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EXECUTIVE SUMMARY

Following the grounding of the“Green Lily”, the Marine Accident Investigation Branch (MAIB) report
recommended that the Maritime and Coastguard Agency (MCA) commission aresearch study into how
bridge and engine room simulators can best be used for bridge and engine room resource management
training that includes escaating emergencies and increasing levels of stress. Warsash Maritime Centre
(WMC) was commissioned to carry out this research.

Objectives
The objectives of the research project wereto:

Investigate the avallability of, and developments in, Smulator technology applied to bridge and
engineroom resource management training, specificaly that addressing escalating emergenciesand
increasing levels of stress.

Taking into account the results of the above objective, determine how simulator technology may
most effectively be used in the training of seefarersin the handling of emergencies.

Applying theseresults, through a cost- benefit assessment or other suitable technique(s), quantify the
efficiency of the amulation techniques on offer in addressing the training ams.

In summeary form, report onthesmulator training regimesin placein other Certifying Statesincluding
the identification of the underlying education levels, tasks and training ams.

Methodology

The methods adopted for the project included a literature review and questionnaires sent to Certifying
States, Smulator Manufacturers, Shipping Companies, Maritime Organisations and Simulator
Operators. An dectronic discussion group, using the Delphi technique, was used and a number of
experts from other industries were brought together for a two-day workshop.

Resaults

The literature review and returned questionnaires indicated that dthough smulation is often apreferred
method of training it is not widdy used for the training of handling escdating emergencies at sea.

Importantly, adistinction was noted between an emergency and acriss. Emergency Management can
be used in a situation where decisions and actions are based on documented emergency procedures.
Crigs Management differs from Emergency Management insofar as decisons and actions do not
necessarily have documented procedures and that the critical skills needed in these Stuations are
predominately non-technica in nature. Although the training of these non-technicd <Kills is being
undertaken in other safety critica industries, the report shows that they have not yet been fully defined
and recommends further researchinthisarea. Asthese non-technicd skillsare, a present, not avallable
it is suggested that a Training Needs Anadlysis (TNA) needs to be gpplied in order to determine the
traning requirement and identify the required ingtructiond facilities in order to deliver the training and
undertake trainee assessment.



The report also suggests that Criss Management standards of competence are poorly defined as are
their “behavioura markers’, by which these sandards may be assessed. Criss Management training
should be viewed as along term process and embedded in the training of a seefarer throughout their
career rather than as a set of added courses.

Recommendations (taken from Chapter 9)

9.1

9.2

9.3

9.4

9.5

9.6

A Traning Needs Analyss (TNA) should be undertaken to analyse the training
requirement and specify the functiona requirements for the training equipment to be
used within this training and assessment programme.

The main non-technical skills of co-operation, leadership and management sKills,
Stuation awareness, and decision making, that have to be mastered in order to handle
escalating emergencies, need to be more fully defined.

A drategy needs to be developed to incorporate these skills into a training and
assessment programme.

Criss Management standards of competence areill defined and consequently so are
their “behaviourd markers’ by which the slandard may be assessed. Moreresearchis
needed in this area, particularly in assessing the team-working competencies.

Whatever training methods are used, criss management training should beviewed asa
long term process, embedded in the training of individuasfrom novice through to senior
command, not as a set of “bolt-on” courses.

The most cogt- effective training option will be determined by locd factors. Therefore,
no mandatory option should be considered. At present, until the research above is
completed, assessment by Full Misson Simulator condtitutes the only vigble option.
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1.2

1.3

14
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1.6

INTRODUCTION

On 19" November 1997, the 3,624 grt Bahamianregistered vessa “Green Lily” grounded on
theidand of Bressay in the Shetland 1des in Force 10 winds and subsequently broke up. Al
crew members were rescued by a Coastguard helicopter but the helicopter winchman, who
remained on the deck of the ship, was swept into the sea and lost. The investigation by the
Marine Accident Investigation Branch (MAIB), published in June 1999, advised the cause of
the grounding was.

“thelack of propulsion and failureto restart the main engineto arrest the drift of
the vessel towards the shore in the prevailing environmental conditions.
Contributory causes included flooding of the engine room, failure to reset the
mechanical over-speed trip, inadequate knowledge of the cooling water system,
failure of the towage attempts and inadequate teamwork” (MAIB, 1999 page 9)

One of the reasonsfor this tragedy was that the chief and second engineers, together with the
electrical engineer failed to understand why the main engine stopped and were consequently
unable to restart it. They believed that the main engine fallure was due to the effect of flooding,
previoudy caused by afracture of the seasuction pipe. The probable reason for themain engine
stoppage was due to the mechanica over-peed trip ether not being reset or incorrectly reset.

The MAIB report, recdling previous investigations and noting the “Green Lily” invedtigation,
advised that many of the accidents investigated showed that team cohesion failed when non
standard emergency Stuations occurred, leading to rising levels of persond stress. Under this,

“ engineer officersoften show a lack of diagnostic skillswhile deck officersfail to
operate as an effective bridge team” (MAIB, 1999).

One of the MAIB recommendations to the Maritime and Coastguard Agency (MCA) was

“to commission aresear ch study into how bridge and engineroomsimulatorscan
best be used for bridge and engine room resource management training that
includes escalating emergenciesand increasing levels of stress. Theresultsshould
be used to devel op effective training for handling emergencies at sea” (MAIB,
1999)

The MCA responded with an invitation to tender — RP 467 —*“ Smulator training for handling
escalating emergencies’ in February 8™ 2000, to which the Warsash Maritime Centre (WMC)
was invited to submit a proposa. Following their submisson and a meeting with the MCA,
WM C was awarded the contract on 6™ April 2000.

Reference:



Marine Accident Investigation Branch (MAIB) Marine Accident Report 5/99 “Report of the
Inspector’ s Inquiry into theloss of mv Green Lily on 19 November 1997 off the East Coast of
Bressay, Shetland Idands’.

PROJECT OBJECTIVES
The objectives of the research project were to:

2.1.1 Invedigatetheavalability of, and developmentsin smulator technology goplied
to bridge and engine room resource management training, specificaly that
addressing escdating emergencies and increasing levels of dtress.

2.1.2 Taking into account the results of objective 2.1.1, determine how sSimulator
technology may mogt effectively be used in the training of seefarers in the
handling of emergencies.

2.1.3 Applying these reaults, through a cost-benefit assessment or other suitable
technique(s), quantify the efficiency of the amulation techniques on offer in
addressing thetraining ams

2.1.4 In summay form, report on the amulator training regimes in place in other
Certifying States including the identification of the underlying education levels,
tasks and training ams.
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3.2

3.3

METHODOLOGY
Introduction

To achieve the four objectives outlined in section 2.1, the project team adopted a generd
methodology which had the following dements

aliterature review;
questionnaires and andys's,
an dectronic discusson group using Delphi techniques,
acost benefit anayss.
Literaturereview
A literature review was conducted with the following three objectives:

Provide an update on work in the psychology of emergency handling under stress, based
upon recent published research reports and papers,

| dentify the current available training options in handling escaaing emergencies,
|dentify the ability of current specific Imulators to meet these requirements.

Questionnaires

A series of questionnaires was devel oped and distributed to establish how simulator training in
handling emergencies is undertaken by leading nationa bodies and smulator-training facilities
across arange of safety critica indugtries.
The questionnaires sought to establish:

the range of exising smulators used in the training of handling escalaing emergencies,

the extent to which these smulators are used for mandatory training and / or assessment of
competence;

evidence of ther effectivenessintraining and/ or assessing handling escalating emergencies,
limitationsin their use in training and / or assessing handling escaating emergencies.

A number of groups were selected to respond to the questionnaires:

11
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Certifying States as represented by delegations to the STW Sub-Committee at IMO;
Smulator manufecturers;

The users and sponsors of Smulator-based training ie shipping companies,

Maritime organisations with an interest in the use of smulaors,

Simulator operatorsi.e. maritime colleges.

An dectronic discussion group using Delphi techniques

The Delphi technique was used as a method for producing a detailed critical examination and
discussion among the major stakeholders and expertsin thefield of training on how to handle
escalating emergencies leading to conditions of psychologica stress. Expert judgement was
sought from the maritimeindustry and other safety critical industry sectorsin order to document
and andyse their experiencesin crisgs management training.

The project team facilitated the process and undertook an analysis of the results of each round
of the discusson in order to achieve the following specific objectives.

collate and andlyse the subjective judgements of discussion group participants  ©
produce a clear presentation of the range of views and consderations;

detect hidden disagreements and judgmenta biases and expose these for
further darification;

detect missing information or cases of ambiguity in interpretation by different
participants,

clarify patterns of information and sub-group positions,

identify critical items that need to be focused upon.

Theresults of the activitieswere used to identify training optionsthat will be effectivein the
transfer of necessary skills to seafarers to enable them to respond to emergencies under
conditions of psychologicd stress, with reation both to the individud and to teams.

The analysis dso produced a set of specific requirements that smulators would need to
satidfy in order to meet the identified training options.

A ligt of “experts’, who could be invited to take part in the Delphi process was drawn up
encompassing expertise from classfication societies, smulator manufacturers and users,
academics with expertise in amulation, and maritime nationa and international bodies.
Invitations were sent out to 32 representatives. Of the 15 who agreed to take part in the
first round, 9 represented organi sations operating outside the UK.

12



3.5

Cost benefit analysis

Oncethetraining options and specific Smulator requirementsto meet thesetraining options
had been identified, expert opinion and empiricd evidencefrom smulaorscurrently in use
were used to evauate and rank the training options in terms of cost benefit. A number of
metrics were consdered in order to evauate cost benefit including:

traning effectiveness,
smulator system cogts;
trainer codts,

trainee costs.

The cost benefit andysis was conducted at a two day workshop using a smdl group of
amulation and training experts, drawn from the participants in the dectronic discusson group
described above. The expert judgement from this exercise wasthen used to provide conclusions
and recommendeations.

13



4.1

LITERATURE REVIEW
Introduction

One of the axioms of emergency and cris's management isthat we can learn lessons from past
accidentsand prevent their re-occurrence. Whilethisisundoubtedly true, it isaso truethat one
of the more difficult aspects of the study of criss management, and certainly of training for
handling emergencies, isthat no two Situations are exactly dike. In this context, strategies and
procedures that are too prescriptive may be counter-productive.

So what do the data on casudties tell us? Many people will be well acquainted with the
Satement that 80% of dl accidents are attributable to human error. Inthe maritime context, this
datistic was first noted by the Pand on Human Error in Merchant Marine Sefety in 1976
(Maritime Transportation Research Board, 1976). Other safety critica industries such as
aviation and nuclear power have reported amilar satistics. Increasingly though, it has been
recognised (Reason,1999) that al accidents may be attributed in some way to human falibility,
and that such broad gtatistics need further definition and analysis.

The UK P&I cdub (UKP&I, 1997) regularly publish their casudty and incident trends (see
graph below), which indicate an overal decreasein mgor claimsand human error from 1987 to
1996. Therr categoriesof incidentsind ude mechanicd, structurd and equipment fallurewhichis
indicated by the ship failure trend, mgor clams and human error, as indicated on the chart
below:

Human Error Compared with Ship Failure frequency

= All Major Claim

16 A Trend
14 —=®— Ship Failure Trend
12 1 —o—Human Error
10 +

8 -

6 4

4 -

2 4

0 -

1987 1988 1989 1990 1991 1992 1993 1994 1995 1996

Graph 1: Comparison of the per centage of recorded incidents from 1987 t01996.
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4.2

This complete study was based on 3719 large (i.e. >$100,000 per claim) marine clams over
the 10 year period from 1987 — 1996. Cargo claims accounted for 40% of dl largeclaimsand
represented 27% by vaue. Persona injury claims accounted for 30% of the larger claimsand
20% by vaue. Callisons accounted for 8% by number and 11% by vaue. It was noted that
there has been an increase in pollution claims since 1993, againg the generd trend and in
contrast to the previous two years when they were in decline.

Human error as an overdl trend, as distinct from ship failure, accounted for 58% of magjor
clams. The main trends noted in human error are that crew, deck and engine room errors have
shown a considerable decrease since 1989, but shore personnd and especidly pilot error are
seen as playing asgnificant part in mgor clams. The digest of the report sums up the human
error aspect as

“ Although claims resulting from human error are decreasing slowly in absolute
terms, their relative importance is increasing in a climate where ship failure is
significantly reducing. Three out of five major claims are directly related to
human error” (UKP&I Club Digest report, 1997)

Caaudlties like the loss of the “Green Lily” have highlighted that there are problems in the
handling of escdating emergencies, particularly in sressful circumstances (MAIB, 1999). In
common with other industries, such emergency Stuations share a number of characteristics:

They involve complex, dynamic and sometimes fast-moving Stuations;
They require decisions to be made under stress,

The consequences of bad decisions can be catastrophic;

They often involve teams rather than individuds,

Decison-makers in these situations are often experienced personndl.

Thefollowing sections describe the relevant literature on research and current thinking on some
of theissuesraised by these characterigtics. The sourcesof thesefindingsstem from avariety of
industrial sectors and academic disciplines.

The literature review is described in four parts:
The Psychology of Decison Making Under Stress;
Training for emergencies,
Virtud Redity Training Environments (VRTES);
Simulator Technology.

The Psychology of Decision Making Under Stress

The psychology of decison making under stress is considered under the following headings:
Modds of decison making
Types of decison making
15



Errorsin decison making
Naturdigtic decison making

Decision-making haslong been studied by indugtrid or organisationa psychologigts. It can be
defined asthe process by which individuas or members of agroup choose a specific course of
action in response to changes in the environment.

