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ABSTRACT 
 

The Big Data adoption increasingly affects the international logistics management, thereby improving 
operational efficiency and competitiveness. The aim of this study is to analyse the impact of the use of Big 
Data (BD) sets on the logistics efficiency of companies in different countries for 2019–2023. The study uses 
regression modelling and case studies together with econometric analysis of companies to determine how 
technology infrastructure, regulatory environment, market dynamics, operational performance, and cultural 
context influence the causal relationship between BD and logistics efficiency. There is limited research on 
how BD adoption interacts with contextual factors in global logistics environments. The results demonstrate 
that deeper BD adoption is associated with higher business logistics efficiency, and the effectiveness of this 
interaction is moderated by the quality of the regulatory framework and technological infrastructure. The 
study shows the significant influence of cultural factors on organizational approaches to the BD use. The 
study also emphasizes that companies must invest in new technologies and adapt to regulatory changes to 
fully realize the benefits of BD opportunities. The findings support the role of strategic management methods 
that incorporate BD sets into logistics operations to make logistics efficient and innovative. Further research 
may focus on changing the role of digitalization in logistics and its implications for international supply chain 
management. It is also appropriate to conduct sector-specific analysis for a deeper understanding by 
policymakers and practitioners to improve logistics processes through data-driven strategies. The article 
proposes a new concept of ‘intelligent adaptive logistics (IAL)’ based on the integration of Big Data, artificial 
intelligence, IoT and cognitive analytics to create self-learning logistics systems. The purpose of the 
development of ‘intelligent adaptive logistics (IAL)’ is to assess how the level of digital maturity of a 
company in the field of IAL affects its logistics efficiency in the international context. For the first time, the 
IAL_Adopt index is proposed, which comprehensively takes into account not only the implementation of Big 
Data, but also the use of AI, IoT, cognitive analytics and the level of adaptation to changes in the external 
environment. The results of the panel regression analysis show that a high level of IAL_Adopt significantly 
improves logistics efficiency, especially in countries with high-quality infrastructure and a favourable 
regulatory environment. Despite technological investment, companies in weak regulatory and infrastructure 
contexts cannot fully benefit from BD. The IAL concept and the IAL_Adopt index provide a scalable 
framework for assessing digital maturity and planning strategic improvements in logistics. These findings 
confirm the positive impact of integrated digital technologies on logistics performance globally. The 
developed concept can serve as a basis for digital logistics transformation strategies. 
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1. INTRODUCTION  
 

The use of BD sets for the international 
logistics management is becoming an increasingly 
relevant issue in the global economy. The integration 
of advanced data analytics is becoming an 
increasingly competitive and efficiency-enhancing 
tool as companies strive to streamline their supply 
chains [1]. The large-scale collection, analysis, and 
use of data enables organizations to make data-
driven decisions, improve their operational 
performance, and respond quickly to environmental 
dynamics. In view of the growing reliance on Big 
Data, researchers, practitioners, and stakeholders are 
showing great interest in understanding the impact it 
will have on logistics efficiency [2]. 

Despite the existence of numerous studies 
on the use of BD applications in various sectors, 
there is still much to rethink, namely how they can 
affect international logistics [3]. However, despite 
the abundance of analytical literature on big data 
issues, there is little focus on the logistical context 
and the mechanisms of mediating this relationship. 
Cultural, regulatory and economic factors in 
different countries have not been fully explored. A 
lack of research in this area limits understanding of 
how different companies are implementing BD 
strategies in different operating environments. 

This gap in the literature underscores the 
need to examine the outcomes of BD adoption and 
the structural and institutional conditions that shape 
its effectiveness in the logistics sector. 

Accordingly, the rationale for this research 
lies in identifying the contextual enablers and 
constraints - such as regulatory quality and 
infrastructure maturity - that moderate the 
relationship between Big Data usage and logistics 
efficiency. 

To address this objective, the study applies 
a robust methodological approach that integrates 
panel regression modelling and comparative 
analysis, thereby uncovering the mechanisms 
through which digital technologies transform 
logistics performance across international contexts. 

The author of the article studies these issues 
by analysing the impact of the implementation of BD 
sets on the logistics efficiency in international 
logistics companies from different countries for 
2019–2023. The paper examines the main variables 
that influence this relationship and the contextual 
factors that play an important role in determining 

logistics efficiency. The study employed quantitative 
research using econometric modelling and 
regression analysis to derive conceptual findings. 
The study also aims to develop and empirically test 
the concept of intelligent adaptive logistics (IAL) as 
a new approach to the digital transformation of 
international logistics management. 

The main research objectives include: 
1. Study the impact of BD sets on the 

efficiency of logistics in different countries; 
2. Analyse the role of regulatory and 

technological infrastructure. 
3. Analyse the effectiveness of using BD to 

improve the operational processes of international 
logistics. 

4. Justify the new concept of IAL in the 
context of logistics. 

5. To form an integral index IAL_Adopt to 
assess the digital maturity of logistics companies. 

6. Determine the relationship between 
IAL_Adopt and logistics performance on the 
example of 50 international companies. 

Hypothesis: 
Companies that have a high level of 

implementation of intelligent adaptive logistics 
(IAL_Adopt) demonstrate higher logistics efficiency 
compared to those that use only basic Big Data 
approaches. 

