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Abstract

The digital transformation of the maritime industry is revolutionizing the way operations are conducted, demanding a fundamental shift in
Maritime Education and Training (MET) systems. This paper examines the need for modernizing MET to equip seafarers with the necessary
skills to manage advanced technologies such as Artificial Intelligence (Al), Augmented Reality (AR), and blockchain. The traditional
maritime education model, which heavily relies on classroom instruction and basic simulators, is being replaced by flexible, digital learning
frameworks. These innovations enable remote learning, immersive simulation, and real-time scenario training, enhancing the quality and
accessibility of education. The integration of these digital tools also promises to reduce operational costs, making training more efficient
and scalable. Despite these advancements, challenges remain, including the need for faculty upskilling, regulatory support for digital
certification, and international collaboration for standardized training practices. The paper concludes that the maritime industry must rapidly
adapt to the digital age, incorporating emerging technologies into MET curricula and fostering global cooperation to ensure the workforce
is ready to meet the demands of the future.
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The maritime industry is undergoing a transformative shift as digitalization, automation, and smart technologies redefine global shipping
operations[1]. In this evolving landscape, maritime education and training (MET) must be modernized to prepare seafarers and maritime
professionals for the demands of the digital age[2]. As of 2023, over 80% of global trade is transported by sea, making the competency of
maritime personnel crucial to international economic stability and environmental sustainability[3]. Traditionally, MET has relied on
conventional classroom instruction and basic simulator-based training[4]. However, the integration of technologies such as Artificial
Intelligence (AI), Augmented Reality/Virtual Reality (AR/VR), cloud-based simulation, and smart learning management systems (LMS)
has significantly improved training outcomes[5]. According to the International Maritime Organization (IMO), the implementation of e-
navigation and smart ship systems necessitates new skill sets, including digital literacy, cybersecurity awareness, and the ability to operate
autonomous or semi-autonomous vessels[6]. From an economic perspective these mobile technologies can reduce the direct and indirect
expenditures of training throughout a seafarer’s career, including associated travel costs, overtime and salary payments[7]. For MET
facilities the overhead costs of operating simulator systems for purchase, operation, and maintenance requires significant economic
capital[8]. VR, AR, and MR systems could reduce the amount of time required at traditional MET facilities by allowing user access while
onboard, travelling or at home, thus increasing opportunities for immersive simulator training[7].
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Figure 2: Transition from Centralized Maritime Training to Flexible “Anywhere, anytime” Learning Models

Source: [7]
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The 2021 BIMCOY/ICS Seafarer Workforce Report highlighted that by 2026, there will be a demand for 89,510 additional officers globally
to operate the merchant fleet safely and efficiently[7]. This skills gap underscores the urgency for modern training frameworks that
incorporate real-time simulation, remote learning, data analytics, and adaptive assessment systems[9]. Institutions such as the World
Maritime University and Singapore Maritime Academy are pioneering this shift by offering blended learning models and digital
competency-based modules[10]. Moreover, cloud-based maritime simulators such as Wartsila Cloud Simulation and Kongsberg’s K-Sim
allow for remote, scalable, and cost-effective training that replicates real-life scenarios with high fidelity[11]. These tools reduce the
dependency on physical infrastructure while ensuring consistent quality across geographies[12]. Studies have shown that VR-enabled
training improves knowledge retention by 75% compared to traditional methods, emphasizing the need for immersive learning
environments[13].

Cybersecurity also becomes a key area of concern, as digital training platforms and ship systems become vulnerable to cyber threats[14].
The inclusion of cyber hygiene, threat response, and regulatory compliance in maritime curricula is now essential, particularly in alignment
with IMO’s Resolution MSC.428(98), which mandates cyber risk management in safety management systems[15]. In conclusion,
modernizing MET is not just an academic imperative but an operational necessity to ensure maritime safety, environmental compliance,
and future workforce readiness[16]. It demands investment in digital infrastructure, faculty upskilling, global collaboration, and adherence
to international standards to cultivate a resilient and future-proof maritime workforce[17].
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Figure 3. Technologic improvements and its effect on our life

This rapid change will also cause continuous and rapid changes in MET (Maritime Education and Training) system. The following Figure
2 shows close relations between education and technologic improvements[18]. The important steps laid down from internet to robotics have
already been outreached and will continue with an exponential manner. The “Next Generation Education” has already been started in many
sectors. The maritime industry being in close relations with technology needs to consider this new education concept[19].

