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Abstract

Title of Dissertation: DEVELOPMENT OF MARITIME EDUCATION AND
TRAINING METHODS WITH TECHNOLOGICAL
INNOVATION: Japan as a case study focusing on MASS

Degree: Master of Science

In contemporary society, technological innovations such as Al and automation are
being promoted. These innovations can affect human life, work and social structure.
This research is focused specifically on Maritime Education and Training (MET). It
was investigated how technological innovation has influenced to provide etfective
MET. Maritime Autonomous Surface ship (MASS) is the centre of technological
innovation in current maritime industry, and how it affects the competence required
of maritime professionals, who are the main target of MET.

Currently, the maritime professionals, who are required a certificate, are only
seafarers working on board. As MASS development progresses, not only onboard
workers but also new workers to control from land remotely will emerge. The
challenge of MET institution (METTI) is how to train maritime professionals
including this new role, which will be appeared by technological innovation. This
research was investigated how METI would respond to technological innovation.

In this research, the analysis is made based on the Training Record Book (TRB) used
by the Japan Agency of Maritime Education and Training for Seafarers (JMETS),
which is one of the Japanese METI. The competence, which was required by
onboard, land, both and neither workers, was color-coded for each MASS autonomy
level defined by International Maritime Organization (IMO). From this result, it will
be considered how future MET will change and what METI should do.

KEYWORDS: Maritime Autonomous Surface Ship (MASS), Future maritime
education and training, Japanese Training Record Books for seafarers
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Chapter 1 Introduction and background
With recent advances in technology such as artificial intelligence (AI) and

automation, it will soon be possible to reduce the amount of labour needed in some
of the existing work that is currently carried out by humans, and the profession itself
will be replaced by new technology in some cases (Bessen, 2018). On the other hand,
new technology will create new jobs or require them to change, so many people must
adapt to these occupational changes (Acemoglu & Restrepo, 2019). The wave of
technological innovation is advancing in various industries. For example, unmanned
delivery by unmanned aerial vehicles (UAV) have been tried through trial and error.
If UAV delivery is realized, the human labour force for delivering and storing items
will be reduced or eliminated. At the same time, the task of manipulating and
managing the delivery of UAV may be newly created, or existing work may be
replaced.

There is also a trend towards the Fourth Industrial Revolution in the maritime
transport industry. It facilitates the digital transformation of ship operations with the
potential to reach full automation (Kobylinski, 2016). The advent of Maritime
Autonomous Surface Ships (MASS) will have a significant impact on the maritime
industry (Pribyl & Weigel, 2018). MASS, which is operated remotely or
autonomously manoeuvrable ships, is influenced by technological advances in
various fields within the maritime industry. For example, there are developments in
automatic collision prevention (Ramos et al., 2019), which is the device used to
select the optimum route in taking into account the weather (Perera & Soares, 2017),
and ports to enable automatic berthing and cargo handling (Kooij et al., 2018).
Moreover, preparations for new risks, such as pirates and cyber attacks targeting
cargo and ships themselves, from technological developments are also considered in
international discussions (Kavallieratos, et al. 2018). Even if only focusing on the
introduction of the automatic collision prevention device, it requires the development
of high-performance sensors that can detect any object, and Al must be able to
determine whether it is necessary to avoid the detected object or not at the same time

(Wright, 2019). In addition, safety regulations such as the current International




Convention for the Safety of Life at Sea (SOLAS) are not considered to apply
without any changes to this new technology. However, the International Maritime
Organization (IMO) started to discuss the rules for the introduction of MASS in
parallel with the development of technology (Komianos, 2018).

While the development of new equipment and mechanical technologies seems
to be impactful, the user’s perspective must be considered. In other words, necessary
qualifications, skills and knowledge for those who operate and manage MASS must
be considered along with the improvement of technology. The IMO’s scoping
exercise does not fully cover potential changes in operators that affect the
International Convention on Standards of Training, Certification and Watchkeeping
for Seafarers, 1978, as amended (STCW). In this research, surveys will be
administered to investigate the education and training requirements and methods

necessary for future maritime experts who operate MASS.

1.1 Problem statement
With the advent of MASS, the qualifications that are related to ship operators

are expected to become more complex. Because the operational personnel such as
seafarers and remote operators differ in each autonomy level, it is necessary to define
them in each situation as well as the qualifications (IMO, 2018). Incidentally, there
are various definitions of autonomy levels, but the level of autonomy by the IMO
used in this research is as follows:

Degree 1: Ship with automated processes and decision support

Degree 2: Remotely controlled ship with seafarers on board

Degree 3: Remotely controlled ship without seafarers on board

Degree 4: Fully autonomous ship
At first, qualified MASS operators in different autonomy levels must be defined in
order to clarify the targets of this research. Potential operators will include traditional
seafarers such as navigators and engineers, as well as shore-based remote operators.
Moreover, as the level of automation advances, the duties of these workers may

change and should be considered accordingly.




1.1.1 Navigation officers and ratings
A qualified navigation officers or ratings must be assigned on the bridge

during sailing, but new technologies are trying to develop unmanned navigation.
However, there are many other tasks that the navigator and rating must conduct for
ship operations, which include berthing/leaving, ballast operations, cargo
management, cargo hold cleaning and maintenance of cargo handling equipment and
fire extinguishing equipment. Since the required level of Maritime Education and
Training (MET) may vary depending on the level of automation, the change of MET

needs to be considered.

1.1.2 Engine officers and ratings
Some vessels are already been equipped with operating systems for unattended

machinery space and these can switch to remote control without qualified watch
keepers in the engine room. However, Figure 1 shows while current automation is
around 30%, the automation potential for ship engineers is below 5%. MET must

change in response to more advanced automation in engine rooms.
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Figure 1. Automation potential for job profiles in transport (WMU, 2019)

.3 Shore-based remote operators
At present, there is no qualification required for those working remote

operators. Mechanics, maintains the equipment without certification, and are only

onboard for periods of time with the sole purposes of maintenance even on fully




autonomous ships; however, it also needs to consider whether the mechanics are
required to have qualifications as seafarers. As a result of autonomy, the MET is
required to change significantly due to the emergence of new shore and marine
workers as well as varying the type of work done by navigators and marine

engineers.

1.2 Research aim and objective
The aim of this research is to examine how innovation, especially MASS

development in the maritime industry, affects the competence required of seafarers.
The impact of technological innovation on humans and society will be investigated

historically to examine how it applies now and how it will in the future.

1.3 Research questions
The purpose is to clarify the necessary competence for maritime professionals

like MASS operators, and to find a practicable MET systems for them; moreover, the
research will answer the following questions.

1. How does innovation affect workers?

2. How did innovation impact workers in the maritime industry?

3. How does innovation impact workers in the maritime industry?

Chapter 2 Literature Review on innovation
This chapter provides a literature review of how technological innovation have

affected people and their work and how it may change the transportation and
maritime industries. There are similar but different terms for technological
innovation, which are technological development and technological advancement.
Technological innovation is a product, a process, or a service; moreover, the main
idea of it is to speed up the processes to achieve the goals, which are to maximize the
profit, social project efficiency and sustainable economic growth (Kogabayev &
Maziliauskas, 2017). On the other hand, technology development focuses on the

rapid design and development of new technical methods (Ivanova et al., 2019), and




technological advancement is synonymous with international prosperity and
efficiency, which improves the manner in which business is conducted (Pomaquero
et al., 2019). In short, technological innovation includes both of them.

In addition, to illustrate the technological innovation that is progressing in the
shipping industry, selected cases of tested MASS are presented. Further, the
implications of technological innovation affecting the maritime industry will be

discussed with a particular focus on workers engaged in the operation of ships.

2.1 Previous Industrial Revolutions
Technological innovation has dramatically changed humans’ lives. There was

the First Industrial Revolution in England in the latter half of the 18th century, and it
was the development of production technology accompanying technological
innovation and a major revolution in industry, economy and society (Tomory, 2016).
The Industrial Revolution created the foundation of modern society by changing the
way people lived, how they worked and how they spent their leisure time
(Santagiustina, 2013). Technological innovation through the Industrial Revolutions
historically resulted in leaving a considerable impact on people.