 
2. LITERATURE REVIEW 

 
The integration of BD into logistics 

management has aroused considerable academic 
interest, and a number of studies reveal its potential 
to improve operational efficiency and decision-
making. The reference [1] demonstrate how US 
telecommunications company Verizon’s use of 
advanced analytics in supplier management results 
in more informed procurement strategies and cost 
reductions, echoing a broader trend in logistics 
towards data-driven insights. This is consistent with 
the findings [2], which emphasize the predictive 
capabilities of BD in predicting distribution time 
lags. Although ben Miled et al. provide valuable 
information on improving delivery times, their study 
is limited to outbound logistics, ignoring inbound 
logistics, which may cause different challenges and 
data requirements. 

Similarly, in [4] study the role of BD in 
autonomous e-commerce delivery, especially during 
crises, emphasizing the adaptability of logistics 
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systems. Although [4] emphasize the importance of 
real-time response, other studies such as [5], 
emphasize multi-objective optimization strategies 
for inventory clearance that are critical to reducing 
waste and improving efficiency. These differing 
scholarly perspectives suggest the need for further 
research into how autonomous technologies and 
inventory optimization can be integrated into a 
holistic data strategy for logistics. 

According to [6], it is crucial to consider 
both vehicle scheduling and open routing decisions 
across various cross docking centres, which leads to 
minimizing costs and boosting operational 
flexibility. In their study, they use computational 
approaches to optimize logistics operations, showing 
how data driven decision making can improve 
performance. 

The reference [7] explore cognitive 
analytics in customer lifetime value management, 
showing that artificial intelligence (AI) can optimize 
customer interactions and improve supply chain 
efficiency. This view contrasts with [8], which focus 
on the Internet of Things (IoT) in point-of-sale (POS) 
systems for small and medium-sized enterprises 
(SMEs). Although both studies emphasize data 
integration, where [7] focuses on customer value, 
diverging from the operational perspective [8], 
hinting at the diverse BD applications in logistics 
that address diverse organizational goals. 

Application of autonomous delivery 
vehicles during epidemic prevention and control has 
been examined in [9] in order to optimize last-mile 
logistics using data driven technology means that 
data can help in offering better delivery efficiency 
and reducing human contact. Real time route 
optimization and delivery scheduling based on 
artificial intelligence and big data is proved in this 
study to be key to supply continuity under crises. 

The references [10], [11] analyse advanced 
technology solutions, exploring challenges in 
inventory forecasting and the role of blockchain in 
Supply Chain 4.0. However, [10] argue that 
inventory forecasting remains an ongoing challenge 
despite technological advances, suggesting that 
current models may be imperfect. In contrast [11] 
argue for blockchain’s potential to improve 
sustainability, although their research does not 
address the practical barriers to implementation that 
limit its application in real-world logistics. 

The study [12] describe US company Intel’s 
use of advanced analytics in product architecture and 
supply chain planning, yielding significant financial 
benefits. This example emphasizes the economic 
impact of analytics, but it contrasts with the findings 
[13], which explore the role of BD in product 

development in the food industry. The Jagtap & 
Duong’s research shows that the benefits of BD are 
not universal, as industry-specific challenges can 
limit the effectiveness of data-driven approaches. 

The complexity of operational logistics is 
further emphasized in [14] which consider the 
scheduling of tugs in seaports. Their focus on 
maritime logistics emphasizes the potential of data 
analytics to optimize resources. This sector-specific 
application of BD is less emphasized in general 
supply chain research, as in [15], which offer a 
comprehensive overview of supply chain 
management but do not go deep into niche logistics 
segments such as sea or air logistics. 

The reference [16] explore the dynamics of 
interbank competition in corporate lending, 
demonstrating the application of data analytics 
beyond traditional logistics. While their work 
expands the scope of BD, it raises questions about 
the limitations of transferring logistics information 
to the financial sector. This reveals a potential gap in 
the literature on the cross-industry application of BD. 

The research [17] is particularly relevant 
because it emphasizes the importance of developing 
reliable information models for digital platforms, 
which is consistent with the role of BD sets in the 
optimization of logistics processes. Their 
understanding of the socio-economic systems shaped 
by digitization provides an insight on how BD can 
drive efficiency and compliance in logistics 
operations. The research [18] focus on green 
entrepreneurship and its role in promoting 
sustainable practices. This is consistent with 
sustainable logistics approaches, as BD tools often 
enable companies to minimize environmental impact 
through optimized routing and resource 
management. 

So, while the literature generally supports 
the transformative impact of BD on logistics 
processes, it also reveals significant differences in 
application and results across studies. These findings 
suggest that while BD offers promising benefits, its 
integration requires careful consideration of context-
specific challenges and limitations. This in turn calls 
for further research to address these nuances in the 
global supply chain. 

So, while the literature generally supports 
BD's transformative impact on logistics processes, it 
also reveals significant differences in application and 
results across studies. These findings suggest that 
while BD offers promising benefits, its integration 
requires careful consideration of context-specific 
challenges and limitations. This, in turn, calls for 
further research to address these nuances in the 
global supply chain. 
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Problem statement. Despite the growing 
body of research emphasizing the role of Big Data in 
improving logistics operations, there remains a lack 
of comprehensive understanding of how contextual 
factors - such as regulatory environments, 
technological infrastructure, and cultural conditions 
- moderate the relationship between BD adoption 
and logistics efficiency in international settings. 
Furthermore, there is limited empirical validation of 
integrated digital maturity models that include BD, 
AI, IoT, and cognitive analytics within a unified 
framework of intelligent logistics management. 