2. RELATED WORK
2.1 Digital Disruption and the Evolving Role of Seafarers

Leonhard (2015) discusses the digital transformation's impact on shipping, ports, and maritime industries through a future-oriented
conference analysis. He anticipates automation, Al, and smart technologies will reshape maritime operations by 2030, urging significant
training reform and workforce reskilling. Similarly, Ismail et al. (2014) explore the characteristics of exponential organizations by
comparing them with traditional firms. Their findings show that digital adaptability allows such organizations to be ten times more efficient,
highlighting the urgency for maritime institutions to integrate digital capabilities in their training models. Manuel (2017) examines trends
and challenges in maritime education and training (MET) through a qualitative review of global practices. He finds that blending vocational
skills with academic rigor is essential for preparing seafarers for complex digital environments. In alignment with this, the HSBA report by
Johns (2018), commissioned by the International Chamber of Shipping, assesses digital disruption’s impact on seafarers. Using policy
analysis and expert interviews, the report emphasizes the need for proactive digital upskilling to remain relevant in automated shipping
operations. Bilgi University (2020) showcases its institutional approach to distance education. Based on its implementation review, the
university concludes that digital platforms offer scalable and effective maritime learning, especially in emergencies like the COVID-19
pandemic. Supporting this, the World Economic Forum (2020) analyzes global education trends amid the pandemic and asserts that digital
learning is not a temporary solution but a permanent evolution, which MET systems must adopt.

The European Commission (2017), through its Quantum Technologies Flagship report, outlines strategic frameworks for embedding digital
innovation into education. It stresses that maritime education should incorporate Al, cybersecurity, and quantum technologies to remain
globally competitive. Kinthaert (2017), writing for Informa Connect, investigates how digital transformation changes seafarers' roles using
expert interviews. The study finds increasing reliance on digital literacy, decision-support systems, and automation monitoring, signaling a
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shift from manual labor to tech-mediated tasks. Barreto (2018) presents an industry paper on the evolving role of seafarers. Drawing from
global shipping conferences and expert insights, he concludes that the future of crewing will involve hybrid skills that blend human
oversight with automated systems. Meadow, Ridgwell, and Kelly (2018) focus on autonomous shipping and emphasize reintegrating the
human element through case studies and policy discussions. Their findings suggest that human skills in interpretation, ethics, and emergency
response remain irreplaceable, despite technological advances.

Transforming Maritime Education: Strategies and Technological Integration

Ahvenjarvi (2017), in the IAMU conference proceedings, explores unmanned ships and their implications for MET. Using comparative
educational analysis, he recommends curriculum reforms that reflect automation challenges while retaining foundational maritime
knowledge. Demirel (2015) evaluates automation risks on board through incident case studies. He highlights the importance of human
oversight and recommends MET programs include failure scenario training and risk mitigation strategies. Michael (2017) revisits MET
trends and calls for aligning training with evolving digital demands. His study in the WMU Journal emphasizes flexible learning models
that integrate simulation, analytics, and soft skills. Nasaruddin and Emad (2017), writing for the IAMU AGA, propose blockchain
integration in maritime education to close digital skill gaps. Their research, based on curricular analysis and skill mapping, highlights the
need to update technical content in MET programs.

Enders et al. (2019), in a McKinsey-backed report, outline six strategies to bridge global skill gaps. Their workforce forecasting methods
identify future digital competencies critical for maritime professionals, such as systems thinking, data fluency, and cross-functional agility.
Coinbase (2018) tracks the rise of crypto education across universities and finds that digital finance tools and blockchain literacy are
increasingly relevant for maritime finance and supply chain domains. Becker et al. (2017), in a strategic brief by the New Media Consortium,
focus on digital literacy trends in education. Their strategic forecasting identifies essential competencies collaboration, adaptability, and
digital ethics—as key to MET modernization. International Shipping News (2017) reports on maritime training innovations, noting
increased use of simulation, VR, and Al-driven tools in crew training globally. Eason (2016), in Lloyd’s List, introduces the concept of
smart shipping. Through industrial case analyses, he illustrates how sensors, Al, and connectivity are transforming vessel operation and
crew interaction. Sanja et al. (2019) explore autonomous marine vehicles in sea surveillance using a technological feasibility study from
the COMPASS2020 project. They find that integration of such systems in naval operations necessitates concurrent training in control
systems and autonomous navigation.

