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A FEW THOUGHTS ON PADECC AND WOME

The combination of an IMLA conference on a technical subject (PADECC) with the bien-
nial IMLA Workshop on Maritime English (WOME) is a first, it has never been done since
1980 when IMLA held its first conference or 1981 when IMLA held its first WOME. The rea-
sons for the combination are, in general, that communication failure has increasingly been
identified as contributing to the causes of maritime accidents and even as the main cause of
some of these accidents and that the globalization of shipping and the internationalization of
ship crews has increased the need for reliable communication and, more specifically, commu-
nication under challenging circumstances as PA and DE and CC is a key prerequisite for suc-
cessful “preventing”, “dealing with” and “coping with” “accidents”, “emergencies” and “casu-
alties”, respectively.

The combination of PADECC and WOME is also an acknowledgement of lecturers trai-
ning students for PA and DE and CC and lecturers training students in ME have different qual-
ifications and that lecturers with marine engineering or nautical qualifications as well as lin-
guistic qualifications are almost non-existent. It is also an acknowledgement of the need for
linguistic qualifications for teaching ME and that a native English speaker who has either a
marine engineering or nautical background will not be sufficiently qualified to teach ME.

The combination of PADECC and WOME should also suggest that a close cooperation of
lecturers in technical subjects with lecturers in ME will help both of them and above all, the
ship officers and MET students. An integrative approach to technical subjects with the partic-
ipation of both technical and ME lecturers is probably more effective and more beneficial for
the students than teaching the technical subject in the national language (if it is not English)
and ME separately. The mobility of ship officers requires the use of a common language and
the mobility of MET students and lecturers at MET institutions would profit from delivering at
least part of MET programmes in English.

It follows from the internationalization of ship crews that the multicultural aspects of com-
munication will have to be given attention and that ME lecturers should be trained in it. On-
board communication is more than just language.

In the late 70s, the colleagues in Rijeka and in Bremen were involved in a project of using
computers for exchanging written messages between ships. The project did not succeed
because of the lack of appropriate technology. Today, with modern IT, it would succeed. The
use of modern IT for ship-ship and ship-shore communication has not been fully exploited yet.

These are a few thoughts on potential benefits from PADECC and WOME.

Finally, I would like to thank our hosts, and as their representatives the chairmen of the
committee, my friends Pavao Komadina, Predrag Stankovic, Boris Pritchard and Damir Zec,
for organizing these important events.

It is good to be back in Opatija after the second IMLA conference on MET in 1982 and the
second IMLA workshop on “Human Relations and Conditions on Board Ships” in 1988.
These conferences were very well organized. 1 do not expect it to be different this time.

Giinther Zade
President, IMLA



FOREWORD

It seems that by combining the well targeted and formulated topics within PADECC and
WOME 10 the International Maritime Lecturers’ Organization (IMLA) has made a good deci-
sion. The IMLA Conference Organising Committee and the Papers Committees for PADECC
and WOME 10 wish to express their satisfaction with both the number of the papers registered
(out of over 40 reported papers 30 were received before the Conference) and with the approach,
analysis and in-depth study of the respective topics. It is only expected that the Conference par-
ticipants and subsequent readers will share the same or similar views and assessment.

The order of papers published in Volume 1 of the Collection of Papers presented at the
IMLA PADECC Conference and WOME 10 Workshop strictly follows the sequence of paper
presentation at the Conference. The papers presented at both plenary sessions (Opening and
Closing Session) have been printed first and are followed by papers presented at the parallel
working sessions, i.e. PADECC and WOME 10. The Organisers are confident that the method
applied (instead of the alphabetic order of titles or authors of papers) will better suit the needs
of conference attendants since the order chosen is intended for quick reference to the text in
this Volume and to follow the sequence of oral presentations.

A very small number of papers had not reached the Organisers by the deadline, or was not
printed in camera-ready format’, which required subsequent re-typing and re-editing. These
papers will be published in Volume 2 and, together with Volume 1, will then represent a com-
pletely integrated Conference publication.

Editors
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HOW TO IMPLEMENT SAFETY IMPROVEMENT

ALAIN-MICHEL CHAUVEL
Director Quality & Safety Management
Bureau Veritas

Introduction

Having a limited space, like any other contributors to this special edition on the ISM Code,
I decided to have only a short introduction concerning a remark on the impact of the ISM cer-
tification.

“It means nothing tangible except more paper work”

This statement does not encourage companies and seamen to improve safety at sea. How
can we see and measure the result of the ISM certification in a so short period of time ? We
should not devalue the ISM certification, with such a statement. We must believe that the
improvement will come year after year in the continuous way of progress.

ISM certification is not an award that we receive once in our life, it is a permanent chal-
lenge that we must win day after day.

Concerning the paper work, yes it is an administrative burden if we do not have the prop-
er tools to manage a documented system. Today, the solution exists and is available on the mar-
ket for a reasonable price (1) (2) Information Technology will reduce this burden and improve
communication, indexing of documents and storage and retrieval of information in shipping.

A quality and safety improvement programme

The quality and safety improvement programme outlined may be tailored to the individual
needs of any company. In fact, it will return substantial sums of money normally consumed by
accidents defects and errors.

The return will be directly proportional to the participation of the senior staff. And, the
degree of success will be directly proportional to the degree the general manager participates.

Investment can be minimal; the returns can be large. Savings during the first couple of
years will drop straight to the bottom line, as they will be primarily the result of improved per-
formance of staff.

The 10 steps in this programme are (figure 1) :

- policy statement,

- personnel orientation,

- quality and safety improvement committee,

- performances measurement,

- personnel training,

- error causes identification,

- objectives,

- corrective and preventive action,

- cost of error,

- recognition.



1. Policy statement

Objective: Make clear where the president / chairman stands on quality and safety. This
first step consists of:

- defining the management performance standard,
- integrating the statement inside the company policy.

Money may be wasted on defects and errors. Improper attitude, lack of attention, and insuf-
ficient knowledge are the prime ingredients. Management strives to control these situations.
Often, however, we become too busy with “managing the business” to give sufficient attention
to these elements that cause mistakes. Reduction of error begins with an unshakeable manage-
ment standard.

This standard should be included in the company policy. Everyone must understand that
this is not simply a document to be placed in a book for executives; they must understand that
it is a mandatory goal, and that anything less than systematic improvement toward that goal
will be questioned.

2. Personnel orientation

Objective: Inform all personnel about the management standard for performance.

Everyone must understand that this standard must be apply at all levels of company and in
every area of the company business. This second step consists of:

- briefing management staff on the programme concept and intent,
- obtaining their commitment to the programme,
- mobilising the personnel on the company’s policy.

The general manager should assemble his staff and inform them that he is launching a for-
mal quality and safety improvement programme. The programme is in accordance with com-
pany corporate requirements that there be systematic quality and safety improvement in every
department and on board each ship. The staff should be informed that, along with mandatory
quality and safety improvement, the president has established a single performance standard
that the entire company must strive to meet.

We should not accept defects or errors as normal in our business. We should understand
that there will be mistakes, that there will be reversals. But we should also understand that we
must immediately muster activities to correct these situations as they occur.

The quality and safety improvement programme begins, therefore, with each manager and
master making it very clear that there is no dual standard in the company. Everyone will strive
toward error-free performance, and every management staff will question all performance that
falls short of this standard.

3. Improvement committee
Objective: Develop and guide the quality and safety improvement effort to resolve systems
problems adversely affecting the company performances.

Since every department has the potential of making mistakes, each should participate in
quality and safety improvement. The general manager should appoint a quality and safety
improvement committee large enough to encompass the major operating departments, but
small enough to be effective. This third step consists of:

- defining the mission and the responsibilities of the committee,
- selecting the members of the committee,

- establishing the practical organisational structure to reach the objectives of the pro-
gramme.
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The quality and safety improvement committee should meet as the situation dictates.

The committee should not get involved in the treatment of non-conformities. Rather, it
should concentrate on correcting the system which allowed the accident and defect to occur.
While the committee has the responsibility for developing and implementing the quality and
safety improvement programme, it is stressed that the individual departments are responsible
for developing their own detailed plans to ensure systematic improvements.

The establishment of the Committee, and the implementation of a Quality Improvement
Programme, does not generally represent an additional expense. It is usually only formalising
and centralising what is presently happening in one form or another. Often it results in the elim-
ination of duplicate or less-effective effort.

Members of the committee must have the authority to commit the respective departments
to the improvement decisions of the committee.

A chairperson should be selected who will be more deeply involved in the total improve-
ment effort, and who will have sufficient management clout to keep the entire programme on
schedule. The chairperson should be someone who is constantly agitating for quality and safe-
ty improvement.

The elementary process for realisation of the programme is as follows:
- define the objectives,

- achieve the objectives,

- measure the results,

- recognise people.

4. Perfomances measurement

Objective: Provide timely information of current and potential non-conformities in a man-
ner that permits objective evaluation and corrective action.

The quality and safety manager should obtain data from each measured area and present
levels in trend format.

The non-conformity committee could list points at the operational level where they believe
it would beneficial to know performance in terms of risk levels. All ship audits, deficiencies
and performance indicators should be reviewed against the list for reduction, expansion or
modification.

Operational departments are always measured and analysed. Service departments should
also be measured. These include planning, commercial contracts, inventory control, stores,
maintenance, purchasing, bunkers and so on. These departments all have the potential for mak-
ing mistakes.

Their errors impact substantially on profit, and since everyone can improve, the white col-
lar areas should not be ignored. This fourth step consists of:

- identifying area on board ships and in the office that need improvement,
- measuring the actual situation,
- reporting the results in term of progress, according to a schedule.

The use of a few strategically placed, easily understood charts will contribute much to the
performance, awareness, and improvement of operations and management alike. These charts
should be placed where both personnel and management will see them. They should be sent to
all ships.

The charts should always identify the area being measured. This public display of per-
formance measurement results provides a psychological impetus toward improvement, as well
as a practical corrective action tool. There should always be a way of showing the gap between
the actual and the objective can be closed.

11



5. Personnel training

Objective: Provide to each employee an appropriate method and tools to improve their per-
formance and to participate in action team.

The aim of the personnel orientation was to inform all personnel about the management
standard and to explain them why it is important to implement a quality and safety improve-
ment programme in the company. The adhesion of the personnel to the programme is one other
critical element for the success of the programme. This fifth step consist of:

- defining a simple problem solving method (Figure 2),

- identifying the appropriate tools box,

- teaching, through practical exercises, how to use the tools to fix a problem.

Method

It is out of the question to treat any problem with indifference: the cost is too high. First,
we have to try and grasp the problem, in order to identify it. And this requires not only curios-
ity, but also a reliable method, if there is to be any hope of getting the result right.

The problem must be approached with due deliberation, in order to find out and define the
causes, and propose a realistic solution, before taking action to eliminate the problem once and
for all.

To be comprehensive, the method must provide for the outcome of such action to be fol-
lowed up, in order to ensure that the problem is finally settled.

Toolbox

Many tools are available for solving a problem. It is only by using them that one learn their
practical usefulness, So, identify those most suitable for you and choose the ones that make up
the group’s toolbox.

A tool should not be rejected out of hand just because it seems either too complicated or
too elementary. Every one of them has its advantages and drawbacks. Some can even help
release a situation when the group seems to be in a dead-end.

All the tools will be of the greatest help in moving a problem towards its final solution.
However, never forget that commonsense must take priority.

Action team

Using tools in an unmethodical way is like building with a blindfold on.

Method becomes necessary when two people or more are working together on the same
project; and is essential for any group with a common goal.

Tools are only means to an end, and the method is no more than a guide to conduct. The
result depends not only on member’s individual abilities. It is based on the conviction of the
team, its determination, its cohesion, but also on acceptance of the proposed solution by those
who will be most directly affected by its consequences.

6. Error causes identification

Objective: Provide personnel with a vehicle for communicating errors and problem situa-
tions to senior management for action.

One of the most difficult situations that employees face is management-employee commu-
nication. This programme will provide an unique vehicle for communication. It will ask
employees to identify problem areas without having to supply a solution to the problem. This
sixth step consists of:

- identifying the possible roots of the problem,
- providing the means to inform the management for taking action on the recognise pro-
blem.

12



This part of the programme is different from a suggestion programme in which the employ-
ee is required to know the problem and also to suggest a solution. The error cause identifica-
tion (ECI) is successful on the basis that an employee need only recognise a problem.
Management is responsible for finding the solution.

Asking employees to describe problems that cause errors is strong evidence that manage-
ment is committed to the entire quality improvement effort. If management then acts on these
barriers to defect-free performance, the employees will do their part.

Experience shows that over 90% of the items submitted can be acted upon, and fully 75%
can be done at the first level of supervision. Frequently, first-level supervision is left to do the
best they can in producing defect-free services in spite of serious obstacles left in their way by
the senior staff. This programme is designed to provide a place on management’s agenda for
operating problems which cause significant waste, along with the routine meetings and reports,
customers and telephone calls which so rapidly consume management time.

The error cause identification step should operate under the direction and the guidance of
the quality and safety improvement committee.

7. Objectives
Objective: Engage all personnel in a continuous quality and safety programme to improve
the global performance of the company.

Each year the general manager review the strategic company plan and fix objectives for the
commercial and the operational sectors. It is good management practices to pave the road for
the future.

The objectives of the quality and safety improvement programme are different. They are
based on non-conformances observe during the daily operation and which need corrective
actions to meet the policy statement concerning the improvement of the company performance.
This seventh step consists of:

- defining the opportunities in term of objectives for the company,

- preparing appropriate action plans to eliminate non-conformities or to improve existing
practices.

The content of the quality and safety improvement programme should be based essential-
ly on management priorities. Each department of the company should identify area where they
can contribuate to the expected progress. At this level of the organisation action team should
be created with the participation of the line supervisor and personnel.

The result of these activities must permit individuals to propose specific objectives for
themselves and their groups.

The specific objectives proposed by each action team must be review by the manager in
charge of the concerned department. The proposed objectives must be compatible with the
management priorities.

All the objectives approved by the Committee constitute the annual improvement plan of
the company.

The objective must measurable, realistic and under the direct responsibility of the depart-
ment who proposed it.

It must describe in the following terms:

- the reason of the objective

- potential saving for the company

- how the result can be measure

- the intended action plan to reach the objective

- an estimation of the cost investment to solve the identified problem.
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8. Corrective action

Objective: Provide a systematic method of permanently resolving problems on a timely
basis.

Corrective action is the “payoff” step ! It closes the loop of the quality and safety improve-
ment programme and clearly fulfils a responsibility of contributing to the profits of a compa-
ny. This is most successful when it operates on the well-known “Pareto” principle which states
that the most important should be attacked first. Problems must be identified, classified as to
importance, and formally resolved. This height step consists of:

- implementing the corrective action,
- auditing the process to validate the efficiency of the corrective action.

- short regular meetings should be held on board ships and in office to examine the prob-
lems detected and to prevent recurrence.

- monthly, or special meetings should be held by the general manager and his staff to
review the problems with overdue resolutions.

- when an undesirable condition is noticed, a verbal corrective action request should be
issued.

- when verbal corrective action requests are not complied with, a discrepant condition
notice should be issued which indicates that verbal attempts at obtaining corrective
action have been ineffective and a formal notice is necessary.

- a corrective action notice is sent to the department manager or ship when all else has
failed to generate corrective action.

- the receipt of a corrective action notice should be a serious matter. Appropriate repri-
mand to those failing to heed earlier requests to correct discrepant conditions is in order.
Any individual collecting a series of corrective action notices should be brought to the
attention of senior management for appropriate remedial action.

9. Cost of error

Objective: Quantify the cost of error and the cost of activities necessary to prevent,
appraise and remedy error as a means of reducing the total cost.

While there is no simple definition of the costs of error, but many general definitions, the
following specific definition is established for the purpose of understanding the wide scope of
activities which may be chargeable to quality costs.

“The cost of error is the difference between the actual cost of making and selling services
and the reduced cost, if there was no possibility of failure of the services or errors of the peo-
ple from the contract signature to the delivery of the product. This ninth step consists of:

- measuring major error costs in the company,
- analysing the actual situation,
- identifying area of potential saving for new quality and safety improvement.

The cost of error is the only practical measurement of quality and safety. It has long been
said, “if you can’t measure something, you can’t control it”. The most practical and meaning-
ful measurement is still plain old-fashioned button line money.

However, in principle, restricting error costs in this manner is parochial. It should be con-
strued as any costs relating to mistakes, defects and failures made by anyone in the company
which hamper its operation. Now we have taken account of errors from the ships into the
offices where the more far-reaching and costly errors occur.

A wider definition should be : “The error cost of a company is the difference between the
actual operating cost of a company and the operating cost if there were no failures in its serv-
ices and systems, no mistakes by its staff, and no possibility of failure or mistakes”.

14



10. Recognition

Objective: Provide employees with recognition for whose who participate.

Employees who continually strive for quality and safety improvement or who are instru-
mental in effecting significant cost savings should be recognised for their contribution. This
serves as a reward to the contributor and as evidence that superior effort is encouraged and
appreciated by he company.

Recognition is a fundamental need of everyone. Studies show that people place recognition
for their efforts among the aspect of employment they value most. The most effective type of
recognition is one that is lasting and increases esteem among associates. A cash award is wel-
come, but generally soon forgotten. This tenth step consists of:

- defining means to recognise significant results but also for participation,

- awarding personnel to stimulate new participation in the quality and safety improvement
programme.

As previously stated, it is important to emphasise that this recognition should, generally,
not be in the form of money, prizes, or trinkets. Except in unusual circumstances, the employ-
ee is simply doing better what was hired to do anyway. Of course, if someone saves the com-
pany a large sum of money, a financial reward might be in order. It should not be considered a
routine measure, however.

The type of recognition can be different from one company to the other. There is no strict
rule.

For improved stimulation, the recognition awards should be sparse but meaningful.

Conclusion
When travelling, I meet employers who tend to say “We would like to set up a programme,
but our employees are not ready”.

In fact this is not the problem, the employees are ready to follow the management’s exam-
ple, if close enough to those engaged in the day-to-day business of promoting the company in
the field.

The most serious obstacle is that the management is not approachable, and the manage-
ment ego of “we are the thinkers and they are the doers”.

This attitude is wrong at a time when we have to mobilise all efforts to be competitive on
a global market.

So, are you ready to be a leader and to believe in your people?

References
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LINGUISTIC COMMUNICATION UNDER STRESS:
LESSONS FROM AVIATION!

STEVEN CUSHING, Ph.D.?

1. The Problem

1.1. Three Propositions. I argue here for three propositions regarding the effects of language
differences on aviation communication. I would expect that they would also have relevance to
maritime communications. The three propositions are as follows:

Proposition 1. Language differences do increase the likelihood and the severity of failures
in aviation communication.

Proposition 2. Language differences themselves are not the fundamental problem they are
commonly made out to be.

Proposition 3. Inherent properties of language itself necessarily cause miscommunications.

The first proposition is not surprising; I would guess most people take it for granted. The
second proposition is probably surprising; it seems to contradict the first one. The third propo-
sition is certainly surprising; language is the most familiar of human behaviors: how could it
possibly itself be a problem?

1.2. Three Examples. Consider the dialogue in Figure 1, taken from the official accident report
issued by the Spanish Ministry of Transport and Communications (1978a, b).

1705:44.6 KLM 4805: The KLM four eight zero five is now ready for take off and we are
waiting for our ATC clearance (1705:50.77).

1705:53.41 Tower: KLLM eight seven zero five you are cleared to the Papa Beacon, climb to and
maintain flight level nine zero, right turn after takeoff, proceed with heading four zero
until intercepting the three two five radial from Las Palmas VOR (1706:08.09).

1706:09.61 KLM 4805: Ah — roger sir, we are cleared to the Papa Beacon, flight level nine zero
until intercepting the three two five.

We are now at takeoff. (1706:17.79).
1706:18.19 Tower: OK . . . Stand by for takeoff, I will call you (1706:21.79).
[Note: A squeal starts at 1706:19.39 and ends at 1706:22.06.]

[PAA: And we’re still taxiing down the runway the Clipper one seven three six
(1706:23.6).]

1706:21.92 PAA 1736: Clipper one seven three six (1706:23.39).

1706:25.47 Tower: Ah — Papa Alpha one seven three six report the runway clear (1706:28.89).
1706:29.59 PAA 1736: OK, will report when we’re clear (1706:30.69).

1706:61 [sic].69 Tower: Thank you.

1706:50 COLLISION: KLM on takeoff run collides with PAA on ground.

Figure 1. KLM and PAA, Los Rodeos Airport, Tenerife, Canary Islands, 27 March 1977

Presented at the International Maritime Lecturers Association (IMLA) Conference on Maritime Education and
Training and Tenth Workshop on Maritime English, Rijeka and Opatija, Croatia, 18-21 May 1999. I would like
to thank Boris Pritchard, Vice-Dean, for inviting me to speak at this conference.

2 Author’s address: 90 Bynner Street 4, Jamaica Plain, MA 02130-1045, USA; Telephone: 617-524-1767;
Internet: stevencushing@alum.mit.edu
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At 1706:17.79, the KLLM pilot (actually copilot) utters (1) to tell the controller that he has
begun his takeoff roll; at 1706:18.19, the Tower responds with (2) to tell the pilot that he should
not begin his takeoff roll.

(1) We are now at takeoff.
(2) Stand by for takeoff

Two questions arise in connection with this exchange:
Question 1: Why does the pilot utter such a non-standard phraseology?
Question 2: Why does the controller give such an inappropriate response?

The pilot’s statement can be interpreted as a subtle form of what linguists call “code-
switching,” a phenomenon in which multilingual people inadvertently switch from one of their
languages to another (and back). The pilot’s native language is Dutch; in that language the
present progressive aspect is expressed by using the Dutch equivalent of ar with the infinitival
form of the verb, in this case, takeoff.> Here, the pilot switches into Dutch grammar while keep-
ing the English words, saying are at takeoff for are taking off. This answers the first question.*

The controller is proficient in English, but has not studied Dutch (or linguistics); he thus
has no clue (nor does the pilot, by the way) that the pilot is performing such a switch. Since at
is typically used to begin a locative phrase, he interprets the pilot’s utterance in that way; he
takes the pilot’s utterance as meaning that the aircraft is at the takeoff point awaiting further
instructions. This answers the second question.

Together these answers illustrate Proposition 1.

Now consider the dialogue in Figure 2, taken from the official accident report issued by the
U. S. National Transportation Safety Board (1981). There are lots of interesting items in this
dialogue, which I hint at through italics and underlining: for example, the similarity of the call
signs at 0133:11 and 0133:33 and of the phrases go around at 0134:13 and go ahead at
0134:18, as well as the oxymoronic flavor of just go ahead and hold at 0134:18.

0133:11 Tower: Air California three thirty six, you’re cleared to land.

0133:33 Tower: Air California nine thirty one, let’s do it taxi into position and hold, be ready.

0133:37 AC 931: Nine thirty one’s ready.

0133:52 Tower: Air Cal nine thirty one traffic clearing at the end, clear for takeoff sir, Boeing
seven thirty seven a mile and a half final.

0133:57 AC 931: In sight we’re rolling.

0134:13 Tower: OK Air Cal three thirty six, go around three thirty six, go around.

(0134:16 AC 336 captain: Can we hold, ask him if we can — hold.)

0134:18 Tower: Air Cal nine thirty one if you can just go ahead and hold —.

0134:21 AC 336: Can we land Tower?

0134:22 Tower: Behind you Air Cal nine thirty one just abort.

0134:25 Tower: Air Cal three thirty six, please go around sir traffic is going to abort on the
departure.

(0134:27 AC 336 captain: Gear up.)

0134:36: IMPACT: Aircraft lands with gear retracted.

Figure 2. Air California, John Wayne Orange County Airport,
Santa Ana, California, 17 February 1981

3 This fact about Dutch was first pointed out to me by Profs. Ken Hale of MIT and Nobuhiko Yamanaka of
Saitama University.

The Air Line Pilots Association issued an alternate transcript, in which the KLM pilot says (i), rather than (1).
(i) We are now, ah, taking off.

The original tapes themselves appear to have been lost or destroyed through normal procedures and the passage of
time, but internal and comparative evidence can be brought to bear in an effort to determine the relative accuracy
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Of particular interest here is the use of the word hold. At 0133:33, the controller issues AC
931 the instruction (3), meaning to taxi into position and stop there.

(3) taxi into position and hold

At 0134:18, the controller issues AC 931 the instruction (4), meaning to stop his takeoff
roll, a meaning confirmed at 0134:22, when he rephrases his instruction as (5).

(4) just go ahead and hold
(5) just abort

This is the standard use of hold in aviation English: to hold an action is to stop what you
are doing and do something else instead.

However, AC 336 has something else in mind. At 0134:13, the controller tells him to go
around, meaning to stop his landing process and do something else. The captain responds at
0134:16 by asking the copilot to request permission to hold, meaning to continue what he is
doing, namely, land. The copilot confirms that he understands the captain in this way by pro-
ceeding to ask the controller for permission to land at 0134:21. This is the principal meaning
of hold in vernacular English: to hold an action is to persist in doing it.

In other words, though clearly operating in an aviation setting, the AC 336 captain inad-
vertently slips from aviation English to vernacular English and is understood by his copilot as
having done so. Just as the KLM pilot in Figure 1 slips in grammar from English to Dutch, that
is, from one language to another, the AC 336 captain in Figure 2 slips in meaning from tech-
nical to vernacular, that is, from one variety of a language to another. We thus get code-switch-
ing within a single language by native speakers of that language, the same process that occurs
in multilingual speakers of clearly different languages. This illustrates Proposition 2 and begins
to hint at Proposition 3.

Related mechanisms appear to be operating in the dialogue in Figure 3, taken from the offi-
cial accident report issued by the U.S. National Transportation Safety Board (1991).

2124:04 Tower: Avianca zero five two, you are making a left turn, correct, sir.

2124:06 Captain to copilot: Digale que estamos en emergencia. [English: Tell him we’re in an
emergency. |

2124:08 Copilot to Tower: That’s right to one eight zero on the heading and, ah, we’ll try, once again,
we’re running out of fuel.

2124:15 Tower: Okay.
2124:17 Captain to copilot: Que dijo? [English: What did he say?]
2124:18 Copilot to captain: Mantener dos mil pies, ciento ochenta en el rumbo. Ya le dije que

intentamos de nuevo, porque ya no podemos. [English: Maintain 2000 feet, 180 on the
heading. I already advised him that we are going to attempt again, because now we can’t.]

2124:22 Captain to copilot: Digale que estamos en emergencia. [English: Tell him we’re in an
emer gency. |

2124:26 Captain to copilot: Ya le dijo? [English: Did you tell him?]
2124:28 Copilot to captain: Si, senor. [English: Yes, sir.]

2124:29 Copilot to captain: Ya le dije. [English: I already told him.]
[2124:32-2125:07 Aircraft is handed off from Tower to Approach Control]

2125:08 Captain to copilot: Digale que no tenemos combustible. [English: Tell him we don’t have
fuel.]

of the transcripts. For example, the controller’s instruction (2) makes no sense at all as a response to (i), but can be
explained in terms of known linguistic mechanisms (code-switching and construal of an at phrase as a locative) as
aresponse to (1). It is not implausible that “wishful hearing” by a linguistically naive but pilot-friendly transcriber
might have projected a non-existent -ing onto the fake in (1) in an effort to make sense of the pilot’s utterance. See
Cushing (1994a) for more on “wishful hearing.” I thank Prof. Bill Waldock of Embry-Riddle Aeronautical
University for information about the tapes and about the alternate transcript (personal communication).

5 Extraneous dialogue at 2125:15-2125:22, 2125:41-2126:34, and 2126:47-2130:30 is omitted.
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2125:10 Copilot to Approach: Climb and maintain three thousand and, ah, we’re running out of fuel,
Sir.

2125:12 Approach to copilot: Okay, fly heading zero eight zero.

2125:28 Captain to copilot: Ya le dijiste que no tenemos combustible? [English: Did you already tell
him we don’t have fuel.]

2125:29 Copilot to captain: Si, senor. Ya le dije. Ciento ochenta en el rumbo mantenemos tres mil pies
y nos va a volver a meter. [English: Yes, sir. I already told him. 180 on the heading. We’ll
maintain 3000 feet and he’ll get us back.]

2125:29 Captain to copilot: Bueno. [English: Okay.]

2126:35 Approach to copilot: And Avianca zero five two heavy, ah, I'm gunna bring you about fifteen
miles north east and then turn you back onto the approach. Is that fine with you and your fuel?

2126:43 Copilot to Approach: I guess so. Thank you very much.

2126:46 Captain to copilot: Que dice? [English: What did he say?]

2126:46 Copilot to captain: El man se calento. [English: The guy is angry.]

2130:32 Approach to copilot: Avianca 52, climb and maintain three thousand.

2130:36 Copilot to Approach: Ah, negative, sir. We just running out of fuel. We. Okay. Three
thousand now. Okay.

2130:39 Captain to copilot: No, no tres. Tres mil. Tres mil. [English: No, not 3. 3 thousand, 3 thousand.
[Aircraft soon runs out of fuel and crashes.]

Figure 3. Avianca, Cove Neck, New York, 25 January 1990

In this case, the copilot switches deliberately, not inadvertently, between two languages,
because the pilot has chosen to speak Spanish and the controllers are speaking English. The
pilot twice utters the word emergencia, the exact Spanish equivalent of the English word emer-
gency, to the copilot (at 2124:06 and 2124:22), but the copilot never says the word emergency
to a controller. Instead, he elaborates on the nature of the emergency, which he describes cor-
rectly as (6) (at 2124:08, 2125:10, and 2130:36), while assuring the captain that he has advised
the controllers of both the emergency (at 2124:26-2124:29) and its nature (at 2125:29).

(6) running out of fuel

The noun emergencia means the same in vernacular Spanish as emergency means in ver-
nacular English and, in both vernaculars, it is more natural to elaborate the nature of an emer-
gency than simply to repeat the word itself; however, emergency has a special use in aviation
English. Phrases such as those in (7) convey a special degree of urgency that requires the con-
troller to give priority to any aircraft that transmits them; since there is no “aviation Spanish,”
there is no Spanish analog for that use.

(7) (a) declare an emergency
(b) fuel emergency

In shifting from one language to another, the copilot overlooks the fact that, although the
word emergency has been said, it has not been said in the correct language to the correct per-
son: aviation protocol requires that it be said in English to the controller.

The controller is listening for such a phrase, but never hears it. His apparent anger at
2126:35, reported by the copilot at 2126:46, suggests frustration at a crew that declines to
declare an emergency, while claiming to be running out of fuel. He could take it upon himself
to ask if there is an emergency, but he takes the crew’s competence for granted and assumes on
that basis that they would have declared an emergency if there had been one. Perhaps he won-
ders if they are playing around in an attempt to gain some advantage. It never occurs to him
that, possibly, they could just be making a mistake.

The most striking feature of the dialogue in Figure 3 is that it all could have happened just
as it did without any Spanish having been involved. The official transcript has the Spanish and
English versions of the intra-cockpit dialogue listed side by side in parallel columns and either
can be read without the other to determine what is going on. The air/ground dialogue is exclu-
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sively in English and the controllers know nothing of what is said in the cockpit, including
what language it is in.

The fact that the language being used to communicate with the ground is a technical vari-
ant of a language other than the copilot’s own, leaving him twice removed from the vernacu-
lar with which he is most familiar, is likely to have compounded the miscommunication in this
instance. This illustrates Proposition 1. However, an inability (or unwillingness) to shift
between variants of a single language, or the lack of awareness of the need to do so, is the cul-
prit. This illustrates Proposition 2.

Neither the copilot nor the controller is able to maintain his communicative bearings in the
attempt to talk the aircraft down safely. Both are speaking and listening in what they think they
know are the correct ways. The copilot shifts languages: Spanish to English; but not varieties:
vernacular to aviation. He stumbles around the linguistic landscape, trying to get his point
across and wondering why he keeps falling flat. The controller is so locked into the technical
aviation protocol that he never thinks to step back a bit and try to listen in the vernacular; he,
too, seems unable to shift varieties, though in the opposite direction. He tries to make sense of
an apparent contradiction and finds himself unable to do so. The copilot is walking on quick-
sand; the controller is stuck in a ditch. It is language itself that has both of them tied in knots.
This illustrates Proposition 3.

1.3. More Examples. The occurrence of inadvertent (and resistance to necessary) code-switch-
ing between and within languages is only the most striking and dramatic of the inherent prop-
erties of language itself that necessarily cause miscommunications. Following is a list of further
such properties, each illustrated with an actual instance that occurred in an aviation setting.®

Ambiguity: The presence of two or more meanings in a word, phrase, sentence, or pas-
sage.

Example: A controller, knowing that B1 had called but not sure what the request had been,
replied with (8) and then proceeded to talk to aircraft while waiting for a reply.

(8) B1, Ground, go ahead.
B1 misinterpreted the phrase go ahead as referring to his driving, rather than his speaking, and
was halfway down his normal route of travel before the controller realized what had happened.
Homophony: Different words or phrases sounding exactly or nearly alike.

Example: Confusion between the intended two and the required but missing 7o in (9) led
to a fatal accident.

(9) Descend 2400.

The aircraft descended to 400 feet rather than the appropriate altitude of 2,400 feet.
Prosody: The pattern of pauses, stresses, or pitches in an utterance.

Example: While checking out a pilot in a small airplane, an experienced flight instructor
reports noticing considerable power on just before touching down. He thought he had said
(10), but he was interpreted by the pilot as having said (11).

(10) Back — on the power.

(11) Back on — the power.

The two utterances normally differ in pronunciation only in the placement of the pause and
in whether or not on is stressed.

Uncertain Reference: A degree of indeterminacy as to just who or what is meant by a pro-
noun or pronoun-like expression.

Example: The Tower issued (12) to an aircraft that had landed on runway 15.

6 For more detailed discussion of these examples and citations, see Cushing (1994a,c, 1995).
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(12) Taxi to the next and hold short of 21.

The pilot was confused as to whether next was intended to refer to a runway or a taxiway.

Implicit Inference: Unjustified assumptions or conclusions derived from indefiniteness or
time lags.

Example: A pilot interprets (13) as a clearance to climb, misconstruing can as do.

(13) I can give you 290 but you will have to negotiate for higher.

(14) Roger, cleared to 290, leaving 230.”

The controller does not challenge the readback (14) but queries the pilot at 24,000, inform-
ing him then of relevant traffic.

Ritualization: Statements and situations lose their cognitive impact and participants fall
into a pattern of simply going through the motions for their own sake.

Example: After the dialog (15) with the controller, the pilot began a descent, but was then
informed that he had not yet been cleared below 4,000 feet.

(15) Can you see the runway?
(16) Yes.
(17) Okay, turn to 360 degrees.

The instruction (17) had been followed so often in the pilot’s prior experience by a clear-
ance to descend that he assumed it was so in this case as well.

2. Solutions

2.1. Solution Types. There are two kinds of solution to the problem identified above:
Human Solutions: What can we do for personnel to help them improve their communica-
tion?