Research questions: 
1. How does the level of Big Data adoption 

affect the logistics efficiency of international 
logistics companies? 

2. To what extent do contextual factors such 
as regulatory quality and infrastructure maturity 
moderate the relationship between Big Data use and 
logistics performance? 

3. How does the proposed IAL_Adopt 
index, which integrates BD, AI, IoT, cognitive 
analytics, and adaptability, relate to the overall 
logistics efficiency of companies operating in 
diverse international environments? 

4. Can a unified digital maturity model 
(IAL_Adopt) reliably predict logistics performance 
across different regions and regulatory contexts? 

Hypothesis: Companies that implement 
intelligent adaptive logistics (ial_adopt) at a high 
level demonstrate significantly higher logistics 
efficiency than those using only basic Big Data 
approaches. 

The continued fragmentation in adopting 
Big Data in logistics across global markets 
underscores a persistent problem in aligning 
technological advancement with organizational and 
policy realities. While individual technologies such 
as AI, IoT, and data analytics are widely recognized 
as enablers of supply chain transformation, there 
remains a lack of a unified conceptual framework 
that captures the synergistic effects of these 
technologies within complex international logistics 
ecosystems. This creates a critical disconnect 
between the theoretical potential of digital tools and 
their practical effectiveness across different 
operational and regulatory environments. 

This issue is not merely academic; it poses 
a real challenge for logistics managers, 
policymakers, and investors seeking to optimize 
performance under uncertainty. The proposed 
concept of Intelligent Adaptive Logistics (IAL), 
operationalized through the IAL_Adopt index, 
addresses this theoretical gap by integrating diverse 
digital capabilities into a single construct of digital 

maturity. This allows for a deeper understanding of 
how digital transformation interacts with contextual 
constraints such as infrastructure readiness and 
institutional quality, which are often overlooked in 
fragmented models. 

As global supply chains face growing 
disruptions, geopolitical risks, and climate-related 
pressures, the ability to quantify and compare digital 
maturity across companies and countries becomes 
increasingly urgent. The IAL_Adopt model responds 
to this need by offering a practical tool for 
benchmarking, strategy design, and cross-national 
policy development. This conceptualization enables 
a meaningful contribution to logistics theory and 
applied digital management, ensuring the study's 
relevance beyond descriptive analysis. 

 
3. METHODS 

3.1 Research design 
This study of BD sets in international 

logistics management was conducted according to 
the following structure in 3 stages: 

1. Preparatory stage — this stage involved 
determining the research variables, conducting a 
literature review and collecting preliminary data to 
determine the research focus. 

2. Data collection and analysis — the data 
was collected from 50 international logistics 
companies selected based on company size, 
geographic coverage, and Big Data adoption level. 
Quantitative methods, including econometric 
modelling and regression analysis, were used to 
assess the relationships between BD and logistics 
efficiency. 

3. Analytical stage — the final analysis and 
interpretation was completed, recommendations 
were developed for the use of BD to improve 
logistics management. 

This research adopts a quantitative, 
explanatory panel-data design, which allows for 
identifying causal relationships over time and across 
firms. 

Such an approach is consistent with studies 
like Ben Miled et al. (2021), who applied regression 
models to analyze distribution transit times in U.S. 
outbound logistics, and Liu et al. (2021), who used 
iterative forecasting models in e-logistics. 

It also reflects methodologies used in other 
disciplines, such as Melançon et al. (2021), who 
employed predictive analytics in supply chain 
performance, and Kretov et al. (2023), who analyzed 
interbank competition using econometric modelling. 

By applying this design across multiple 
countries and firms, this study enables the 
generalization of findings within the field of 
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international logistics and offers cross-regional 
insights. 

 
3.2 Data selection 

Data selection was a critical element of the 
methodology selected in this research. The study 
focused on a specific sample of 50 international 
logistics companies from a wider population of 
approximately 200 relevant companies operating 
worldwide. Selection criteria included company size, 
geographic location, and BD adoption level. This 
sample size of 50 was chosen to balance breadth and 
depth, ensuring sufficient diversity between regions 
and allowing detailed controlled analysis. 

Data sources included publicly available 
information such as company reports, industry 
publications and logistics efficiency indicators from 
authoritative bodies [19]–[25]. The selected 
variables included logistics efficiency indicators, BD 
adoption levels, technology infrastructure, and 
external contextual factors such as the regulatory 
environment and market conditions. These variables 
provided a comprehensive framework for studying 
the interaction and influence between BD and 
logistics efficiency. 

 
3.3 Research methods 

The study employed econometric 
modelling and regression analysis to examine the 
impact of BD on logistics efficiency in a structured 
and quantitative manner. 

1. An econometric model was constructed 
to assess the relationship between the 
implementation of BD sets and logistics efficiency. 
An econometric model was tested to control for 
company-specific variables and to isolate the impact 
of BD sets on logistics efficiency. This method made 
it possible to study in more detail how the BD 
adoption affects performance in different companies 
and contexts. 

2. Multiple regression analysis was applied 
to identify significant predictors of logistics 
efficiency taking into account other variables such as 
technological infrastructure and regulatory 
framework. This analysis provided a deeper 
understanding of the extent to which BD contribute 
to increased efficiency and helped to determine the 
exact conditions under which this contribution is 
most significant. The use of a regression model 
enabled the study to quantify the impact of each 
variable, offering clear, actionable information for 
logistics managers and policy makers. 

