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Abstract: This review explores the transformative role of Artificial Intelligence
(Al) in education, focusing on personalized learning and equity. The paper
discusses various Al technologies and their implications, highlighting insights
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from Tao & Pan (2025) and Ghimire & Qiu (2025) among others. It identifies the
potential challenges such as algorithmic bias and socio-economic disparities that

can hinder the equitable application of Al tools in educational contexts. Major
themes include the necessity for cultural adaptability and the enhancement of
learning outcomes through Al-driven methods. The review concludes with
recommendations for future research directions, emphasizing the ongoing need to
address ethical concerns and promote equitable access to Al resources in

education.

*Corresponding Author:
1. Introduction

Artificial intelligence (AI) has revolutionized
various sectors, with education being one of the
most impactful fields. The integration of Al in
educational settings serves as a pivotal tool in
enhancing the learning process and addressing
diverse learner needs through personalized
education. Al technologies offer solutions that can
adapt to individual learner speeds and styles,
creating tailored learning experiences that can
significantly =~ improve academic  outcomes.
Furthermore, a strong emphasis on educational
equity has surfaced as a critical dimension in
education, as equity goes beyond mere access to
resources to include the provision of culturally
responsive and adaptable educational methods. This
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review seeks to explore the intersection of Al,
personalized learning, and educational equity,
aiming to highlight the potential challenges and
opportunities that arise from this integration

2.0 Relevant Studies and Concepts
2.1 Evolution of Maritime Technologies

The maritime industry has experienced a dramatic
transformation over the centuries, marked by
several key technological advancements that have
continuously redefined maritime operations. Initial
advancements focused on enhancing basic
navigation and vessel construction techniques.
However, the onset of the 20th century heralded a
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significant shift with the introduction of motorized
vessels, which marked the transition from sail to
steam and diesel engines.

This momentum continued into the modern era,
where digitalization has emerged as a pivotal force
reshaping the maritime industry. Koh et al. (2024)
describe this digital era as characterized by the
integration of innovative digital technologies that
enhance operational efficiency and strategic
decision-making in maritime shipping. This period
witnesses the incorporation of advanced data
analytics, artificial intelligence, and machine
learning applications, facilitating robust risk
management and predictive maintenance practices.

In tandem with technological evolution, the
maritime sector has also embraced sustainability,
which has prompted efforts directed toward energy
efficiency and reduced emissions. Shahbakhsh et al.
(2022) point out that autonomous shipping
technologies have begun challenging traditional
maritime practices, suggesting that we must
continue balancing technological development with
human-centered approaches. These disruptive
technologies prompted a renewed focus on human
roles in this increasingly automated environment.
The exploration of Industry 5.0 emphasizes
synergizing between technology and human
capabilities to leverage comprehensive maritime
operations.

2.2 Current Innovations and Their Impact

Today's maritime industry is on the cusp of a
technological revolution. Innovations such as
automation and artificial intelligence (AI) have
revolutionized operations in shipping, where
autonomous vessels and smart shipping systems are
paving new pathways for efficiency and safety. As
highlighted by Shahbakhsh et al. (2022),
autonomous ships are equipped with sensors and
data analytics technologies that allow for real-time
decision-making with reduced human intervention.
This evolution is particularly significant regarding
safety, as autonomous systems can operate under
adverse conditions, minimizing human error.

2

Moreover, the integration of Al in shipping extends
beyond just autonomous vessels. As outlined by
Otto and Menzel (2024), the incorporation of Al
technologies in logistics and security frameworks is
pivotal for optimizing route management and
enhancing predictive capabilities in maritime
security. These Improvements reflect the shifting
priorities that focus on economic efficiency
alongside sustainability.

In addition, the increase in technological integration
within maritime operations signals a broader shift
toward addressing environmental concerns, as
noted by Liu et al. (2022). Efforts to minimize
emissions and environmental footprints are
facilitated by employing green shipping
technologies and systems, ranging from cleaner
fuels to advanced wastewater treatment systems on
vessels. This effort is further supported by
advancements in port facilities, as explored by
Vahabzadeh et al. (2024), indicating a move
towards 'green ports' that aim to minimize
environmental impact while enhancing operational
sustainability.

Technological innovations are  collectively
transforming maritime practices and introducing
complexities requiring new regulatory frameworks
and educational paradigms to ensure that these
advancements align with broader sustainable
development goals. This evolving technological
landscape underscores an existing need to adopt
regulatory  practices  while  fostering a
comprehensive understanding among the workforce
regarding the implications and utility of these

innovations.