Technological innovations in spinning machines, steam engines and
steelmaking have become the driving force of the First Industrial Revolution (Grada,
2016). In particular, technological innovations in the cotton textile industry have had
various etfects. Technological innovation made it possible to mechanize the factory
(Barham, 2013). Further, it replaced mass-produced spinning machines, which were
widely used in rural areas because they were capable of mass production and there
were no restrictions on location. Furthermore, this required the use of hundreds of
workers to utilize the machines, which in turn eliminated the need for skilled workers
(Hirschi, 2018). Even if there is technological innovation, the labour force is still
needed; however, the skills of those required workers will change.

Technological innovations in steam engines and steelmaking not only
contributed to the development of mechanization, but also to changes working

conditions in the factories (Adeniran, 2016). Unlike the income generation




mechanisms seen in rural areas, employment was based on hourly wages and it came
into common (Rota & Weisdorf, 2019). As a result, workers have come to
distinguish between working hours and daily hours, and enjoy leisure activities such
as travel during non-working hours. In this way, technological innovation has greatly
changed people's lives and values in societies. However, it did not only led to such
positive changes.

While the mechanization of the factory through technological innovation
eliminated the need for skilled workers, in some areas, it began to exploit low-waged
workers, including women and children who may even be forced to overwork
(Mohajan, 2019). Further, in urban areas where the population increased rapidly, the
development of infrastructure such as water and sewerage was not under developed,
and it led to an unsanitary environment (Yahya, 2018). As a result, infectious
diseases such as cholera spread. In addition, poverty and crime became major issues
(Thachduryany, 2017). It must be taken into consideration that industrialization with
technological innovation has had various effects on people and society. In short,
people not only benefit from it, but they also suffer disadvantages.

The Second Industrial Revolution refers to the revolution from the late 1800s
to the early 1900s. A shift from light industry to heavy industry took place mainly in
the United States and Germany. In addition to steel, non-ferrous metals such as
aluminium and nickel were mass-produced by the new technology (Mclnnis, 2005).
Moreover, chemically synthesized substances such as dyes, fertilizers, rubber and
fibres were produced. Furthermore, internal combustion engines, electric motors,
electric lamps, telephones, radios, automobiles were put into practical use, and
economic activities and daily life have changed drastically.

The imperialist powers had huge productivity against the background of these
technological innovations. They established military superiority, and expanded
overseas to secure colonies and spheres of influence. The subordinated areas were
not only positioned as the supply of raw materials such as agricultural products and

mineral resources and the sales market of products, but also as the target areas for




capital exports and were incorporated into the framework of the world system of
capitalism (Parthasarathy,2013).

During this period, trade, transportation, and communication methods were
highly developed, and the traffic of people, goods, information, and culture became
active. In the changes that accompany these innovations, three ideal models of
vocational systems have emerged (Agrawal, 2013). One was a market-driven system,
which characterized that a labour market provided much of the vocational training.
The other is a school model where most vocational trainings are done in schools.
And the third is a dual model with an apprenticeship system (Nilsson, 2010). These
models are also used in current vocational training.

The Third Industrial Revolution began in the late 1900s and is also known as
the digital revolution. Computers could be used to replace tasks related to human
intelligence. For example, it has become possible to automate production lines at the
direction of humans (Han, 2018). The impetus for the revolution was the end of the
Cold War and the conversion of American military technology into private industry
(Lungu, 2005). During the war, companies with advanced technologies such as GPS
and image processing were under the control of the Defence Ministry. With the entry
of national companies into the private industry, the somewhat stagnant American
industry revived and a new revolution began. In particular, IT companies such as
apple, Google and Facebook have grown. With the introduction of IT in the
manufacturing and distribution industries, the world has rapidly become digital. In
addition to IT, there were technological innovations such as renewable energy
technology, environmentally friendly construction, nanotechnology, sustainable
chemistry, fuel cell development, power management using digital technology,
hybrid electricity and hydrogen driven transportation. As in the previous Industrial
Revolution, extensive vocational training was needed for workers using these new
technologies (Ritkin, 2012).

As mentioned above, the Industrial Revolution accompanied by technological
innovation has required new education and training for workers while it changes

human life, society, structure and relationships. The new Industrial Revolution we




face is called the Fourth Industrial Revolution, in which its impacts remains

unknown.

2.2 Fourth Industrial Revolution
The Fourth Industrial Revolution was featured at the World Economic Forum

(WEF) held in Switzerland in January 2016 (WEF, 2016). Although the Industrial
Revolution is closely related to technological innovation, the development of
Information and Communication Technology (ICT) is the key to the Fourth
Industrial Revolution. In particular, the three pillars of the Fourth Industrial
Revolution are the Internet of Things (IoT), Al, and big data (Hyun Park et al.,
2017). In the past, only Information Technology (IT) communication devices such as
personal computers and mobile phones were connected to the network. However,
with IoT technology, everything from housechold appliances to social infrastructure
will be connected to servers and cloud environments via the Internet. Not only are
they connected by a network, but they also exchange data with each other, so the loT
has made automatic control possible and mutual control of various things (Di et al.,
2020).

Al is a technological innovation that makes computers perform cognition and
reasoning that humans can do. It consists of a learning process in which a computer
analyses a huge amount of data and an inference process in which a judgment is
made based on the learning results (Sun & Vasarhelyi, 2017). Furthermore, the
evolution of learning methods such as machine learning and in depth learning has
made it possible to make sophisticated judgments like humans in recent years. For
example, it is possible to make advanced work autonomous by combining Al with
robot technology. It is expected that Al will assist or replace the work that humans
have been doing so far (Wilsonet al., 2017).

Big data includes customer's browsing and purchasing history collected from
shopping sites, sensor data such as location information and temperature collected
from Radio Frequency Identification (RFID) and Integrated Circuit (IC) cards, and

user comments and profile fields collected from Social Networking Service (SNS).




Big data demonstrates its value when combined with Al and IoT. By collecting large
amounts of data from IoT devices and letting Al analyse big data, it becomes
possible to make decisions and work with a higher level of accuracy (Karelberg,
2018). It will be mentioned how these three technological innovations of the Fourth
Industrial Revolution will affect human and what challenges they will face as a result
of using them.

The Fourth Industrial Revolution will have a major impact on the industrial
structure and the working style. It is expected that the fusion of real space and cyber
space will be realized by utilizing 10T, Al, and big data (Yao et al., 2017). By
connecting people and things in real time, detailed services will be provided. Further,
new ways of working may emerge as in the past with the Industrial Revolution while
the substitution of labour performed by humans has progressed. In other words,
advanced Al and robots can not only reduce labour demand for some jobs but also
create new labour demands. For example, substitutable jobs that can be done by
sensors and [oT devices would be replaced by them. On the contrary, jobs that
require human communication and intellectual jobs that need to use and develop Al
and loT devices would require new human labour (Afza & Kumar, 2018). It is
important to forecast labour demands and provide appropriate vocational training to
workers by developing human resources and reviewing work styles (Ivanova &
Ivanov, 2020). The next section refers to technological innovation and its impact on

logistics.

2.3 Relationship between technological innovation and workers in
transportation
Technological innovation has greatly affected the lives, working styles, and

socicty for a range of people. In this section, the impact of technological innovation
on transportation, especially on workers on ships, will be discussed.

Logistics refers to unified management of the flow from the production of
goods to the delivery to consumers, including raw material procurement to
production, storage, packing, and sales (Gen et al., 2008). In short, it is a series of

systems for managing physical distribution. In logistics, innovation was brought




along with technological innovation as in the Industrial Revolution. There are stages
trom Logistics 1.0 to Logistics 4.0, and it is currently in the stage of Logistics 4.0.

Since ancient times, ships have played a key role in mass transportation.
Meanwhile, Logistics 1.0 developed new land transportation by mechanization. With
the advent of railways, the amount of land transportation has improved dramatically.
Practical use of steam engines on ships has also dramatically improved the
punctuality compared to sailing ships. The use of these means of transportation has
made it possible to accurately and efficiently carry large quantities of goods to
remote arcas (Wang, 2016).

Logistics 2.0 is mechanization of cargo handling. The automation of cargo
handling operations such as loading and unloading advanced in this step (Wang,
2016). Above all, freight containers had a great impact on the efficiency of cargo
handling work because it was enough to stack standardized containers on board
(Talley, 2000). Huge gantry cranes capable of hoisting these containers were
installed at the port, and containers were used in seaborne trade and reduced the
transport costs (Cho, 2014). Moreover, the use of freight containers made it easier to
tranship from container ships to trailers. In areas where the containers used at sea and
on land were shared, it was possible to combine sea and land transportation using
container ships, railroads, and trailers.

