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Abstract 

Purpose: The increasing technological advancement in the maritime industry imposed 
by the Fourth Industrial Revolution (4IR) contributes significantly to changing the 
nature of jobs, which according to the World Economic Forum, might lead to 
massive job losses owing to either redundancy or skills mismatch. Nevertheless, 
the maritime workforce can endure the adverse effects of this transformation by 
adopting proactively responsive measures for boosting the potential role of seafarers 
through sustaining an appropriate level of Maritime Education and Training (MET) that 
comprehends the dynamic evolution of the industry and addresses its future needs.  
Despite the fact that the IMO has taken several global initiatives in support of the 4IR, it 
appears that further measures are still urgently required. This implies obligations upon 
both the national maritime authorities and the maritime educational organizations to 
tackle this challenge. It is well acknowledged that the primary responsibility of MET 
Institutions is to equip graduates with future competencies and skills needed for 
employment. Such duty involves a set of challenges that the MET system needs to 
address effectively in order to continue delivering a relevant education to the current 
technological revolution.  
 
Design/Methodology/Approach: This research aims to demonstrate indicative 
examples of global proactive measures adopted at international, national and 
institutional levels in addition to future skills requirements concerning 4IR.
 
Findings: The research concludes with a key approach to the transformation strategy 
for enabling MET Institutions to maintain the sustainable development of MET.  
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1.INTRODUCTION 

Nearly all modes of transportation have recently 
been influenced to varying degrees by the current 
technological revolution (Outay et al, 2020). This 
includes various maritime domains that have significantly 
advanced and still growing to rely heavily on cutting-
edge technologies brought by the Fourth Industrial 
Revolution (4IR) (Ichimura, et al, 2022). Since the 
human element’s involvement in maritime operations 
has been continually transformed and redefined by 
technological advancements (Steven C. M. et al, 2020), 
the impending transformation of the maritime industry 
necessitates a need for a comprehensive proactive 
approach to address the future seafarers’ role in the 
industry including their relevant education and training. 
 
The 4IR is globally recognized as the current developing 
living and working environment in which a set of 
technological innovations and trends such as the 
Internet of Things/Services (IoT) & (IoS), Artificial 
Intelligence (AI), Autonomous Vehicles, Blockchain, 
Robotic systems, Drones, Augmented/ Virtual reality 

(AR) & (VR) are evolving the way people live and 
work (Hermann et al., 2016). Furthermore, according 
to Schwab, (2016), and Oztemel & Gursev, (2020), 
there are other important 4IR-related topics including 
real-time big data transfer, human-machine interface, 
cyber-physical systems, digital twin, 3D-printing, cloud 
technology, smart sensors, and cyber-security. From a 
historical background, the world has gone through four 
industrial revolutions; the first started when mechanical 
manufacturing driven by steam-powered engines 
was introduced; the second, when mass production 
was made possible by the discovery of electricity, 
then the third, when production become automated 
thanks to the renaissance of information technology 
(IT) and electronics. Eventually, the fourth is primarily 
centred on digitalization and innovative cyber-physical 
systems offering novel lifestyles for humans and highly 
advanced capabilities for machines (Liao et al., 2018). 
Currently, the 4IR contributes to the maritime industry 
development as well as the previous three revolutions 
did. Figure (1) shows the impact and time frame during 
which the four revolutions commenced taking place in 
shipping.

Fig. 1. Impact of the four IRs on the maritime industry
Source: Stanic Venesa et al. 2018

As technology, infrastructure, processes, 
competitiveness, and interactions with multiple modes 
of transportation evolve, new emphasis is placed on 
the future demands of the maritime industry. These 

evolutions have the potential to transform the nature 
of present professions and introduce new skills and 
competencies that could be entirely generic to the 
existing paradigm of the industry. Evolving maritime 
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education and training (MET) with adequate knowledge 
and skills for current and future innovation development 
is a key component in preparing the maritime workforce 
to cope with the upcoming shifts (Bogusławski et al, 
2022). 

In this research, with the aim to demonstrate multiple 
indicative examples of global measures adopted 
at international, national and institutional levels, the 
author intended to highlight the implications of the 4IR 
on the maritime workforce with a particular focus on 
investigating future skills that should be addressed by 
the MET outcomes. 

2. THE CONSEQUENT IMPACT OF THE 4IR 

ON THE MARITIME WORKFORCE

The maritime workforce cannot stay aloof from the 
impact of 4IR since the rapidly changing nature of the 
industry due to automation and technological innovation 
is permanently changing everything with consequent 
implications on demands for seafarers. The maritime 
industry, which contributes to the transportation of 
80% of global trade (UNCTAD, 2020), is currently 
backed by a substantial front-line workforce of 1.89 
million seafarers serving the world fleet and running more 
than 74,000 merchant ships across the world (BIMCO 
& ICS, 2021).  

There are multiple examples of innovative technologies 
that have been deployed already in the industry with 
encouraging results and promising futures such as the 
use of IoT by the Maersk Group to track containers and 
monitor reefers on shore and at sea (Cross et al., 2017).  
Currently, by utilizing artificial AI, several maritime 
corporations are widely investing in the creation and 
development of autonomous ships that are controlled by 
innovative systems capable of making decisions (Steven 
et al, 2020). Rolls-Royce Plc, (2016) revealed that the 
maritime industry should widely invest in autonomous 
ships for improving ships’ safety and efficiency by 
eliminating human error, as well as increasing profits 
by allocating additional space for cargo, and lowering 
operation costs by cutting down crew expenses 
including wages and provisions, besides conserving fuel 
needed for accommodation and ultimately minimizing 

emissions. According to Poornikoo et al, (2022), the 
current progress of Maritime Autonomous Surface 
Ships (MASS) would introduce a new age in the 
maritime industry leading to a paradigm shift in terms 
of effectiveness, safety, security, and environmental 
protection.  