Technological Solutions: What can we give to personnel to help them improve their com-
munication?

Note the phrase for personnel, rather than to personnel, in the formulation of Human
Solutions. Jones (1994) questions the value of technological solutions with the comment, “As
for me, I would try a few sackings first.” However, that is not what I have in mind.” While dis-
cipline and enforcement are necessary components of any safety program, a stronger founda-
tion is built by convincing people to cooperate voluntarily with safety measures through devel-
oping their understanding of the basis of and the need for those measures. Confidence is
strengthened further by providing reliable technologies that make compliance easier.

2.2. Human Solution. Steps that can be taken to help personnel improve their communication
include such general measures as shortening shifts and hiring more staff. However, there is one
essential human solution to this particular problem, without which others will lose their effect,
namely:

Provide aviation personnel with a deeper understanding of language, including:
- its basic characteristics

- how it works

- the kinds of ways it can malfunction in communication

- the consequent need to use it more mindfully

7 See the reply in Cushing (1994b).
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In other words, we must develop and promote the outlook of treating language as a crucial
component of the aviation and maritime environments, entirely on a par with more obviously
tangible components, such as aircraft, ships, radar, and communications equipment. People
who use language as a tool must be trained in its effective use to the same depth and breadth
as pilots are trained to fly aircraft, controllers are trained to read radar, and both are trained to
use communications tools. This encompasses everyone in the aviation and maritime systems.
A thorough awakening to the kinds of potential problems sketched in Section 1 can go a long
way toward replacing the complacency engendered by language’s familiarity with a willing-
ness to master it to save one’s own life and others’.

Awareness of language and the skills for using it more effectively can be promoted in
numerous ways, including:

* Books, such as my own Fatal Words (Cushing, 1994a)

* Newsletters and reports, such as those published by the International Aviation English
Association

» Training materials, such as those developed by the Centre of Applied Linguistics at the
University of Franche Comte in Besancon, France

The point is to incorporate such materials into every aviation and maritime training pro-
gram and to elevate their mastery to the highest level of priority.

Technological Solutions. The general background for potential technological solutions in
the short-, intermediate-, and long-term time frames is sketched out in Cushing (1994a). Since
this conference is concerned particularly with training, already discussed above, I mention here
only one technological solution geared to an intermediate-term time frame. For more exam-
ples, see Cushing (1997).

Problems of voice-mediated language can be avoided by using a restricted English-like
artificial language in connection with a visual communication system. Given a suitably restrict-
ed language framework, pilots and controllers can be given screens in variants of their own lan-
guages with automatic translation between them. This is illustrated in Figure 4.

( ) ( Arréte! )
O |—
— —
) —
L Stop! ) L )
s B s A
Roger. Arréte!

) —
D —
Oui, Monsieur.

. J \ J
Messages Sent from Messages Sent from
and Received at and Received at
English-based Screen. French-based Screen.

(Controller) (Pilot)

Figure 4. Visual Communication System with Translation
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Ritualization can be avoided by having alternate equivalent formulations of an instruction

selected randomly for presentation. This is illustrated in Figure 5.

24

g ) .
CHANGE FLIGHT LEVEL
FROM FL210 TO FL220
[CHANGE ALTITUDE FROM] ALTITUDE CHANGE
ACKNOWLEDGED FROM

( <<altitude>>TO )

——| ( <<altitude>>TO )

<<altitude>> "
<<altitude>>

CHANGE ALTITUDE FROM
21,000 feet TO 22,000 feet

Pilot Receives Equivalent
Message Randomly
Selected by the System

Controller Sends Message
with Intended Meaning

Figure 5. Visual Communication System with Randomization
A prototype of such a visual communication system is described in Cushing (1994a).

Three Conclusions

I end with three conclusions, each with an associated aphorism:

Conclusion 1. In regard to aviation miscommunications, language itself (not language dif-
ferences) is the problem.

“Language: Can’t live without it. Can’t live with it.”

Conclusion 2. Education and training (of a particular kind) are the principal solution.
“Knowledge is power. Knowledge of how language works is key to survival.”
Conclusion 3. Sophisticated tools can help.

“Even with a mastery of basic mathematics, it doesn’t hurt to have a calculator.”
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PRACTICAL CASUALTY INVESTIGATION
THE INVESTIGATOR’S PERSPECTIVE

JOHN M. NOBLE
Chairman
Murray Fenton & Associates Limited

INTRODUCTION

During my career as a Marine Surveyor, | have investigated hundreds of incidents, from the
miror bump to major oil spills. In this paper I discuss how investigations are conducted, evi-
dence collected and conclusions drawn. As modern risk management techniques are increas-
ingly used in a loss prevention context, the trend seems to be for more and more people based
ashore telling fewer and fewer seafarers how to do their job!

What is a casualty? In general, the term casualty in the marine world is applied to a more
serious accident or incident. In the context to this paper I will define a casualty as any incident
resulting in injury to or death of personnel and any incident involving damage to property or
pollution of the environment. The paper concentrates on more serious casualties; but I include
a short section on minor incedents to cover the more routine type of work undertaken by sur-
Veyors.

Having examined the casualty, I address some of the practical issues raised during investi-
gations and how lessons learned in the field can be passed into current training programmes.

THE MINOR CASUALTY

Most accidents are minor in that they have no serious affect on operational or commercial
affairs. Marine surveyors spend most of their time investigating minor incidents such as dam-
age to goods in transit, bumps and knocks between ship/tug/quay or machinery breakdowns. A
minor incident may involve Port Authority or Health and Safety Representatives at local level
and invariably it will be settled on an agreed commercial basis, often through insurance.

The key to investigation is observation; to assist insurers in claims handling the investigat-
ing surveyor must establish the nature of the damage, extent of it and the cause. Marine sur-
veyors should be familiar with ships and what can go wrong wit them. The nature of domage
may be obvious, wetting, fire or shifting cargo; the extent of damage will be determined dur-
ing the survey and the cause may be obvious or require investigation. The surveyor is required
to observe and record the evidence before reaching conclusions. This may appear to be an obvi-
ous point, but pressure is sometimes brought to bear by one party or another to reach conclu-
sions unsupported by fact!

It is important that the marine surveyor recognises his limitations and recommends spe-
cialists be appointed if the cause is not marine. For example, infestation in a cargo may have
nothing to do with the ship and be more to do with the origin and treatment of the cargo before
shipment.

A feature of minor casualty work is that little is ever done to draw on the experiences of an
incident; insurers pay up and files are closed. Occasionally a series of similar incidents may
alert an insurer or sector in the industry and circulars may be issued to advise owners and oper-
ators accordingly. As with most incidents the causes are invariably avoidable and down to
human action (or inaction).
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THE MAJOR CASUALTY

When a major casualty occurs many more parties than those only participating in the com-
mercial venture become involved. Consider the “Sea Empress” grounding and subsequent oil
spill as an example. Not only did the commercial interests participate in the response, but local
and national authorities also became heavily involved. In Annex A, I have attempted to list all
those bodies present that I was aware of; I suspect a few others have been left out!

When a major casualty occurs, the attention in draws from the media and various tiers of
government invariably results in a public debate on causation and response effectiveness. This
sometimes detailed attention results in in-depth studies taking place to ascertain why the casu-
alty happened and what lessons are to be learned to avoid repetition. Below I have subdivided
the casualty investigation into Statutory and Commercial categories in an attempt to show how
approaches differ. For most people involvement in a major casualty investigation is a once in a
lifetime experience. Some states do have specialist departments set up to conduct investigations
and there are a few private individuals and companies who specialise in casualty investigation.

THE STATUTORY INVESTIGATION

In this section I draw on my experience in the United Kingdom to provide the input.
Methods may differ elsewhere, but the broad principles remain the same worldwide.

Once an incident has taken place the responsible government department will want to con-
duct a full investigation as soon as possible. This means despatching one or more investigators
to the scene of the incident at the earliest opportunity. The investigator will have two primary
objectives; firs, to examine the ship and second, to interview surviving crew.

As with any investigation a close examination of the physical evidence is essential. Most
fron-line state investigators have a Merchant Marine or Naval background. This is important
because most accidents involving ships will involve mariners and shipboard operations. An
investigator with a marine background can quickly home-in salient points. If the establishes
that the cause may involve other factors, such as metal fatigue, he can call upon government
scientists of an appropriate discipline to assist.

The statutory investigator has a distinct advantage over all others; he usually has the back-
ing of law that allows him unrivalled access to the ship and crew, if necessary to the exclusion
of all the commercial investigators. Occasionally the action taken by state surveyors can prej-
udice any subsequent investigation because evidence is removed or compromised.

Crew interviews form an integral part of the statutory investigation. Speed is important
because ship’s crewmembers are often repatriated with indecent haste following an incident.
The trend to arrest and imprison crewmembers immediately following a casualty may have
developed in part because state investigator’s efforts to interview crew have been hampered by
speedy repatriation. Again, the state investigator has a distinct advantage in that he has virtu-
ally unlimited access to the crew. This invariably allows the state a first opportunity to control
the situation. In practice however, things are not so clear cut. Owners lawyers are usually very
quick off the mark and will try to ensure a presence at any crew interview. The success of this
tactic often depends on jurisdiction. Problems can arise in situations where, because of the cir-
cumstances of a casualty, crewmembers might be advised to have their own lawyer present;
there might be a direct conflict between an owner’s and a crewmember’s interests.

Apart from the likely backing in law to conduct an investigation, the full resources of gov-
ernment can be made available if the situation warrants it. From my own experience an inves-
tigation will be more successful if all parties rightfully involved conduct their affairs in a spir-
it of co-operation rather than confrontation.

COMMON PROBLEMS

Before addressing how the commercial investigator may approach his task, there are many
aspects common to both state and non-state investigations.
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The first hurdle to be crossed in physical access to the ship. The ship may be smouldering,
lying at a large angle or even covered in ice. Sometimes I think the most hazardous part of the
job is boarding and leaving casualties; safe access in a rough sea on a dark winter’s night has .
its own challenges. Once aboard there are many things to watch out for such as slippery decks,
poor lighting, fumes and unprotected openings. The rule “one hand for the ship — one hand for
self” takes on a new meaning when operating in a casualty situation. Gaining access to the
location requiring investigation is yet another challenge awaiting investigators.

Modern technology has an influence on investigators conduct on board. The apetite for
“instant” information is insatiable; digital cameras, lap-top computers, mobile phones have
increased pressure on the investigator to get information back to “head office” as soon as pos-
sible. There is a danger than an investigator, eager to please, may prejudice his safety.

If I may illustrate what I mean. Consider a surveyor properly equipped with safety shoes,
safety helmet, goggles, gloves, high-visibility jacket; life jacket (or survival suit), safety har-
ness, intrinsically safe torch (with spare batteries) noxious gas alarm and radio; now add cam-
era, video, telephone, lap-top, spare films, measuring tapes, pencil, notebook and sustenance,
it is just not possible to conduct the investigation safely. I urge those instructing surveyors to
temper their lust for immediate information in the interests of safety of the surveyor.

COMMERCIAL INVESTIGATIONS

Each party interested in a voyage may want their own investigations conducted into an inci-
dent. The reasons for commissioning an investigation traditionally lay with issues of liability,
but there is now a trend to try to establish what did happen in order to learn from an incident.

It is always worth bearing in mind who the people are and their objectives. Any investiga-
tion is essentially an information and evidence collection exercise. While there is little doubt
about the rights of statutory surveyors, those representing commercial interests have different
“rights” and priorities.

The question of who is entitled to access a casualty for the purposes of conducting and
investigation is often vexed. Consider a major container ship incident where there may be char-
terers, slot charterers and numerous cargo interests involved; the number of lawyers and sur-
veyors who may want to attend can be staggering. In one recent incident no less than 47 per-
sons initially presented themselves as representing interests in the casualty.

The first thing to establish is who represents whom and who is entitled to board to see
what! The primary casualty investigator after the statutory surveyor will be the ship owners’
surveyor. Is it unreasonable that the owners should have access ahead of others?

The nature of the casualty will determine the make-up of the investigation team. Almost
invariably a nautical input is desirable to deal with marine related issues. The marine surveyor
may have to work with specialists in other disciplines such as fire, materials or chemicals in
order to provide principles with as complete an investigation as possible. Most commercial
investigations are still aimed at assisting in the resolution of liability issues. This means that
priorities are different. The investigators, usually independents, may have slightly differing
instructions which results in different parts of a ship or her equipment being examined. For
example the party representing bunkers may have no interest in how a fire started.

Clearly the first investitgators on board have an advantage in seeing fresh evidence. This is
why other parties may resort to Court to ensure a simultaneous survey. However the Courts will
not normally allow a totally free hand or “fishing for evidence” survey.

As mentioned, keeping a careful record of the evidence examined is important. When fur-
ther analysis is required samples must be drawn and retained in a Courtworthy manner and be
properly catalogued. A good photographic record is also useful, especially when non-experts
in a field are handling the claims.

After the initial survey, collection of evidence and issuing a report there may be a consid-
erable interval, often years, before all the issues are resolved. This means that the investigator’s
file must be retained, the contents will be referred to long after the evidence was collected.
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At the end of the day the investigator must present his findings in the form of a written
report. Non-expert readers must be able to understand the significance of any evidence
obtained, issues arising and conclusions reached, the good report should be able to do this is
clear language without prevarication.

LESSONS

Some liability underwriters are taking loss prevent very seriously and research has been
commissioned to draw together the results of investigations into many major casualties. The
quality of such work depends upon the quality of the investigation conducted initially. Having
concluded that 85% of maritime casualties are due to human error — is it now time to ask why?

Because liability issues often involve large sums of money and there is alwas a possibility
that the issues may be decided by private arbitration rather than public Court proceedings, the
circumstances of the casualty may remain undisclosed for quite some time. Therefore, unless
matters of “the public interest” are involved, the lessons learned may never be made public.

It is important that academic and professional institutions open lines of communication
with operators and underwriters so that an informal exchange can take place. An example of
such co-operation exists between the Nautical Institute and a number of P&L Clubs. Similar
co-operation exists between the U.S. Coast Guard and some Clubs.

April 1999.
“SEA EMPRESS”

GOVERNMENT LOCAL COMMERCIAL OTHER
Marine Safety Police Shipowner R.S.P.C.A.
RBgency Fire Brigade Ship Manager R.S.PB.
tlarine FOIMLON  Armed Services P& Club WWE
H.M. Coastguard Pilots Charterer Greenpeace
Marine Accident Port Authority Charterers P&I Friends of the Earth
Investigation Bureau ~R.N.L.L Cargo Owner Media (x 50)

Environment
Department

Secretary of State
Minister of State
L.O.P.C. Fund

District Council

Town Council

Receiver
Lawyers (x 6)
Surveyors (x 10)
OCIMF

OSRL

Briggs Marine
Salvors (x 3)

Tug Operators
LT.O.PF Ltd.

Womans Institute
(local caterers)
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INTEGRATED SAFETY INVESTIGATION METHODOLOGY
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ABSTRACT

During the past seven years (1990-1998), the Transportation Safety Board (TSB) of
Canada, had investigated over 750 marine accidents and incidents (occurrences).

The analyses of these occurrences show that marine accidents, just like those in other
industries, are the result of multiple causes and underlying factors. In any system operation,
there is a complex interaction involving machinery, equipment, humans and the environment.
Human and organizational factors are implicated in most accidents as underlying of contribut-
ing factors to the immediate causes of those accidents. In order for accident prevention strate-
gies to be effective, an accident investigation must search beyond the immediate cause. This
suggests a need for a much boarder system approach a look for contributing factors to the acci-
dent and underlying Safety Deficiencies' (SD) that pose a risk to life, property and environ-
ment. Hence, TSB developed the Integrated Safety Investigation Methodology (ISIM). The
ISIM embeds the function of safety deficiency analysis into the investigation process, com-
mencing with the assessment of the initial occurrence notification through to the effective com-
munication of the identified risks to those who can influence the necessary change.

However, discussion in this paper is limited to the systematic evaluation of an occurrence
to determine the root causes, contributing, and underlying safety deficiencies commonly found
in TSB investigations.

TRANSPORTATION SAFETY BOARD AND ITS OBJECTIVES

A few words about the TSB; the Canadian Transportation Accident Investigation and
Safety Board, commonly known as TSB, is a Canadian federal government agency mandated
to improve transportation safety by:

(a) conducting independent investigation, including, when necessary, public inquiries, in

order to make findings as to their causes and contributing factors;

(b) identifying safety deficiencies as evidenced by transportation occurrences;

(c) making recommendations designed to eliminate or reduce any such safety deficiencies;

and

(d) reporting publicly on its investigations and public inquiries and on the related findings;

TSB is independent of other government departments that regulate or operate elements of
the marine, rail, commodity pipeline, and air transportation system. It is not the function of the
Board to assign fault or determine civil or criminal liability, however the Board does not refrain

! In the context of this paper, SD is defined as any inadequacy in the marine transportation system which could

cause or contribute to the severity of an accident or incident.
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from fully reporting on causes and contributing factors merely because fault or liability might
be inferred from its findings.

The TSB’s sole objective is to advance transportation safety which is predicated upon the
identification of Safety Deficiencies and associated risks. As such, the investigations are car-
ried out with the prime purpose of identifying Safety Deficiencies in transportation occurrences
and to propose corrective safety action designed to eliminate or minimize risks associated with
any such deficiencies.

TSB APPROACH TO ADVANCING TRANSPORTATION SAFETY

Generally, an investigation of any occurrence may have three main objectives:
(a) to find out “What happened?”

(b) to determine “Who did it?”’; and

(c) to improve safety;

Traditional investigations, in the past, placed more emphasis on (a) and/or (b). Objective
(a) will be met if the investigation can just determine the causes. In a traditional investigation,
once the immediate cause of an accident is found, the process of investigation often stops with-
out further examining the underlying factors and contributory conditions leading up to that
immediate cause. Determination of immediate cause is useful in identifying who had the last
opportunity to intervene and prevent the accident. However, it does little in terms of develop-
ing an understanding of the unsafe conditions which lead to the accident.

With objective (b), the investigation will be looking for who is to blame with a view to tak-
ing deterrent measures as well as establishing damage compensation and punishment (civil/crim-
inal liability). For example, an investigation might conclude upon determining that a collision
occurred because the master of the fishing vessel did not proceed at a safe speed. Possible under-
lying factors such as the requirement to maintain a tight sailing schedule, to take advantage of a
per-trip fishing quota, or the need to work long hours resulting in fatigue due to a small comple-
ment, etc. were usually left undetermined. As such, cause determination or apportioning blame
by itself would not do much to improve safety except with respect to its deterrent value.

Today, more and more investigations are conducted to learn from the accidents. As indi-
cated above, the ultimate objective of TSB investigations is to improve safety — transportation
safety. To that end, TSB investigations are conducted to identify inadequacies in the system
which could cause or contribute to the severity of an accident or an incident.

WHAT IS “SAFETY” AND HOW CAN WE IMPROVE IT?

We all have our own understanding of what Safety is. However, for the purpose of this dis-
cussion, let us define “safety” one more time. The Oxford dictionary defines “safety” as “free-
dom from danger or risks”. Risk has two elements and is commonly defined as the product of
the probability of an adverse outcome during a specific period of time and the severity of that
outcome.

RISK = PROBABILITY X CONSEQUENCE

If we attach the units of measurement, the Risk equation may be written as follow:

RISK [ 412! ] = PROBABILITY [-3£%] x CONSEQUENCE [ 12t |

Therefore, to improve safety means to eliminate or reduce risks. Risk can be treated by
either reducing probability and/or by reducing the consequences. To do so, one must under-
stand the causes and underlying factors that contribute to both elements of the RISK equation.
If the focus of an investigation is only on the casual factors and on preventing “recurrence”, it
will limit the potential for safety improvement by not considering the second element of the
risk equation - i.e. the consequence.
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Many of us can think of an accident which had factors at play that were not causal, but that
contributed to the severity of the outcome, the consequence. An obvious example would be
inadequate lifesaving equipment and inadequate knowledge and training in marine emergency
duties. Another could be design characteristics of a vessel that allowed a relatively minor inci-
dent to become a serious accident. Eliminating such deficiencies will do nothing to prevent a
future accident, but it may significantly improve safety by reducing the severity of conse-
quences.

INTEGRATED SAFETY INVESTIGATION METHODOLOGY - ISM

As a broad approach to minimizing risk in the transportation system, the TSB developed
an accident investigation methodology, termed Integrated Safety Investigation Methodology
(ISIM) which places emphasis on the identification of safety deficiencies in the system and the
assessment of risks associated with such deficiencies. The ISIM process is systematically made
up of several steps commencing with the assessment of the initial occurrence notification
through to the effective communication of the identified risks to those who can affect the nec-
essary change. (Figure (1)). However, for the purpose of this paper, only the following five
important steps will be discussed:

1 Collection of occurrence data;

2 Analysis of occurrence events (determination of occurrence events & identification of
safety deficiencies);

3 Risk Analysis,
4 Barrier (Defence) Analysis, and
5 Consideration of Risk Control option.;

WE High-Level ISIM Model

Occurrence A

DataCollection [ Collection of Data

Cecurrence Event - Occurrence Events Analysis

Integrated investigation Process

Unsafe Acts/Conditions

Integrated Investigation Process

Underlying Factors

Risk Assessment Process

Estimated Ris!m

Defence | Barrier Analysis Process

Safety Deficiencies

" Riﬁkaenfmi i)pting?x:@, Analysis Pmt;z»sm;

Risk Contfn! Options 5 n [ ;__‘ __,i
Safsty Communication = 3 = v

Figure (1) ISM Process Model
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1. Collection of Occurrence Data

The firs step in an investigation process is the collection of information regarding the per-
sonnel, tasks, equipment, and environmental conditions involved in the occurrence. A system-
atic approach to this step is crucial to ensure that a comprehensive analysis is possible to deter-
mine not only what, who and when” of the accidents but also “why and how” the accident hap-
pened.

To conduct an effective systematic data collection, the investigator must recognize from the
outset than regardless of the type of accident, there are five core element that can play an inter-
active role in causing such accident; Men, Machine, Medium, Mission, and Management.
Like any industrial operation, marine transportation is a complex operation system where Men,
Machine (vessels, equipment, machinery, etc.), and Media (external and internal environ-
ments) interact in a confine of Mission (goals, needs, financial objectives, etc.) and
Management (organization, policy, procedures, regulatory framework, fishery resource man-
agement, etc.). Often, Mission and/or Management factors influence the way Men interact with
Machine in certain Media which may be unsafe. The analysis of shipping accidents over the
past several years, indicate that while one or a combination of aforementioned 5 basic risk ele-
ment are generally present in all accidents, human and organizational elements play by far the
biggest role in causing such accidents. Understanding the interrelationship of these elements
can help the Safety Analyst in determining all the relevant causes and contributing factors of
accidents. For a complex system, such as a ship, where there are numerous interactions
between the component elements, there is constant danger that critical information will be
overlooked or lost during an investigation.

One technique used to gain knowledge about the interrelationship of these elements in a
system is a framework termed the SHELL model that was developed by Professor Edwards in
1972, and later modified by F.H. Hawkins. Although the SHELL model was intended as a tool
for human factors studies, it also serves as an effective tool for data collection. The “L” block
representing LIVEWARE, or human element, is it centrepiece of the model. The human com-
ponent interacts directly with each of the other building block namely SOFTWARE (8),
HARDWARE (H), ENVIRONMENT (E), and the second component of LIVEWARE.

The LIVEWARE interacts with the HARDWARE (the machine component, which could
be a vessel, an engine, or any piece of equipment).

To operate a vessel, or a machine, humans have to use SOFTWARE (written or comput-
erised information) such as equipment manuals and instructions, standing orders, operating
procedures, nautical charts, etc. The interaction between LIVEWARE and such SOFTWARE
is an important factor for the safe operation of the vessel and machinery.

The third interface is that between and individual and their ENVIRONMENT; internal or
external. Human performance can be impaired by factors of external environment such as cli-
matic conditions, ship motions induced by sea states, visibility, noise, vibration, etc.
Performance of ship crews can equally be affected by the internal environment such as exces-
sive heat, noxious fumes or gaseous vapours in engine-rooms.

Finally, individuals interact with other individuals (LIVEWARE). Human interaction
occurs at various levels of the operation: communications among bridge personnel, bridge-to-
bridge, vessel traffic service centres, coast guard radio station, master and crews, pilot and
master, ship crews and company management, etc. Problems with this interface could lead to
inefficiency, misrepresentation, miscommunication or breakdowns in communication.

In marine environment, vessels and equipment should be designed, installed and main-
tained for the environmental conditions (wind, wave and ice) they are required to function. As
such, it is useful to consider the interface between Environment and the Hardware. The model
in Figure (2) depicts this Hardware — ENVIRONMENT interface.

In this SHELL model, each component has the shape of a block whose edges are not
straight and possess a unique contour, suggesting that these factors may not have a perfect
interface.
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Use of the SHELL model as an organizational tool for the investigator’s workplace data
collections helps avoid downstream problems because:

e it takes into consideration all the important work system elements;

* it promotes the consideration of the interrelationships between the work system ele-
ments; and,

* it focuses on the factors which influence human performance by relating all peripheral
elements to the central liveware element.

Figure (2) SHELL Model (Modified to include Hardware — Environment interface)

At this data collection stage, the investigator initially attempts to answer the more simplis-
tic question concerning “what, who, and when” and then moves to more complicated questions
of “how and why”. The resulting data becomes, for the most part, a collection of events and
circumstances comprised of acts and conditions. Some of these will be of interest as unsafe
acts and unsafe conditions.

2. Analysis of occurrence events:

Having completed the task of collecting all relevant information surrounding an occur-
rence, the investigator must make judgements in analysing the data to arrive at meaningful and
supportable conclusions. This process can be better defined in two stages as follows:

i. determination of occurrence sequence &
ii. identification of safety deficiencies

i. Determination of Occurrence Sequence
Events and Underlying Factors (E&UF) Analysis

This concept of accident investigation is not new and is based on the principle that acci-
dents rarely result from a single cause; rather, they are generally multi-factorial and develop
from defined sequences of events. The events are portrayed graphically by arranging them,
chronologically left to right in rectangles, in a logical flow indicating *what’ happened. The
entire sequence of events is built from the beginning of occurrence development to the actual
end circumstance. (Figure (3)). Each event describes a single, discrete happening or an action
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step in a sequence of happenings/actions that lead to the occurrence. Each event block should
contain the time and date of the event when available.

ISIM’s E&UF analysis is a structured technique which forces the investigator/analyst to
systematically and logically document the events in a graphical format to arrive at causal and
contributory factors. The benefits of this simple technique include:

* Clarifies reasoning;
* [llustrates multiple causes;

* Provides a cause-oriented explanation (the Why?) of the accident thus helping investi-
gators to formulate most pertinent investigative questions;

* Aids investigators in ensuring the completeness of the investigation through the identi-
fication of each event deriving logically from the one proceeding it; and

* Aids in developing all causal and contributing factors through sequence development,
i.e. the basis for more in-depth analysis.

During the process, the investigation team will identify safety significant events worthy of
further investigation/analysis. Safety significant event is and event which has a potential to
reveal unsafe conditions and underlying factors.

ii. Identification of Safety Deficiencies

Determination of causal, contributing and underlying factors

In order to understand the “how and why” of the accident, the investigators need to identi-
fy and document not only the events themselves, but also the relevant conditions, unsafe acts,
practices and underlying factors affecting each event in the accident sequence. Once the
graphical representation of the sequence(s) of events is complete, the investigators will select
events that have safety significance for further investigation/analysis to determine if there are
other unsafe acts or unsafe conditions associated with it. The analysis of each event continues
until the root causes or underlying factors to that event have been determined.

Since its inception in 1990, TSB has systematically analyzed its investigative findings to
arrive not only at the proximate causes but to understand the contributory and underlying fac-
tors that caused the accidents. It has been found that the majority of marine accidents can be
traced back to compounded human and organizational factors. This finding is consistent with
findings from many shipping nations around the world in that human and organizational fac-
tors are recorded as causal of contributing factors in most marine accidents. According to the
UK P&I Club of Insurers report on the “Analysis of Major Claims - 1992”, human error was
the main cause of half the cargo claims, half the pollution claims, 65% of the personal injuries,
80% of the property damage, and 90% of the collisions.

Today, several models, analytical tools, and techniques exist to assist the investiga-
tor/analysis in analyzing accident causation not only for the purpose of understanding
“WHAT” happened but also “HOW and WHY” it happened, by establishing the root causes,
contributing factors and or underlying safety deficiencies to the accident. A brief description
of such models/technique is given below.

Reason’s Model

One such model was developed by Dr. James Reason of the University of Manchester.
While some analysts refer to this as the “Swiss Cheese Model”, it is much better known as
“Reason’s Model.” (Figure (4). TSB safety analysts in all modes of transportation often use
this model. The second layer represents unsafe act(s) committed by front-line operator.
Fortunately, a well designed system has built-in defences (the first layer in the model), struc-
tural or otherwise, to mitigate the circumstances of such unsafe acts. But the model requires us
to look beyond the immediate circumstances of the accident. It will force the user the examine
all the preconditions at the time of the occurrence, including such things as fatigue, stress,
operating practices, etc. The fourth layer represents the effects of line management in such
areas as training, maintenance, operating procedures, etc. The fifth layer depicts the involve-
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ment of high level decision makers such as regulators, owners, the designers, manufacturers,
and the unions, etc. Reason suggests that these decision makers frequently make “fallible”
decisions and these latent defects stay dormant waiting for someone to commit an unsafe act
and thereby triggering a potential accident scenario. If the system’s defenses function as
intended, a result is benign; if they do not, the result may be a tragic accident. Reducing or
eliminating safety deficiencies can be represented by a reduction in the size or number of holes,
and thereby reducing the probability of an accident. The Reason Model is particularly useful
in illustrating the concept of multiple causality.

Integrated Process for Investigating Human Factors (Integrated Process)

TSB has developed this process that provides a step-by-step systematic approach for use in
the investigation of human factors. The process is an integration and adaptation of a number of
human factor frameworks - SHELL (F.H. Hawkins, 1987) and Accident Causation and gener-
ic error-modelling system (GEMS) frameworks (J. Reason 1990). The GEMS framework is
used to determine the origin of a particular act or causal condition - Figure (5)). At the moment,
human performance analysts at TSB use this model to identify underlying human and organi-
zational factors by identifying error types, failure mode and behavioural antecedents. However,
TSB investigators/analysts are being gradually trained to become adequately familiar with
evaluating human behaviour and human performance.

For the scope of this paper, it is sufficient to recognize that to uncover the underlying caus-
es behind the decision of an individual or group, it is important to determine if there were any
factors in the work system that may have facilitated the error and the unsafe act.

Other Analytical Techniques

There are several other analytical tools that may be used to identify causal factors, con-
tributing factors, and underlying safety deficiencies to an accident. In the nuclear industry, the
MORT (Management Oversight Risk Tree) analysis technique is widely used and in consid-
ered the most comprehensive techniques. MORT analysis used a diagram which contains a
comprehensive list of system operation factors and management control system factors that an
ideal safety program or organization should possess. Each factor and activity under investiga-
tion is compared element by element with the system, facility, and activity of the MORT ele-
ments. When any MORT elements are missing, or are only partially present in an existing sys-
tem or program, it is considered that deficiencies probably exist which contributed to or could
contribute to accidental losses.

The principle of the Fault Tree Analysis (FTA) may also be used where appropriate. FTA
is a technique, either qualitative or quantitative, by which conditions and factors that can con-
tribute to a specified undesired event (called the top event) are deductively identified, organ-
ized in a logical manner, and represented pictorially. The faults identified in the tree can be
events that are associated with component hardware failures, human errors, or any other perti-
nent events that lead to the undesired event. Starting with the top event, the possible causes or
failure modes on the next lower functional system level are identified.

3. Risk analysis

Once the analysis has revealed underlying factors related to the safety significant events of
the occurrence, it is important to understand the level of risk associated with that event or
underlying factors. The level of risk is one of the most important criteria that an investigation
team uses in setting investigative efforts and priorities.

Risk is a consideration in every decision made regardless of the role of the person making
the decision. This consideration may be conscious or unconscious, formal or informal. The
purpose of the Risk analysis is to estimate and evaluate risk potential associated with the iden-
tified unsafe conditions/underlying safety deficiencies. Many of the unsafe conditions, under-
lying factors and/or safety deficiencies identified through aforementioned processes may be
neither casual nor contributory to that occurrence. Nevertheless, the potential risks these defi-
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ciencies pose on the system must be assessed and addressed in the interests of accident pre-
vention. As discussed earlier, risk is the product of the probability of an adverse outcome dur-
ing a specific period of time and the severity of that outcome. As such, evaluation of risks in
undertaken using available data, supported by judgements on the severity of potential adverse
consequences and the probability of those consequences during any defined period of time.

In evaluating the probability, the investigators will consult with various databases to deter-
mine if there is a history of similar occurrences or if it is an isolated occurrence. The investi-
gators must also consider the extent of risk a particular system or an operation is exposed to.
The answers to some of the following questions can assist investigators in assessing the prob-
ability of adverse outcome:

* Is there a history of occurrences like this or is this an isolated occurrence?

* How many similar occurrences where there under similar circumstances in the past?
* What system defenses need to fail for the adverse consequence to be realized?

* How many pieces of equipment or vessels are there that might have similar defects?

» How many operating of maintenance personnel are following or are subject to the prac-
tices or procedures in question?

* To what extent are there organizational, management, or regulatory implications which
might reflect larger systematic problems?

* What percentage of the time is the suspect equipment or the questionable procedure of
practice in use?

For the second element of the risk equation, the impact of the occurrence on people (indi-
vidual, societal, occupational, etc.), property, environment, and often on commercial and other
intangible elements must be considered, as follows:

How many persons could be affected by the risk?

» Fare-paying passengers?

* Transportation employees?

* Bystanders or general public?

Property:

* What could be the extent of further property damage?
* Direct property loss to the operator?

* Damage to adjacent infrastructure?

 Third-party collateral damage?

Environmental:

¢ What could be the environmental impact?

* Dangerous commodity spill?

* Physical disruption of natural habitat?

Commercial:

* What is the potential impact on carriers?

* On commercial operations?

* Corporate viability?

¢ Financial markets?

Others:

* What could be the public and media interpretation?
* What might be the implications:

* Internationally?

* Nationally?

Once the probability and severity of adverse consequences have been analysed, investiga-
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tors can evaluate the risk. Various agencies and industries uses numerous qualitative as well as
quantitative criteria against which a level of risk can be estimated. Qualitative risk analysis uses
expert opinion to evaluate the probability and consequences. Qualitative method offers analy-
sis without detailed information, but the intuitive and subjective processes may result in dif-
ferences by those who use them. Quantitative analysis generally provides a more uniform
understanding among different users, but requires quality data for accurate results. Qualitative
analysis is considered sufficient for the purpose of TSB.