Logistics 3.0 is a mechanization of logistics management. The movement to
systemise the management and processing of logistics began. The development of
the Warehouse Management System (WMS), which is a system for managing the
quantity of inventory in warehouses, and the digitization of various procedures for
international transportation advanced (Wang, 2016).

Logistics 4.0 is said to be manpower saving and standardized by IoT and Al
(Szymanska et al., 2017). Manpower saving makes it possible to greatly reduce the
processes that require human operations and decision-making in each area of
physical distribution (Barreto et al., 2017). For example, if automated driving
becomes practical, luggage can be delivered without a driver. Unmanned Aerial

Vehicles may also deliver small parcels. As robots improve in performance, the task

10




of unpacking and packing packages in the warehouse will no longer be a human task.
In other words, manpower saving means that the subject of the logistics operation is
replaced from humans to machines or systems.

Further, it becomes possible to share information in real time by connecting
objects and the Internet. Therefore, the standardization of decision making and
business instructions will progress (Sun, 2020). If transportation vehicles and product
inventory are connected to the Internet, the flow and movement of goods will be
accumulated as digital information. By repeating machine learning and analysis of
such big data with Al, it becomes possible to flexibly rearrange the optimal
transportation means and routes. If the part of human thinking can be entrusted to
digital, there will be no variation in the quality of decisions and business instructions,
and it will be possible to aim for standardization. The innovations in logistics as
described above are progressing in the shipping industry. The next section will
introduce the technological innovations that are actually underway in the maritime

industry.

2.4 MASS trials as maritime innovation
This section discusses selected cases on autonomous vessels currently in

progress in the maritime industry. As stated in Chapter 1, autonomous vessels are
categorized into four levels by IMO. The following cases are regarded as level 3,
which is controlled by remote operator without onboard workers, and level 4, which

is operated autonomously.

2.4.1 The trial of fully autonomous and remote control (IMO levels 3 and 4)
In December 2018, the Falco, which is a fully autonomous ferry carrier,

autonomously operated the route between Parainen and Nauvo in Finland, and
succeeded in remotely controlling the return route (Zinchenko et al., 2019). All of the
operations were carried out without any human intervention by the onboard crew.
Therefore, it is equivalent to IMO levels 3 and 4. The ship avoided collisions using
sensor fusion and Al, which are able to detect obstacles; moreover, it demonstrated

berthing by an automatic navigation system (Reddy et al., 2019). Falco was equipped
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with a variety of high-precision sensors, and it was possible to accurately grasp the
detailed surrounding conditions in real time. The fusion of the sensor data creates a
situational awareness image that is relayed to Finferries remote control centre located
in the centre of Turku city, which is approximately 50 kilometers away (Zinchenko

etal., 2019). The trial was conducted in such a way that the captain could monitor

the autonomous operation and control the ship if necessary.

Figure 2. A Falco’s picture (helsinkitimes.fi, 2018 December 28)

2.4.2 Remote control trial in the English Channel (IMO level 3)
In May 2019, a remote control test was conducted under actual traffic

conditions. The test vessel crossed the English Channel from Tollesbury in Great
Britain to Ostend in Belgium. The vessel used for this trial is the SEA-KIT
Maxlimer, which was not built for the purpose of autonomous navigation, but for a
project that investigates the topography of the seabed together with another
Autonomous Underwater Vehicle (AUV) (Zwolak et al. 2020). However, the
operation was done in the autopilot mode and the remote operator, and the ship was

unmanned. The system for determining the position of the ship and managing the
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communication and power must consider the decision making algorithm. Regarding
the position information, the reliability could be improved by considering cyber
security such as jamming and using a plurality of types of position information
determination devices (Felski & Zwolak, 2020).

Figure 3. A Picture of SEA-KIT Maxlimer (sea-kit.com, n.d.)

2.4.3 The trial of autonomous operation with seafarers (IMO levels 1)
In September 2019, Nippon Yusen Kaisha Line (NYK) succeeded in a trial

experiment toward the realization of a manned autonomous vessel for safe operation
and labour load reduction (NYK, 2019). NYK aimed to be a manned autonomous

vessel, which supports the manoeuvring operations of the crew on board with
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advanced technology and remote support from the shore office, enabling safer and

more efficient operations. This experiment was the world's first trial experiment

based on the IMO’s Interim Guidelines for MASS trials (Fan et al., 2020). The IRIS

LEADER, which is a large car carrier equipped with an optimal navigation program,

sailed using the program intermittently day and night while maintaining a normal

watchkeeping system. The optimum navigation program was for collision avoidance

manoeuvring, and it was developed by incorporating the experience and sensory

values of captains and navigation officers with abundant experience in manoeuvring

in a traffic simulation program. The trial was conducted in the test area excluding the

bay, from Xinsha (China) to Nagoya (Japan) and from Nagoya to Yokohama. In the

trial, the program grasped the surrounding conditions based on the data from the

navigation instrument, the ship autonomously calculated the collision risk,

determined the optimum course, and carried out a series of operations in the actual

sca.

Figure 4. A Picture of IRIS LEADER (NYK.com, 2019)
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2.5 Upcoming MASS trials
Yara Birkeland is scheduled to be assembled in 2020 and aims to be fully

autonomous in 2022. The vessel is expected to be the world's first zero emissions
fully electric propulsion and autonomously operated container vessel (Reddy et al.,
2019). The success of this vessel could potentially save 40,000 diesel trucks each
year, which would help to reduce carbon dioxide and NOx emissions (Othman et al.,
2019). In short, it shows that efficient and environmentally friendly transportation is
required by switching from land transportation to sea transportation. Furthermore,
this vessel autonomy is not only for navigation, but also for cargo handling such as
cranes. Moreover, berthing and unberthing by an automatic mooring system is also

possible without humans (Guerra, 2017). These will greatly affect the existing supply

chain.

Figure 5. A Picture of Yara Birkeland (worldcargonews.com, 2020 March 17)
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Chapter 3 Literature review on competence requirements
This chapter discusses how the competence of maritime professionals has over

time and will possibly change their future requirements. The following sections are

organized as competence required in the past, present, and future.

3.1 Competence required by past maritime professionals
Large sailing boats have been built with various means in order to cross the sea

further and more safely. It was 500 years ago that Columbus crossed the Atlantic
Ocean to the Americas, but the ship used at this time was a small sailing boat of less

than 100 tons.

Figure 6. A Picture of Columbus fleet (history.com, 2019 October 10)

Until the invention of the steam engine, sailboats using wind power were the
mainstream of power for ships, and the only nautical instruments were compass and
astronomical surveys to determine the position by the sun or stars. In other words,
only the knowledge and skills of a navigator who could handle navigation
instruments and sail were necessary at that time except for the captain.

When steam engines were put to practical use in ships, a job classification
called a marine engineer with the knowledge and skills to use the machine emerged

(Bruyns, 2007).

16




Figure 7. A Picture of steam ship (irishtimes.com, 2018 July 22)

The marine engineer adapted to the change from the steam engine to the diesel
engine due to the technological innovation of the propulsion engine, and came to be
in charge of new machines necessary for life on board such as generators and
refrigerators. Further, a marine radio operator who was familiar with Morse
communications, also appeared due to technological innovations in wireless
technology. According to international treaties, these onboard workers engaged in
the operation of the vessels were required to have qualifications corresponding to the
captain, chief engineer, and so on (Leong, 2012). International standards for the
qualification of seafarers are specified in the STCW.

In the past, the systems for seafarers' training qualifications differed greatly
from state to state, and little effort was made to set international standards. However,
the Torrey Canyon tanker accident occurred in the English Channel in 1967, and
public opinion that the quality of seafarers must be improved in order to prevent such
accidents increasing worldwide (Schroder-Hinrichs et al., 2013). Then, work to
review the standards of seafarers' skills and knowledge started by the IMO. As a
result, the STCW was adopted in July 1978 and came into effect from April 1984,
establishing international standards for training, certificates and duty for seafarers.