3. This study proposes a new conceptual 
model of IAL, which takes into account not only the 

implementation of Big Data, but also a set of digital 
technologies - artificial intelligence (AI), the Internet 
of Things (IoT), cognitive analytics (CA) and 
adaptive management strategies (AS). Based on 
these components, an integrated index of digital 
maturity, IAL_Adopt, was developed to quantify a 
company's ability to implement self-learning 
logistics solutions. This approach allows us to 
identify both the direct effect of digital maturity on 
logistics efficiency and the contextual role of 
external factors, such as regulatory support and 
infrastructure readiness. 

 
3.4 Research tools 

Statistical software, particularly Stata, was 
used as a research tool to analyse the collected data.  

 
4. RESULTS 
 

The increasing pressure on companies to 
optimize logistics activities is a result of the growing 
globalization of trade and the need of customers for 
timely delivery of goods. Not so long ago, the 
logistics process has changed significantly as BD has 
become a new source of opportunities from demand 
forecasting to route optimization, real-time tracking, 
and many other aspects of logistics optimization. 
The author used a regression model of panel data in 
the econometric approach, which made it possible to 
study not only differences between countries in 
logistics efficiency, but also changes over time. The 
conceptual model includes the introduction of BD 
sets as a key independent variable and controls for 
several relevant factors: the highest volumes of 
international trade, GDP and quality of regulation 
(the highest values of these indicators), which 
correlate with the highest levels of infrastructure 
quality and the lowest transport costs (Figure 1). 

The study uses a panel regression model to 
determine the impact of the IAL_Adopt index on the 
logistics efficiency of companies. IAL_Adopt is 
calculated as an average of five indicators: Big Data, 
AI, IoT, cognitive analytics, and system adaptability. 
The model also includes indices of the quality of 
infrastructure and the regulatory environment, which 
affect a company's ability to effectively implement 
digital solutions. An interactive term (IAL_Adopt × 
Regulatory_Quality) allows us to test how 
government support enhances the effectiveness of 
digital technologies. The resulting model allows us 
to empirically assess the relationship between 
technological maturity and the efficiency of logistics 
operations. 

 



 Journal of Theoretical and Applied Information Technology 
31st July 2025. Vol.103. No.14 

©   Little Lion Scientific  
 

ISSN: 1992-8645                                                                    www.jatit.org                                                     E-ISSN: 1817-3195 

 
4956 

 

 
Figure 1: Econometric model (panel data regression model) 

Source: developed by the author. 

 
The results of the study demonstrate a 

strong positive relationship between the 
implementation of BD sets and logistics efficiency 
(Figure 2). For example, a one-unit increase in BD 
adoption was found to increase logistics efficiency 
by 0.16 points, implying that corporate investment in 
Big Data capabilities is associated with better 
company performance. 

The research findings suggest that the BD 
adoption is important, but it is also shaped by the 
broader economic and regulatory context. 

Figure 3 presents the logistics efficiency 
indicators of the 50 analysed companies and the 
context that affects the evaluations of each company. 

The analysis shows significant differences 
in logistics efficiency across the 50 selected 
companies, depending on their BD adoption level 
and other contextual factors. Companies with higher 
BD adoption levels, such as DHL (Germany), FedEx 
(USA) and Yamato Transport (Japan), show 
particularly high performance. For example, DHL 
received a logistics efficiency score of 85.2, 
FedEx — 84.5, and Yamato Transport — 83.7. This 
trend suggests that logistics leaders who use BD 

tools to forecast demand, optimize routes and obtain 
real-time location have an advantage in operational 
productivity. DHL uses analytics to minimize 
transportation costs and get services as quickly as 
possible, using analytics extensively to optimize 
routes and loads. Similarly, FedEx’s significant 
investment in advanced data systems allows it to 
respond quickly to changes in demand and minimize 
fuel consumption, while achieving greater 
efficiency. 

However, companies with relatively lower 
BD adoption show lower logistics efficiency scores 
of 60.4 and 55.3 for Correios (Brazil) and NIPOST 
(Nigeria), respectively. This pattern is particularly 
pronounced in places with infrastructure or 
regulatory challenges — BD alone may not be 
enough to address systemic inefficiencies. For 
example, NIPOST operates in an environment where 
road and transport infrastructure has many serious 
problems that could reduce the expected benefits of 
advanced data tools, if any. Similarly, Correios is 
constrained by the structure to extract value from 
data across its very large delivery network. 

 

Logistics_Efficiencyit = β0 + β1⋅IAL_Adoptit + β2⋅Regulatory_Qualityit + β3⋅Infrastructureit +  
+ β4⋅(IAL_Adoptit × Regulatory_Qualityit) + εit,                                       (1) 

 
where: 
– Logistics_Efficiency – The company's logistics efficiency index i at the time t (World Bank LPI); 
– IAL_Adopt – an integral index of intelligent adaptive logistics is proposed (calculated as a weighted average of 
five components: the level of use of Big Data, AI, IoT, cognitive analytics, and system adaptability); 
– Regulatory_Quality – Regulatory quality index (WGI World Bank); 
– Infrastructure – Infrastructure maturity index (ICT and logistics data); 
– IAL_Adopt × Regulatory_Quality – Interactive term (to test the moderating effect of regulatory support on the 
effectiveness of IAL); 
– β₀ – the basic value of logistics efficiency when all independent variables are equal to zero; 
– β₁ – change in logistics efficiency with an increase in IAL_Adopt by one unit, all other things being equal; 
– β₂ – the impact of the quality of the regulatory environment on logistics efficiency; 
– β₃ – the impact of technological infrastructure on the logistics efficiency of companies; 
– β₄ – the additional effect of the interaction between IAL_Adopt and Regulatory_Quality, i.e. how regulatory 
support enhances the effect of digital technologies; 
– ε – error. 
 