4. Barrier (Defence) analysis

Barrier analysis is based on the principle that the absence of adequate barriers (whether
they be physical and administrative) for preventing any harmful “contact” between hazards and
vulnerable persons or property is found in every accident. The purpose of the Barrier analysis
is to examine the status of barriers and to identify those that are less than adequate.
Defenses/barriers, in the context of this methodology, are barriers/guards that isolate and pro-
tect persons, property, and environment (targets) from hazards. Barriers may be divided into
two categories:

« Physical defenses/barriers: (such as guards, personal protection devices, life rafts, life
jackets, etc.), and

» Administrative defenses/barriers: (such as training, safety regulations, policies, pro-
cedures, supervision, inspection, maintenance, safe system design, system support serv-
ices, operational & personal readiness, etc.)

A worksheet may be used as a job aid to identify hazards, targets (person, properties, etc.),
barrier and the status of the barrier before and after the accident; (e.g. Were barriers provided?
Were they used? Did they fail or did they function as intended? Has their presence been
“advertised” to system and operators?)

In fact, some degree of barrier analysis should be done at all level of the investigation
process. The information on the status of both physical and administrative barriers must be col-
lected during the data collection phase. Analysis of the defenses will lead to a better under-
standing of the safety issues, unsafe conditions and underlying factors associated with an
occurrence.

5. Consideration of Risk Control options

Risks can be minimized by a wide range of control options normally available for any risk
control situation. Some control measures are more effective than the other. One of the impor-
tant aspects of risk management is to ensure that the full range of possible control measures is
considered and that the optimal trade-offs between measures are made.

As we all know, risk can usually be addressed in one or the combination of four ways:

* Terminate risk;

e Transfer risk;

e Treat risk;

¢ Tolerate risk.

It is obvious that preference should be given to developing safety measures that will com-
pletely eliminate the deficiencies to prevent similar adverse consequences in the future.
Regrettably, such solution are often the most expensive and are often impossible. In such situ-
ations, some organizations may decide to tolerate certain degree of risk as a result of hazard
analysis or as a result of a cost-benefit analysis. In such cases, an investigator should determine
the adequacy of the rationale and the extent of risk that is assumed by the organization. Risk
can also be transferred to someone else, such as an insurer, for a price. But, since this is a safe-
ty conference, we are not interested in transferring the risk to someone else. In most cases,
where the risk associated with potential safety deficiencies cannot be eliminated in a complex
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system, the risk to the system may>be treated by building one or more of the following defens-
es/ barriers in the system?:

e Designing for minimum hazards;

* Installation of safety devices;

* Provision of warning devices, sign, placards, etc;
* Establishment of procedures and practices;

* Provision of training and awareness.

Some argue that the sole use of administrative interventions, such as procedures and training,
may not provide an effective hazard control method in certain circumstances, especially when the
level of risk is very high. Rather, the use of administrative interventions in conjunction with engi-
neering interventions, such as designing for minimum hazards, may be more appropriate. In keep-
ing with the “depth in defense” philosophy for complex systems, the use of multiple interventions
is often desirable where multiple and diverse lines of defense are employed to mitigate risks.

In Canada as in many other countries, TSB (as the investigation agency) does not have the
mandate or authority to implement specific corrective actions. Such actions are taken by the
regulatory agencies, and by the industry such as manufacturers, the operating companies, etc.
The TSB’s role is to identify risks and potential risks associated with system deficiencies and
make a convincing argument for others to take corrective actions.

CONCLUSION

I hope I have succeeded in explaining that in order for the accident prevention strategies to
be effective, they must be based on an in-depth understanding of the safety deficiencies in the
system.

It is our experience that human and organizational factors play an important role in overall
system safety. Meaningful analysis of the people of the system can help us understand under-
lying human and organizational factors so that appropriate safety action can be taken to mini-
mize the human contributions to risk. However, humans have more failure modes and are far
less predictable than machinery or equipment. Accurately determining human reliability is
extremely difficult. Yet, accident prevention is critically linked to the adequacy of the investi-
gation of human performance issues. I am optimistic that a systematic and broad approach to
minimizing risks through the use of modern investigation techniques, such as ISIM, will help
us improve the safety record of the marine transportation system in and out of Canadian waters.
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2 While there are some disagreements as to the order of effectiveness in intervention (known as “safety proce-

dence sequence”), safety professionals are unanimous in proposing these defences/barriers.

39



ov

Events & Underlying Factors

Case example: Unattended trucks on car ferries

y

weagel(q si10joe Suiapup ® SJUdAY (£) danSiy

Truck rolied e
i —— e Ny N—
Five . Drwers @ | Carfe i Bo : ¥ : . « B\ Boy i
traifer parked | _ Alldrivers o et | By Manipulated  Accidentally 8Lk o Truck Lo suffered |
trucks got” P trucks on P leftrucks P Nanaimo ™ gownto ~ entered P vehicle P released ¥ crashed—pp  culs &
onferry . deckA | | at14:20 | | fuckcab Jonvole ) brakes “intoramp . broken |
: . N Boy stayed AR T s ey
in truck R

= Events

)= underlying factors

LTA = Less than adequate



| el

- Stability breached
- Portlights failed.
- Did not secure deadlights

- Flooded Fwd ballast tanks

. - Sever winter storm pursued

- 50-foot waves

- Failed to provide adequate training for B.C. operators
- Failed to recognize design deficiencies

- Operating Manual LTA

Figure (4) Reasons’s Model
Case example on the sinking of the “OCEAN RANGER

Skil-based Ly, Inattention |,
Attention Overattention
& Memory
Failures

Unintentional |
Action 3 Lapse

Unsafe
< Act/ : Ru&.ﬁam Miésgézd&ﬁéﬁn
ik : k. of G ]
. Decision Mistake P Knowledge- #gﬁ&mnof
A Intentional 7 : mcs —
Action )
h \
Krowledge-
based Bi
Adaptatio Mﬂ tations ases
aplaton | Adsplations | pf Blases
Exceptional

Figure (5) Generic Errors Modeling System (GEMS)

41



ACCIDENT PREVENTION - FOCUS ON THE HUMAN
ELEMENT

RAJENDRA PRASAD
Lecturer, World Maritime University, Malmo

1. Regulatory Regimes to promote safety with focus on Human Element

During the last four decades the concentrated efforts of the world maritime community,
under the auspices of the International Maritime Organization, have been towards promoting
safety of life and property at sea and protection of marine environment. These efforts have cul-
minated into the development of as many as thirty five international conventions and agree-
ments with numerous protocols and amendments having a predominant role of improving the
standards of ships’ design, construction and equipment. Together with these has been the
development of regulations and codes of safe practices for the operations of ships based on the
types of cargoes carried and their geographical operating areas. Realising that the ships and
equipment are only as good as the persons operating them, attention has also been focused,
during the last two decades, on the standards of training and qualifications of the seafarers.
These efforts have undoubtedly resulted in improved ship designs and better equipment on
them but unfortunately have not succeed in their endeavour to achieve desired level of safety
of life, property and the marine environments.

2. Degradation of Shipboard Management Standards

“Upto this moment the emphasis has been laid on ships, cargo, property and sea services.
The component of ecology has been missing because there were not any norms and standards
concerning environment” (Peev, MARIND’98). Perhaps same can also be said about maritime
education and training. Over these four decades the shipping industry has also witnessed
marked sophistication on ships, brought about by multifarious technological developments by
way of large scale automation, special designs, construction and equipment for carriage of vari-
ety of cargoes demanding specialised operation. The ships also grew in size, had faster turn-
around and carried variety of hazardous cargoes. Thus not only increasing the workload on the
ship’s staff but also putting on them increasing demands of specialised skills. “But the human
factor on board ships has not been changed in its quality during all this period and this disbal-
ance and disharmony in the tirad have remained regardless of new technical and tactical deci-
sions” (Peev, MARIND’98, on environmental control, referring to the trinity of people that is
crew, ship with its cargo and environment).

At the same time however, in order to cut costs of operations, the size of staff kept reduc-
ing reaching the bare minimum requirements as laid in the statutes, normally based on the size
and power of the ships but ignoring the maintenance requirements. Quality of the seafarers
had, in the mean time, gradually deteriorated. The young people in the traditional shipping
nations were no more attracted towards the ship board marine profession and the standards of
education and training in most of the labour supplying countries did not keep pace with the
changing technology. Another contributing factor to this deterioration has been the decline of
“on job training” which was prevalent on the ships belonging to the traditional ship owners
keeping continuity of employment thus promoting a sense of loyalty. This depletion of the
shipboard management staff as well as their professional standards had an evident damaging
effect on the quality of operations.
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3. Reactive Approach to Casualty Investigations and Corrective Actions

The approach of the regulating authorities, towards investigating causes of the maritime
accidents and finding solutions for their future avoidance hitherto, has been more of reactive
in nature. The investigations aimed at and unfortunately restricted in scope to finding the
immediate causes of failures only resulted in imposing more stringent construction rules,
requirements of improved equipment, modified operational procedures and specific training
requirements. This approach evidently conforms to the belief that accidents are caused exclu-
sively due to the technical factors and that these are the ones to be taken care of. The studies
however, reveal a contrary picture, generally indicating that the cause of only 20 % of the acci-
dents is technical-related. The cause of the overwhelming 80 % of all marine accidents is
found to be human-related. The analysis of accidents further reveals that 20 % of the accidents,
having human-related causes, are controlled by the operator and the cause of 80 % of the
human-related accidents is controlled by the management.

4. Revised, Pro-active Approach

The immediate cause of an accident may appear to be equipment related or human related
(human error as it is normally referred to). But deeper investigation is necessary to find the
root cause which may lie in the 80 % of the management controlled causes. There is a need
of a holistic, pro-active approach to safety, which should address rather pre-empt the underly-
ing root causes of accidents, thus obviating the need to wait for an accident with disastrous
effects to be wiser in future. Only this approach could be effective for achieving highest level
of safety, the absolute safety, of course, being an unachievable ideal. The main constituting
elements of quality operations are reliable equipment, sound procedures and trained and moti-
vated operators. The recent attention of the international maritime community has been
towards this end. To establish regulatory regimes for promoting quality operations. The two
recent international treaties, namely the ISM Code and the revised STCW 95 Convention,
address the issues of quality and reliability. The two treaties focus on procedures for safe oper-
ations and competence of personnel thus aiming at human related causes controlled by both the
management and the operators.

4.1 The I S M Code

It is the International Code for Safe Operation of Ships and for Pollution Prevention
(International Safety Management (ISM) Code). It was adopted by IMO through Resolution
741(18) as an amendment to the International Convention on Safety of Life at Sea of 1974
(SOLAS 74). The Code having entered into force on 1% July 1998 will be applicable to cer-
tain types of ships from this date and will be mandatory for all the other ships by 1% July 2002.
The ISM Code focuses on the management aspects of operations and is a formal recognition
of the shore management’s responsibility for safe operation of ships and protection of marine
environments through pollution prevention. For compliance with the Code, the shipping com-
panies are required to establish a Safety Management System (SMS) approved by the Flag
State Administration. A Document of Compliance is issued by the Administration to the com-
pany which complies with the Code, a pre-requisite for a company to operate ships. A Safety
Management Certificate (SMC) is issued to the ship, which operates its shipboard management
in accordance with the approved SMS. The provisions of Port State control are applicable to
the SMC.

4.2 The Revised STCW Convention

It is the International Convention on Standards of Training Certification and Watch keep-
ing of 1978 as amended (STCW 95). The first ever convention dealing with the standards of
training and certification of seafarers, was adopted in July 1978 which entered into force on
28™ April 1984. The text of the convention provided a great deal of flexibility in laying down
the minimum standards of education and training as well as the requirements for certification
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of seafarers. The convention not being very specific and precise, much was left to the Flag
Administrations to set actual standards. This resulted in widely varying standards based on the
interpretations of the individual administration. The standards were knowledge based and lit-
tle was mentioned about the requirements and evaluation criteria of skills and competence.

One of the important aspects of maritime education and training has been the practical “on
job training” on board ships with actual hands on experience for development of skills.
Provision for remission of sea time, through shore based training in lieu of shipboard training,
allowed the administrations to reduce duration of the latter. Consequent result was lack of prac-
tical on job training so very necessary for skills development. Demand for cheaper trained
manpower, employed by some of the traditional maritime nations as a result of shortage of their
own trained nationals, has been on the increase. Encouraged by this opportunity of employ-
ment for their seafarers and a substantial foreign exchange resource, some of the labour sup-
plying countries took advantage of the situation allowing establishment of increased number
training institutions. Unfortunately this, due to lack of control, resulted in commercialisation
of maritime education and training in some of the training institutions. Inadequate facilities and
qualified staff to cope with the increased demand had the telling effect on the quality of mar-
itime education and training with consequent degradation of standards.

The investigations into the spate of shipping casualties and pollution incidents in late 1980s
and early 1990s, attributing the causes to the human error, further diminished the confidence
in the STCW’78. This coupled with the public criticism forced IMO to make all out efforts for
necessary amendments to the convention to address the deficiencies in precision of standards
and lacunae in enforcement measures. The revision process was put on a fast track and the text
of revised convention prepared in record time, was adopted in July 1995, it entered into force
in February 1997. The revised convention being more detailed and precise on the standards of
knowledge, skills, practical training, competencies and the criteria for assessment. The details
are contained in a mandatory Code to the convention. The standards for competencies have
been specified for the support, operational and management levels thus providing a good guide
for the standards of knowledge, understanding and proficiency at appropriate levels for setting
training objectives.

5. Quality of operations through the ISM Code and the STCW 95

5.1 In conformity with objectives of the IMO, the purpose of both, the ISM Code and the
STCW 95 convention is to improve safety on board ships and to promote protection of marine
environment through pollution prevention. These two developments in the international regu-
latory regime intend to achieve safety of operations through emphasis on the quality of ship-
board operations. Once quality is established the safety is automatically taken care of.

5.2 The ISM code, which requires establishment of a sound management system, envis-
ages safety management objectives to provide safe practices and working environment on
board, safeguard against all identified risks and continuos improvement in the safety manage-
ment skills of the persons. The system intends to ensure that each company establishes a clear
and concise safety and environment protection policy with strategies for its achievement, lev-
els of authority and lines of communications amongst them and between shipboard and shore
personnel. To ensure that companies develop, in line with the applicable legislation, well
defined procedures for normal shipboard operations, emergency response, reporting non-con-
formities, internal audits and management reviews. In line with basic principle of any quality
assurance system i.e. ’say what you do and do what you say’, all the above elements are
required to be in documented form, both on board ship and ashore, with necessary mechanism
to ensure compliance and continued operational improvements thus focusing on the 80% of the
management related causes involving human element.

5.3 In order to use the documented procedures, in the spirit and intentions they have been
developed in, the responsible persons have to have the required knowledge, skills, competence
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and the attitude. These qualities and values are to be developed, augmented or modified as
appropriate in the persons responsible for operations and control, both on board as well as
ashore. Provisions of the STCW 95 have been developed keeping in view the requirements of
knowledge, skills and competence appropriate to the level of responsibility. While the ISM
Code requirements may be the end, the STCW is one of the means to achieve quality of oper-
ations. Latter being complementary to the former.

5.4 1t is to be noted that the Maritime Education and Training arrangements do not direct-
ly fall under the purview of the ISM Code, which primarily deals with the procedures for oper-
ations, is applicable to the companies and their ships. Mindful of the fact that if competent per-
sons are to be developed the training establishments should have consistency of standards and
reliability of product (trained personnel), the STCW 95 requires that the training establish-
ments be covered by a suitable Quality Standards System. Thus the establishments should
have well documented clear and concise policy, well defined procedures for training and
assessments, qualifications of trainers and assessors, procedures of review, reporting and cor-
recting non-conformities.

6. Qualifications of the seafarers

The Code requires that the Master is qualified for command, the seafarers are qualified,
medically fit and certified in accordance with national and international requirements. The
minimum standards for maritime education and training as well as for the certification of the
seafarers have been specified in the Mandatory Code to the STCW Convention. Under the sec-
tion Fitness for Duty, the convention requires proper rest periods for the watch keepers to
ensure efficiency of watches is not impaired by fatigue.

7. Familiarization with the ship and duties

The Code requires that the seafarers are given proper familiarization with their duties. This
requirement is identical to that laid down in the STCW 95 for specific duties (Reg. 1/14).
Further requirements are contained in a separate chapter devoted to the familiarization train-
ing. In fact the STCW stipulates written instructions, from the company to the master, detai-
ling its policy on familiarization and procedures thereof.

8. Communications

The difficulties in communication, especially with the multilingual and multi-cultural crew
on board are increasing and can be detrimental to safety especially in case of emergency oper-
ations. The Code requires the companies to ensure that the ship’s personnel are able to com-
municate effectively in the execution of their duties related to SMS. This requirement is also
adequately addressed in the STCW 95. In effect the convention stipulates adequate knowledge
in English as one of the required competencies for watch keeping officers with clear commu-
nication and understanding as assessment criteria. In case of the ratings also, the convention
requires that clear and concise communications are ensured.

9. Maritime education and training in the right earnest

Standards for knowledge, understanding and proficiency for seafarers have been specified
in the mandatory Code A and guidelines in the optional Code B of the STCW Convention. Can
the quality of operations be assured by compliance?

9.1 One of the stipulations of the ISM Code, 5.2 above, “safe guard against all identified
risks and continuos improvement in the safety management skills of the persons” suggests
more than the qualifications for the certification of the seafarers. Identification of risks cannot
be considered a static one time process. This has to be a continuos and dynamic process requir-
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ing involvement of the persons best suited for such identification, i.e. the persons on board.
They should be educated and trained to act proactively to deal with potentially critical situa-
tions. Special skills are to be developed to get to the real cause rather than the immediate cause
or the usual blame on ’material failure’. The seafarers should know how to investigate, know
about the procedures and methodologies, should know the difference between what is really
important and what is not. Development of analytical skills and achieving proficiency in them
requires experience. However if exposed through specific training and encouraged, the seafar-
ers will feel motivated and can establish a healthy culture of contribution as against the culture
of mere compliance.

9.2 Success of operations on a ship depends upon good teamwork, by all the members con-
tributing as a team for achievement of common objectives. Each member is to be encouraged
to draw on his skills and experience for resolving problems and finding better ways of doing
things. This encouragement, to start with, can come from their exposure to theoretical team
building exercises. When those involved are trained at their appropriate levels and have basic
knowledge, they can enhance their skills in actual work environment. Establishing good team
work is possible through effective leadership, efficient communications and good human rela-
tions.

9.3 The pro-active approach to identification of potential dangers of accidents requires
involvement of all on board. They will be forth coming provided right atmosphere exists. They
are to be encouraged for their involvement. The people on the spot are the ones who have the
first hand knowledge, exposure and experience of the situation. Getting their involvement sole-
ly depends upon the leadership of the senior staff.

“Whilst masters and senior officers have the opportunity to exercise elements of leadership
in the normal course of their day to day duties, other members the crew do not. An apprecia-
tion of the demands of leadership, if not practice in leader ship is important for all team mem-
bers. It reaffirms the importance of a chain of command in ship and establishes an essential
and familiar cornerstone for the team to build upon” (J. McAree 1997). Leadership an all
important part of team development is needed at all levels. The provisions of the STCW
Convention do refer to some of the man management aspects to be imparted through short
training programmes. The competency tables in its mandatory code refer to these aspects under
personnel management but only at the management level. It is felt essential that the adminis-
trations and the training establishments give importance to these subjects in right perspective
while setting syllabi for training. These trainings should emphasize on the need for leader ship
qualities and good moral character. The need for developing intrinsic status by building trust
rather than imposing one’s extrinsic status due to rank (Moreby). The persons should be made
aware of the pre-requisites of good leadership such as sincerity to help fellow beings, being
approachable to the team members, consistency in decisions, being fair yet firm. They should
be made aware of the need for delegation of work and exposed to its benefits and dangers
through suitable practical examples.

9.4 The need for effective communications can not be over emphasized as it is the back-
bone of any management endeavor. Decision making, planning, controlling, feed back cannot
be achieved without proper communication. Both the ISM Code and the STCW Convention
refer to the requirements of effective communication, para 6 above. However it involves much
more than that stipulated in these documents where in the main emphasis is placed only on the
language of communication on board. The communication through words alone plays a very
minor role in conveying the message. The words constitute only 7% of the impact of the mes-
sage (Dzugan *98). Communication has much larger dimension. The ships officers should be
aware of the influence of other modes, verbal and non-verbal, that contribute to the communi-
cation. They should know about the barriers to communication that exist due to the nature of
operations, social conditions and geographical disposition of the ship. They should know about
the barriers to communications that exist on board as well between ship and shore. Ship shore
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communications should also percolate down, especially the information of the crew’s interest,
e.g. regarding the achievements and future planning of the company so that the ship’s crew feel
as a part of the company. The officers should know the necessity of two way communication,
not only conveying what is to be done but also why and need for feed back.

The personnel should be made aware of the cultural barriers to communication and dan-
gers of preconceived notions which may contribute to creating such barriers. They should
know that the effects of rthythm, speed, tone, pitch, volume gestures, may be misunderstood if
the implications of these are construed other than normal which may be due to cultural back-
ground. The power differential background of the persons from different cultures will have
influence on the communications and different strategy is needed when working with such
group. This is a predominant factor with the present day’s multi-lingual and multi-cultural crew
on board.

9.5 All personnel on board should know the importance of good human relations and
should be aware of the concepts and mis-concepts about the human relations. Lack of good
human relations is one of the causes of frustration amongst the ship board personnel.
Leadership and communication have influence on human relations. The techniques of man
management have changed with time. The old autocratic ways of dominance for getting work
done are no longer valid. The seniors should know what is involved in the supervision of work.
They should know the positive effects of appreciating good work and negative effects of unfair
criticism (Morby). Should know the expectation of persons as individuals having their own
identity and self respect.

Marked difference was noticed when analyzing information collected from over one hun-
dred masters on their opinion regarding cadets and junior officers, who worked under them,
regarding discipline, dedication to duty and relationship with others on board. Those who had
received their training on the training ship and in the shore academy with residential regimen-
tation type of setting received a ranking of 83 % in these qualities and values while those who
came as direct entry cadets on ship had a ranking of only 56 % (Gupta *98). Those from the
training ship and the academy had the opportunity of learning about interpersonal human rela-
tions due to pattern of training, learned leadership traits due to their involvement in acting as
in-charge of the groups of peers and juniors in rotation. Improved their communication skills
because of living, studying and playing together with persons from different areas and differ-
ent cultural background.

10. Conclusions

The ISM Code and the revised STCW Convention, both aim at quality of operations for
safety of life and ships and protection of marine environment by putting focus on the human
element through quality of management and quality of people. They require establishment of
quality assurance system for the shore management, shipboard management and the training
establishments.

The success of this endeavor will depend singly upon the intentions with which the ship-
ping companies and the ship operators follow the stipulated requirements. Sincere intentions
to improve quality are needed rather than an exercise only to obtain certification for the pur-
pose of flag state and port state control.

Standards for knowledge, understanding and proficiency have been specified for different
levels of shipboard management with criteria for assessment to ensure quality of trained per-
sons for safety of operations. Important aspects of management techniques however, require
greater elaboration. It is felt necessary that formal training in these aspects should form part of
curricula right from the entry level to the maritime education and training up to the highest
level.

Along with the required knowledge, understanding and proficiency it is essential that the
seafarers have the right attitude towards safety of operations. The design and implementation
of the curricula in the right earnest can initiate the attitudinal development.
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The seafarers should be exposed to the concepts and implications of good human relations,
effective communications and leadership traits. These skills should be developed through train-
ing programmes with practical shipboard examples, suitably designed exercises and manage-
ment games. Help of specialists in these areas will be required and the trainers of the maritime
education and training institutions will have to be trained in these aspects so that effective train-
ing programmes can be developed and implemented.
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ABSTRACT

Maritime Education and Training, has evolved following technical developments in the
maritime transport. In general terms, before 1950, training of seafarers in the subject of marine
pollution prevention was not included in the syllabus of MET institutions. The adoption of

MARPOL 73/78 convention provoked the need to pay more attention to the teaching of marine
pollution subject.

Nevertheless, the teaching on prevention of and response to maritime pollution has been,
and still is, very different in the European Union MET institutions. Some countries have intro-
duced changes in the training programmes to cover this aspect even creating a specific subject
but another countries have given little attention to his matter which is taught as a few lectures
included in other subjects as Maritime Safety or Cargo Handling.

During the last two decades we have observed the proliferation of specialized training
courses, seminars, conferences and workshops dealing with maritime pollution prevention and
oil spill response. But institutions and private centres other than maritime academies have
organized most of the training activities. Can we deduce from these initiatives that there is a
lack of adequate training on this matter in the maritime academies?

Seafarers play an important role in the protection of marine environment and that in many
cases they become staff members of maritime administrations and other institutions in charge
of marine pollution prevention and response. Consequently, the requirements for their certifi-
cation should be updated to cover the present needs in that field.

This paper contains a proposal for a syllabus to harmonize the teaching of maritime pollu-
tion subject in the European Union MET maritime academies.

Keywords: Marine Pollution, STCW 95, Training of seafarers and Syllabus.
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EUROPEAN COMMISSION METHAR PROJECT:
HARMONIZATION OF EUROPEAN MET SCHEMES

CASE STUDY: PROPOSAL FOR SYLLABUS ON THE PROTECTION OF
THE MARINE ENVIRONMENT

1 SUBJECT TITLE: Protection of the marine environment (Common for Deck and
Engine Officers)

2 TYPE OF DEVELOPMENT: Extension

3 RELATIONSHIP TO STCW 95 FUNCTIONS AND LEVELS

The proposal is in line with following requirements of the STCW Code.

« Controlling the operation of the ship and care for persons on board ant the operational
level to ensure compliance with pollution-prevention requirements and to monitor com-
pliance with legislative requirements on protection of the marine environment (Tables A-
11/2 and A-11/3 for Deck, Table A-11I/1 for Engine).

* Controlling the operation of the ship and care for persons and board at the management
level. Monitor and control compliance with legislation requirements and measures to
ensure the protection of the marine environment. Preparation of emergency plans and
handle emergency situations (Table A-11/2 for Deck, Table A-III/2 for Engine)

4 JUSTIFICATION

Before the adoption of the International Convention for the prevention of pollution of the
sea by oil (OILPOL) in 1954, marine pollution was not a matter of much concern, as it is today,
because the quantities of oil transported by sea were not great and maritime accidents involving
pollutant cargoes had still not caused massive causes of sea pollution. In addition to these facts
it is important to mention that public opinion was still not sensitive enough to promote actions
aimed at the establishing more stringent regulations in the protection of marine environment.

The experience gained with the application of the OILPOL convention, the continuous
increase of oil and chemical tanker traffic and the occurrence of accidents producing major oil
spills motivated the promotion of new initiatives in the protection of the marine environment,
namely the adoption of a new Convention for the Prevention of Pollution from Ships (MARPOL
73/78). At the same time, in 1978, the International Convention on Standards of Training,
Certification and Watchkeeping for Seafarers (STCW 78 Convention) was adopted taking, inter
alia, protection of marine environment into account.

The evolution of maritime transport and the introduction of new technologies motivated fre-
quent amendments to MARPOL convention. This convention has been amended almost every
year during the last decade, for instance the important concept of tankers with “double hull” was
introduced in 1992 and a new annex on “air pollution from ships” was adopted in 1997. At pres-
ent IMO is preparing regulations on the “harmful aquatic organisms in ballast water”” which will
be presented for adoption as a new annex of MARPOL convention in the year 2000. Training of
seafarers should be adapted to cover the new technical aspects of marine pollution.

Until 1978, the Maritime Education and Training (MET) in the area of sea pollution was
not relevant. In general terms, until the second half of this century, no specific subject on his
matter was included in the syllabus of maritime training institutions. The adoption of the
STCW 78 convention required these Institutions to introduce some basic topics on maritime
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pollution in their programmes of studies and nowadays more attention is paid to this question
world-wide.

The STCW 78 convention was substantially amended in 1995, in the fact the old convention
was almost completely replaced by the 1995 amendments which are usually referred as STCW
95. Part A of STCW Code contains specifications on the knowledge, understanding and profi-
ciency of the topics, including marine pollution, to be learn to obtain the certificates of compe-
tence.

Nevertheless, fast technical developments in the field of marine pollution and the growing
interest of the public and the media in environmental matters have produced a trend towards
better trained seafarers with respect to preventing and fighting marine pollution. This evolution
has prompted the organization of training activities in the field of prevention and control of
marine pollution by institutions other than maritime academies. We can mention the following
two important initiatives:

— The Civil Protection Unit of the European Commission has assisted from 1985 in the
organization of training courses on accidental marine pollution response. Through this
initiative, have been delivered in different EU Members States two or three courses per
year with the participation of two representatives from each country. It is considered that
this training activities have produced a harmonization of the knowledge about the topic
at EU level.

— The International Maritime Organization (IMO), as part if the work of its Marine
Environment Protection Committee (MEPC), have prepared model courses on maritime
pollution preparedness and response. IMO, with the co-operation of other institutions
and the private industry, has delivered these courses in many developing countries. The
impact of these training activities is another positive step ahead in the preparation of per-
sonnel to respond to accidental pollution at sea.

The entering into force on the 15 July 1998 of the International Management Code of the
Safe Operation of Ships and for Pollution (ISM Code), is other important aspect that should be
considered for the design of MET schemes. The ISM code establish that every shipping com-
pany should develop, implement and maintain a Safety Management System (SMS) which
includes, inter alia, a safety and environmental protection policy in compliance with relevant
international and flag State legislation. The Code also establishes that the shipping company
should clearly define and document the master’s responsibility with regard, inter alia, to imple-
menting the safety and environmental protection policy of the company.

Following the evolution and amendments of marine pollution related conventions and con-
sidering the above mentioned initiatives, MET Institutions should be ready to introduce updat-
ed material into their syllabuses and to improve training systems in order to bring up to date the
knowledge of seafarers with respect to the new developments in the field of marine pollution.

The recent amendment of STCW convention which requires specific knowledge on marine
pollution prevention should be consider by the MET institutions in order to develop a satisfac-
tory training programme aimed at having Masters and ship Officers well trained for the pro-
tection of the marine environment.

5 AIMS OF THE SUBJECTS

* To provide general knowledge of the pollution of the marine environment.

* To promote understanding on the application of national and international regulations
for the protection of the marine environment.

e To provide planning capabilities and strategies to organize shipboard emergency
response to accidental marine pollution.
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SPECIFIC LEARNING OBJECTIVES

To identify the main marine pollutants related to maritime transport and to describe their
impact in the marine environment.

To describe the different sources of marine pollution with emphasis on maritime trans-
port activities.

To understand national and international regulations concerning the prevention of pollu-
tion from ships.

To acquire basic knowledge on the procedures, arrangements and use of equipment for
the prevention of pollution from ships.

To acquire knowledge on the preparation of contingency plans for response to on board
pollution emergencies.

To become familiar with the organization of shipboard pollution response to accidental
spills.

To acquire basic knowledge on the international compensation schemes to cover pollu-
tion damage.

7 SUBJECT LENGTH

Total hours: 40

TOPIC THEORY PRACTICE
Marine pollution. 2

Fate of impact of marine pollutants. 2

Sources of marine pollution 2 2
Prevention of pollution from ships 8 4
Organization and structure for pollution preparedness

and response 2

Implementation of pollution emergency response 2 2
Pollution response operations 4 3
Storage, treatment and disposal of recovered products

and wastes 2 1
International conventions on the protection of the marine

environment and co-operation in emergency response 2

Compensation schemes for pollution damage 2

8 SYLLABUS CONTENT

MARINE POLLUTION
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Definitions.

Physical, chemical and biological characteristics of sea water.
Description and characteristics of the main marine ecosystems.
Physical and chemical characteristics of main marine pollutants.
Harmful aquatic organisms in ballast water.

Antifouling paints.

Cathodic protection, sacrificial anodes.




FATE AND IMPACT OF MARINE POLLUTANTS
Fate and movement of hydrocarbons spilled into the sea.
Fate and movement of other noxious liquid substances spilled into the sea.

Impact of oil spills on the following ecosystems: Open sea waters, coastal waters, ports and
bays, rocky coasts, sandy beaches, sheltered waters and mud flats, marshes, mangrove and
coral reefs.

Impact of other noxious liquid substances in the same ecosystems.

Impact of oil and other noxious liquid substances on fish, crustaceans, mollusc, birds and
mammals.

Impact of sewage and garbage in marine flora and fauna.
Impact of radioactive substances in the marine environment.

SOURCES OF MARINE POLLUTION

Maritime transport, operational and accidental pollution.

— Oil tankers.

Chemical tankers.
Transport of dangerous cargoes.
Off-shore installations for oil exploration and extraction.
Other ships, fishing vessels, yachts, small boats, etc.
Land-based sources of pollution.
Natural pollution.
Air pollution from ships.

PREVENTION OF POLLUTION FROM SHIPS
MARPOL CONVENTION

General description.
Certificates.
Inspections.
Violations.

Evidence to court.
Reports on incidents.

ANNEX I OF MARPOL CONVENTION

— Application.

Control of discharge of oil.

Special areas.

Shipboard waste management. Reception facilities in port.

— General description of oil tankers. Segregated ballast thanks. Double hull
tankers and other alternative.

|

|

|

|

Retention of oil on board.

Crude oil washing. Inert gas system.

— Monitoring and control systems for oily-water separating equipment
Oil record book

ANNEX II OF MARPOL CONVENTION
— Application.
— General description of chemical tankers.

— Categorization and listing of noxious liquid substances.
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Regulations on discharge of Noxious liquid substances.
Control of discharges.

Shipboard waste management. Reception facilities in port.
— Cargo record book.

Standards for procedures and arrangements for discharge of noxious liquid
substances.

ANNEXES III, IV AND V OF MARPOL CONVENTION
Application.

Regulations of discharge and disposal.

Documentation.

Shipboard waste management. Reception facilities in port.

ANNEX VI OF MARPOL CONVENTION
Air pollution from ships.

|

|

Requirements for control of sulphur oxides emissions.

Requirements for control of nitrogen oxides emissions. Technical Code on the
control of emission for nitrogen oxides from marine diesel engines.

— Regulations on ozone depleting substances.
— Shipboard waste management. Reception facilities in port.

ORGANIZATION AND STRUCTURE FOR POLLUTION PREPAREDNESS
AND RESPONSE
National and international contingency plans for pollution emergencies.
— Basic principles.
— Command structure.
— Combating equipment and other resources.
Shipboard oil pollution emergency plans, IMO guidelines.
Local, National and International organization regarding marine pollution emergencies
Specialized equipment, personnel and support logistics

IMPLEMENTATION OF POLLUTION EMERGENCY RESPONSE
Activation of contingency plan
Organization of combating operations
Logistics
Communication media and public relations
Collection and recording information. Reporting

POLLUTION RESPONSE OPERATIONS
Evaluation of pollution. Aerial surveillance and other monitoring of spill
Planning of combating operations
Containment of spill and protection of sensitive areas. Use of booms and other means.
Recovery of spilled substances. Use of skimmers and other means.
Use of dispersants, sorbents and other products. Oil burning.
Bioremediation techniques

STORAGE, TREATMENT AND DISPOSAAL OF RECOVERED PRODUCTS
AND WASTES

Temporary storage recovered substances and wastes.
Transport of recovered substances and wastes.
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Organization of wastes storage on board vessels or barges and land installations: refiner-
ies, reception facilities, industry.