4.2.1 Modelsof Decision-Making

Initialy, decison making was seen essentialy as problem solving. Theclassica decision making
mode, known asthe prescriptive modd, began with the assumption that people had accessto
al theinformation they need to make a decis on. People make decisions based on choosing the
best possible solution to a problem or aresponse to an opportunity (Edwards, 1954; Simon,
1955). Therefore, decision making was seen to follow four steps:

Lig dternatives

List consequences of dl dternatives

Congder preferences for each aternative and rank them in order

Sdect an dternative that has the most preferred set of consequences and follow
that action.

A WN P

Thus, optimal decisions could befollowed if thesefour rulesare followed. However, the moddl
is flawed on severd counts. As an gpplication to the red world, there are three fundamentd
problems:

1 Not dl information is present in every Stuation.

Even with improved feedback from machines and increased data handling capecity of
computers, it is very unlikdy that dl rdevant information is present in every dtuation. The
consequences of aternative courses of action may aso not be known, leading to estimation and
prediction which variesin degree of certainty. Individuasthemsdves often do not know exactly
what they want from a stuation. Thus, criteriafor ranking may be difficult to develop.

2 Cognitive overload.

Itisimpossiblefor individudsto compute and interpret dl relevant information when making a
decison. People are limited in their capacity to process information. Decisons are therefore
made on the most salient or obvious aspects of feedback in the environment. The decision to
concentrate on a certain source of information for feedback is not dways rationd.

3 Socid behaviour.

Such early model swere based on decison making of individuds. They fail to takeinto account
the drong influence found within group Stuaions such as “group conflict” and “group
polarisation” (seebeow). Furthermore, such models assume people can betotaly rationa and

16



objective when making decisons and follow problems|ogicaly.

Themodd asofalsinthat it demongtrates the importance of ‘what can be known’ rather than
“how can it be known'. The emphadis is on information and what can be done with such
information rather than the complex interacting web of processes that isinvolved in decison
making.

The above limitations of the classca modd are even moreimportant in the following Stuations
that regularly occur inred life

Negative states such as being under high stress or greet anxiety;
Unusud, ill-defined or ambiguous context;
Where decisions must be made ‘ on the spot’ or under increased time pressures.

The classical modd assumes that decision making is based on having complete information in
order to makethat decison. Inredlity thisisoften not the case. As mentioned above, it may not
be possible to determine whether al relevant information is present. Thus, in redity, decison
making has more to do with ‘ making the best of theinformation found’ rather than * making the
best of all possiblerdevant information’. Thusdecison makingisa“satisficing” rather than an
optimal process.

Thus, the classcd mode is rgected in most modern decison making research. This is
particularly true of research that concentrates on critica decisions being made in ill-structured
and dynamic environments. Thishasled to anew gpproach such asMarch and Smon’ s (1958)
Adminigrative Decision Making Modd and more recently Naturdigtic Decison Making
(NDM) models (as reported by Skriver, 1996). These modelslook at decison makingin red
life contexts. Many of theseinvolve studying critica and important safety decisionswithin safety
criticd indudtriessuch asaviation, nuclear power plants, offshoreingdlations, military command
and contral and fire-fighting incident command. These mode s are descriptive and highlight how
people make decisons. They stress how individuas ded with ncomplete information and
highlight the psychological and sociologica processesinvolved. Theemphasisinthismode ison
making decisonsthat are satisfactory, not optimal. Individuals search for and then choose an
acceptable response or solution which is not necessarily the ‘best” one (George and Jones,
1996). These modd semphas sethat individuasdo not have dl theinformation and, even if they
did, they are bounded by cognitive rationdity, i.e. there is a limitation on the capacity of the
human mind, making it impossble to congder dl information relevant to adecison.

The classcd modd aso assumesthat apoor outcomeisentirey based on poor decisons made
by individuals. NDM models suggest that good decisions may lead to poor outcomes for a
number of reasons. Theseincludelimitationsin the ability to reducethe effect of that information
whichisreadily available, the cognitive load and socid factors placed on individuasinterpreting
information and the contextud and time congraints placed on individuds when making
decisons.

17



The NDM modd isdiscussed in more detail in para4.2.5 but prior to that, ashort description
of the types of decison making and errors involved in decison making will be outlined.

4.2.2 Typesof Decision Making

Seefarers of dl ranks have to make a number of important decisions for the effective and
smooth operation of thevessel. Often decisionsare going to be made under great stressand, on
occasion, decisions need to be made at times of criss or emergency. Previous research in
decison making and NDM, both for individualsand in teams, seeksto investigate the processes
that occur inmaking decisonsunder stressor a times of crigsor emergency inawidevariety of
safety criticd disciplines.

By definition dl decisonsinvolve choiceamong dterndives. Thereare different typesof choice.
Orasanu (1993) identifies four areas of choice with regard to cockpit crew on aircraft, which
are dso relevant to seefarers:

Invisble choice - this Stuetion is where no choice was made since only one option is
actudly conddered,

Stopping action - this Stuation occurs when choice may involve stopping something in
progress,

Choicewithin action - thisisthe Stuation where an appropriate choice may beidentified by
the way an action is carried out;

Tempord choice - this Stuation may be recognised when the sequence and timing of aset
of actionsisimportant.

With regard to these four areas, dthough one type is no more important than another, very
different cognitive strategies are adopted for each one. Orasanu (1993) suggests that each of
the four areas of choice are so different that different areas of training are required for each.

4.2.3 Errorsin Decision Making

With regard to decision making under stress at sea, there are anumber of errors that may be
encountered that |lead to |ess than satisfactory decison making. These can be identified in four
main areas of human cognitive processing:-

the informative levd;

the interpretative leve;

the decisve levd;

the evdudive leve.

These four levels are shown on Figure 1, overledf.

18



Figure 1. Main cognitive areas where human error is encountered.

Feedback
Bvaluaive Infformative

Decison N

Makina Stuationd
Awlareness

Dedisive Interpretative
Understanding of Stuation
4231 Theinformative leve

Theinformative leve isthelevd a which information about agtuaionisgahered. This
level rdlatesto anindividud’ sor group’ sStuationa awareness. Information can be seen
as feedback from the machine being operated, in this case the ship, and from both the
physica and socid environment. At thislevel no interpretation of the datais necessary
but there must be an awareness that there is feedback present. Thus, failures occur
where there is no perception of feedback. This may be dueto:

Physologicad bariers.

Physiologica barriers include poor senses which are not able to gather information
properly, for example, bad eyesght or reduced hearing. Studies that have looked at

19



seefarers hedlth (e.g. Horbulewicz, 1973) have suggested that, amongst other factors,
many serving seafarers have poor hearing.

Physicd barriers.

Modern ships, likemodern cars, are built with individua comfort in mind. Furthermore,
theintroduction of increased mechani sation and computerisation meanstheship’screw
are becoming more physicaly isolated from noticing changesin the ship’ s performance.
Engineering officers used to be able to detect and andyse changesin engine noises but
this is more difficult in modern ships with sdf-contained control rooms.  Another
shipboard example is provided by the introduction of cargo control rooms which
separate personnd physicaly from pumps, vaves and machinery.

Physicd characterigics of the ship can dso hamper vision. It iswell-known thet visua
blind spots are inherent on some shipsasaresult of the foredeck configuration caused
by masts or other high risng structures.

Mechanicd barriers.

Dueto theincreasein the physicd isolation of crew from the ship, modern technology
providesfeedback interms of lights, dids, buzzersand, in more modern examples, the
marine equivaent of the ‘glass cockpit’ (ie menu driven computer warning displays).
Unfortunatdy most * categoricd’ displaysindicate nothing for normd, only lighting up or
sounding when something iswrong. There have been incidents where no feedback has
been experienced and thus everything has been assumed to be correct, when in fact
buzzersand lights have broken or havefailed to light. Feedback may aso be erroneous
causing the right decisions to be made but for the wrong reasons.

4.2.3.2 Theinterpretative level
Decisgon making problemsaredso found a theinterpretativelevd. Evenif feedback is
correct at theinformative leve, further barriersto the success of decisonsarefoundin

the way individuas and groups interpret the information presented:

Mechanica barriers.

It may be the case that the ship’s machinery presents correct feedback, but has been
desgnedin suchaway that it isopen to misinterpretation. There have been examplesin
the aviation world of lights or buzzers being more obvious than other lights or buzzers
that are actualy more important. For example, during an Eagtern Airlinesflight in the
Florida Everglades (29/12/1972 reported in Kayten, 1993), a light in an arcraft

20



cockpit, showing thet the landing gear had faled, was much brighter and in a much
more often observed place, than asmaller light indicating that the auto- pilot had been
disengaged. Thisresulted in the crews atention being directed to solvetheinitid, less
dangerous problemwithout noticing the moreimportant problem until too late. Thus, the
design of the ship’s bridge and engine control room is very important and needsto be
examined ergonomicaly with regard for human needs.

Avallahility heurigic bias.

The availability heuridtic is the tendency to interpret an event by the frequency of its
occurrence. Thus, eventsthat are easly remembered are thought to occur frequently.
Likewise, if apotentid cause comesto mind quickly, people arelikely to think it isan
important causa factor. Thisisauseful processfor eventsthat do occur frequently but
not for unusud sressful Stuations like emergencies. Since other factors such as vivid,
extreme events or recent events come to mind quickly, these are easier to remember
and may be interpreted as the cause. Thus, the wrong interpretation is placed on the
Stuation and bad decisions made.

Representative heurigtic bias.

The representative heurigtic is the notion that Ssmilar kinds of events that happened in
the past are good predictors of the likelihood of future events. The bias comesin the
individud’s interpretation of ‘smilar’. Thus, assumptions that an event is Smilar can
cause problems. A master’ sdecision to sail in aForce 10 ssorm may be based on the
fact that once before he may have successfully sailed insmilar conditions. Theproblem
arisesin that every stuation is actudly different and whereas dl available information
may gppear Smilar, over riance on its amilarities occurs and differences are not
highlighted. Thisisparticularly truein Stuationswherethereisnot agreat ded of timeto
establish atrue base, such asintimes of emergency. Assumptionsthat are made without
gathering the facts seem to be a mgor problem in decison making a sea. MARS
(200001, January 2000) citesan examplewhere amaster altered course at awaypoint
without gppreciating the close proximity of another vessd. His decison resulted in a
collison. MARS (200022, June 2000) shows how some commercia yacht seafarers
have apotentid problem in that they assume dl ships of whatever Szedter coursea a
certain digtance from them and find it difficult to make dlowancesfor different types of
ship.

Anchoring heurigtic bias.

The anchoring or adjusment heuridic is the taking of a current Situation and making
decisions based on the smple addition or multiplication of the current factors. Such a
biasisincreased wherethereislittle timefor correct caculaions or information search
asin emergency Stuations.

Optimism bias.
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There is a likeihood of an individua being over optimigic about a Stuation. Thus,
feedback suggesting emergency conditionsmay beinterpreted more optimisticaly than
is necessary. This is heightened by previous fase darms, for ingtance the ‘ cry wolf’
Stuationswhere danger isoften expressed by oversengtive control and darm systems,
but turn out to be fase darms.

Denid.

Thisisatendency that occursin true emergency Stuations when anindividua may not
believe that an emergency is happening.

Risk taking persondlity.

It has been suggested (Jonah, 1986) that thereis evidence of arisk taking persondity.
Thus, risk taking isameasurable trait that has influence over the way such feedback is
interpreted. Individuaswith ahigh risk taking persondity would fail to see srong winds
and high sees as being as dangerous or as hazardous as an individuad with alow risk
taking persondity. Airplane pilots are selected using psychometric tests on the basis of
being am, conscientious and emotiondly stable characters (Rathus, 1990). Some
shipping companies aso select personnel using psychometric tests but it is less clear
whether risk taking persondity and emotiond stability is congdered in their selection
techniques.

4233 Thedecisive level

As interpretation of information from feedback and increasing Stuation awareness
occurs, decisons are congtantly being made. Since working on a ship during an
emergency invariably involvesteam work, it isimportant to look at problemsthat face
decison making in agroup.

Physica and psychologica boundaries of group membership.

The concept isthat dl workers should be members of agroup during emergency criss
with the explicit emphasis of working as ateam. Sub-groups and other groupsthat do
not interact ether socialy or in a working group can cause disorganisation and

problems, particularly at times of sress. Literatureisdivided asto whether stressbrings
together such groups or separates them further. There is disturbing evidence that on
certain ships which are required to give way under the collision regulations, a red-

blinking light is switched on at the Chrismastree; the inference being that the stand on
vesse should giveway. The MARS report 99038 (Seaways, October 1999), suggests
that in one particular casethiswas dueto bad relationswith the Master which led to the
ship’s bridge officers not wanting to cal him to the bridge. Thus, the OOW displaysa
red-blinking light and continues their passage.
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Role conflict.

Decison making isdifficult for individuasif they experience role conflict. Intra- sender
role conflict iswhere one person givestwo or more conflicting sgnds. Inter-sender role
conflict iswheretwo or moreindividuas send conflicting Sgnasabout what isexpected
of anindividud. There can d<0 be inter-role conflict where a person holds two roles
that become conflicting. Findly, thereis person-role conflict inwhich persond vauesor
experiences are thrown into conflict by tasks given by another person. All these
examplestend to be heightened at times of emergency and unfortunately dso dl lead to
increased problems when decision making.

Role ambiquity.

Role ambiguity is where expectations about the role are not fully known. In stressful
gtuationsindividuas rolestend to become moreambiguous. Again, such roleambiguity
can lead to problems in decison making.

Norms.

Normsare powerful informa rulesfound within agroup. These are not often discussed,
hardly ever written down, but have ahugeinfluence. Such rulesaregeneraly picked up
through a variety of socid cues, such as nontverbd communication and ‘reading

between the lines in verba didogues. Normswill effect who can make decisonsand
what effect individuasmay have on the decision making process. Many examplesfrom
arcraft disssters highlight the role of * norms'. Such expectations and assumptions that
certan people will act and behave in a certan manner continue during stressful

conditions. Unfortunately, some deviationsfrom normswould be beneficid during times
of novel gtuations. However, norms can be so strong that this does not happen.