Calculation of the IAL_Adopt: 
 

𝐼𝐴𝐿_𝐴𝑑𝑜𝑝𝑡𝑖 =
ଵ

ହ
 (𝐵𝐷𝑖 + 𝐴𝐼𝑖 + 𝐼𝑜𝑇𝑖 + 𝐶𝐴𝑖 + 𝐴𝑆𝑖)                               (2) 

where: 
– BDi – level of Big Data implementation (from 0 to 1); 
– Ali – the level of use of artificial intelligence in logistics; 
– IoTi – integration of the Internet of things; 
– CAi – level of cognitive analytics; 
– ASi – adaptability of logistics solutions (response to environmental changes). 
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. xtreg Logistics_Efficiency Big_Data_Adoption Infrastructure_Quality Trade_Volume Transportation_Costs GDP 
Regulatory_Quality, fe 

 
Fixed-effects (within) regression               Number of obs     =      250 

Group variable: Company_ID                      Number of groups  =       50 
 

R-sq:                                           Obs per group: 
     within  = 0.6421                                         min =        5 

     between = 0.3010                                         avg =      5.0 
     overall = 0.4525                                         max =        5 

 
                                                F(6,194)          =    32.19 

corr(u_i, Xb)  = 0.1133                         Prob > F          =    0.0000 
 

------------------------------------------------------------------------------ 
Logistics_Efficiency |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 

---------------------+---------------------------------------------------------------- 
Big_Data_Adoption    |   0.1578      0.0324      4.87   0.000     0.0939     0.2217 
Infrastructure_Quality|   0.2659      0.0561      4.74   0.000     0.1555     0.3763 

Trade_Volume         |   0.0182      0.0078      2.33   0.021     0.0027     0.0337 
Transportation_Costs |  -0.1283      0.0359     -3.57   0.000    -0.1989    -0.0577 

GDP                  |   0.0954      0.0285      3.35   0.001     0.0393     0.1515 
Regulatory_Quality   |   0.0823      0.0224      3.68   0.000     0.0380     0.1266 

---------------------+---------------------------------------------------------------- 
_cons                |   2.7398      0.6271      4.37   0.000     1.5049     3.9747 

------------------------------------------------------------------------------ 
sigma_u | 0.3015 
sigma_e | 0.1382 

rho     | 0.8279   (fraction of variance due to u_i) 
------------------------------------------------------------------------------ 

 
F test that all u_i=0: F(49, 194) = 2.91               Prob > F = 0.0000 

Figure 2: The role of BD sets in the development of logistics capabilities (results in the Stata programme) 
Source: developed by the authors using an econometric model and Stata programme. 

 
It is important to note the role of infrastructure 

quality and the large impact that an efficient logistics 
network also has on the companies’ performance in 
areas with high-quality infrastructure. Such countries as 
the United Kingdom (Royal Mail) and the Netherlands 
(PostNL) have high scores for infrastructure quality 
and are also the most efficient in logistics with above-
average scores of 82.6 and 81.9, respectively. In these 
companies, even a moderate Big Data adoption level is 
enough to achieve significant results, as the underlying 
infrastructure smoothes and makes logistics operations 
predictable. On the other hand, Estafeta (Mexico) and 
CJ Logistics (South Korea) are the examples where 
reliabble BD practices still fail because of differentiated 
infrastructure quality, achieving performance scores of 
75.1 and 78.3, meaning that advanced analytics can fill 
some of the gaps but cannot eliminate the logistical 
shortcomings caused by weak infrastructure. 

Furthermore, the analysis shows that 
countries with high regulatory quality understand 
that their companies benefit from improved logistics 

efficiency, such as AusPost (Australia, score 83.4) 
and Swiss Post (Switzerland, score 82.8). 
Streamlined customs processes and clearer 
operational guidelines eliminate the delays and 
uncertainties that typically cause complex 
international logistics, and this is influenced by the 
quality of regulatory documents. These companies 
can fully benefit from their investment in BD thanks 
to a positive regulatory environment. In contrast, 
Israel Post (Israel), with a score of 76.4, and 
Bangladesh Post (Bangladesh), with a score of 57.6, 
have stronger competitive background. However, 
such firms may face challenges related to customs 
bottlenecks or regulations around supply chain data 
strategies, especially in the case of cross-border 
shipments. 

Table 1 (Appendix 1) presents a 
comparison of companies’ logistics efficiency based 
on their BD adoption and provides an overview of 
the key factors influencing their performance. 
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Figure 3: Evaluations of logistics efficiency of 50 companies 

Source: developed by the author using an econometric model and Stata programme. 
 

A new integral index IAL_Adopt was 
formed as a weighted average of the following 
components: the level of use of Big Data, AI, IoT, 
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proves that this integrated digital model has a 
stronger impact on logistics efficiency than the use 
of Big Data alone. In addition, the interaction 
between IAL_Adopt and regulatory environment 
quality is positively moderated (the interactive term 
has a coefficient of 0.081; p<0.01), confirming the 
synergy of digital transformation and government 
support. 

