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Abstract 

The maritime industry is changing fast and in a sustainable direction. In response to these changes, 

maritime education must train analytical, innovative professionals who can adjust to continuously 

changing conditions on board ship. This review paper examines research-based learning as a cutting-edge 

model for marine engineering and nautical science education. In contrast to conventional instruction, 

where memorisation, and standardised simulation frequently takes the spotlight, RBL brings problem-

solving, inquiry and cooperation up front in terms of learners' experience. Relying on global best practice 

case analysis, academic literature and experiential evidence, the study demonstrates how RBL enables 

critical thinking, leadership and practical competence and it also sheds light on challenges faced including 

regulatory constraints and resource deficiencies. By embedding research in teaching and learning, 

fostering industry engagement through collaboration and capitalising on immersive technologies, 

maritime educators can embrace RBL to ensure that students are prepared for the opportunities and 

challenges of a future globalised maritime sector. 
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1. Introduction 

Shipping and maritime activities are the cornerstone of global commerce, logistics and natural resources 

management. With the increased level of technology in vessels and the move towards higher sustainability 

procedures, training for marine engineering students and nautical science students must be dramatically 

revised. Traditional maritime education and training (MET) has been characterised by fragmented lecture, 

simulation drill, and assessment approaches linked to regulation compliance such as the Standards of 

Training, Certification and Watchkeeping (STCW). But such a traditional approach can fail to adequately 

equip students with the skills needed for higher-value challenges in today’s world—especially when 

complex decision making, environmental stewardship and interdisciplinary teaming are required. [1] 

 

Recent pedagogical research advocates for the shift from passive learning toward research-based learning, 

which immerses students in inquiry, critical analysis, and reflective practice. This review paper explores 
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how RBL can transform maritime education, describing foundational theories, successful application 

models, and both the benefits and difficulties encountered by educators and institutions. 

 
Theoretical Foundations of Research-Based Learning 

The origins of RBL lie in constructivist learning theory, according to which learning is deepened when 

learners are actively involved in problem solving tasks or experience with experiment design and 

reflection on their results. Unlike knowledge transmission, RBL invites students to engage with knowledge 

by asking a question through data collection and collaborative work of making sense. It could be, for 

example, when related to marine engineering or nautical science, creating propulsion systems tests and 

evaluating them; reducing fuel consumption; navigational tests, cargo loading and unloading techniques, 

stability, simulating emergency situations and knowing cause and effect. 

Educational scholars, for example, Bada and Olusegun (2015) as well as Clark (2018) have posited that 

constructivism is more conducive to skills acquisition—such as analytical thinking, situational awareness 

and ethical reasoning—which might not be fully achieved using traditional teaching methods only. In such 

research-based modules, instructors engender a learning environment where while they provide the 

framework for inquiry, students are free to explore, fail, and adapt—cultivating a culture of lifelong 

learners. [3] 

 

Research-Based Learning in Practice: Models and Formats 

The maritime sector offers varied opportunities to implement RBL. The following methods have gained 

particular traction: 

 

1. Problem-Based Learning (PBL): 

PBL places small groups of students in real-world situations, such as fixing equipment or dealing with 

navigation challenges. Students are prompted to frame-re-frame problems, test hypotheses and ideate 

solutions, with input from industry specialists or onboard data. Empirical evidence demonstrates 

significant payoff from PBL: A 2024 study by Germo et al.DockStyle: Evaluating 480 BSMT cadets 

reported that students taught using PBL achieved significantly more instruction gains in navigation course 

as compared to traditional teaching. The magnitude of the effect was notable in some navigational 

modules, and it justifies PBL use in complex decision-based areas. [3] 
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6 Descriptive Title 

 

 

2. Project-Based Learning: 

Project-based modules give students cross-disciplinary challenges, including working to help reduce 

emissions through novel propulsion design or modelling how ballast water is exchanged. Here, students 

need to look up regulatory requirements, technical limitations and the potential for new ideas, then present 

the findings as they might in a shipyard or control room. Projects lead to peer- reviewed presentations or 

written reports thereby developing communication, technical writing and leadership skills. [5] 

 

3. Simulation-Based Learning: 

Modern simulators simulate busy ocean conditions, such as crashes, strange weather or emergency 

evacuations. Not only does it matter that the simulation actually occurs, but also how this is being done. 