Authority.

The gaffing of shipsis traditionaly very hierarchicd. The concept of the omnipotent
Master ableto decidewhat should hagppen, and when, isonly recently being questioned
with training in Bridge Team Management (BTM) and Bridge Resource Management
(BRM) being provided by training indtitutions. For daily routine procedures, thissystem
may be seen as an efficient and effective way of running aship. However, in times of
unusua Stuations the hierarchicad gructure can cause problems. In aviation, the
hierarchica nature of the cockpit meant that unwritten rules about acceptance of the
captain’s decison resulted in alarge number of accidents. In severd of these, it was
clear that the flights Firg Officers were not entirely hagppy with the Stuation but went
ahead anyway because they were told to do so by their senior officer (see Kayten,
1993, for aviation examples). There has been a shift in increased empowerment for
lower ranks to be involved in decision making with authority figures, particularly with
regard to safety critica issues, but thereis il evidence that thisisthe exception rather
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than the rule. On other occasionsit islack of assertiveness by the First Officer, rather
than authoritarianism by the Captain that has been the problem (Ginnett, 1993). Harper,
Kideraand Cullen (1971) found, on asmulator trid, that only 25% of First Officers
landed a plane successfully when a Captain feigned incapacitation. Many of the First
Officersfailed the landing because it took too long for them to take respongbility for
themsdves. All the First Officerswere sdected on thefact that they could, in practice,
land a plane successfully. Thus, it was concluded that the only reason they did not was
asocid attitudind problem and not a skill-based problem.

Socid Fadilitation.

Socid fadilitation is the term given to the tendency for individuas to perform better in
the presence of othersthan when done. Thisworkswdl for smpleand well-rehearsed
tasks. However, in nonrehearsed, novel, unusuad and stressful conditions (i.e.
emergency conditions) the presence of others can inhibit rather than faclitate
performance.

Diffuson of regponghility.

Generdly, groupstend to be characterised by adiffusion of responsbility. Thegroup as
a whole becomes respongble for the decison rather than one individua. Thus, one
individua is not blamed for the outcome and decison making is placed on dl
individuds. However, in strong hierarchicd stuations, repongbility restsnormdly on
oneor two individuas. Thus, the decisonsthey make can place them under huge stress,
which means decison making isnot aseffective asit could be. Should dl membershave
more share of respongbility, thereisthen the problem of socid ‘loafing’, whereby some
individuas can do very little during the decison making but regp rewards afterward if
the decison is successful.

Group polarisation.

There are both positive and negative aspects of group polarisation. This is where a
group tendsto be more extremeinitsanswer thanindividuds. On ashipin responseto
asdfety critica Stuation groups would either make avery conservative and safety first
decision or make an extremely hazardous decision. Which way depends very much on
theviewsof thegroup, theranks of those with certain views and how good peoplewith
certain views are a presenting evidence for their decison.

Group conflict.

Thereisaways potentid for conflict in decison-making groups. Group membersdiffer
in their backgrounds, attitudes, bdliefs, skills, knowledge and expertise. This can be
useful if it means decisons are evduated in anumber of ways but not beneficid when
individual s become more concerned about winning rather than making agood decision
(George and Jones, 1996).
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Group communications.

Another fundamenta problem seen in a number of shipping and aviation accidents is
difficultiesin communication between group members. Often one member of theteam
will see aproblem and fail to communicate it effectively. Insructions given have led to
confuson whereindividuas have different perceptions about the meaning of the terms
(see MARS 99010, March 1999; 99029, June 1999; 99046-99048, November
1999). Also, anumber of assumptions are made with regard to how othersare seeing
the Stuation. The egocentric bias is the assumption by an individuad thet everyone is
thinking dong the same lines asthey are. However, as accident investigations clearly
recognise, poor communication of one sthinking, or no communication at al, can result
iN Serious consequences.

4234 The evaluative level.

Thefind level sees an evaudive framework in place. Once adecision has been taken
evauation of the decison begins to take place automatically. However, once again

thereareanumber of biases associated with the eval uation technique that could lead to
poor evaluation and possible escalation of the problemsfaced. Figure 2 demondtrates
how these barriers can lead to escadation of problems.

Figure 2: Errorsin decison making made in stressful stuations leading to
escalation of problems
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None or poor perception of feedback

Inasmilar way totheinformativelevd, physologicd, physicd, and mechanicd bariers
mean that feedback is not always detected.

Wrong interpretation.

Wrong interpretation of the feedback a the evauative level may occur due to
mechanicd barriers, the various heurigtic biases, optimism bias, denid or having arisk
taking persondity.

Group- Think.

Janis (1982) found that in ahighly cohesive group, people tend to dtrive for unanimity
rather than appraising different courses of action. Cohesive groups are seen as being
hugdy beneficd and sought after by individuds. This is often synonymous with
exaggerated beliefs about the group’ s capabilitiesand mordity. Thus, they believethey
are acting morally and ethicaly and that they never could do otherwise. Asaresult, the
group closestheir mindsand failsto pay attention to information that the decisons may
be thewrong onesto follow. Any membersthat do have doubts may not mention them
to othersin order not to disrupt the cohesion of the group. Thiswould be particularly
true of groups who live and work closdly together, asthey do on ships. Thus, actions
following escdating emergencies could easily occur without any member of a group
questioning such actions.

The Gambler’s Fdlacy.

Berngtein, Roy, Srull and Wickens (1988) highlight the idea of the Gambler’s Falacy.
Thisisthe belief that a sequence of smilar events will mean the next event is bound to
be the opposite. Thus, arun of bad luck will eventudly be overturned by good luck.
Thisisparticularly true of gamblersunder high stress and with regardsto asequence of
negdtive events. Thus, agambler who gambles each time on winning ‘heads onacoin
and it turns up ‘talls ten timesin arow will believe the next must be ‘heads amost
certainly. However, the same chance exigs as a the beginning, making their perception
afdlacy. Thus, in escaaing emergencies, it may be percelved that a string of negetive
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events or fallures must mean something postive is about to happen.

Escdation of Commitment.

George and James (1996) state that an escaation of commitment occursin decison

making processes. Thisis the tendency for decison makers to invest additiond time,

money or effort into what are essentialy bad decisions or unproductive courses of

action. That is, dthough the decison may provide negetive feedback, more of the same
decisons are made to reverse the negative feedback. Thus, escaating bad decisions
can occur. This is likely to happen when decison makers do not want to admit to
themselvesor to othersthat they have made amistake and when they wish tojudtify the
time and effort they have aready put into the decison. Thus, this can happen when a
powerful, highly regarded, member of agroup, responsiblefor timeand costs, suchasa
ship’s Master increases the commitment to a certain poor course of action.

4.2.4 Naturalistic Decision Making (NDM)

Modern concepts for understanding decision-making have progressed from classic rationd
choice modelsto onesthat try to reflect the way decisons are actudly madein thereal world.
Themogt influentia of thesemodelsiscalled the naturdistic decision-making (NDM) modd and
has been defined asfollows:

“The study of NDM asks how experienced people, working as individuals or
groups in dynamic, uncertain, and often fast-paced environments, identify and
assesstheir situation, make decisions and take actions whose consequences are
meaningful to themand thelarger organisation in which they operate” (Pruitt et
al, 1997)

This definition reveds anumber of characteristics of the Situationsin which NDM takes place.
These characterigtics suggest that NDM is an appropriate model for the understanding of
decison making under dress in escalaing marine emergencies. These characteristics are:

1 The stuationsin which decisons are made are uncertain, unpredictable and dangerous.
2 Knowledge of the Situation is incomplete, and constantly changing.

3 The consequences of decisions and actions based on poor Stuationd awareness are
potentidly catastrophic.

4 Experienced people, not novices, generdly conduct decision making in such Stuations.

Another important feature of NDM, which reflectsitsvauein understanding red world decison
meaking, is that, unlike classical modds of decision making, where the objective isto provide
optima decisons, the objective for real world decison makersisto arrive at actions based on
decisons that will satisfy the immediate concerns of the Stuation, without those decisions
necessaily having to be the best ones. There are anumber of different modeswithin an NDM
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gpproach to describe the process by which decisons are made. The dominant modd isknown
asthe Recognition-Primed Decision (RPD) modd. Orasanu (1997) providesacomprehensve
description of the process.

“Its basic principle is that experts use their knowledge to recognise a problem
situation asan instance of atype, and then retrievefromtheir store of patternsin
memory an appropriate response associated with that particular problem type.
Theresponseisevaluated for adequacy in the present context, and if it passes, it
isadopted. If it isfound wanting, either another interpretation of the situationis
sought or a second level response isretrieved and evaluated.”

A number of conclusions may be drawn from this description of the RPD process, which are
relevant to the handling of emergenciesin stressful circumstances.

1

Normal control of operationsis managed through a series of gpproximeating or satifying
decisons, i.e. astuation is recognised as being typical and anumber of decisons and
actionstaken. The Stuationisthen monitored and further decisonsand actionstakento
refine the origind response.

The more experienced the decision-maker, thericher the store of experiencesto draw
from and the more extensive ther repertoire of actions. Orasanu (1997) records a
number of research gudies that confirm that this is one of the most consstent
differences between novices and experts.

The most critical aspect of the decison making process is awareness of the Situation,
not the generation of options. Orasanu (1997) aso records that in most aviaion
accidents, crews have exhibited poor Stuation assessment rather than faulty sdectionof
acourse of action.

RPD workswell when the Situation can be recognised, i.e. in norma Stuations. The paradox is
that in emergency Stuations, just when the expert needs to draw on a reliable repertoire, the
Stuation is unpredictable and atypica, so no repertoire can be called upon. The emergency

handler hasto revert to a credtive responsei.e. they have to think their way through the novel

gtuation.

It isthis requirement to think through the Situation that creates stress, which in turn may affect
the quality of decison making. If decisons need to be made quickly, then time pressure dso
becomes an additional stressor. Orasanu (1997) describes the Situation thus:

“In situations that support perception-based memory retrieval, stress effects
should be minimal. These situations tend to be those that deal with familiar and
unambiguous problems for which rule-based responses are available. Stuations
that require attentional scanning and impose demands on working memory are
ones that are either wnfamiliar or for which cues indicating a problem are
ambiguous, thus requiring information search or diagnostic strategies.”
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Given the nature of decision making under stress, the chdlenge is how best can we prepare
individuds and groups for the unpredictable or as Orasanu (1997) puts it — how might we
strengthen theweek links? She providesthree possible answers: through training; through better
procedures; and through the design of better decision making aids.

Thisstudy isconcerned with the effectiveness of training to enable seefarersto handle escdaing
emergencies, 0 what are theimplications of NDM and RPD theory for training?

NDM and RPD theories raise anumber of issues that suggest waysin which training may be
enhanced to prepare people for handling escalating emergencies under stress (Orasanu 1997):

1 Decison-making is a kill. Like dl skills it may be learned through practice. By
reducing the cognitive load through practice, expertswill beless stressed than  roies

in threatening Situations.

2 In addition to specific skills, there is a set of more generad decison making skills,
known as metacognitive skills. The direct development of such generdised
Stuation awareness skills might counteract the consequences of stress.

3 Educating people about stress, and providing them with techniques and drategies
to cope with stress may be helpful.

4 Stress effects of decison making may be reduced by sharing the decison making
process within the members of ateam.

The primary judtification for the direct training for emergencies is based on the belief that by
exposing individudsor teeamsto avariety of potentid emergencies, they will enrich their menta
dores of gdtudaions, thus enhancing their repertoires of decison making. A secondary
judtification is that by exposing people to such stuations it provides them with the sdf-
confidence that they can handle future unknown situations.

The problem with this gpproach isthat if the emergency training scenarios are too prescriptive,
then the learned repertoires may be ingppropriate to the real emergency encountered. Crego
and Spinks (1997) expressthis dilemmain their description of the“Minerva’ smulation, which
is the command and control system for senior police officers:

“It is vital that any patterns presented to the learner should not be reduced to
individual cues...at various periods during the unfolding event. Thisbehaviourist
approach may well be successful in engendering recognition of a particular
pattern set, but thisrecognition may not be transferable when the learner isfaced
with similar patternsin different contexts. What isneeded isa morefluid, flexible
simulation that is responsive to decisions made and, as a result, is very much
driven by the actions (or indeed the inactions) of the participants. At the same
time, unfolding incidents must be multi-threaded and at times paralldl, if the
impression that thelearner isbeing led through prescribed problemstowardspre-
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planned outcomes and solutions, isto be avoided. Only through such patter ning
and sequencing, combined with effective team driven communication, will the
command team gain a real sense of ‘ Situational awareness and fidelity with the
real world of command be sustained.”

Clearly, someform of smulation offersone of themost beneficid training mediumsfor thedirect
learning and practice of Stuationa awareness and decision making skillsin asafe environment.
In the short extract above, Crego and Spinks aso highlight the mgor issuesto be addressed in
the use of amulation for the training of emergency handling:

1 To what extent will RPD type skills, learned in a smulated environment,
transfer to the rea emergency?

2 What level of context or fidelity hasto be provided inasmulated environment
to provide the sort of fluid, responsive smulation that is required?

These issues of transfer and fidelity are addressed in section 4.3.
4.3  Trainingfor emergencies

4.3.1 Introduction

Previous research (MSA Project 340, 1994) suggests that there are a number of Sgnificant
issues which need to be consdered when assessng the practica gpplication and cost-
effectiveness of smulators. These may be summarised as:

The Application of Training Needs Andysis and related Pedagogical 1ssues,
The Transfer of Training to the Workplace;
The Reationship between Fidelity and Trandfer.

