f43 g'II'I'(EU

Advanced analytics help reduce fuel consumption a - With 177 ships an acapaocnyo : m|| S

amburg Sud handles around 7% of the port's cagtain
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movements. The Maersk Group acquired Hamburg Stidéhoice for our study. For future analyses requitmgre

2016. sophisticated tools, we may consider using moraackd
ARKAS, founded in 1996 and based in Istanbulsoftware like R or Python.

Turkey, began operating at Tanger Med in 2008. The

company’s fleet of 39 vessels handles containem fr 5§ Results and discussion

Europe, Africa, the Middle East, and recently Soaid In the software industry, the developers will nestate
Central Asia. Arkas contributes 3-4% of containethat the product is free of imperfections, dissimtb other
movements at the port. modern item makers generally do. This distinctien i

Hapag-Lloyd, headquartered in Hamburg, Germany, ffecause of the accompanying reasons.
the fifth-largest container shipping company glbpal

Operating at Tanger Med since 2006, Hapag-Lloyd1 Technical performance and quality
contributes 9-10% of the port’s container movemenis management within port terminals

transshipments. A Pearson correlation is used when it is necessary

X-Press Feeders, foundgd in Singapore in 1972beggy o relationship between two or more variablesl a
operating at Tanger Med in 2008. With aofleet O,O 11 check if there is significance (p-value <0.05). fehean be
vessels., X-Press Feeoders hand_les about 2% of ttis pg, positive or negative correlation between two aren
transshlpments an(_j o% of container movements. . variables. So, if the value exceeds the signifiedaeel of

The aim of this study is to explore how qualityy o5 5 )| hypothesis should be accepted, ahe ifalue
management can Improve Ioglstlps performanc%,oes not exceed the significance level, the altexna
particularly for international companies  operatirag hypothesis can be accepted. To use a Pearsonatiamel
Tanger Med Port. By measuring performance yariaples should be both quantitative and ésearch
Improvements and applying qua_hty management s, |, pothesis should be about linear relationshipsisT for
study_ will assess .the effec_twgqess of ‘managemetl -, jncrease in the independent variable, thendept
decisions, contributing to scientific research ae . apie will also increase. In this part of thepter, the

devFeIor(ijent of innovative sorl]unons for Lg%g'scg"lm correlation analysis was assessed between technical
or data processing, we chose to use SOIVAr€, ganizational and governance factors (independent

this study due to its ease of use and accessiklilyough 5 japjes) and the level of (dependent) signifieanc

it has some Iim_itations compared to more _advance Table 1 shows the correlation coefficient betwden t
software. SPSS is known for its user-friendly if#€e, ocpnical services provided at the Tanger Med b,
maklng it particularly suitable for resea.r_chers aNfevel of services and the challenges that guidet por
practitioners who are not necessarily expertsatissics or operations. Correlation analysis is basically danassess

grogramnlung. Th.'i S|mpI|C|ty allowed us to fo_cusmﬂon | the interrelation between two quantitative variakded to
ata analysis without wasting time mastering comp eanalyze the statistical association between theam khe
software, which was essential for our study. Initata

> table, it can be assumed that the technical suppaetbles
SPSS performs well for standard statistical analyseh ..o high Pearson correlation. However, the pegabf
as correlation tests, regressions, t-tests, antysasaof ' .

: . - Transport vehicles' (0.040), 'Equipment and faedi are
variance, which were sufﬂqent to meet the ne_e‘deuv .automated' (0.021) and '‘Beachside cranes' (0.08%)aite
research. The .softv_vare IS also w@ely valldatgd 'that these variables are significant at the 0.06lle Thus,
academia, making it a reliable choice for basic 1 s ghown that these variables have a confidémteeval
intermediate quantitative analyses. However, wea@e ¢ 9504 and that since they do not exceed the k@105,
they reject the null hypothesis and are consiskettt the
%iternative theory. In addition, the p-values dfe"twater
depth of the port" (0.001), "the length of the quay
suitable" (0.000), "the volume of cargo handledtbg
port" (0.000), "The quality and the quantity ofrisport
and transfer equipment used in the port are safficand
efficient for good port performance” (0.001), “Port

X R or Pvih hich ¢ i containerization” (0.000) and “stacking equipment’
comparison to R or Python, which are free and peince. (0.000) indicate that these variables are significd the