3.0 EDUCATIONAL PARADIGMS IN
MARITIME STUDIES

3.1 Skills and Competency Development

A pivotal aspect of maritime studies is the
transformation in the skills and competencies
required by professionals in a technologically
dynamic industry. With the maritime sector
increasingly adopting advanced technologies, there
has been a shift from traditional skills to more
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technologically aligned competencies. Jugovi¢ and
Vuki¢ (2016) underscore the expanding role of
logistics operators beyond the classic duties of
freight forwarding. As the maritime transport
logistics industry evolves, new logistics operators
must be proficient in coordinating complex
operations and reducing external costs through
sustainable practices.

Moreover, Koh et al. (2024) emphasize the
importance of digital literacy within the maritime
sector, reflecting the industry’s shift toward
digitalization as a driving factor in enhancing
operational efficiency. According to the study,
competencies in digitalization, maritime business
acumen, and sustainability are critical in the modern
maritime executive roles, marking a significant
departure from the traditional competencies that
were primarily focused on machine operation and
manual labor processes.

In addition, the research by Caesar (2024)
highlights the emerging dynamics of training and
retaining a sustainable maritime workforce. This
process involves developing a skill resilience
framework to cater to the growing need for highly
skilled talent amidst industry changes. The study
identifies the necessity for continuous learning and
adaptation to technological advancements as
critical for maintaining a competitive edge in
maritime operations.

The modern maritime sector demands not only
technical skills but also soft skills, such as problem-
solving, teamwork, and communication. These are
essential for dealing with complex operational
challenges that arise with the integration of new
technologies. As maritime logistics become
increasingly complex, fostering competency in
these areas ensures that the workforce can
effectively navigate and capitalize on technological
advancements

3.2 Curriculum Development and Implementation

The integration of technological innovations into
maritime curricula is essential for aligning
education with industry needs. Jeevan et al. (2022)

stress the necessity to assess and potentially revise
maritime studies syllabi to ensure graduate
employability and align educational outcomes with
industry expectations. This process involves
embedding more interactive and technology-
oriented teaching methodologies to prepare
students for the demands of the modern maritime
environment.

Liwéng (2020) provides an example of an advanced
curriculum development approach, integrating
safety management modules to foster social
sustainability skills tailored specifically for
maritime students. This  implementation
demonstrates the value of a discipline-specific
focus on sustainability, equipping students with the
knowledge required to conceive ship designs with
an inherent focus on sustainable development.

Furthermore, the study by Pan (2024) introduces the
Marine Knowledge Education System (MKES), a
digital tool aimed at enhancing the learning
experience for students in marine sciences. Such
tools are essential. This involves accommodating
the digital shift, increasing user acceptance of
technology-driven learning processes, and ensuring
that students gain competency in efficiently
utilizing technological innovations.

Lastly, Arruda (2021) discusses innovations in
environmental education within higher education,
particularly focusing on sustainable development in
maritime contexts. The paper highlights the critical
role of academies in fostering a sustainability
culture among future maritime professionals by
incorporating sustainability principles into their
curricula.

Collectively, these studies emphasize that for
maritime education to remain relevant and
impactful, it must dynamically adapt its curricula
and teaching methodologies to incorporate
technological advancements. This process ensures
that graduates are not only proficient with current
technologies but are also agile learners capable of
adapting to future technological shifts.
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4.0 SUSTAINABLE DEVELOPMENT AND
MARITIME EDUCATION

4.1 Integration of Sustainable Practices in Maritime
Education

Embedding sustainable practices within maritime
education requires a strategic approach that
integrates sustainability across various levels of
education, training, and operational practices.
These integrations are essential to prepare maritime
professionals who are not only adept in technical
skills but are also committed to sustainability
principles that align with global environmental
critical role of Maritime Education and Training
(MET) institutions in fostering sustainability
through tailored educational methodologies. They
stress the importance of incorporating real-life
problem-solving practices and interdisciplinary
approaches that align with sustainable development
principles. This integration helps to develop not
only environmental competence but also a holistic
2022). Furthermore, Williams et al. (2024)
emphasize the need for education programs that
include topics such as maritime security, climate
change, and resource management, fostering a
culture of sustainability that This concept extends
beyond the classroom and into operational maritime
environments.