On the shoreside, an increasing number of ports started 
to adopt a strategy for creating smart ports which 
according to Min, H., (2022) constitute more viable and 
rational replacements for conventional ports, particularly 
with the advent of digital technology prompted by the 
4IR. However, from a distinctive viewpoint, the World 
Economic Forum (WEF) has drawn attention to the 
disruptive effects of 4IR which could directly impact the 
global workforce employment by highlighting serious 
concerns regarding the potential future loss of jobs, 
either because of mismatch with the needed skills or 
due to significant changes in the nature of jobs induced 
by technology advances and innovative manufacturing 
techniques (WEF, 2018).

In parallel, when seafarers consider shifting careers to 
shore-based jobs they confront considerably reduced 
employment opportunities since they are not adequately 
equipped with the relevant competencies. This is agreed 
with the findings of the research project titled “Mapping 
of Career Paths in the Maritime Industries” which was 
carried out by Southampton Solent University and 
funded by the European Commission (EU, 2020). 
The study revealed that shore-based jobs cannot 
currently be fulfilled by seafarers as the present MET 
systems heavily emphasize operational and technical 
competencies at the expense of soft, managerial, and 
administrative skills, including commercial and business 
management.

There is an urgent need for developing dynamically 
responsive strategies to address the threats and 
possibilities associated with this transition according 
to the conclusion of the joint report “Transport 2040: 
Automation Technology Employment and Future of 
Work” produced by the World Maritime University 
(WMU) and the International Transport Workers 
Federation (ITF). The study reveals that automation and 
technologies can result in a higher risk of redundant low-
skilled and medium-skilled jobs. Nevertheless, high-
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skilled professions like Masters and officers, as well as 
Pilots are not included in the linearly positive relationship 
between present and future automation (WMU, 2019).

Figure (2) demonstrates that tasks carried out by low 
and middle-skilled individuals have higher levels of 
automation, whereas those performed by high-skilled 

groups are least vulnerable to automation. Automation 
and technology are frequently used to assist high-task 
professions, provided that they acquire the appropriate 
education and training so that they can attain the 
optimum performance outcomes in their fundamental 
jobs. Therefore, the idea is to prepare them on how to 
make use of technology in their core tasks.

Fig. 2. Potential for automation in maritime professions

Source: WMU (2019)

In order to address multiple aspects of the challenges 
associated with the changing nature of work resulting 
from the fast technological advances and innovation 
in the industry, several leading nations implemented 
policies and initiatives to promote the integration of 
innovative technologies of information, communication, 
and cybersecurity in the educational systems. This 
is in addition to adopting the necessary legislation 
for ensuring adequate preparation of the maritime 
workforce to satisfy future labour market demands 
(UNCTAD, 2020), which according to Ziarati et al, 
(2010) is ultimately the most important and essential 
goal of MET institutions. 

3. THE MARITIME INTERNATIONAL LEGAL 

FRAMEWORK TOWARDS 4IR

There has been a remarkable improvement in the 
global MET approach since the International Maritime 
Organization (IMO) presented the concept of Electronic 

Navigation in 2006 as “the harmonized collecting, 
integrating, exchanging, presenting, and analyzing of 
maritime information on ships and ashore throughout 
digital means”. Recently, the development of 
Information and Communication (IC) infrastructure is 
giving a solid foundation for the evolution of autonomous 
and unmanned vessels. As a responsive measure, a 
framework for the administrative scope was agreed 
upon during the 99th meeting of the Maritime Safety 
Committee (MSC) in May 2018 to determine the safety, 
security, and environmental aspects of autonomous 
ships and how they can be addressed in the requirements 
of IMO (IMO, 2018).

The Standards of Training, Certification, and 
Watchkeeping (STCW) convention, being the IMO’s key 
instrument addressing the seafarers’ competencies, 
adopted major amendments in 1995 to assure the 
emphasis on competencies comprising “knowledge”, 
“skills” and “attitudes”. The present STCW, as amended 
by Manila 2010, is incorporating newer soft skills in 
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addition to the fundamental technical competencies, 
such as “teamwork”, “leadership”, “decision-
making”, “problem-solving”, and “effective resources 
management” (IMO, 2017). 

Despite all  IMO’s efforts, there are growing doubts 
about whether the currently produced skills are now 
adequate for a seafarer to be considered highly qualified 
under the 4IR era. 

In this regard, Kitada et al. (2018) claim that IMO 
legislative frameworks related to MET and established 
by STCW for seafarers to cope with the 4IR needs are 
still in the initial stages of development and cannot be 
regarded as sufficient in their current state. 

Similarly to that though, the IMO Sub-Committee on 
Human element, Training and Watchkeeping (HTW)
received a report from the International Chamber of 
Shipping (ICS) outlining maritime employers’ concerns 
regarding the current STCW regime and requesting 
a comprehensive review to reformate the STCW 
Convention (ICS, 2019). This is attributable to ICS’s 
belief that the current IMO STCW regime might not 
remain adequate for purpose in the third decade of the 
twenty-first century, while only a completely revised 
convention could enable a further flexible platform 
for competency accumulation and certification than 
is currently feasible, and would provide a framework 
with a certain flexibility in a way that satisfies the future 
needs of maritime industry stakeholders (ICS, 2020).

