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Abstract

This study examines the integration of advanced technologies-artificial
intelligence (Al), blockchain, and novel materials-into marine engineering
education, with an emphasis on enhancing engine and machine studies. Through
a qualitative analysis involving insights from maritime industry professionals,
educators, and recent graduates, the research highlights the transformative impact
of these technologies on curriculum development, practical training, and
alignment with industry standards. Al-driven simulations enhance technical
proficiency and employability by immersing students in realistic, data-driven
learning experiences. Blockchain technology supports advancements in data
security and transactional transparency, essential for modern maritime
operations, while new materials expand practical knowledge in material science,
vital for innovation in vessel design and durability. Findings indicate that
integrating these technologies significantly improves educational outcomes,
equipping students with skills that meet evolving industry requirements. This
study proposes that marine engineering curricula should adopt a comprehensive
approach, emphasizing Al, blockchain, and material science applications to
strategically prepare future engineers for the challenges of an increasingly
complex and technology-driven maritime sector.
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1. Introduction

The integration of emerging technologies into engineering education, especially
within marine science and maritime studies, marks a pivotal advancement in
meeting the evolving demands of the maritime industry [1]. As technological
progress continues to reshape global industries, marine engineering faces a critical
juncture requiring adaptation to sustain its relevance and effectiveness. This study
aims to investigate the intersections between emerging technologies and marine
engineering education, focusing on their potential to enhance understanding and
application of engineering science. In recent years, the maritime sector has
witnessed rapid technological advancements that significantly influence marine
operations and engineering practices. Technologies like artificial intelligence (Al),
blockchain, and advanced materials are pivotal in transforming traditional methods,
offering new avenues for efficiency, safety, and sustainability [2-4]. Al, for
instance, enhances predictive maintenance, autonomous navigation, and real-time
data analysis, while blockchain ensures enhanced security and transparency in
maritime transactions and data management. Advanced materials such as
corrosion-resistant alloys and lightweight composites have revolutionised vessel
design and construction, enhancing performance and durability. These
advancements present both opportunities and challenges for marine engineering
education, prompting a comprehensive exploration of their integration into
vocational training programmes [5, 6].

In this context, the need to enhance engineering technology and education
becomes increasingly apparent. The rapid pace of technological change requires
that educational institutions, particularly those focused on vocational training in
maritime studies, keep pace with these developments to ensure that their curricula
remain relevant and comprehensive. To achieve this, it is essential to understand
the perspectives and experiences of various stakeholders involved in marine
engineering, including industry professionals, educators, and recent graduates. This
research aims to provide a critical analysis of how emerging technologies can be
incorporated into marine engineering education by examining qualitative data from
these key groups.

The study involves three primary groups of participants: maritime
professionals, lecturers, and senior graduates. Maritime professionals, including
entrepreneurs, officers, and managers with a background in marine engineering,
offer valuable insights into the practical applications of emerging technologies in
the industry [7]. Their experiences highlight the real-world challenges and
opportunities associated with these innovations, providing a basis for
understanding how educational programmes can be tailored to meet industry needs.
Lecturers and trainers in maritime science and vocational programmes bring
expertise in pedagogical strategies and curriculum development [8, 9]. Their
perspectives are crucial in assessing how emerging technologies can be integrated
into teaching methodologies and learning outcomes. Finally, senior graduates who
have worked as engineers in maritime companies provide a critical evaluation of
how well educational programmes have prepared them for professional roles.

2. Methods

This study uses a qualitative approach to explore how emerging technologies like
artificial intelligence (Al), blockchain, and advanced materials are integrated into
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marine engineering education. The research focuses on gathering insights from
three key groups: maritime professionals, educators, and senior graduates.
Maritime professionals, including entrepreneurs and managers in the port and
shipping industries, offer real-world perspectives on the impact of technological
innovations. Educators specializing in marine engineering provide critical
evaluations of how well current curricula incorporate these advancements. Senior
graduates, now working as engineers, share their experiences regarding the
alignment between their academic training and professional demands.

Data are collected through semi-structured interviews, allowing participants to
share their views on the role of emerging technologies in both industry and
education. This method provides flexibility for in-depth discussions while
maintaining consistency across interviews [10-12]. Thematic and descriptive
analysis is applied to identify patterns and key themes in the participants' responses,
helping to understand how these technologies are being utilized and perceived in
marine engineering. To ensure the study's validity, triangulation is used by
comparing data across participant groups [13]. Ethical considerations, including
informed consent and confidentiality, are strictly maintained throughout the
research process. The findings aim to enhance educational programmes by aligning
them more closely with industry needs and technological advancements.