A vital step in integrating sustainability in maritime
education is developing comprehensive curricula
that embed sustainability across different subject
areas. The process involves updating syllabi to
include pertinent topics such as renewable energy
usage, pollution control, and sustainable shipping
practices. According to Dimitranov and Belev
(2024), effective training should engage learners in
active discussions about sustainability, ensuring the
maritime sector becomes a proactive participant in
global sustainability efforts. Moreover, Williams et
al. (2024) suggest incorporating collaborative
projects and case studies that allow students to
apply theoretical knowledge in practical settings,

fostering both analytical skills and innovative
thinking crucial for sustainable practice.

5.0 CASE STUDIES OF EFFECTIVE
INTEGRATION

To illustrate the successful integration of
sustainability in maritime contexts, examining case
studies offers valuable insights. An exemplary case
is the development of social sustainability models
within the maritime labor sector, as discussed by
Arslan et al. (2023). They highlight the design and
implementation of systems that prioritize seafarers'
welfare, emphasizing balanced work-life schedules,
continued  education and training, and
comprehensive health and safety standards. Such
models enhance labor conditions and contribute to
the broader notion of sustainability by promoting
sustainable human resource practices.

Another notable example from the literature is the
initiative taken by maritime educational institutions
in Southeast Asia, where integrated frameworks
focus on local societal needs and environmental
conservation efforts (Demesticha et al., 2019). This
case discusses capacity building in maritime
archacology and heritage conservation as part of a
wider educational initiative that emphasizes
sustainable resource management and conservation
practices.

Jeevan et al. (2022) provide another perspective
through their examination of maritime education
programs in Malaysia, where integrating
sustainability into the curriculum has been paired
with fostering industry-academia collaborations.
The focus on aligning educational content with
industrial needs ensures that graduates not only
possess academic knowledge but are also equipped
with practical skills to drive sustainability within
various maritime sectors. They also demonstrate
how innovative teaching strategies, such as
participatory learning and active stakeholder
engagement, can effectively instill sustainability
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values in students, influencing their professional
practices.

These case studies underscore the potential and
necessity of deeply integrating sustainability into
maritime educational paradigms, ensuring future
maritime professionals are well-prepared to meet
the environmental challenges of tomorrow. They
highlight methodologies, such as
integrating context-specific

various
curriculum
components, creating supportive infrastructures,
and fostering a collaborative approach to education
that spans beyond traditional boundaries.

6.0 FUTURE TRENDS AND RESEARCH
DIRECTIONS

In the rapidly evolving maritime sector, integrating
technological advancements into education is not
merely optional; it is imperative for ensuring the
industry remains adaptive and resilient. The future
of maritime education will likely be shaped by
developments in automation, digital technologies,
and the principles of sustainability. Understanding
these trends is crucial for preparing future maritime
professionals to meet the demands of an industry
increasingly  characterized by
innovation and environmental challenges.

technological

6.1 Integration of Digital Technologies and
Automation

Digital technologies, including automation,
artificial intelligence, and data analytics, are pivotal
in transforming maritime operations. Shahbakhsh et
al. (2022) emphasize that the maritime industry is
moving toward increased automation, primarily in
the form of autonomous vessels. This technological
evolution necessitates a corresponding shift in
educational paradigms to equip maritime
professionals with the necessary competencies to
operate within such a technologically advanced

environment.

Koh et al. (2024) explore the knowledge domains
essential for maritime shipping executives in this
digital era, highlighting the importance of digital
literacy alongside traditional maritime business and
sustainability knowledge. As digital technologies
permeate the sector, developing curricula that
emphasize these skills will be crucial for aligning
educational outputs with industry requirements.

6.2. Developing Comprehensive Vocational
Education

Vocational maritime education has traditionally
focused on fundamental seamanship and
operational skills, but Mulyadi et al. (2021) argue
for the inclusion of more diverse educational
highlight  the
incorporation of physical and sports activities in
maritime vocational training, enhancing physical
readiness and instilling teamwork, which is critical

components. Mulyadi et al.

in an era where technological engagement requires
holistic skill sets. This approach can lead to better
health outcomes and preparedness among maritime
training cadets.

Additionally, Jeevan et al. (2022) note the
necessity for revisions in maritime studies syllabi
that integrate current technological trends and
industry needs. This includes adopting a more
integrated approach that combines traditional
seafaring  competencies with  technological
savviness.

