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The study discusses the ongoing digital transformation in the maritime industry and its 
impact on Maritime Education and Training (MET). It highlights the need for MET 
frameworks to adapt to Industry 4.0 demands by incorporating advanced technologies 
such as Artificial Intelligence (AI), Virtual Reality (VR), and Autonomous Systems. The 
study also emphasizes the limitations of traditional vocational education models in 
preparing a workforce skilled in data literacy, mechatronics, and cybersecurity. The 
objective of the paper is to examine the integration of advanced digital technologies 
into maritime educational curricula and to identify the major barriers, effectiveness, 
and future requirements for implementing “Next Generation Education” in maritime 
training. The study employs a literature review approach by conducting a 
comprehensive synthesis of recent research related to digital technologies in MET. The 
analysis is guided by theoretical frameworks including the Technology Acceptance 
Model (TAM), the Unified Theory of Acceptance and Use of Technology (UTAUT), and 
the Attention, Relevance, Confidence, and Satisfaction (ARCS) Model of Motivation to 
evaluate gamification and immersive simulation technologies. The study found that the 
integration of advanced technologies significantly enhances the effectiveness of MET. 
VR-enhanced training was reported to improve knowledge retention by up to 75%, 
while gamified learning platforms substantially increased student engagement and 
academic performance, with post-test scores improving from 5/30 to 27/30 in 
specialized communication training. Despite these benefits, the study identified 
several challenges to digital adoption, including rigid curricula and the global digital 
divide. The findings also emphasized that successful technological integration requires 
continuous professional development for educators and revisions to international 
regulatory frameworks, particularly the International Convention on Standards of 
Training, Certification and Watchkeeping for Seafarers (STCW), to support the 
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intelligence; autonomous shipping; 
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development of “Next Generation Education” for safer and more efficient maritime 
operations. 

 
1. Introduction 
 

The global maritime sector serves as the backbone of international trade, transporting 
approximately 90% of global goods [1]. In recent years, this critical infrastructure has faced a 
convergence of pressures, including rapid technological advancements, environmental regulations, 
and the seismic disruption caused by the COVID-19 pandemic [1]. Historically, Maritime Education 
and Training (MET) has functioned within a vocational paradigm, prioritizing the acquisition of 
manual competencies for deck and engine officers [2]. However, the emergence of the Fourth 
Industrial Revolution (Industry 4.0) has introduced a "wholesale change" that fuses the physical, 
digital, and biological worlds, transforming vessels into complex mechatronic systems [3].  

The digital transformation of the maritime industry encompasses a broad spectrum of 
technologies, ranging from Artificial Intelligence (AI) and Big Data to blockchain and the Internet of 
Things (IoT) [1]. These innovations are not merely peripheral tools but are fundamental to the 
operational safety and efficiency of modern fleets. For instance, the transition toward Maritime 
Autonomous Surface Ships (MASS) requires seafarers to evolve from manual operators into systems 
managers, capable of overseeing automated processes and making critical interventions when 
machine logic fails [3]. Consequently, the industry is witnessing an urgent demand for "Industry 4.0 
seafarers"—professionals who possess a multidisciplinary understanding of software, electrical 
systems, and mechanical engineering [3]. 

The disruption of the COVID-19 pandemic accelerated the adoption of Online and Distance 
Learning (ODL), highlighting both the potential and the limitations of current digital infrastructure 
[2]. By April 2020, school closures had affected approximately 1.6 billion learners globally, 
necessitating a swift transition to remote education [2]. While ODL platforms like Moodle have 
provided flexibility and continued access to education, they have also exposed a significant "digital 
divide," where institutions in developing regions struggle with inadequate internet connectivity and 
a lack of modern simulation tools [4]. Furthermore, the lack of a standardized global framework for 
digital maritime education has led to uneven training quality, placing some cadets at a disadvantage 
in a highly competitive international job market [5].  

The significance of this research lies in its potential to inform policymakers, educational 
institutions, and industry stakeholders as they navigate the complexities of the digital shift. Although 
previous studies have discussed the adoption of digital technologies in MET, there remains a lack of 
comprehensive understanding regarding the effective integration of immersive technologies, 
gamification, and digital learning frameworks within diverse maritime educational contexts. In 
addition, limited attention has been given to the challenges posed by the global digital divide, 
curriculum rigidity, and the preparedness of existing international training standards, particularly the 
STCW Convention, in addressing Industry 4.0 competency requirements. Therefore, the objective is 
to identify a clear roadmap for "Next Generation Education," ensuring that the future maritime 
workforce is equipped with the technical and human-centric skills required for a safer, smarter, and 
more sustainable industry. This review focuses on the current state of immersive technologies, 
gamification, and the broader socioeconomic shifts in MET across diverse geographic contexts [5].  
 