Nevertheless, due o its e_ffec.ti.ven.ess for - simpe .01 level. Thus, the variables are consistent vl
moderate analyses, its availability in many academi o native theory and reject the null hypothesis.
institutions, and its robustness, SPSS was a pragma

Python, which are better suited for processing elar
amounts of data or for more advanced statisticallyags,
such as machine learning or complex models. Ingeyin
flexibility, SPSS offers fewer possibilities tharese other
tools, as itis less customizable and less powtafdertain
nonparametric analyses or advanced models. Inianldit
the cost of using SPSS can be a disadvantageji&bpec

~ 472 ~

Copyright © Acta Logistica, www.actalogistica.eu



- International Scientific Journal about Logistics
Volume: 12 2025 Issue: 3 Pages: 469-478 1SSN 1339-5629

Acta logistica

Improving performance measurement through quality management in logistics 4.0: case of a smart

port
QOuail El imrani

Table 1 Correlation analysis statistics for teclatiservices at Tanger Med Port

Niveau du servic
Terminal water depth Pearson correlatic 0.463*
sig. (--tailed 0.001
N 50
Mooring length is suitable for vessels off Pearson correlati 0.592*
sizes sig. (c-tailed 0.00(
N 50
The quality management of the cranes usg  Pearson correlatic 0.473*
optimal for handling incoming containers sig. (c-tailed 0.001
N 50
Containerization at the Terminal Pearson correlatic 0.542*
sig. (c-tailed 0.00(
N 50
stacking equipment Pearson correlatic 0.514*
sig. (--tailed 0.00(¢
N 50
Management processes Pearson correlatic 0.291’
sig. (--tailed 0.04(
N 50
Equipment and facilities are automated Pearson correlatic 0.327°
sig. (=-tailed 0.021
N 50
The volume of goods handled by the termii  Pearson correlatic 0.697*
sig. (=-tailed 0.00(¢
N 50
Available seaside cranes are effective Pearson correlatic 0.317°
sig. (=-tailed 0.02¢
N 50

Regression analysis of post-correlation studiesal&s  significant at a level of 0.01 and a confidenceslef 99%.
conducted to test effective variables that infleeoeerall Other Pearson low correlation variables such asstins
port operations. With studies of regression modelservice" (0.581), "Availability of port accessibji
ANOVA and regression coefficient, was done to predi information online" (0.543), "Vessel movement cam b
that the dependent variable, Level of servicedyémices tracked online" (0.521) and rest of the variabléso a
port operations at Tanger Med port. An analysighef showed significance at a level of 0.01 and a ceniog
regression coefficients was performed to check tHevel of 99%. Thus, one can interpret that, sinice t
importance of the predicted variable and how tleelisted variables have p-values less than 0.05 and doross the
variable is influenced by the independent variables threshold, the variables can accept.

Table 2 shows the regression coefficient evaluated
5.2 ANOVA modd and statistics between between the factors and the level of serviceseaTinger
technical services and port operations Med port. Thus, from the table, it was found thdbbring

Statistical correlation analysis of organizationalength is suitable” (0.000), "Port containerizali¢@015),
services provided by Tanger Med port authoritiestieen  "Stack equipment” (0.011) and "Volume of goods ftehd
shown in Table 4.20. From the statistical analyisimas DY the port” (0.001) have a positive and significaalue
found that all the factors have very high Pearsotf0.05), which implies that an increase of one umtid
correlation values and variables like; “Online cmss respectively increase the overall operations ofTtheger
service is available” (0.754), “Transactions areible Med port. Thus, these variables can be considesettiea
online” (0.749), “The quality and quantity of traost and Most significant variable of the technical serviedsich
transfer equipment used in the port are sufficiand influence the whole port operations. Moreover, \aithigh
efficient for good performance port” (0.723) andods beta value, “Mooring length is adequate” (0.326),
settlement” (0.711) were proven as they were able tContainerization at the port” (0.217), “Stack guuent”
achieve the highest Pearson correlation value-213)and “Volume of goods handled by the pd@t343)
Furthermore, the p-Va|ues for these variables vedse indicate that the more the effective improvemenllhelse

found to be 0.000, which means that the variabltes afactors will have a positive impact on the wholetio¢
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operations of the port. This is interpreted as wabh one and "volume of cargo handled by port”, port op@nagiin
standard deviation increase in "mooring length i$angier Med will also increase.

adequate", "port containerization", "stacking emapt"

