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Improving the human factor

Simulator training is an option to meet non-technical requirements of STCW 2010
as it is an accepted method to show not only technical skills but also increasingly
requested social competence. By Birgit Nolte-Schuster and Michael Baldauf

he competence of seafarers and their

skills is a crucial factor with regard to
safe and secure ship operation in general,
and especially in emergency situations on-
board. The Manila Amendments of the In-
ternational Convention on Standards of
Training, Certification and Watchkeeping
(STCW) [1, 2], which entered into force on
1 January 2012, reflect this primary concern
in substantial and wide-ranging new re-
quirements.

In particular, the Manila Amendments of
STCW take into account different technical
developments and, therefore, focus on the
necessary competencies of the seafarers. In
this context, various changes concerning
the STCW competence tables can be stated,
e.g. for deck officers the need to use an elec-
tronic chart display and information system
(ECDIS) as mandatory competence stan-
dard. In addition to upgrading these tech-
nical skills, the STCW also now requires
evaluated competencies in the field of non-
technical skills. Leadership, teamwork and
bridge resource management and related
to this decision-making, managerial skills,
communication styleand cultural awareness
are mentioned as essential for operational
and management levels onboard.

In its competence tables, the STCW lists
approved simulator training as a method for
demonstrating the required competence.
Among others, Benedict et al. [3] have ex-
plained that simulators are well recognized
as beneficial especially for ship handling
training but also in real time on well-
equipped bridges. With new approaches to
simulator training, this statement can also
be extended to further fields of maritime
training, such as team training and mari-
time safety related subjects.

Apart from existing regulations, such as
SOLAS, STCW, ISM, and ISPS, it is essential
to adopt a permanent process of change and
development and with regard to new pre-
cautionary measures to ensure the safety of
ship operation and to be prepared in case a
hazard occurs on board. Training of human
mentality and motivation is vital to createa
permanent underlying safety culture.
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Fig. 1: New simulator at the World Maritime University in Malmo, Sweden

In the research work at the » TeamSafety«
project [4, 5] and within the Maritime Risk
and System Safety (MaRiSa) research group
at the World Maritime University (WMU)
in Malmé (Sweden) inter alia the develop-
ment, implementation and integration of
simulation-based modules into training
units and course schemes have been worked
out. In its new simulation laboratory, WMU
has got a combined ship handling and safe-
ty and security simulator, where enhanced
test facilities are available, including the 3D
visualization of ship spaces.

This simulator, certified by Det Norske
Veritas (DNV), can be used as a procedure
trainer and enables officers and crew to
move around inside the vessel and to use
safety equipment and available emergency
systems onboard which can be activated by
interactive consoles on the bridge or engine
control room. In general the effects of safe-
ty and security plans and planned proce-
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dures onboard can be tested in a simulation
environment and enable more detailed eval-
uation of their effectiveness under varying
conditions and during different courses of
events within a number of series of simula-
tion runs.

Development of simulation
training scenarios

Even today, the most common method in
use for the development of simulation exer-
cises is event-driven. Scenarios of real ac-
cidents or near-misses (mostly experienced
by the instructor) are implemented in order
to discuss which mistakes were made or
what went wrong as well as how the recon-
structed scenarios could be used for in-
structing trainees to avoid similar failures
in the future. In the same way that engineer-
ing is often driven by the identification of a
specific omission or failure, leading to the
development of a new technical device or
sophisticated safety
system, itis expected

Fig. 2: Learning
objective-oriented
approach for
simulation design
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that accidents of such type and their under-
lying human errors will not be repeated.
However, despite new technical systems,
despite new rules and regulations and de-
spite more and more realistic simulation
systems, accidents, unfortunately, still occur.
With this in mind it can be assumed that the
approach of event-driven design of training
scenarios is not yet effective enough [6].