Treatment of recovered oily wastes: Incineration, land farming, landfilling and burial.
Treatment of recovered chemicals and its wastes.

INTERNATIONAL CONVENTIONS ON THE PROTECTION OF THE
MARINE ENVIRONMENT AND COOPERATION IN EMERGENCY
RESPONSE

International convention on oil pollution preparedness, response and cooperation, 1990.

Convention on the prevention of Marine Pollution by Dumping of Wastes and other Matter
(London Convention).

General knowledge on Regional Conventions and Agreements on co-operation for the pro-
tection of maritime environment with especial emphasis on conventions applied to the
region where the Maritime Institution is located.

COMPENSATION SCHEMES FOR POLLUTION DAMAGE

International convention on civil liability for oil pollution damage (CLC, 1969)

International convention on the establishment of an International Fund for compensation
for oil pollution damage (FUND, 1971)

International convention on liability and compensation for damage in connection with the
carriage of hazardous and noxious substances by sea (HNS, 1996)

9 RECOMMENDED REFERENCES AND READING RESOURCES

MARPOL 73/78, consolidated edition, 1991. London: IMO
MARPOL amendments, 1996 edition. London: IMO
MARPOL - How to do it, 1993 edition. London: IMO

Pollution prevention equipment required under MARPOL 73/78, 1996 edition.
London: IMO.

— Manual on oil pollution. London: IMO, following sections:

|

Section I, Prevention

Section II, Contingency planning -

Section III, Salvage

Section 1V, Combating oil spills

Section V, Administrative aspects of oil pollution response.

— IMO/UNEP Guidelines on oil spill dispersant application including environmental
considerations. London: IMO

— Guidelines for the development of shipboard oil pollution emergency plans.
London: IMO

— Comprehensive manual on port reception facilities. London: IMO
— Crude oil washing systems. London: IMO

— Manual on chemical pollution. London: IMO

— International safety management code, ISM code. London: IMO

— Civil liability for oil pollution damage. 1996 edition. London: IMO

— International Convention on Liability and Compensation for Damage in
Connection with the Carriage of Hazardous and Noxious Substances by Sea, 1996
(HNS Convention). London: IMO.
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— International code for the construction and equipment of ships carrying dangerous
chemicals in bulk (IBC code), 1994 edition. London: IMO

— Inert gas systems. 1990 edition. London: IMO
— The London dumping convention, 1991 edition. London: IMO.

— Annex VI of MARPOL 73/78 and the nitrogen oxides technical code, edition 1998.
London: IMO.

— STCSW 95. STCW Convention, resolutions of the 1995 conference and STCW
Code

— Response to marine oil spills. London: The international tanker owners pollution
federation (ITOPF).

— Reports and studies: The evaluation of the hazards of harmful substances carried by
ships. GESAMP. London: IMO.

— Oil in the sea. Inputs, fates and effects. National Research Council, National
Academy Press. Washington

— Oil pollution and marine ecology. Nelson-Smith. Paul Elek (Scientific Books) Ltd.
London.

— Fate and effects of oil in the sea. Exxon background series. Exxon, New York

— Response to oil and chemical marine pollution. Cromack, D. Applied Science
Publishers, London

10 TEACHING MATERIAL
The subject can be taught with the following basic facilities:

Overhead, slides and video projectors.

— Computer resources with capacity to operate simulation programmes on oil spills
and decision support systems for the management of emergency operations.

Computer software on marine pollution emergencies.

Videos on marine pollution prevention and control
— Library services

Practical training will be carried out through the visit to ships, shipyards, port reception
facilities, treatment plants, marine emergency centres, equipment stockpiles and other facilities
concerning maritime pollution.

In addition it would be desirable to have oil spills simulators and other simulation equip-
ment in the academy. /

11 SUGGESTED FORM OF ASSESSMENT

Written examination.
PREPARED BY

Fernardo Pardo

Associate professor

World Maritime University

P.P. Box 500

S-201 24 Malmo. Sweden
Telephone: +46-40-356348
Facsimile: +46-40-128442
E-mail: fernando.pardo@wmu.se

29. January 1999.
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HOW TO SPELL FIGURES IN MARITIME COMMUNICATION

Capt. VALTER SUBAN, B.Sc.

Capt. JELENKO SVETAK, M.Sc.
MARKO PERKOVIC, B.Sc.
University in Ljubljana
Faculty of Maritime Studies and Transport
Maritime Department

ABSTRACT

Officially this dilemma does not exist. For this purpose we have to use the »International
Phonetic Alphabet and Figure Code«. But in practice things are different — almost nobody uses
it. In the authors’ opinion using the official form of spelling the figures can lead to many dif-
ficulties in all kind of messages. This problem could especially arise in cases of distress com-
munications leading to serious consequences. As the lecturers we have to follow official
instructions, but is this good for future watchkeeping officers? This paper analyses the present
situation, specially in cases preventing eventual accidents and suggests some solutions to such
problems.

REGULATIONS AND RECOMMENDATIONS

ITU

The International Telecommunication Union (ITU) in their Regulations regulate regula-
tions and recommendations in Chapter IX »Distress and Safety Communications for the
GMDSS«, Article 37 »General Provisions«, in Chapter XI »Maritime Mobile Service and
Maritime Mobile-Satellite Service«, Article 65 »General Radiotelephone Procedure in the
Maritime Mobile Service« and in Appendix 24.

Article 37, Provision N 2941 — Mob 87 def}nes:

The abbreviations and signals of Appendix 14 and the Phonetic Alphabet and Figure Code
in Appendix 24 should be used where applicable,' and further in Provision N 2941.1 — Mob
87:

The use of the Standard Marine Navigational Vocabulary and where language difficulties
exist, the International Code of Signals, both published by the International Maritime
Organization (IMO), is also recommended.?

' ITU: Manual for use by the Maritime Mobile and Maritime Mobile-Satellite Services, page RRN37-3
2 Ibiden, page RRN37-3
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In Article 65, Provision N 4914 is defined:

When it is necessary to spell out certain expressions, difficult words, service abbreviations,
figures, etc., the phonetic spelling tables in appendix 24 shall be used.?

Appendix 24 is divided to three items. For the purposes of this paper the second item is the
most important: »When it is necessary to spell out figures or marks, the following table shall
be used:*«, followed by the table.

INTERNATIONAL CODE OF SIGNALS (ICS)

In The International Code of Signals the Chapter X determines how to spell figures.
Practically is the same as above mentioned ITU Phonetic Alphabet and Figure Code’. ICS do
not give any extra explanation about this matter.

STANDARD MARINE NAVIGATIONAL VOCABULARY

Standard Marine Navigational Vocabulary in Part I »Introduction« defines:

Only the letter spelling table as contained in Chapter X of International Code of Signals
and in the Radio Regulations to be used on any occasion when spelling is necessary.®

In the draft version of »Standard Marine Communication Phrases«, which will replace
Standard Marine Navigational Vocabulary, the spelling of figures is not mentioned. This mat-
ter is only referred to in the introduction:

“The use of Standard Phrases in ship’s external communication does not in any way
exempt from applying the relevant ITU — Radio Regulations and Procedures for Radio
Telephony. 7

IMO MODEL COURSE

The authors of the book IMO Model Course 1.25 »\GENERAL OPERATOR’S CERTIFI-
CATE FOR THE GLOBAL MARITIME DISTRESS AND SAFETY SYSTEM« recommend
the following: »When transmitting certain expressions, unusual names or words, figures or
abbreviations, the International Phonetic Alphabet and Figure Code should be used«.?

INTERNATIONAL PHONETIC ALPHABET AND FIGURE CODE (IPAFC)

Let us now look into the International Phonetic Alphabet and Figure Code referred to by
all above mentioned regulations. It is defined in the ITU Radio Regulations Appendix 24. Item
1 defines letter spelling table, item 2 defines how to spell out figures or marks and item 3
defines the use of other spelling within the same country. The table in the ICS is exactly the
same.

3 Ibiden, page RR65-2

¢ Ibiden, page AP24-2

5 Medunarodni signalni kodeks, page 28

¢ IMCO: Standard Marine Navigational Vocabulary

7 Trenkner P. & others: Draft version of the Standard Marine Communication Phrases
$  IMO: IMO Model Course 1.25, page S10-1
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Table: Extract from International Phonetic Alphabet and Figure Code

0 Nadazero NAH-DAH-ZAY-ROH
1 Unaone OO-NAH-WUN

2 Bissotwo BEES-SOH-TWO

3 Terathree TAY-RAH-TREE

4 Kartefour KAR-TAY-FOWER
5 Pantafive PAN-TAH-FIVE

6 Soxisix SOK-SEE-SIX

7 Setteseven SAY-TAY-SEVEN

8 Oktoeight OK-TOH-AIT

9 Novenine NO-VAY-NINER

EXISTING PRACTICE IN MARITIME COMMUNICATIONS

And what is the real situation in maritime communications? All maritime radio operators
make a good use of the before mentioned International Phonetic Alphabet and Figure Code,
except in case of figures’ spelling. These are simply spelt using ordinary English words.

What must be a reason, that all around the world all maritime radio operators consciously
violate International Radio Regulations?

When we were looking for the reason of these transgressions, we found out two essential
reasons:

- unclear pronunciation and
- longer pronunciation time.

Other reasons are also non-familiarization with IPAFC, absence of adequate tables in vicin-
ity, ignorance of the regulations, etc.

Radio Regulations Chapter IX, Article 37, Provision N 2939 — Mob 87° defines:

»Transmissions by radiotelephony shall be made slowly and distinctly, each word being
clearly pronounced to facilitate transcription.«

Here we can pose a question, in which mode figures are more clearly pronounced, in the
simple English language or according to IPAFC. When it is necessary to pronounce one or two
figures there is not a big difference. Difficulties arise when we have to pronounce longer num-
bers, such as MMSI, telephone numbers or ship’s position. But if operators speak slowly there
is no difference between these two modes. The problem occurs only when radio-operators are
not familiar with IPAFC.

In our opinion the greatest problem is time. For pronouncing figures according to IPAFC
we need considerably more time than pronouncing them in the English language. To find out
the difference in time, we tested students. They first read a message pronounced figures in
English, then the same text with phonetic pronunciation. All population tested for the first time
met with phonetic pronunciation.

° ITU: Manual for use by the Maritime Mobile and Maritime Mobile-Satellite Services, page RRN37-3
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First test was: Spell call signJ8 EM 5

Student No. | 1 mode | 2" mod

1 4 10

2 4 8

3 + 13

4 4 6

5 4

6 4 8

7 4 1

8 4 11

9 4 7

Average 4 9 1 2 3 4 5 6 7 8 9

In both cases they had to spell words according to IPAFC. The difference was only in the
way to spell figures, first in the English language then according to IPAFC.

From the first test results we could see that they all needed the same time - 4 seconds for
spelling figures in English. In the second combination the time varied between 6 to 13 seconds,
in average 9 seconds.

Second test:
Students had to say: MY MMSI IS 278123456

Student No. | 1t mode | 2" mod

1 7 27 P

2 8 20 Y

3 6 24 5

4 7 17 D

5 7 24 %

6 8 20

7 11 23 ]

8 7 29 5

9 11 34 ot Lo
Average 8 24 1 2 3 & 5 6 1 8 B

Here, in the second test, students needed for the spelling between 6 and 11, in average 8,
seconds spelling figures in English against 17 to 34 seconds, average 24 seconds, spelling fig-
ures in IPAFC mode.
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Third test

In this case students had to say:
MY POSITION IS

4528 N

1317E

spelling each figure separately.

Student No. | 1% mode | 2"¢ mod 5
i i1 44 o
2 28 Bt
3 25 7
4 10 22 ol
S 12 29
6 12 24 15/
7 12 27 10}
8 13 34 sf
9 16 35 e e -
Average 11 30 1 2 3 4 5 6 7 8 9

As we see from the test results, they needed from 8 to 16 seconds, average 11 seconds,
spelling figures in English and from 22 to 44 seconds, average 30 seconds, spelling according
to IPAFC.

From the tests results we can conclude that students needed 2,25 times more time in the
first test, 3 times in the second test and 2,73 times more in the third test. Of course, we have to
consider the fact that all of them first time met with this mode of spelling. This difference could
be reduced with training. A test on ourselves had shown that the figures were reduced to 1,5.

DISTRESS CALLS

The greatest problem could arise on distress calls. In these calls there is a great chance of
misinterpretation if using IPAFC spelling. Let us try to spell following message both ways:

MAYDAY

THIS IS M/V BLED, J 8 EM 5, MMSI 278123456

ON POSITION

4528 N

1317E

We also have to take into consideration people’s reactions in distress situations. Operators’
voice becomes less distinct and the speed of communication increases which is not more in
accordance with the Radio Regulations Chapter IX, Article 37, Provision N 2939 — Mob 870
stating » Transmissions by radiotelephony shall be made slowly and distinctly, each word being
clearly pronounced to facilitate transcription.«

0 JTU: Manual for use by the Maritime Mobile and Maritime Mobile-Satellite Services, page RRN37-3
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On routine calls mistakes in pronouncing are not so much important. But in case of distress
calls every single word, letter or figures are very important. Probably this is the reason why all
maritime radio operators use the way to spell figures in English, especially in cases of distress
communication.

Considering all these facts, we have to ask ourselves, why maritime radio operators
intentionally infringe international rules? Is it something wrong with the rules or with the
maritime radio operators?

HOW TO EDUCATE AND TRAIN MARITIME RADIO OPERATORS?

The problem deriving out of the presented issues is “How to educate and train maritime
radio operators”? In our opinion we have to qualify students according to international rules,
but they must be also prepared according to existing practice in maritime radiocommunica-
tions. Unfortunately we have not established contacts with colleagues worldwide holding the
lessons in maritime communications. We would therefore appreciate the exchange of opinion
on this matter and we hope that the present paper will encourage it.

In our opinion the system of education must be equal all around the world. This IMLA con-
ference can contribute a great deal to reach this goal. So we propose to establish a working
group within IMLA, to examine closely this problem, of course in coordination with
experts from ITU and IMO, who will prepare unified instructions to lecturers and ma-
ritime radio operators around the world.

Literature:

IMO Model Course 1.25 »General Operator’s Certificate for the Global Maritime Distress and
Safety System«, IMO, London 1997

Manual for use by the Maritime Mobile and Maritime Mobile-Satellite Services, ITU, Geneva
1996

Medunarodni signalni kodeks (International Code of Signals) 1969, Ustanova za odrZavanje
pomorskih plovnih putova, Split 1971

IMCO: Standard Marine Navigational Vocabulary
Trenkner P. & others: Draft version of the Standard Marine Communication Phrases
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SAFETY AS A GUIDELINE IN MARITIME OCCUPATION

MIJO BILICIC, Ph. D., Associate Professor
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Department of Maritime Studies
University of Rijeka
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SUMMARY: At the beginning of this paper a few basic characteristics of occupation in
general are set forth through seven determining components (skill, knowledge, vocation, eco-
nomic value, social status, moral principles and legal regulation). Further on through these
seven components a more detailed explanation is given of the maritime occupation itself. Since
the last of the these components, which is legal regulation, has been gaining importance during
last decades, there is a special chapter containing a concise review of the main international
conventions adopted by ILO and IMO concerning seamen’s occupation and maritime safety, as
well as their implementation in the national legislation of the Republic of Croatia.

Following chapters represent the short description of accidents and their causes and of a
system of protection against them, stressing particularly the importance of maritime accidents
and seamen’s injuries together with the framework elements of the system of safety measures,
both on board ship and on shore. Finally, in the conclusion arguments are set forth to demon-
strate that safety is a significant factor of maritime occupation and a guideline in maritime
industry. On the other hand, there is a tendency of adopting too many regulations which may
produce an adverse effect, because by incorporating safety too rigidly into other components
of maritime occupation one might petrify it rather than develop it. It is not possible to create
new development potentials within maritime occupation without previously constructing its
consistent theory.

1. INTRODUCTION

Conventions and Recommendations of the International Labour Organization lead us to the
conclusion that safety is the key element of maritime occupation. In order to verify this the
determining components of all occupations and particularly those of maritime occupation will
be examined, further on a general framework of maritime accidents will be set forth, as well
as seamen's injuries and the systems of protection against them. By comparing the significance
of occupation and safety, examining things that they have in common, the place of safety in the
system of maritime occupation will be established.

2. OCCUPATION COMPONENTS

An occupation is a complex phenomenon which consists of several components. Skills
needed to transform or to handle things represent the first component. This component includes
physical effort and its result, acquiring and developing the skills needed.

K. Bicher thus considers the source of occupation are skills developed by local cottage
industry making weapons and tools, clothes and footwear, decorations and building houses.
Because of the lack of land some members of the household started acquiring these skills
and practising them to earn a living, travelling from one village to another or settling down
in towns. Thus the medieval town craftsmen were formed. Each of them worked with his
own capital, manufacturing a product from the beginning to the end, selling it at the price he
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could get on the local market. He had to start as an apprentice, then to work as a journeyman
in order to become eventually a skilled workman. For five centuries manual trade dominated
Europe and thus in a certain way it became the synonym for occupation (Parson, 1969: 576-
-580).

The second component of occupation is knowledge. Knowledge is generalised experience
gathered in a system of notions and assertions, i.e. in a theory. At the beginning an occupation
is rather a practical skill handed down from one generation to another. When the knowledge of
a certain occupation is developed into theory then conditions are acquired to establish that
occupation as a profession. The knowledge of today's occupations range from simple notions,
which explain a subject in a very limited way to notions which give patterns and regularities
of high abstractness and considerable power of explanation. In a profession problems related
to it are solved relying on theory and producing conclusions inspired by it.

The third component of occupation is the spiritual one. It consists of mission, of the sense
of vocation, of a complete dedication to one's profession. M. Weber explores and sets forth the
characteristics of the magician, the priest and the monk as first professionals. The magician
creates an occupation out of his art to submit gods to his magic power. The priest through his
rite honours god and is a functionary of the religious organization. The monk is relatively inde-
pendent of the ecclesiastical apparatus, but through his enthusiasm and self-control achieves a
high level of devotion and ability to diffuse faith efficiently (Sayfarth, 1991 : 13).

The fourth component of occupation is the economic one. One practises a certain profes-
sion in order to acquire goods necessary for living. The quantity and the value of goods a per-
son gets is the result either of needs (in a tribal community) or from effort, responsibility and
risk (in a market-oriented society). Profit can be gained only from work someone is willing to
buy as a service or work materialised in a product. On the market, rough and simple work for
which training is not necessary is paid less, as well as comfortable work for which there is no
need for any hard work or work which does not require trust or confidence. Complex and pre-
cise work which requires long training and talent, a greater physical and mental effort, which
can be accomplished only if there is a lot of trust on the part of clients and environment, is paid
more (Smith, 1952: 91-99). Profit is always a combination of several elements and is under the
influence of the constellation of interest and power in society (Rawls, 1990: 1178).

The fifth component of occupation is the social one. Occupations occupy certain positions
in a society based on several criteria. The social status of every occupation generally defines
the motives and the role of the person practising a certain profession. Robert E. Clark (A.
Laird, C. Laird, 1964: 298) and Pineo, Porter (1970: 174-188) explored and categorized occu-
pations in the USA and Canada into those with high, medium and low level of reputation. A
high level of reputation is assigned to those occupations requiring university education, those
in which rich owners personally manage their companies, as well as those of senior executives
and civil servants. Occupations such as qualified workers and junior clerks have a medium
level of reputation. Finally, those occupations where there is no need for any special training
and which offer no permanent jobs have a lower level of reputation.

The sixth component of occupation is the moral one. Occupations and particularly profes-
sions very often imply some inner, moral rules, principles and values which oblige those who
practise them to behave in a certain way. These rules can come in written form of a code of
ethics as well. Moral rules, whether written or not, oblige members of a certain profession to
use their knowledge for everybody's benefit, to observe their professional standards regardless
of connections and pressures, to act honestly towards their colleagues, clients, in the organiza-
tion in which they work and in their community in general. Solidarity and truthfulness, help-
ing each other and preventing others to make mistakes and to act improperly, are things that
should characterize the relationship between colleagues. A job has to be done and services
offered regardless of the client's social characteristics (ethnic, affiliation, income scale, school
qualification etc.). Clients' interests have to come in the first place while their own personal
interest and comfort have to be put aside as much as possible. Professional standards and truth
have to be defended against the political authorities and general public.
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The seventh component of occupation is the legal one. Occupations define the existential
and social position of an individual and an occupation as a whole is an important segment of
society. Therefore the conditions of practising many occupations have been legally regulated.
The state control of occupations is directed towards establishing educational programmes and
titles, compulsory expert analysis (in construction industry for example as a compulsory build-
ing design and licence) (Sporer, 1989: 48-49), towards protecting certain occupations by mak-
ing licence obligatory for those who wish to practise them

(McConnell, Brue, 1992: 339), towards creating workplace where only highly qualified
workers can be employed (Kruger, 1983) and towards various obligatory safety measures in the
mining industry and traffic. We can say that, in general, the state regulates some questions and
conditions of occupations for the protection of common interests, of the interests of those who
use the services provided by certain occupations and to ensure to those who work safe and
undisturbed practising of their occupations.

3. SPECIFIC CHARACTERISTICS OF MARITIME OCCUPATION

General components of occupation are contained in maritime occupation in a specific way.
The first component is the skill. The maritime occupation requires the skill of navigation and
manoeuvring a ship in various weather conditions, then the skills of operating the ship's driv-
ing engine, its various equipment, electric and other systems and finally the skill of handling
the equipment for loading and unloading the cargo as well as the safety equipment for the ship
and her crew.

The second component is knowledge. In maritime occupation the knowledge refers to ships
(their construction and parts); to the organization and workers' management; to functioning of
the ship, her engines and equipment; the safety of the ship and her crew, and the knowledge of
overall conditions: the sea route, the weather, ports and communications (Regulations on
Professional Titles and Certificates of Competence of Seafarers on board Ships of the
Merchant Navy of the Republic of Croatia, "Official Gazette" No.103/98). All this knowledge
cannot be gathered in one single theory. Part of that knowledge can be included in models and
laws of mechanics, electrical engineering and mathematics, but many parts because of their
heterogeneity cannot be put into a single theory. Nevertheless some traditional maritime skills
are hastily being replaced by technological knowledge. In the related transportation branches
there is no consistent theory either. All this is an obstacle preventing maritime occupation to be
established as a profession.

The future of maritime occupation will also be influenced by the tendencies developed as
a consequence of mechanization and automation. The first tendency is to decrease the impor-
tance of the traditional role of an officer (and his authority) and to increase the importance of
technical skill. The second one is the division of the ship's system into the functional depart-
ments of navigation, cargo, engine, electric and automatic systems, telecommunications and
services. The third tendency is to transmit the traditional and to acquire current knowledge and
skills through in-service training and courses. The fourth tendency is to decrease the number
and the professional level of the navigation staff.

The third component of occupation is the spiritual one. A great power of spirit has always
been necessary for navigation. In spite of modernization (better living and working conditions,
greater help from the mainland) the crew feels very much the same as they did in the past. A
ship carries the destinies of seamen divided by the ship's bulkheads, splashed by the sea on the
bow, swept by the eternally threatening winds (Horvat, 1997: 163). Little has changed in a sea-
man's soul. The loneliness still creates home-sickness, bad weather still provokes fear, dark-
ness causes nostalgia, the fog anxiety, and the watchkeeping is still endlessly long.

The less known difficulty of the maritime occupation is that seamen are thorn between the
life on the ship and that on the land. They service the ship mechanism which in its basic move-
ment functions uniformly, they make part of a system of hierarchy which follows a unique
technological mechanism. This creates a certain level of team spirit. Being separated from their
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families and life on the shore, they concentrate on their work with more energy and emotions.
"Saturated" by their work they start feeling nostalgia for their families, but on the other hand
maladjustment to the life on the shore causes them to long for the shipboard again. They are
very often tormented by this contradictory feeling: when they are on the ship they want to be
on the shore, and when they are on the shore they want to go back to the ship.

The fourth component of occupation is the economic one. The maritime occupation con-
sists of various jobs demanding great mental and physical effort and with the change to mar-
ket economy the seamen's salaries have become higher than the average ones on the land.
Working on board a ship implies responsibility towards the value of cargo and safety of peo-
ple, and there is always a certain risk of shipwreck. Ships are mechanized and automated and
to perform certain jobs, medium or higher level of qualification is required. National trade
unions, ITF and other seamen's associations act on the national and international level taking
care of the wage rates, of the regularity of payments and of implementing other seamen's
rights.

The fifth component is the social one. In current conditions the prestige of seamen has
increased primarily not only because of high salaries, but also because of a higher level of edu-
cation necessary for all categories of seamen. But certain roughness is still present in the rela-
tionship among seamen themselves and towards people outside their own circle. This rough-
ness is the result of their way of living since they constantly have to take care of their own basic
safety and because while they are on the ship they lose some of the good manners they have
acquired while they were on the shore. We can conclude that seamen belong to the group of
occupations with medium and high prestige. Master, ship's mates, engineers and maritime
experts on the shore enjoy high prestige, while members of the crew enjoy medium prestige.

The sixth component is the moral one. Higher or lower degree of morality is also a com-
ponent of maritime occupation. Morality of seamen is realized through solidarity and truthful-
ness towards their colleagues, helping each other at work, covering and correcting mistakes,
and in an effort to prevent improper behaviour. Working in conditions where great importance
is given to formal ranking, seamen do not like to get around the rules of getting a promotion
and they condemn every rise in rank which is not strictly based on merit. Seamen are used to
self-sacrifice and are happy to satisfy their clients' interests at the expense of their own com-
fort and they treat all clients equally. Since they lead isolated lives and are used to obedience,
they feel real awe towards the management and the authority, which sometimes is an obstacle
in realizing their rightful interests.

The seventh component is the legal one. Maritime occupation is one of the few occupations
so highly regulated by legal provisions. International conventions and national regulations pre-
scribe with more or less details:

- the programmes of education for all categories of seamen and their professional titles
- obligatory medical check-ups and examinations of occupational ability

- documents every seaman, ship and cargo must have

- safety measures in navigable waterways and on board a ship

- various kinds of behaviour for example in ports, when bringing goods into a country,
when unloading it, the conduct concerning alcoholic drinks etc.

There are so many regulations concerning the work and behaviour of seamen that one
could consider it an exaggeration. Many people agree that in the near future emphasis should
be directed towards carrying out of the already existing regulations; towards standardization of
certain patterns of behaviour on all ships, seas and shores, and towards consistent and unified
implementation of regulations referring to seamen's dignity, working environment and safety.
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4. LEGAL REGULATION OF MARITIME SAFETY AND SEAMEN’S
OCCUPATION

Many of the earliest instruments of unification of the maritime law were related to the tech-
nical and other questions regarding the safety of navigation and protection of human life at sea.
Shipping had always had international characteristics and therefore the legal regulation of mar-
itime safety as well as the problems of the seamen’s profession, conditions of their life and
work on board, and their social position could not be left exclusively to national legislation, but
it was necessary to create international regulations in order to secure the improvement of stan-
dards on a global level.

The International Labour Organization (ILO) which, since 1946, has been a specialized
agency of the United Nations, and today has about 150 member states, was founded in 1919
(Part XIII of the Treaty of Versailles) with the intention of improving the labour conditions all
over the world on the basis of international co-operation. ILO has been especially active and
successful in maritime industry. The General Conference, through its sessions which are held
once a year, has so far brought over 150 conventions and 160 recommendations. Though many
of these apply to various professions including seamen, essential for their status are special
conventions and recommendations which have become the most important source of Maritime
Labour Law. A special body has been formed: Joint Maritime Commission, consisting of rep-
resentatives of seamen and shipowners, meets more frequently than the General Conference,
and is concerned with the employment issues in shipping and carries out preparatory activities
for the sessions of the General Conference dealing exclusively with maritime industry (ten
such sessions have been held so far).

The ILO conventions prescribe the conditions which should be met by the crew members,
the health requirements for various duties on board, the contents and procedures for issuing
seamen’s certificates, safety at work, the right of repatriation, vacations and leaves.

The Republic of Croatia became a member of the ILO in 1992, and a year before, on June
25th 1991, the Parliament of Croatia brought the Constitutional Decision on the Sovereignty
and Independence of the Republic of Croatia which, in Art.3 contains the following provision:
“The international agreements which SFRJ has signed and ratified, will be applied in the
Republic of Croatia unless they are contrary to its Constitution and legal order, on the basis of
the provisions of the international law on the succession of states, regarding international
agreements” (“Official Gazette” No.31/91). An identical provision is to be found in the Art.33
of the Law on Concluding and Executing International Conventions (“Official Gazette*
No0.53/91). On the other hand the Constitution of the Republic of Croatia provides, in Art.134,
that the international agreements, which are signed, ratified and published, constitute an inte-
gral part of the national legal system, with the legal force below the Constitution but above all
the other laws (“Official Gazette* N0.56/90).

By notifications on succession, Croatia has been since October 8th 1991 a party to the fol-
lowing ILO conventions: 8/1920, 9/1920, 16/1921, 22/1926, 23/1926, 27/1929, 32/1932,
53/1936, 56/1936, 69/1946, 73/1946, 74/1946, 91/1949, 92/1949, 109/1958. (“Official Gazette
— International Conventions® N0.2/94).

The International Labour Organization adopted, in 1976, The Convention No. 147 con-
cerning Minimum Standards in Merchant Ships, which entered into force on November 28
th 1981, regulating the implementation and enforcement of previously adopted standards
like the lowest age limit for employment, medical examinations and health care, safety at
work and medical insurance, shipboard living arrangements of the crew, repatriation, the
contract of employment, certificates on professional titles of officers, trade union freedoms
as well as the right of organizing and collective negotiating. This Convention is already bind-
ing for the countries of the European Union and a considerable number of maritime coun-
tries, and the countries which join it, must coordinate their internal provisions with the
eleven previously adopted conventions of the ILO quoted in the Annex of the Minimum
Standards Convention.
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In distinction from the enumerated conventions to which Croatia became a party by suc-
cession, this ILO convention, which is probably the most important one, is at the same time the
first one that the Republic of Croatia has ratified (“Official Gazette — International
Conventions“ No.4/96). Thus Croatia binds itself to supervise effectively the ships registered
on its territory regarding all the enumerated standards and also to make an official inquiry of
any serious maritime accident in which these ships took part.

By ratifying the Merchant Shipping (Minimum Standards) Convention Croatia has, previ-
ously becoming a party to other required international conventions, fulfilled the conditions for
joining the Paris Memorandum of Understanding on Port State Control of January 26th 1982
(ILM, 21, 1982).

This memorandum is a result of Regional European Conference on Maritime Safety, con-
voked by the French Government in December 1980, in which thirteen European countries par-
ticipated. The final Declaration of the Conference stresses the need for improvement of mar-
itime safety and protection of the marine environment, as well as an improvement of the con-
ditions of life and work of seamen.

The aim of the Memorandum, which entered into force on July 1st 1982, is to ensure an
effective and harmonized implementation of standards laid down in international conventions
in the area of maritime safety. Namely, although the responsibility for the implementation of
these standards rests in the first place with the authorities of the flag states, the Preamble of the
Memorandum emphasizes the necessity of an efficient action of port states in order to prevent
the use of substandard ships. In conformity with this, the signatory countries effected the
inspection, during the initial two years of the application of the Memorandum, of 25 % of mer-
chant ships flying foreign flags which entered their ports, so that by the end of June 1984, 18
000 examinations had been made whose consequence was the detaining of over 700 ships hav-
ing serious defects. In order to improve mutual cooperation and coordination of activities, a
computerized information system was established in St. Malo, as a data bank at disposition of
inspectors.

Although the Memorandum has proved useful in practice, in 1989 the European
Commission brought the Recommendation on improving the effectiveness of Port State
Control in the European Union, inviting the member countries to consistently fulfil the obliga-
tions taken by the Memorandum. The Recommendation had three aims: 1) reduce and ulti-
mately prevent substandard shipping; 2) avoid unequal conditions in European ports which
would negatively affect the competition; and 3) ensure complete and uniform Port State
Control system in the whole of the European Union (COM/89/266 final, 1989: 15).

The Paris Memorandum demands its member states to sign and ratify a series of interna-
tional conventions regulating safety of life at sea, standards of employment and shipboard con-
ditions, and protection of the marine environment. These are, besides the above mentioned
ILO Merchant Shipping (Minimum Standards) Convention, the following IMO conventions:
Loadlines 1966, Tonnage 1969, COLREG 1972, MARPOL 1973/78, SOLAS 1974/78, STCW
1978/95.

Besides becoming a party to the enumerated conventions, the Republic of Croatia has
implemented their privisions into its national maritime law: the Maritime Code and other laws
and regulations. The Maritime Code in the chapter regulating the safety of navigation pre-
scribes the required conditions of the sea lanes in the internal waters and territorial sea of the
Republic od Croatia, of its ports, ships, small boats and floating craft registered in the Republic
of Croatia, the crew, navigation and pilotage at sea ("Official Gazette" No.17/94). The Code
also regulates the inspection control over the implementation of this part of it. As regards the
navigation the Code adopted from the Convention on the International Regulations for
Preventing Collisions at Sea (COLREG 1972) the obligation of applying the rules of naviga-
tion, as well as the signals and marks which must satisfy the conditions of safe navigation.

The Maritime Code confers an important role on the Croatian Register of Ships, whose sta-
tus, activities and organization are regulated in detail by the Act on Croatian Register of Ships,
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which in Art.1 states that the main function of this public institution is “the public care regard-
ing the protection of life and property at sea and in the internal waterways, as well as the pro-
tection of the marine environment and the environment of the internal waterways” ("Official
Gazette" N0.81/96). The activities of the Croatian Register of Ships are to establish the sea-
worthiness and the tonnage measurement of ships, of certain types of small boats and floating
craft, ascertaining the safety of containers, ascertaining the adequacy of the shippowers’ organ-
ization regarding the safety at work and the protection of the environment during the ship's
exploitation, co-operation in investigating the causes of accidents at sea as well as participa-
tion in work and fulfillment of the commitments to the international organizations. The ton-
nage measurement and the technical control while establishing the ship’s seaworthiness are
done by the Register according to technical rules which are in conformity with the Tonnage
Convention, and comprise the provisions of the enumerated (SOLAS, MARPOL, Loadlines)
and other international conventions from the area of the safety of navigation which Croatia has
joined. Among other things this control applies to the safety of life at sea, safety at work and
conditions of accommodation of the crew and the passengers.