Table 2 ANOVA model and statistics between techséggices and port operations

Factors Standardized coefficier T Sig.
Bete
(Constani -4.07¢ 0.00(¢
Terminal water dep 0.131] 1.66 0.10¢
La longueur de I'amarrg
convient aux navires de toutes ta| 0.326 4.170 0.000
T2
La quantité et la qualité des gr|
utilisées sont optimales pour trgf 0.047 0.572 0.571
lesconteneurs entrants
Mooring Iength is suitable f 0217 2 542 0.015
1 vessels of all siz
L'équipement d'empilement 0.21: 2.67¢ 0.01]
Les véhicules de transport 0.06% .87¢ 0.38¢
The quality management of
cranes used are optimal for hand 0.116 1.523 0.136
incoming containe
The vpll’Jme of goods handled 0.343 3.579 0.001
the Termine
Av_allable seaside cranes 0.031 0.374 0.711
effective

5.3 Quantitative data, normality and reliability proximity of the variables to one another. Howewehjgh
test reliability score does not indicate a unidimensliaraure
The methodo|ogy emp|oyed to conduct and assess @fethe variable; it is merely a test to evaluate ﬂtﬂbl'lty
research on port performance indicators and thuﬁdms of a theoretical measure. Additionally, anotherdthpsis
affecting port operations was outlined. In thistieecof the test was conducted to validate the collected dathits
study, the results and interpretations of the prjnaata €Xpected values. The normality test for the hypsitheras
collected and analyzed are presented. Various/atable ~Performed to determine if the dataset followed amab
tests, including reliability, correlation, regressj and distribution. When conducting this test, it is es&# to
ANOVA, were performed using primary data gatheregheck whether the variables show a "Shapiro-Wilk*(W
from employees of different shipping companies hat t Statistic less than "1,” which indicates that thesesved
Tangier Med port_ The findings from the quantitativ distribution deviates from a . normall distribution.
analysis contributed to addressing the researchtigng Furthermore, when the "W" value is sufficiently sinte
and testing the hypotheses. Reliability tests wefvalue must also be below 0.05 (at the 5% sigmiive
conducted to assess the internal consistency betttee level).
study variables, while correlation, regression, ANDVA
tests were used to analyze the hypotheses. Degeript Table 3Shapiro-Wilk normality test for the collected datt

analysis provided insights into the frequency iistion ____ ShapireWilk
of responses, while inferential analysis demorettahe Statistics (w| Ddl |Signification (p
relevance of the primary data and helped answer tOverall 0.864 50 0.000
research questions. performanc

On the other side, we will present the main resarig | Technica 0.941 50 0.01¢
interpretations of the analysis of secondary datected |Organizationz 0.92¢ 50 0.00:
and processed. Quality

Quantitative data from 100 employees of logisticimanagemel 0.922 50 0.003

companies in the Tangier Med Port then analyzedialte

using SPSS (v21.0) and Microsoft Excel statisticals. Table 3 presents the results of the Shapiro-Wilk
The "Cronbach's Alpha" reliability test is cruci@dr normality test for the respondents working at toet pf
assessing the internal consistency between they stufiangier Med. The normality test was conducted oerse
variables. It is used to examine the interrelatiijmand operational factors affecting port performance, &hel
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results indicate that the data for most of thestfa do not
follow a normal distribution. Specifically, the @es for
the variables related to Technique (0.015), Orgsitr
(0.003), and State Benefits (0.003) are all beloawcritical
threshold of 0.05. This suggests that the datatlese
variables significantly deviate from a normal dkstition,
as the Shapiro-Wilk test indicates non-normalityewthe
p-value is less than 0.05. Therefore, based oadtewmes
of the normality test, it can be concluded that dataset
collected from the port of Tangier Med does notikitia
normal distribution across these key operationetofs.
This non-normality has implications for the choioé
statistical methods to be used in subsequent asabs

non-parametric tests may be more appropriate féogistics area.

interpreting these results.

Table 4 Co-effectiveness of Cronbach's Alpha riitpb

Cronbach reliability te
Cronbach's | Number of

Factors .

alphe items
Technical performan: 0.88: 10
Organizational 0.890 12
Performanc
Quality manageme 0.84 5

The reliability test was conducted to assess tialy

analysis present significant indicators. Indeedg th
coefficient of determination, also called R-squared
displays a value of 0.923, equivalent to 85.5%. &dwer,
the adjusted R-squared, which reached 0.920, @%82.
highlights the strong correlation between logistesvices
and overall business operations. In other wordsh ea
logistics service plays a crucial role in influemgithe
overall operations of companies operating frompibe: of
Tangier Med.