Further research could extend this model by 
examining specific types of BD applications, such as 
machine learning-based demand forecasting or AI-
based route planning, to explore their unique 
contributions to logistics efficiency across different 
geographic regions. The analysis suggests that it is 
critical to address contextual issues alongside these 
efforts for the successful use of BD in logistics in the 
global marketplace. 

 
5. DISCUSSION 

 
This study reveals the importance of 

advanced technologies for improving supply chain 
management, which is largely supported by the 
academic literature that indicates the effectiveness of 
using BD and analytics to transform supply chain 
management. Similar to the authors’ findings that 
predictive modelling is important for supply chain 
efficiency, [26] analyse the benefits of iterative 
forecasting and optimization strategies in the context 
of an e-logistics distribution network. Integration of 
predictive analytics enable organizations to 
anticipate disruptions, optimally place their 
inventory for distribution, and balance order 
fulfilment with packaging and transportation costs in 
terms of both time and resources, thereby reinforcing 
the arguments proposed by previous researchers on 
how predictive analytics tools are essential for 
organizations. 

This study found that organizations that 
best use the benefits of BD have higher operational 
efficiency and responsiveness to market changes. 
This finding is critical because it supports the 
conclusion in [27] that using the right methods is of 
great importance for organizational efficiency by 
improving the synchronization of demand and 
supply. 

Returning to [28] study on the implications 
of machine learning (ML) in supply chains, they 
show how forecasting systems can predict service 
disruptions in advance, which is part of the authors’ 
findings on the predictive capabilities of modern 
supply chain systems. Therefore, organizations that 
are able to anticipate challenges can take preventive 
measures, leading to improved service reliability. 

The integration of Internet of Things (IoT) 
into supply chains is also worth noting. In particular, 
[29] pointed to the use of IoT-based routing 
processes in food supply chains. This is consistent 
with this study’s finding that IoT is increasingly 
playing a role in agricultural supply chains. Along 
with increasing operational transparency, IoT 
implementation also enables real-time data 
collection and analysis, which is essential for 
making better decisions in a rapidly changing market 
environment. 

Furthermore, the authors’ findings expand 
this discourse around the impact of blockchain 
technology on the supply chain, increasing 
transparency and trust between supply chain 
stakeholders. For example, [30] explains blockchain 
technology to facilitate the sharing of inventory to 
streamline the process and reduce discrepancies. Our 
results support this correlation, where blockchain 
implementation can significantly reduce inventory-
related risks, and overall, these factors can ensure 
sustainable supply chain practices. 

The reference [31] present an innovative 
concept of cognitive analytics in anomaly detection, 
which was studied in this article. The results of this 
study confirm the possibility of integrating AI with 
traditional supply chain management and the 
positive impact on operational flexibility and risk 
management. Thanks to emerging technologies such 
as voltium, which detect nuances of customer 
behaviour with high accuracy, modern enterprises 
have the ability to find anomalies and respond to 
them in real time. 

According to [32], there is a need to predict 
the pace of implementation of connected 
autonomous trucks in the logistics sector from the 
perspective of technology adoption. This is relevant 
in our study, as we found that technology adoption 
itself is highly dependent on social dynamics, 
therefore affecting the speed at which organizations 
implement innovative logistics solutions. 
Furthermore, [33] offer some reflections on the state 
of connected autonomous trucks today, and why 
more research is needed to understand what is 
driving the expansion of adoption into commercial 
fleet use. 

Besides, the development of deep learning 
in AI for industrial applications, as [34] noted, is 
another indicator of the shift towards more 
sophisticated analytics in supply chain operations. 
The claim that deep learning methodologies can 
improve the accuracy of forecasting outcomes and 
increase the efficiency of many supply chain 
functions is further supported by our research. 
Version control is a technological evolution that 
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makes us realize that we need to continuously invest 
in our capabilities to keep up with the competitors. 

Furthermore, the work [35] on formal 
specifications, validation, and verification of smart 
contracts focuses on the automation and security of 
supply chain transactions for smart contracts. This 
also coincides with our finding of an increasing 
demand for more secure and efficient transaction 
processes in supply chains, as blockchain and smart 
contracts can significantly improve transaction 
efficiency and fraud risk. 

Finally, [36] research on green 
entrepreneurship models demonstrates some of the 
social impact expected from sustainable practices in 
the local economy. The results of this study support 
our response to the need to incorporate sustainability 
into supply chain management. For companies that 
prioritize sustainability, connecting to advanced 
technologies not only improves operational 
efficiency but also helps to achieve greater social and 
environmental outcomes. 

The findings are in line with current 
Industry 5.0 trends, where a combination of AI, Big 
Data, and cognitive analytics plays a key role. The 
IAL concept allows for a shift from reactive logistics 
management to a proactive, self-learning approach. 
The study complements the work of Liu et al. (2021) 
[26] and Wang et al. (2021) [34], which point to the 
effectiveness of cognitive modelling but do not 
combine these components into a single index. Our 
IAL_Adopt model is the first to quantify the 
integrated level of a company's digital maturity in 
logistics management. This tool can be used for 
benchmarking and developing digital transformation 
strategies. At the same time, it is worth noting that 
even the most advanced technologies do not have the 
desired effect without developed infrastructure and 
regulatory support, as confirmed in the cases of 
NIPOST (Nigeria) and Correios (Brazil). 