6.3. Emphasis on Sustainability in Education

The future pathways for maritime education also
include an increased focus on sustainability. Arslan
et al. (2023) suggest developing social
sustainability models that align seafarers' roles with
wider environmental responsibilities. Sustainability
education should be embedded within every aspect
of maritime The training covers everything from
operational practices to strategic decision-making,
ensuring that graduates are skilled at navigating the
complexities of modern maritime industry
demands.
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Liwang (2020) supports this view by discussing the
importance of discipline-specific sustainability
education modules, which can greatly influence
students' perspectives on maritime practices. These
modules need to offer practical, real-world
applications of sustainability principles, including
energy conservation and efficient resource
management, to make lasting impacts on future
maritime professionals.

6.4. Predictive Trends in Maritime Educational
Methodologies

Looking forward, educational methodologies in the
maritime sector are expected to become
increasingly adaptive, with greater integration of
technological tools for learning and instruction.
This change is propelled by the need for simulation-
based learning environments that mimic real-world
maritime scenarios, as seen in global training
simulations.

Predictive trends suggest a growing emphasis on
lifelong learning strategies, as highlighted by
Dimitranov and Belev (2024), to keep pace with
fast-evolving technologies and regulatory demands.
Institutions will need to offer flexible learning
modules tailored to individual career paths,
emphasizing continuous professional development
rather than finite educational endpoints.

This future-facing approach will likely be
characterized by collaborative partnerships between
educational institutions, industry stakeholders, and
bodies to educational
frameworks remain aligned with industry trends
and future needs. Such collaboration can fuel

government ensure

innovation in maritime education, fostering a
workforce capable of leading the industry toward
sustainable growth and technological advancement.

In conclusion, the trajectory of maritime education
is firmly set toward integration, innovation, and
sustainability. By staying ahead of these trends,
educational institutions can ensure that maritime

professionals are well-prepared for the challenges
and opportunities of the future.

7.0 DISCUSSION AND CONCLUSION

Technological innovations in maritime practices
continue to revolutionize the industry by enhancing
operational efficiency and safety, necessitating
parallel advancements in maritime education. The
integration of technologies such as automation and
Al has reshaped the skill sets required within the
sector, demonstrating the value of curriculum
redesigning to include both technological and
sustainability  aspects.  Successful examples
demonstrate that embedding sustainability into
maritime education is not only feasible but essential
for achieving long-term industry goals. The
findings  highlight  significant gaps and
opportunities for future research, particularly in
harmonizing educational standards with rapidly
evolving industry practices. As the maritime sector
leans further into digitalization, future educational
strategies must remain adaptable, ensuring that they
meet both current and emergent industry needs
while fostering principles of sustainable
development

Acknowledgement

The authors wish to acknowledge the Akademi Laut
Malaysia Melaka for any grant if any or for
supporting this paper.

References

[1] Demesticha, S., Semaan, L., & Morsy, Z.
(2019). Capacity building in maritime
archaeology: The case of the Eastern
Mediterranean (Cyprus, Lebanon and Egypt).
Journal of Maritime Archaeology, 14(3), 369—
389. https://doi.org/10.1007/s11457-019-
09243-y

[2] Farinha, I., Duarte, C. A. M., & de Carvalho,
M. G. (2023). S&S’21 Marine Plastic
Pollution, Design & Circular Economy.
Springer Series in Design and Innovation, 31,
308-320. https://doi.org/10.1007/978-3-031-
32280-8 22



Journal of Emerging Technologies and Industrial Applications, Vol. 4 No. 2 (2025) p. 1-8

(3]

(4]

(3]

(8]

Jugovi¢, T. P.,, & Vuki¢, L. (2016).
Competencies of logistics operators for
optimisation the external costs within freight

logistics solutions. Pomorstvo, 30(2), 120—
127. https://doi.org/10.31217/p.30.2.4

Koh, L. Y., Li, X., Wang, X., & Yuen, K. F.
(2024). Key knowledge domains for maritime
shipping executives in the digital era: a
knowledge-based view approach. Technology
Analysis and Strategic Management, 36(7),
1646-1663.
https://doi.org/10.1080/09537325.2022.21068
41

Nurchurifiani, E., Maximilian, A., & Ajeng, G.
D. (2025). Leveraging Al-powered tools in
academic writing and research: Insights from
English faculty members in Indonesia.
International Journal of Information and
Education Technology, 15(2), 312-322.
https://doi.org/10.18178/ijiet.2025.15.2.2244