As Kim et al. (2021) that meaningful learning occurs when facilitators intentionally scaffold the 

simulation, leading students to analyse non-judgmental reflection and change state similar to real life. But 

Course Effect Size Descriptive Rating Interpretation 

NGEC 9 0.2 Small 
PBL is slightly effective compared 

to lecture-discussion 

NAV 2 3.01 Very Large 
PBL is very effective compared to 

lecture-discussion 

NAV 4 0.7 Medium 
PBL is moderately effective 

compared to lecture-discussion 

NAV 5 0.4 Small 
Lecture-discussion is slightly 

effective compared to PBL 

SEAM 6 0.4 Small 
PBL is slightly effective compared to the 

lecture-discussion 

NAV 7 1.55 Large 
PBL is effective compared to the 

lecture-discussion 

https://www.ijsat.org/


 

International Journal on Science and Technology (IJSAT) 
E-ISSN: 2229-7677   ●   Website: www.ijsat.org   ●   Email: editor@ijsat.org 

 

IJSAT260110083 Volume 17, Issue 1 (January-March 2026) 4 

 

social fidelity — the mirroring of bridge or engine-room teamwork — is as important as technical fidelity, 

so that cadets can move directly from vessels to shipboard action. The interoperability is essential for soft 

skills in behaviour, such as those expressed in the reference points on iSOL-MET (2023), which highlights 

the interactivity, discussion and reflection of the group at work by case study or simulation. 

 
Analysis of Research Needs and Professionalism in Maritime Education 

 

Alignment with International Standards and STCW 

Revised to keep pace with the new technology, it is the STCW Code which specifies that the training of 

nautical officers and marine engineers should be based on the competency. The model is the perfect 

framework for using research based learning to promote questioning, in-depth enquiry and cooperation. 

For example, the Code’s promotion of evidence-informed safety and leadership can be delivered by 

infusing inquiry-based modules into core curricula so that graduates have both the technical details and 

systemic issues at their fingertips. RBL is also extended through e-learning platforms which offer 

international availability to complex simulation environments and real life case studies, thereby increasing 

cadet exposure as well as disparities of resources between institutions. 

 

Benefits of Research-Based Learning 

Enhanced Cognitive Development 

Research supports that RBL promotes high order analytical and problem solving skills. Owning inquiry-

based projects, students learn to diagnose mechanical failures, design redundancy strategies, and predict 

risks – while boosting cognitive flexibility. [4] 

 

Bridging Theory and Practice 

Modern RBL, of course, is all about fresh labs and simulators on the latest digital infrastructure. Some 

educational institutions, particularly in the developing world, face challenges to access these resources, 

possibly leading to reduced access to uniform and quality training. [8] 

 

Fostering Innovation and Sustainability 

RBL encourages technology and ecology, where the sector is pushing forward with green shipping, digital 

navigation or AI assisted operations. Students investigating and providing answers to real-life industry 

challenges can be change-agents who are also enabled to drive sustainability practices and believe in 

automation over resistance. [9] 
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Developing Autonomy, Leadership, and Lifelong Learning 

An inquiry-based open task supports intrinsic motivation, self-directed learning and independent 

responsibility to a much greater degree. RBL-trained students tend to retain concepts better and have more 

flexibility.” [11] 

 

Strengthening Collaboration and Soft Skills 

There’s no “it” in team, and that is certainly true of our maritime operations, including the bridge to crisis... 

we all work together. RBL emphasis is on teamwork, communication and negotiation, exposing candidates 

to the pressures and interaction as found onboard. [13] 

 
Case Studies: Applications and Outcomes 

Anglo-Eastern Maritime Academy (India): 

Ten years of experience with PBL modules have resulted in significant development in cadets’ ship-

handling and technical independence. The concentration on real-life vessel manoeuvring issues as study 

subjects reveals enhanced sensitivity and safer handling behaviour, verified through post-training 

performance evaluation. [4] 

 

John B. Lacson Foundation Maritime University (Philippines): 

Robust comparisons demonstrated significantly superior overall performance scores and retention rates 

for students in blended PBL groups relative to control counterparts, particularly in advanced navigation 

courses. The research led group scored highest on theoretical exams and put in the best performance during 

real-life decision tasks. [3] 

 

STIP Jakarta (Indonesia): 

Cadets receiving simulation-based research training performed better at emergency management than 

traditionally taught students. The experiential inquiry-based method of the training led to increased 

confidence and teamwork in real onboard situations. [2] 

 

Challenges and Barriers to Implementation 

RBL is a hopeful general approach, but many barriers exist for institutions 

 

Instructor Preparation: 

Many maritime educators come from sea-going backgrounds with little exposure to educational theory. 