 
 
 



Semarak International Journal of STEM Education  
Volume 10, Issue 1 (2026) 1-11 

3 
 

2. Methodology 
 

The research presented in this report is grounded in a systematic literature review (SLR) of peer-
reviewed journals, institutional reports, and industry publications produced primarily between 2019 
and 2026 [6]. The search strategy utilized the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) 2020 guidelines to ensure transparent and reproducible results [6]. 
Databases such as Web of Science, Scopus, and the International Maritime Organization (IMO) 
archives were utilized to ensure the breadth and quality of the data. 

The analysis employed a mixed-methods approach, combining theoretical analysis with 
quantitative data from quasi-experimental designs [5]. Theoretical frameworks such as the 
Technology Acceptance Model (TAM), the Unified Theory of Acceptance and Use of Technology 
(UTAUT), and the ARCS Model of Motivation were used to evaluate the determinants of user 
acceptance and learning efficiency. These models provide a robust lens through which to examine 
the psychological and organizational factors that influence how seafarers and educators interact with 
new digital tools. 

Data from quasi-experimental studies, such as the investigation of gamification in Standard 
Marine Communication Phrases (SMCP) training, were analyzed using Pearson (r) statistics to 
determine correlations between engagement and achievement [2]. Furthermore, the study 
incorporates large-scale survey data from diverse geographic regions, including a systematic analysis 
of 180 maritime students across regions such as Egypt, India, the United Kingdom, and Nigeria [5]. 
Reliability and validity were assessed using measures such as Cronbach's Alpha, with the SMCP 
engagement questionnaire achieving a high reliability value of 0.963 [2]. Path analysis using Partial 
Least Squares Structural Equation Modeling (PLS-SEM) was also integrated to evaluate the direct and 
indirect effects of technological proficiency on adoption [7].  
 
3. The Broadened Perspective of Maritime Education and Training 
 

The traditional definition of MET, primarily focused on training seafarers for merchant vessels, is 
no longer sufficient for the contemporary industry [2]. A broader perspective is required to 
encompass the full lifecycle of maritime operations and services. MET must now be viewed as an 
integrated educational system that cultivates talent for ship building, vessel operations, maritime 
management, and high-level shipping services such as finance, law, and insurance [2]. 
 
3.1 The Evolution of MET in China 
 

The Chinese maritime sector provides a compelling case study of this broader educational 
evolution. MET in China has expanded to support a domestic fleet that controls over 10% of the world 
total [2]. The typical MET model is categorized into higher education (four-year degree programs), 
senior vocational (three-year officer training), and junior vocational (three-year ratings training) [2]. 
However, the rising complexity of global trade has necessitated the growth of "Maritime Services 
Education," focusing on maritime finance, law, and brokerage [2]. 
 
Table 1 
Recruitment data for typical and service-based MET in China (2008-2012) 

MET Category 2008 2009 2010 2011 2012 
Higher MET 
(Degree) [2] 

4,604 4,589 4,475 5,723 5,271 
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Senior 
Vocational [2] 

9,182 11,026 12,829 13,050 9,683 

Junior Vocational 
(Ratings) [2] 

15,472 18,318 23,324 15,767 7,349 

BSc Shipping 
Management 
(SMU) [2] 

- 220 206 227 195 

LLB Maritime 
Law (SMU) [2] 

- 158 160 146 97 

 
This data reflects a shift in strategy where hardware-centered growth is increasingly matched by 

software-centered human resource development [2]. Despite these advances, the Chinese system 
faces challenges such as high teacher-student ratios (approximately 1:25) and a curriculum that is 
often "heavy on theory and light on practice" [2]. 
 
3.2 Transitions from Sea to Shore 
 

A critical aspect of the modern MET paradigm is the support of career transitions from shipboard 
to land-based environments [8]. As digital systems enable remote control and shore-side 
management, the expertise of experienced seafarers is vital for technical and administrative roles on 
shore [8]. Research suggests that "Industry 4.0 seafarers" must possess soft skills such as critical 
thinking, people management, and emotional intelligence to succeed in these new roles [3]. The 
integration of "Business English" and maritime finance into seafaring curricula can enhance the 
communicative resilience of seafarers as they move into managerial and leadership positions [8]. 
 