The STCW has been amended with several revisions up to the present. Above all, a
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comprehensive review was conducted in 1995 due to the increasing human factors in
recent marine accidents, as well as in 2020 to include new requirements such as
leadership and teamwork skills (Ugurlu et al., 2015).

The STCW requires seafarers to meet a minimum standard of competence. On
that basis, the flag states supervise the education and training institutions of
seafarers, certify their skills and knowledge, and issue a certificate of competence
(CoC)s. Further, the countries recognized by the IMO as meeting international
standards based on the STCW are listed on the White List. As of July 2019, 130
countries are on the White List. On the other hand, even if listed on the White List,
the monitoring responsibility of flag states are not sufficient; therefore, the process to
acquire CoC, which is carried out by White List states, cannot be trusted (Nautilus

Federation, 2020).

3.2 Competence required of recent maritime professionals
Due to technological innovation, the certificates required for seafarers has

been changing. A marine radio operator is one example. In the 1980s, satellite
communications and Narrow Band Direct Printing (NBDP) were introduced along
with the modernization of ships. Moreover, Global Maritime Distress and Safety
System (GMDSS) was introduced in the early 90's, and distress signals were
automatically digitally transmitted by Emergency Position Indicating Radio Beacon
(EPIRB). As a result, Morse communications and its personnel were removed from
the international requirements of ships, and the qualifications of radio operators for
the new system were also established (Grigore- Valentin & Cristian, 2015).
Furthermore, the seafarers in other departments also began to serve concurrently as
one of the radio department, and captains and navigation officers on large ships were
required to oblige to possess the radio certificate. Therefore, exclusive marine radio
operators were not in demand and they disappeared from most commercial vessels
(Pocock, 1995). In short, technological innovation has changed the competence
required of seafarers, and changed their work styles.

In some cases, technological innovation and international economic conditions

have changed the way seafarers work. Vessels are normally operated by certified
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navigators and marine engineers. However, there were attempts by a small number of
seafarers, who have dual certificates for both navigation and marine engineering, to
operate a ship in order to save labour costs (Mathews, 2004). Therefore, maritime
education and training programs to train dual certified seafarers have been developed
in Denmark, Germany, Japan, and others. At that time, labour saving progressed, but
the operation of ships by dual certificated seafarers did not become a major trend.
The reason is that overwork due to the reduction of operating personnel and capital
investment exceed personnel costs. That is why the vessels are still operated by
seafarers, who have each certificate as navigator and marine engineer; however, as
technological innovation progresses, it becomes possible to realize dual purposed

seafarers, and increase the demand for them again.

3.3 Competence required by future maritime professionals
One of the goals of MET for seafarers is to assure the competence set by

STCW. It should be noted that STCW is the minimum standard for seafarers.
Moreover, STCW only regulates seafarers who work on board, not land-based
workers. Therefore, it is necessary for future competence to be discussed not only for
on board personnel but also the shore-based personnel in considering the appearance
of remote operators or similar in the future (Pundars, 2020). In the following section,
the issues relating to competence required for future maritime professionals will be
discussed from three perspectives: Digitalisation, Transportation, and Sustainability,
which appear to be the key for facilitating technological innovation in determining

future competence.

3.3.1 Digitalisation
Similar to other industries, digital transformation and disruptive innovation

have been observed in the shipping industry. MASS has a self-governing function
that allows it to make decisions without the presence of humans. This autonomy
function includes the selection of the optimum route in consideration of the weather
and the collision prevention algorithm (Oksavik et al., 2020). These autonomy

functions reduce the number of existing seafarers or allow them to operate from
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land-based centres. The ship will not be completely unmanned in the next two to
three decades, but technological innovations in ship autonomy and advanced support
systems will continue. In other words, it is possible that both unmanned and manned
vessels will be present during the transition to MASS (Aro & Heiskari, 2018).
Therefore, maritime professionals must have a deep understanding of all the
complicating systems to ensure maritime safety.

Further, this digitalisation will require maritime professionals, including
seafarers, to have the ability to analyse and utilize the data (Oksavik et al., 2020). For
example, ship locations, speed, fuel consumption, and even freight status will be
monitored at the control centre. Fleet managers must be able to understand and
analyse this data and provide the captains and crew with the best advice if necessary.
For unmanned ships, the fleet manager must make the final decision and operate
them correctly. This ability to understand and analyse the data is needed by maritime
professionals to reduce the risk of maritime accidents due to human error and cost
effectiveness.

Data transmission is one of the foundations of this digitalisation. Maritime
professionals must have a deep understanding of communication systems and be able
to respond appropriately in an emergency (Felski & Zwolak, 2020). In particular, it
would be more important for the unmanned MASS operators. When the remote
operators want to change the course of MASS because of stormy weather, they must
know how to properly communicate and operate with the MASS system in case of
emergency. Furthermore, the response to crime must be considered. It is possible that
the unmanned MASS will encounter a cyber attack. Therefore, maritime
professionals involved in navigation are also required to have knowledge of cyber
security (Blagovest, 2019).

This digitalisation is expected to change the roles of existing seafarers and the
birth of new remote operators. Each role will be subdivided and specialized, and

maritime professionals will be required to have the competence according to that.
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3.3.2 Transportation
The environment for the logistics business can change significantly and

maritime professionals will be required to have knowledge of the logistics. For
example, Amazon, which is an online retailer, plans to use its own ship to handle all
logistics from start to finish as digitalisation advances. In short, there is a possibility
that retail companies like Amazon will be able to control logistics by itself without
shipping companies that was one of the existing specialized logistics companies
(Altuna, 2020). With the increase in the number of retailers providing such logistics,
maritime professionals are required to understand and operate the logistics
environment. In other words, they do not only need safe navigation at sea, but also
financial knowledge and abilities as a member of the logistics operation (Kitada et
al.,2018).

In addition, maritime professionals are required to have knowledge of the
changing international laws and regulations. Depending on the area the fleet is
operating in, it is required to be familiar with not only international law but also the
national laws of the area in which it operates. Besides, it will be necessary for
maritime professionals to actively learn and adapt to their lives, according to the

changing technology and environment. This can be linked to lifelong learning.

3.3.3 Sustainability
Sustainability is the core agenda for today’s maritime industry. While the IMO

identifies how their work is relevant to all the 17 UN Sustainable Development Goals
(SDGs) (IMO, 2017), in shipping and ports, a larger emphasis tends to be made on
environmental sustainability, with regard to SDG 7 (energy efficiency), SDG 13
(climate action), and SDG 14 (clean ocean). Regarding the environment, carbon
dioxide and sulphur emissions are being regulated by the IMO in the maritime sector.
Specifically, a goal was agreed to bring carbon dioxide emissions to 50% by 2050 in
the shipping sector. Taking into account the increase in international logistics, more
than 50% of emissions will have to be reduced compared to today (Oksavik et al.,
2020). These trends have increased the demand for more effective and efficient ship

operations. In the operation of ships, carbon dioxide and sulphur gas are produced by
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the combustion of fuel in propulsion engines, power generation engines and so on.
One of the current countermeasures is to reduce fuel consumption and the release of
those gases by deceleration operation, which is called slow steaming. Furthermore,
maritime specialists are required to have the ability to carry out optimal operations
such as the use of canals like the Panama and Suez canals, and the history of waiting
times at ports (Park & Suh, 2019). Naturally, the ability to forecast the weather such
as existing winds and tidal currents is also included in this optimal operation
competence.

Technological innovations are also reducing the emission of these gases.
Regarding sulphur content, emission control was enforced from January, 2020, and
some ships have introduced a new machine called scrubbers (Smith et al., 2014).
This is a device that is attached to an exhaust pipe and removes sulphur in exhaust
gas. As the regulation of sulphur emission is regulated as an international rule, it is
necessary to familiarize maritime specialists with appropriate methods of monitoring
sulphur and maintenance of related equipment. In addition to the correct use of the
scrubber, it is necessary to familiarize the maritime expert with proper ballast water
management because the new equipment is attached to the upper part of the hull and
affects trim optimization, which balances the ship (Panasiuk et al., 2018).

Other technological innovations include changing specifications of fuel oil
used and propulsion engines. Regarding the use of new fuel oil, it is necessary to
learn how to load, store and use the alternative fuel oil. In the case of a new
propulsion machinery, the person in charge must be familiar with its structure,
principle, usage and maintenance method (Smith et al., 2014).