This section describes the current thinking on such concepts. In addition, a separate section,
paragraph 4.4, addresses these issues in the context of the latest technologica advancesinthe
development of Virtud Redlity Training Environments (VRTE).

4.3.2 Theapplication of Training Needs Analysisand related pedagogical issues

It has long been recognised that Smulators and the training benefit they provide should not be
consdered inisolation. Smulators, likedl other training aids, are part of atraining sysem. The
system comprises trainees and ingructors as well as the training equipment itsdf, and it isan
axiom of amulator training that the Sngle most important component istheingructor and not the
hardware (Hammell, 1981).

In order to match the training equipment to the training requirement it is necessary to gpply a
rigorous Training Needs Analyss (TNA) and other associated human factor disciplines. TNA
may be defined as* asystematic method for analysing atraining requirement and specifying the
functiond requirements for the training equipment” (Jackson, 1993). As part of this method,
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TNA can dsoidentify therequired ingructiona facilitiesto monitor trainee performancefor any
assessment purposes.

Jackson describes atypical TNA sequence as.
Misson Objectives

Mission Critical Segments

Functions

lls

Training Cues

ga b~ WNBEF

The misson can represent any training requirement but the TNA should provide unambiguous
implementation gods (Zdtzer and Fioch, 1996). Skills may be perceptud, cognitive,
psychomotor or procedurd.

Of particular sgnificanceto amulator-based training, Jackson assertsthat TNA canidentify and
give priority to the required smulation cues for each training task. Thisin turn determinesto
what leve of fiddlity each cue needsto be created in a given system.

This is dgnificant because, depending on the training objectives identified, it will not be
necessary to smulate every cue. Zetzer and Pioch (1996) express thisidea in relation to a
navigationd task:

“It is not necessary to account for every behaviour performed by an officer
during the harbour navigation task since, from a training standpoint, the
majority of these actionsareirrelevant to the task being trained, and hence add
no value to the simulation. In the same way, low-level actionsthat are necessary
in the real world to carry out a sub task but are not in themselves directly
important to the overall task may be omitted, especially if their inclusion would
incur significant additional equipment or programming overhead.”

The god isto concentrate on task-levd interactionsthat areimportant for training effectiveness
in the particular task.

Previous maritime research (MSA Project 340, 1994) has highlighted further issuesraised by
taking aformd andyticd view of traning:

1 If thetraining god s are expressed as performance criteria, then training can betargeted,
for example, by continuing training, or providing remedia training, until the required
level of proficiency isachieved.

2 Systematic testing of trainee performance prior to and after training, as wel as
subsequently inthework place, isnecessary to eva uate the effectiveness of thetraining.

3 Conditionsin thework place must be conduciveto thetransfer of trainee performance.
Criticism of the effectiveness of training is misplaced if the policies, practices and
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attitudes of an organisation inhibit transfer to the work place. Indeed, the postive
commitment of an organisation to the objectives of the training is vitd if transfer isto
take place. (MSA Project 340, 1994)

A number of pedagogical issues aso need to be consdered in the design of training systems:

1 The desgn of the ingtructiond overlay for any smulation should ensurethat the learner
is not overloaded. The red Stuation is usudly quite complex, with many varigblesto
congder for successful performance. For such dtuations, to begin with so many
variablesin the underlying modd will dearly impedelearning and mativation. (Reigeuth
and Schwartz, 1989)

2 Where there are many uncontrolled variablesthat may account for learning effects, itis
often difficult, to effectively evduate amultivariate, dynamic training environment; for
example, evauating the effectiveness of team co-ordination. (Caird, 1996)

3 Practical congraintsof time, opportunity and cost often conspireto produce alessthan
optima learning environment: (MSA Project 340, 1994)

Little may be known of atrainee's prior experience until the course sarts.
Trainees may lack the pre-entry requirements of knowledge and skill for
which the course was designed.

A course may not comprise the optimum number or necessary experience
leve of trainees.

In limited time, it is not possible to alow trainees to repeat exercises until
they are proficient.

There is do little opportunity to take account of individua differences in
learning Syle.

4 Team training is often conducted in Smulator courses, but the effort is wasted if on
return to sea, an individud falls to put knowledge, skills and attitudes into practice
through peer pressure or the attitudes of senior staff.

4.3.3 Thetransfer of training to the workplace

Classc definitionsof trandfer (MSA Project 340,1994) refer to the degreeto which learning to
perform onetask ismade easier by theprior learning of another task. Simulator based training
involves the sysematic development in a smulated environment of the knowledge, skills and
attitudes required to perform atask in the real world. Inthiscontext, transfer refersto the
degreetowhich learningin thered environment ismade easier by prior learningin thesmulated
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gtuation. If thelearning Situation facilitates performancein the second Stuation, pogtivetransfer
has occurred. If the learning Situation impairs subsequent performance, negative transfer has
taken place.

Three complementary modelsof trandfer areto befound in theliterature. (Rolfe, 1991). Oneof
the earlier explanations of transfer argued that postive transfer would occur to asecond task if
that task contained component activities which were present in the first task. Transfer isthus
dependent on identical eementswithin both tasks.

A later modd arguesthat transfer is dependent on the extent to which thereissmilarity between
the representation of a simulus and the response demands of the learning and actud
performance Situations. Theimportance of thismodd isthat it introducesthe ideathet transfer
can be obtained with smulators which are not replicas of the red Stuation.

More recent gpproachesto transfer stresstheimportance of thetraineein thelearning process.
Therefore, one of the pre-requisites for pogtive trandfer is the motivation of the trainee to
acquire new skills.

Total trandfer israre; i.e. some further learning in the operationd setting is usudly necessary.
Trangfer isnot uniform; some skillswill transfer more readily than others. Some aspectsof the
learning Stuation may trandfer inadvertently. By ddiberately omitting sometasks, trainees might
infer incorrectly that these tasks are not considered important, and then neglect theminthered
gtuation. Equdly, beneficid agpects may transfer even though they were not specific training
objectives. Training in teamsmay aso influencethetransfer of learning of individuals, for better
orworse. For example, if oneteam member dominates, others may not learn so much. Equdly,
collaboration may enhance individua learning and transfer.

Theimportance of trandfer in Smulator training isthat it isthe key measure of the effectiveness
of that training (Barnett, 1996). However, there are few recorded trandfer experiments in the
marine smulator literature. (Muirhead, 1991)

The most abundant source of transfer sudy experimentsare in reation to flight smulators, and
even here, results from sudies are surprisingly inconclusive in providing hard evidence of
positive trandfer. (Billings et d, 1975; Rolfe, 1991)

Findings from these udies dress that transfer experiments need to be carefully designed.
Trandfer of training experiments are notorioudy difficult to control (Caird, 1996). Problems
involve the lack of experimental control, insufficient sample sizes insufficient time in the
samulator, insufficient time for evaduating transfer in the operationd setting, and insengtive
measures (Waag, 1991).

Oneimplication of the classic modd s of transfer isthat to be cost-effective, any Smulator should

be desgned so that it Smulates the operationa Stuation only to the extent necessary to
provide transfer of the skills required by the TNA. As Jackson (1993) putsit:
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“It is desirable that ssmulation fidelity and capability is sufficient to ensure the
required transfer of training, but not to grossly exceed it since this would
generally increase system cost with no return.

The result of the training needs analysis will be a specification of the cues
required and their minimum fidelity in order to achieve the required transfer of
training.”

This concept establishesthe linkage between trandfer and the levd of fidelity required in order
to provide that transfer.

4.3.4 Therdationship between fiddity and transfer

In the Smulation literature, there are a confusng number of definitions of fiddity in terms of
redism, equipment fiddity, environmentd fiddity, behaviourd fiddlity, psychologicd fiddlity,
physical smilarity and total context fidity. (Allerton and Ross, 1991)

Hays and Singer (1989) reduced these multiple definitions to two main dimensions:

“ Smulation fidelity isthe degree of similarity between the training situation and
the operational situation which is being ssimulated. It is a two dimensional
measurement of this similarity in termsof: (1) the physical characteristics...and
(2) the functional characteristics.”

Caird (1996) provides agmilar definition:

“Physical fidelity has been defined as the degree that the physical simulation
resembles the operational environment, whereas psychological fidelity is the
degreethat a simulation produces the sensory and cognitive processeswithin the
trainee as they might occur in operational theatres.”

Early smulator design and training development progressed in the belief that by producing the
highest levd of physicd fiddity possble, such redism donewould lead to effectivetranser. As
Caird (1996) putsit:

“For decades, the naive but persistent theory of fidelity has guided the fit of
simulation systems to training.”

Consequently, more modern thinking recognisesthat theleve of fiddity required dependsonthe
nature of the skills being trained. Both Jackson (1993) and Caird (1996) point out that greater
degrees of physicd fidelity are needed where physical or manud tasks are required, whereas
functiond or operationd fiddlity is required for cognitive tasks.

Furthermore, and thisis the crucidly important point, the level of fiddlity required dependson
whether physica or cognitive tasks are being developed, to the extent that in some cases, the
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4.4

lack or distortion of redism may provide increased training benfit:

“For cognitive and procedural training there need be less emphasis on realism,
indeed it may be advantageous from a training transfer aspect to remove
distracting ‘realistic’ features. It may even be advantageous to actively distort
the reality in order to better demonstrate the subject matter” (non Euclidean
environmentsi.e. outsde of the norma laws of geometry). (Jackson, 1993)

“ ...thereissome evidence fromflight simulation that higher levelsof fidelity have
little or no effect on skill transfer and reductions in fidelity actually improve
training. Reductions of complexity may aid working memory and attention as
skills and knowledge are initially acquired....... Perhaps errors on the side of
more fidelity reflect failed attempts to completely understand the underlying
physical to cognitive mappings. (Caird, 1996)

Virtual Reality Training Environments (VRTE)
4.4.1 Introduction

A Virtud Redity Training Environment (VRTE) is commonly consdered to be a computer-
generated representation of area world environment with which atrainee can interact in order
to achievethar training objectives. Theformsof thisinteraction can bewideranging, fromtrying
tofaithfully smulatethetraineesinteractionswith the red world, through to totally non- Eudideen
(outsde of the normd laws of geometry) formsof interaction. Different formsof interaction can
be used within a VRTE depending upon their effectivenessin alowing traineesto achieve therr
training objectives. Events within the environment, and the response of the environment to
trainee interaction, can be pre-programmed or controlled by tutor or assessor intervention.

There are currently three main types of VRTE:

“Window on the World' in which the representation of the training environment is
displayed on apersona computer monitor and the trainee uses the computer  keyboard,
mouse or joystick in order to interact with the environment.

‘Cave inwhich thetraineeis ether partidly or totally surrounded by~ projection
screens onto which the representation of the training environment is displayed. The
trainee interacts with the environment by means of ajoystick, or ahigh fiadity
control console.

‘Full Immerdon’ in which the tranee is fully immersed within the training
environment by virtue of the interfaces used. Interfaces can include head-mounted
displays, haptic and force feedback gloves, locomotion trackers and even force
feedback exoskeletd suits.
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442 Technical Issues

Within the design and development of current VRTE'sthereisamove towardsthe requirement
for ahigh leve of visud fiddity. This move has been prompted by the hypothesis that the more
the virtual training environment looks like the red work environment, the more will be the
trainees sense of presence and therefore the more effective will be the training and training

transfer. Thereis, asyet, no empirica evidenceto support thishypothesis. Itisgill the casethat
the computational burden placed upon a VRTE in order to produce a photoredistic
environment is, in most cases, too gresat for current technology, and the end result is often the
introduction of time lagswithin the visud system. Theselags have been known to cause nausea
within trainees and even negativetrandfer of training (Caird, 1996). Currently it isthe casethd,
the greater the level detall displayed within aVRTE, the less seamless the movement within the
environment will gopear.

Some VRTES have active objects or agents within the environment that behave with aleve of
autonomy. It has been recognised that the behavioura models for these types of objects must
be rigoroudy validated if they are to be effective within the training environment (Zetzer and
Pioch, 1996).

Task-level anadyses of the functiond requirements of aVRTE should be undertaken to ensure
that the specific training objectives, for which the sysem isto be used, canbemet. Inorder to
ensure that each task-level command within the VRTE will dicit the required response it has
been suggested that the following guiding principles be used:

support just those trainee actions required for the task;

hide the virtud environment systlem from the trainee;

evaluate inherent hardware and software tradeoffs where necessary and implement
carefully to avoid negative trandfer of training (Zdtzer and Fioch, 1996).

In order to compensatefor some VRTE system technicd limitations, some systems use methods
to enhance their existing forms of perceptuad cuesin order to dlow trainees to meet the task
requirements. An example of this would be the use of sdective compensationd scalings to
overcome poor resolution within a VRTE display system.

443 Interfaceissues

Issuesrdating to the interface of traineeswith the VRTE are some of themost limiting in respect
of the training effectiveness of these sysems. How a trainee is to interact with the virtua
environment to achieve a god is not necessarily visudly explicit, nor implicit, from prior
computer experience. Frequently, usershave difficultieslearning how to accomplish taskswithin
virtud environments. These difficulties can be animpediment to skill and knowledge acquigtion
(Caird, 1996).

Smply moving around within avirtud environment can cause problemsfor novice VRTE users.
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Until thisskill has been magtered, trainees can spend an inordinate amount of time Smply trying
to move to the required locations within the environment. Thistendsto lead to frustration and
this can serioudy reduce the effectiveness of the training system. Navigation within the virtud
environment has a so been seen to be aproblem unless the environment is equipped with reedily
recognisable cues.