Shahbakhsh, M., Emad, G. R., & Cahoon, S.
(2022). Industrial revolutions and transition of
the maritime industry: The case of Seafarer's
role in autonomous shipping. Asian Journal of
Shipping and Logistics, 38(1), 10-18.
https://doi.org/10.1016/j.ajs1.2021.11.004

Vujici¢, S., Hasanspahi¢, N., Gundi¢é, A., &
Magli¢, L. (2022). Analysis of factors
influencing the effectiveness of MET

instructors. WMU Journal of Maritime Affairs,
21(4), 549-570.
https://doi.org/10.1007/s13437-022-00271-5

Otto, L., & Menzel, A. (2024). Maritime
Security and Sustainability: An Outlook.
Advanced Sciences and Technologies for
Security Applications, Part F3581, 193-199.
https://doi.org/10.1007/978-3-031-59903-
311

Vahabzadeh, N., & Khamseh, A. A. (2024).
Green Ports Assessment Model regarding
Uncertainty by Best Worst and Hesitant Fuzzy
VIKOR Methods: Iranian Ports. International
Journal of  Supply

and  Operations

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Management, 11(4), 502-516.
https://doi.org/10.22034/ijsom.2023.109553.2
477

Liu, Y., Bao, T., Zhao, D., Sang, H., & Fu, B.
(2022). Evaluation of Student-Perceived
Service Quality in Higher Education for
Sustainable Development: A Fuzzy TODIM-
ERA Method. Sustainability (Switzerland),
14(8), pp- 0-0.
https://doi.org/10.3390/su14084761

Caesar, L. D. (2024). Emerging Dynamics of

Training, Recruiting, and Retaining a
Sustainable Maritime Workforce: A Skill
Resilience Framework. Sustainability

(Switzerland), 16(1).

Liwang, H. (2020).
module to create social sustainability skills.
International Journal of Sustainability in
Higher  Education, 21(4), 717-732.

https://doi.org/10.1108/IJSHE-09-2019-0264

Safety management

Pan, Y. J. (2024). A Marine Knowledge
System for Ocean Affairs: Integrating Data,
Evaluating Usage, and Enabling Sustainable
Marine Management. Journal of Marine
Science and Technology (Taiwan), 32(3),
196-205. https://doi.org/10.51400/2709-
6998.2746

Arruda, G. M. (2021). The development of
environmental sustainability education within
Greenland’s higher education. Environmental
Sustainability Education for a Changing
World, 149-171. https://doi.org/10.1007/978-
3-030-66384-1_10

Arslan, O., Kececi, T., Solmaz, M. S., &
Usluer, H. B. (2023). A social sustainability
model for maritime labour force based on card
sorting, fuzzy AHP & QFD method. Research
in Transportation Business and Management,
49, 0-0.
https://doi.org/10.1016/j.rtbm.2023.101018

Dimitranov, D., & Belev, B. (2024).
Sustainable Shipping Requires Sustainable



Deraman, A. et al., Journal of Emerging Technologies and Industrial Applications, Vol. 4 No. 2 (2025) p. 1-8

Education and Training. Sustainability
(Switzerland), 16(24), pp- 0-0.
https://doi.org/10.3390/su162411270

[17] Mulyadi, A., Efriyeld, & Hamidy, R. (2021).
Development of Mangrove Ecotourism in
Bandar Bakau Dumai Based on Disaster
Mitigation.  International = Journal  of
Sustainable Development and Planning.

[18] Jeevan, J., Othman, M. R., Salleh, N. H., Abu
Bakar, A., Osnin, N. A., Selvaduray, M., &
Boonadir, N. (2022). Interpretations of
Maritime Experts on the Sustainability of
Maritime Education: Reducing the Lacuna of
Amalgamation Between Maritime Education
and Industries. Advanced Structured Materials,
167, 339-357. https://doi.org/10.1007/978-3-030-
89988-2 26

[19] Williams, I. D., Roberts, T. J., Zapata-Restrepo, L.
M., Neophytou, M., Ktoris, A., & Maragkidou, A.,
Jalkanen, J-P. (2024). COMMUNICATING
OUTPUTS, OUTCOMES AND IMPACTS OF
WASTE-RELATED RESEARCH: THE
“EMERGE” CASE STUDYWASTE-STUDY.
Detritus, 29, 191-201.
https://doi.org/10.31025/2611-4135/2024.19439