As mentioned above, international environmental regulations for sustainable
development change existing operating methods and technologies used; therefore,
maritime professionals need new education and training to respond to the changes
(Oksavik et al., 2020). Maritime professionals are required to have the knowledge to
properly operate, support and manage the hull to maximize sustainability both at sea
and on land.

In the next chapter, research methods are explained.
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Chapter 4 Research method
4.1 Research approach
It is apparent that more research is necessary to understand the way in which

new technologies and ship operational practices are adopted in the maritime industry.
However, many studies discuss future MET in comparison with the STCW, which
provides the minimum standard of seafarer training. This may potentially limits the
understanding to what people say that they do. This study therefore takes a different
approach which focuses on what people actually do, in other words, what is actually
practised in the site of training. It is important to focus on what MET does rather
than the image the MET portrays. In order to cope with this challenge, the analytical
framework used in this research is based on a practice based (PB) approach. Schultze
and Boland (2000) argue that when designing and implementing technology, it is
essential to take a PB approach and grasp what people actually do, not what they say
or should do. In short, research is focused on what is more practically used, not on

the ideal STCW.

4.2 Research method
In this research, the analysis is made based on the Training Record Book

(TRB) used by the Japan Agency of Maritime Education and Training for Seafarers
(JMETS), which is one of the Japanese MET institutions (METI). In other words,
this is also a case study of the impact of innovation on the competence of maritime
professionals. The reasons for using TRB in this research are as follows:

The seafarer's competence is set both internationally and nationally. In the
international treaty, it is defined by STCW as described in Chapter 3. The STCW
stipulated a minimum competence, and it was not credible in some cases even if the
state was whitelisted. In short, it is ideal, but it may not be suitable as the one
actually used domestically. On the other hand, competence in each state is defined by
each national law. Furthermore, unlike international treaties, domestic law is more

flexible and quicker to respond and adjust to various changes. Therefore, this study
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uses a TRB created to obtain competence by national law, not STCW. Next, it will

mention why the focus was on Japan.

4.3 Japan as a case study
The reasons why Japan was chosen for research include the historical

background as a shipping country and the social conditions of modern Japan. MET in
Japan was started in 1871 on navigation and marine engineering teaching before the
STCW was enacted. In 1875, the government granted subsidies to a private
company, and founded a merchant marine school, which is now the Tokyo
University of Marine Science and Technology, and began training Japan's first full-
scale shipping personnel (MLIT, n.d.). In 1876, the maritime qualification system
and certificate for onboard workers were established in detail, and the national
examination for seafarers was started. Since then, it has been forbidden to engage as
a captain, navigator and marine engineer unless they are certified. In 1881, the
maritime qualification system was improved and subdivided into certificates for
seafarers on ocean-going and coastal ships. In this way, Japan has a history of MET
for seafarers and the competent certificate; moreover, it still occupies a large
proportion of the international shipping volume. Furthermore, Japan proactively
suggests MASS proposals as Norway and Denmark do at the IMO.

Further, social conditions may drive technological innovation although Japan
is said to have slow penetration of Industrial Revolution 4.0. In addition, Japan has
technological potential, as some companies have already begun trials of MASS.
Japan has problems with the declining birth rate and aging population; moreover, the
working population is predicted to decline. Japan's Ministry of Health, Labour and
Welfare estimates that the working-age population of about 12 million people will
decrease by 2040, which means a decrease of about 20% (Fleming, 2019). The
substitution of labour by Al and robots can be expected to have a positive effect as a
solution to the expected workforce shortage problem in Japan even if people are
simply deprived of work. The Cabinet Office of Japan announced a social concept of

a super-smart society, which connects all people and things, in the 5th Science and
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Technology Basic Plan in January 2016. The goal of a super-smart society is to
provide the necessary goods and services to the people who need them when the
people need them, and to meet the various demands of society in a finely tuned
manner. Furthermore, all people are enabled to receive high-quality services,
overcome various differences such as age, gender, religion and language, and live
comfortably and vividly in the society (Nakajima, 2016). To realize such a society,
the introduction of technological innovation will be promoted. For this reason,
Japanese TRB, which defines competence criteria, is used for the research in this

paper. Specific research methods will be described in the next section.

4 4 Research method
Using a Japanese TRB that meets the STCW, the study examines at each

MASS autonomy level whether the stated competence is still necessary to be trained.
Further, it is expected that the positions requiring competence will change in the
future, and each competence will be colour-coded with four types of classification
(Table 1). Specifically, a table will be created in which the competence required for
onboard personnel is red, those required for onboard personnel and land staff are
yellow, those required for land staff are green, and those not needed are blue. These
are classified based on the literature, and future MET will be discussed from the

created table.

Table 1. Example of colour-coded TRB (Source: Author)
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Chapter 5 Finding
In this chapter, the TRB for oceangoing seafarers are used in JMETS, which is

one of the Japanese METIs, it is used to analyse the need for competence acquisition
at each level of autonomy on MASS. The TRBs are for navigators and engineers,
which are further classified into operational levels and management levels as with

the STCW.

5.1 Relationship between Japanese TRB and STCW
First, the relationship between Japanese TRB and STCW is analysed above

and they are classified by colour. As shown in Table 2, it is clear that Japanese TRBs
use 100% identical items for competence. Regarding the knowledge, understanding
and proficiency, which are a further division of competence, were described in the
Japanese TRB, but not in the STCW. Overall, all 52 competence was the same as in
the STCW, with the exception of duplicated navigation and marine engineers on
operational levels. Regarding knowledge, understanding and proficiency, only 7 out
of 117 items had additional elements that STCW did not have, and the similarity was
949%. Therefore, it can be concluded that the TRB actually used in Japan has almost

the same contents as the STCW.

Table 2. Similarities between the STCW and the Japanese TRB (Source: Author)

Same item as STCW Additional items not found in STCW | Similarity (%)
The number of competences 52 0 100

The number of knowledge,
understanding and proficiency

117 7 o4

5.2 Analysis by colour coding
Appendix A shows the result of color-coding each item using the Japanese

TRB for each autonomy level for MASS. In the table, red is categorized to be
required only for onboard workers, yellow is onboard and land workers, green is only
for land workers, and blue is no longer required. Incidentally, there is another
references for Appendix A separately from ones for the main text. Moreover, the

tables and figures below show the relationship between the competence required of
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maritime professionals and the autonomy levels of MASS, which are excerpts of the
results of Appendix A.
As mentioned above, the autonomy levels used in IMO are as follows:
Degree 1: Ship with automated processes and decision support
Degree 2: Remotely controlled ship with seafarers on board
Degree 3: Remotely controlled ship without seafarers on board
Degree 4: Fully autonomous ship
In particular, this analysis focused on degree 4, which enables to operate
autonomously with a drastic reduction in human involvement. In other words,
degrees 1 to 3 are controlled by humans, but degree 4 is basically operated
autonomously by the ship itself. Therefore, the overlapped competence is shown blue
in the operational level when the content overlaps between the operational and the
management level at degree 4. Moreover, some competence in degree 2 is shown in
green similar to degree 4, because remote operators are the ones who mainly operate
a ship at this stage and it will result in reduction of seafarers on board.

Tables 3 to 7 are excerpts of the results of Appendix A. Further, figures 8 to 12 are

graphs of Tables 3 to 7.