Michael (2017) again reinforces the dual nature of vocational and academic approaches in MET, highlighting the importance of soft and
technical skills in shaping future-ready seafarers. The BIMCO/ICS Manpower Report (2016) uses global crew surveys to estimate future
manpower needs and suggests integrating digital skillsets to address upcoming demand gaps. Tester (2017), in a report by Clyde & Co and
IMarEST, reviews how technology disrupts traditional shipping models. He calls for industry-wide adaptation through innovation-friendly
training policies. Finally, Franci¢ et al. (2018), in the IAMU proceedings, examine knowledge management at maritime higher education
institutions. Using institutional data and strategic analysis, they recommend a shift toward digital content delivery, continuous professional
development, and integration of intelligent systems for curriculum tracking and assessment.

3. RESEARCH METHODOLOGY

The goal of this research is to define the posture of the maritime industry by reviewing potential significant changes in the digital era and
to make some recommendations for developing a suitable MET system that responds to the existing and future requirements for seafaring
officers in light of the expectations of the digital age.

»  To analyze the impact of digital technologies on maritime training systems.
» To explore innovative tools enhancing seafarer skills in smart shipping.
» To identify strategies for integrating digital competencies into MET curricula.

3.1 Qualitative Content Analysis Approach

This study adopts qualitative content analysis to systematically examine collected data and interpret its underlying meanings. The method
helps in identifying themes, patterns, and categories within the data by organizing and quantifying terms, phrases, and responses. By
applying this structured classification, the study draws connections between technological advances and evolving demands in the maritime
industry. The content analysis supports a deeper understanding of how current developments affect maritime education and provides insight
into the core competencies needed for future seafaring roles, ensuring a more targeted and adaptable approach to Maritime Education and
Training (MET).

3.2 Meta-Synthesis for Future-Oriented Insights

To forecast future trends and challenges in maritime training, the study uses a meta-synthesis approach. This method integrates findings
from multiple qualitative studies, especially those by leading education researchers and futurists. It generates new interpretations and
theories—such as implementation and program theories—by reanalyzing existing research. Meta-synthesis is especially effective in
identifying long-term needs in MET by interpreting various studies across educational contexts. Through this process, the study creates an
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overarching framework to suggest reforms in academic programs and highlight competencies essential for maritime professionals in the
digital era.

3.3 Literature-Based Forecasting and Institutional Review

The methodology includes an extensive literature review sourced from authoritative maritime institutions such as IMO, ICS, BIMCO, and
globally recognized universities and research centers. This review focuses on examining technological innovations and their potential
effects on seafaring roles, especially for deck officers. Conference proceedings, policy papers, and forecasts published by reputed futurists
are analyzed to understand emerging maritime professions. By synthesizing this information, the study proposes recommendations for
updating MET curricula—ensuring alignment with the digital transformation of the industry and aiding maritime institutes and stakeholders
in rethinking education systems for mutual and future benefits.

4. RESULT AND DISCUSSION
4.1 Emerging Breakthrough Technologies and Meta-Trends Shaping Maritime Transformation

The seminal work Exponential Organizations identifies several breakthrough technologies that are set to fundamentally reshape global
industries, including the maritime sector, by introducing not only new capabilities but also entirely new operational models for maritime
education, logistics, and vessel management.

1. Sensors and Internet of Things (IoT)

The proliferation of smart sensors and IoT-enabled devices creates connected ship environments where machinery, cargo, and navigation
systems communicate in real-time. This interconnectedness facilitates predictive maintenance, real-time diagnostics, and streamlined
communication between ships and shore. These systems enable the creation of new business models driven by data transparency,
automation, and remote system monitoring.

2. Artificial Intelligence (Al), Data Science & Deep Learning

Al and data analytics are revolutionizing maritime operations through intelligent routing, weather forecasting, fuel optimization, and
equipment failure prediction. The integration of machine learning and deep learning algorithms allows massive datasets collected from
vessels to be processed into actionable insights. This empowers decision-making, enhances safety, and optimizes operational efficiency.

3. Virtual Reality (VR) and Augmented Reality (AR)

VR and AR technologies offer immersive training and remote assistance solutions. With virtual environments, seafarers can practice
emergency protocols, navigation, and machinery handling in a safe, simulated setting. AR applications allow on-board crew to receive live,
expert instructions during operations, improving maintenance accuracy and training quality.