3. Results and Discussion

The research results reveal significant advancements in marine engineering education
through the integration of emerging technologies. The findings are presented
according to key indicators, each illustrating the effectiveness and efficiency of
technological integration in enhancing engineering education and practice.

3.1. Advancements in marine engineering education

3.1.1. Impact on curriculum development

The study indicates a substantial positive impact of emerging technologies on
curriculum development within marine engineering education. Participants
highlighted that the integration of Al, blockchain, and advanced materials has led
to the development of more dynamic and relevant curricula. The incorporation of
these technologies helps students gain practical skills and theoretical knowledge
aligned with current industry needs.

The data in Table 1 indicate that Al has been the most frequently integrated
technology, with a majority of courses updated to reflect its application.
Blockchain, while less prevalent, is gaining traction, particularly in areas related to
security and transparency. Advanced materials are also being incorporated
regularly, reflecting their importance in practical applications. The feedback from
students is generally positive, with Al receiving the highest satisfaction ratings.

Table 1. Impact of emerging technologies on curriculum development.
Percentage of Courses  Frequency of Use in Feedback from

Technology

Updated Class Students (Out of 5)
Al 65% Weekly 4.2
Blockchain 45% Monthly 3.8
Advanced Materials 55% Bi-weekly 4.0
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3.1.2. Improvement in teaching methodologies

Emerging technologies have significantly improved teaching methodologies.
Participants reported that technological tools have facilitated more interactive and
engaging learning experiences. The use of simulation software, Al-driven tutorials,
and virtual labs has enhanced students' practical skills and understanding of complex
concepts. The Improvement in teaching methodologies can be seen in Table 2.

Al has seen the highest adoption rate among educators, with a significant
emphasis on adaptive learning and simulations that enhance student engagement.
Blockchain is used less frequently but is valued for its application in case studies
and real-time data analysis. The integration of advanced materials focuses on
hands-on experiences through labs and workshops, contributing to high
engagement levels.

Table 2. Improvement in teaching methodologies.

Technology Percentage of Types of Student Engagement
Educators Using Methodologies Adopted (Out of 5)

Al 80% Adaptive Learning, Simulations 4.5

Blockchain 50% Case Studies, Real-time Data 41

Advanced Materials 60% Practical Labs, Workshops 43

3.1.3. Alignment with industry needs

The alignment between educational outcomes and industry requirements is a
crucial measure of effectiveness. The research shows that emerging technologies
have improved the alignment of educational programmes with the needs of the
maritime industry. This alignment is evident in the enhanced relevance of skills
taught and the preparedness of graduates for real-world challenges.

Al demonstrates the highest level of alignment with industry needs, with
significant improvements in skill relevance and graduate readiness (see Table 3).
Blockchain shows moderate alignment, with a slightly lower impact on graduate
readiness compared to Al. Advanced materials also exhibit strong alignment,
reflecting their practical importance in the maritime sector.

Table 3. Alignment with industry needs.
Percentage of Industry Skill Relevance Graduate Readiness

Technology

Alignment (Out of 5) (Out of 5)
Al 70% 4.4 4.2
Blockchain 55% 4.0 3.9
Advanced Materials 65% 4.3 4.1

3.1.4. Efficiency of technological integration

The efficiency of integrating emerging technologies into educational programmes
is assessed by examining the resource investment, implementation time, and overall
effectiveness. Participants noted that while the initial investment and time required
for integration can be substantial, the long-term benefits in terms of educational
quality and student outcomes are considerable.

Al shows the highest efficiency in terms of long-term effectiveness, despite
requiring a substantial investment and implementation time (Table 4). Blockchain,
while less efficient in terms of implementation time, demonstrates solid long-term
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benefits. Advanced materials strike a balance between resource investment and
effectiveness, reflecting their practical application in education.

Table 4. Efficiency of technological integration.

Resource Investment Implementation Time Long-term Effectiveness

Technology (Out of 5) (Months) (Out of 5)
Al 4.2 6 4.5
Blockchain 3.8 8 4.1
Advanced Materials 4.0 7 4.3

3.1.5. Student and graduate feedback

Feedback from students and recent graduates provides insights into the practical
benefits and challenges of technological integration. The study reveals that students
appreciate the enhanced learning experiences provided by emerging technologies,
while graduates acknowledge the value of their training in meeting industry demands.