These given facts highlight the necessity for more 
efficient initiatives by both National Maritime Authorities 
and MET Institutions to proactively respond to 4IR’s 
needs and to share the responsibility with the IMO in 
achieving this goal.

4. EXAMPLES OF STRATEGIES AND 

PROACTIVE MEASURES AT THE NATIONAL 

LEVEL

Looking at several leading maritime countries within 
the European Union such as Denmark, Norway, the 
UK and the Netherlands; it can be noted that there is 
early recognition of the rapidly changing nature of the 
maritime industry. 

For example, the Danish government established a 
maritime strategy in 2018 to create a “Blue Denmark” 
development plan with the aim of transforming 
Denmark into a major maritime power hub in 2025. 
Through an appealing framework, the plan outlines the 
necessary steps that authorities should undertake in 
collaboration with all interested parties to turn Denmark 
into a knowledge and digitalization hub. Furthermore, by 
outlining the necessary MET components to keep up with 
future technological advancement, the plan contributes 
to the evolution of the MET system and facilitates the 
ability of MET institutions to adapt and tackle the 4IR 
challenges while offering state funds for undergraduate 
maritime professionals to attain a Bachelor’s degree 
(DMA, 2018).

As another illustration, the Norwegian Maritime Authority 
in collaboration with the Coastal Administration and 
the Norwegian Industries Federation launched the 
“National Forum for Autonomous Ships (NFAS)”, with 
the goal to examine every element of autonomous 
ships’ operations, as well as anticipating the changes 
related to the required skills and knowledge owing to 
changing nature of jobs that is a major concern for MET. 
The forum’s outcomes demonstrated a vital need for 
industry-wide collaboration in overcoming the challenge 
and supporting maritime authorities in obtaining a good 
comprehension of how future administration can be 
improved. The technical director of the Norwegian 
Maritime Authority, Mr Lasse Karlsen, declared during 
the autonomous shipping test-bed debuted in 2017 by 
Kongsberg; “We ought to recognize what these new 
technologies offer, as we also must ensure following 
this evolution firmly” (Kongsberg, 2018).

The Dutch maritime administration addressed the 
progressive shipping’s digitalization and the expanding 
technological possibilities by motivating the development 
of maritime simulation to provide adequate students’ 
preparation for the most innovative technology 
advancements while tackling also the industry’s reduced 
opportunities for onboard training on advanced ships, 
which is an effective strategy to accomplish multiple 
goals simultaneously (Maung, 2019). 

On the other hand, governmental funds are provided to 
almost all public maritime institutions in Europe depending 
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on each country’s  legislative  requirements, and although 
there are several funding models, the performance-
based funding system is increasingly growing popular 
according to the Norwegian Higher Education Authority, 
(2017). For instance, the University of South-Eastern 
Norway (USN) is entitled to receive certain amounts of 
state funds for each participant in a Bachelor’s, Master’s, 
or Doctorate. This gives organizations the ability to 
develop educational simulations and encourages 
scholarly exchange, information sharing, and research 
collaborations amongst maritime institutions, industry, 
and governmental entities through projects and forums.

In summary, it can be noted that these strategies have 
been developed at the national scale as cited and 
had been implanted only in a few EU countries, which 
might be viewed as limited proactive measures for 
assisting MET Institutes to effectively cope with the 
rapid evolution of the industry. Improving the technical-
competency training to maintain it in line with technological 
advancements needs to be acknowledged by national 
executive bodies responsible for supervising maritime 
matters such as maritime administrations or authorities. 
Their functions should no longer be confined solely to 
administrative duties but instead should entail active 
work to support their countries’ growth in the maritime 
field by promoting MET and fostering interrelations with 
the academic, industrial, and governmental sectors for 
achieving this ultimate objective.

5. THE PROACTIVE MET PRACTICE AT THE 

INSTITUTIONAL LEVEL

As per the seafarers’ supply and demand report 2021 
produced by the Baltic & International Maritime Council 
(BIMCO) and ICS, there would be an estimated serious 
shortage of 89,510 seafaring officers by the year 2026. 
Therefore, in order to cope with this future demand for 
seafarers, the maritime industry must actively promote 
training and employment levels by enhancing the current 
MET globally, with a special emphasis on providing the 
innovative knowledge and skills that will be strongly 
needed to maintain a sustainable and better digitally 
advanced industry (BIMCO & ICS, 2021). 

This implies obligations upon MET Institutions to 
investigate the range of skills that will be needed 
during the upcoming years. In March 2018, The 
International Association of Maritime Universities (IAMU) 
performed a survey titled “A future Global Maritime 
Professional” that involved participants from all world 
regions who represent a diversity of maritime sector 
professions (IAMU, 2018). The survey results indicated 
15 competencies that are deemed to be particularly 
crucial in the future of the maritime industry as shown 
in Table (1). The survey referred to a scale of changes in 
the importance of each competency by numbers from 
1 to 15 within time frames of a short period of up to five 
years, a medium period of five to ten years, in addition 
to a long period of twenty years.         
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Table 1: Change Scale for Vital 15 Maritime Competencies.

Source: IAMU, 2018.