4. Immersive Technologies and Simulation-Based Learning 
 

The use of simulators in MET is an essential component for developing seafarer competencies, 
mandated by the STCW Convention [2]. However, the emergence of immersive technologies—
including Virtual Reality (VR), Augmented Reality (AR), and Mixed Reality (MR)—is creating a 
paradigm shift in how simulations are delivered and experienced [9].  
 
4.1 Comparison of Simulation Modalities 
 

Traditional full-mission simulators are high-end installations that replicate a 1:1 scale working 
environment, representing a significant infrastructure investment [2]. In contrast, the latest 
generation of Head-Mounted Displays (HMDs), such as the Varjo XR-4 series, offers a portable, 
relatively low-cost alternative that can be deployed "anywhere, anytime" [2]. Studies indicate that 
these immersive systems can improve knowledge retention by 75% compared to traditional methods 
[1]. 
 
Table 2 
Comparative analysis of simulation technologies 

Technology Description Primary Benefit Limitations 
Full-Mission [2] Scale 1:1 duplication High fidelity, standard 

certification 
High cost, fixed location 

Virtual Reality (VR) [9] Fully immersive 3D world Safe practice of high-risk 
tasks 

Possible motion 
discomfort (9%) [10] 

Augmented Reality [2] Overlay of digital on real 
world 

Hands-free data during 
operations 

Limited immersion 
compared to VR 
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Mixed Reality (MR) [9] Hybrid interaction of 
real/digital 

Advanced collaborative 
drills 

Emerging, high tech 
requirement 

 
VR training allows seafarers to encounter complex scenarios—such as oil spills, engine room fires, 

or confined space navigation—within a controlled environment that provides "the freedom to fail" 
without real-world consequences [11]. One participant noted that while textbooks provide theory, 
VR allows one to learn where specific levers are and how to act, transforming abstract knowledge 
into "embodied understanding" [11]. 
 
4.2 Determinants of User Acceptance 
 

The adoption of VR in MET is influenced by perceived cognitive benefits (PCB), perceived 
enjoyment (PE), and perceived ease of use (PEU). PLS-SEM analysis confirms that immersive realism 
significantly enhances learning efficiency, provided that institutional support and instructor 
engagement are present. However, technical readiness remains a concern; some senior officers have 
expressed skepticism regarding VR realism compared to traditional full-mission bridges [10]. 
Furthermore, motion sickness remains a barrier for roughly 9% of users [10]. 
 
5. Gamification and the ARCS Model of Motivation 
 

Keeping students' attention is a perennial challenge in MET, particularly when teaching technical 
and dense material like the SMCP [2]. Gamification—using game elements in non-game contexts—
has emerged as a transformative pedagogical strategy to enhance student engagement [12].  
 
5.1 Case Study: SMCP Learning via Kahoot! 
 

A quasi-experimental study conducted at a Malaysian maritime academy explored the use of 
Kahoot! to improve student engagement during SMCP lessons [2]. The study followed a four-week 
procedure involving pre-tests, learning interventions via Kahoot! challenges and live quizzes, and 
post-tests [2]. The interventions were designed based on the ARCS Model [2]. 
 
             Table 3 
              Student Course Engagement Questionnaire (SCEQ) mean scores (n=128) 

Engagement Indicator Mean Score Interpretation 
Really desiring to learn the IMO SMCP [2] 3.88 Moderate-High 
Having fun in class activities and discussions [2] 3.88 Moderate-High 
Show effort in memorizing SMCP phrases [2] 3.88 Moderate-High 
Participating actively in pair work/group discussions [2] 3.56 Moderate-High 
Assessing own learning and progress in class [2] 3.88 Moderate-High 

 
The study revealed a significant correlation between the desire to learn and the effort put into 

memorization (r = 0.383, p < 0.01) [2]. Results showed a dramatic increase in performance; the 
average pre-test score was 5 out of 30, whereas the average post-test score was 27 out of 30 [2]. 
These findings demonstrate that gamification effectively bridges the gap between engagement and 
academic outcomes.  
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5.2 Serious Gaming and Industry Readiness 
 

Beyond classroom quizzes, "serious games" such as "Oh Ship!" are being developed to bridge the 
gap between conventional education and industry standards [12]. These games use reward 
systems—including points, leaderboards, and "unlocked" levels—to encourage achievement and 
time-on-task [13]. By simulating port operations and vessel navigation, serious games foster high 
levels of knowledge retention and preparedness for real-world maritime challenges [12]. 
 