4. Blockchain and Cryptocurrency Technologies

Blockchain technology introduces decentralized and tamper-proof digital ledgers, offering secure, transparent, and low-cost transactional
systems. These systems are valuable in maritime trade and shipping documentation, particularly for tracking cargo, verifying crew
certifications, and enhancing cybersecurity. Blockchain adoption also facilitates smarter contract execution and fraud prevention across
global shipping networks.

5. Neuro-Feedback and Human Enhancement Systems

Neuro-feedback tools provide cognitive enhancement through real-time monitoring of brain activity, which can be useful in high-stress
maritime environments. These systems aim to improve focus, reduce fatigue, and enhance decision-making, making them particularly
relevant for ship officers and navigators working in autonomous or semi-autonomous vessel operations.

Ismail et al. also emphasize a group of likely meta-trends, which are broader technological trajectories expected to guide global innovation
over the next decade. These include:

° Perfect knowledge through integration of sensors, 1oT, and satellite systems

° Neuro-enhanced performance optimization

. Expansion of 3D virtual environments and immersive workspaces

. Transition from traditional payment models to exponential, blockchain-based financial systems

. Rise of autonomous vehicles, including unmanned surface vessels and drones in maritime operations

The cumulative impact of these technologies is transforming maritime systems. For instance, modern ports are increasingly equipped with
robotic cargo handling, while ships are adopting [oT-based systems to transmit real-time technical data to shipping companies, shipyards,
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and equipment manufacturers. These developments not only enhance operational responsiveness but also reduce downtime and maintenance
costs. Given the digitalization of shipboard systems and port operations, it is now imperative to equip future seafaring officers with robust
IT competencies. Their roles are evolving beyond traditional navigation and engineering to encompass operation, analysis, and maintenance
of sophisticated digital systems. Maritime Education and Training (MET) programs must respond by incorporating Al, [oT, data analytics,
and cyber-physical systems into their core curricula to prepare cadets for the demands of the digital maritime ecosystem.

4.2 Adoption and Effectiveness of Distance Learning in Maritime Education

Traditionally, education has relied heavily on in-person, classroom-based instruction—a model practiced since the dawn of civilization. As
a result, the concept of distance learning initially faced skepticism, particularly due to concerns about the absence of direct teacher-student
interaction and the perceived limitations of virtual classrooms. However, the outbreak of the COVID-19 pandemic triggered a global shift.
In response to health precautions, educational institutions in Turkey—including elementary, secondary, and higher education—began
implementing distance learning on March 23, 2020. The goal was to ensure uninterrupted learning despite widespread closures. This trend
was not limited to Turkey; many other countries also turned to online education as a viable solution. Institutions quickly adapted to digital
platforms and successfully maintained the continuity of academic programs. Notably, a survey conducted by the International A ssociation
of Maritime Universities (IAMU) reported that 96% of maritime higher education institutions transitioned to online teaching during the
pandemic. Students accessed their coursework via various digital platforms from remote locations, while instructors effectively utilized
online tools to deliver content. The experience highlighted the adaptability of the education system and demonstrated that, when properly
implemented, distance learning can be both efficient and sustainable in times of crisis.

Rohotics
Artilicial
Intelligence Biockchain
- ’
Quantum
Computing
Secisl Media PW
PC Internot
1980 1990 2000 2010 2020 2025

Figure 4. Development of IT since 1980

The COVID-19 pandemic led to widespread school closures, impacting over 1.2 billion students globally and accelerating the adoption of
online learning. Digital platforms enabled smooth transitions to virtual education. Post-pandemic, distance learning is expected to grow
significantly, supporting continuous professional development (CPD) through flexible, tech-driven education delivery systems.

4.4 Evolving Skillsets and Competency Demands for Future Seafarers in the Digital Era

The increasing digitalization of vessels is fundamentally transforming the roles and responsibilities of future seafarers. As ships become
more reliant on computer-based systems and cyber-physical networks, the crew's role is shifting from traditional mechanical operations to
digital system oversight. Future maritime professionals must not only maintain conventional skills but also develop a level of digital fluency
that allows them to effectively monitor, operate, and troubleshoot complex automated systems. The concept of “monitoring the machine”
is evolving—now extending beyond the engine room to include interconnected, intelligent shipboard systems.

