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The Dutch Maritime Strategy 2015-2025 values the high quality of its maritime education
system as it is an important pillar for safe and efficient maritime business. To that effect, the
Dutch government stimulates a high level of interaction and cooperation between both the
maritime education institutes and the maritime sector. Aligning those needs is necessary as
the technical innovations renew in rapid succession. Education, professional learning and

training are essential to retain professionals in the maritime sector.

Schools want to be able to adapt quickly
those changes and innovations. In this
innovative maritime environment, continuous
education and training are also necessary to
remain attractive for those working in it and
maintain their employment in the sector. As
technologies change so do the skill sets
needed to operate them.

Within the educational system the role of
simulators has increased dramatically over
the past 25 years, in parallel with changes in
teaching methods based on new educational
insights like competency based learning. This
raises the question how to optimize the
combination of different learning solutions at
school, on board and in the simulator.

This article provides an overview of the
relevant trends and developments that will
affect the maritime educational system in the
future. They are primarily based on research,
which MARIN (Maritime Research Institute
Netherlands), based in Wageningen (NL) and
Houston (USA) has completed for the Dutch
Ministry of Infrastructure and Water
Management. In close cooperation with the
Maritiem Simulatie Trainingscentrum
(MSTC) and the Maritime Institute Willem
Barentsz (MIWB) two parallel research
projects have been conducted for this
ministry: the employment of simulators in
maritime education and training and the
related topic of using simulator time to reduce
sea-time by utilizing the benefits of
incorporating simulator training alongside on-
board training.



Sea time reductions

In the 90's MSTC, situated on the Dutch
Wadden Island Terschelling, operated the first
common (civilian) simulator centre for all
Dutch maritime officers courses. Over time, it
has conducted a lot of research into the
effectiveness of its simulator training. The
learning efficiency for developing the skills as
studied appears to be higher in the simulator
instead of making sea time.

This has resulted in an agreed practice to use
simulator time for the reduction of sea time for
maritime cadets for over 25 years, fuelled in
part by the difficulty of securing enough trainee
posts on board Dutch ships. The Dutch model,
allows for a maximum of a 60-day reduction in
sea time for 20 days of simulator training. Also
in the United Kingdom the topic of simulator
use has been discussed extensively for
instance by the Merchant Navy Training Board
(MNTB) which has, in 2020, put together a
working group to develop proposals for British
cadet training that includes simulator time
whilst aiming to develop a UK simulator
training model.

Maritime education and training in the
Netherlands

Maritime education in the Netherlands is based on
vocational courses at the post-secondary or
bachelor’s degree level. All courses meet both the
national education standards as well as those of
the STCW' (IMO Standards of Training,
Certification, and Watch keeping). According to
international agreed standards 360 days of sea
time is compulsory in order to obtain a Certificate
of Competency (CoC). In addition to successfully
completing theory and practical courses student
have to complete two six-month practical
internship periods on board.

' International Maritime Organisation (IMO), International Convention on
Standards of Training, Certification and Watch keeping for Seafarers
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All nautical colleges have their own simulators in
which they bring theory into practice in a safe and
controlled environment. In the Royal Netherlands
Naval Institute’s curriculum simulator training is an
integral part of the course exam. Together with
spending time at sea (sea time), which is a
substantial part of the Royal Netherlands Navy
(RNLN) courses, the simulator proof is the final
exam. Secondary education for inland shipping
consists of a vocational course during which full
time education is combined with internships and
simulator training or a more practical focused
training on the job course during which work is
supplemented with periods at school.

Obtaining the Certificate of Competency is the
beginning of lifelong learning. More and more
companies are training specific skills in-house with
their own simulators, such as dredging or ice
navigation. These are in company training
programs in which the connection between
simulation and practice is strong. Simulator
training is a mandatory part of a next career move
at Nederlands Loodswezen (Dutch Pilotage
Service). Carnival Corporation with its own training
centre Csmart in Almere (NL) is able to maintain a
common standard throughout its fleet: one culture
with uniform working methods, safety standards
and an integrated promotion and assessment
system for the entire organization.

Simulators also provide the opportunity to prepare
and practice the execution of new operations
before the real work begins. As a knowledge
institute, MARIN has a lot of experience in
simulator R&D, experiments and
preparing/rehearsing  specific and complex
maritime operations. With this experience, MARIN
forms an important link between the development
of knowledge and the sharing and application of
that knowledge with the maritime sector. Tailor-
made training courses for maritime professionals,
whether or not preceded by a design workshop in
which the best operational strategies are being
examined, are an example of this.