Table 3. Competence for navigation at the operational level (Source: Author)

Competence Degree 1 Degree 2 Degree 3 Degree 4
for n e n e n Yo n Yo
Onboard 46 100 0 0 0 0 0 0
Onboard & land 0 0 15 33 0 0 0 0
Land 0 0 29 63 39 85 6 13
Unnecessary 0 0 2 4 7 15 40 87

Table 4. Competence for navigation at the management level (Source: Author)

Competence Degree 1 Degree 2 Degree 3 Degree 4
for n Yo n %o n % n %
Onboard 30 100 2 7 0 0 0 0
Onboard & land 0 0 28 93 0 0 0 0
Land 0 0 0 0 26 87 22 73
Unnecessary 0 0 0 0 4 13 8 27
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Table 5. Competence for marine engineer at the operational level (Source: Author)

Competence Degree 1 Degree 2 Degree 3 Degree 4
for n e n 9o n Yo n Yo
Onboard 36 100 3 8 0 0 0 0
Onboard & land 0 0 8 22 0 0 0 0
Land 0 0 25 70 26 72 2 6
Unnecessary 0 0 0 0 10 28 34 94

Table 6. Competence for marine engineer at the management level (Source: Author)

Competence Degree 1 Degree 2 Degree 3 Degree 4
for n 9o n e n Yo n Yo
Onboard 19 100 0 0 0 0 0 0
Onboard & land 0 0 19 100 0 0 0 0
Land 0 0 0 0 16 84 16 84
Unnecessary 0 0 0 0 3 16 3 16

Table 7. Competence for navigation & marine engineer at the operational &

management level (Source: Author)

Competence Degree 1 Degree 2 Degree 3 Degree 4
for n Yo n %o n %o n %
Onboard 117 100 5 4 0 0 0 0
Onboard & land 0 0 65 56 0 0 0 0
Land 0 0 45 38 98 84 45 38
Unnecessary 0 0 2 2 19 16 72 62
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Figure 8. Competence for navigation at the operational level (Source: Author)
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Figure 9. Competence for navigation at the management level (Source: Author)

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%
Degreel Degree2 Degree3 Degreed

w— Onboard Onboard & Land = essssland essUnnecessary

Figure 10. Competence for marine engineer at the operational level (Source:

Author)
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Figure 11.Competence for marine engineer at the management level (Source:
Author)
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Figure 12.Competence for navigation & marine engineer at the operational &
management level (Source: Author)

As Figures 8 to 12 show, all maritime professionals are still required
competence at degrees 1 to 3, which involve people in operating ships. On the other
hand, there is a difference in the need for competence between the operational and
the management level at degree 4. These results indicate that management level

personnel are still required to have much competence. Furthermore, focusing only on
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the management level, marine engineers were required to have more competence
than navigators. This is similar to the result shown in Figure 1, which shows the
possibility of marine engineers’ autonomy is lower than navigators. More specific

discussions at each stage are given below.

5.2.1 Degree 1 changes the required competence for seafarers
Even at this stage, ship autonomy is promoted. However, the ship only assists

human decision making as the seafarers are on board the ship and the final decision
making is left to humans (Wright, 2019). The work load of the onboard workers may
be reduced, but they are basically required to have the same competence because
they work onboard as seafarers. Therefore, the conventional competence required for
navigators and marine engineers in an operation and management level at degree 1.
How the vessel supports the decision making of the crew will be confirmed.

One of the decision-making support systems on ships is the lookout support
during ship navigation. Incidents caused by insufficient lookouts include serious
accidents such as collision, contact, and grounding (EMSA, 2019). Ports and coastal
areas account for a large proportion of places that are prone to accidents. Even now,
a watch system using Automatic ldentification System (AIS) information and a new
navigation system utilizing mixed reality, which integrates the real and virtual worlds
and interacts in real time, information is being developed (Fossen, 2018). Many
causes of collisions in marine accidents are insufficiently watched, and accounts for
about 80% of all causes; therefore, these technologies developed to reduce such
human error of the ship operators (Fitrawan, 2019). Originally, ships are one form of
transportations modes that requires more human expertise, advanced manoeuvring
skills, and the actions of vessel operators based on their experience, as compared
with other types of transportation such as aircraft, railways, and automobiles.

Therefore, devices that support humans are being innovated daily; however,
new competence to the use the technologies is also required. For instance, the
installation of ECDIS on ships gradually became mandatory by amending the

SOLAS in 2012. ECDIS simplifies nautical chart information management using
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communication lines and enables safe navigation by monitoring planned routes. In
other words, it combines nautical chart information and navigation information to
help monitoring when approaching dangerous places such as shallow waters. Even
such a very useful device is meaningless unless the user learns how to use it and uses
it properly. Therefore, it was added to the required competence at the operation level
and management level of navigation in the Japanese TRB and the STCW Code A. In
this way, when new equipment is installed due to technological innovation such as
digitalization, workers involved in the operations may be required to have new
competence.

As above, automation is progressing every day even at this stage; moreover, it
is expected that even more advanced operations such as port entrance and leaving
will be automated in the future. Specifically, the introduction of a system that
simplifies operations in the harbour area by using mixed reality technology and high-
precision sensors that can respond to all weather conditions such as rain, wind and
waves are considered. Simplifying not only navigation at sea but also manoeuvring
in the harbour area may further reduce the burden on the navigator. While the
innovation reduces the burden on people and safe operation, MET for those who

handle it should also be considered.

5.2.2 Degree 2 changes the way of ship operation
At this stage, the vessel is basically monitored and remotely controlled from

land, but there are still sea workers on board. When it is difficult to continue remote
control due to a communication failure or some problems, it is necessary for a
maritime worker to operate the vessel. Therefore, marine workers are basically
required to have the same competence as they do today. The major change at this
stage is the advent of remote operator. As mentioned in the previous chapter, STCW
only prescribes the competence required for seafarers. However, remote operators
need to be educated and trained to gain competence to make final decisions properly
and operate optimally when they are in charge of MASS operations in degree 2.

Since the remote operators mainly monitor and operate MASS, seafarers will be able

32




to concentrate on the maintenance and management of all equipment, such as deck
equipment and propulsion equipment on board, monitoring and management of
cargo, and preparation of documents required for port entry and departure.

Because seafarers still work on board, they need to manoeuvre due to narrow
waters or congestive areas in some cases. However, technological innovation
supports remote operators and seafarers. By displaying the AIS information on the
image of the camera installed in front of the ship and displaying the position
information of other ships and obstacles using mixed reality, the ship operator can be
visually supported. In the harbour with many obstacles and narrow areas, it is very
important to grasp the surrounding conditions. Conventionally, the work of berthing
a large ship has mostly depended on the master's experience, but more precise
manoeuvring is possible if this system operates correctly. In addition, if the system
reached the stage of practical use, an automatic port entrance and leaving would also
be put into practical use. As remote control and automatic control are put to practical
use in this way, the required number of seafarers may decrease.

In the past, there have been attempts to operate modernized ships by seafarers
with dual purpose certificates, which include navigation and marine engineering. At
that time, the performance of the sensor, the communication capacity and cost were
insufficient (Habara, 2019). Therefore, few ocean-going seafarers have both
certificates. However, due to technological innovation, the accuracy of the sensor has
been dramatically improved, and the communication capacity and its cost have been
improved. Moreover, seafarers are aging and there is a shortage of manpower in the
case of Japan. Further, the work of seafarers is becoming less attractive to the
younger generation due to the harsh working conditions on board (Sason, 2019). In
that regard, the new role of remote operators can work at an office where they can
return home every day, which can make it more attractive for new maritime

professionals.
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5.2.3 Degree 3 makes the role of the remote operator more important
At this stage, the vessel is basically monitored and remotely controlled from

land, and there are no workers on the vessel. The big change here is that there will be
no sailors on board. Since there are no seafarers, there is no need for onboard
communication systems or knowledge of seafarer survival techniques (Su et al.,
2019). Furthermore, the absence of seafarers eliminates the need for knowledge and
skills related to the equipment necessary for humans to live on board, such as
refrigerators and air conditioners. The reduction of living space is expected to
increase cargo space. However, a higher level of technological innovation is required
than in degree 2 due to the disappearance of seafarers. Sensors are installed in
various parts of the hull to estimate the external wave force, the stress state and
fatigue strength of each part from the data.

Further, this technology is applied not only to navigation but also to
engineering equipment. By accumulating and analysing the data obtained from the
sensors of various parts of the engine and equipment, it becomes possible to estimate
the remaining life of parts and the maintenance timing. These enable Condition
Based Maintenance (CBM) instead of Time Based Maintenance (TBM) (Jakovlev et
al., 2013). Currently, engineers who are actually onboard vessels have made
equipment maintenance plans, and discovered anomalies by monitoring sounds and
vibrations of machines. The innovation makes it possible to detect abnormalities in
equipment early and deal with them. However, the final decision as to whether or not
maintenance is required must be made by a person who is remotely controlling, and
the person in charge of operating the ship must have the necessary knowledge and
carry out it.

There is a Digital Twin that has advanced the above-mentioned sensor
precision, data storage, and analysis technologies. A Digital Twin is a digital copy of
an actual ship, integrating all available digital information about the ship and
virtualizing the ship's entire system (Hoyhtyd, 2019). By using it, it is possible to
evaluate the performance of a ship in almost real time. The generated model is
positioned as a twin in the digital world of a real ship. The Digital Twin is expected

to be a convenient tool for planning and managing vessel maintenance, repairs,
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modifications and technical updates. While it is expected that the maintenance of
ships will change as described above, remote control operation will be mentioned.