On the other hand, the Maritime Code provides that the inspectors of the safety of naviga-
tion from the Ministry of Maritime Affairs, Transport and Communications also establish the
ship’s seaworthiness by means of an inspection control, checking whether there is a minimum
number of qualified members of the crew on board and also whether the ships is loaded with
cargo and whether the passengers are accomodated in conformity with the conditions from the
ship’s documents and certificates. More detailed provisions are contained in the Regulations
on the Safety of Navigation Inspection Control which, besides conforming to the internation-
al conventions (Loadlines and STCW), also represents the first Croatian regulation making
possible the application of the Paris Memorandum of Understanding on Port State Control
("Official Gazette" No0.34/97).

The International Convention on Standards on Training, Certification and Watchkeeping of
Seafarers (STCW) which was adopted in London on July 7th 1978 and entered into force in
1984, has in the meantime undergone changes and amendments three times: in 1991 the
amendments relating to GMDSS were adopted, in 1994 additional regulations on special train-
ing of the crew on board tankers were brought, while the most comprehensive modifications
were adopted at the Conference which took place in London from June 26th to July 7th 1995.
There were several causes that led to this Conference: in the first place, the fact that the human
factor is the most frequent cause of accidents at sea imposed the solution for their prevention
thanks to higher standards of seamen’s qualifications, then the incompleteness and insufficient
accuracy of the provisions of the 1978 causing the impossibility of monitoring their applica-
tion in the internal legal systems of the states parties, and finally the improvements of maritime
technology during the last two decades which demanded the bringing up to date of the
Convention (Young, 1995: 1). At the Conference however, there were no interventions in the
text itself of the articles of the old Convention, but within the Attachment 1 of the Final Act of
the Conference, the Annex to STCW 1978 was revised, being systematized in eight chapters
marked by Roman numerals, while Attachment 2 contains the STCW Code. It consists of two
parts: Part A, which represents the compulsory minimum standards which the states parties to
STCW must adopt, and Part B, which is in fact an instructive guidance to the parties, and con-
tains the recommendations about the application of the Convention. Both parts of the Code are
systematized in eight chapters following the pattern of the Attachment whose provisions they
elaborate, forming a consistent legal structure with it.

Croatia has, in conformity with the provisions of the revised STCW Convention, and based
on the Maritime Code, brought Regulations on Professional Titles and Certificates of
Competence of Seafarers on board Ships of the Merchant Navy of the Republic of Croatia
("Official Gazette" No.103/98). These Regulations prescribe professional qualifications, exam-
ination programmes, conditions and modes of obtaining renewing, substitution and suspension
of certficates of competence and additional supplementary qualifications of Croatian seafarers,
and also the conditions which must be satisfied by the members of the examining bodies which
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establish the qualifications of seamen as well as by the institutions engaged in the education
and training of seamen.

The International Safety Management Code, is an expression of the aspirations of the inter-
national community for the improvement of the safety at sea by means of higher global stan-
dards not only regarding the operation of the ship by the master and crew members, and pre-
vention of pollution, but also regarding the functional requirements dealing with procedures of
the management of the shipping companies on land. The ISM Code precisely enumerates the
obligations of all the links in the chain: from the flag state and its maritime administration, to
shipowners and to ship’s masters, but it also includes every country whose ports ships enter by
means of the system of Port State Control. It is the duty of all states to bring national regula-
tions, applying the ISM Code to their own fleet and shipping industry. Croatia did it last year
by issuing the Regulations on Duties and Watchkeeping of Crew Members on board Sea-going
Ships of the Merchant Navy of the Republic of Croatia ("Official Gazette" No0.91/98).
However, there is a provision in Art.112 (6) of the Maritime Code, which decrees that the tech-
nical supervision (performed by Croatian Register of Shipping in accordance with its techni-
cal rules) comprises also inquiring whether the shipping company has been properly organized
to enable safe operation of ships and protection of the environment during the ships’ exploita-
tion.

5. SAFETY AND THE PROTECTION SYSTEMS

Safety is:
- a condition in which workers do not find themselves in any form of danger which may
threaten their health and life

- apositive feeling or a positive value which is the result of accidents as negative and unde-
sirable experience and events

- rational insight into accidents and dangers possible in a certain working environment and
safety measures which can minimize or prevent predictable dangers.

Accidents can be caused by human error, by the lack of machinery and equipment in the
construction and maintenance or because they have become obsolete, but also because of
unfavourable circumstances in our more immediate and wider environment.

Psychophysiological science has come to the conclusion that accidents at work are caused
by:

- insufficient training for a job or maladjustment to work tasks and situations

- the lack of interest for an occupation

- unfavourable general mental state (negligence, superficiality, not being able to concen-
trate at work, feeling depressed)

- feeling tired (tired people cannot react to danger on time and in the best possible way)
- the lack of experience (young workers are incautious, have too much self-confidence etc.)
- harmless sicknesses (like headaches, colds, blood pressure)

- being euphoric or unrealistic about the work situation as a consequence of taking alcohol,
drugs etc. (Bujas, 1964: 332-359).

Protection against accidents or increasing the degree of safety can be direct or indirect.
Indirectly it can be done by carrying out systematic control of the machine's and equipment's
good working order, and through their constant technical improvement from the point of view
of safety. Also through systematic training of those workers connected with safety and trying
to stimulate their alertness in various ways. Finally, higher degree of safety can also be
achieved indirectly by strictly observing some regulations, for example that tired or inexperi-
enced workers should not work in dangerous places. To act in a direct way means to remove
from the potentially dangerous posts those workers who show little interest in the work, those
with unfavourable personality traits or those suffering from some light sickness or working
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under the influence of alcohol. We can observe the establishing of safety from the technical,
psychological and legal aspect. In the technical area safety can be established by changing dan-
gerous machines and ways of working; by constructing and by installing various protective
equipment and by marking dangerous places in a conspicuous way. In the psychological sphere
safety can be achieved by the right choice of workers, by practising only safe work methods,
forming the habit of safe work and by developing attitude about the need for co-operation and
constant caution. In the legal sphere safety is introduced and maintained by making adequate
regulations. These regulations are made at international and national level and on the level of
companies and trade unions. They determine persons responsible for safety measures; the
development of safety methods is encouraged for all occupations, not only for workers but for
the owners and managers of companies as well. Fines are very high for the owners in order to
make accidents something undesirable from the business and economic point of view, and not
only as something tragic for the workers (Maier, 1965:550).

6. MARITIME ACCIDENTS AND SAFETY

In maritime industry there is a difference between maritime accidents and seamen's acci-
dents at work. Causes of maritime accidents are the result of the lack of technical and profes-
sional competence, navigation defects and inadequate help from the shore and unfavourable
circumstances coming from the outside. Because of faulty material, construction defects,
unstandardized overhaul and unreliable maintenance a ship cannot meet the needs of naviga-
tion and can experience a shipwreck. When the crew or some of its members do not fulfil prop-
erly their tasks concerning navigation of the ship or operating the engine and the cargo, when
major faults are present in managing the ship and the shipping company, the probability for an
accident increases. If the signs, equipment and landmarks on shore are not well marked or if
the system of navigation guidance is on a very low level the probability is higher. Finally an
accident can be caused by natural forces (thunderstorms, waves, fog, ice) or by another ship,
no matter how much the equipment or the crew may be impeccable. Nevertheless, the majori-
ty of maritime accidents are caused by men. This means that they can be avoided if the right
preventive measures are taken (Scharnow, 1984:19-20).

These preventive measures can be taken through the system of ship's safety. Numerous
subjects should take part in creating and carrying out such a system, starting from various serv-
ices on the shore to the management of ships and shipping companies. In carrying out these
measures, workers on a ship, according to their degree of personal responsibility have an
important part. The system of protection against maritime accidents can function well only as
a part of a constantly coordinated whole. All parts of the system must function according to
certain standards and regulations. The main parts of the system of protection against maritime
accidents are:

- construction, building, equipping and maintaining a ship,

- education, professional training of the crew, taking care of their health, and filling up
work posts with qualified and competent men,

- services for marking, extinguishing, informing, watching, pilotage, towing and salvage.

If all these do not function, if some of these services do not exist or do not work properly,
more maritime accidents happen and more people suffer from injuries on various sides.

Seamen's accidents at work are caused by negligence, inexpertness, alcohol, defective
machinery and inadequate work organization. Seamen's injuries at work can be caused by bad
weather, noise, high temperatures and old ships (Vuksanovi®, 1983: 184). Seamen working on
deck and in the engine room suffer injuries more often while those working on other duties suf-
fer far less. Out of all injuries 43% are those of hands, 31% of legs and 26% of head and of the
trunk. The following injuries are the most frequent ones: contusions, cuts, open wounds, frac-
tures, dislocations, burns, etc. The rate of those who recover: 90% of the injured get well and
continue to work normally, 8-9% become invalids and 1-2% die on the spot or some time later.
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The system of protection against injuries and accidents on board a ship is carried out by
regulating and controlling the working conditions and workers' duties. The regulations are
determined by the international conventions and recommendations, and by national regulations
on safety at work. The control is carried out by the state inspectors, the managers and inspec-
tors of the shipping company, and ships' captains.

On an average the shipboard safety systems function better than those in companies on the
shore. This is so because, among other things, the dangers of navigation force people to be
more cautious and do not allow them to develop routine self-confidence. However, this does
not mean that the system of protection on ships does not have its bad sides. Creation and main-
tenance a high level of safety are obstructed by:

- economizing on financial resources

- tendency to pass on the responsibility for personal safety on lower ranking managers and
on workers n themselves

- constant crew reductions
- formal inspection by the government authorities

The managers of safety departments in shipping companies introduce safety measures only
to the point to which that legal regulations and state inspectors force them. These services tend
to estimate the situation in an optimistic way, take measures only partly and do not react too
promptly and thoroughly when minor accidents happen on board ships. That is why they econ-
omize wherever they can on direct costs for personal safety and even more on indirect costs
such as the substitution of inadequate equipment with a more adequate one.

Passing on the responsibility for personal safety on the lowest ranks means that a whole
range of jobs on deck and in the engine room are not carried out under the supervision of a
qualified person who would work out in advance the schedule and work distribution in order
to avoid all endangering factors. Those who work on board ships are usually aware of bad work
organization, but they themselves can not improve it, and their voice very often is not heard far
enough.

Since the 1980s there have been crew reductions on ships. The result of it is that in the peri-
ods of intensive work (putting to shore, loading/unloading of cargo or provisions, repairs and
maintenance of the engine and the equipment) there are not enough people, so those who are
there work too much and in an accelerated way. Some of them are very tired and therefore
bound to overlook a threatening rope, a bar of a derrick or an uncovered opening of a cargo
hold. Others working off-hand under pressure from their superiors are easily subject to cuts,
burns or falls. In these circumstances it is not rare to find an officer addressing a worker in a
rude way and by acting so lowering the self-respect and reputation of their workers who there-
fore break the safety rules from pure spite.

It is difficult to control the regulations on safety at work from the outside. It is possible
that all records, documents and equipment are in order, but still the level of safety is low. This
happens for example if safety habits have not been developed or if interpersonal relations are
bad. Safety habits are created by educating individuals to develop respect towards safety,
towards taking care of themselves and to concentrate on the work situation. If in their inter-
personal relationship they help each other very little, and there is a lot of spite and imputations,
these regulations are not very well carried out even if this would be for their own benefit.

7. CONCLUSION

Safety is not a component which determines maritime occupation in the same way other
components do, but rather a factor which has a special role of the important guideline in this
occupation as a whole. When the safety is conceived as an indirect system of protection then
it is congruous with other components of the occupation. Promoting and increasing of mar-
itime skills, knowledge, dedication and spiritual strength, economic and social status of sea-
farers, as well as improving their attitude towards observing moral principles and legal regula-
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tions, all these increase safety. The better seamen's skills and knowledge are, the greater effort
and the higher their working motivations are, the more responsibly they act on moral and legal
principles, the higher is the level of safety and there are fewer maritime accidents and injuries.
It is unacceptable if safety is endangered by privileges or tactless attitude of managers which
destroy the self-respect and reputation of seamen, or if the formal record of compliance with
regulations is achieved by covering up the breaking of rules or improper behaviour, but also if
the safety, in general, is based too much on legal constraint.

Safety also exists as a direct intervention in removing a danger, as a control of how orders
and regulations are carried out, how work is done and how the equipment functions. Therefore
safety is one of the most important bases of the authority of managers and officers. This author-
ity must be appropriate and aimed at an effective and co-ordinated functioning of the ship's
mechanism and at satisfying the reasonable interests of seamen. If the authority is not like that,
if it is careless or irrational, this is bad for safety and even the best regulations can do nothing
to improve the situation. The share safety has in the reinforcement of authority makes it a
somewhat conservative factor which may obstruct the development of maritime occupation.
The development of this occupation can only be achieved by improving the theory which is
focused on all of its aspects. Only a theory as a system of general technological - sociological
notions can direct maritime knowledge and surpass the limitations established by the structures
of authority and interest.
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Abstract

This paper describes the new developments in CBT — interactive programs applications,
specially designated for the familiarisation with individual equipment like boilers, fresh water
generators, steering gear, anti-pollution plants (oily water separator, biological sewage treat-
ment plant ), fuel treatment plant, Diesel engine generators etc., specially taking into account
the safety and environmental aspects

The experiences in CBT application, the benefits and advantages of use of interactive pro-
grams in the educational process of engine room officers in Gdynia Maritime Academy are
equally presented in this paper. The paper includes the example of CBT — interactive program
concerning steering gear installation where trainees have possibilities to develop operation
skills, train and refresh emergency procedures ( react to emergency situations ). The example
of CBT — interactive program describing the functioning of Sewage Treatment Plant is also
presented.

The basic tasks for CBT — interactive programs in maritime education are equally
described, taking into consideration the new methods and procedures for accident prevention.

1. Introduction

It is well known that one of the major factors of accident prevention on board is the per-
fect theoretical and practical knowledge possessed by engine room officers while operating
engines and auxiliary equipment.

Today, quite all major maritime academies have introduced computers as a valuable asset
for educational process and use computer based training (CBT) interactive programs.

Once teachers learn to use effective and well designed CBT programs, they begin quickly
to create new ways of structuring training in order to accommodate the educational program to

their actual needs.
The basic tasks for CBT — interactive programs are:
- familiarisation with individual auxiliary shipboard system or equipment
- developing operation skills
- train and refresh emergency procedures ( react to emergency situation )
- combine simulations with multimedia techniques like diagrams, pictures, sound etc.
- English language skills
- preparation for pre-promotion assessment of competency
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- intensified trainee’s activity during educational process
- to make the assessment process of trainee more objective
- to make the learning process shorter with simultaneous increase in quality

2. Description of the CBT - interactive programs

Gdynia Maritime Academy has carried out considerable research in the field of computer
based training, for five years now, using a set of interactive programs developed by UNITEST,
a Gdansk, Poland — based company.

The following CBT interactive programs are presently used in Gdynia Maritime Academy:

* Water pumps

* Hydrophore installation

* Fresh water generator

* Piston compressor

* Refrigerating plant

* Diesel engines

* Diesel engine generators

* Steering gear installation

* QOily water separator

* Biological sewage treatment plant

* Auxiliary steam boiler installation

* Marine Diesel engine monitoring systems

* Fuel treatment plant

The marine training software package’s aim is to teach the basic principles of how to oper-
ate marine power plant equipment. The programmes offered are intended for training students
and engine room officers. The educational package is based on the solutions being actually
used on ships.

The above mentioned programs are interactive i.e. they enable the realistic presentation of
the marine power plant equipment functioning and are equipped with control panels and sys-
tem installation diagrams. The control panel contains switches, pressure gauges as well as con-
trol and alarm lamps. The control panel and the main switchboard was intentionally designed
to be as close as possible to the real equipment design.

Some programmes offer the possibility to realise regulations of the system parameters.

All operations on the PC screen (valve opening, pump starting, for instance) are effectuat-
ed by mouse-clicking.

The automatic valves are controlled by control panel.

Graphic symbols which are used in programs are described in the legend.

Most of the programs are sound-generated.

An appropriate mathematical and logical model of an equipment or system ensures that the

program will react during trainee’s action exactly as it would react in reality. In case of faulty
operations the program will react identically as it happens during normal operation.

Information about the action performed by the student is displayed in form of digital or
analogue data, colour changes of pipes and sound effect as well.

Typical UNITEST CBT interactive programs /see examples on Fig.1 and 8 /contains the
following parts:

System description
Operating instruction
Test

Simulator
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System description

This part describes the application, working principfes and main components of the instal-
lation, together with different kind of graphic presentation (pictures, photos, diagrams etc.).
See example on Fig. 3. An example of an installation diagram legend of the steering gear has
~ been presented on Fig. 2. By mouse-clicking of the appropriate field of the installation dia-
gram, the name of the particular part appears.

- The experience gained proves that it is extremely important to combine the schematic dia-
gram with the real presentation of a determined part in the form of a photo. On Fig. 3 the steer-
gear directional valve description is presented. By mouse clicking on the “i” field, the loca-
of the above mentioned directional valve in the diagram is indicated — please see Fig. 4.

~ The test is intended to assess the knowledge gained by the trainee from the two first parts

of the program. In this module, the trainee should indicate the correct answer to randomly
elected ten questions — see Fig. 5. This enables the trainee to effectuate the test various times

“without having to answer the same questions. At the end of the test the trainee is given a cer-

tain mark indicating the rate of correct answers (each correct answer gives the trainee a result
of ten points).

Simulator

In this section of the program, interactive software simulator is applied — see Fig. 6, 7, 9
and 10. The trainee, by mouse clicking must set the valves on the installation diagram in prop-
 erposition and start the pump, the compressors etc. by operation of the switches and push- but-
~tons on the panel. The trainee must follow the instructions given in the Operating Instruction.
~ This enables the trainee to apply in practice the theoretical knowledge acquired according to
- the Operating Instruction. The trainee is confronted with real life reactions of the installation.
Steering Gear Installation program enables not only the operation in normal exploitation con-
~ ditions but also the operation in emergency mode. This simulator makes possible for the
 frainee to exercise manual emergency operation. It is also possible to simulate other emergency
 situations for e.g. the loss of oil in the tank. In this case, the trainee should react to this situa-
tion in a proper way (switch on the stand-by pump unit and switch off the malfunctioning oper-
~ ating unit).

. Sewage Treatment Biological Plant enables also to train the procedure of manual operation
~ in case of the automatic control break down.
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Fig. 2 Steering gear diagram with legend
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Fig. 3 Steering gear directional valve description

Fig. 4 Steering gear directional valve — location on the diagram
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3. Conclusions

The vast experience with the utilisation of CBT — interactive programs shows clearly that
these programs constitute a considerable development in the training process of engine room
officers. As it has been indicated above, the CBT — interactive programs introduce a new, active
approach to training that shortens the learning process and facilitates the reception and under-
standing of operation of maritime devices. Objective assessment of the trainees’ progresses is
also a quality of the use of CBT - interactive programs.

It is worthwhile mentioning that quite often the CBT — interactive programs have been suc-
cessfully used in the educational schemes that include participants that return to training after
a few years of professional activity, encountering problems to adapt to traditional training
processes.

The list below presents the multiple CBT — interactive programs application possibilities:

- lectures

- exercises and seminars

- laboratory

- examination centres

- vocational training centres

- individual self-training

- application on-the job training

As it has been mentioned before, the trainee not only acquires the knowledge regarding the
operation of the equipment in normal exploitation conditions, but is also familiarised with
emergency situations. In consequence, the trainee is better prepared to deal with emergencies

during operations on board. The emergency situations may be simulated and repeated as many
times as it is necessary for the trainee to achieve proper preparedness.

In order to achieve the desired training results, the CBT — interactive programs have been
constructed in such a way as to meet the following requirements:
- simplicity of utilisation
- available as single PC configuration
- developed for typical ship equipment and installation, taking into account the latest tech-
nical solutions.
- prepared in strict co-operation with equipment’s manufacturer / program could be a part
of Operator’s Guide /
- possess an attached operation’s guide
- low cost
- realism of simulated systems or equipment ( inclusive of process peripheral such as
panels with push buttons, switches, signalling and alarm lamps, gauges , levers etc.
- high descriptiveness
- interactive learning due to computer dialogue
The above listed requirements have been established as a result of close observation of the
trainees’ needs and capabilities.

To summarise, the use of CBT — interactive programs increases in a considerable way the
preparedness to deal with emergencies. First, it is due to the increased familiarisation with the
system’s construction and principles of operation. Secondly, due to the use of an interactive
simulator, it is possible to achieve proper trainee’s reactions to emergency situations.
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HUMAN ERROR IN ACCIDENTS AT SEA

FILARET SANTION - Naval Academy “Mircea cel Batran” Constanta, Romania
TEODOR POPA — Maritime Training Center, Constanta, Romania
DORU POPA — Maritime Training Center, Constanta, Romania
HARALAMBIE BEIZADEA — Maritime Training Center, Constanta, Romania

1. INTRODUCTION

The improvement of the technique and of the accommodations, of the naval officer’s training
hasn’t been followed, on a global scale, by the anticipated decrease in the number of the accidents
at sea, thus, it is estimated a percentage of 0.20-0.40 % annual losses from the whole commercial
fleet of the world, these being represented by tragedies of significant proportions (the collision of
PETR VASEYV cargo vessel and the AMIRAL NAHIMOV passenger ship in the Temesskaya gulf
on the 315t of August, 1986, when 425 passengers and seafarers died) or by disasters as far as the
environment is concerned (the immersion of the TORREY CANYON - 1967, AMOCO CADIZ
— 1978, EXXON VALDEZ oil tankers; the lost one polluted the Prince William Gulf from Alaska
in 1989, one of the few places of the world that had remained till then unpolluted — and KHARK
5 that in 1989 as well, ESTONIA in 1994, just to mention several recent cases).

The causes that led to such losses of human lives as well as material goods are diverse. For
example, from the total losses, ~27% of the ships run aground, 20% disappear, 15% burn, 10
% sink as a result of collisions, etc.

Beyond this apparent diversity, there is a major causative factor: 85-90% of the total acci-
dents at sea, if not more than that, are due to the human risk factor.

In the following pages I will stop only on what is called “competent people’s errors”, that
is, on some errors of psychological nature and on the way in which they manifest in spite of
the existence of a corresponding volume of knowledge and operational specialized abilities.

As it is already known, the functional relations in a socio-technical ambient such as the
seagoing ship, are very complex (see figure 1) which means that there are as many factors that
influence one way or another the operator-technique-task system (operator means any person
from the bridge deck to the engine compartment who has to carry out a task concerning the
vessel’s functionality)

Mast Task 1
Aaster
4 J Situation of

/ navigation

h

Other operators | g > Operator

Decision Observation

Action

Results

1

Figure 1 Functional relations in a socio-technical ambient
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Some of these factors regard the communication psychology, others are ergonomically or
organizational, ets.

In this study, the analysis will be focused on the variables that may intervene in the pro-
duction of the accidents at sea that concern strictly the operators, namely:

1. the functionality of the individual psychic processes;

2. the complex personality features;
i 3. the current psycho-physical condition of the operator.

" ARIABLES OF PERSONALITY AND HUMAN ERRORS
INACCIDENTS AT SEA

.1, The functionality of the individual psychic processes

~ The tasks of an operator may be classified, in principle, in the following main groups:

~ « Stereotype tasks. These are well known by the operator who disposes of automated abil-
ties (skills) to solve them. The action is immediate and it is based on information that is ana-
yzed at a lower level that is the sensory-perceptive level. For example, in the case of a slight-
j perceptible deviation of the ship, it may be returned to the correct course by means of man-
ual control.

* Original (unigue) special tasks. These tasks suppose a thinkine process and the utiliza-
jon of some algorithms as well. In this sense, the tasks resolvable by means of skills are typi-
al, the operators leaving the capacity of psychic reprogrammation, necessary to the transfer of
formation and action procedures from one type of situation to the other. The unquote con-
fs both of a very reduced (repuency of siiaticnsonich doesnet sliaie e hasteadass,
of a solicitation of ongmalivy, especially.

* Problem tasks. These are complex tasks for the solving of which the operator does not
dispose of a schedule of actions or fairly regular rules. The solution may be found only by
examining the phases of the decisional process (see figure 2) and by using different strategies:
attempt and failure, multicriterial decisions, etc.

The correct, or better said, the optimum solving of the tasks by the operator-irrespective of
their level of complexity-is impossible without the appropriate functionality of the psychic
cognitive processes-whether sensorial, perceptive or logical, superior — or of the motivational-
emotional nature, which will be discussed later. A so-called negligence or inattention can be,
in fact, a deficient perception according to a certain category of stimuli or a disorder of one
mind operation or another. An error can be caused either by the reduced functionality of the
memory on short term (immediate) or by the obstruction of the segment of retrieve of some
necessary information stored in the experience of the operator.

Analysis, assessment > Performance > Checking the

Factor
—P results

determination and decision

Figure 2 The phases of the decisional process

In this sense, the maladaptation to the navigation conditions represents a risk factor in the
maritime navigation.

Some studies show that from the total number of the accidents at sea, 40% occur during
the first ten hours from the departure. After a longer period of lying off, the seafarer is not
always able to adapt to the rapid and complete pace of work.

So, leaving the port, he is predisposed to many errors, focusing less on the risks which may
intervene in the navigation area.
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In strictly individual cases, the adaptation may take even 3-4 days. In this period of readap-
tation, the activity of all psychophysical systems recovers and the perception, the attention, the
orientation capacity in the actual circumstances improves.

2.2. The complex personality features

The carrying out of the unique tasks an especially of the problem tasks presupposes more
profound and complex structures than those specifics to the psychic processes. It is not my
intention to survey all the possible causal connections between the structures and the complex
personality features on one hand, and the efficiency of the operator’s action, on the other hand.
I just want to underline several probable determinations that lead to errors in the operator-naval
technique system.

Thus, some of the structures and complex personality features are:

* The cognitive style. This means the combination of the mind qualities with the level of
functionality of its operations and with the system of values, opinions and attitudes of an indi-
vidual and which gives some personal characteristics in the way of solving the problems, and
in the development of the reasoning. If the cognitive style of an individual is brave, risky,
abstract, complex, creative, conformist, dogmatic, cautious, etc., then the solution to the prob-
lem will have the same characteristics. Disorder — and eventually error — appears when a prob-
lem that would require a courageous solution is solved excessively prudently, when a complex
problem is solved rather simply, etc.

* The characteristics of the nervous system. Manifested in temperament, may explain
many of the operators’ errors, superficially appreciated as negligence, inattention, so on. Due
to these characteristics, the decision of the choleric is prompt but, probably deficient with
regard to the comparative analysis of the consequences, as well as, in the case of succession or
rapid change of the signals, much false identification is made. When the excitement is maxi-
mum, the choleric or the sanguine find their way out easier than in an understimulative situa-
tion when, apparently paradoxical, they make more mistakes. In his turn, the phlegmatic takes
a very adequate but slow decision as far as the information revalution aspect is concerned. That
is why the phlegmatic cannot be assigned with the subjective responsibility, because he may
be in the theoretical and practical impossibility of having at least a minimum intention to pre-
vent an accident.

» The motivational perception. The influence of the motivation upon the perception is so
strong that we may speak about the motivation-perception structure or about motivated perception.

A state of motivational preparation may increase the perceptive efficiency or it may have
negative effects such as false identifications, misrepresentations and transformations of per-
ceived stimuli, etc. Furthermore, motivation is a factor of perception selectivity: the individu-
als tend to select the information they are interested in or they like and to ignore those they dis-
like, which produces, as we will see, numerous errors in the carrying out of the problem tasks.

Also, by virtue of the need of cognitive equilibrium, the individuals tend to “perceive”
more than the place of information offers. These persons add to the perceived information
everything that seems adequate in order to match the current interpretations and significance
with the preceding ones, so that their system of knowledge elements to be more tolerable,
uncontradictory and understandable. Or, this is done to the prejudice of the authenticity of
knowledge, especially in navigation conditions, where the information is often contradictory,
surprising, comparatively with the preceding knowledge, etc.

» Motivation and success/failure. People are different from each other in term of per-
formances and of the motivation they have regarding the success/the failure respectively. Thus,
the strongly motivated ones seek harder the success, they are more assiduous and combative,
they set themselves much higher standards of performance they are very efficient in solving
the problem tasks, but they may make mistakes in solving stereotype tasks.

An important implication in taking assessment of responsibility, for the management activ-
ity in general, is represented by the fact that these individuals underestimate the failure, con-
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sider themselves less guilty — than they really are — There is even the risk that some structures
of maladaptation to be formed in the functional relations’ plan.

The operators with a predominant motivation to avoid failure intend not to make mistakes.
They set themselves lower standards of activity, they carry out well the stereotype and unique
tasks, but they act incorrectly as far as other tasks are concerned.

* Emotional stability. Understood as a capacity of the individual to resist to the influence
of some strong emotional factors, is a central variable that defines the seafarer’s efficiency, irre-
spective of his obligations. A seafarer, an operator with a deficient emotional stability (related
with other factors of personality), in situations of over solicitation, manifests as lacking vigi-
lance & concentration, mental confusion, hesitation and decisions, involving maximum effort
and minimum results, trite thinking and stereotype.

And vice-versa, strong emotional stability bestows efficiency to thinking, lucidity, creati-
vity, decisions involving minimum risk and effort and maximum results, etc.

* A complex factor that includes to a varying extent the factors mentioned above is the level
of the accepted/permitted risk.

The objective situations a ship encounters — navigation risk areas, intense traffic, etc. — sup-
pose a certain level of existent risk, a certain possibility that accidents might occur. According
to the calculated and accepted risk by the masters (bridge officers), the corresponding safety
measures are taken.

The higher the acceptance level is — when certain measures should be taken — the greater
the probability of accidents.

The correct evaluation of the risk and its level of acceptance is a factor depending both on
the psychological structure of the seafarer and on his professional experience. Thus, a large
professional intormation, a vast management experience, rapid and profound thinking, a series
of personality features (self possession, courage, lucidity, collaboration spirit, confidence in his
own possibilities, rational prodence) contribute to the formation of a balanced personality of
the master, able of taking adequate decisions.

 The abusive utilization of the navigational radar may be an effect of the lack of self-
confession, of a predominant motivation of avoiding the failure, etc. It represents a risk factor
especially by deciphering and incorrect interpretation of the signals. Thus, it is known that the
error in azimuth diminishes from the center to the outskirts with c/a. 50% and the on in the dis-
tance determination doubles.

The error in azimuth in smaller for 0°, 90°, 180° and 270° and bigger for 45°, 135°, 225°,
and 315°. Yet, generally, the biggest errors in the azimuth are in the lower part of the screen.
The errors in distance are smaller along the horizontal direction (90° — 270°) and bigger along
the vertical one (0° — 180°).

The correlation of the RL data with the visual observance ones (for immediate distances),
with the data coming from other ships sailing in the area, or from other sources, makes the pre-
cision in determining the “target” to increase.

* The prejudice that there is no danger within the known area is also a complex factor
that includes many variables of personality analyzed above. Thus, it is surprising that almost
10% of the accidents occur in well-known navigation areas.

It has been noticed that the better the area is known, the more frequent the seafarers — espe-
cially the younger ones — have the belief, the erroneous certainty that “nothing can happen to
me here”. In such situations, the concrete conditions, the modifications or the new elements are
not taken into account anymore but the proceeding formed representation, how the area has
been previously known. The seafarer does not consider anymore a real signal because this con-
travenes his subjective expectations. It is remarkable the fact that both “ADMIRAL NAHI-
MOV” and “EXXON VALDEZ” produced accidents in well-known navigation areas, their
masters leaving the bridge (deck) after having given some advise to the bridge officers, just
because “nothing could happen”.
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* Finally, of similar complexity as the previous factor, is the along navigation.

On the way back — especially when activities that require maximum solicitation have been
carried out — the mentality according to which the “voyage is over” or “the tasks have been -
completed” may establish and the responsibility decreases. Thus, on the bridge deck few sea-
farers remain (along navigation), the watchkeeping (observance) is superficial, etc. (for
instance the “PETR VASEV” case).

The brief survey of the complex variables of personality argues the fact that the errors of
some operators cannot be explained just by the lack of some aptitudes of by a weak develop-
ment of the others, but by the resort to complex structures of personality, with the value really
determinative upon the performances.

2.3 The current psycho-physical condition of the operator

This category includes factors with a better-known influence, even quantified, on the oper-
ator’s efficiency, thus:

* Weariness and over-exertion. The number of errors increases as the weariness is accu-
mulated and stored (over-execution). Also, when tired, the tendency of giving up in front of the
difficulties accentuates.

* Tranquilizers in excess may favor the errors, both locomotory and intellectual;

» Stress in not an obligatory presence anymore on the field of battle or in the activity of all
operators, but probable enough.

It has been noticed that:

» In situation of stress, decisions are taken before all the alternatives are analyzed (because
the attention is restricted).

* The preoccupation for looking for further information decreases and the resort to an ana-
logical reasoning of a previous experience generates stress.

* Having at disposal a rather short time for taking a decision, and the action of the stress-
ing factors being so rapid, the operator chooses an actionable alternative which eases the situ-
ation although for a short period of time.

* Due to the sam reasons, the operator seeks with frenzy a way out of this stressing situa-
tion and keeps on changing the decision, according to the new possibilities.

From the analysis of the three categories folows that the error in the operator-technique
systems is multideterminated (see figure 3), because it is the results of the inter-contidioned
action of more variable (features) of personality, hence the conclusion that the preventive
actions are as complex.

Operator’s activity > Correct action

Error

[ 1

: Psycho-physical
Psychical processes Psychic features condition
l |

Figure 3 The multiple determination of errors in the operator-technique sistem

90



3. PSYCHOLOGICAL ERRORS IN DECISION TAKING

Psychological errors in the operator-technique system come from the mechanism of influ-
ence on the operator’s efficiency by the personality variables mentioned above.

The most importnant — and also the least known — manifest in the problem tasks solving,
thus:

* Error of tolerance (acceptability). A modality of action in chosen just because it is ea-
sier to handle;

* The effect of illusory-correlation. If the operator had a similar problem in the past which
was successfully solved using this method, then he has the illusion of a sufficiently typical con-
nection. That is why, discovering that the new problem is similar with the previous solved one,
the operators may use this method without a close examination of the new problem. Or, this
sort of transfer is not always valid.

* Conflicting inertia (knowledge conservatism). The operator takes a decision, but he is
still receiving information that, objectively, would require the revision of the decision.
However, he does not want to change his decision and ignores the new information, which is
inconvenient for him (defending mechanism against the cognitive discordance)

* Conflicting change. The operator chooses the alternative that draws more his attention
but not considering an essential parameter for the solving of the task.

* Knowledge radicalilsm. He gives a great importance to the new information, although
they are not so important. The operator give up his previous decision and takes another one,
etc. Or, it seems that an acceptable decision is more efficient than a perfect but temporary one,
although, practically, it is not functional.