As demonstrated in the work of Kim et al. and Sule (2023), continuous teacher training is important to 

prepare teachers for the facilitative, inquiry-based stance. [4] 

 

Curriculum Rigidity: 

Regulatory alignment with STCW and accreditation timeframes may act as barriers to experimental, 

research or challenge focused modules. Flexibility at an institutional and governance level must be 

reconciled to accommodate innovation, while still ensuring compliance. [14] 
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Resource Gaps: 

Effective RBL demands up-to-date laboratories, simulators, and digital infrastructure. Some institutions, 

especially in developing regions, struggle to provide these resources, risking inequitable access to high-

quality training. [8] 

 

Assessment Complexity: 

Open-ended assignments and collaborative research do not lend themselves to standardisation; traditional 

tests can be an inadequate end-point. Creating holistic rubrics that have appropriate representations of 

creativity, technical success, teamwork, and reasoning is a problem to be dealt with in the industry. [3] 

 

Cultural Barriers: 

Maritime culture can be hierarchical and by the book, which may not serve RBL’s emphasis on self-

governance and collaboration. Trainers should actively encourage open-minded, inclusive teaching and 

independent thinking. [4] 

 

Implications for the Maritime Industry   

Provision of maritime capability RBL prepares graduates to respond to the modern-day maritime issues, 

including automation, cyber resilience and environmental compliance. That's why graduates with a 

research-based education are known for their superior problem-solving abilities, innovation capacity and 

adaptability—characteristics that are particularly important in ship management, marine design and 

logistics optimisation. [9] 

Furthermore, through instilling a culture of ongoing learning and challenging the status quo, RBL helps 

make maritime safer and mitigate risk proactively. It enables practitioners to question mishaps, propose 

system-based solutions, and encourage resilience in maritime systems. 

 

Strategies for Successful Implementation 

Curricular Redesign: 

Incorporating research projects in STCW-related courses fulfils regulatory requirements and promotes 

active learning. Every module may include a research question, such as minimisation of ship energy or 

risk analysis for collision avoidance. 

 

Industry Collaboration: 

Active collaboration with shipping companies and experts in the industry allows students to deal with 

present day technical problem solving and logistical situations, including real case study exercises during 

academic activities. [10] 

 

Digital Technologies: 

Virtual reality (VR), augmented reality (AR), and digital twins provide low-cost immersive exploration 

tools, making it easier for resource-limited academies to remain competitive. [6] 

 

Holistic Assessment Frameworks: 

A combination of quantitative and qualitative assessment (peer assessments, project deliverables and 

reflection journals) is needed to reveal the complete range of cadet competencies. [3] 
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Policy Implications and Global Relevance 

The shift in maritime education requires policy alignment from a number of quarters – global 

recommendations by IMO to university-level frameworks within individual countries. Accreditation 

bodies can promote best practice by acknowledging and rewarding RBL in STCW revisions. The inclusion 

of United Nations Sustainable Development Goals (SDGs) — specifically quality education and ocean 

health — positions RBL alongside the broader objectives of equity and global custodianship. [16] 

 

 
Maritime Education and Training (MET) Stakeholders and Drivers 

 

 
Comparison between STCW-based and Sustainable Development-based Maritime Education and Training 

 

Conclusion 

Research-based learning has established itself as a key element of contemporary maritime education and 

training that equips graduates with the ability to think critically, creatively and collaboratively in 

technology-intensive workplaces. Through adapted curricula, targeted teacher training and valuable 

industry partnerships, the sector can beat this longstanding curse of a resource gap and rigid tradition. 

Both international case studies and academic studies alike point to self-directed inquiry-based education 

as not a luxury but a requirement if the maritime domain is to be safe, sustainable and competitive. 
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With the speed of change on the increase, there is even greater demand for adaptable, forward-thinking 

professionals - and research-led learning has become an essential way to drive innovation in marine 

engineering and nautical science. With reform and investment, both thoughtful and targeted, RBL will 

only transform classrooms, link theory with practice and prepare cadets for the life at sea and beyond. 
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