Therefore, it seems to be more appropriate
to focus on learning objective-oriented sim-
ulation as a tool for maritime education and
training. In view of the increasing number
of sophisticated simulators including a va-
riety of facilities and technical options it can
be assumed that this also means a wider
range of options for learning effectiveness.
In light of this, it seems useful, first to have
alook at the process of knowledge accumu-
lation in general and to sum up the main
aspects of the educational scientific sub-
structure, in order to identify the educa-
tional potential of simulation platform de-
sign and its control functionalities.

With regard to learning theories, it seems
appropriate to review the relevant aspects
of cognitivism as the preferred underlying
methodology. The way of gaining knowl-
edge, the way how to learn and, on the
other hand, the reason for learning restric-
tion, especially in stressful situations, is
considered by the theoretical assumptions
of the »Three Memory« model, which was
first developed by Atkinson & Shiffrin in
1968 [7].

In the current context, it has been further
expanded through the »Cognitive Load«
theory to include the concept of e-learning.
The »Three Memory« model focuses on
three phases of memory which might be
identified as the most important in the pro-
cess of gaining and accumulating informa-
tion: sensory memory, short-term memory
and working memory, as well as long-term
memory. Within the context of a simula-
tion-based virtual training platform and its
approach to optimize reaction and commu-
nication in critical situations, it is useful to
consider the learning process within these
memory parts in general and, with regard
to human error, to have a closer look at its
restrictions.

Briefly described, one of the reasons why
information is not kept in mind and inad-
equate problem-solving might occur is the
lack of sufficient, depth and detailed pro-
cessing of information. The fact that learn-
ing objectives do not reach the working
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Fig. 3: Vision of human interface devices
(HID) for »TeamSafety« project

memory - e. g. in the absence of motivation
or logical progression of ideas, in case where
novices have to deal with overly compli-
cated learning objectives — leads to their
inability to remember.

As a consequence it can be stated that the
complexity level of the simulation scenario
has to be well chosen to the expertise level
of the trainee. One of the main aspects,
which are responsible for an ineffective re-
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call of information, is stress. In this specific
situation, stress hormones are discharged
and are responsible e. g. for a partial block-
age of the synapses. As a matter of fact, in
this moment much of the information and
especially expertise is unavailable to the
trainee. In this regard, it is one of the dedi-
cated options of a simulation scenario that
it offers the option to adjust (raise or lower)
the stress level during the different sessions
by a specific scenario content. So the train-
ee can learn to cope with stressful situations,
such as emergencies, without restrictions in
the learning situation itself.

Another reason why we are forgetful lies
in the so called »interference« of the learn-
ing objectives. In this case, the given infor-
mation is too similar to existing knowledge
and, therefore, it might become mixed up
with different meaning during processing.
This mixture may also be the reason that
this information is not completely or suffi-
ciently integrated in useful and sensitive
connected meaning systems. This has to be
taken into account and the simulation exer-
cise session shall be structured by clearly
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Fig. 4: Event chart for training scenario (Part 1)
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Fig. 5: Integration of »decision points« into a training scenario (Part 2)
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defined tasks with step by step and reason-
able increase in the level of difficulty.

One of the theoretical assumptions refers
to the question of how information is trans-
ferred to memory. By explanation and ver-
balization, especially by direct feedback,
these structures are activated in a stimu-
lating process and new information can be
linked to already existing experience. In
order to support this complicated process it
can be helpful to recapitulate the already
existing knowledge and mental models.

This can be done during the debriefing
process of the simulation session. Besides
and with a view to the working memory,
where these procedures take place, it can be
stated that the working memory has only
limited capacity. Consequently, the learning
approach should consider the basic idea
of »less is more«, which means that only a
specific quantity of information should be
worked on in the simulation session.

Further it is recommended to have alook
at a clear and concrete description of the
learning objective as well as additional ex-
planations to support the trainee in the
process of »creating mental images«. Espe-
cially this process can be well initiated by
3D-simulation when the information is
anchored by real action in a simulation-
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based training environment. This is evident
for abstraction and formal logical memory
patterns and further ensures that the objec-
tives become an internalized knowledge
quality and are not learned only »mechan-
ically«.