 Hyper-vigilance error. Is complex, partially including the preceding errors. Panic-strick-
en for one reason or another, the operation desperately searches for a solution, making use of
minimal optional criteria, operates unimportant modifications, when radical ones would be
necessary, decides according to what the majority wants and gives a great importance to the
analogies with the past, etc. The operator wants by all means to show that he is taking action,
this being self-amenable decisions.

* Inadequate optimism. The alternative that seems the most useful and appreciated as the
easiest to complete;

* Tendency error. Appears when the operator is obliget to take action in emergency situ-
ations, when he has to eliminate the danger. All his attention is focused on the factor that
alarms him, ignoring other factors, apparently insignificant or harmless, but very useful in the
solving of the task.

* Defensive ilusion. Consists of the delay of decision, of the transfer of responsibility upon
other people, or of construction of some imaginary reasoning which is meant to exonerate the
operator from the possible negative consequences of his decision.

* Over-determinate decision error. The operator has the tendency to keep on looking for
more information, because this strategy brings back his confidence. Yet, the price for the
increase in confidence is the extension of the time for taking a decision and the decrease in pre-
cision.

4. DIRECTIONS OF ACTION FOR ERROR PREVENTION IN THE SOCIO-
TECHNICAL SYSTEM

In principal, the directions of action for the prevention of errors in the socio-technical naval
system are:

* The selection of the personnel using multiple psychological criteria and also considering
the complex structures of personality. It is known that the selection and the distribution of the
personnel in military specialites according the some psychological criteria represent consider-
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able advantages. The cost of the pesonnel training reduces by 30-40% and the training time is
shortened 20-30% without diminishing its efficiency. The possibility of breaking the technical
systems because the operators reduce by 40-70% and, generally, the capacity of man of acquir-
ing superior deferent levels of speciality can be estimated with a probability of 80%.

* Drills in specific conditions: it is admitted the fact that the precision of decisions increas-
es along with the experience and in can be practiced; as an effect, the operator will adopt a vig-
ilant behavior; he will search for relevant information, he will assimilate it in a controlled form
and will estimate carefully the alternatives before taking a decision;

* The rational organization of work;

» The acquirement and the improvement of euristhic thinking, the operators’ training in a
perceptive that aims at complex fight and often chaning situations, with unlimited possibilities
of training methodology improvement, represents not a universal panacea, but a realistic strat-
egy; if not the only one.
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Abstract

The willingness of practitioners to participate regularly in updating courses is crucial to
maintaining and enhancing their professional knowledge, competencies and skills. In order to
minimise the risk of professional incompetence being cited as the cause of marine accidents,
suitable courses must be provided in a guise which practitioners are willing to attend, and as a
prelude to devising and providing courses, it is essential to understand how maritime profes-
sionals perceive the role of updating courses. A review of the perceived updating needs of
practitioners from a range of industries is also presented as a benchmark. Results of a recent
survey of the perceived professional updating skills requirements of postgraduate alumni from
Masters level courses in International Shipping and Logistics at the University of Plymouth are
reported, in which risk management emerged as a common concern. Their perceptions of the
attractions and barriers to attending suitable updating courses are discussed, along with other
concerns which they raised in this context. Finally, the paper concludes with a review of the
implications of the experience at Plymouth and elsewhere, for ensuring that as many maritime
professionals as possible are attracted to courses which maintain and enhance their skills base,
thus reducing the risk of future marine accidents due to professional incompetence.

Introduction

The willingness of practitioners to participate regularly in updating courses is crucial to
maintaining and enhancing their professional knowledge, competencies and skills. In order to
minimise the risk of professional incompetence being cited as the cause of marine accidents,
suitable courses must be provided in a guise which practitioners are willing to attend, and as a
prelude to devising and providing courses, it is essential to understand how maritime profes-
sionals perceive the role of updating courses.

Up to 80 per cent of all marine accidents have been attributed to human error (Donaldson,
1994,72), and in turn most marine pollution (Donaldson, 1994, xxv). Although it is “always
idle to seek to change human nature... the answer to the problem lies in working with it and
seeking to provide incentives and encouragement for the adoption of the highest standards at
every level.” While Donaldson showed how a safety culture affording safety issues a high pri-
ority in both the boardroom and the ship was the surest way forward, the need to “encourage
and support” the best companies in managing their responsibilities implies a need for updating
courses to support them. Managers need educating in new risk management procedures in
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shipping, no longer based on sets of prescriptive rules, but rather on risk-based inspections
which guide maintenance priorities, risk based classification rules and Formal Safety
Assessment (Matthews, 1999). Under this approach, the costs and benefits of proposed leg-
islative changes are systematically evaluated in order to balance safety and cost concerns.

This paper explores models showing how continuing professional development (CPD) has
assisted practitioners in other professions, and reports on a survey of the attitudes of postgrad-
uate alumni from Plymouth shipping courses towards updating short courses. The role of such
courses in providing the encouragement and support for both individuals and organisations
which is needed to nurture a safety culture is also considered. The needs for updating courses
are reviewed, reflecting organisational changes promulgated by a dynamic global economy,
external professional stimuli including the need for CPD, and many hidden benefits to partic-
ipants, including benefits to course providers as evidenced by a “Teaching Company Scheme”.
The challenges of an era of lifelong learning, including its benefits as evidenced by the “Work
Keys System”, issues of how to promote such schemes, and the need to provide adequate
recognition of CPD are discussed. The methodology and details of a survey of the attitudes of
Plymouth postgraduate alumni towards updating courses are outlined, and the results are con-
sidered in relation to the expressed preferences of alumni in terms of course content, the rea-
sons why such courses might attract them, and any barriers to attendance which they perceived.
Finally, ways in which the gulf might be bridged between what is professionally desirable and
the existing CPD activity of those surveyed are considered, as a possible ways forward towards
propagating a marine safety culture.

Continuing professional development in related professions

The impacts of external global economic, legal and technological stimuli which may
occasion change in maritime organisations, with all their attendant risks of operational fail-
ures and even accidents during transitional implementation phases, are well known. One way
to minimise such risks is to study and learn from useful models for implementing cultural
changes in other organisations, elsewhere in the supply chain, which have been developed.
Staff training plays a vital role in implementing organisational change, and attention to the
behavioural elements of managing the dynamics of change in the supply chain is known to be
crucial if an initiative is to succeed (Easton et al, 1998). For a new organisational culture to
develop to match a new strategy, it is essential to be sensitive to and manage human resist-
ance, and to enable people to develop and re-skill. Systems of working procedures need to
be designed and adopted, different types of decisions may need to be made in different ways,
new infrastructure involving new information systems may be required, and usually, ongoing
services must continue to function whilst the new regimes are established, without any breaks
in operations.

In order to begin to change an organisational culture, comprehensive change and develop-
ment training programmes are needed, which commence with re-orientating key change lead-
ers or change agents who will promote changes amongst their peers. As a priority, their group
communication and presentational skills may need enhancing, in order to encourage them to
lead discussions and feedback progress to senior staff. Change leaders need to be enabled to
know when to intervene in the change process, implying that they may need training in organ-
isational behaviour and the psychology of change. Eventually, as change leaders move into
new positions, they will require broader leadership skills, and may also need to understand and
be able to communicate with other skills groups who are also involved in the change process.
Beyond the change leaders, all staff will require training in how to perform new tasks, and
work with new personnel, and new performance and reward structures will need to be devised.
Simulators and other advanced technologies may be able to fulfil some of the training func-
tions where the costs of incorrect actions by operators may be catastrophic. At sea, where the
risk of loss of life, or serious environmental or economic loss is very real, these approaches
have proved invaluable.
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In the engineering professions for example, external professional developments have
forced substantial strides towards defining effective strategies for ensuring that successful con-
tinuing professional development (CPD) programmes are implemented (Senior, 1995). By
promoting the ongoing maintenance and enhancement of professional standards, it is envi-
saged that the probabilities of professional incompetence being cited as the cause of opera-
tional failures should be minimised. In particular, the issues of attempting to establish a learn-
ing culture through the promotion of CPD are well defined. Problems of smaller organisations
which lack the resources to promote such schemes, with the onus for competence acquisition
becoming focused on individual employees, are overcome through public standard setting
agencies which are required to ensure that standards are maintained. It is important to persuade
individuals that CPD is not merely a response to change, but should be pro-active in driving
the change process both within themselves and within their organisations. The promotion of
CPD necessitates an appeal to both the professional responsibilities of individuals to seek to
continuously update, and the provision of an attractive and flexible set of activities through
which to do so. The issue of setting standards involves individuals managing their own CPD,
but also recording their achievements and supporting the learning of others where possible.
Activities that contribute to development are wide-ranging and can include making presenta-
tions and writing papers, attending professional meetings and seminars, attending formal
courses or distance learning programmes, and self-study or special secondments. Although var-
ious accreditation processes for measuring the attainment of learning outcomes are possible,
the issue of recognition, and hence providing sufficient motivation with which to encourage all
professionals to participate, has been problematic. Especially where membership of a profes-
sional body is not integral to the right to practice in an occupation, it is essential that each
employee feels that they can both define their own CPD activities and requirements, and also
own the whole process, if it is ever to be really effective. The key to the success of a scheme
depends on being able to motivate all professionals to participate and continuously upgrade
themselves through participation in the scheme.

Hidden benefits, over and above the tangible increases in the competencies of course mem-
bers or reduced accident risks to the organisations employing them may accrue to all stake-
holders participating in the updating process, including academics or other providers of cours-
es. Some experience relevant to specialist marine education has been reported in partnership
schemes, including one between the local university and the Devonport Royal Naval Dockyard
. at Plymouth (Burns, 1996). Under this so-called Teaching Company Scheme (TCS), three
stakeholders including the company, the individual and the university were defined. Benefits
to the latter, although arguably less tangible than to the other two participants, were substan-
tial. New teaching materials acquired included a rich source of case studies and tutorial exam-
ples, and the company also provided visiting lecturers and hands-on problem contexts within
which to contextualise challenging student projects. TCS Associates were encouraged to regis-
ter as postgraduate students on higher degree courses, with the courses themselves benefiting
from being more closely structured around workplace requirements, where modules of study
were readily repackageable into flexible formats available for other users including short
courses. In addition, there was scope for Associates to register for doctoral research, thereby
raising the profile of the department concerned. Involvement of academics in the scheme con-
tributed to their staff development, in addition to providing experience to assist in other course
developments at the university, financial benefits through equipment transfers, and welcome
contributions to academic salaries. The TCS provided one scheme under which, although the
number of Associates gaining direct training was finite, each partner gained substantial tangi-
ble benefits raising their operational competence, plus other less tangible benefits.

The “Work Keys System” was devised in the United States as a response to the realisation
that “education and adult life, especially work, are consecutive rather than concurrent”
(Ferguson, 1995). In a lifelong learning environment, it is understood that traditional educa-
tional programmes must adapt to prepare their participants more fully for the world of work,
and also that new partnerships will be needed between industry and institutions of higher edu-

95




cation to cater for the ongoing educational needs of employees. Academic diplomas must cease
to be viewed as entry-level gateways to employment, where a gap has developed between the
occupational skills requirements and the outcomes of educational courses. In a new tripartite
arrangement, academics must be able to develop flexible approaches to learning which match
employees’ specific needs; employers’ roles in defining curricula are likely to increase, and
learners need to know what is required of them. The Work Keys System was devised partly to
encourage a common meaningful vocabulary between industry and academia. In this interac-
tion, terms were redefined, where the term “reading” for example ceased to represent a literary
exercise based on impressions and opinions, becoming rather an exercise in the use of infor-
mation in a problem-solving setting. Following on from this dialogue, workforce skills could
then be upgraded. Job profiling, a process in which the various skills and competencies
demanded by a particular job are defined, was linked with assessments of the skills and abili-
ties of potential incumbents of the role, before targets for their instruction were defined which
would enable them to fulfil this role. In the process of recording participants’ progress during
training, information on the skill levels attained by individuals was reported. Reporting also
included normative reports of group performance, and any additional information which linked
the individual’s choices, experience and reports of any help they might need in acquiring new
skills to gain suitable employment. Using this System, as new skill requirements are defined
by the workplace, so new sets of skills can be recognised and refined, and the potential
demands on individuals seeking to acquire them can be communicated to workers. These skill
sets include both generic and job-specific skills, but at any level, clear progression to the next
level is evident for all that seek to attain them. For any individual in the scheme, learning
becomes a lifelong process, maximising their ongoing operational competence, and minimis-
ing their accident potential.

Unless employees can be encouraged to participate in training, their risk potential may
increase. The problem of promoting lifelong learning has been addressed through a tripartite
strategy of co-operation between a university, individuals and a company (Otala, 1994). A
“competence to develop” strategy was afforded by the link between the university and the com-
pany; “strategic capabilities” were provided by links between the university and the individual
through lifelong learning, and “operational capabilities” were provided by links between indi-
viduals and the company. Lifelong learning can represent a form of human recycling in which
the individual is reinvigorated, although in the times of increasing job uncertainty, public
accreditation of company training schemes becomes essential. In order to establish the part-
nership between organisations and universities, they need to work jointly together to establish
strategic training needs, and analyse the training and education requirements. Counselling may
be required, as may collaboration with individuals, before decisions are taken regarding the
channels with which to distribute the educational process. Networking also assists in helping
industry to define its ongoing training requirements, before eventually developing effective
educational services and finally finding acceptable means of accrediting them. Taken togeth-
er, these approaches could promote lifelong learning through satisfying the development and
updating requirements of all three parties involved.

The issue of defining a suitable framework for recognising lifelong learning has been
debated and operationalised even at the most august universities (Hendry and Waltham, 1998).
Traditional provision of short courses, which afforded technology transfer and hence develop-
ment of a competitive advantage for businesses at Cambridge University has been supple-
mented by attempts to develop longer-term relationships with organisations. The process of
developing rather than training employees involved them in managing their own learning, and
devising a system for recognising such learning proved essential. It was necessary to develop
flexible learning programmes which were not dependent on external academic qualifications,
which were tailored to the needs and study patterns of particular individuals. A “Mastery of
Best Practice” system, company-specific, recognised the need for individual development
plans, where each employee set their own targets, prioritised their development needs and iden-
tified their learning opportunities. Individual learning needs were defined in relation to corpo-
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rate strategic objectives, and the employee’s role in relation to them, accompanied by compa-
ny-wide competencies defined in precise developmental needs terms. Courses were supplg—
mented by on-the-job training, self-study and discussions aimed at developing skills and atti-
tudes. Although awards for achievement did not afford global academic accreditation, they did
have meaning within the corporate environment, and could be supported by an academic insti-
tution. Those participating in such schemes created their own specialist knowledge, and aca-
demics merely facilitated such a process, enabling professi_o?als to become part of the com-
munity of scholars, rather than mere erstwhile observers or visitors (o a traditional short course.
The commitment and ownership of individuals and companies to such personalised learning 1s

surely of the type needed to minimise accident risks.

Methodology

In an attempt to devise an updating short course suitable for Masters Level alumni who had
graduated from courses such as that offered in International Shipping and Logistic.s at the
University of Plymouth, an international survey of the current perceived training requirements
of former students was conducted. A questionnaire was mailed out to almost 300 alumni who
had been registered on courses which had run since 1975, although the contact addresses of
many of them were inevitably no longer current. The format of several of the questions asked
was open-ended, enabling respondents to express answers in their own words, and this neces-
sitated qualitative data analysis of these replies using quantitative content analysis (Millward,
1995). This process involved analysing the verbatim statements of respondents and “tagging”
particular concepts, and then recording and reporting the frequency with which each concept
was alluded to, with statistical analysis proving inappropriate beyond reporting these basic fre-
quencies. By way of contrast, the format of questions addressing other issues, pertaining to the
potential content and topics which might be covered in short courses, involved respondents in
being requested to rate particular subject areas and topics within them as being of high, medi-
um or low interest. Data reported here included the combined percentages of responses in the

former two categories.

Survey

The survey requested details of :

¢ short courses attended by respondents in the last two years

¢ the main reasons why respondents had attended short courses

* the main reasons why respondents might wish to attend short courses provided by their
old university

» professional bodies which respondents were members of, and any attendant CPD
requirements

* their preferred location, duration, timing and mode of attendance at short courses

* ratings of the desirability of the potential subject matter and content of short courses
which they would wish to attend, included under six broad headings, each subdivided in
turn into 10-12 topics.

Preferred course content

In order to assess the topics of interest to potential attendees at short courses which might
be provided, they were asked questions about actual courses which they had attended recently,
and the characteristics of courses which they might seek to attend in future. Of the 31 alum-
ni who responded to the survey, half had attended some form of short course in the previous
two years, with an average attendance at one course per year each, and a wide range of course
providers had been involved. The introduction of ISM codes was the major single theme of
courses which they had attended, affecting some 40% of those who had been on courses. The
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topic of auditing was the second major theme, covering 25% of courses attended, but otherwise
the lists of course topics attended were very broad. Half of the courses which they attended had
lasted 2 days, with the rest of between 1 and 5 days duration, and employers had funded atten-
dance at two-thirds of the courses.

Details of the content of courses which potential attendees might be attracted to are shown
in Tables 1 and 2, where the percentage of respondents who recorded topics as being of either
high or moderate interest to them is shown. This information gives some indication of the con-
cerns which they were feeling at the time of their response, with concerns related to risk pre-
dominating. In the financial section, concerns over a single European currency and falling
interest rates may have influenced responses, but with both implying uncertainty over profit

Table 1. The percentage of respondents as least moderately interested in the topics shown.

1. International Financial Management for Shipping

% of respondents

Hedging techniques for currency risk management 88
Commercial risk in international shipping 71
Interest rate risk management 70
Hedging shipping market risk 67
Credit risk in shipping 61
Forwards, futures and options in currency risk management 59
Forward Freight Agreements 55
Currency risk management in liner shipping 50
Hedging bunker price risk 45
2. Business Systems and Operational Research
Risk analysis in shipping and logistics 87
Techniques for structuring business problems 78
Updating of spreadsheet skills 69
Soft systems in shipping and logistics 65
Game theory and shipping business 65
Systems dynamics in shipping 64
Investigating shipping problems in developing countries 61
Techniques for routing and scheduling 61
Decision theory in shipping business 54
Modelling congested systems 4
Using mapping techniques to structure problems in logistics 43
3. Strategic marketing and management in shipping
Strategic choice in shipping 82
Strategic evaluation in shipping 82
Strategic direction and strategy formulation 81
Information and control in international management 77
Market auditing / SWOT analysis 77
Human resources management in shipping 73
Strategic implementation and control 73
Planning, policies and strategies in shipping 68
Organisation and structures in shipping companies 59
Theory and practice of ship management 59
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Table 2. The percentage of respondents as least moderafely interested in the topics shown.

4. Issues in shipping law % of respondents

General average 76
Marine Insurance 75
Arrest of ships and maritime liens 75
Limitation of liability 75
Ownership, registration and mortgaging of a ship 71
Admiralty Jurisdiction 71
Salvage 71
The ship within public international law 67
Port State Control 67
Safety conventions 66
Pollution conventions 66
5. International Logistics
Global supply chains 61
The impact of policies of world trade organisations 60
Enterprise resource planning 57
Through and combined transport 57
Law of international “non-marine” transport. 56
Third party logistics 52
Logistics in developing countries 48
Insurance in international logistics 48
Structure and organisation of marketing channels 47
Multinational corporations vertical marketing systems 43
Logistics in Eastern Europe 43
6. International Physical Distribution
Law and legislation in the handling and movement of goods 86
International trade communications systems 67
Commodity characteristics and classification 67
Hazardous and dangerous goods. 66
The law, technology and commerce of intermodalism 66
Developments in handling systems and unit loads 62
Materials handling management 58
Materials classification systems 52

margins they could potentially stimulate cost cutting measures with implications for accident
risks. A concern to quantify such risks, in turn demanding an ability to structure complex prob-
lem contexts, and upgraded spreadsheet skills is also apparent, along with an interest in game
theoretic computations of the payoffs associated with particular strategies. Logically, given
these concerns, the need to be able to formulate, evaluate and make strategic marketing choic-
es with which to be able to respond to these uncertain conditions is also a priority. Associated
legal issues, including liens, insurance, general average and liability are merely extensions of
the same basic concern to manage the initial sources of risk. Related to this are concerns over
the legal elements of handling and moving goods, but other elements of international logistics
are more limited concern in this particular context. This prime concern of managers to equip
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themselves with the skills required to handle risk represents a genuine willingness to ensure
that the conditions under which accidents can be minimised are likely to pertain. The respon-
sibility of course planners is to harness this willingness and find the most effective means
towards enabling managers to acquire and hone new skills as quickly as possible. Part of this
process involves establishing the factors which will entice them to attend suitable courses.

Table 3. Some verbatim replies to why alumni wished to attend short courses.

What are the main reasons why you wish to attend short courses?

The frequency of responses are shown in parentheses (3).

To keep up with recent developments (7)

To improve my know how (6)

To gain new professional knowledge (5)

A need for ongoing training and academic support to my professional career
I only have time to attend short courses to upgrade knowledge

Updating in management techniques and issues
To develop a higher professional standard

To catch up with innovations in the shipping industry

To get an update on the shipping environment, improve my knowledge of
stocks, and broaden my views on shipping business

Direct added value to my employment

Corporate reorganisation and a new IT system created a need for training

Part of my graduate training includes a course preparing me for
examinations of a professional body.

Perceived benefits of attending courses

Table 3 summarises some of the verbatim responses and qualitative content analysis of
replies by alumni wanting to attend short courses. Although a desire to update knowledge fea-
tured as the prime concern, the desires to deepen and broaden their professional knowledge and
understanding were also apparent. In some cases, all three were present for one individual,
although these were not necessarily the causal reasons for seeking to attend courses. Cases
were cited of organisational restructuring occasioning a need for new skills, a desire to add
value or be more effective in their employment, or a desire for professional development or
achieving the professional requirements of a professional body. These reasons for attending
updating courses indicate that course providers must cater for a broad range of individual
needs, creating a challenge to channel them into an effective and attractive format which is able
to meet these needs.

One third of respondents were currently members of a professional body, of whom only
one half were undertaking some form of CPD, with this activity including attendance on cours-
es, giving lectures and seminars, research activities and private study. The gulf between the
realities of the actual CPD activity of practitioners as surveyed here and desirable levels as
indicated in the literature review, indicates a need for initiatives to raise awareness of both the
importance of such activity, and the ways in which it might be conducted among professionals
in marine studies.

Bearing in mind that this was a survey of alumni, and hence respondents were already
familiar with activity at Plymouth, many were attracted by the desire to return to this particu-
lar learning environment in order to satisfy their current perceived study needs (Table 4). Of
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Table 4. Content analysis of the reasons for wanting to attend short courses at Plymouth

What are the main reasons why you wish to attend Frequency of responses.
short courses in Plymouth?

The university has a good reputation in shipping 10

The university offers me an opportunity to acquire new 8

knowledge through providing high quality courses

[ am familiar with the university, and my earlier 8
experiences were good

To revisit the university and renew old friendships 6

The university offers me good facilities 4

It is a pleasant location 4

over riding importance was the technical reputation of the university in shipping as an aca-
demic discipline, acknowledging a desire to receive high quality tuition. The same point was
evident amongst those seeking to acquire new knowledge, who expressed a concern to partic-
ipate in what they perceived to be a high quality learning environment. The issue of familiari-
ty with the learning environment was expressed in two ways, including those whose earlier
experiences had been good, and those who were more influenced by a social desire to revisit
and renew old friendships. Finally, and of less moment, were perceptions of good facilities or
a pleasant location within which to study. Taken overall, even for returning alumni, these per-
ceptions indicate that the perceived technical competence of the institution was considered to
be paramount, including issues relating to its subject reputation, and the quality of lecturers and
facilities. Issues of personal familiarity were important but secondary, and perceptions of a
pleasant location were alluded to by some respondents. Although knowledge of the attractions
of courses to managers is an essential input to their design, it is also essential to know what the
barriers are which might deter potential attendees, in order to ensure that participation is maxi-
mised.

Perceived barriers to attending short courses

Cost, including both travelling and other costs, was the most frequently stated barrier
which might deter respondents from attending short courses in Plymouth (Table 5), concern-
ing almost half of those surveyed. Second to this, the distance required to travel to the univer-
sity was significant, although many had attended short courses overseas previously. An inabil-
ity to take time away from the workplace was linked with the issue of cost for some respon-
dents, in turn linked with issues of explicit course relevance for a couple of alumni. Taken over-
all, it is clear that not only has a course to be perceived as “essential” by potential clients, but
the overall package, involving time away from the workplace, international travel and course

Table 5. Content analysis of barriers to attending short courses at Plymouth.

What are the main barriers to attending short courses Frequency of responses.
in Plymouth?

The cost of attending courses 15

The travelling distance to the university 12

Inability to take time away from my workplace 7

I can only attend if courses are absolutely relevant 2

to my work situation 2

There are no barriers at all 1
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fees must be viewed as representing good value for money for them to realistically consider
attending. This again raises issues of a need to market courses clearly, and to ensure that once
in the classroom, the maximum use is made of what precious contact time is available in order
to raise its behavioural effectiveness in the workplace.

Conclusion

This paper examined the attitudes of one group of practising postgraduate alumni in shipping
in order to explore their perceived requirements for updating short courses. In seeking to work
with, rather than change their human nature, as advocated by Donaldson, this study explored the
possible content of courses which they would wish to attend, and investigated some of the attrac-
tions and barriers to their attendance at suitable courses. Expressed topics of interest included ele-
ments of risk assessment and management, including financial considerations, methods for explor-
ing complex problem contexts and quantifying risks, spreadsheet approaches to risk analysis, and
issues of strategic marketing were also raised. The main barriers which might prevent managers
from attending courses included time, distance and cost, each of which imply a need to develop
either more flexible modes of delivery for CPD, or special incentives to encourage attendance on
courses if practitioners’ participation rates are to be increased. More flexible forms of CPD could
include workplace staff development, which might affect the commitment and ownership of the
change process by individual employees, or distance learning formats for courses, which could
dilute their impact on developing social skills or attitudes which may reduce their behavioural
effectiveness in accident reduction terms. If it is desirable that more shipping managers from a
broader functional base attend formal courses regularly, then the ongoing monitoring and accred-
itation of practitioners in particular CPD activities, in turn stipulated as requisite conditions for the
granting of ongoing certificates of professional competence is possible. However, by reducing the
personal ownership of such activity by individuals, this approach may also reduce its impact on
operational effectiveness. Alternatively, if the cost-effectiveness of attendance at courses could be
demonstrated, financial incentives possibly in the form of grants to attendees or their employers
awarded by national or supranational bodies might raise participation rates.

The impact of course attendance on the workplace effectiveness of individual managers and
hence accident reduction rates has not been discussed here, but the general positive effects on
morale and motivation are likely to have knock-on effects in reducing human errors due to low
morale or outdated knowledge. If CPD in an era of lifelong learning could be regarded as proac-
tive, leading the organisational development and change processes, its perceived attractiveness
would also rise. Experience in other professions indicates that a dialogue is required involving
academia, industry and individuals from late adolescence to retirement in redefining the nature and
content of educational provision for the maritime industries. Teaching Company Schemes for
aspiring managers have proved beneficial to all parties involved and customised workplace staff
development schemes have also proved effective, although the issue of finding appropriate record-
ing and recognition of training remains. There are considerable grounds for optimism concerning
both the range of CPD schemes which could be devised and the willingness of individuals to par-
ticipate in them, and their potential for accident reduction. However, the precise mechanisms
required to mobilise the resources needed to translate these schemes into positive CPD activity,
and the form of any sanctions applicable to those failing to comply must be defined before the ben-
efits of reductions in operating losses are reaped. One part of the process of developing an effec-
tive maritime safety culture will surely involve individuals engaging in lifelong learning regimes,
with regular participation in short courses forming a useful component.
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Abstract

The main focus of the presented paper is concentrated on the use of physical and virtual
models, of ship electrical power plant generally called simulators, for improving emergency
preparedness of trainees, i.e. students and engine room officers.

The ship electrical power station plays a vital role in the operation process of the ship. An
appropriate quality of the produced, sent and used electrical energy is the basic requirement for
correct running of all ship technical systems, some of the IMO instruments, e.g. SOLAS con-
vention call on regulations related to this matter.

Starting from these requirements, a short description of the used simulators has been given.
Afterwards, the framework of learning program and training possibilities have been described.
Taking into consideration the chosen examples, among other in appropriate distribution of
active and reactive power between generating sets working in parallel and worsening the elec-
trical energy quality caused by damage of harmonic filter co-operated with shaft generators,
the consequences like emergency situations will be shown. Some conclusions and proposals
for avoiding such dangers and, first of all, for paying attention to such situations during the
educational process will be formulated.

1. INTRODUCTION

The ship electrical power station plays a vital role in the operations process of the ship and
appropriate quality of the produced, sent and used electrical energy is the basic requirement of
correct running of all ship technical systems [1]. Almost every failure of ship systems such as
propulsion or navigation carries the risk of a ship disaster being at the same time a threat to
human life and the environment.

The voltage and frequency deviations, distortions and voltage asymmetry may cause not
only the treat to safe operation of ship technical system but also additional energy loss and the
decrease of ship electrical equipment durability especially electrical machines and related
apparatus, e.g. elements connected with lighting and signalling [1]. It is worth to stress that
electrical motors installed in ship electrical system have to operate in unparalleled in land elec-
trical engineering conditions. Generally, motors in the considered system are supplied with dis-
torted asymmetric voltage of a considerably changing frequency and the rms value causes sum-
ming up the different additional energy loss.

Another problem is the necessity for free standing generating sets to work in parallel [1],
[2]. For safety reasons, it is necessary to maintain power surplus as a rule; it is 20% power of
a single generator while at regular sailing or greater when manoeuvring. That brings some eco-
nomic consequences in the form of the specific fuel consumption increase by a diesel engine
and the necessity of parallel work of generating sets. But the importance of proportionate load
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distribution plays a vital role just during manoeuvring, in difficult weather and navigational
conditions. The results of disproportionate load distribution between generating sets working
in parallel is, first of all, an apparent overload of one of the generators when there is still some
power margin left. As a result of current or active power overload of one of the generators when
the others are not fully loaded the disconnecting system which switches off the less important
loads starts operating (Meyer’s system) and when the load increases the overloaded generator
is switched of automatically by the main switch. In a situation when power surplus of the
remaining generators does not suffice to take over the load of the turned off generator power
supply disppears in the whole electrical power network, which can cause serious consequences
connected with safe operation of a ship [1], [2].

2.IMO INSTRUMENTS RELATED TO VITAL ROLE OF ELECTRICAL
EQUIPMENT

The wording “IMO instruments” [3], [4], [5], [6] covers conventions and protocols accept-
ed by the Governments of the Parties, which ratified them. In short, the principal purpose of
the instruments developed under the auspices of the United Nations International Maritime
Organisation (IMO) is to develop regulations to enhance the safety of international shipping.
Additional aims, i.e. pollution prevention and liability and compensation for maritime claims
are also included in the IMO’s list of responsibilities [4], [7]. Some of its most important
mandatory legal instruments, essentially international treaties, are SOLAS [8] — International
Convention for Safety of Life and Sea, MARPOL - International Convention for the
Prevention of Ship Pollution, COLREGS — Convention on the International Regulations for
Preventing Collisions at Sea, 1972 and STCW 1978 as amended in 1995 [1], [9], [10] —
International Convention on Standards of Training, Certification and Watchkeeping for
Seafarers.

Except for the above mentioned conventions there are other “IMO instruments” of differ-
ent character — numerous protocols, resolutions, guidance and circulars, which should be con-
sidered and respected.

2.1. Electrical, Electronic and Control Engineering in STCW’ 95

There are many electrical installations of items of electronic equipment so vital that the
safety of life at sea would be at risk if those installations or items of equipment failed, espe-
cially:

— main and emergency generators and power distribution system

— engine room alarm and automatic control system

— main engine control system

— steam plant control system

— manual and automatic ship steering

— gyro compass and repeaters

— internal ship communication systems

— fire detecting and alarm systems

— windlass control systems

The new training and qualifications requirements based on STCW’ 95 convention are taken
into consideration and introduced in the above mentioned aspects in the related chapter III, [1],
[4], [6], [10] under the function “Electrical, electronic and control engineering”, at the opera-
tional and management level, respectively.

In appropriate tables of the cited IMO instrument, the competence, range of knowledge,
understanding and proficiency, and also methods for demonstrating competence and finally cri-
teria for evaluating competence are presented [1], [4].
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2.2. Electrical installations in SOLAS

In SOLAS Consolidated Edition, 1997 [8] we can note a special attention paid to electri-
cal installations.

Regulation 40 of Part D [8] refers to all electrical installations of the ship in normal oper-
ational and habitable conditions as well as under various emergency conditions. Additionally,
safety of passengers, crew and ship from electrical hazards is mentioned.

The next Regulation 41 is devoted to main source of electrical poser and lighting systems.
The capacity of configuration of main source is determined. Moreover, some detailed require-
ments concerning each of the generating sets under emergency situations, for instance “the
remaining generating sets shall be capable of providing the electrical services necessary to start
the main propulsion plant from a dead ship condition” (42.1.4) are formulated.

Also the requirements, when the emergency source of electrical power may be used for the
purpose of starting from a dead ship condition are presented in the above mentioned paragraph.
The paragraphs 42.2, 42.3 and 42.4 describe requirements for main and emergency electric
lighting system, main switchboard and main busbars, where the total installed electrical power
of the main generating sets in excess of 3MW, respectively.

The Regulation 42 determines emergency source of electrical power in passenger ships. This
emergency source of electrical power is defined under the assumption that, “the electrical power
available shall be sufficient to supply all those services that are essential for safety in an emer-
gency, due regard being paid to such services as may have to be operated simultaneously” (42.2).

Afterwards, some detailed requirements referring to the given period of time (36 hours or
half an hour) and given type of emergency source of electrical power (generator or accumula-
tor battery) are formulated. Another subparagraph is devoted to supplementary emergency
lighting for ro-ro passenger ship.

The Regulation 43, is similar to 42, and describes the requirements for emergency source
of electrical power in cargo ships.

Due to safety reasons very important issues re included in Regulation 44, concerning start-
ing arrangements for emergency generating sets. The last Regulation 45 in Part D of Chapter
II-1 of SOLAS [8] in connected with precautions against shock, fire and other hazards of elec-
trical origin. Summarizing, Part D referring to electrical installations of the ship describes con-
structional and operational conditions as well as formulates detailed requirements for this
equipment, especially paying attention to emergency situations.

3. IMPROVING EMERGENCY PREPAREDNESS OF TRAINEES OF
ENGINE ROOM DEPARTMENT REGARDING ELECTRICAL POWER
STATION OPERATION

In accordance to STCW’95 amended convention, the group of accepted methods for
demonstrating competence consist of, among others, “approved simulator training, where
appropriate” and “approved laboratory equipment training” [1], [4].