(STCW); https://www.imo.org/en/OurWork/HumanElement/Pages/STCW-
Conv-LINK.aspx



Trends

During the research into the use of simulators for
maritime education and training, we made an
overview of trends in the maritime sector and
(maritime) education and training.

1. General maritime developments

Ships are becoming cleaner, smarter and
safer. On-board systems have been updated
for years and are now reaching their end of life
(performance limits). This requires innovative
solutions and different design concepts. Such
as cleaner ships that are partly propelled by
wind or have zero-emission engine rooms. Or
smart  ships  with information and
communication systems on board and ashore,
as part of a logistics chain, that exchange
information autonomously. Decision support
systems are introduced to increase situational
awareness. Technical and social innovations
change the composition of the crew on board.
Adaptation to new developments within a
growing internationalizing environment comes
with its cultural challenges. Crew reductions
continue as tasks change or move ashore. As
a result, there may be less opportunity to learn
on board. At the same time, new jobs are being
created ashore for which there are currently no
on the job training positions.

Humans will continue to play an important role
in operations of the future both ashore and on
board. You can't learn everything on board, but
you can learn in the simulator.

4

N
JoinT |nnu51 \\ — e 8
) il

HQ.T.D

prw‘

Figure 1: Autonomous shipping

2. Safety

Safer ships work with a different safety culture
where active risk management and learning
from near misses and accidents are more
central than finding the culprit. Proactive risk
management, as it is now on the maritime
safety agenda, goes one step further by
estimating and controlling risks in advance.
Safety starts with behaviour and awareness of
the impact of your own behaviour on the safety
of your ship. A simulator lends itself naturally
to training those safety procedures. What can
you do in extreme conditions and how do you
do this safely?

Royal Dutch Shell's well-known Hearts and
Minds program is the first example of the
introduction of a company-wide safety
awareness program. Later, others such as
Carnival Corporation and BigLift Shipping
followed suit with similar programs.

. Simulator developments

Today we can realistically simulate complex
operations. The behaviour of the ships, the
outside image and the instruments in the
simulators have been greatly improved, so that
the interaction between people, technology
and the environment is markedly improved. It
is precisely this interaction that makes the
simulator experience so realistic. While we
used to use simulators mainly to develop
individual (technical) skills, nowadays we can
also train team performance and non-technical
skills. Nowadays we are able to link different
simulators (in an international context) in a
scenario. Then we can, for example, also pay
attention to cultural differences related to
assertiveness and leadership, which is an
integral part of Bridge Resource Management
(BRM). We see simulators being placed on
board too and both augmented (AR) and virtual
reality (VR) are being introduced. E-learning
also creates time-independent learning
opportunities.



With ‘serious gaming'’ it is possible to explore
various perspectives around a theme or to
introduce new procedures to a team.

Figure 2: VR and a full-motion simulator at
MARIN

. The human factor

Since non-technical skills have been
incorporated into STCW's Manila amendments
in 2010, the ‘maritime human factor’ is getting
more attention. Also, or perhaps especially, in
autonomous shipping and shore control
centres. Skills required for good bridge
resource management such as leadership and
management,  collaboration,  situational
awareness and decision making are now an
integral part of the training. The trick is to
integrate those non-technical skills into the
technical task performance and not to see
them as two separate areas for development.
The simulator environment lends itself well to
this because you can create situations that are
not possible or are unsafe in practice. Also
measuring human performance is getting
better and better.

Finally, the current COVID-19 effect has
stimulated a boost in online learning.

Over the years it has become clearer how a
person collects and processes information and
how decisions are being made. Video
recordings in combination with behavioural
indicators increases awareness of (un)desired
non-verbal behaviour. More objective data
about human actions make assessment less
sensitive to subjective assessments and it is
easier to follow individual learning patterns.

Figure 3: Measuring human performance in a
MARIN simulator



5. New didactic insights

In the past the general motto was: ‘knowledge
is power’. In this day and age, however,
knowledge is accessible to everyone. Today's
society puts more value on being able to
combine knowledge into new applications. The
development of advanced cognitive skills such
as understanding, solution oriented action,
analytical thinking, seeing coherence and
reflecting on process (21st century skills) are
seen as much more relevant. Adaptability,
leadership and communication are non-
technical skills that are going to make the
difference. This requires new teaching
methods that develop these skills and attitudes
in addition to acquiring knowledge. The
younger generation will grow up with these
automatically while for the older generation this
is new and an element to actively pursue
during their lifelong learning.