Nothing is specitied in the STCW in terms of remote operation, but the
operator of the Vessel Traffic Service (VTS), which is a maritime transportation
centre at an important point of maritime traffic and assists navigation of ships, is
recommended that they should have a certificate approved by the International
Association of Marine Aids to Navigation and Lighthouse Authorities (IALA). Their
work is roughly divided into three services, which are Information Service (INS),
Navigational Assistance Service (NAS), and Traffic Organization Service (TOS)
(Chong, 2018). INS is a basic operation of VTS. In order for the ship to operate
safely and efficiently, information on the movement of other ships, meteorological
conditions, abnormal road signs, and other information necessary for the safety of
navigation are provided through the VHF.

NAS recommends that the traffic rules should be complied with when there is
a risk that a ship navigates ignoring the rules of the sea area or a risk of danger in the
navigation of the vessel. It also encourages the vessel to take certain actions to avoid
danger. The TOS gives instructions on the scheduled time of entry into the route to
keep an appropriate distance between vessels in consideration of the operating
characteristics of huge ships and ships carrying dangerous goods. It ensures safety
and efficiency of navigating vessels that way. To carry out these tasks, advanced
judgment and coping abilities are required to support the ship operator are required,
so the VTS operator needs specialized knowledge and experience. There are some
differences between VTS and remote operator work, but there is also a common
point in terms of monitoring. Therefore, education and training methods for VTS

operators may be incorporated into the maritime specialists who operate MASS.

5.2.4 Degree 4 requires new competence for maritime professionals
At this stage, vessels make decisions themselves and operate autonomously.

Although various approaches have been taken regarding MASS, the ultimate goal is

unmanned. It is an automatic navigation system that implements Al. The above
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mentioned mixed reality and loT technologies have been limited to the decision
making support of the operator, but the ship can operate by autonomous judgment if
advanced Al can be implemented in the system. In short, the system itself judges and
operates based on the instructions from the shore operators and the surrounding
information. Although there are some parts that require human hands at key points,
mass transportation with a smaller number of people will be realized if they are put
to practical use at this level. In other words, the competence required of humans may
be reduced or changed since the ship is operated autonomously:; however, humans
who direct it are still necessary.

There may be various problems depending on the sailing area due to the
absence of seafarers in degrees 3 and 4. When entering and leaving the port, freight
vessels are required to be delicately maneuvered due to positional adjustments with
cargo handling equipment. Because of the ship maneuvering, the propulsion
equipment is also required to finely adjust the output. Similar operations and power
adjustments are also required in areas with a large amount of vessel congestion, such
as harbours and coastal areas. On the other hand, there is the possibility of contact
with unexpected floating materials like driftwood and drift ice although the volume
of navigational ships decreases in the pelagic sea. As for engines, long routes can
continue to run for three weeks unlike automobiles and airplanes, and maintenance
of equipment during navigation is essential on such routes. However, due to the
development of engine monitoring technology, it may be possible to temporarily
send maintenance personnel who are not seafarers to ships using helicopters if
necessary. Furthermore, what is expected is the emergence of maintenance-free
engines.

To reduce engine maintenance as much as possible, it is conceivable to reduce
the amount of equipment and the sliding parts of them (Umeda et al., 2018). Battery-
powered ships already in practical use on short-distance routes are excellent in terms
of maintainability. In order to use a diesel engine, which is the most commonly used
propulsion engine in commercial ships, there are various necessary things such as

fuel, lubricating oil, cooling water, steam, and electricity. However, battery
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propulsion vessels can reduce some of those requirements. In short, the need for
maintenance can be reduced. Instead, knowledge and skills of battery-powered
vessels will be required and the required competence will change. Considering the
equipment used that changes with technological innovation, MET required by

maritime professionals must be considered.

Chapter 6 Future MET

In the previous chapter, the need to obtain competence at each level of
autonomy was discussed. To further narrow down the target, Figure 13 shows the
competence required for each of the operational and the management level of

navigators and marine engineers, extracted from the colour coding in Chapter 5.

100%

Degreel Degree2 Degree3 Degreed

N av. Op. Nav. Mgmt, es=fng Op., e——tpg Mgmt

Figure 13. Competence required for each position (Source: Author)

Figure 13 shows that as autonomy progresses, especially at degree 4, MET to
the management level becomes more important. Furthermore, in the discussions in
all chapters, what has been found at all levels of autonomy is the importance of
flexible response to changes due to technological innovation. In other words, those
who use them need to continue to learn and adapt to the new ways of operating ships
safely and efficiently as changes occur. Even though the current required competence

is acquired by maritime professionals, it does not mean that this guarantees the future
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competence needed. STCW requires that the certificate should be renewed once
every five years, but it is permitted based on the experience and period of seafaring.
As today’s technological development has a greater impact on people and society at
a faster pace, those who use them are required to continue learning.

METIs have the role of providing maritime professionals the opportunity to
continue learning, such as lifelong learning. Currently, the idea of lifelong learning is
spreading to all educational settings. One of the concepts of lifelong learning is that
learners can receive education anytime, anywhere (Hu et al., 2017). Another
definition of lifelong learning is all learning activities, which will improve learners'
knowledge, skills and competencies, from individual, social development and
working perspective (EC, 2001). These show that not only students going to school
but also working employees need to continue learning to improve their lives.
Introducing this concept will significantly change the shape of conventional
classroom lectures because not all learners from different backgrounds can be in
class at the same time. For example, online lectures may be promoted more without
actually gathering at educational institutions. To respond to such changes, it is
necessary to keep up with METIs” own technological innovation and learn about new
technologies. Various collaborations can be the key elements for METIs to facilitate
the learning of technological innovation. In this chapter, how METIs need to change

and respond to obtain these ever-changing competence will specifically be discussed.

6.1 MET with academia, industry and legislation
At this stage, seafarers are working on board as final decision makers. As

already mentioned, the development of communication technology has eliminated
the need for the role of marine radio officers. On the contrary, seafarers are required
to have a new competence with the advent of ECDIS. In this way, the role of
seafarers and the required competence for them have changed due to technological
development. MET s, which educate and train maritime specialists, must quickly
respond to these changes and provide the required MET curriculum to the personnel

required in the maritime industry. Educational institutions and those who belong to
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them may be interested in efficient and effective teaching methods, but not in the
changes in what they teach. Especially in vocational education and training, the
content of teaching may change significantly due to the influence of technological
innovation as mentioned above. That is why collaboration with other fields is
important for METIs. Collaboration stimulates the content, and transforms it into
optimal services.

It is necessary to know where technological innovation is occurring in terms of
listed competence of seafarers. Technological innovation occurs mainly through
research in several fields such as academic facilities and equipment manufacturers.
These new technologies will be put to practical use after repeated trials. By being
involved in these processes, METIs will be able to come into contact with
technological innovation quickly and provide new knowledge and skills for new
technology to maritime experts. In short, collaboration with academia and industry is
important. Moreover, obtaining a new competence can be a mandatory requirement
with amendments of the STCW . After the amended STCW, it will eventually be
reflected in the national law of each state. Therefore, METs are also required to
cooperate with the national legislature. METIs would be able to provide more
effective MET to maritime professionals if the MET itself proactively engage in the

international community and was involved in legislation within the state.

6.2 MET with employer of maritime professionals
At this stage, the onboard tasks of seafarers will be reduced because remote

operators are mainly responsible for the operation of the ship. The MET for remote
operators will be similar to degree 3, so it will be mentioned later. The maritime
professionals on board are particularly focused on in this section.

As mentioned in paragraph 5.2 2, this stage may facilitate the reduction of
crew on board. In that case, there is a possibility that a dual purpose certificate will
be required as in the past. This is just one example of a new need, but meeting the
demand requires cooperation with shipping companies and crew dispatching

agencies. While METIs supply competent maritime professionals, it must match
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what is required by their employer. Particularly in Japan, where a case study was
conducted, most seafarer cadets gain onboard experience and are trained on
exclusive training ships without boarding a shipping company's cargo vessel. On the
other hand, there are various MET mechanisms and patterns depending on the state
or METI, for example, a shipping company has its own METI, or a METI and a
shipping company is not related. In any case, it is important for METI to meet the
demands of the employer to provide more effective and efficient MET in a

sustainable manner.