When analyzing Table (1), it can be observed that 
“Technical Competencies” are still recognized as the 
primary needed skills within the short period and the 
secondary ones during both the medium and long-term 
periods. Although this implies the continued essential 
role of technical skills throughout the industry’s future, 
technological awareness shall be promoted in priority 
from the third needed skill within the short period to 
the foremost vital skill of the future. Other skills that 
are highly addressed within the short period such as 
teamwork, communication, discipline, complexity, 
critical thinking, language ability, and responsibility 
appear to be decreasing in importance through the 
medium and long term period. 

Regarding emerging skills, further attention is given to 
adaptability, flexibility, and self-development, as their 
importance is increasing and will eventually become 
crucial throughout a long-term period. Following the 
IAMU report, none of these skills is presently underlined 
in the current skills addressed by the STCW convention. 
 
Given these findings, the 4IR is creating a necessity for 
additional knowledge and skills needed by seafarers 
that aren’t yet adequately addressed by STCW. It 
seems that it is time for MET Institutions to consider 

modifying their MET system beyond the current STCW 
requirements and address the needed skills to prepare 
their delegates for the 4IR impact. 

As a proactive response driven by the need for a 
reskilling revolution to close the gap between what is 
needed and what is currently produced by MET, the 
IAMU established the Global Maritime Professional-
Body of Knowledge (GMP-BoK) initiative to entail a 
wide range of educational outcomes well above the 
requirements of the STCW Convention. This initiative has 
been made in partnership with the Nippon Foundation to 
provide comprehensive academic programs that cover 
the STCW requirements while also incorporating a set 
of knowledge and skills that suits the demands of the 
industry and other stakeholders (IAMU, 2019). 

The BoK’s defined learning outcomes are based on 
learning outcome taxonomies for three domains of 
learning: the cognitive domain (knowledge), the 
affective domain (attitudes), and the psychomotor 
domain (skills), as demonstrated in Figure (3) which have 
been presented in the workshop for the implementation 
of GMP-BoK by the AASTMT GMP team during the 
period from 6th to 8th April 2021.
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Fig. 3. Learning domains of GMP-BoK                                                                                  

 Source: Ghalwash et al, (2021)

The IAMU initiative represents a significant proactive 
step taken by MET Institutions to address the effective 
preparation of maritime officers to cope with the 
current demands and future needs of the industry while 
also increasing their employment opportunities ashore.  

6. THE FUTURE PROSPECTS OF MET IN THE 

4IR ERA 

Since technological innovations could lead to creative 
educational techniques, the teaching process must 
adapt quickly to incorporate digital advancements and 
trends. MET must refine its strategic plans to address 
the challenges of delivering the desired skills as cited 
previously. In addition, the following approaches could 
be adopted in parallel.

6.1. Implementing Effective Human Resources 
Development (HRD) Plans

The maritime industry, where students will eventually 
seek jobs, will likely perform differently from how it 
used to do. In this manner, the current global shortfall 
of adequately qualified Teachers is one of the biggest 
obstacles to producing seafarers with essential extensive 
knowledge and practical skills (BIMCO, 2015). For 
example, although maritime simulation is widely utilized 
by several MET institutions, the lack of professional 
instructors with the necessary qualifications to conduct 
training efficiently is limiting its potential benefits. 

As a response to this concern, “HR Development” 
is becoming crucial and must be viewed as a critical 
component of success. As per this viewpoint, MET 
Universities must address HRD comprehensively.

One of the examples that exemplifies this approach is 
the case of the UK Maritime College of Blackpool and 
the Flyde College (B&FC) in which HRD is established 
in line with the employee’s needs and the organizational 
goals. Annually, each staff member is required to consult 
his direct senior management to develop a distinguished 
Sustained Professionalism Development (CPD) plan that 
takes into account both the strategic goals of the College 
and the individual desires (STC Group, 2016). It’s crucial 
to note that while CPD programs at B&FC College have 
unique key performance indicators, however, they are 
reasonably adaptable and can be customized for each 
staff member. The primary goal of CPD would be to 
improve an individual or group’s capabilities concerning 
the job they are performing. If the goal is not fulfilled, the 
reasons would be looked into and properly addressed. 
While obtaining competent teachers is tough, retaining 
them is even getting more difficult. Through the use 
of such an approach among lecturers and instructors, 
a systematic future career path can be ensured which 
isn’t solely motivating them but also leads to extending 
their engagement with the organization.

6.2. Revising the MET Curricula to Fit for Purpose

The curriculum in schools and colleges has to be 
continuously modified to produce highly educated 
and skilled individuals with new abilities (UN, 2017). 
According to Obilo et al. (2012), the curriculum is the 
tool that controls any educational system’s activities 
and is regarded as the medium via which knowledge and 
other learning processes are disseminated.

There are examples of some practices for modifying 
the MET curriculum as in Norway where one of the MET 
Institutions incorporated commercial studies into the 
MET curriculum, believing that ships’ staff members 
need to be empowered with a certain level of academic 
competencies in commerce to begin taking over certain 
commercial functions from management staff ashore 
(Kitada et al., 2018).
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Similarly, the innovative curriculum can incorporate the 
needed knowledge, skills, and attitudes concerning 4IR, 
such as computer and information skills with an advanced 
degree of technological awareness. The maritime 
educational processes can transmit the additional new 
skills listed in the IAMU report, such as adaptation, 
complexity, and critical thinking. For this purpose, MET’s 
curriculum developers need to maintain the curriculum 
sustainment in line with the 4IR skills transformation.