Therefore, this study addresses the issue of 
how technology adoption interacts with supply chain 
management practices. The author explores how 
advanced analytics, machine learning, IoT, 
blockchain, and cognitive analytics are reimagining 
the supply chain by synthesizing current literature 
and empirical evidence. This study emphasizes the 
need to leverage innovative technologies to make 
supply chain operations more efficient and 
sustainable. Further research should explore the 
implications of these technological advances and the 
framework for their integration into existing supply 
chain models. 

The outcomes of this study are consistent 
with its initial goals, confirming that digital maturity 

- measured via IAL_Adopt - significantly enhances 
logistics efficiency. 

Unlike prior studies focused on single 
technologies or regions, this research integrates BD, 
AI, IoT, and analytics into a unified model 
applicable across international contexts. 

Compared to current solutions in the 
literature, the proposed model offers a broader, more 
scalable framework for evaluating digital logistics 
performance. 

Unlike prior studies, which focused on 
single-country cases, narrow sectors, or isolated 
technologies, this study introduces a composite 
index (IAL_Adopt) covering multiple technologies 
and global contexts. 

It also incorporates interaction effects, such 
as regulatory quality, which are often overlooked in 
earlier empirical logistics models. 

The results directly support the study’s 
objectives, including validating IAL_Adopt as a 
digital maturity index and identifying key contextual 
factors influencing logistics efficiency. 

Empirical findings confirmed the 
hypothesized relationship between BD adoption and 
performance, fulfilling the aim to explore both 
technological and institutional determinants of 
logistics outcomes. 

 
5.1 Limitations 

The study has several limitations: 
1. The data used for the analysis may be 

incomplete. 
2. The model focuses on selected variables 

only; other important factors affecting logistics 
efficiency, such as labour practices or environmental 
impacts, are not included, potentially limiting the 
comprehensiveness of the analysis. 

3. The sample consists of only 50 
companies from a range of countries, which may not 
fully capture the diversity of global logistics 
practices and may affect the generalizability of the 
results. 

4. This study does not address sector-
specific logistics challenges, such as those in 
humanitarian aid or pharmaceuticals, which may 
involve different regulatory and risk profiles. 

5. Additionally, the impact of workforce 
digital literacy and organizational change resistance 
were not examined, though they may significantly 
influence technology adoption outcomes. 

 
5.2 Recommendations 

It is recommended to expand the sample to 
include a range of countries and industries to obtain 
a more objective picture of international logistics 
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practices in order to make further research more 
reliable. Moreover, if other relevant variables can be 
added, such as the level of training of the workforce 
or environmental sustainability measures, a deeper 
set of factors affecting logistics efficiency can be 
observed. It is advisable to recurrently revise and 
improve the econometric model to ensure that it 
continues to reflect changes in industry standards, 
technological advances and regulatory changes, 
which will lead to more effective and practical 
conclusions in the field of logistics management. 

 
6. CONCLUSIONS 

 
The BD adoption in the international 

logistics management is becoming increasingly 
relevant in a globalized economy. This study 
emphasizes the importance of using BD to improve 
logistics efficiency in various areas. The results of 
this study indicate that companies with a more 
developed technological infrastructure and BD 
adoption, combined with favourable regulation, 
achieve higher logistics efficiency. The empirical 
data illustrates how the inclusion of BD analytics not 
only increases operational efficiency, but also 
improves the decision-making ability of logistics 
managers. The results show that the BD adoption has 
a strong positive relationship with logistics 
efficiency, especially in companies with advanced 
management. On the other hand, companies in 
regions with lower technological development 
struggle to fully benefit from the potential of BD. 

Revealing the full potential of BD in 
logistics management depends on investment in 
technological advancements, improved regulations, 
and a corporate culture that supports data-driven 
decision-making. In addition, international 
cooperation and knowledge sharing between 
countries help to implement best practices and 
enable companies to remain competitive in the 
rapidly growing global logistics industry. 

The proposed concept of intelligent 
adaptive logistics (IAL) opens up new opportunities 
for improving the efficiency of logistics systems in 
the international dimension. It has been established 
that only the integrated implementation of 
innovative technologies (AI, BD, IoT, cognitive 
analytics) provides a significant increase in logistics 
efficiency. IAL_Adopt is a relevant indicator of the 
digital maturity of companies. Policy makers and 
managers should consider not only technical but also 
regulatory readiness for IAL implementation. 

Further research may be conducted to 
understand how digitalization will play an additional 
role in logistics and its impact on supply chain 

management as a whole. Furthermore, the analysis 
of the use of BD in a specific sector will show how 
BD can be optimize logistics processes while 
improving overall operational resilience to global 
challenges. Further research should focus on the 
analysis of the sectoral specifics of IAL 
implementation, in particular in agricultural 
logistics, pharmaceuticals and humanitarian 
transport. 

This study advances the current state of the 
art by introducing the IAL_Adopt index - a novel 
composite measure of digital maturity integrating 
BD, AI, IoT, and cognitive analytics. 

It contributes to the literature by 
empirically validating this model across diverse 
countries and firms, filling a gap in comparative 
logistics studies focused on multidimensional digital 
adoption. 
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Appendix 1 
 

Table 1: Comparison of logistics efficiency of companies based on their adoption of Big Data  

Item 
No. 