The main focus of the presented paper, is concentrated on the use of physical and virtual
models [6], [9], of ship electrical power plant generally called simulators, for improving emer-
gency preparedness of trainees. Basing the curriculum on this equipment and specialized lear-
ning program the trainees have possibilities to upgrade their fundamental knowledge concern-
ing the ship electrical power plant, develop operation skills and train on refresh their reactions
to emergency situations.

3.1. Simulator of ship electrical power plant
3.1.1. Physical model

In the educational process of engineers, serving as the officers of marine engine rooms, a
physical model of ship electrical power plant is used (Figure 1) [9]. This model consists of
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three generating sets in which the diesel drive of synchronized generators has been replaced by
adequately controlled DC motors, of different character adjustable load and main switch board.
A presented configuration will be soon development by shaft generator inclusion.

MAIN

ﬁ‘ BUS
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| GENERATING
SETS

| ' . MAIN |
’ GENI ‘, GENII :' GENII | BUS 1 LOAD MAIN
o | Bake | 'SWITCHBOARD
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Fig 1. Physical model of ship electrical power plant

The elaborated model of ship electrical power plant is based in the first place on a realis-
tic hardware layer since the purpose of classes is to familiarise students and course participants
with the physical aspect of the phenomena connected with ship electrical power plant running.

3.1.2. Virtual model

In order to widen didactic functions and make students work more by themselves this
model can be coupled with a virtual measuring system. According to one of the most fre-
quently used definitions, taken from National Instruments [11]:

“Virtual Instrument is a layer of software and/or hardware added to a general-purpose
computer in such a fashion that users can interact with the computer as though in were their
own custom-designed traditional electronic instrument”. Another version of the definition is:
“industry-standard computers equipped with the company’s user-friendly application soft-
ware, cost-effective hardware and driver software that together perform the functions of tradi-
tional instruments”.

According to Hewlett-Packard conception [11], the capability of using graphical software
and a personal computer for processing and displaying measurement results has been referred

to as “virtual instrumentation”.
This therm can be used to describe the following four areas [9], [11]:
* An Instrument System as a Virtual Instrument (VI)
* Software Graphical Panel as a VI
* Graphical Programming Technique as a VI
* Reconfigurable Building Blocks as a VI

More details about all the above mentioned areas describe “virtual instrument” may be
found in [9], [11]. It is worth to note, that considered “virtual instrument” is in fact a very wide
term, but finally main defined functions of VI software are: D/D conversion and data presen-

tation.
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Fig. 2 Ship electrical power plant aided by virtual measurement system

In the Figure 2 hardware structure of virtual system [9] for measuring selected operational
parameters of a ship electrical power plant that is voltages, current, power, frequency, cos ¢
and power factor with the use of original multi-functional measuring instruments [ 12] made by
Department of Ship Electrical Power Engineering of Gdynia Maritime Academy is presented.

Measuring data are taken from multi-transducers installed in selected components of the elec-
trical power engineering system. At present, software involving the virtual measuring system for
didactic needs is being tested.

3.2 Learning program and training possibilities for improving
emergency preparedness.

Learning program is based on the syllabus of studies for the specialization of “Ship Electro-
automation” leading to engine room officers diplomas, particularly oriented at eletrical engineer-
ing matters and in Poland Called marine electricion officers. This syllabus covers 35 subjects
amounting to 3890 hours at Academy and 9 months of sea practice. Full content of the syllabus
was circulated at the 30th of STW Sub-committee session as the Appendix to the document
“Education, training and certification of Marine Electrician Officers in Poland” [13]. The use of
simulators is especially recommended for subjects: ship electrical equipment, ship electrical
power generation and distribution, ship automatic control systems, marine propulsion systems
and auxiliary machinery and technical operation and diagnostics of ship electrical equipment.

The simulators presented in part 3.1 of this paper give wide possibilities for improving emer-
gency preparedness of trainees, in the context of SOLAS requirements [8] for ship electrical
power station operation. The following functions of ship electrical power plant are accomplished
during classes:

* Starting generating set

* Synchronization and parallel running of generating sets

* Frequency control and active load distribution of generating sets working in parallel
* Voltage control and reactive load distribution of generating sets working in parallel
* Checking main bus bars loads

Due to hardware layer a physical model of ship electrical power plant enables to train and
refresh all manual operations related to the above mentioned functions. At the same time, a ship
electrical power plant aided by measuring virtual system (software layer) gives new possibilities
for diagnostics and supervising the electrical power station operation.
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Built-in serial interfaces allow to send measuring data from transducers to the computer and
controlling signals from the computer to transducers. Software tools installed in a computer offer
a number of possibilities to use measuring results, often impossible to carry out in multi-trans-
ducers sets themselves [9]:

* analysis in output signals of measuring transducers in the virtual system enables to obtain

more, practically any processed, measuring information in comparison to the convention-
al method,

* graphic presentation of the selected data in 2D or 3D on the screen, what enables to link
causes and effects concerning operation of the specified elements of a ship electrical power

plant,
 simple determination of the required energy quality rating produced and used in a ship
electrical power engineering system,

* registration of the selected values according to the program determined by a system user
and trend analysis of their changes in the function of given variables, among others in 2D

or 3D.
All these properties may be extremely useful for improving emergency preparedness of
trainees.

4. EXEMPLARY EMERGENCY SITUATIONS, THE CONSEQUENCES AND
PREVENTIVE MEASURES

4.1. Improper distribution of active and reactive power between generating sets
working in parallel.

In order to determine the correctness of active and reactive power distribution between gene-
rators we needed the indications specified by measuring instruments of the Main Switchboard.
The best solution is a set which consists of kilowatt-meter and kvar-meter for each generator.
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Fig. 3. Measuring instruments’ indications and phasor diagrams for two generators working in
parallel in the case of:
a) uniform active power distribution and unequal distributed reactive power
b) uniform active power distribution and extremely incorrect reactive power distribution
(generator I gives up capacitive reactive power)
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Monitoring of the generator’s active and reactive loading can be carried out simultaneously.
Also, we can use a single meter with the possibility to switch from active power measurement to
reactive and vice versa.

In there is no kvar-meter the improper reactive power distribution between generators work-
ing parallely is difficult to spot.

In order to determine the reactive power distribution it is necessary to introduce parallely
working generators into a state of proportional active power loading. It means that if there were
two generators of equal rated power then we would get identical indications of kilowattmeters.
The improper reactive power distribution would be revealed by different indications of amme-
ters measuring the apparent current but not the active one.

Exemplary measuring instruments’ indications would be in the effect of such reactive
power distribution as shown in Fig. 3 [2].

Fig. 3b illustrates extremely incorrect reactive power distribution. Ammeter of generator II
indicates its overload at substantial margin of active power which could yet be applied to that
generator. Moreover, the generator, being current-overloaded, will be switched off by the mas-
ter switch of Mayer’s protective system will operate, and that will happen without any real
overload of electric power plant (i.e., at its apparent overload). Related characteristics U = f
(Q) of corresponding cases presented in Figure 3, when the generators’ characteristics do not
coincide the reactive power distribution proceeds, for instance, in the way shown in Fig. 4.
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Fig. 4. Improper reactive power distribution between generators working in parallel, of the same
rated power S ;=S ., but at different external characteristics of them 2

Worthy of note is the fact, that in case a) we have equal generator idle run voltages
Uy,=U,,, but different droop of the characteristics U=f(Q). The difference in reactive power
loading the generators is seen, 0<Q,<Q,, at a given reactive power loading electrical power
plant and working voltage U, identical for booth generators resulting from that. In case b) dif-
ferent generator idle run voltages and different droop of characteristic correspond. One of the

generators gives the capacitive reactive power of Q,<0 back to the electrical network, the other
— the inductive reactive power of Q,>0.

Reactive power distribution would be correct when at variable reactive power load in ship’s
electric network excitation currents of the generators change in the same way. Therefore exter-
nal characteristics U = f(Q) of equal rated power generators have to coincide and to effect cor-
rect reactive power distribution this way.

In order improve this situation, generally, the crucial step is to draw external characteris-
tics of booth generators to a common point, i.e. to level idle run voltage to the same value Uo,
= Uy, [2]. Proper active power distribution (set e.g. by hand) is a condition for correction to
reactive power distribution especially when kVar-meter is not installed and ammeters indica-
tions of parallelly working generators are the only sources of data on improper reactive power
distribution. The last step in reactive power correction is setting external characteristics droops
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to be identical with the use of the related potentiometer for reactive power distribution control.
The correction procedure is the same for different types of field regulators and it may be very
easily adapted to the training program with the use of virtual model of ship electrical power

plant.

4.2. Worsening of electrical energy quality caused by failure of harmonic filter co-
operated with shaft generator

This case concerns the ship power station equipped with shaft generator and semiconduc-
' for converter with appropriate passive harmonic filter for limiting disturbance influence. In
 reality, one of the capacitors was damaged. In consequence, the asymmetry, distorted voltage
waveform (Fig. 5) has been registered on the bus bars of the ship switchboard. This waveform
was taken by analog oscilloscope during the normal, rut conditions of ship operation [14], [15].
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Fig. 5. Exemplary ship (product carrier) power network: a) simplified conﬁguratif)n
b) exemplary three-phase voltage waveform on bus bars of ship switchboard: S1 - §w1tch.es,
SG - shaft generator, PC — power converter, SG — synchronous generator, ME - main engine,
HF - harmonic filter, SC — synchronous compensator

Considered voltage oscillograms enable to distinguish both kinds of interferences, which
independently influence devices and systems supplied by ship electrical power network. Low—
frequency interferences (LFI), resulting from harmonic filter failure and high-frequency inter-
ferences (HFI), caused by commutation processes. Registered causes of failures concerned,
among others, total hazard (accidental) switching-off of satellite communication system
(GMDSS), having a vital role for safe ship operation. The failures were reported by radio to

sraus wof

the appropriate technical services in different ports, wﬂere (famages ofP t?le sysfle.rﬁ' were not
confirmed and detected. The reason for this situation was the fact, that in the port ship electri-
cal power system is fed only by classical generating sets and then shaft generator is out of
work. Under those conditions correct diagnosis in the considered range is practically impossi-
ble and previously reported to repair devices under new conditions of supplying work correct-
ly. The cited event is not an exception by consequences of these situations have a negative
influence on watchkeeping as well as treating safety of life at sea as a wide problem.

Preventive measure for such situations would be an application of specialized electrical
power analyser [ 14], [16] for monitoring harmonic as well high-frequency interferences, inde-
pendently from each phase. This problem seems to be important because of the rapid satura-
tion by highly advanced electronic systems for new-built ships as well as for modernization
needs concerning the existing ships, e.g. based on microprocessor controllers. A general obser-
vation may be formulated, that in many situations we can not forecast future failures, especially
in the context of electrical installations operation.
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CONCLUDING REMARKS

One of the most important factors determining the emergency preparedness of trainees in
the course of educational process is the use of simulators. Some IMO instruments, for instance
STCW’95 and SOLAS conventions had a new impact on the related undertakings. The intro-
duction of simulators into the education of engine room officers has had a number of signifi-
cant positive consequences:

» The necessary time to complete an engine room officer’s education has been reduced,

e The cost of education has been decreased,

« New spheres of education have become possible, in particular, advanced training,

e The standard and quality of education have been increased.

Exemplary applications of emergency situations presented in the paper occur very often in
ship practice and they are extremely difficult to train and analyse on a real object. So, simula-

tion technique gives us the possibility to train multi-variant emergency situations and appro-
priate reactions under these conditions, impossible or very difficult to educate on real objects.
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CASUALTY INVESTIGATION:
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Maritime Group, School of Engineering, Liverpool John Moores University

Introduction

Accidents at sea have occurred since man first set sail. The nature of shipping has changed
substantially since then, progressing from boats and sailing ships to steam ships and modern
day highly specialized ships (e.g., ro-ro ferries, car carriers). The physical environment, how-
ever, has not changed and ships still encounter frequently changing atmospheric and oceano-
graphic conditions.

After an accident, there is an inclination to swiftly attribute it to a simple main cause, in a
struggle to find an outlet for grief or dismay, and/or to find someone in particular to blame.
Accidents at sea, however, are rarely intentional (i.e., the master and the crew do not aspire to

have an accident) and therefore accident investigations need to move away from a blame seek-
ing culture.

The human factors discipline attempts to apply the natural laws of human behaviour to the
human element operating within the working environment. The aim is to maximize safety, effi-
ciency and comfort by designing equipment and layout of workplaces to the physical and psy-
chological capabilities of the operator. It is also a concept that focuses on how people work and
cope (Stanton 1994).

The Evolution of Human Error Research in Accidents at Sea

Statistics on accidents at sea have been collected since the last century. It has now become
generally accepted that more than 80% of all accidents at sea are caused by human error. The
origin of this statement can be traced back to the late 1970’s (Gray 1978) and has been dis-
cussed elsewhere in detail (Barnett 1989). These early studies suggest that researchers tried to
find solutions to human factors’ problems by employing the same methodology used for prob-
lems resulting from situational factors. Consequently the human element in casualty reports
was examined in detail and the most significant group labelled human error’. Initially little
further analysis, other than stating this all-encompassing category, was carried out. It soon,
however, became apparent that to introduce accident reducing measures would require a deep-
er analysis of the factors that induced "human error’.

Human Factors on the Ship’s Bridge and a Look Beyond Human Error

The working environment of the ship’s bridge can be broadly divided into two components,
the organisational framework and the physical environment of the ship’s bridge and associat-
ed situational/ navigational activities.

The organisational framework is directly influenced by international conventions or reso-
lutions adopted by the International Maritime Organization (IMO). Its primary role is to devel-
op and adopt regulations to improve safety of international shipping and prevent pollution from
ships.
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The physical environment can roughly be divided into settings inside and outside the ship’s

bridge. Settings inside the ship include the physical layout of the bridge, design of hardware

and related information processing. The exterior environment includes the aFmo_spheric and
ter during its passage.

oceanographic conditions and natural hazards that the ship may encoun .
ained largely the same since the introduction of steam
bility is still to determine the position of the ship
and avoid collisions. His working environment is fuﬁher charact_erised by longer than average
working periods (often weeks or months), unconventional work'n.'lg hours aqd dgys, an(.i f;agu%
Jar and extensive operations during the hours of darknc_ess.'Add}tlionally navigation periods 0
intense activity may be interspersed by periods of relative inactivity. . .

The individual navigating officer has clearly little direct‘ coqtrol over his working envn%on-
ment (shown in figure 1). An error made by an officer resu}tmg in an acmdent.sho.uld tlhere ore
not be regarded in isolation, but in relation to other factors influencing the navigational system.

The concept of navigation has rem ‘
ships. The navigating officer’s main responsi

IMO COMPETITION
TRADITIONS
FLAG STATES
CUSTOMS

COLREGS STCW  SOLAS
NAVIGATIONAL SYSTEM

Human Behaviour '
Bridge Manning & Shipboa{d Operations
Navigation & Collision Avoidance
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MEDIA OCEANOGRAPHIC
CONDITIONS

Figure 1 Major factors influencing the human element on the ship’s bridge

The relationship between human factors, human errors and causes of acci_dents at sea is
complex and often difficult to appreciate. Human error is fikely o bé presént iff the workiy

environment on the ship’s bridge, even if it would be operated legally unmanned. The error
here would shift to originate completely outside the bridge environment (e.g., design of equip-
ment). To reduce future accidents the shipping industry must move away from focusing on
error reducing measures alone, to employing recognised human factor’s techniques to design
the working environment of the ship’s bridge so that it helps the navigating officer to avoid
accidents.

Managing Safety at Sea

Traditionally the shipping industry has relied to a certain degree on the operation of mar-
ket forces to manage safety at sea. For instance, it was noted in the early mid 1830’s that the
system of marine insurance protected the shipowners from excessive loss. This allowed them
to take less care in the construction of ships, less efficiency in their equipment and less secu-
rity for their adequate management at sea (House of Commons 1836).

The introduction of steam ships resulted in a growing concern within maritime govern-
ments for safety at sea due to the increasing number of collisions which seemed to have result-
ed from the lack of common rules for overtaking, crossing and meeting end-on (Gray 1867).

115



This led to the introduction of the first international collision regulations adopted in 1863 (The
Merchant Shipping Act Amendment Act 1862). Other safety related regulations imposed by the
maritime governments are, for example, Plimsoll Lines (Merchant Shipping Act 1876) and the
International Convention for the Safety of Life at Sea (SOLAS) first introduced in 1914 as a
result to the sinking of the Titanic in 1912.

The management of the theory and practice of safety at sea must not only focus on the
introduction and implementation of international rules and regulations. The underlying princi-
ples must be specific, functional relationships must be determined and sufficient research car-
ried out to quantify various components in terms that will allow them to be properly incorpo-
rated into a safety strategy (Goss 1989). This requires a more scientific approach and involves
identifying the effects of safety measures, quantifying them in physical terms and evaluating
them in economic terms.

It is, as yet, difficult to identify the effects of safety or evaluate them in economic terms.
Nevertheless, it is suggested that attempting to quantify components that may affect safe nav-
igation is reasonable. Safety at sea is often considered in broad terms, i.e., accidents to all ships
are included. The results are likely to provide general answers, i.e., what happened. Knowing
what happened is mostly sufficient to propose universal changes in regulations or technology
with view to reduce the number of accidents at sea (e.g., SOLAS).

IMO has recognised that a common approach and cooperation between States will aid
remedial action. To promote a common approach to the safety investigation of accidents at sea,
it recently adopted a code for the investigation of accidents and incidents at sea (IMO 1997).
This Code provides guidelines to assist investigators in cooperating in accident investigations.
Guidelines for investigating human factors have also been proposed, including a list of topics
which should be considered by investigators, and procedures for recording and reporting the
results (IMO 1998, Marine Accident Investigators International Forum 1999).

Human Factors in casualty investigation

After the event, an accident at sea may be investigated by several different organisations
(e.g., Coastal State, Flag State, P&I Club, etc). This usually takes the form of describing the
course of events and identifying the main causes of a particular accident. Rasmussen (1990)
suggests that the identification of accident causes depends on the aim of the analysis, ie.,
whether the aim is to:

e Explain the course of the events
¢ Allocate responsibility and blame
 Identify possible system improvements

As previously noted, in the aftermath of an accident at sea, there is a tendency to look for
someone to blame. As a result the investigation often focuses on specific errors and perhaps
overlooks situations or problem areas that may have provided pathways to the accident.

For example, the grounding of the Exxon Valdez (National Transportation Safety Board
1989) attracted worldwide attention from the media which primarily focused on the master of
the ship. The fully laden U.S. tankship Exxon Valdez grounded on Bligh Reef in Prince William
Sound, Alaska on March 24, 1989 resulting in the largest oil spill in U.S. history. The official
report published by the National Transportation Safety Board (NTSB) argued, among others,
that the intoxication of the master was a major factor in causing the accident. This notion was
based essentially on the results of speech analysis. The report and the ensuing media attention
is likely to have ensured that in the public mind ten years later, the blame remains with the mas-
ter (Faith 1998).

It is not intended here to argue the merits of the technique of speech analysis for the deter-
mination of possible intoxication, nor to criticize a very comprehensive and thorough report,
but to examine factors affecting the human element that perhaps received less attention. There
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is, for example, another possible ekplanation to the master’s speech patterns, i.e., that it result-
ed from a deep emotional shock caused by the grounding itself. Particularly as the master was
not onboard the bridge at the time immediately before the grounding.

Consequently, his performance is likely to have had a lesser, direct effect, on the outcome
of the events. This fact does not exonerate his behaviour, but draws attention to other factors
which may also be relevant, e.g., why did he feel sufficiently confident to leave the third mate
in charge? It should be noted that the third mate had served 6 trips on the Exxon Valdez with
this master and one trip with a relief master. He had also served previously about two years as
third mate on five other Exxon vessels.

Other data extracted from the Exxon Valdez report shows that the Vessel Traffic Centre
(VTC) agreed to the diversion from the traffic lanes to avoid ice which eventually led to the
grounding on Bligh Reef. This was an accepted practice as evidenced by the tankers Arco
Juneau and the Brooklyn, which deviated around the ice, the evening before and the same
morning, respectively.

Examination of the interaction of the human element and the steering control system of the
ship is considered essential from a human factor’s point of view. The Exxon Valdez was
equipped with a centralized multi computer integrated steering control system. Four steering
modes were available: (1) Helm, or hand steering (2) Gyro, or automatic pilot (3) NAV mode
and (4) Rate-of-turn mode.

The role of human factors in the main events leading to the grounding is summarised in
Table 1. The summary shows that the total time from when the master left the bridge until the
grounding was only approximately 20-25 minutes.

A simple human factor’s analysis of the summary indicates that there are at least two pos-
sible reasons for the third mate’s inability to bring the vessel safely around the ice: (1) he began
the swing to the starboard too late, or (2) that the autopilot was still engaged and therefore the
helmsman’s application of the helrh did not engage the rudder.

The NTSB report states that carrying out the proposed manoeuvre involved careful navi-
gation and frequent position fixing. The master had made well over 100 trips through the
Prince William Sound which may have resulted in a certain degree of complacency and over
confidence. He may not have realised that the third mate did not have sufficient experience to
carry out the proposed manoeuvre on his own. On the other hand, the master also expected the
third mate to hand over the watch to the second mate. It must also be noted that according to
Exxon company regulations, the master or chief mate should have been in charge of the watch,
when the vessel was navigating through confined or busy waters.

Examining the above scenario from a human factor’s point of view, the following should

be considered:

(1) Design of User interface - The course recorder suggests that the steering may have
remained in gyro mode. The steering could easily be switched between gyro and helm
without providing appropriate feedback (e.g., sound). The report does not state clearly
the extent of sleep deprivation, but it is accepted that fatigue can result in substantial
decline in performance (Neville et. al. 1994). Thus if the third mate was fatigued, he
was more likely to make a mistake, i.e., not note consciously whether the autopilot had
swithed to manual helm as intended.

(2) Manning - The Exxon Valdez operated with a reduced crew complement approved by
the Coast Guard. The minimum crew requirements had been established for the Valdez-
Panamanian trade but the vessel was now operating regularly between Valdez and ports
in California. This trade was more demanding due to more frequent port calls, and it is
possible that a re-evaluation of the manning requirements would have been useful in
reducing the risk of fatigue.

117




Comments

The master asked the helmsman to steer 180° and Why did the master leave it on auto-
1) engage the automatic pilot. The helmsman pressed the matic? How long did he intend to steer
gyro button to engage the automatic pilot. it on automatic?
Time 23.39
When the helmsman was relieved he advised the third
) mate that the vessel was steering on automatic pilot.
The third mate acknowledged this but did not expect Why didn’t 3M query the decision to
this as the vessel was not normally operated in automat- operate the vessel on automatic?
3) ic mode when navigating in traffic lanes. He did not dis- Time 23.50
cuss this with the master.
The third mate decided not to call the second mate as Was 3M over confident? Was it typi-
4 scheduled but decided to remain on watch until the ves- | ¢q7?
sel was clear of ice.
The master asked the mate whether he felt ’comfort- Master accepted 3M’s response
able’ to continue on his own to which the mate replied
that he did.
The third mate then went to the steering stand and Conflicting information on whether
pushed the hand steering button. The helmsman claims the manual helm was engaged. When
he observed the indicator illuminated showing it was in auto mode the steering wheel is
engaged. electrically disconnected during gyro
5) ) ) mode and may be turned without
The helmsman offered two different versions (1) he was affecting the steering or causing any
unable to recall whether it was in automatic when he alarms to sound!
arrived on the bridge and (2) that it was in gyro mode Time 23.55
and when he was going to push the hand steering button
the third made pushed the button as well.
The third mate ordered the helmsman to put the rudder 3M did not confirm visually the rudder
(6) to right 10° - he did not recall watching the rudder angle angle
indicator to ensure that the rudder was actually applied.
He phoned the master to inform he had started to turn 3M was unable to confirm visually the
@) the vessel. He was standing with his back to the rudder rudder angle
indicator. The master asked whether the second mate ’
had arrived on the bridge. He was informed that the sec-
ond mate had not been called.
®) The third mate then went to the port radar to check
ranges and noticed that the vessel had not moved to the
right and the heading had not changed.
) The third mate then ordered rudder increase to right 20°
and then hard right rudder.
(10) He then called the master and said ’I think we are in Time 00.05
serious trouble’.

| Table 1 Summary of the events leading to the grounding of the Exxon Valdez

(3) Onboard supervision and management - Traditionally training has focused mainly on
navigation and other shipboard skills and to a lesser degree on formal training in man-
aging people, understanding human factors, fatigue management, evaluating other
crew members’ experience/skills or managing reduced crew complements.
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Marine Human Factors Classification

After the accident, the first priority is generally to develop measures that will ensure that a
similar accident cannot occur again. To this end the accident is generally viewed singularly,
i.e., what recommendations for system improvements can be proposed based on the investiga-
tion of a single accident such as the grounding of Exxon Valdez.

Research is needed to provide information to improve management of the theory and prac-
tice of safety at sea. Accidents grouped together provide a broader base for analysing common
denominators and perhaps trends and the effectiveness of preventative measures over a period
of time. The more detailed an investigation, the more useful data it can provide. The type of
information available from a singular accident report was outlined in the above example.

Analysis of accident groups is generally based on final reports which may have several dis-
advantages:

* The report is edited and relevant data may not be included

* Data may be missing, perhaps because its importance was not realised during the inves

tigation

¢ Lack of consistency, e.g., time of accident, number of people onboard the bridge, etc.

may not have been recorded in each individual report

Traditionally analysis of accident groups has been based on some form of causal group-
ings. Based on such groupings used by other researchers, the actions of the second mate in the
collision between Galaxy and Alam Tenggiri could be grouped under causes shown in Table 2.

The Malaysian cargo vessel Alam Tenggiri collided with the fishing vessel Galaxy early in
the moming of 6 September 1996 off high Peak Island, Queensland, Australia. The Alam
Tenggiri was overtaking the Galaxy on a similar course and had the duty to stay clear of the
fishing vessel. The report shows that they were probably converging at an angle of about 20°.

The report concludes that the 2nd Mate on Alam Tenggiri did not make full and effective
appraisal of the situation and the risk of collision. The ship was equipped with radar, ARPA
and a separate look-out as required by the COLREGS (Rule 5). Knowing that the 2nd Mate did
not appraise the situation and risk of collision correctly does not explain why he failed to avoid
the collision. The report shows also that he was well aware of the other vessel approximately

80 minutes before impact.

Published Reference Causal Groups

Quinn P.T. & Scott S.M., (1982), The Human Element in Shipping
Casualties, 2T 550/551/552, The Tavistock Institute of Rule Violation/Use of equipment

Human Relations, London

Tuovinen P., Kostilainen V. & Hamilédinen A., (1984),
Studies on Ship Casualties in the Baltic Sea 1979-1981,
Baltic Sea Environment Proceedings No 11, Helsinki Commission

Human Factors and Actions

Wagenaar W.A. & Groeneweg J., (1987),
Accidents at sea: Multiple Causes and Impossible Consequences,
International Journal of Man-Machine Studies, 27, 587 598

Cognitive and Situational System

Wagenaar W.A., Groeneweg J., Hudson
PT.W. & Reason J., (1993), Promoting Safety
in the Oil Industry, Ergonomics Society, 7.1-7.24

Navigational/Situational

Table 2 Causal groupings of 2nd Mate’s actions
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Table 2 shows clearly that existing causal groupings provide data of limited practical value,
particularly for recognising the role of the human element. Existing causal groupings and clas-
sification frameworks are useful for identifying and categorising what happened, i.e., the ori-
gin and type of decision or task that led to the accident. From a practical point of view, to
improve proposed measures to prevent further accidents, where it happened is considered a
stepping stone to further examining why it happened. Where it happened shows the situation
or problem area associated with the mistake e.g., the second mate did not assess the situation
correctly.

In an attempt to overcome the limitations of existing accident report analysis and other
research into safety at sea, an alternative approach for research was considered. The study
focused on situations on the ship’s bridge WHERE problems occurred, i.e., situations which
may have provided pathways that resulted in a grounding or collision. Data was collected pri-
marily from the following sources: (1) 98 published accident reports (from seven different
countries) and (2) 105 Marine Incident Reporting System (MARS) reports.

The basis of the study was to combine the theories of examining causal factors and task
analysis into a method which would show situations and problem areas. These situations were
termed ’catalysts’ and defined as factors in a chain of events that may provide a pathway for
an accident to occur. More than one ’catalyst’ can therefore be assigned to each accident.

The ’catalysts’ were derived through carefully noting problem areas rather than being
based directly on the reporter’s conclusions. They were first extracted directly from the acci-
dent reports and then listed under an appropriate sub heading. The ’catalysts’ were grouped ini-
tially under 17 sub headings eventually grouped under 6 main headings as shown in table 3.

The MARS reports were initially grouped into three navigation related categories, i.e.
crossing, overtaking and communications. ’Catalysts’ were then extracted using the above
method. As far as can be ascertained the MARS reports have not been analysed in this manner
before.

Applying this marine human factors classification scheme to the grounding of the Exxon
Valdez suggested two principal ’catalysts’ (shown in Table 4):

Problem Area/Situation ’Catalyst’

It was possible to turn the wheel when in auto mode with no effect User interface
on steering and no alarm

The master left 3rd Mate alone in charge of the watch Did not fully assess the situation

Table 4 *Catalysts’ extracted from the Exxon Valdez Report

Further examination of the 98 accident reports show that there were 5 other incidents where
the design of the user-interface of the steering control system had been a problem area (e.g.,
the autopilot changeover could be operated by the helmsman without knowledge of the pilot
or the autopilot did not sound an alarm when the turn was not carried out when operated in
NAV mode).
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Bl
B2

B3
B4

B5
B6
B7

Cl
G2

C3

C4

C5

HUMAN PERFORMANCE

1. Assumptions

Assumed other vessel’s intentions
2. Error of Judgment

No collision had both ship’s maintained
course and speed

Mistook position/land marks

Incorrect change of course/Passing too close
Failed to assess course and manoeuvre of
other vessel

Did not fully assess the situation

3. TSS (MARS reports only)
Incorrect heading
ENGINEERING/DESIGN

4. Automatic steering/Auto pilot

Auto Pilot /Gyro Error

Autopilot response affected by external con-
ditions

5. Bridge/Ship layout

Restricted view forward
Position of equipment - Bridge Layout

6. Manuals/Documentation

Manuals in foreign language/Poor manuals
Drawings not ’as fitted’

Manuals only for individual components, not
the complete system

7. Mechanical & Manoeuvring

Total Black out
Unexpected manoeuvring characteristics

8. Technology - Other
Echo sounder not in use
9. User Interface
BRIDGE PROCEDURES
10. Bridge Resource Management

Poor communication between Bridge Team

members
Did not monitor other actions of other Bridge

Team members
Master’s orders not complied with

11. Communications

Agreed manoeuvre (VHF) before near miss or

collision
Did not exchange information with other ves-
sel/Unable to contact other vessel

Cé6

C7
C8
C10
8

C12
€13

Cl4
C15

El

E2
E3

E5
E6

E7

E8

E10

VHF agreement resulted in incorrect manoeu-
vre/not agreeable advice

VTS did not provide information/advised
delay

Poor VHF transmission

Use of different VHF channels by different
classes of ship

Different language

Same language

Failed to impart urgency

No sound signals

12. Charts/Passage Planning

Poor passage planning
Failure to use adequate charts/Did not appre-
ciate warnings on chart

SAFE MANNING

13. Bridge Manning

W1 - Bridge Unmanned/No Look-out
Fell asleep - more than one on the bridge
W1 - Distraction caused by VHF

Long Pilotage

NAVIGATION CONTROL
14. No Radar Involved - Visual Look-out

Difficult to distinguish external navigation
aids

Failed to see due to impaired vision forward
Did not see other ship

15. Position Discrepancy

Position not fixed accurately
Relied on radar bearings, etc.
Using GPS as sole position fixing method

16. Radar

No radar parallel indexing used/incorrect use
of radar parallel indexing

Failed to plot course/speed of other
vessel/made decisions based on initial data
Blind sector

Did not see other ship

Other radar related

Radar off

OTHER

Exhibiting inappropriate lights
Operational demands

Pilot did not act professionally (speed)
Master did not as advised

Other

Table 3 Authors’ classification of ’catalysts’ grouped under 6 main categories (A-F) and 16 sub

headings. ’Catalysts’ have further been identified and coded within their main category.
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Problems relating to user interfaces have been indicated in previous studies but these have
not shown which user-interfaces may have caused difficulties. A systematic approach focusing
on problem areas can show ’trends’ such as problems with steering control systems.

The marine human factors classification system outlined here, provides improve detail
which shows that each ’catalyst’ or group of ’catalysts’ are likely to require a different
approach to determine the most effective remedial action.

’Catalysts’ involving the steering control system suggest a need to improve the design of
the user interface and corresponding manuals. Additionally, some form of verification is
required to show that each officer has received adequate training in the operation of the navi-
gation aids on the specific ship.

The ’catalyst’ did not fully assess the situation was grouped under the subcategory Error of
Judgment which falls within the main group of Human Performance. These ’catalysts’ are best
addressed through education and training.

The marine human factors classification system outlined here can be used to analyse the
human element in collisions and groundings. It focuses on problem areas and provides a
method for collecting human factors data systematically. This paper shows the need for an
alternative classification system focusing on human factors specifically on the ship’s bridge.
Accident investigations and voluntary incident reports can be useful for collecting data on
human factors. However, other methods must also be employed, e.g., personal observations
which can provide information that would be difficult to acquire using any other method, e.g.,
changes in behaviour due to unexpected delays. Therefore it is suggested employing several
different data sources can be effective resulting in a better representation of human factors on
the ship’s bridge

The objective is not to try to eliminate the ’catalysts’ but to be aware of how they affect the
navigating officer. The aim is to encourage further research thus ensuring that the human ele-
ment does not invalidate the intended effect of remedial actions (e.g., introducing new tech-
nology or rules/regulations).

The future of Human Factors in Maritime Casualty Investigation

The role of human factors in investigations of accidents at sea is gaining increasing atten-
tion from the shipping community and the IMO. It is expected that this will result in an increa-
sing acceptance of the role of human factors in future management strategies for improving
safety at sea. The introduction of a code for the investigation of accidents and incidents at sea
is considered a major step forward in improving safety at sea.

The present lack of a standard human factor’s terminology in the marine environment, lim-
its the possibility of comparing different studies (e.g., establishing the effect of safety meas-
ures through the analysis of accident reports). It is unlikely that significant progress in under-
standing human factors will be made until the shipping community:

* Adopts a standard marine human factors classification system for the analysis of colli-
sions and groundings. The above research shows that such a system can provide func-
tional data thus improving our understanding of human factors on the ship’s bridge.

* Develops a human factors training scheme for marine accident investigators.

* Makes a united effort to coordinate and share funding for human factors research with-
in the international research community. The added benefit is a reduction of duplication
and cost of studies.

* Encourages the investigation of all accidents, major or minor. All accidents must be
investigated in depth and the complete reports made available to the public for research
and training purposes.