In this hyper-connected maritime environment, crews will work collaboratively with shore-based experts, supported by 24/7 remote
assistance from their companies and partners. Remote operations will play an increasingly vital role, with seafarers managing multiple
vessels from onshore control centers. These roles will require in-depth knowledge of automation, cybersecurity, data interpretation, and
real-time decision-making. Importantly, maritime professionals must also be trained to detect and respond to erroneous or misleading data
produced by automated systems, which, if unchecked, could lead to operational hazards or accidents. The transition to remote and
autonomous ship operations highlights a significant challenge: ensuring seamless coordination between seafarers, port authorities,
charterers, regulators, and other maritime stakeholders. The future of maritime work will demand cross-disciplinary collaboration, blending
operational expertise with digital innovation. To meet these emerging demands, Maritime Education and Training (MET) institutions must
urgently revise their curricula. They should focus on equipping students with competencies in automation, systems control, data literacy,
and remote monitoring technologies—without overloading class hours. The integration of simulation-based learning and digital scenario-
based training can offer realistic and adaptive learning environments.

Despite the rise of autonomous technologies, studies such as Meadow et al. (2018) reveal that the human factor remains indispensable in
maritime operations. Their survey showed that 85% of respondents agreed that human skills will continue to be essential in the long-term
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future of shipping. While automation may increase operational efficiency, many experts question its reliability in handling safety-critical
situations. Additionally, seafarers express skepticism about fully replacing human operators with machines, especially in terms of accident
prevention and risk management. Furthermore, survey participants noted that human error is often unfairly used as a scapegoat for accidents
at sea, creating a “blame culture.” This perception underscores the continued need for human oversight and intervention aboard
technologically advanced vessels. Therefore, future maritime strategies should not aim to eliminate the human element but rather empower
it through smart integration of digital tools and robust training. In conclusion, while digital transformation offers exciting opportunities, it
also demands a strategic rethinking of seafaring roles and MET program structures. Bridging the gap between technological advancement
and human adaptability will be key to building a future-ready maritime workforce.

4.5 Top 10 Trends in the Maritime Industry (2025)

l. Artificial Intelligence

2. Clean Energy

3. Maritime Robotics

4. Energy-Efficient Integrations
5. Maritime IoT

6. Blockchain

7. Big Data & Analytics

8. Immersive Reality

9. 5G

10. Cybersecurity

1. Innovation Map outlines the Top 10 Maritime Trends & 20 Promising Startups

For this in-depth research on the Top Maritime Industry Trends and startups, we analyzed a sample of 1163 global startups & scaleups. This
data-driven research provides innovation intelligence that helps you improve strategic decision-making by giving you an overview of
emerging technologies in the maritime industry. In the Maritime Industry Innovation Map below, you get a comprehensive overview of the
innovation trends & startups that impact your company.

These insights are derived by working with our Big Data & Atrtificial Intelligence-powered StartUs Insights Discovery Platform, covering
4.7M+ startups & scaleups globally. As the world’s largest resource for data on emerging companies, the SaaS platform enables you to
identify relevant technologies and industry trends quickly & exhaustively.

Top 10 Maritime Trends
& Innovations in 2024

Maritime

Fig.5: Innovation Map outlines the Top 10 Maritime Trends & 20 Promising Startups
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Trend Applications Example Startups

Predictive maintenance, autonomous navigation, fuel optimization

digital twins Orca Al, Bearing

Artificial Intelligence

Clean Energy Biofuels, electric propulsion, hydrogen, solar/wind power integration TECO 2030, Unnmukt Urja

Underwater robots, drones, port and vessel maintenance, rescue

. Alicia Bots, MarineRS
operations

Maritime Robotics

Energy-Efficient Engine efficiency, hull design, waste heat recovery, advanced coatings CARNOT, FinX

Integrations
.. Real-time monitoring, emission tracking, structural integrity, fleet

Maritime IoT R & & gy, Wattson Elements, ACUA Ocean

visibility
. Tamper-proof records, smart contracts, marine cargo insurance, e- .