6. Distance Learning in the Post-Pandemic Era 
 

The COVID-19 pandemic necessitated a rapid transition from traditional classrooms to online and 
distance learning [2]. This shift revealed both systemic challenges and innovative opportunities for 
maritime institutions. 
 
6.1 Website Performance and Learner Satisfaction 
 

In the ODL environment, an institution's website serves as the primary "information gateway" 
[2]. A study at Uttarakhand Open University analyzed the awareness and satisfaction levels regarding 
e-services [2]. Results indicated that while a majority of learners were satisfied with basic tasks like 
online admissions (90% for males, 71% for females), they were often unaware of more sophisticated 
e-learning resources [2].  
 
Table 4 
Learner awareness of institutional e-services by gender (%) 

e-Service Awareness 
Indicator 

Male (Yes) Male (No) Female (Yes) Female (No) 

Link to online 
admissions [2] 

89.0 11.0 80.0 20.0 

University 
recognition letters 
[2] 

41.1 58.9 41.3 58.8 

e-learning portal link 
[2] 

50.7 49.3 43.8 56.3 

Access to video-
recorded lectures [2] 

52.1 47.9 53.8 46.3 

Evaluation results 
download [2] 

97.3 2.7 90.0 10.0 

 
The high percentage of learners unaware of recognition letters (58.9%) and the e-learning portal 

(56.3%) highlights a need for improved website navigation and visual clarity [2]. Furthermore, 
satisfaction remained low for services like mobile applications and complaint handling, often due to 
poor connectivity in remote areas [2]. 
 
6.2 The Digital Divide and Institutional Resilience 
 

The shift to remote learning has exacerbated achievement gaps [2]. While private institutions 
often adapted quickly, public institutions frequently faced resource-based challenges [2]. To address 
these issues, institutions must prioritize "digital sustainability"—developing resilient frameworks 
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through continuous professional development for educators and the integration of adaptive learning 
technologies (ALTs) [3]. 
 
7. The Human Element: Skills, Ethics, and Mental Health 
 

Despite the increasing prevalence of automation, the human element remains the most critical 
factor in maritime safety [5]. The seafarer's role is shifting from manual laborer to "supervisor of the 
machine" [1].  
 
7.1 Human-Machine Interaction and MASS 
 

The emergence of MASS introduces complex challenges in human-machine interaction [14]. The 
2021 BIMCO/International Chamber of Shipping (ICS) Seafarer Workforce Report identified a critical 
officer shortage, predicting a global shortfall of 147,500 officers by 2025 [1]. While autonomous 
shipping may reduce traditional demand by 30,000 to 50,000, it creates an urgent need for remote 
operators and technical support crews [1]. 
 
                           Table 5 
                              Short-term and long-term shortage projections for seafarers 

Projection Metric Value 
Global trade transported by sea (2023) [1] > 80% 
Additional officers needed by 2026 (BIMCO/ICS) [1] 89,510 
Estimated officer shortfall by 2025 [1] 147,500 
Shortfall as a percentage of total demand [1] > 18% 
Reduction in traditional demand due to autonomy [1] 30,000 - 50,000 

 
Research indicates that 85% of industry respondents believe human skills remain indispensable, 

particularly for ethical judgment and emergency response [1]. Hybrid competency models" must 
balance technical expertise in data analysis with soft skills like leadership and emotional intelligence 
[3]. 
 
7.2 Well-Being and Professional Development 
 

The rapid transition to digital environments has impacted the mental health of students and 
educators, leading to increased isolation and digital fatigue [2]. Educational institutions have an 
ethical responsibility to support digital well-being by promoting self-care and providing remote 
counseling. 

Professional development is essential to equip educators with the skills to design inclusive online 
experiences [15]. PLS-SEM analysis reveals that teacher technological proficiency positively 
influences the perceived usefulness of new technologies ($ \beta = 0.457, p < 0.001 $) [7]. Ongoing 
training in Learning Analytics Dashboards and AI-based assessment tools can empower instructors to 
become effective facilitators [7]. 
 
8. Emerging Technological Trends and Future Outlook 
 

The trajectory of MET is defined by increasingly sophisticated digital technologies, including 
robotics, blockchain, and 5G connectivity [1]. 
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8.1 Maritime Robotics and Automation 
 

Modern robotics is transforming efficiency through innovations such as autonomous hull 
cleaners, which can improve fuel efficiency by up to 5% [16]. Humanoid robots like SAFFiR (Shipboard 
Autonomous Fire Fighting Robot) are being developed to detect and suppress fires alongside human 
crew [17]. In the defense sector, unmanned surface vessels act as a "force multiplier," allowing 
broader surveillance with lower operational costs [18]. 
 