Student feedback is generally positive across all technologies, with Al receiving
the highest ratings (Table 5). Graduates also provide favourable feedback, although
blockchain receives slightly lower satisfaction ratings compared to Al and
advanced materials. Overall satisfaction is high, indicating that the integration of
emerging technologies is well-received and valued by both students and graduates.

The results of the research demonstrate the significant impact of emerging
technologies on marine engineering education. The integration of Al, blockchain,
and advanced materials has led to improvements in curriculum development,
teaching methodologies, alignment with industry needs, and overall efficiency.

The feedback from students and graduates underscores the effectiveness and
value of these technologies in enhancing educational outcomes and preparing
students for professional success in the maritime sector. The comprehensive tables
provided offer a detailed view of the effectiveness and efficiency of technological
integration, highlighting key areas of improvement and impact. This data-driven
analysis supports the continued advancement of engineering education through the
adoption of innovative technologies.

Table 5. Student and graduate feedback.

Student Feedback  Graduate Feedback Overall
Technology (Out of 5) (Out of 5 Satisfaction
(Out of 5)
Al 4.3 4.1 4.2
Blockchain 4.0 3.8 39
Advanced Materials 4.1 4.0 4.1

3.2.Enhancement in marine engineering science through professional
engine and machine studies

The second result of this research focuses on the significant improvements
observed in marine engineering science, particularly regarding the professional
engine and machine studies at maritime institutes. This aspect of the research delves
into how advancements in technology have contributed to the enhancement of
marine engineering education, with a specific focus on engine and machine studies.
The results are elucidated through comprehensive tables that illustrate the impact

Journal of Engineering Science and Technology Special Issue 2/2025



24 L. Barasa et al.

of technological integration on various facets of marine engineering training and
professional development.

3.2.1. Advancements in Engine and Machine Studies

The integration of emerging technologies in marine engineering has brought about
notable advancements in engine and machine studies. These improvements are
reflected in the curriculum, practical training, and overall effectiveness of
vocational programmes at maritime institutes. Table 6 provides a detailed view of
these advancements.

The integration of Al into engine and machine studies has resulted in a
substantial coverage within the curriculum, with weekly practical sessions
enhancing technical skills. Blockchain technology, though less frequently used,
contributes significantly to understanding system integrity and security through
monthly practical sessions. Advanced materials are covered extensively, with bi-
weekly sessions focusing on practical applications that improve technical skills.
Overall, Al has the highest impact on technical skills, reflecting its effective
incorporation into the curriculum.

Table 6. Integration of emerging technologies in engine and machine studies.

Percentage of Frequency of Practical Impact on
Technology Curriculum Sessions Technical Skills
Coverage (Out of 5)
Al 60% Weekly 4.4
Blockchain 50% Monthly 4.0
Advanced Materials 55% Bi-weekly 4.2

3.2.2. Improvement in practical training and simulation

Emerging technologies have also transformed practical training and simulation in
marine engineering. The use of advanced simulation tools and Al-driven models
has enhanced the ability of students to experience realistic scenarios and gain
hands-on experience in engine and machine operations. Table 7 details the
improvements in practical training and simulation.

Al-based simulations have become a key component of practical training, with
the highest percentage of use and the best quality ratings. These simulations provide
realistic and interactive experiences that significantly improve student competence.
Blockchain-based simulations are used less frequently but still offer valuable
insights into data security and transaction verification. Advanced materials
simulations are also prevalent, contributing to a solid improvement in student
competence. The data indicates that Al simulations provide the greatest
enhancement in practical training outcomes.

Table 7. Enhancements in practical training and simulation.

Percentage of Quality of Simulation ~ Student Competence

Technology Slmbj;a;gons (Out of 5) Improvement (Out of 5)
Al 70% 4.6 4.5
Blockchain 45% 4.1 4.0
Advanced Materials 60% 4.3 4.2
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3.2.3. Alignment with industry standards and practices

The alignment of engine and machine studies with industry standards and practices
is crucial for preparing students for professional roles in marine engineering.
Emerging technologies have played a significant role in ensuring that educational
programmes meet industry requirements. Table 8 illustrates how well the
integration of these technologies aligns with current industry standards.