6.3. Strengthening Cooperation with the Maritime 
Industry

The fast modification of technologies, being used already 
or expected to be utilized soon, is making it harder for 
MET providers to keep the education and training system 
fit for purpose unless kept acquainted with the new 
technology applications resulting from the industry’s 
vision towards the future. Ensuring an adequate level of 
collaboration with industry, especially in research fields 
of innovation, applications and knowledge transfer can 
be a vital approach for MET institutions to target the 
learning outcomes that align with the desired skills. 

A noteworthy example is a collaboration between 
“Kongsberg” and the University of Southeast Norway 
(USN) on a project titled “Innovating Maritime Training 
Simulators Using Virtual and Augmented Reality”, 
in addition to further research study concerning 
autonomous ships. Through similar initiatives, MET 
institutions can have the opportunity to maintain updated 
with technological advancements, improve technology 
awareness among their staff members, and incorporate 
pertinent knowledge into their curriculum. Furthermore, 
through joint projects, MET Institutions can receive 
industry investments for research like the case of the 
USN when obtained an advanced training simulator for 
a Titan-class ship, which is a very specific class vessel 
for seismic operation, through its collaboration with the 
Norway Petroleum Geo-Services (PGS) and Kongsberg 
(Kongsberg, 2017).

For the MET system to be modernized adequately in 
the 4IR era, it is now more important than ever to foster 
collaboration with the industry that would empower MET 
institutions to enhance current training facilities and staff 
resources sustainably while also allowing institutions to 

keep updating the curricula.

6.4. Creating the Appropriate Infrastructure and 
Facility

The condition of the educational facility and the level of 
faculty members have a great influence on how students 
learn and get educated. In this context, new technologies 
that have recently received attention linked to 4IR, 
such as Virtual and Augmented Reality (VR/AR) along 
with conventional MET resources like training vessels, 
laboratories, simulators, workshops, and classes, might 
also view a bright potential for simulation combined with 
E-learning applications and services.

6.4.1. Incorporating VR/AR technologies in 
Simulation
In addition to existing simulators for a wide range of 
missions involving limited, multi, and full mission tasks 
that have been integrated into MET and require high 
financial ability, maritime simulation can be significantly 
improved by incorporating a 3D simulated environment 
that can closely imitate real-world tasks with multiple 
senses as being offered nowadays by the advanced 
VR and AR technologies. VR is a term that refers to a 
“near reality” wherein a virtual environment is employed. 
Technically speaking, it applies to 3D computer-
generated surroundings that a person can explore and 
interact with. Different from VR technology, AR is 
based on integrating both real and virtual elements in a 
real-world setting while operating interactively in real-
time in addition to connecting and aligning both the real 
and virtual objects together (VR Society, 2022). 

By incorporating VR into MET and creating a platform 
for virtually simulated ship equipment and its associated 
operational process, maritime students can get 
engaged with an array of cutting-edge technologies 
and genuine ship equipment that they might not be given 
the chance to explore throughout their onboard training. 
According to Yanliang, & Zhiqiang, (2020) embedding 
VR-based simulation into MET may broaden the horizon 
of the practical training outcomes since it can boost the 
operation skills of maritime personnel. Furthermore, it 
might be seen as a viable approach to overcome limited 
funding resources for conventional simulators that need 
considerably expensive hardware and facilities. 
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6.4.2. Establishing a digital learning platform
E-learning platforms are regarded as one of the 4IR’s 
accomplishments and can serve as an effective tool 
for integrating the 4IR needed skills as part of the MET 
system. The fact that e-learning promotes innovative 
interactions between educators and learners which 
contributes to improving the effectiveness and the 
adaptability of the learning environment in an appealing 
manner, will make it gain a larger popularity scale amongst 
students in colleges and universities (Alrawashdeh et al, 
2021). 

In reality, conventional classrooms that involve face-to-
face interaction between teachers and learners would 
still be crucial in the future education domain. However, 
it should be reinforced with enhanced digital innovative 
techniques to effectively prepare seafarers for future 
paradigms of knowledge and skills. For example, to 
enhance soft skills like critical thinking, communication 
skills, teamwork skills, and self-development abilities, 
a flipping classroom has been implemented as one of 
the utilized techniques in higher education where digital 
contents are available to students at any time through 
videos, online worksheets and quizzes which suits the 
way they use today to acquire knowledge through their 
phones, laptops and electronics (Tores C. et al, 2022). 
Multimedia with highly interactive methods, among 
several types of e-learning, can replace traditional 
knowledge transfer or at least change the way education 
is delivered. If students have the opportunity to spend 
more time on a guided self-study program through 
E-Learning at home, then they can make better use of 
time during classroom hours and dedicate it to questions 
and discussions with lecturers. 

Furthermore, the current advancement in E-learning 
offers a wide range of effective instructional methods 
involving online practice with associated feedback 
from teachers, combining collaboration activities with 
self-paced studies, while identifying and personalizing 
learning tracks based on the delegates’ desired skills. 
In addition, it can facilitate using simulation remotely 
for learners who have difficulty attending conventional 
classroom training (NETP, 2017). 

Given these characteristics, a platform for web-based 
learning should be developed to enable effective 

interaction between students and lecturers, as well as 
to better coordinate and actively manage the necessary 
knowledge and skills. The digital format offers the 
possibility to produce automated, adaptable education in 
which the student has the capacity to extend, replicate, 
and take control of their education beyond classrooms.