A crucial observation follows from these results.
Indeed, they show that the rise in organizational
performance variables exerts a direct influencetlan
increase in overall operations within companieghis
In other words, an improvement in
organizational performance factors will inevitaldyad to
a concomitant increase in operational activities @tobal
scale thanks to an optimal quality management syste
This finding highlights the crucial importance ofjistics
services in the overall operations of companiesis th
conferring an in-depth understanding of the medmasi
underlying the optimization of organizational and
operational performance in the specific contexhefport
of Tangier Med.

5.4 Discussion
Our study centered on enhancing performance within

and consistency among the key factors—Technicdhe framework of Logistics 4.0 by utilizing quality

Organizational, and the Benefits granted by th&eStahat
influence port operations. The primary objectivéhid test

management practices, with a particular focus on
international companies operating within the poft o

was to evaluate the internal consistency of thea dafangier Med. This research aimed to explore how the

collected through the survey, ensuring that theabtes

measured are reliable and produce stable resuls.

indicated in Table 4. The Cronbach's alpha coeffits for

integration of quality management methodologieslcdtou
gontribute to optimizing performance in the evotyin
landscape of Logistics 4.0, specifically in the teot of

each factor were found to be well above the comgnonglobal players in the port’s logistics ecosystenhe T
accepted threshold of 0.6, with values of 0.887 fapbjective was to gain a deep understanding of lmse

Technical, 0.890 for Organizational, and 0.84 7dfemefits
granted by the State. These high Cronbach's alphew
suggest a strong internal consistency betweenténmesi
within each factor, demonstrating that the datéectdd is
both stable and reliable. This high level of cotesisy
reinforces the validity of the factors in accurateflecting
the operational aspects of port management, auggorts
the robustness of the study's findings. Conseqyeti
results can be interpreted as indicating that Hwtofs

practices could be applied to enhance the opegdtion
efficiency of companies and improve overall logisti
performance. To achieve this, we adopted a compsdre
approach to data collection, drawing from both tatve
and guantitative sources. On one hand, we utilifédial

Port Authority publications, such as press releases
newsletters, and other resources available thrahgh
port's website, to gather secondary data. Thesecesu
provided valuable insights into the operations and

under consideration are stable and consistent déir thstrategies in place at the port of Tangier Medfiqalarly

influence on port operations, providing a solidrfdation
for further analysis.

Table 5 Model of regression analysis between lmgist

performance and quality management
Model R R-R R- R adjuste
1 0.85¢ 0.92:¢ 0.92(

in relation to Logistics 4.0 and the practices Bein
implemented by international companies. Additiondhe
resources from the Tanger Med Special Agency (TMSA)
were integral to our research, offering detailédrimation
about port policies, infrastructural developmenrdgsid
strategic objectives that align with the broadegidtics
goals of the region. On the other hand, to compiéraed
deepen our findings, we incorporated a quantitative

Table 4 presents an in-depth regression analyais thesearch approach, engaging port employees thraugh

explores the links between the different organizel
services offered by the companies defined in the @

structured survey. A questionnaire was specifically
designed and distributed to gather primary dataheir

Tangier Med. The results revealed by this stasiktic perspectives regarding the impact of quality maneege
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on performance in the context of Logistics 4.0.ehsure scientific research in the field of Logistics 4.By
the reliability and validity of the collected dataye highlighting the links between quality management
employed the "SPSS" software for statistical anslys practices and performance improvement, this stuep
which allowed us to manage, analyze, and intenhret the way for innovative solutions for optimizing lstics
responses effectively. The core of our methodologyperations. The conclusions drawn from this re$eaffer
involved testing hypotheses related to the infleeo€ practical and strategic perspectives for companies
quality ~management practices on performanceperating in a constantly changing environmenthsas
enhancement within the Logistics 4.0 framework. sThithe port of Tangier Med. This research lays theigdovork
rigorous empirical approach enabled us to probeagaress for a more informed and efficient approach to Logss4.0

the correlation between quality management strasegid by highlighting the crucial role of quality managenh
improvements in logistics performance, providing anethods. The results obtained offer concrete oppiti¢s
guantitative dimension to our study and strengthgtihe to improve business performance, thus propelling
credibility of our findings. Through this combinedoperational efficiency and competitiveness on the
approach, we were able to draw valuable conclusibnst international scene.
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