6.3 MET with educational institutions
At this stage and degree 2, it is assumed that the remote operator will operate

the vessel. Therefore, simulator training that makes full use of digital technology is
effective as education and training for remote operators who are not actually on
board and engaged in ship operations. Technologies such as Digital Twin allow
virtual real-time operational data of a ship to be obtained. In other words, remote
operators may need to have competence to judge the ship's situation and make a
decision as necessary even if they are not actually on board. With simulator training,
training tools can be developed based on such actual data. However, actual onboard
training is still the main training method currently in MET (Kitada & Baum-Talmor,
2019), and simulator training is not used as a major training tool due to the
requirement of onboard experience to obtain a certificate. That is why the
cooperation with simulator development companies is important; further, the
cooperation with other educational institutions that are already actively adapting
these tools for vocational training is also important.

Simulator training has become a major training tool in the aviation industry,
and telemedicine training has been put to practical use in the medical industry. Some
METIs closely associated with equipment manufacturers have already begun
offering new services to replace simulator training with major training tools. METIs,

which has not yet introduced simulator training as major training tools, must deepen
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cooperation with these industries and other educational institutions to provide more
effective and efficient MET.

Furthermore, attention must be paid to the decision of international
conventions such as STCW as mentioned in degree 1. Especially, the competence
required for remote operators which is not currently defined. There will be some
form of requirement for them in the near future. While keeping an eye on the
development in the IMO and the member States, MET should be provided by

cooperating with them in accordance with the situation.

6.4 MET with logistics, economy, environment
At this stage, vessels will be operated according to their own judgement while

receiving the operational instructions from the land. What people on land should do
is primarily to monitor safe navigation and to realize an economical operation.

For safe vessel navigation, shore personnel as remote operators at other
autonomy degrees must be able to judge whether the vessel is operating normally
based on the vessel's data. Furthermore, they also need to monitor whether the data
itself sent from the ship and the decision made by the ship are accurate. In short, they
are required to have the ability to judge whether or not the ship has system problems.
This is because the ship's managers have to explain to ships around theirs, and their
business partner when something goes wrong with safety navigation. This is an
important ability to prevent marine casualties or to minimize damage if they occur.
Moreover, this has a major impact on the trust issues of the ship company
management, which in turn affects their business. The ship company management
must be able to fulfil accountability if the ship is abnormal. This is a collaboration
with the economy and the environment.

Even if there is no abnormality in the ship, it is still required to operate in
consideration of the environment. Consistent operation of marine transportation
makes the ship operation more effective. As a member of the transportation industry,
ship managers no longer not only operate ships, but also need to plan ship operations

in consideration of air and land transportation. In other words, maritime
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professionals are required to have knowledge of logistics to realize consistent
transportation from raw materials to consumers. In that case, it will be necessary to
collaborate with METI and all transportation companies even though they are
destroying existing transportation and creating a new models like Amazon. New
logistics, which are affected by technological innovation, considering business and
environment, could significantly change vocational training and education across the

transportation industry.

Chapter 7 Conclusion
In this chapter, the research question and the answer will be reviewed by

summarizing the whole chapter. Furthermore, the limitation of this research and the

proposal for the future research based on it will be proposed.

7.1 Summary
How technological innovation affects the competence of maritime

professionals was researched. In this research, a more practical legal standards of
seafarers' competence is used. It is TRB,which is made based on the STCW by each
state. This means that TRB is more practical than the STCW. In other words, this
research was based on the PB approach. The adopted TRB is used by JMETS, which
is one of the Japanese METIs. This is one of the case studies used in Japan. It was
selected based on the background of the Japanese MET history and the current
declining birthrate and aging society. As for the concrete research method,
competence was divided into four colours based on each autonomy level of MASS,
and maritime professionals who needed competence was classified. The findings at
each level of autonomy are as follows:

Although degree 1 is basically the same as the conventional competence
required for seafarers, it was found that METI needs to flexibly respond to the role of
seafarers changing due to technological innovation and the required competence. At
degree 2, competence is required in the same way as before although the burden on

crew on board may be reduced with the advent of remote operators. It means that the
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work, which was conventionally done by multiple people, has to be done with fewer
people. In such a case, the operation of a small number of seafarers with dual
purpose certificates of both navigators and marine engineers must be assumed to
reduce onboard personnel while it was not realized because the past technology
could not catch up to human thoughts. Then, METI will need to prepare and create a
new curriculum that suits its purpose. At degree 3, ships will be operated only by
land-based remote operators; therefore, data analysis and a deep understanding of
communication systems will be required. The curriculum imposed on VTS operators
may also be helpful in their education and training. In degree 4, the vessel will
operate autonomously based on instructions from the land. To reach this stage,
technological innovation beyond the current technology may be necessary, and it
may be possible to be operated with a smaller number of personnel. However, people
are still required to direct, communicate, monitor and manage the vessels. The
competence required of humans are changing as with the occurrence of past
technological innovation, and the METT's role is to provide education and training
accordingly. What METI should do in the future to respond to the changes caused by
these technological innovations was discussed.

The matters that METI should prioritize for each level of MASS autonomy
were discussed. Not limited to METI, other educational institutions tend to become
closed industries, which just provide learners with educational services for a certain
period repeatedly unless they are actively involved in other industries. However,
educational institutions must also change the content and methods of services in
response to changes due to technological innovations as mentioned before.
Collaboration with other industries is necessary to bring about innovation in the
education field. Actively touching the technological innovations, which are occurring
in other industries, can inspire educational institutions themselves. Therefore, METI
must consider the origin of technological innovation and its impact after it occurs,
and actively cooperate with industries that are closely related to them. Specifically,
the academia, state, manufacturing industry, logistics industry including shipping

companies and education institutions were mentioned. By deepening collaboration
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with these industries, METI can provide effective and efficient services without

delaying technological innovation.

7.2 Limitations and future research recommendations
In this research, the discussion focused on MET for maritime professionals

operating MASS on the assumption that it will be realized in the future. No
consideration was given to how different levels of MASS will be realized by various
ship types and sizes. In the near future, large container ships and crude oil tankers
may be approved (even partially) due to safety regulations, such as SOLAS and
COLREG, which may influence the realisation of MASS. While this research
focuses mainly on STCW, consideration for other international treaties (e.g. SOLAS
and COLREG) can be reflected in future research. It is the author’s hope that this
research will be helpful in making further evaluations of implementing MASS and
then discuss the vocational education and training of those involved in MASS
operations.

Moreover, even if the technology becomes technically feasible, it does not
always mean that the technology would actually be used. There are trade-offs where
other factors, such as finance and human element, may influence decision-makers.
The realisation of MASS is expected to potentially reduce the number of maritime
specialists, including seafarers involved in ship operations; further, optimizing
operations can reduce fuel consumption, and determine the timing of equipment
maintenance to reduce operating costs. On the other hand, some shipping companies
may hesitate to completely eliminate seafarers due to ensuring safety, and avoiding
damage caused by marine accidents. In addition, the costs saved by reducing the
crew has to be compared with the investment costs of the additional equipment that
is to be installed in M ASS. In short, various factors influence the successful
operation of MASS as a business.

Further, this research was colour-coded based on the autonomous level defined
by IMO. In the definition of IMO, the change in human factors from degree 3 to

degree 4 is very large. On the other hand, there are other models of autonomous
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levels that define the level of autonomy in more detail such as DNV GL, Lloyd’s
Register. Future research is can investigate detailed processes of autonomy that could
not be found in this analysis by colour-coding based on those definitions. In addition,
this research focused on the existing TRB. However, technological innovations will
bring about new demands for competence as discovered in this study. Therefore,
degree 4 does not simply mean that the competence required for maritime
professionals will dramatically decrease.

Furthermore, this research is a case study in Japan where the birth rate is
declining and the number of young workers is decreasing. It will be different in the
analysis of MET if considering other IMO member States that produce a large
number of seafarers. In addition, this research was based on the Japanese TRB and
literature review. More empirical research is needed in order to clarify what kind of
services METI should provide, and enable METIs to provide timely high quality

education and training for future maritime professionals.
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