CONCLUSION

The introduction of highly advanced and emerging 
technologies imposed by the 4IR affects the maritime 
industry workforce by changing the nature of future 
jobs. This necessitates a need for a global proactive 
response to avoid skills mismatches and job-redundancy 
risks that can end in massive job losses in future. The 
responsibility is now shifted towards national maritime 
authorities and MET Institutions to contribute to the 
contamination of the 4IR consequent impacts in line with 
the IMO efforts. Creating a framework for industry-
government-institution partnership is the most efficient 
way to preserve knowledge exchange and future vision 
sharing. 

The effectiveness of preparing the maritime workforce 
for the longer-term transformation relies on the 
innovative development of MET which can be attained 
by implementing efficient plans for the development 
of human resources, revising the currently delivered 
curriculum in light of anticipated future skills, and 
strengthening industry collaboration. Integrating 
technology with these key elements can create a 
holistic approach to the transformational strategy for 
enabling MET Institutions to maintain the sustainable 
development of MET. 

The inclusion of digital tools and immersive technology 
in MET provides a wide variety of teaching and learning 
possibilities. If the 4IR-related technologies are well 
employed and used under appropriate intellectual 
guidance and technical support, they may facilitate and 
complement various educational techniques for achieving 
the needed 4IR skills. When it comes to strengthening 
and systemically building up an effective delivery of the 
digitalized MET contents, a comprehensive professional 
preparation plan for maritime educators and instructors 
regarding innovative digital educational skills is vital. 



http://dx.doi.org/10.21622/MRT.2022.01.2.046

 
56

Maritime Research and Technology

http://apc.aast.edu

 ISSN 2812-5622 

Vol. 1, Iss. 2  December 2022

REFERENCES

Alrawashdeh, A.Z., Youssef, E. M., Alarab, A.R., Alara, 
M., & Alrawashdeh, B. (2021) Advantages and 
Disadvantages of Using E-learning in University 
Education: Analyzing Students’ Perspectives. 
Electronic Journal of E-Learning (EJEL). 19 (3), 
107–117. 

Baltic & International Maritime Council (BIMCO) 
(2015) The Estimated Demand for Seafarers: 
Manpower Report 2015, BIMCO.ORG. Available 
from: https://www.bimco.org/-/media/bimco/
news-and-trends/news/crew support/2016/
manpower_report_2015_executive_summary_
final.ashx [Accessed: September 16, 2022].

Baltic & International Maritime Council (BIMCO) and 
International Chamber of Shipping (ICS). (2021) 
Global Supply and Demand for Seafarers: 
Seafarer Workforce Report 2021, BIMCO.
ORG. Witherby Publishing Group Ltd. Available 
from: https://www.bimco.org/news/priority-
news/20210728---bimco-ics-seafarer-
workforce-report [Accessed: September 24, 
2022].

Bogusławski, K., Gil, M., & Nasur, J. (2022) Implications 
of autonomous shipping for maritime education 
and training: the cadet’s perspective. Maritime 
Economics & Logistics. 24, 327–343. 

Cross, J. F., Meadow, G. C., Cox, I., & Jostaphot. 
(2017) The Autonomous Ships (101). Journal of 
Ocean Technology. 12 (3), 23-27. 

Danish Maritime Authority (DMA) (2018) Maritime 
Denmark: A global, maritime power hub. Ministry 
of Industry, Business and Financial Affairs, Danish 
Government. Available from: https://dma.dk/
Media/637629765609900709/DetBlaDanmark_
A4%20_Indhold_UKpdf.pdf [Accessed: August 
17, 2022].

Dunham, R., & Lloyd, J. (2015) Delivering the Simulation 
Solutions to Remote Communities. International 
Conference on Marine Simulation and Ship 
Manoeuvrability (MARSIM 2015). International 
Marine Simulator Forum (IMSF), September 2015. 
Newcastle University, UK. 

European Union (EU) (2020) Study on social aspects 
within the maritime transport sector: Final 
Report, Oxfordresearch.eu. B-1049 Brussels. 
Luxembourg: Publications Office of the European 
Union. Available from: https://oxfordresearch.
eu/wp-content/uploads/2021/05/Maritime-
transport-sector.pdf [Accessed: September 4, 
2022].

Gamal A. Ghalwash, Mahmoud S. El-Bawab, Ahmed A. 
Swidan, Mohamed S. Rowihil, & Amr M. Ibrahim. 
(2021) Implementation of the Global Maritime 
Professional-Body of Knowledge (GMP-BoK). 
[Presentation, slide 74].  GMP-Bok Workshop. 
Arab Academy for Science Technology and 
Maritime Transport (AASTMT) Alexandria, 6th April.

Hermann, M., Pentek, T. & Otto, B. (2016) Design 
Principles for Industry 4.0 Scenarios. In: Social 
Media’s Perspective on Industry 4.0: Proceeding 
of the 49th Hawaii International Conference on 
System Sciences (HICSS), 5-8 Jan. 2016, Koloa, 
HI, USA. IEEE. pp. 3928-3937. 