Trainees usng VRTE's have been observed completing part of atask, backing away from the
objects associated with the task, then repositioning themselves in relation to these objectsin
order to complete the task. Thisisnot anorma sequence of events when completing atask in
the red world, yet very common in virtua environments, (Harmon and Kenney, 1994)

In order to minimise the effects of any lack of virtua environment interface skills necessary to
perform atraining task within the VRTE, the trainee needs to be made familiar with these skills
before entering the actua training environment (Kozak et d., 1993).

VRTE sygem time lags are il an initid impediment to trainees interfacing with the training
environment. Trainees haveto learn to compensate for theinherent sysemtimelagsin order to
complete training tasks. Some VRTE's offer variability in visud perspective and this has been
shown to produce alack of confidence within trainees, leading to poor performance. The poor
performance of trainees within VRTE's has aso been atributed to alack of the following:

visual feedback
acoustic feedback
haptic feedback
force feedback

Harmon and Kenney (1994) suggest that because of difficulties related to interfaces with
VRTE', trainees experience cognitive overload in trying to ded with the experience of just
being in the virtud environment and are unable to process the information to be learned.

Multi-user collaborative virtua environments have been devel oped where anumber of trainees
are present within the same environment. Each traineeis represented within the environment by
an avatar (computer generated icon of a person) that can be seen by the other trainees. There
are at present severe limitations with respect to the degree of interactivity that can be achieved
between co-present traineeswithin virtud environments. No empirica evidence has been found
to show that multi-user collaborative VRTE's can be used to effectively undertake any form of
team+based training. In 1993 Jackson stated that:

"virtual reality issuitablefor training domains where people operate equi pment
in isolation from other people, or by communication through voice."

It isareflection upon the difficulties that have been experienced in devel oping effective multi-
user collaborative VRTE's that Jackson's statement is ill generdly true today.

A traineg's sense of presence or immersion within atraining environment is dependent upon the
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levd of interactivity there is through the interface between the tranee and the virtud
environment, to provide sensory datato thetrainee. Increasing the modaities of sensory input in
avirtua environment can increase both thetraineg's senses of presence and memory for objects
in the environment (Dinh et d., 1998). Experiencing a maich between the trainee's interna
representation of the training environment and the sensory data is important because it
addressesthe updating of thetrainegsinternal modd tofit thevirtua environment more closdly.
Thisisthe actua process which makes the experience of presence occur (Tromp, 1997).

Where the type of training requires a trainee to develop and update a mentd mode of a
gtuation, such asfor the handling of escalating emergencies, the degree of immersion within the
VRTE isseento beasgnificant factor. Tromp (1997) digtinguishes between physica immersion
within a virtud environment and cognitive immerson. For some trainees al sense moddities
need to be addressed before they will report a sense of immersion, others are capable of

becoming totally immersed with very few sense moddities being addressed. Thissense of total

immerson is what Tromp defines as cognitive immersion. It therefore follows that the

effectiveness of the training of cognitive skills within VRTE's will be dependent upon the
trainees leve of immerson within the virtuad environment and this has been shown to vary

between different trainees.

4.4.4 Application

Currently VRTE's gppear to facilitate spatia cognitive tasks and may be most gpplicable to
gpatia familiarisation training. Evidence of the effectivenessof VRTE'sin thistraining domain has
been provided by NASA who have used a VRTE to undertake procedura familiarisation
training for the repair work carried out on the Hubble Space Telescope. The simulated actions
of the hardware, provided trainees with rich menta images of tasks. Thetraineesfelt thisgave
them a much deeper understanding of the tasks than by jus memorising a list of event
descriptions (Harmon and Kenney, 1994).

The U.S. Navy has used a VRTE to familiarise fire-fighters with the layout of a ship prior to
them undertaking fire-fighting tasks onboard the actud vessd. Participants expressed their
increased confidence in performing therr fire-fighting tasks because of thair familiarisation with
the spaces and spatia Stuationa awareness that they received through use of the virtud

environment. They were ableto concentrate on their fire-fighting skills, the most important part
of thelr task, rather than the problem of navigating through unfamiliar spaces (Tateet d., 1995).

A further gpplication of VRTE's is where two-dimensiond interfaces are the congraint on
presenting and usng three-dimensond information, for example in ar traffic control and
geophysica data representations. To date these systems are only at the research phase, and
little empirical evidence is avallable to show their training effectiveness

New forms of feedback such as making the unobservable observable so that underlying
functiondity can be understood, and highlighting etentiona priorities, offer new training
opportunities (Caird, 1996). However, it isagain difficult to find any empirica evidenceto show
the effectiveness of such new forms of feedback in the training of cognitive skills.

38



Kozak et al. (1993) put forward experimenta resultsto show that what subjectslearned during
training within a VRTE was specific only to the context of virtud redlity. They saed that a
closer examination of agpectsinthevirtud redlity environment reveals skillswhich areimportant
for performance in this environment, but which are irrdevant to performance in the red-world
task. This hasimportant implications when consdering issues relating to the trandfer of training
from VRTE's to the red world.

445 Conclusgons

For spatid cognitive tasks and spatid familiarisation training VRTE's seem to offer a viable
dternative to other forms of training within this domain. However, in most cases, VRTE' s are
only used as one part of an overdl training regime and are not considered to be areplacement
for other forms of training and documentation.

Thereis some evidenceto show that ameasurableimprovement in the performance of trainees
undertaking spatid familiarisation training is possble with the use of VRTE's.

Theeffectivenessof VRTE'sfor thetraining of team:-based activitiesand cognitive kills, such as
the handling of escalating emergencies, has yet to be proven.

45  Emergency management and Crisis management

This section amsto provide avery brief indication of the direction of training in other domains
and to give an indication of some areas of ingructiona design which may provefruitful. Itisnot
intended as an dternative to the training needs analys's process.

Training of personnd for Emergency management and Crisis management has been the subject
of vaious research dudies in other domains Hin and Saven summarise the specific
competencies required for incident command in awide variety of domains such asthe offshore
industry, the prison service, and the aviation industry, (Flin and Saven, 1995).

Totaketheaviation sector asan example studies have been concerned with theinvestigation of
non-technica skills used by personnel co-operating as team members. For example the Non
technical (NOTECHS) system hasinvestigated the non+technica skillsused by flight crew co-
operating as team members (Hin, Goeters, Hormann, and Martin, 1998). These sKills have
been dtructured into four categories. co-operation, leadership and managerid kills, Stuation
awareness and decison making. Within these categories behavioural markersindicating good
and poor practice have been dicited using a European consortium®. Thenext stage (currently in
progress) in the process is to ensure that al assessors are using Smilar standards to assess

! University of Aberdeen, UK, German Aerospace Centre (DLR), D, Ingtitut de Medecine
Aerospatiale du Service de Sante des Armes (IMASSA), F, National Aerospace Laboratory
(NLR) NL.
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competence.

The investigation into the non-technica skills required in the maritime domain should establish
the type of skills which may be required in a criss. Once these skills have been dlicited the
method and grategy for training can be established.

It has become apparent to the authors that a distinction should be drawn between Emergency
management and Crisis management, the following working definitions are being used:

Emergency management can be defined as a Situation where decisions and actions
are based on documented emergency procedures. These emergency procedures
are trained both a onshore training establishments and on board. For example a
report of a fire in a cabin will result in the pre defined emergency response for a
fire being activated. Each crew member has been trained and taken part in drills
inhisor her role in the relevant team and should respond according to their ary

. Crisgs management differs from emergency management in that decisionsand ~ aias
do not necessarily have documented emergency procedures and there may not be pre-

defined responses, or if there are emergency responses those responses may have
conflicting requirements. For example multiple emergencies may occur whichhaveconflicing

resource reguirements.

As an example, and in the case of the “Green Lily”, it can be argued that when problems, for
which there is an understood procedure for correction (such as a burst seawater main in the
engine-room), does not constitute an emergency Stuation. It isan event for which engineersare
trained and expected to have the knowledge to circumvent. An emergency Stuation can occur
when a further problem affects an initid problem (the loss of power together with a broken
water main). If these problems are not overcome within an acceptable timescale, then the
consequence could be an emergency Situation. If, within this scenario, the environment within
which this occursis unthreatening and time alows, thereis no need for this Situation to escaate
toacrigs. If however, theship isalso being blown onto acloselee shoreinagde of wind, then
acriss sStuation has devel oped.

Thisdigtinction between training for emergencies, which can smply bethetraining in following
pre-prescribed emergency procedures and crisis management whichiislikdly to requireamuch
moreflexible gpoproach isan important one. Thisis because thetwo types of management differ
in their gpproach and the skills used. If the requirement is to train individuds to think about
problems in aflexible way rather than just follow procedures then a method and strategy to
fecilitate flexible problem solving is required.

The objective concept of learning makes the assumption that teachers or technologies can
transfer knowledge which can be acquired by learners. Alternatively the Congtructivist concept
makes the assumption that individuas congtruct their own knowledge based on their own
interpretations of experiences within the world and the socid context. Knowledge cannot of
itsdf be transmitted so ingruction should enable experiences that facilitate knowledge
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4.6

congruction. Knowledge is something we construct aswe learn, andlearnersactively construct
knowledge revisng and reinterpreting old knowledge to reconcile with new. Meaning is
something whichis persondly and socidly congtructed from otherwise unordered unstructured
sensation. In addition learning should take place in asocia context which must be useful to the
learner (Billet 96).

A devedopment of this congructivist gpproach is that of cognitive flexibility (Spiro and Jeng,
1990), who define it as “ the ability to spontaneoudy restructure one's knowledge in many
way's, in adaptive responseto radicaly changing Stuationd demands. Thisisafunction of both
theway knowledgeisrepresented (e.g. aong multiplerather than sngle conceptua dimensions)
and the processes that operate on those mental representations (e.g., processes of schema
assembly rather than intact schemaretrieva).”

Although the cognitive flexibility (CF) approach has been developed to accommodate
technology based training, it may prove to be useful in other contexts. The CF gpproach uses
information obtained from multiple pergpectives, based on presenting many diverse case sudies
for discussion, in waysthat avoid overs mplifying the content. Effectivelearning isconddered to
be context dependent and emphasi zes knowledge congtruction by learner and not information
transmisson.

Taken together these gpproaches argue for an ingructiona design whereindividuas can work
asateam using awide variety of domain specific training scenarios, and discussideas from a
variety of pergpectives, asmulator may not be required. The anticipated training outcome will

beasdtuation wheretheindividua can think flexibly about the problem to hand by drawingona
variety of experiences of traning exercises and dterndive viewpoints, which he or sheisthen

ableto apply. It isexpected that the trainee will be able to generate more flexible solutions and
to be more open to dternative viewpoints from other team members. Research into the

effectiveness of this and other gpproachesis required.

Simulator Technology
4.6.1 Introduction to maritime smulators

In generd, al transport industries have access to the same computer and presentation
technology whether the smulator is designed for aviation, maritime or process contral training.
The main differences in the finished product are the designed purposes of the smulator, the
redism required and the fiddity, together with the money available to achieve the required
product.

Today, most maritimetraining inditutions possessradar and navigation Smulatorsas part of their
resource requirements for the obligatory radar training of their masters and officers. In 1996,
380 radar and navigeation smulatorswerein use worldwide (Muirhead 1996) and the number of
amulators with a visua scene totaled 106, which indicated a three-fold increase from 34 in
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1988 (Habberley, 1988). Today, as aresult of the need to be seen as atop ranking training
indtitution and, in Some cases, to maximise the opportunity for obtaining funding provison, most
traning inditutions will have access to full misson ship smulators. Large numbers of these
smulators have been bought by developing countries. There has also been arapid increasein
the number of engineroom smulators, from thefirst one bought 20 yearsago to 110 in usefour
years ago (Muirhead, 1996).

However, the inability to provide technica support to these relatively complex smulators, the
lack of support funding and insufficient numbers of trained ingtructors, has meant that the
provision of the smulators has, in some cases, been unfulfilled asatraining aid, epecidly inthe
developing world.

Whilg the initid cost of the smulator has been driven down by the price reduction of
computers, other less sophisticated and less expensive smulators have been developed. PC
based smulators can now provide awide range of training aids in different subject aress, for
example, GMDSS, liquid cargo smulation, collison avoidance, and engine room control

amulation. Companies such as Transas (UK), Sindd sl and PC Maritime are continudly using
the ever-increasing power of the computer to provide more sophisticated and wider ranging
amulation training aids. These part task amulators can gpproach the complexity of the full

mission smulator, as both use the same computer power at the heart of their system.

Other amulators available for the training of seefarers include a fire fighting structure for
breathing gpparatus training and fighting fires, mannequins for Firs Aid training, and bridge
gructures for the training of crowd contral.

As the brochures of many smulator users and some conference papers point out (Barber,
1996; Smit Tak, 2000), the purchase of a smulator should only follow internd discussons
about training objectives. Once the training objectives are agreed, adecision may betaken as
to whether asmulator isthe best resource to achieve those objectives. Unfortunately, often the
smulator purchase precedes the debate about its use.

4.6.2 Maritime Smulatorsand Emergency training

Practicing for Sated emergency scenarios is atraining opportunity that can suit the input of a
smulator. Coursesthat have been designed for Magter and deck officer trainingin the event of a
shipping emergency, including manoeuvres in sopping and holding in anarrow channe and a
geering falure, arerun by varioustraining inditutionson afairly regular basis. Theseemergency
scenarios can elther be pre-prepared, involving aninitid discusson of theemergency, followed
by undertaking the emergency in the smulator or they can aso be added to an exercise without
any pre-knowledge to the team. These types of scenario are normdly fairly basic and can

involve only onefailure. It is unlikely that a non pre-planned error-chain of eventsisrun asan
emergency training exercise, but rather a review of known casualties are provided which

provides teaching points based on known decisions. It is well known that the mgority of

accidents or emergencies involve an error chan, as in the case of the “Herdd of Free
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Enterprisg’ or “Green Lily”. One of the firs main research studies on the development of
emergency smulator training courses in the UK was run by the University of Waesin 1985
(UWIST, 1985). Although the project was interrupted by the inability to gain access to
CASSIM, the Cardiff ship smulator, in the fnd year, the project did consder both the
atributes of those in charge of the emergency and tested a number of emergency scenarios.