Real emergency situation
and simulation-based training

Within the »TeamSafety« project, a refer-
ence scenario for the emergency situation
»Fire onboard a RoRo pax ferry« has been
drafted [9, 10]. It can be stated for this spe-
cific situation that the coordinated actions
of a team as well as personal competencies
such as decision-making and leadership are
essential for successful problem solving. In
particular the aspect of intercultural com-
munication, basically the language compe-
tence, is a crucial factor in multicultural
crews and plays an important role in the
accurate and immediate response by emer-
gency procedures.

For the detailed development and imple-
mentation of the sample scenario, informa-
tion related to real accidents from casualty
reports, ISM-compliant company related
procedures [11] as well as results of field
studies and participation in fire fighting
drills have been reviewed and analysed and
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basic event charts have been drafted. With
regard to the aforementioned learning ob-
jectives, a set of decision points was specifi-
cally integrated for the further development
of the simulation scenario (Fig. 4).

The exemplarily shown decisions in Fig. 5,
which have to be made at this advanced
point of the sequence of events and actions,
are foremost linked to fire fighting tactics.
The main aspect of this section therefore
refers to gaining information about the var-
ious parts of the ship involved (cargo infor-
mation, weather condition, ships plan) and
overall the process of communication and
teamwork-related aspects of organizing ef-
ficient fire fighting.

The leading questions in this learning
unit, which have to be worked out in the
briefing/debriefing unit, should be put with
regard to company specific rules and regu-
lations of the ISM Code implemented in the
company and other international regula-
tions, such as SOLAS, as relevant for the
training scenario and the individual situa-
tion awareness of the trainee.

Based on the decisions made in this sec-
tion and especially the decision as to wheth-
er there is a need for evacuating or abandon-
ing the ship, the scenario should be followed
up with the specific steps linked to those



tactics, which are chosen as an alternative for action. In principle,
the working steps of the methodology can be applied to every in-
dividual scenario in which a shipping company wishes to be trained.

It cannot be denied that this methodology implicates the chal-
lenge that every course of action generates an adjusted response and
in this regard a different continuance of the sketched scenario. This
fact entails the difficulty of how to measure the appropriateness and
effectiveness of the chosen course of action. In order to avoid this
immanent problem it might be helpful to create a model answer
and a kind of standard reply pattern for the different scenario op-
tions.

When considering the various aspects of the cognitive model it
has become obvious that the learning process is both a bottom-up
and top-down process of accumulating information. A simulation-
based training might take into account this specific complexity by
giving feedback (e.g. face to face by the instructor) at the relevant
steps of the session. Then, during the debriefing the option of replay
of the specific scenario sequences allows a more focussed work on
the specific aspects of the scenario here.

Conclusions

The Manila Amendments of the STCW Convention and Code
require a bundle of technical and non-technical skills. With regard
to these challenges, the state-of-the-art simulation technologies of-
fer a wide range of supporting facilities to meet the related needs of
maritime education and training. Nevertheless the provision of
high-performance graphic visualization and sophisticated process
models by state of the art simulators should not conceal the fact that
the scientific verification of its learning effectiveness is still pending
(see also [6]).

In its research work, the World Maritime University develops a
learning concept which combines in a novel approach the techni-
cal- technological options of modern simulation and the methodo-
logical needs for internalized learning. By working on a reference
scenario »Fire onboard a RoRo pax ferry« which in its final state
leads to an evacuation situation and its specific challenges for com-
munication, leadership and decision-making, the functional re-
quirements and prerequisites, e. g. an appropriate group size of the
trainees, have been identified and the basic systematology for learn-
ing objective related simulation could be laid. Besides these first
optimistic results it has become obvious that the work on the eval-
uation of the efficiency in training and its influence on behavior
and performance has to be continued.

The materials and results of the studies have been obtained part-
ly in the research project »TeamSafety« at the World Maritime Uni-
versity, performed under the 7th Framework Programme of the
European Union.
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