Ichimura, Y., Dimitrios D., Kitada M., & Christodoulou 
A. (2022) Shipping in Era of Digitalization: 
Mapping the future strategic plans of major 
maritime commercial actors. Digital Business. 
2. 100022. February 2022. DOI: 10.1016/j.
digbus. 2022. 100022  Available from https://
www.researchgate.net/publication/358538717_
Shipping_in_the_era_of_digitalization_Mapping_
the_future_strategic_plans_of_major_maritime_
commercial_actors [Accessed: September 2, 
2022]

International Association of Maritime Universities (IAMU) 
(2018) A future Global Maritime Professional, 
Annual General Assembly (AGA) of the IAMU. 
Barcelona, Spain: Barcelona School of Nautical 
Studies. Universitat Politècnica de Catalunya 
(UPC – BarcelonaTech). Available from: https://
bib.irb.hr/datoteka/962247.Ebook_IAMU_2018.
pdf. [Accessed: July 18, 2022]

International Association of Maritime Universities (IAMU) 
and Nippon Foundation. (2019) Global Maritime 
Professional: Body of Knowledge. Tokyo, Japan: 
International Association of Maritime Universities 
(IAMU). Available from: https://iamu-edu.org/
wp-content/uploads/2019/09/IAMU_GMP-



http://dx.doi.org/10.21622/MRT.2022.01.2.046Maritime Research and Technology

http://apc.aast.edu

 ISSN 2812-5622 

Vol. 1, Iss. 2  December 2022

 
57

Body-of-Knowledge.pdf. [Accessed: July 23, 
2022]

International Chamber of Shipping (ICS) (2019) Annual 
Review 2019. International Chamber of Shipping 
(ICS). Available from: https://www.ics-shipping.
org/wp-content/uploads/2019/06/ics-annual-
review-2019-min.pdf [Accessed: August 6, 
2022].

International Chamber of Shipping (ICS) (2020) Annual 
Review 2020: Heroes at Sea. International 
Chamber of Shipping (ICS). Available from: 
https://www.ics-shipping.org/wp-content/
uploads/2020/11/annual-review-2020-final-
compressed.pdf [Accessed: August 12, 2022].

International Maritime Organization (IMO) (2017) 
Guidelines on Maritime Cyber Risk Management, 
MSC-FAL.1/Circ.3. London: IMO. Available 
from: https://wwwcdn.imo.org/localresources/
en/OurWork/Secur ity/Documents/MSC-
FA L . 1 - C i rc . 3 % 2 0 - % 2 0 G u i d e l i nes % 2 0
On%20Marit ime%20Cyber%20Risk%20
Management%20(Secretariat).pdf [Accessed: 
August 11, 2022].

International Maritime Organization (IMO) (2018) 
Summary Report on the 99th Maritime Safety 
Committee (MSC) meeting session. Available 
from: https://www.imo.org/en/MediaCentre/
MeetingSummaries/Pages/MSC-99th-session.
aspx [Accessed: July 28, 2022].

Kitada, M., Baldauf, M., Mannov, A., Svendsen, P. 
A., Baumler, R., Schroder-Hinrichs, J. U. & 
Lagdami, K. (2018) Command of Vessels in the 
Era of Digitalization. In: Jussi Ilari Kantola, Salman 
Nazir, and Tibor Barath (eds.) Advances in Human 
Factors, Business Management and Society: 
Proceeding of the International Conference on 
Applied Human Factors and Ergonomics, 21 - 25 
Jul 2018, Orlando, USA. Switzerland, Springer. 
pp. 339-350

Kongsberg Group (2017) New Norwegian Autonomous 
Shipping Test-Bed Opens. Available from: 
https://www.kongsberg.com/maritime/about-
us/news-and-media/news-archive/2017/new-
norwegian-autonomous-shipping-test-bed-
opens/ [Accessed: August 13, 2022].

Liao, Y. L., Eduardo R., Deschamps, F., Brezinski, G., 
& Venancio, A. (2018) The impact of the fourth 
industrial revolution: a cross-country/region 
comparison. Production, 28(0), e20180061. 
Available from: https://doi.org/10.1590/0103-
6513.20180061.

Maung Thet, C. (2019) Simulation training and assessment 
in maritime education and training. Master 
Dissertation. World Maritime University (WMU). 
Available from https://commons.wmu.se/cgi/
viewcontent.cgi?article=2139&context=all_
dissertations [Accessed: August 18, 2022]

Min, H. (2022). Developing a smart port architecture 
and essential elements in the era of Industry 4.0. 
Maritime Economics & Logistics 24, 189–207. 
February 2022. 

National Educational Technology (NET). (2017) 
Reimagining the Role of Technology in Education:  
National Education Technology Plan (NETP) 
2017 Update, tech.ed.gov. U.S. Department 
of Education. Available from: https://tech.
ed.gov/files/2017/01/NETP17.pdf [Accessed: 
September 3, 2022].

Norwegian Higher Education Authority (HEA). 
(2017) Review of the Allocation Model for 
Funding Higher Education Institutions: Working 
Paper 4: International Funding Allocation 
Approaches, HEA. Available from: https://hea.
ie/assets/uploads/2017/06/hea_rfam_working_
paper_4_international_funding_al location_
approaches_022.pdf [Accessed: September 3, 
2022].