Blockchain Marified, TDIS

passports
. . Route optimization, condition monitoring, pricing analytics, fleet . .
Big Data & Analytics p &P g Y OrbitMI, Kaiko Systems

intelligence

VR/AR for training, simulation, design, remote maintenance and

. . YachtingVerse, STEELCAD
mspection

Immersive Reality

TMS  Maritime  Solutions, JET

5G High-speed, low-latency communication, smart ports, search & rescue . .
Engineering

Asset mapping, threat detection, real-time alerts, compliance

. CYDOME, CyberOwl
automation

Cybersecurity

4.6 Challenges in Maritime Education and Competency Gaps

The future maritime workforce is expected to embody diversity, social responsibility, adaptability, and strong personal achievement.
However, traditional maritime education systems struggle to align with these evolving demands. Education remains narrow, rigid, and
bureaucratic, lacking responsiveness to fast-changing industry requirements. A major concern is the disconnect between academic curricula
and practical industry expectations. For example, employers highlight the need for quick learners with strong communication,
independence, and teamwork—skills often underemphasized in formal training. Additionally, the lengthy process of curriculum updates
means that programs may become outdated before implementation. There is also minimal interdisciplinary integration; subjects are taught
in silos, ignoring the interconnectedness of modern challenges, such as environmental sustainability and digitalization. Teachers often
remain unaware of content in related courses, which hinders holistic learning. A solution proposed includes restructuring specialty courses
to integrate subject knowledge, environmental awareness, and ICT literacy into a cohesive, multidisciplinary framework. This approach
fosters both specialization and broad understanding—critical for effective, modern maritime professionals.

4.7 Rethinking Curriculum and Lifelong Learning

Modern maritime education must move beyond static degree programs and adopt a lifelong, modular learning structure. The current model
often fails to accommodate the rapid shifts in technology and societal expectations. Educational institutions must offer flexible, continually
updated "blocks" or modules that students can combine and customize during their studies. These should not only focus on technical
competence but also emphasize environmental consciousness, social responsibility, and digital proficiency. Entrepreneurship education, for
instance, should be reimagined to balance business acumen with environmental and social considerations. Qualities like initiative and risk
tolerance must be nurtured from early education, not expected to develop only at the university level. Furthermore, assessment should not
end at graduation; instead, certifications must be seen as milestones within a broader journey of continuous learning and adaptation. In this
new paradigm, the emphasis shifts from mere knowledge acquisition to holistic development and readiness to meet the uncertain demands
of the digital maritime future.

4.8 Redefining the Role of Teachers and Smart Shipping Demands

Educators in maritime fields must evolve from being sole knowledge providers to facilitators of collaborative, experience-based learning.
Given the fast pace of digital transformation, lecturers must be up-to-date in both practical seamanship and ICT. Traditional teaching
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methods such as “do as I do” are no longer sufficient. A more effective approach is collaborative learning—*let’s think together and find
solutions.” Teachers must be adept at working across disciplines and with students to foster project-based and problem-solving learning.
This new model demands not only technological fluency but also emotional intelligence and teamwork. In parallel, smart shipping concepts
are reshaping seafarer training. Fully autonomous ships, while technically feasible, may pose excessive risks, especially for ocean-going
vessels. A more viable alternative is semi-autonomous shipping, with onboard crew (e.g., the “3M” model with three masters) or part-time
personnel (e.g., the “Master-Pilot” model). These operators must blend ICT expertise with traditional seamanship. Consequently, future
training must be two-tiered: foundational seafaring per STCW standards, followed by advanced ICT and decision-making education for
smart ship operators. The ultimate goal is to develop leaders who can work with Al systems, intervene during crises, and ensure operational
excellence in an increasingly digital maritime environment.

4.9 Aligning Maritime Education and Training (MET) with Industry Needs

The rapid advancement of innovation and technology has significantly impacted organizational structures and management practices across
industries, including the maritime sector. These developments have also reshaped the expectations placed on seafarers. To explore these
shifts, Meadow et al. [10] conducted a study focused on the maritime industry's expectations of mariners. Their findings revealed that 85%
of respondents believed that seafarer skills will continue to be a crucial element in the long-term future of the shipping industry, despite the
increasing presence of automation. While autonomous ships are gaining attention for their operational efficiency, concerns persist regarding
their reliability in ensuring safety. A substantial portion of industry professionals still views human expertise and decision-making as more
dependable than current autonomous systems. This skepticism is further reflected in the findings presented in Figure 7, which indicates that
human error is often blamed disproportionately for maritime accidents, contributing to a negative perception of onboard personnel.
Moreover, when questioned about the safety of replacing human operators with machines, many seafarers expressed doubt. They remain
cautious about fully automating vessel operations, citing unresolved safety issues and a lack of trust in machine-based decision-making.
These insights underline the importance of retaining and continuously upgrading human competencies, even as the maritime industry
embraces technological transformation.