Some tota ship risk assessment and risk management courses (Warsash Maritime Centre,
1999), which introduce the practica tools necessary to evauate risk, do not use asimulator.
The main am of the courseis to learn how to assess and manage risk using various practica
toolsand techniques, involving both quaitative and quantitative andyss. Student critiqueforms,
following these courses, indicate that the sudentsfelt therewas no requirement for asmulator in
order to teach this course. Smit Tak provides a 4day course entitled “Managing Marine
Emergencies’, whichisoffered twice ayear (Smit Tak, 2000). The courseisan introduction to

“the essential skillsand procedures necessary to control a shipboard emergency,
pending the arrival of professional salvage assistance’.

A hdf-day moduleis supplied within the course, which usesa PC smulator to train studentson
liquid cargo trandfers, maintaining inert gas, and the sability of the ship throughout the
emergency.

The need for the concept of Crew Resource Management (CRM) to be used within maritime
training was highlighted within the recommendations from the Nationd Transportation Safety
Board following thegrounding of the QE2 in Martha sVineyard (NTSB, MAR-93-01,1993).
Organisdtions set up a maritime training course, semming from the experiences of the
Scandinavian Air Services, which is now available worldwide. This has had great success
following the initid introduction in the aviation world (see Kayten, 1993 for a higtory). The
course involves a number of exercises and training sets looking a group behaviour,
respongbility, co-operation, co-ordination and resource dlocation on the flight deck. As
Helmreich, Wiener and Kanki (1993) point out there is a definite need for psychology to be
involved in the merchant shipping domain and in particular crew resource management:

“There is probably no enterprise that could profit more from human factors
considerationsthan merchant shipping...the potential for CRM and other human
factors areas to contribute to the alarming situation in the maritime industry is
great, but whether it will ever be realised is dfficult to say. To date safety
standards in the maritime world seem to be resistant to even the most potent
forces: loss of life, loss of capital equipment, and financial liability.” (p 495).

Nijjer (undated) states that ship resource management:

“ should become automatic...and be used for all critical tasksfromthe bridgeto
the engine room.” (p 3).
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Such training would help highlight and perhaps diffuse some of the problems found in group-
decison making. Thus, communicationswould beimproved and group-think and escaation of
commitment problems reduced, and role ambiguity, role conflict and group norms could be
studied and addressed. This would be aradical way to reducing group problems and biases
found in decison making during stressful and emergency procedures and at dl times.

Bridge Resource Management (BRM) courses evolved out of the CRM concept and are
provided by many training indtitutions and commercid companies throughout the world.

Warsash Maritime Centre drew up the Bridge Operations and Teamwork coursein the early
1970s mainly for the masters and officers of the large oil companies, including Shell and BP.
This course later became the Bridge Team Management (BTM) course. The main difference
between the two courses is that the BTM course uses a full misson smulator to provide a
redigtic platform for the training course and the BRM course uses Computer Based Training
(CBT) ads without any other smulation. Both BTM and BRM  courses are used for training
mariners to handle emergencies.

As pat of the European sponsored EURET programme, the Danish Maritime Inditute

undertook research in observing a smulated fire onboard a vessdl (Clemmensen 1994).

Observation indicated that there were considerable bottlenecks in communication, especialy
when requiring the person at the top of the hierarchica structure, the Magter, to makedecisions.
Theauthors note that the recommended behaviour for theMagter isto remainsilent, ligentothe
communication, monitor progressand only adviseif their experience and knowledgeindicatesa
change of direction.

Polsand Aggeval (1996) argue that the reporting of maritime near misses should be obligatory
without any sanctions on the reporters, unless gross negligence is involved. This request has
been taken up the Nautica Ingitute s MARS (Marine Accident Reporting System) column
published intheir journd “ Seaways’. They ds0 suggest that marineinsurersshould dso receive
training, as offered by MSl in Rotterdam for their Shipping Awareness courses.

4.6.3 STCW 95 requirements pertaining to emergency scenarios.

Many of the smulators purchased throughout theworld over thelast few yearsareusedtotrain
and assess segfarers under STCW 95. As a reault of the requirements of this legidation

(Internationd Maritime Organization, 1995), thereis, for thefirst time, an outline of the satutory
requirementsthat any smulator used for training and assessment shdl achieve. Thefallowingis
an interpretation of the essentia uses (Cross and Oloffson, 1996):

Suitable for training/assessment objectives

Physica redlism gppropriate to training /assessment objectives
Sufficient behaviourd redliam

Capable of producing avariety of conditions
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Thelearner can interact
The ingtructor/assessor can control/monitor/record exercises.

A specification for the minimum standard of competence in criss management and human
behaviour is set out within STCW 95 (Table A-V/2). This includes organisng shipboard
emergency procedures, optimising the use of resources, controlling responsesto emergencies,
controlling passengers and other personne during emergency Stuations and establishing and
maintaining effective communications. Barnett (1996) makes the point that under STCW 95,
any smulator used for non-mandatory training does not need to comply with the generd

performance standards, as defined in Part 1 of Section A-1/12 of the STCW Code. Thus, for
example, any PC-based smulator may be used onboard for emergency training as part of an
gpproved training programme for prospective officersin charge of anavigationa watch.

Det Norske Veritas (DNV) has produced a “Standard for Certification of Maritime

Smulator sysems’ in January 2000, which setsout aclassfication of Smulator typesto
provide

“an appropriate level of physical and behavioural realism in accordance with
recognised training and assessment objectives’ . (Det Norske Veritas 2000)

4.6.4 Conclusons

Exiging ship and machinery gpace smulators, especidly thoseintending to maximiseredism, are
used for pre-set emergency training. The scenarios used are fairly basic and rarely examine
more than one emergency a atime.

Risk management courseswhichinvolvethetota ship, and bring together deck and engineroom
officers, do not use smulators, and provide awider and more detailed course
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QUESTIONNAIRES
51 Introduction
The questionnaires were written and distributed to look a each group’s perceptions and
understanding of smulatorsfor training and their effectiveness. A number of groups, asdetailed
below, were selected to respond to the questionnaires:
Certifying States as represented by delegations to the STCW Sub-Committee at IMO.
Smulator menufacturers
The users and sponsors of Smulator-based training ie shipping companies
Maritime organisations with an interest in the use of Smulators

Simulator operators ie maritime colleges

The following subsections describe the results from the various questionnaires sent out to the
various groups.

5.2  Certifying States.

Response to the 100 questionnaires distributed across the world to IMO member states was
poor, with returns only from the UK, Hungary, Hong Kong, Thailand and Canada. A copy of
the questionnaire is attached as Appendix A(1). The results are andysed under three main
headings.

Mandeatory Training for Emergency Situations;

Mandatory Training for Non-Emergency Situations;

Training for Stressful Situations which should become mandatory.
5.2.1 Mandatory Training for Emergency Stuations
Detailed below are the précised answers from the various member states that replied to the
questions. Where no mention is made of any comment from a specified state, then no specific

answer was provided.

Surviva a seain the event of ship abandonment.

Thisis mandatory for dl saff onboard al types of ship. In the UK, smulation in the form of a
life-raft in aswimming pool, accounts for 15% of training. Classroom based |earning accounts
for 40% as does practicd work and 5% of learning is through textbooks. The training is
assessed by written, practical and ora examinations and through observation by thetrainer. In
Thailand, traning is manly dassroombased (70%) with no training using Smulation taking
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place.

To be able to regpond to emergency Stuations involving fire.

Thisismandatory for dl saff on dl types of ship. Inthe UK, amulation in the form of aship’s
interna ructure, accounts for 25% of the training. Other training is 40% practical, 30%
classroom and 5% textbook based and is assessed by written and practica examination and
observation by the trainer. Answers from the Marine Department in Hong Kong did not differ
ubgtantidly. They dso use agted environment of a ship’sinterna structurefor approximately
30% of thetraining. They place more emphasis on classroom based training (40%) rather than
practica (30%). Thereisno textbook learning. A written exam and observation by thetrainer is
required but no practica examinationisgiven. Thailand aso usesasmulated stedl environment
of aship’ sstructurefor around 30% of thetraining. Like Hong Kong they use classroom basd
training (35%), the same amount of practica training (30%) and like the UK complement it
with textbooks (5% of the training). Assessment in Thailand iswritten with ord examinations.

In Canada the competence requirementsinto reacting to fires are separated into different parts
of the ship, including engine room and cargo hold, and different types of fireinduding ail firesin
the engine room. Each exercise involves goproximatdy 10% of training usng smulation as a
stedl mock up of aship which is dtered depending upon where in the ship the fire is and what
type of fire is being smulated. Assessment is made through written, practicd and ord
examination aswell as by observation by the trainer.

To be able to respond to medica accident or emergency.

Thisismandetory for dl gaff on dl types of ship. Inthe UK, smulation in theform of adummy
human body, accounts for 10% of training. Other training methods include 60% classroom

based, 20% practical and 10% textbook-based learning. Assessment is by written, ora and
practica examination and observation by thetrainer. Hong Kong dso usesdummiesor manikins
for around 10% of the training for this requirement. They place more emphasis on practica

training (50%) than the UK and less on classroom based training (40%). Assessment in Hong
Kong isby written and practica examination. Thailand usesdummiesand medica equipment to
account for around 20% of thetraining: therest of thetraining ismainly cassroom based (60%0).
Examination in Thailand iswritten only.

To be able to respond to emergency procedures.

Thisis mandatory for al saff on al types of ship. In the UK, smulation in the form of ashore
building for drills, accounts for around 10% of dl training. Mogt training is dlassroom -based
(60%) and other training methodsinclude practica training (20%) and textbook training (10%).
Assessment isby ord exam and through observation by thetrainer. Answersfrom Hong Kong
highlight that they do not use smulation in such training relying on mainly classroom-based
(70%) and practical-based (30%) training. Assessment in Hong Kong involvesapractica exam
and observation by thetrainer. Thereisno ord examination asinthe UK. Thalland smilarly do
not use smulation relying on classroom-based training (70%), practica-based training (25%)
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and textbooks for 5% of the training. Canada aso do not use smulation relying mainly on
practica training (60%) and classroom-based training (30%) with back-up from textbooks
(10%). Assessment in Canada is through written, practica and ord examination as well as
observation by the trainer.

To be ableto take charge of survivd craft in an emergency.

Thisismandatory for dl gaff on al typesof ship. Inthe UK, smulation which representsadavit
and lifeboat mock-up onshore, accounts for around 15% of the training. Mogt training is
classroom+based (40%), with around 30% of training through practical meansand 15% through
textbooks. Assessment isthrough practical and ora examination aswell as observation by the
trainer. Hong Kong usesno simulation. Training for thisrequirement in Hong Kong takes place
equdly incdasssoomsand practicaly inasurvivd craft. Practicd and ora examinationsare used
for assessment in Hong Kong asin the UK.

Cridgs management and human behaviour training

This training is mandatory for al staff on passenger and Ro-Ro ferries. In the UK, a shore
building acts asthe smulator and is made up to be aship’ s structure which accountsfor around
25% of thetraining. Other training includes 40% practica, 30% classroom and 5% textbook. It
is assessed through practical and ord examination aswel as observation by the trainer.

Crowd management training and safety training

Thistraining is mandatory of dl gaff on Passenger and Ro-Ro ferries. In the UK, only 5% of
training is through smulation of a shore-based room mock-up of aship’s sructure. The main
training is through classroom based learning (70%). Other training includes 15% practica and
10% from textbooks. It is assessed through practica and oral examination as well as through
observation by thetrainer. Hong Kong uses no smulation, relying on 80% classroom and 20%
practica training. Hong Kong assesses using practica and oral examination aswell aswritten
examinaions.

To be able to provide medical care to the Sck and injured while they remain onboard.

Thistraning ismandatory for deck officersondl typesof ship. InHong Kong, smulation, usng
amannequin, accounts for 20% of the training. The rest of the training is 50% classroom and
30% practical. Assessment isby ord and practical examination and observation by thetrainer.

To be able to take action following collison or grounding.

The UK mention it would be useful to learn to be able to react to hull damage asaresult from
ether grounding or callison. They suggest that this should be mandatory for dl saff ondl types
of ship and could involvetraining using Smulation of asted copy of aship’sstructureinduding
watertight doors. Thailand do carry out such training, whichismandatory for deck officersonl
typesof ship, but it does not involve smulation, being 90% classroom based and 10% textbook
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based. The Thailand course is assessed through a written exam only.

To be able to react appropriately in the event of an emergency onboard tankers.

In Thalland this is mandatory for al tanker staff. 10% of training takes place usng a Liquid
Cargo Handling Smulator. The mgority of training takes place in the classroom (85%) with
textbook tuition (5%)

To be able to operate the Globa Maritime Distress and Safety System (GMDSS).

This training is mandatory for deck officers on dl types of ship. In Hong Kong a PC based
smulation of the GMDSS is used. It is assessed by written, practica and ora examinaionsas
well as through observation by the trainer. In Thalland aGMDSS smulator isused for around
30% of thetime.

Other training.

In Canadait isinteresting to note that aNorControl Smulator isused for the mandatory training
for dl engineering officers on dl types of ship, in sarting fire pumps and reacting to blackouts
and the flooding of the engine room. With regard to sarting the fire pump, simulation accounts
for 15% of thetraining. Other methods of training are practica and textbook- based (30% each)
and classroom+-based (25%). With regard to reacting to black outs, s mulation takes account of

30% of thetraining with other methods being practicd training (40%), classroom:-based (20%0)
and textbooks (10%). With regard to reacting to flooding of the engineroom, smulationisused
20% of the time for training. Other methods of training involve dassroom-based (30%),

textbook- based (30%) and practical- based training methods (20%). Assessment for each of

these requirements is by written, practical and oral examination and observation by the State
assessor.