Al demonstrates the highest degree of alignment with industry standards, reflecting
its critical role in modern marine engineering practices. The technology is highly
relevant to industry needs and receives positive feedback from industry professionals.
Blockchain shows a slightly lower alignment but remains important for certain aspects
of industry practice, particularly in data security. Advanced materials also exhibit strong
alignment, supporting their relevance in practical applications. The feedback from
industry professionals is generally favourable, highlighting the effectiveness of
technological integration in meeting industry demands.

Table 8. Alignment with industry standards.

Degree of Alignment  Industry Relevance Feedback from Industry

Technology (Qut of 5) (Qut of 5) Professionals (Out of 5)
Al 4.5 4.6 4.4
Blockchain 4.1 4.0 39
Advanced Materials 4.3 4.2 4.1

3.2.4. Enhancement of professional competency

The ultimate goal of integrating emerging technologies into engine and machine
studies is to enhance professional competency among graduates. The research
assesses the impact of these technologies on the competency levels of students who
enter the maritime workforce. Table 9 outlines the improvements in professional
competency as a result of technological integration.

The integration of Al has led to the highest percentage of graduates with
enhanced competency and a significant improvement in competency ratings. The
employability rate of Al-trained graduates is also the highest, reflecting the strong
demand for skills associated with this technology. Blockchain technology shows
moderate improvements in competency and employability, while advanced
materials provide substantial benefits in both areas. The data suggests that
technological integration plays a crucial role in enhancing the professional
capabilities of graduates and improving their employability prospects.

Table 9. Enhancement of professional competency.

Percentage of Competency Employability Rate
Technology Graduates with Improvement (Out of 100)
Enhanced Competency (Out of 5)
Al 75% 4.6 85%
Blockchain 60% 41 78%
Advanced Materials 70% 4.3 80%

3.3.Discussion

The integration of Al, blockchain, and advanced materials within marine engineering
education significantly impacts curriculum relevance, teaching methodologies, and
alignment with industry standards. Al-driven simulations, in particular, enhance
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students’ technical skills and prepare them for real-world applications through
immersive, data-centric learning experiences. These findings align with research
emphasizing AI’s role in vocational training for practical skill development [1].
Blockchain, though less extensively applied, supports improvements in data security
and transaction transparency, essential for maritime operations [2].

Similarly, advanced materials foster understanding of material science
applications, such as corrosion resistance and structural durability, which are vital
for vessel design and performance [3]. However, the high cost and resource
requirements for these technologies pose challenges, particularly for institutions
with limited funding, highlighting the need for phased integration and industry
partnerships to support resource accessibility.

In terms of teaching methodologies, the study’s findings indicate that Al and
blockchain enhance student engagement and practical learning. Adaptive learning
platforms powered by Al enable customized learning paths, increasing engagement
and retention [4]. Blockchain’s integration into case studies provides students with
practical, real-time data applications relevant to maritime security [5].

However, disparities in access to these technologies across institutions
underscore the need for collaborative efforts to bridge resource gaps, ensuring
equitable educational experiences [9]. Faculty development is also essential, as the
pace of technological change requires educators to continuously update their skills
to effectively integrate these advancements into their teaching practices.

The study’s findings demonstrate that integrating emerging technologies into
marine engineering education aligns well with industry needs, enhancing graduate
readiness for technological roles in maritime operations [11]. Al applications in
predictive maintenance and data analytics have become essential in maritime
industry practices, making graduates with these skills highly competitive.

The limitations of this study include its reliance on self-reported data from
participants and its focus on a specific subset of the maritime industry, which may
limit the generalizability of results. Future research could employ a larger sample
and quantitative measures of learning outcomes to validate these findings across
diverse contexts. By addressing these considerations, marine engineering programs
can continue to refine curricula and better prepare graduates for an increasingly
technology-driven industry.

4. Conclusion

This research highlights the significant impact of emerging technologies on marine
engineering education. The integration of artificial intelligence (Al), blockchain, and
advanced materials into curricula enhances both educational outcomes and
professional skills. Al plays a crucial role in revolutionizing teaching and practical
training, preparing students for real-world challenges through immersive simulations.
Blockchain improves data security and system integrity, addressing specific industry
needs. Training in advanced materials equips students to tackle complex material
science issues in maritime engineering. The study emphasizes the importance of
aligning education with industry demands, ensuring graduates are equipped with the
necessary skills to adapt and succeed in the evolving maritime sector.
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