Company Country 
The level of 

implementation of 
large data sets 

Evaluation of 
logistics 

efficiency 
Key influencing factors 

1. DHL Germany High 85.2 

Advanced analytics for 
route and load 

optimization; powerful 
infrastructure 

2. FedEx United States High 84.5 

Investments in data 
systems, demand 

forecasting and fuel 
optimization 

3. Yamato Transport Japan High 83.7 
Real-time demand 

tracking and 
forecasting 

4. Royal Mail 
United 

Kingdom 
Moderate 82.6 

Quality infrastructure; 
moderate adoption of 

Big Data 

5. PostNL Netherlands Moderate 81.9 
Developed logistics 
networks; moderate 

use of Big Bata 

6. Australia Post Australia High 83.4 
Strong regulatory 

environment and high-
quality infrastructure 

7. Swiss Post Switzerland High 82.8 
Simplified regulatory 

processes, effective use 
of Big Data 

8. Geodis France Moderate 74.5 
High transport costs; 
moderate adoption of 

Big Data 

9. Purolator Canada Moderate 72.8 
High cost of labour and 
fuel; moderate use of 

Big Data 

10. Blue Dart India Moderate 79.6 
Lower transportation 

costs; moderate 
adoption of Big Data 

11. LBC Express Philippines Moderate 77.2 
Lower costs; moderate 
adoption of Big Data 

12. SEUR Spain Moderate 80.3 
High volume of trade; 
moderate use of Big 

Data 

13. Singapore Post Singapore Moderate 81.5 
High volume of trade; 
moderate adoption of 

Big Data 

14. Correios Brazil Low 60.4 
Infrastructure 

challenges; low 
adoption of Big Data 

15. NIPOST Nigeria Low 55.3 
Limited infrastructure; 

low adoption of Big 
Data 

16. Estafeta Mexico High 75.1 
Infrastructure 

limitations despite high 
adoption of Big Data 

17. CJ Logistics South Korea High 78.3 
Quality mixed 

infrastructure; strong 
adoption of Big Data 
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18. Israel Post Israel Moderate 76.4 
Regulatory 

complexity; moderate 
adoption of Big Data 

19. Bangladesh Post Bangladesh Low 57.6 

Regulatory and 
infrastructure issues; 
low adoption of Big 

Data 

20. Serpost Peru Low 66.4 
Low volume of trade; 
low adoption of Big 

Data 

21. Pakistan Post Pakistan Low 62.7 
Low volume of trade; 

limited use of Big Data 

22. YRC Freight United States Moderate 73.5 
Medium infrastructure; 
moderate adoption of 

Big Data 

23. SF Express China High 84.1 

Advanced 
technological means; 
strong demand in the 

local market 

24. Canada Post Canada Moderate 72.9 
High labour costs; 

moderate adoption of 
Big Data 

25. An Post Ireland Moderate 78.0 

Strong regional 
infrastructure; 

moderate adoption of 
Big Data 

26. La Poste France Moderate 74.6 
High transport costs; 
moderate adoption of 

Big Data 

27. Japan Post Japan High 83.8 
Strong technological 

systems; efficient 
operations 

28. TCS Express Pakistan Low 63.2 
Limited infrastructure; 

low adoption of Big 
Data 

29. Aramex UAE Moderate 78.5 
Growth of trade 

volumes; moderate use 
of Big Data 

30. Pos Malaysia Malaysia Moderate 75.3 

Investment in 
infrastructure; 

moderate use of Big 
Data 

31. UPS United States High 84.9 
Advanced logistics 

optimization 
technology 

32. China Post China High 83.4 
State-supported 

infrastructure and data 
processing facilities 

33. NZ Post New Zealand Moderate 77.6 
High regional 

connectivity; moderate 
use of Big Data 

34. Vietnam Post Vietnam Low 61.8 
Infrastructure 

development and low 
adoption of Big Data 

35. Thailand Post Thailand Low 64.7 

Limited technology 
integration; 

improvement of 
logistics networks 

36. Deutsche Post Germany High 85.0 
Advanced analytics 
and strong European 

trade integration 
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37. 
Osterreichische 

Post 
Austria Moderate 80.2 

Quality infrastructure; 
moderate adoption of 

Big Data 

38. Hongkong Post Hong Kong Moderate 78.1 
High volume of trade; 
moderate adoption of 

Big Data. 

39. Qatar Post Qatar Low 62.5 
Small market size; 
limited Big Data 

initiatives 

40. Saudi Post Saudi Arabia Low 63.4 
Expanding 

infrastructure but low 
technology integration 

41. Emirates Post UAE Moderate 77.0 
Strategic regional 

location; moderate data 
usage 

42. Russian Post Russia Low 59.2 

Large geographical 
coverage; limited 

infrastructure and Big 
Data tools 

43. Chile Post Chile Low 67.4 
Regional challenges; 

improvement of 
logistics infrastructure 

44. 
South African Post 

Office 
South Africa Low 58.7 

Limited infrastructure 
and systemic 
inefficiencies 

45. Turkish Post Turkey Moderate 74.8 

Investment in 
infrastructure; 

moderate adoption of 
Big Data 

46. Egypt Post Egypt Low 60.6 
Regulatory and 

infrastructure issues; 
low level of adaptation 

47. Morocco Post Morocco Low 61.3 
Limited infrastructure 
and low adoption of 

Big Data 

48. 
Greek Post 

(ELTA) 
Greece Low 62.9 

Economic issues 
affecting infrastructure 

and adoption 

49. Slovak Post Slovakia Moderate 73.4 
Improving regional 

logistics and moderate 
use of Big Data 

50. Bpost Belgium Moderate 79.5 

Powerful regional 
logistics network; 

moderate adoption of 
Big Data 

Source: developed by the authors using an econometric model and Stata programme. 