* Works towards an agreement to fit all ships with voyage data recorders (VDR’s). These
have been used successfully in the aviation industry. In the event of an accident they pro-
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vide unbiased technical data that can aid the evaluation of human factors data collected
through interviews.

* Encourages Voluntary Incident Reporting (e.g., MARS). The information provided can
be categorised according to the proposed marine human factors classification system and
thus increase the available knowledge base of human factors in the working environ-
ment.

Conclusion

This paper discusses human factors on the ship’s bridge and their role in investigating acci-
dents at sea. Two accidents, the grounding of the Exxon Valdez and the collision between the
Alam Tenggiri and the Galaxy were discussed briefly. It was suggested that the human factor’s
discipline provides a useful tool for analysing accidents specifically relating to the working
environment of the ship’s bridge.

A marine human factors classification system was proposed moving away from a blame
seeking culture to examining problem areas affecting the navigating officer during navigation.
The application of this classification system and identification of ’catalysts’ provides improved
practical data, which will assist in the analysis of future accidents. It is expected that this
results in better methods for measuring the effectiveness of measures introduced to reduce
accidents at sea.

It must be recognised that there is more than one definitive strategy to preventing collisions
and groundings at sea. There is not expected to be a single best recommendation, nor a single
dominant dimension to focus on. The key to preventing collisions and groundings is to under-
stand the theory of the individual components and focus on their interaction within the entire
navigational system on the ship’s bridge.

The marine human factors classification system outlined in this paper presents data in form
of "catalysts’ that can be used to, for example, determine future research areas, assist in desig-
ning ships’ bridges and provide useful data for establishing human factors training within the
shipping industry.
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MARINE CASUALTY ANALYSIS USING SHIP-HANDLING
SIMULATOR

HIROAKI KOBAYASHI
Tokyo University of Mercantile Marine Japan

Abstract
It is said that more than 80% of the cause for marine casualty are human according to the
accident analysis. In this paper, we discuss the relation between the causes of a.ccident and
human error. Human error that cause the marine casualties are divided into following two cat-
egories;
Category 1: Operator cannot accomplish the standard function
Category 2: Operator accomplishes the standard function
In the case of first category, the doze, drunk, mental and physical fatigue anq the lack skill
are corresponded. Usually, the human error being treated as the causes of acmdgnts are not
divided into the categories mentioned above, the causes of accidents in two categories are treat-
ed as human error in a lump. For the prevention of accidents, the countermeasures for each cat-
egory are differ from each other. The countermeasures for the prevention of accidents based on
the category 1 are education and enforcement. But when the operator who belong to category
2 oceur the accident, the countermeasures corresponding to category 1 are not proper. Because
he have sufficient ability and normal condition, it is not rasonable way 1o educaie ad enfore
for getting the standard skill. There must be more rational countermeasures for preventing the
accident in category 2.
It is important to clear the causes of accident which is occurred relating to the category 2.
But the research is usually very difficult because of operator acting the normal handling. As a
result, proper countermeasures are not applied. Generally speaking, most of causes of vehicle
accidents such as aircraft, vessel and car are judged human error. In case of vehicle accidents,
most of operator are pursued his responsibility because operator decide the final action which
was direct causes of the accident, in spit of his action based on the normal decision which are
commonly made by standard operators.
In this paper, the accidents in category 2 are discussed in order to clarify the methods how
to recognize the structure of this accident and the methods of researching the causes and coun-
termeasures.

1. The relation between the accidents and human error

When the standard operator mad the action which are the same as actions made by stan-
dard able operators, and then the accidents occurred. Is it the proper to judge his action human
error? If we accept it human error, can we point him that he did not his responsibility? From
the view point of preventing accidents, it is easy to estimate that the other standard able oper-
ator will do same action in the face of the same situations and occur the accident. In order the
prevent the same accidents, it is necessary to find the condition in which standard able human
acts normal handling without accidents.

The human’s action would be the same under the same condition because of education and
enforcement. In order to discuss the relation between the accidents and human error, we
assume that the human mentioned above is having the standard ability and giving conditions
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are ship’s characteristic, rules of road, traffic condition and natural environment. The relations
among the condition, accident and the human error corresponding to category 2 are discussed.
4 kinds of relation are proposed as follows;

Case 1.

The accident is occurred caused by human’s action type A which is induced by condition

type A. The human characteristics (A) generates the action (A) caused by condition (A). The
accidents caused by human error in category 2 are belonging to this case.

HUMAN
CONDITION| .} cHARACTERISTICS ACTION ACCIDENT
() o )

Case 2.

In this case, the human characteristics is changed from type A to type B by something to
be improved. Therefore this human characteristics generates the action (B) corresponding to
the condition (A). The accident dose not occurred because of human’s action type B.

CONDITION ACTION NON -
A) CHARACTERISTICS A CCIDENT

Case 3.

In this case, the human characteristics is still type (A). The action is (B) by the effect of
support system and the accident will not occur in spite of condition (A) and human character-
istics (A).

SUPPOT SYSTEM

CONDITION ACTION NON -
A) CHARAC(’II;])I'.RISTICS A CCIDENT

Case 4.

The accident dose not occurred because of human’s action (B). Though the human charac-
teristics is (A), Human action is changed from (A) to (B) because of condition changing from
(A) to (B).

CONDITION ACTION NON -
B) CHARAC(’II;])ERISTICS A CCIDENT

From this concept, the accidents will be prevented by changing from Case 1 to Case 2 of
Case 3 or Case 4. In order to change the human action from (A) to (B), Three patterns can be
considered. First one is to improve the human characteristics by special training and education.
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These countermeasures correspond to Case 2. Second one is not to change the human charac-
teristics. The action would be changed by support system which improve the human charac-
teristics virtually. New control apparatus for handling is one of these support systems. These
countermeasures correspond to Case 3. In case of Case 4, the condition is changed by apply-
ing new traffic rule and new types of ship etc.

In order to prevent the accidents in category 2, the countermeasures mentioned above are
proper methods. The concrete methods depend on the causes of accidents. So it is important to
clarify the causes of accidents. In the following section of this paper, one of example of acci-
dents analysis that were carried out for studying the causes of accidents using ship handling
simulator are described.

2. Collision between Yuyo-maru and Pacific Ares

In 9th of Nov. in 1974, Yuyo-maru proceeded to north bound in Nakanose fairway in Tokyo
bay in Japan, Visibility was 2.0 miles. Yuyo-maru was LPG tanker, 43,724 GT, 227 m in length
and 35.8 m in width. Nakanose strait is one way fairway. Pacific Ares proceeded to west bound
from Kisarazu harbor. Pacific Ares was iron matrial carrier, 10,875 GT, 154 m in length and
22.2 m in width. The pilot on Pacific Ares (being abbreviated as P.A.) left ship after mentioned
that Yuyo-maru (being abbreviated as Y. maru) coming from port side through Nakanose fair-
way. Master of Y-maru recognized P.A. at the distance 2 miles and started to decelerated her
speed at the point of 1389 m on this side of encountering point. P.A. proceeded without avoid-
ing action until the collision. They made collision at the encountering position. Fig. 1 shows
the process of two ships situation. By this accident all of person on P.A. were died and 5 per-
son on Y. maru were died. This accidents made people a extreme shock. Fig. 2 shows the news
paper informing this accident. After collision was occurred, Y. maru and P.A. went up in
flames. Y. maru was going up in flames for 20 days. Finally, she was towed to the out of Tokyo
Bay and sank by bombing.

3. Simulator studies

In this section, the contents of simulator studies to analyze the causes of accident are
shown. In order to simulate the accident condition and the ship’s characteristics, we examined
the following documents and data proposed by Japan Maritime Court.
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Fig. 1 The process of collision between Y. maru and P.A.
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Fig. 2 Newspaper informing the collision accidents

3.1 Estimation of ship’s maneuvering characteristics

The characteristics of Y. maru and P.A. were estimated based on the following data and

simulated using mathematical model which could estimate the ship’s motion with high accu-
racy.

(1) The results of trial test.
(2) The table of principal dimensions

(3) The numerical estimation for speed control
(4) Others

3.2 Realization of the condition and the process

The environment of accident situation were examined using following data and realized

with high accuracy and realistically by ship handling simulator in Tokyo Univ. of Mercantile
Marine.

(1) Arrangement of sea buoy
(2) visibility

(3) Both ship’s initial position course and speeds
(4) Others

3.3 Contents of simulator studies

In this studies, as the behavior of operator on P.A. could not be know, the behavior of mas-
ter on Y. maru and discussed. The objects of simulator studies are the action of master on Y.
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maru and the motion characteristics of Y. maru. In order to clarify the causes of accident, the
effects of following factors are examined.
(1) Timing to start the avoiding action.
(2) Methods for avoiding collision.
-(3) Rules of road.
(4) Ship’s maneuvering characteristics.

4. Analysis

4.1 Collision avoiding timing

The time to start the avoiding action is very important factor which decide the accom-
plishment of the collision avoidance or not. Master of Y. maru recognized P.A. at about 2,700
m on this side of encountering point and start avoiding action at 1,389 m. The time to be con-
sidered for discussing the effect on the collision avoiding can be set position between the point
of 2,700 m and the point of 1, 389 m on this side of encountering point.

(1) Start to maneuver at the point of 1,389 m

Initial position of Y. maru was 1389 m on this side of encountering point where master of
Y. maru start to the avoiding action. This point is called A.T. in following sentence. 4 skilled
masters started to maneuver in Nakanose fairway and made action to avoid collision at the time
when he considered to have to do. The contents of avoiding action were restricted as only speed
control that was applied for avoiding collision by master on Y. maru.

Fig. 3 shows the time history of engine control mode. Every master began the decelerating
to avoid collision immediately just after the maneuvering was started. As the results of avoid-
ing actions, all of their objective could not accomplished and collision occurred in every case.

(2) Start to maneuver at the point of 2,700 m

Assumed position was corresponding to the position where master of Y. maru recognized
PA.. This point is called A.T. in following sentence. 4 skilled master also handled and started
to maneuver in Nakanose fairway and made action to avoid collision at the time when he con-
sidered to have to do. The contents of avoiding action were restricted as only speed control that
was applied for avoiding collision by master on Y. maru.

Fig. 4 shows the time history of engine control mode. In this case, all of them did not start to
handle the avoiding action immediately. They kept her motion for a moment. Each master start-
ed to decelerate her speed at the time when he consider the necessity to avoid collision by him-
self, they were not the same timing. When they navigate out of fairway, the make to avoiding
action earlier in this encountering situation. It is the particular handling characteristics in fairway
that they didn’t make avoiding action earlier. Anyway, all of masters in this simulator studies
avoided the collision. But the distance at the closest point of approach was very small.

4.2 Collision avoiding methods

In the previous section, the contents of avoiding action was applied only speed control that
was applied for avoiding collision by master on Y. maru. Now we cannot estimate why master
on Y. maru did not use the changing her course by steering the rudder for avoiding the colli-
sion. We tried to confirm the effectiveness of the changing her course. Two cases were applied,
one was to avoid using rudder control, the other was to avoid ruder and speed control.

(1) Applying the rudder control to avoid collision

4 skilled masters started to maneuver from position of 1389 m on this side of encountering
point in Nakanose fairway and made action to avoid collision at the time when he considered
to have to do. The contents of avoiding action were restricted as only heading control.

The distance at the closest point of approach (DCPA) caused by heading control for avoiding
collision were examined based on the numerical simulation. The results of simulation are shown
in Fig. 5. The contents of avoiding maneuver is to carry out the parallel shift maneuver shown in
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Fig. 3 The time history of engine control started from A.T.
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Fig. 4 The time history of engine control started from R.T.

Fig. 6 because of navigating in the fairway. The DCPA is 320 m when avoiding action is started
at the point of A.T.. The relation between the starting point and DCPA are shown in Fig. 5.

Table 1 shows the DCPA which are obtained by simulator studies. All of masters could
avoid the collision.

(2) Applying the rudder and speed control to avoid collision
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Fig. 5 The relation between DCPA and starting point using heading control.

4 skilled masters also started to maneuver from position of 1389 m on this side of encoun-
tering point in Nakanose fairway and made action to avoid collision at the time when he con-
sidered to have to do. The contents of avoiding action were not restricted. All of masters could
avoid the collision.

Table 1 shows DCPA as the results of simulator studies in this sections. The DCPA in case
of avoiding collision using speed control only from A.T. were 0.0. m; collision occurred. The
DCPA in case of avoiding collision using heading control only or heading and speed control
from A.T were over 129.0 m; collision was not occured.

By the results of this section, it is said that the heading control is effective measures to
avoid collision. But most of master cannot apply this characteristics effectively in fairway.
Three of masters who operated in simulator studies obtained DCPA under 200 m.

Table 1 DCPA concerning the control methods

D C P A (m)
geed ) Hedy | ey
A 0.0 3409 356.0
B 0.0 174.3 154.5
C 0.0 172.2 188.5
D 0.0 164.0 129.0

4.3 Compulsory navigation in fairway

The master on Y. maru made the action to avoid collision by speed control, did not by other
control. We estimate that his action was affected by navigating in the fairway, the human char-
acteristics of operation in the difference area were examined. The same encountering situation
was assumed in the open water area. 4 skilled masters also started to maneuver from position
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Fig. 6 The contents of avoiding action using heading control.

of 2700 m on this side of encountering point and made action to avoid collision at the time
when he considered to have to do. The contents of avoiding action are not restricted. All of
masters could avoid the collision. Fig. 7 shows the position where each master started the
action to avoid the collision. All of master started the action earlier than in the fairway and they
used only heading control. In the case of navigation in fairway, half of masters controlled
using speed and rudder.

From the results of these simulator studies, standard human operator navigating in the fair-
way has the tendency to delay the avoiding action and to apply the control by decelerating the
ship’s speed comparing to the navigation in the open water area.

4.4 Maneuverability

The timing for starting avoiding collision strongly relate to the ship maneuvering charac-
teristics such as decelerating and altering course. Y. maru was a big tanker that is commonly to
change the motion very slowly. We tried to discuss the effect of difference of maneuverability.
The container ship was applied to discuss the difference between Y. maru and another ships that
has better maneuvering characteristics.

Assumed position was corresponding to the position where master of Y. maru recognized
P.A.. 4 skilled master also handled and started to maneuver in Nakanose fairway and made
action to avoid collision at the time when he considered to have to do. The contents of avoid-
ing action were restricted as only speed control that was applied for avoiding collision by mas-
ter on Y. maru. In this case, all of them did not start to handle the avoiding action immediate-
ly. They kept her motion for a moment. Each master started to decelerate her speed at the time
when he consider the need to avoid collision by himself, they were not the same timing.
Anyway, all of masters in this simulator studies avoided the collision.

Fig. 8 shows the relation between the DCPA and starting point for decelerating her speed
concerning Y. maru and container ship respectively. The starting position of container ship
were closer than one of Y. maru. In spite of closer point, DCPA were bigger than DCPA of Y.
maru.

Furthermore, by numerical simulation based on the maneuvering characteristics of con-
tainer ship, it is possible to avoid collision when the speed control is started from A.T.

From above discussion, the maneuvering characteristics was strongly effected in this acci-
dents.
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Fig. 7 The starting point of avoiding action in the fairway and open water

5. Discussion

5.1 Collision between Y. maru and P.A.

The water area near the exit of the fairway is complicated place because of the switching
two traffic rules. The ship proceeding in the fairway must keep her track in the fairway and can
proceed without avoiding the ship which cross the fairway. The ship intending to cross the fair-
way have to avoid the ship proceeding in the fairway. When two ships encounter at the water
area near the exit of the fairway, what is the best way to avoid collision? In the case discussed
in this paper, the master on Y. maru recognized that P.A. was the ship crossing the fairway and
expected that P.A. would avoid Y. maru. The operator on P.A. was died, we cannot know what

he thought this situation.
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Fig. 8 The relation between DCPA and starting point of avoiding action concerning Yuyo maru
and container ship.
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In this section, we discuss the human characteristics who is operator on the ship proceed-
ing in the fairway that is master of Y. maru. By the results of simulator studies, following char-
acteristics are obtained:

(1) The avoiding action of the operator on the ship proceeding in the fairway tend to delay
for the ship crossing the fairway.

(2) The avoiding action of the operator on the ship proceeding in the fairway tend to make
mainly speed control

After this accident, Japanese Coast Guard set the sea buoy on the extended line of Kisarazu
fairway and the ships coming from Kisarazu fairway are required to proceed the north of new
buoy. This countermeasures are intend that ships coming from both direction will not
encounter at the water area near the exit of Nakanose fairway. By this countermeasures, the
accident like this case have not been occurred.

5.2 Countermeasures for preventing the accidents.

We discussed the relation between the accidents and human error in section 1 in this paper.
The accident discussing in this paper was judged caused by human error. Most of skilled mas-
ters handled the same action as the master on Y. maru. The same accidents will occurr in case
of not making effective countermeasures. The causes of this accident should be judged as cat-
egory 2 in section 1. From this results, it is well known that the same situation are often
appeared at the area near the exit of fairway such as Nakanose fairway.

When we discuss the content of countermeasure for this accidents, the countermeasure by
Japanese Coast Guard is proper one because of no accidents like the accidents of Y. maru hav-
ing not occurred.

It is always said that the causes of accident and countermeasures to preventing accidents
that belong to Category 2 are found difficult. The causes and measures of accidents in Category
2 are discussed referring the Y. maru accidents. The countermeasures by J.C.G, setting new
buoy are corresponded to the Case 4. The master with standard skill maneuvers in Nakanose

fairway safely without any support system because of changing the traffic rule, the condition
have been changed.

Meanwhile, the handing by excellent skilled operator such as pilot did not make the acci-
dents, this situation correspond to Case. 2. The support system which inform the proper time
to start this avoiding action and the proper way of avoiding correspond to Case 3.

The accidents do not occurr by single error or event, they are always occurred by several
events that happen continuously like chains. As the causes of accidents are clarified respec-
tively, the methods to remove the causes are found out. It is not necessary to remove the all of
causes, it is important to cut the error chains. The best method for selecting the measure
depends on the kind of accidents and efficiency.

The concept concerning the structure of accident by human error in Category 2 is neces-
sary and useful.

Conclusion

The relation between the accidents and Human error are very important. Human error cau-
sing the accidents are divided into 2 categories shown in section 1. The human error in cate-
gory 2 are mainly discussed because the countermeasures for Category 1 are simple because

this causes are the lack of normal human abilities. In the case of category 1, the education must
be done.

The process of accidents belonging to category 2 proposed are necessary to discuss the
relation among the condition, human characteristics, human action and accidents, In order to
prevent the accidents caused by human error in category 2, the understanding the process is
very important. Three concept for preventing accidents are proposed. The necessity and effec-
tiveness of this concept is confirmed through analyzing the big accidents occurred in Japan.
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The ship handling simulator is very useful for analyzing the causes of marine casualty and
human characteristics. Through the simulator studies, the countermeasures can be suggested.

Many accidents that were judged as the results of human error have been occurred all over
the world. Some of them were better to be understood it belong to category 2. In this case, the
countermeasure pointing the loss of human ability are not complete ways. This measure means
that the same accidents will occur again by the same error by standards operators. To say again,
in these cases, the countermeasures that are indicated at section 1 in this paper are necessary.
The unsuitable measures have been made in many cases until now.
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Abstract

Computer Mediated Communications and Distance Learning (CMC/CMDL), and par-
ticularly asynchronous learning through the Internet, are becoming major vehicles for ful-
filling the needs of Longlife Learning (LLL).

With the inception of computer technology in the 1980s and developments in communi-
cations technology in the 1990s, the potential for improving the quality and effectiveness of
distance learning has grown.

This has resulted in the development of a variety of learning technologies and the incor-
poration of a number of new elements into distance learning: video films, multimedia
courseware, and live lessons delivered to remote classrooms. Until the mid 1990s, the inte-
gration of such educational technologies was only partly successful, for methodological rea-
sons, and due to considerations of cost and accessibility.

Today, we are at the threshold of a new era in which technological learning solutions are
developing into effective applications. The Internet has become an essential communica-
tions platform and has new capabilities that can be utilized for distance learning. Various
new models of education are described and discussed in this paper.

Throughout the world, the post-secondary learning market has become one of today’s
growing markets, both in developed nations and in developing ones. Increasing competition,
the need to keep up-to-date professionally, along with a rising standard of living and more
leisure time, have combined to make studying an ongoing process — lifelong learning (LLL).

The studying population has not only grown larger; it is becoming older, on average, and
has additional obligations - mainly work and family. As a result, there is an increasing demand
for a flexible learning framework, one that does not tie the learner down to a specific time or
place. Differences between individuals also require an adaptable pace and mode of study, sui-
ted to personal abilities and distinct learning styles. The adult learning market is becoming
increasingly competitive and full of opportunities, both for existing institutions and for new
entrants.

Hanna (1998) claims that: “throughout the industrial era, the system has focused upon
serving the educational needs of youth to prepare for a lifetime of work. Today it is clear that
the future will involve a lifetime of learning in order to work.”

Emerging trends in the $670 billion world wide education market indicate growth of the
higher education and corporate training . The total scope of the learning market in the US in
1995 was estimated at $262 billion, of which $189 billion (72%) was devoted to higher edu-
cation, and $60 billion (23%) to corporate training.
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Traditional studies

Traditional university studies offer an impressive array of advantages, both in theory and
in practice. When these advantages are realized in the classroom - in an encounter between an
instructor who is also a first-rate scholar and bright students — an optimal learning situation can
be obtained.

However, traditional learning can no longer satisfy all learning needs, for the following rea-
sons:

(1) High quality learning depends, to a large extent, on finding a sufficient number of lec-

turers;

(2) (2) Studies in public research universities are expensive; thus, accessibility is usually

limited and subject to budget cuts and restrictions;

(3) (3) Traditional learning is limited to a particular place (the classroom on campus,

which is also expensive to set up), a specific time, and a uniform pace.

Traditional Distance Learning

Distance learning provides answers to the problems of availability (accessibility and cost)
and the demand for flexibility (time, place and pace) of learning.

For 150 years, correspondence education has been used to deliver instruction to students.
The materials for the courses were printed and mailed to the students in outlying areas which
would return assignments via the same method. In 1840, England started the earliest distance
tutoring courses by teaching shorthand. Since World War I, distance education spread rapidly
and is in one form or another all over the world. As media and technology advanced, educa-
tion incorporated media into distance education: newspapers, radio, television, telephones,
satellite transmission, and electronic publishing.

Many educators were critical of distance learning in early years because of the expense of
technology, lack of student-teacher interaction, and questions over the quality of student learn-
ing. The most recent research, however, suggests that new technology has provided advances
that enable students to learn as well with distance education as they might in traditional edu-
cational settings. Students and teachers can interact in new and crucial ways to facilitate learn-
ing. In fact, distance learning has advantages over traditional instructional methods.

The method of distance education delivery is usually dependent on the cost of delivery and
the students receiving the instruction. One study suggests that no matter how distance educa-
tion is delivered—Ilow-tech, high-tech, interactive, or not interactive—students learn equally
well (Beller, 1997). Although, outcomes on tests may show little difference in knowledge
gained, adaptation to learning styles and attitudes toward learning do vary among individuals
based on their learning mode.

Adult learners tend to need less interaction to remain motivated and challenged to learn. With
the age of electronic games and videos, the younger learners seem to learn more efficiently—at
a higher rate of speed—using the high-tech interactive methods of teaching distance education.

The oldest and simplest form of distance education are correspondence courses. Whether
or not traditional correspondence courses are two-way communication is debatable, but stu-
dents do have the opportunity to write or call the instructor.

Computer Mediated Communications (CMC)

With the inception of computer technology in the 1980s and developments in communica-
tions technology in the 1990s, the potential for improving the quality and effectiveness of dis-
tance learning has grown. This has resulted in the development of a variety of learning tech-
nologies and the incorporation of a number of new elements into distance learning: video films,
multimedia courseware, and live lessons delivered to remote classrooms.
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CMC involves using a computer to send course materials, tests, lecture notes, and messages
to individuals. This technology uses the current telephone systems to connect computers
together via a network or individual modem. Computer conferencing, electronic mail, and elec-
tronic bulletin boards are part of this approach. The network can be computers that are linked,
whether they are in one room, one building, between buildings, between campuses, or acces-
sible via modems all over the world. The Internet has become an essential communications
platform in the world and is still growing.

There are more than 35 million users of the Internet, 22 million users in North
America, the number of Internet sites has risen from 27000 to 110 000 in six months, new users
being added at a rate of 12 000 a day, and only advertising on the Internet will reach $ 5 bil-
lion by the year 2000 (whatever the numbers, they are obsolete, given the current rates of
growth). All this is a surprise. Internet has been around for almost 30 years but wasn’t taken
seriously the business until quite recently. Then, a few years ago, without anyone planning or
decreeing it, a very simple set of browser and server protocols emerged as universal Internet
standards. Suddenly, and basically without warning, the Internet became a plausible and eco-
nomical solution to the huge problem that has plagued business since 1960s; integrating
increasingly heterogeneous IT systems between and within organisations. The Web now offers
providers and seekers of information around globe easy access to one another that proprietary
systems cannot match - but can easily benefit from

The World Wide Web system is promising some benefits to support learning on the
Internet, such as:

Hyperlinks - since there is no batch processing and links point directly to the informa-
tion source, the information is up-to-date as possible;

Support for multimedia - efficient presentation is made using only images and other
multimedia elements ( voice, video, etc )

Ease of use through very simple navigation mechanisms (clicking the keywords) built
into WWW clients, as such the application is highly appropriate for widespread usage.

Support for almost all computer platforms and operating systems

Interactivity - a user does not only search for information and click the keywords, but
has the possibility to enter some input as well

Interoperability - WWW servers not only have links to other servers but can also run

external scripts (programs) and consequently enables access (through gateways) to large
databases.

Built in security mechanisms - with the emerging Secure HTTP standards (and some

other proposals), standardised security mechanisms are integrated into WWW servers
and clients.

Continuous improvement in Internet capabilities - both in terms of applications and trans-
mission rates — is transforming it into a vehicle for the delivery of an ultimate learning envi-
ronment for distance learning in the 21st century.

Using CMC on Internet one could determine two different approaches : asynchronous
and synchronous learning.

Asynchronous learning

Asynchronous Learning Networks (ALNs) are on-line learning venues that emphasize peo-
ple-to-people communication combined with traditional and/or information-technology-deliv-
ered learning tools. The terms The purpose of ALNS is to enable people to learn anywhere and
at anytime without the constraints of time and space. ALNs are useful in many educational are-
nas including on-campus education, off-campus education, and continuing education. Principle
technologies involved in asynchronous learning are:
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Conferencing

To provide asynchronous interaction between people, computer conferencing is widely
used. Computer communication ranges from the use of email, listservs, newsgroups to thread-
ed conferencing systems. The latter type of communication is particularly useful for organiz-
ing discussions around topics. A wide variety of computer conferencing systems are available;
most have similar features, i.e., posting and replying to messages. Often, conferencing systems
will provide the capabilities of editing and moving messages, posting multimedia, notifying
participants of new message postings and organizing discussions.

On-line Materials

Currently most on-line materials are in the form of Web pages, often linked to discussion
groups and places to try out examples. The enormous advantage of creating on-line materials
is that it makes the materials easy to reuse and modify. For example, an on-line course typi-
cally employs a standard set of Web pages that an instructor can easily modify. In these mate-
rials it is straightforward to link to explanations in other courses (for remediation, for exam-
ple) or link to authoritative sources on-line. All materials in an on-line course do not have to
be on-line. Printed materials, including books and journal articles, are also perfectly suitable
and can form a basis for assignment and submission of problems and discussions on-line.

Computer-based Training (CBT)

While CBT modules have not yet become widely used in ALN, it is expected that adoption
of CBT modules will become commonplace as technology progresses. The generation of sim-
ulations that explicate difficult to understand points will help augment on-line reading mate-
rials. Simulations of the way machines work to visualizations complex systems can provide
powerful demonstrations to assist in learning.

New student — teacher relations

Asynchronous courses require more students to be enrolled in order to sustain robust group
interactions since the students can be at different points in the course at the same time. This
model requires different sorts of group exercises, ones that do not require the students to be at
the same place in the course at the same time. Moore and Kearsley note that learner-learner
interactions are a relatively new element in distance education [9], and so we must think in new
ways about the course interactions we wish students to engage in. These group interactions can
take the form of informal discussions, topical or other structured discussions, building projects
or papers online, peer editing, brainstorming, and case study analysis, for example.

In collaborative learning, instruction is learner-centered rather than teacher-centered and
knowledge is viewed as a social construct, facilitated by peer interaction, evaluation and coop-
eration. Therefore, the role of the teacher changes from transferring knowledge to students (the
“sage on the stage”) to being a facilitator in the students construction of their own knowledge
(the “guide on the side”). Some examples of collaborative learning activities are seminar-style
presentations and discussions, debates, group projects, simulation and role-playing exercises,
and collaborative composition of essays, exam questions, stories or research plans. This new
conception of learning shifts away the focus from the teacher-student interaction to the role of
peer relationships in educational success.

Models of higher educations
Hana describes and analyzes several models of higher education:
» Extended traditional universities
* For-profit adult-centered universities
* Distance education/technology-based universities
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Corporate universities

University/industry strategic alliances

Degree/certification competency-based universities
Global multinational universities

For extended traditional university operates as the parennt organization, serving as a spon-
sor for programs conducted for this “alternative or nontraditional” constituency or clientele.
Such programs do not threaten the basic academic organization of the university, but they do
serve a different market, one that is primarily external. Most efforts of extended traditional uni-
versities have centered on marketing and delivering existing on-campus courses and programs
to adult audiences. For profit adult centered universities change their programs and are focused
on educational market. Programs are almost always career focused offering courses that enable
students to either enter a technical career or to advance to new management responsibilities.
The distance education/technology-based universities are all organized around a technology-
based approach to learning that seeks to minimize the physical separation of the learner from
the instructor or from other learners. They also tend to be more adult and workforce oriented,
although the large national universities enroll substantial number of traditional college-age stu-
dents largely due to the incapability of traditional universities, especially in countries with rap-
idly growing populations.

During the 1980’s a number of corporations established umbrella organizations to provide for
the corporation’s comprehensive human resource development, education and training needs.
Their reasons for developing comprehensive training and educational programs included the need
to develop basic educational competencies in the workforce, acculturate employees into the com-
pany, improve cooperation, communication and competencies of individual employees and teams
of employees, and improve recruitment, advancement, and retention incentives.

Partnerships marry universities and for-profit organizations in ways that force contact and
interaction between very different cultures, goals, and operating principles and assumptions.
One potential benefit of this interaction is the opportunity for both organizations to acquire
much needed information and knowledge from the other, and also to change some of the unex-
amined practices that may be inhibiting the organization from developing a successful strate-
gy in a changed marketplace.

Organizations are also emerging to take advantage of recent changes in the labor market
brought about by the increasing pace of change, especially in technology areas. With learning
a requirement to stay current, and with workers changing both careers and employers more
often than ever before, individuals need to certify and re-certify their competencies on a regu-
lar basis. In the professions, this has become a requirement known as mandatory continuing
professional education.

The marketplace for learning is becoming global. With new technologies, neither language
nor distance is a barrier to access, although cultural norms and patterns are among the formi-
dable obstacles to learning across political and cultural boundaries. There are no problems for
a university to become global, and indeed there are few universities that offer their courses in
more than one country.

Computer mediated communications and lifelong learning in the maritime
environment

To find opinions about possible use of the computer mediated communications for lifelong
learning we have prepared a survey between students and seafarers. The survey has been divi-
ded in four parts. First part is used to define the bias of the participants, second to evaluate dif-
ferent tools and types of lectures, third to state the usage possibilities of new technologies in
learning, and the last to convey the application of the computer mediated communications in
the process of learning in the maritime environment.
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First part had three questions, defining the bias in the knowledge and usage of the Internet
and multimedia. The 79,17% of all participants are aware of the concept of Internet (93,75%
of the students and 50% of the seafarers) , and 66,67% have any kind of the experience in
Internet usage (50% of the seafarers, and 75% of the students). It is interesting that the multi-
media have used only 62,50% of the participated population (68,75% of the students and 50%
of the seafarers).

It has to be noted that the although the concept of the Internet is not in full known by all
the participants, the utmost part of the population is aware of technology, and as will be shown
later predict the principal use in the learning process.

In the second part the participants had to rate the classic lectures, video, CD-rom lecturing,
Internet and interactive lectures with the grades from 1 to 5. The results are shown in the table
1.

Total Students Seafarers

Avg Std. dev Avg Std. dev Avg  Std. dev
Classic lectures 3,86 0,83 3,93 0,68 3,62 1,06
Video 3.77 0,82 375 0,85 3,62 0,74
CDRom 3,59 0,72 3,62 0,71 3,62 0,74
Internet 3,86 0,84 4 0,73 3,75 1,03
Interactive lectures 3,86 0,92 3,82 0,98 4,12 0,83

Table 1. Rating the learning technologies

From the table it is evident that, although the total average grades for classic lectures,
Internet and Interactive lectures are equal, the students have rated Internet with best grades, and
seafarers have rated Interactive lectures as the best way of presenting the topics in the lectures.
It is interesting that the students grade classic lectures with better grades and smaller standard
deviation than the seafarers, where the standard deviation is spread over one grade.

It is also interesting that 66,67%, of the population (75% of the seafarers) think that the
classic lectures are more advantageous than computer mediated learning. Both students and
seafarers in 95% think that in the future the computer mediated communications will be main
means for learning.

91 % of the population demands any kind of connection (online or via e-mail) with the
teacher for support.

The results show that even if the subjects do not know the principles of the computer medi-
ated communications participants in the survey think that the future of the learning in the mari-
time environment resides in the wide usage of the computers. As expected the seafarer popu-
lation is a little bit conservative but not in decisive way. By the presupposition of the partici-
pants the massive usage of the computers and networks for the teaching in maritime environ-
ment will be in a period between 5 and 7 years.
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Conclusion

The global marketplace and new technologies are contributing to the rapid globalization
of higher education. Today’s business environment draws its professional work force from all
corners of the globe. This paper has presented various learning technologies used in the new
concepts of computer mediated communications and distance learning. The new learning
solutions are presented, especially ones using Internet as primary medium

‘The barriers to accessing learning opportunities are falling dramatically because of
improved learning technologies. The number of providers of and approaches to education and
training will continue to grow dramatically as access improves and as demand for lifelong
learning increases globally. Universities of all types will increasingly focus on responsiveness
to learner needs and desires such as convenience, timing, engagement, application of knowl-
edge to the workplace, and learning by doing.

In the maritime environment as shown by the study reviewed in this article, the expectation
is, that the massive use of the computers and communication networks will be dominant in the
period from 5 to 7 years. The role of the teacher will be changed, giving him a different , much
more responsible role. The teacher student relationship will be changed from teacher orient-
ed to student oriented. Students and teachers have to interact in new and crucial ways to facil-
itate learning.
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Interesting examples of combinations of synchronous and asynchronous learning can be found at
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