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Problem Statement. The modern logistics environment is characterized by growing turbulence, hybrid
threats, and the need for rapid adaptation to continuous uncertainty. The full-scale war in Ukraine, global supply
disruptions, and the reconfiguration of trade routes have revealed the fragility of traditional logistics models and
educational paradigms. Logistics, once perceived merely as a technical and operational function, has become a
strategic instrument of national resilience and enterprise survival. Damage to transport corridors, energy shortages,
and the relocation of production facilities have demonstrated that the effectiveness of logistics systems largely
depends on the preparedness and adaptability of human resources. Thus, the issue of training professionals capable
of operating under complex, unstable, and high-risk conditions becomes a priority for both academia and business.

Traditional teaching methods—based primarily on lectures, static case studies, and post-event analysis—no
longer ensure adequate readiness for crisis management and emergency coordination. In contrast, immersive
educational technologies create opportunities for realistic, interactive, and continuous learning. The metaverse—
an integrated digital environment combining virtual reality (VR), augmented reality (AR), and artificial
intelligence (Al)—enables the simulation of real-life logistics operations, emergency response, and critical
infrastructure management within a safe, controlled space. According to PwC (2023), immersive learning increases
knowledge retention by up to 70% and enhances decision-making performance under stress conditions, which is
crucial for crisis-oriented professions. Similarly, Gartner (2024) forecasts that by 2030, more than 40% of logistics
training globally will be conducted in hybrid metaverse environments, reflecting their growing role in developing
resilience-oriented competencies.

For Ukraine, the deployment of metaverse-based educational tools has an especially practical significance.
Wartime realities—disrupted supply lines, destruction of transport nodes, and forced migration—require rapid
reskilling and the creation of flexible, scalable learning environments. The metaverse provides such an opportunity

by combining simulation, collaboration, and analytical feedback. It allows students, professionals, and decision-
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makers to participate in collective virtual exercises, test response strategies for emergencies, and analyze the
efficiency of logistics networks under simulated military or cyber threats. In this way, metaverse education
becomes not only a pedagogical innovation but also an element of national security strategy, contributing to the
preparedness of the human capital essential for post-war reconstruction and critical infrastructure protection.

Research Objective. The primary objective of this study is to substantiate the theoretical and methodological
foundations for applying metaverse technologies in the professional training of logistics and supply chain
management (SCM) specialists. The research aims to demonstrate how immersive technologies can strengthen the

security, adaptability, and resilience of logistics systems operating under hybrid and wartime threats. The
study focuses on defining pedagogical and technological principles for immersive learning, identifying
mechanisms of competence formation relevant to crisis logistics, and outlining institutional strategies for
integrating metaverse tools into national logistics education.

Research Results. The application of metaverse technologies in logistics education represents a
multidimensional innovation that integrates simulation learning, digital twins, and collaborative interaction within
a unified cyber-physical ecosystem. Such integration allows learners to participate in interactive logistics
simulations that reflect real-world disruptions—such as transport blockades, warehouse shutdowns, or
cyberattacks on logistics infrastructure—without physical risks. Ivanov and Dolgui (2020) emphasize that the
resilience of logistics networks depends not only on technical robustness but also on the adaptability of human
decision-makers [1]. Immersive environments replicate precisely this human dimension by enabling learners to
experience the consequences of their actions in real time.

Metaverse-based logistics education can be structured around three interdependent dimensions:

1. Technological infrastructure, which supports three-dimensional modeling, multi-user interaction, and
integration with enterprise management systems (ERP/TMS);

2. Pedagogical frameworks, which enable experiential learning, problem-based scenarios, and gamified
assessment of crisis decision-making;

3. Institutional collaboration, linking universities, logistics firms, and public authorities into a joint
ecosystem of competence development.

In the Ukrainian context, where traditional training facilities and transportation networks have been partially
destroyed, metaverse environments may function as digital laboratories for modeling sustainable logistics chains,
optimizing delivery under constraints, and testing post-war recovery strategies.

From a methodological perspective, immersive technologies transform the learning process into an active,
competence-based experience. Students design virtual supply chains, optimize transportation routes, allocate
resources dynamically, and simulate multi-modal logistics operations combining road, rail, and maritime transport.
The integration of digital twins—virtual models of logistics networks—makes it possible to track the propagation
of disruptions, analyze system bottlenecks, and develop adaptive response strategies under fluctuating energy or
security conditions [2]. Such dynamic modeling bridges the gap between theoretical training and real operational
decision-making.

Equally important is the formation of soft and meta-competencies that determine professional resilience
under uncertainty: teamwork, critical thinking, situational awareness, stress resistance, and adaptive leadership.
According to Sheffi (2021), these qualities form the human foundation of logistics resilience [3]. Immersive
simulations can reproduce stressful and high-stakes logistics contexts—such as humanitarian corridor management
or emergency evacuation supply planning—allowing learners to develop psychological and managerial readiness
for unpredictable situations.

Another crucial benefit of metaverse-based training lies in its inclusivity and accessibility. Virtual campuses
enable participation regardless of location, allowing displaced Ukrainian students or professionals from conflict-
affected regions to continue education remotely. This democratization of access aligns with the EU Digital
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Education Action Plan (2023—2030) and supports Ukraine’s integration into the European Higher Education Area.
The European Commission (2024) stresses that immersive technologies are essential for preparing next-generation
transport and logistics professionals who can operate resilient networks across interconnected economies [4].

From an institutional and policy standpoint, integrating metaverse technologies into logistics education
demands a coordinated national approach. Universities should establish secure digital infrastructures, develop
cyber protection protocols for educational platforms, and build cross-sectoral partnerships with IT companies,
logistics enterprises, and governmental agencies. Such collaboration ensures both technological feasibility and

pedagogical effectiveness, positioning the educational metaverse as a strategic component of Ukraine’s
human capital development in logistics.

Practical experience from pilot projects shows that virtual logistics simulators can significantly improve
learners’ problem-solving capabilities and systems thinking. Through continuous interaction with simulated
environments, students develop an understanding of interdependencies between transport nodes, supply stability,
and financial constraints. The metaverse thus serves as a strategic competence-building ecosystem, nurturing
specialists capable of managing logistics networks resiliently in volatile, resource-limited, or post-crisis
conditions.

Conclusions. The introduction of metaverse technologies into logistics and supply chain management
education forms a vital element of Ukraine’s digital and post-war reconstruction strategy. It provides an innovative
framework for developing adaptive, data-driven, and human-centered logistics professionals who can respond to
hybrid threats, ensure transport safety, and contribute to sustainable economic recovery. Immersive environments
based on virtual and augmented reality expand learning beyond traditional boundaries, linking knowledge with
practical resilience-building experiences.

For Ukrainian higher education institutions, the metaverse offers a dual advantage: enhancing educational
quality and contributing directly to the security and sustainability of national logistics infrastructure. By
incorporating digital twins and virtual crisis simulations into curricula, universities can ensure continuous
professional development, align training with European standards, and create a new generation of logistics
managers equipped to maintain operational stability even under the most complex conditions. In essence,
metaverse education transforms logistics training from a passive learning process into an active system of strategic
preparedness, reinforcing both the human and institutional resilience of Ukraine’s logistics sector.
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