Hungary mention that they use amulation, being a sted congruction, for 90% of training to
meet the requirements prescribed in IMO Modd course 2.0

Table 1, overleaf, shows an overview of the training methods used for each competence
requirement.



Table 1: All competence requirementsinvolving training for escaating emergencieswhich are
mandatory and the percentage of training taking place on smulators, by practica work and in the
classroom.

Percentage of time spent
training usng Simulation Practical

Country U[H|[T|C|U|H|T

Survivdl a seaintheevent of ship [ 15|/ [0 |/ (40 |/ |25
abandonment

Respond to emergency Stuations | 25 | 30 (30 | 10 | 40 | 30 | 30
invalving fire

To be able to respond to medica |10 |10 |20 |/ (20|50 | 20
accident or emergency

To be ale to respond to| 100 |0 | O [20]30|25
emergency procedures

To be able to teke charge of | 150 |/ |/ 30|50 |/
aurviva craft in an emergency

Criss manegement and humen | 25|/ [/ |/ |40 |/ |/
behaviour

Crowd management and safety (5 |0 |/ |/ (1520 |/
training

Provide medica careto sick and |/ |20/ [/ |/ |30 |/
injured while onboard

Totakeactionfollowing callisonor |/ [/ (O |/ (/ [/ |0
grounding

To take appropriate action in|/ [/ |10/ |/ |/ |0
emergencies on Tankers

To operate GMDSS I |/ |3 |/ |/ |/ |30

Key:- U = responses from the UK
H = responses from Hong Kong
T = regponses from Thailand
C = responses from Canada
/ = Did not mention that specific competence
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5.2.2 Mandatory training for non-emergency situations

Plan and conduct a coasta passage and determine position

Thisismandatory training for dl deck officersondl typesof ship. Inthe UK, Hungary, Thailand
and Hong Kong, training involvesradar navigation and Automeatic Radar Plotting Aids (ARPA)
smulaion. Inthe UK and Hungary, it is assessed by written, practical and oral examination as
well as observation by the trainer. In Hong Kong and Thailand assessment is by written and
practica examination only.

To maintain a safe navigationa watch.

Thisismandatory for al deck officerson dl types of ship. In the UK, smulations used include
radar and ARPA.. It is assessed through written, practical and ora examination.

Manoeuvre and handle aship in dl conditions.

Thistraining ismandatory for dl officersondl typesof ship. Inthe UK, smulaionsusaed include
ship moddsand full-mission bridge simulators. It isassessed through written, practical and ora
examination as well as observation by the trainers themselves.

Other training.

Canada has mentioned many uses of smulation requirements related to engineering watch
keeping certificates. NorControl-based s mulationisused for haf thetraining for preparing main
machinery and auxiliary equipment for sea, shutting down main machinery, manoeuvring main
machinery and preparing, starting, coupling and changing over dternators and generators.

5.2.3 Trainingfor sressful situations which should become mandatory.

Hong Kong mention stress management training should become mandatory for dl saff on all
types of ship. They seethisasbeing 100% trained in classrooms and assessed by observation
by the trainer with group discussions and role-playing.

Thailand mention that bridge and engine room resource management training should be
mandatory for dl saff on dl ships. They Sate that it should involve psychology, multi-culturd
society, internd communication and teamwork. They state that 20% should be trained on a
amulator, but do not mention what type. They bdieve the mgority of training should be
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classroom based (60%). Assessment of competence should be completed through ora and
practicad examination aswell as observation by the trainer.

5.2.4 Futurechanges

Canada mention that distance learning is being investigated as an dternative to many people
travelling long distances to train due to the geographicad vastness of Canada

Canada a'so mention that 30% to 40% of their existing written and ord examinationsmay well
be replaced by assessments on smulators. They mention a pilot project running at present
looking at the technical competence of engineering candidates being assessed on smulators.

5.25 Conclusionsbased on 5% response

Despite its widespread popularity for training purposes, smulaion is used in rdatively smdl
amountsin training for emergency proceduresat sea. It isunknown whether thisisdueto alack
of resources or whether it is consdered that emergency training is best learned using other
methods.

Thailand and Hong Kong do not use smulation or practica training as much as the other
countries. They rely very much on classroom based learning.

UK and Canada use smulation more than Thailand and Hong Kong and rdly about equaly on
practical work and classroom based work.

None of the countries use any distance learning packagesin the course of their training, athough
Canada is consdering the concept.

Assessment of competence tends to be based around written exams in Hong Kong and
Thailand whereas the UK and Canadatend to use oral and practica examinations. This could
be due to lack of resources or a feding that, in certain parts of the world at least, the best
methods of assessment tend to be written examinations.

Thereare cdlsfrom Thailand and Hong Kong to introduce amuch more psychologically based
module into the obligatory training for seefarers. Such amodd could involve bridge or engine
room resource management strategiesincluding communication, coping with sress, team-work
and group behaviour.

5.3  Smulator manufacturers
5.3.1 Introduction
Ninelargeinternational Smulator manufacturerswere sent aquestionnaireto advise onthetypes

of maritime smulators they have developed (see Appendix A(2)). A total of 5 companies
returned the questionnaires (55% return rate), representing companies based in Italy, the UK,
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Germany, the USA and one anonymous response. The results are briefly outlined below.
5.3.2 Typesof amulator developed for the maritime industry

The five companies that responded develop a number of different smulators for training
merchant marine personnd. These are highlighted below:-

Ship’s bridge— All the respondents mentioned developing a ship’ s bridge smulator.
Most mentioned that the most important aspects of the smulator should be that it reacts
redigtically and operates in continuous red time. The ‘fed of controls and ‘looking as
redidic as posshle were seen as being fairly important. However, aspects such as
movement and noise were reported as being not very important. The smulator developers
mentioned that they conddered such smulators were good at teaching most skills. In
particular they mentioned the success of such smulators in teaching communications,
teamwork, emergency procedures and early error detection. Initial cost of the smulator
varied between £250,000 and £5,000,000 depending upon actual design specifications.

Radar/ARPA — The response from Itay advised that they manufactured asmulated
radar and ARPA system. This involved red and emulated radar with full environmenta
amulation. They state such asmulator should react in redistic waysto input from usersand
should operate in continuous red time. They aso stated that the smulator should include
fairly redistic controls and must look fairly redistic. Once again noise and movement were
seen asheing lessimportant. They sated it was successful intraining individuasfor specific
technical skillsand for picking up basic errors.

Global MaritimeDistressand Safety System (GM DSS) —Deveopersfrom Itay
and the USA mentioned that they have developed a GMDSS smulator. This is a fully
equipped bridge radio station and console. Once again the most important aspects were
‘reacting redidticaly’ and ‘beingin continuousred time' . Again, least important were noise
and movement. They believe that thissmulator ismost effective at teaching technical kills,
genera teamwork and for picking up basic errors.

Cargo handling — Deveopers from Itay, the UK and the USA have dl developed
cargo handling smulators. Again the most important aspectsfor the developersarethat the
smulator reectsin aredigtic way andisin continuousred time and least important arenoise
and movement of the smulator. These Smulators are seen as being very important in
teaching emergency procedures and generd teamwork and least effective at teaching
leadership.

Engine room and Engine control room — The developer from Itay, UK and
Germany have produced asimulation of an engine control room. Again the most important
agpectsfor the devel opersare that the smulator reactsin aredistic way and isin continuous
red time and least important are noise and movement of the smulator. It is seen asbeing
mogt effective at teaching technica skills, genera teamwork and early error detection and
least effective at teaching the ability to copewith stress. Devel opersfrom Germany and the
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UK mention smulating engine controls and enginerooms. In this particular casethey view
background noise as being as important as redidtic reactions and rea time.

Vessal Traffic Services (VTS) — A VTS smulator has been developed. They
mention it has high fiddity of dl aspects and they clam it is extremely good a teaching a
large variety of ills.

Others. The USA developer dso mentioned that the Merchant Marine use their
amulation of acrigs management and operations centre. Thisisahighly redidtic centreto
teach communications, emergency procedures, and ability to cope with stressand genera
teamwork. They dso mention that they have developed crane smulators which are
sometimes used for the training of maritime personnel. These are motion based and have
very redigtic controls and awide field of view. These are consdered more important for
teaching ability to cope with gtress, technical skills and emergency procedures and are
believed to be least effective at training communications, leadership and teamwork.

5.3.3 Industriesusing smulation

The developers were asked which indudtries believed smulation was useful for training. In
particular they mentioned the nuclear power indusiry, commercid airlines, the RAF and the
Army as viewing smulatiion as being useful. The Royd Navy and the merchant marine
companies were consdered to view smulation as being less important.

5.3.4 Factorsconsdered in developing smulation

The developers were asked to rank in order of importance six factors they consider when
designing a Imulator. These factors were low cogt, high fiddity, high training trandfer, low
amount of upkeep required, high flexibility of cusomisng smulator, and large amount of skills
that the Smulator can train. The most important aspect overdl was that there should be high
traning trandfer. Thiswasvery dosdy followed by high fiddity. Thisshowsthelevd of priority
given to achieving ahigh levd of fiddity in Smulation. It is viewed as being nearly asimportant
astraining trandfer itsdlf. Thus, it seemsthat the deve opersbdievethat high fiddity isneeded for
highly effective and successful Smulation. Research results are ambivaent on this assertion.

5.3.5 Effectivenessof smulators

It was established that the mgjority of the developers were not involved in vaidaing their
samulators, dating that they were made to demand and that it was the training centres
respongibility to check their effectivenessand training transfer. They stated that agood smulator
should create better knowledge, performance and skillsthan thetrainee had before the smulator
based course. Much less important was that smulators should be more effective than other
methods of training and that the trainee should enjoy the experience. Perhapsit isassumed that
training on Imulators is better than training on other methods. However, to be effective it is
important that the trainee learns more than before and, due to the large financia resources
required of Smulator training, is a better training method than other methods.
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5.3.6 Conclusons

Smulator developersfrom acrossthe world are, unsurprisingly, very positive about Smulation
asatraining method. They emphasisethat high fiddity Smulation isvery important. In particular,
they emphasise redlidtic reactions, and red and continuous time. They do not place as much

emphasis on movement and noise. However, some smulators do include ether or both. Asa
rule, they are not involved in testing the effectiveness of their own smulators leaving thet to the
training centres. They bdieve that effectiveness of training on smulators can be shown through
the trainee having learnt more skills and gaining more knowledge as well as performing better
following such training. However, they see having to study smulation againgt other methods of
training as being relatively unimportant with regard to effectiveness. This may be due to their
belief that smulation is undoubtedly a better method of training than other methods and

therefore does not need testing.

54  Theusersand sponsorsof smulator-based training i.e. shipping companies

5.4.1 Introduction

Questionnaires were sent out to the users of amulators for maritime training (see Appendix
A(3)). For the purposes of thisresearch project it was established that the shipping companies
themsalves should be contacted, rather than staff who take the courses, since they are
effectively the decison makerswith regard to the amount and type of training thet their seefarers
receive. A total of 63 companies were sent a questionnaire and 11 replied (response rate of
17.46%).

5.4.2 Simulator courses which seafarers attended

Companieswere asked what Smulator based training seefarers attended. Thefollowingisalist
of the compiled answers from the 11 responses-

Basic and advanced fire-fighting course — mogt training companies use the sed
environment of ship’'s interna structure as the smulator. Some companies dso use 3-D
modds of the internd dructure of various ships. All are of ardatively low leve of fiddity
with only a basic resemblance to areal ship.

Basic sea survival cour ses—smulation of surviva a seareplicated inaswvimming pool,
which can involve high fiddity with waves, wind and red equipment such assurvivd craft.

General ship handling — udng a variety of smulaion methods including replica scaed
manned modeds and bridge mock-ups. Most companies use more than one type of
amulation technique for thistraining.

Bridge Team M anagement — usng Smulation of the bridge of a ship. Most companies
reported very high fiddity isfound on these smulators which can include sound, vibration

60



and environmenta redism.

Bridge Resour ce M anagement —smilar to Bridge Team Management, but uses CBT
ingead of full misson smulaion. Companies mention it is more important

that all agpects of the bridge operation are smulated in fairly good fiddlity since training
invariably involves teamwork.

Engine Room Resour ce M anagement — usng smulation of engine control rooms and
engineroomsfound inaship. Once again high fiddity isoften found with red time scenarios,
high temperature, noise and vibration adding to the redism.

Engineroom cour ses—actud smulaion of a4-srokediesd engineisused for engine
operation, watchkeeping, troubleshooting and fault finding for many companies Onceagain
the fiddlity is very high being an dmost exact replica of an engine room.

Global Maritime Distress and Safety System (GMDSS) training — usng
dmulated GMDSS radio and system. Often this involves low fidelity classroom based
training but helps the trainees to see the chain of eventsin the whole GMDSS system.

Liquid petroleum gas cour ses — usng a computerised smulation of loading and
discharging of LP gases and ther carriage. Fddity is farly good on smulators ad
companies mention particular use in such a system is fault identification and rectification.

Radar plotting cour ses— usng smulation of radar systems, radar plotting aids and
ARPA. Fiddlity is good.

5.4.3 Training Stuations

Shipping companieswere asked to place aselection of training methodsin order from most
appropriateto least gppropriatefor four different training scenarios. With regardtotraining
for emergency procedures, graph 2 shows simulation was clearly the most popular mode of
training, practical work being second best with textbooks being worst.