Fig. 7: Replacing human operators on-board ship with machines will create a safer industry.
4.10 Evolving Role of MET Institutes in Addressing Future Seafarer Demands

Maritime Education and Training (MET) institutes play a critical role in equipping seafarers with the skills and knowledge required to meet
the dynamic needs of the maritime sector. Their responsibility goes beyond basic training—it encompasses the transfer of updated
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knowledge, ensuring competence, addressing emerging industry challenges, and fostering adaptive change. As technology continues to
evolve rapidly, MET institutions must integrate relevant advancements into their curricula to remain aligned with industry requirements.
The ICS/BIMCO Manpower Report (2016), considered the most authoritative in this field, predicts a growing shortage of qualified officers
despite improvements in recruitment and training over the previous five years. It estimates a global shortfall of 147,500 officers by 2025,
accounting for over 18% of the expected demand. Even with projections of 1,000 fully autonomous and 2,000 semi-autonomous vessels by
2025, which might reduce seafarer demand by 30,000-50,000, there will still be an increased need for highly skilled personnel such as
remote operators, next-generation pilots, and technical support crews. As Kevin Tester [21] noted, the rise of autonomous vessels is expected
to transform maritime jobs rather than eliminate them, likely generating new types of employment opportunities and fostering broader
industry prosperity. To address these changes, MET institutions must both scale up and evolve. Increasing the number of cadets is vital to
counter the officer shortage, but so is enhancing training quality. Curricula should reflect current and future maritime operations,
incorporating essential skills to manage automated and semi-automated ships. Additionally, maritime higher education institutions (MHEIs)
must balance two essential bodies of knowledge: professional standards, as prescribed by the STCW Convention, and a robust academic
foundation. Universities should focus not only on preparing students for the present but also for the technological challenges of the future.
With modern vessels relying heavily on automation, robotics, and advanced IT systems, there is a clear need to include data management,
automation, and decision support systems as core subjects. These should be embedded into the STCW framework and taught within MET
institutes to ensure the next generation of maritime officers are future-ready.

5. RECOMMENDATIONS
FEducational Frameworks

To adapt to the evolving digital landscape, a dynamic, technology-driven curriculum should be developed for maritime education. This
would integrate digital tools such as Artificial Intelligence (AI), Virtual Reality (VR), and cloud-based simulators. Adaptive learning models
can also be employed, ensuring personalized learning pathways that respond to individual learning styles and progress. This would prepare
seafarers for complex digital and automated environments, aligning with industry needs.

Faculty Development

Maritime instructors must undergo continuous professional development programs to adapt to new technologies. This includes training in
emerging areas such as cybersecurity, machine learning, and remote vessel operations. Upskilling faculty members is essential to ensure
they can effectively teach the evolving curriculum and use innovative teaching tools like VR simulations and remote learning systems.

Regulatory Support

Industry regulations, particularly those set by the International Maritime Organization (IMO), should provide frameworks that support the
integration of digital tools in training, This includes setting standards for digital competency, endorsing remote learning platforms, and
ensuring that certifications align with technological advancements.

Collaboration and Global Standards

Encouraging global collaboration to establish standards for digital maritime education and training is crucial. This can involve partnerships
between maritime academies, international regulators, and technology providers, ensuring uniformity in digital education and enhancing
the global workforce’s readiness.

6. CONCLUSION
Summary of Findings

The study highlights the pressing need for modernizing Maritime Education and Training (MET) systems to keep pace with technological
advancements in the maritime industry. Key findings emphasize that digital tools like AI, AR/VR, and blockchain are transforming
operational and educational frameworks. MET institutions need to embrace these technologies to bridge competency gaps, address
workforce shortages, and enhance training effectiveness.

Future Directions

The future of MET lies in the integration of technologies such as Al, Internet of Things (IoT), and blockchain into educational curricula.
These advancements promise to improve real-time training, automation understanding, and cybersecurity awareness, vital for preparing
future seafarers. The continued digitalization of maritime operations demands MET systems to be more flexible and responsive.

Final Thoughts
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The maritime sector must undergo a swift digital transformation to address the evolving demands of the industry. This includes adopting
more flexible learning models, fostering faculty development, and ensuring that MET systems align with technological changes. By doing
so, the maritime workforce will be equipped to tackle future challenges and contribute to safer, more efficient global shipping operations.
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