Obilo, I., Ikoku, A., & Sangoleye, S. A. (2012) Curriculum 
Implementation & Teacher: Challenges    and     the 
Way  Forward.   International  Journal in Commerce, 
IT & Social Sciences (IJCISS), 3 (6), 41–48. 
Available from: https://www.semanticscholar.
org/paper/CURRICULUM-IMPLEMENTATION-AND-
THE-TEACHER-%3A-AND-WAY-Obi lo-Ikoku/
b279a9d49cb779cf4ddbdc7c5a2c73c4526a39e5

Outay, F., Mengash, H.A. and Adnan, M. (2020) 
Applications of unmanned aerial vehicle (UAV) in 
road safety, traffic and highway infrastructure 
management: Recent advances and challenges.  
Transportation Research, 141, 116–129. 
Available from: https://doi.org/10.1016/j.
tra.2020.09.018.



http://dx.doi.org/10.21622/MRT.2022.01.2.046

 
58

Maritime Research and Technology

http://apc.aast.edu

 ISSN 2812-5622 

Vol. 1, Iss. 2  December 2022

Oztemel, E., & Gursev, S. (2020) Literature review of 
Industry 4.0 and Related Technologies. Journal 
of Intelligent Manufacturing. 31 (1), 127–182.   
https://doi.org/10.1007/s10845-018-1433-8
Available from: https://link.springer.com/
article/10.1007/s10845-018-1433-8#citeas

Poornikoo, M., & Overgard, K.I. (2020) Levels of 
automation in maritime autonomous surface 
ships (MASS): A fuzzy logic approach. Maritime 
Economics and Logistics. 24, 278–301. https://
doi.org/10.1057/s41278-022-00215-z
Available from: https://link.springer.com/
article/10.1057/s41278-022-00215-z#citeas 
[Accessed: July 14, 2022]

Rolls-Royce Plc. (ed.) (2016) Autonomous Ships: The 
Next Steps. Available from: https://www.rolls-
royce.com/%7E/media/Files/R/Rolls-Royce/
documents/customers/marine/ship-intel/rr-
ship-intel-aawa-8pg.pdf [Accessed: July 13, 
2022].

Schwab, K. (2016) The Fourth Industrial Revolution. The 
World Economic Forum, Geneva, Switzerland. 
Available from https://www.weforum.org/
about/the-fourth-industrial-revolution-by-
klaus-schwab [Accessed: August 12, 2022]

Stanic, V., Marko, H., Niksa, F., & Tin M. (2018) Toward 
Shipbuilding 4.0: An Industry 4.0 Changing the 
Face of the Shipbuilding Industry. Brodogradnja, 
69 (3), 111–128. Available from: https://doi.
org/10.21278/brod69307.

Steven C. Mallam, Salman Nazir & Amit Sharma (2020) 
The Human Element in Future Maritime Operations: 
Perceived impact of autonomous shipping. 
Journal of Ergonomics. 63(3), 334-345. DOI: 
10.1080/00140139.2019.1659995 Available 
from  https://www.tandfonline.com/doi/
pdf/10.1080/00140139.2019.1659995?casa_
token=E3VM1VZJRa8AAAAA:ME9GyOSRgrE_
Sf8PYwi33y5nYlrIY9h4kEhzj7JsFjKdm0ifuRhtr8s
iOsWrKkCgywFAXK-4v1wAy3kUcQ [Accessed: 
July 22, 2022]

Torres-Martín, C., Acal, C., El-Homrani, M. et al. (2022) 
Implementation of the flipped classroom and 
its longitudinal impact on improving academic 
performance. Educational Technology Research 
and Development, 70(3), 909–929. Available 
from: https://doi.org/10.1007/s11423-022-
10095-y.

UK Department for Transport. (2015) Maritime Growth 
Study: keeping the UK competitive in a global 
market: Moving Britain Ahead, www.gov.uk/
dft. London: Department for Transport. Available 
from: https://assets.publishing.service.gov.
uk/government/uploads/system/uploads/
attachment_data/file/876791/maritime-growth-
study-keeping-UK-competitive.pdf [Accessed: 
August 12, 2022].

United Nations Conference on Trade and Development 
(UNCTAD) (2020) REVIEW OF MARITIME 
TRANSPORT 2020. UN Publications. Available 
fromt: https://unctad.org/system/files/official-
document/rmt2020_en.pdf [Accessed: 
September 2, 2022].

United Nations (UN). (2017) Frontier Issues Paper: The 
Impact of the Technological Revolution on Labor 
Markets and Income Distribution. Available at 
https://www.un.org/development/UN/dpad/
publication/frontier-issues-artificial-intelligence-
and-other-technologies-will-define-the-future-
of-jobs-and-incomes/ 

Virtual Reality Society (VRS). (2022) What is Virtual 
Reality? Available from: https://www.vrs.org.
uk/virtual-reality/what-is-virtual-reality.html 
[Accessed: June 18, 2022].

World Economic Forum (WEF). (2018) The Future 
of Jobs Report 2018. Geneva, Switzerland: 
WEF. Available from: https://www3.weforum.
org/docs/WEF_Future_of_Jobs_2018.pdf 
[Accessed: July 25, 2022].

World Maritime University (WMU). (2019) TRANSPORT 
2040. Automation, Technology, and  
Employment: The Future of Work. Available at  
https://commons.wmu.se/lib_reports/58/

Yanliang, B. & Zhiqiang, Z. (2020) The Application 
of VR Virtual Reality in Navigation Teaching.
Journal of Physics. 1648 (03), 21-56.   
Available from https://iopscience.iop.org/
article/10.1088/1742-6596/1648/3/032156/
pdf [Accessed: July 28, 2022] 

Ziarati, Reza, Demirel, Ergun., & Albayrak, Taner. 
(2010) Innovation in Maritime Education and 
Training. International Maritime Lecturers 
Association (IMLA). Shanghai, China.   
Available  at https://www.researchgate.net/
publ icat ion/263483647_INNOVATION_IN_
MARITIME_EDUCATION_AND_TRAINING