Competency-based education is a suitable
answer to this. Not just for the younger
generation but also for adult education
competence-based training is the best way to
link up with their already developed
professional knowledge, skills and abilities.
New educational concepts such as High
Impact Learning have been introduced. This
revolves around hybrid education with a good
mix between online and offline learning,
between formal and informal learning. In the
maritime sector, this takes shape in the
combination of classroom instructions,
projects, simulator training and internships.
Education in which passing tests and scoring
on STCW criteria are not an end in itself, but in
which it is about preparing for the on board
tasks. Education in which the trainer/teacher
coaches the student or professional on the
learning process instead of the content.

New competencies combined with more objective
behavioural measurements form the basis for
identification and development of future
performance criteria applicable for both coaching

2 ERTMS: European Rail Traffic Management System is the system of
standards for management and interoperation of signaling for railways by
the European Union. ERTMS ERTMS is the backbone for a digital railway
system and comprises of the European Train Control System (ETCS), i.e. a
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on board and in a simulator environment.
Implementation of new assessment standards
requires a proven validation of these performance
criteria.

6. Inspiration from other fields of expertise
We also looked at the use of simulators used
in other disciplines. Within the aviation industry
it is mandatory to perform a proficiency check
(twice) annually. The pilot's license remains
only valid after an exam has been taken in a
simulator. The interaction between train drivers
and their service manager (traffic control) and
the introduction of new safety systems such as
ERTMS?, is trained by using simulators. Dutch
safety regions train the cooperation between
different units in large-scale incidents with role-
plays, serious games and simulations. Based
on the first driving lessons in a car simulator, it
is possible to determine someone's driving
behaviour. During the COVID-19 lockdown
period(s), driving simulators turned out to be an
invaluable alternative for driving lessons.
Finally, in the medical world, simulators are an
integral part of training and replace practicing
on real patients.

Simulators use in a balanced training
program

Simulators have, partly thanks to the increased
level of reality, acquired a prominent role in
education and professional training. The simulator
is and remains an integral part of lifelong learning
which starts at school with a balanced package of
online and offline learning, simulations and
practical internships. However increasing that
reality is not the only thing. The use of good
pedagogical tools becomes more important in
competence-based learning and is absolutely
necessary for increasing the efficiency of simulator
training. Competencies are composed of skill,
knowledge and attitude.

cab-signaling system that incorporates automatic train protection, the
Global System for Mobile communications for Railways (GSM-R) and
operating rules.



You can divide ways in which the competencies

can learned and acquired into three categories:

« Competencies which can only be learned on
board;

o Competencies which can be learned board as
well as in a simulator;

o Competencies, which can only or much better
be learned in a simulator.

With this in mind, it is good to realize that both the
simulator and the internship experience on board
both have their individual strengths, depending on
the learning objective. In the simulator, you can
make mistakes without serious consequences.
Above all, you can (quickly) apply newly learned
knowledge in an environment. On board you will
experience completely different elements of the
job environment and the maritime business: long
periods away from home, watch keeping,
monotonous operations, alertness, a multicultural
team and the convergence of all elements from the
training in an operation.

In order to increase transfer of learning, it is
important to identify similarities and differences
between the simulator and practice during the
training. Limitations in the simulator do not have to
be limitations on board, and vice versa.

When professionals return during refresher
courses to the basics (the theory) and reflect on
the company-specific implementation in practice,
this increases awareness of the gap between work
as it was conceived and work as it is performed.

If you experience the difference between ‘work as
done’ and ‘work as imagined’ in the simulator, you
can change behaviour. On the one hand, it can
make you aware that taking those tight turns can
be tricky. On the other hand, it can make it clear to
you that the company's procedures are not
applicable (anymore) in the real world. How great
would it be if you could execute this with students
and maritime professionals in a simulator? Would
that contribute to an even better connection
between maritime education and professional
development?
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Questions looking at the future

With so many innovations happening in the

maritime sector, the simulator technology and in

the educational system it is wise to ask ourselves

a few questions:

« Is the current agreed practice, after 25-years,
of sea time reduction still valid or does it need
an update? Do new teaching methods and the
need to develop other competencies make the
effectiveness of simulators even better?

e How can we achieve more synergy in a
simulator environment between maritime
professionals who train complex skills and
operations and students who mainly are
developing their basic skills?

« Which innovations do really contribute to the
development of a lifelong continuous learning
path and maintaining the high quality of
maritime education in the Netherlands?

« How can the utilisation of simulators and its
effects on learning be increased for the
maritime sector by learning from other sectors
such as aviation?
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