8.2 Blockchain and Supply Chain Transparency 
 

Blockchain technology offers a decentralized, immutable ledger system that can revolutionize 
Maritime Supply Chain Management (MSCM) [6]. By digitizing key documents like bills of lading, 
blockchain enhances data integrity and reduces paper-based documentation [6]. The integration of 
Zero-Knowledge Proofs (ZKPs) allows for compliance verification without revealing commercially 
sensitive trade secrets [19]. For MET, blockchain can securely manage seafarer records and 
certifications [6]. 
 
8.3 5G and the Digital Twin Model 
 

The implementation of 5G connectivity provides the bandwidth and low latency required for 
real-time data flow, enabling Digital Twin (DT) models of ships and ports [17]. A DT is a virtual replica 
that mirrors a physical asset, allowing for predictive maintenance and informed decision-making [20]. 
Maintenance crews can receive alerts for engine parameters or cargo conditions as they occur [20]. 
In educational contexts, hands-on experience with DT implementation provides students with a 
sophisticated understanding of interconnected operational elements [21].  
 
9. Regulatory Challenges and Cybersecurity 
 

The pace of innovation frequently exceeds the ability of regulatory bodies to adapt [4]. The STCW 
Convention remains the cornerstone of certification but currently lacks comprehensive standards for 
digital skills, cybersecurity, and autonomous operations [5]. 
 
9.1 Cybersecurity Awareness 
 

Increased reliance on digital systems creates significant vulnerabilities [4]. Cybersecurity 
incidents have underscored the "previously present risks" that are now urgent training challenges 
[4]. Seafarers must be trained in "cyber hygiene" and threat response, as mandated by IMO 
Resolution MSC.428(98) [1]. MET curricula must evolve to cover not only technical security but also 
the human aspects of cyber threats [4]. 
 
9.2 The STCW Review and MASS Code 
 

The IMO is conducting a comprehensive review of the STCW Convention to address digital age 
needs [22]. A non-mandatory MASS Code is expected to be adopted by May 2026, aiming to provide 
a goal-based safety framework for autonomous shipping [23]. 
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                Table 6 
                Degrees of autonomy for MASS (IMO) 

Degree Description 
Degree 1 [23] Automated processes and decision support; seafarers on board to control 
Degree 2 [23] Remotely controlled ship with seafarers on board to take control if needed 
Degree 3 [23] Remotely controlled ship without seafarers on board 
Degree 4 [23] Fully autonomous ship; system is able to make decisions by itself 

 
10. Conclusion and Strategic Recommendations 
 

The maritime industry is entering a transformative era where digitalization, automation, and 
sustainability are redefining global shipping. The future of MET depends on a fundamental paradigm 
shift from traditional vocational models to technology-enhanced frameworks. 
 
10.1 Key Findings Summary 
 

1. Pedagogical Efficacy: Gamification significantly bolsters student engagement and academic 
scores, with post-test improvements of over 400% in specialized communication phrases [2]. 
Immersive VR training improves knowledge retention by up to 75% [1]. 

2. Technological Integration: AI, blockchain, and 5G are revolutionizing vessel maintenance, 
supply chain transparency, and real-time decision-making [1]. 

3. Human Factors: Seafaring roles are evolving into "machine supervision," requiring situational 
awareness and soft skills [1]. 

4. Barriers: Curriculum rigidity, teacher technological gaps, and the digital divide are the primary 
hurdles to progress [5]. 

 
10.2 Strategic Recommendations 
 

• Curricular Reformation: Institutions must integrate digital literacy, cybersecurity, and 
environmental compliance into core curricula [24]. 

• Infrastructure Investment: Governments should invest in scalable cloud-based simulation and 
regional digital platforms to bridge the digital divide [4]. 

• Teacher Empowerment: Continuous professional development programs focusing on digital 
pedagogy and learning analytics are essential [24]. 

• Regulatory Modernization: The IMO should accelerate the update of STCW standards to 
incorporate the skills required for Degree 1-4 autonomous operations [5]. 

 
By embracing these strategies, the maritime educational sector can effectively navigate the 

complexities of the digital age, ensuring the safety, efficiency, and sustainability of the global shipping 
industry. 
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