Graph 2
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Using smulatorsfor thetraining of routine procedures, however, asgraph 3 shows, isreaively
unimportant. Practica work is by far the most popular choice by shipping companiesfor this
training. Distance learning and textbooks are relatively unpopular.
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Simulators are the most preferred method of training for both Bridge Resource Management
(BRM) and Engine Room Resource Management (ERRM) training (seegraph 4). Lecturesand
practica work are aso fairly popular and, once again, textbooks are least popular.

Graph 4
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Thus, shipping companies see smulators being important when learning non-routine emergency
handling skills and in group learning Stuations such as BRM and ERRM.

5.4.4 Important factorsin consdering a smulator course

Shipping companies were asked to rank in order of importance six factors that they take into
account when deciding to send their gaff on atraining course using smulaors. These factors
include cog, high fiddity or reelism of the smulator, high training transfer to red world, trainee
enjoyment, flexibility of asmulator to betailored or customised, and the variety of skillsthat the
smulator can train. Graph 5 shows the order of importance given on average by the shipping
companies.
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Ascan be seen, and aswould be expected, the most important factor ishigh training transfer to

the real world. Shipping companies adso believe that the fiddity of the amulator is dmost as

important as training transfer. For just under 50% of responding shipping companies it was
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moreimportant than training transfer. Furthermore, it wasthe most important factor for 3 of the
11 respondents. It is interesting to note that cost of training is a relaively unimportant factor
meaning that shipping companies accept that good training may well cost alot of money and
that they are prepared to pay. Trainee enjoyment istheleast important factor and with regard to
the factors mentioned which is not necessarily unexpected.

5.4.5 Importance of characteristics of smulators

Shipping companies were asked how important different characterigtics of smulation werein
emergency Situation training. As graph 6 shows, shipping companies replied by stating thet the
most important characterigtics of amulation are that Smulators should react redigticaly, runin
redl time and should look redl. The least important are that Smulation should includered noise
and should move in accordance with the smulated environment. This tends to reflect alarge
number of smulaors that are currently provided in maritime training organisations where
concentration has been placed on making them look redl and reect redidticdly rather than
provide the actud environmenta envelope.
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5.4.6 Simulatorsand skillsteaching

Shipping companies were presented with seven skillsthat seefarers need for effectiveworking.
These were communications in ateam, technical skills, emergency procedures, how to cope
with gtress, leadership qualities, genera teamwork, and early error detection. Most companies
responded positively to the fact that smulators could help teach dl these skills. As graph 7,
overleaf, shows, shipping companies are particulaly podtive about training of team
communicationsand teamwork usng Smulaors. Technicd skillsare shown to belesseffectively
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trained in Smulators.

Granh 7
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Shipping companies also mention that they believe that smulators are best for senior officers
rather than cadets. This possibly suggests that shipping companies believe that the more
procedura routinesthat are more important in cadet training, are best learnt e sewhereinitialy.
It may be that higher-leved sill acquistion for senior officers is best taught in Smulators
suggesting they are mogt suitable for the acquigition of training complete teams.
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5.47 Simulation effectiveness

Shipping companies satethat good training on asmulator will be shown through trainees having
better skillsand better performance than beforethetraining. On thewhole, they believethat the
trainee enjoyment factor of a course has little to do with the effectiveness of a smulator.

Shipping companies gppeared convinced that Smulator-based training is better than other

methods. Only two shipping companies mentioned that they had ever carried out such atest of
effectiveness and both mentioned thet thiswas doneinfrequently. All other shipping companies
mentioned they had never carried out such testing. They accept that training centres are best
ableto provide an opinion and they readily accept thet training centres believe smulatorsarethe
best training method. Shipping companies do very little forma face-to-face debriefing of their
seagoing gaff following atraining course and rely upon the completion of the company critique
form. They leave thejudgements of the success or otherwise of the courseto the assessments of

trainees a training colleges, again normaly through the training indtitute critique form. The
shipping companies aso carry out judgements based on interviewing staff and based on

opinions of senior membersof gaff. Shipping companiesmention that most individuasfed they
have been better trained on smulators than other methods.

5.4.8 Simulation effectiveness discussion

Results of the questionnaires suggest that the effectiveness of a smulator is measured by
studying performance and skills of the trainee efter training with smulators and comparing with
performance and skillsthetrainee had before using the smulator. Whereasthismethod certainly
vdidatesthetraining transfer agpects of smulators, thereisno benchmark of theeffectivenessof
smulators againgt other methods of learning (e.g. classroom based lectures or practical work).
Thelack of need for comparing smulatorsto other methods shows the acceptance of smulation
as being a better method than other methods. Since training centres are expertsin training and
they use sSmulators, companies believe that this must be the best method of training. However,
aswill be discussed in the smulator operator (i.e. training centre) section, the training centres
that answered this questionnaire do not carry out such testing. Thus, it seemsthat Smulatorsare
used because they seem, or appear to be, the best method of training and are accepted as such.
This is known as face vaidity which is the assumption that because something looks like it
should be correct, or be the best, it is correct or the best. However, face vdidity is alarge
source of human error. Therefore, dthough smulators do seem to teach correct skillsand good
performance, little is known about whether they are the most appropriate measure for various
types of training. The second most popular way that shipping companies believe smulatorsto
be effective is the fact that other shipping companies send their trainees on courses run on
amulators. Thus, the effect becomes a circular process and it may be the case that all
companies are sending their saff on smulator courses that dthough certainly are effective a
training may not be the mogt effective method of training.

549 Conclusons

The use of smulators asamethod of training is popular with shipping companies. They believe
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that training on smulatorsis particularly effective a training for emergencies. They believe that
amulatorsarelesseffectivefor procedura and technicd skills. Alsothey believethat smulators
are more effective at training for senior staff rather than junior staff or cadets. However, they
reiterate that high fiddity of amulators is dmost as important as training transfer itself when
shipping companies consder asimulator should be usad for aspecific training course. Thus, itis
assumed thet redlity isneeded to transfer skills other than those overtly mentioned onthetraining
course. It isbdieved that shipping companies acknowledge s mulators as being auseful traning
tool at building teamwork and communications skillsin nove, unusud or emergency Stuations.
Shipping companiestend to base this notion on observing better skillsand performanceinthelr
daff after the training courses compared with before training. Thisisdonethroughinterviewing
the staff member and observations made by senior staff. It is recognised that these are fairly
subjective methods of assessment. Shipping companiesrely on advicefrom training centresand
observation that other shipping companies send staff on such courses. However, Sncetraining
centresincluded within this survey have not carried out research to compare training methods, it
is not known whether the use of a smulator is the most gppropriate training resource for the
course.

55  Maritime organisationswith an interest in the use of smulators

55.1 Introduction

A questionnairewas sent to 16 UK shipping organisations of which 8 (50%) werereturned (see
Appendix A(4)). The results are summarised below.

5.5.2 Training Stuations and appropriate methods

Shipping organisations were asked to place different methods of training in rank order for four
different training scenarios. With regard to emergency procedures, shipping organisations
believe they are best taught using simulators (see graph 8). Practical work is aso a popular
method. Least popular was distance learning with many feding aneed for some sort of hands-
on experience with a degree of redity for emergency Stuation training, which could be
replicated safely on Smulators.
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Graph 9, overleaf, showsthat for more procedura routinetraining they believe practical work is
the most preferred method of training, closdly followed by smulation. They state that actud

practical experience hdpswith familiarity and reduces ambiguity in learning such routine tasks.
Once again they remain very sceptica about distance learning packages.
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With regard to Engine Room Resource Management (ERRM) training, they believe
smulation is the best method of training (graph 10).
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Graph 10
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However, as graph 11 shows, they believe alecture is just as good as smulation for Bridge
Resource Management (BRM) training. They rate a lecture as being much less effective for
ERRM. Thedifferencesmay bedueto differencesin the skillsbeing learnt in each domain, with
skillslearnt in ERRM training being more effectively trained on smulators than those learnt in
BRM. Overadl, there does seemto be quite afavourable opinion towards s mulators being used
in avariety of training scenarios.
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5.5.3 Importance of characteristics of smulators

Graph 12, overleaf, shows the amount of importance placed by shipping organisation on the
high level of smulator fiddlity. All agpects of fiddity studied in the questionnaire received on
averageover 5out of 7 (with 7 being most important) on the scale of importance. Furthermore,

nearly al the respondents noted that the simulator must both react inavery redigticway toinput
from users and look asred as possble.

Graph 12
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Once again it isinteresting that these two aspects of fidelity are noted as being important. As
with the gererd pattern of results to these questions the least important areas for fiddlity of
amulaors are to include red noise and movement.

5.5.4 SKillsthat smulatorsarebest at teaching

Asgraph 13 displays, shipping organisations believe that Smulatorsare very good at training for
emergency Stuaionsand aso for early error detection. This shows that they undoubtedly fed
smulators have alot to offer in the redlm of training for both the avoidance of problems and
what to do when problems occur. They aso see smulators are good for training teamwork,
communicationsand leadership skills. They do, however, seethat coping with sressisrdaively
not as effective as other skills. Also smulator training, in their opinion, is much more ussful for
senior officersthan it isfor cadets.

Graph 13
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Judging the Effectiveness of Simulators
5.5.5 Judging simulator effectiveness

Shipping organisationswere asked how they believed it was possibleto assessthe effectiveness
of amulators asamethod of training. They stated that they saw better kills, performance and
knowledge after the training compared to before the training as the main measure of
effectiveness. Comparisons with other methodswere mentioned asbeing fairly important but not
as important as smply judging what individuds have learned. Very few of the shipping
organisations were involved in tests of effectiveness of smulators. Some had carried out
interviews with trainees and some had asked senior officers or training centres. Very few
organisations were involved in any forma assessments and none had conducted formd tests
before and after using the method or formaly tested againgt other methods.

55.6 Conclusons

There is a generd favourable impression given by shipping organisations towards the use of
smulaorsintraining. Thisisparticularly truein training for more unusud emergency stuationsor
error detection rather than training for the more procedura, technica or routine skills needed.
Thereisavery strong belief by shipping organisationsthat the higher thefiddlity of the smulator
the more effective is the Smulator. They mention in particular that Smulators should react
redigicaly and look red. Findly, it isadmitted that shipping organisations have very littleto do
with judging or testing the effectiveness of Smulators as atraining method. They do Sate that
individuas should have better skills and knowledge and perform better following training on
smulators but few said that thishasto be better than other methods and once againit seemsthat
thisis assumed rather than tested.

5.6  Smulator operators

5.6.1 Introduction

Quegtionnaireswere sent out to Smulator operatorsin maritimetraining (See Appendix A(5)).
These training centres were located around the world. A total of 65 such centres were sent a
questionnaire of which 14 returned them (response rate of 21.54%). These came from a
widespread collection of countries including the UK, the Netherlands, Austrdia, Denmark,
Japan, Korea, New Zealand and Norway.

5.6.2 Simulatorson offer

At present therearealarge variety of Smulators availablefor maritimetraining acrosstheworld.
These responses highlighted the following different types.

Ship’s bridge— These varied from being generic amulatorsto specific ship typesand
from full mission with redigtic controls and high fiddity to smdler PC run smulators. For
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ship operations training, some colleges use saverd smaler PC mock-ups of the bridge.

Engine room — Theseindudefull misson and can include the machinery space. Many
are of high fiddity and include reditic fed and controls. others are run via PCs.

Ship models — Manned modds that are built to scale and include logic circuits for
steering and engine controls such that they handle redigtically.

Cargo handling — These include liquid cargo control room smulations

Radar and ARPA smulator s— Theseareamulationsof radar and arerun from small
“own ship” cubicles.

GMDSS station — These amulators are found in smal cubicles within classrooms.
Some of these smulators may run from a computer.

5.6.3 Training Stuations

Training collegesweregiven four training scenarios and for each were asked which methods of
training were best. Graph 14 showsthat smulationis clearly thought of asthe most gppropriate
method of training people in emergency Stuations. Practical work is aso thought of as being
fairly useful. However, the use of textbooks is thought of as being a relatively poor method.
Interestingly the graph is amost an exact replica of that shown for shipping companies.
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Graph 15 shows that training centres believe that Smulators are the most effective method of
training for routine Stuations, closdly followed by practica training. Shipping companiesthought
smulator training to be much less effective for learning routine procedures than did the training
centres. Training centres aso advocate that distance learning for routine procedures is fairly
feasble, and is much higher than the shipping companies and shipping organisations believe.
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Graph 16 shows that Bridge Resource Management (BRM) and Engine Room Resource
Management (ERRM) training is best carried out in Smulators according to training centres.
Therefore, training centres think smulators are useful for dl four types of training.

Graph 16
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5.6.4 Important factorsin running a smulator course

It wasinvestigated what were theimportant factorsin training centres deciding to purchase and
run smulator courses. Six factors were presented for training centres to rank in order of

importance to their decision as to whether or not to purchase and then run smulator courses.
These factors include cog, high fiddlity or reelism of the Smulator, high training trandfer to the
red world, tranee enjoyment, flexibility of the smulator to be tailored or customised to
customer response and the large variety of skills a smulator can train. Graph 17, overledf,
shows the order of importance given on average by the training colleges.
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The training centres main concern was whether the smulator has high training trandfer to the
real world. The second most important criteriaisthet the Smulator should beflexible and canbe
used for anumber of different courses. Thisisobvioudy auseful ideato reduce costsand isnot
surprisingly an important factor. Next important is high fiddity. Two factors stland out asbeing
of little importance, namely trainee enjoyment and the teaching of avariety of skills.

5.6.5 Important characteristicsof smulators

Training centreswere asked theimportance of avariety of smulator characteristics. Graph 18,
overleaf, shows the results. Overdl they fdt that a Smulator must reect redigtically as being
most important. The second most important aspect noted overal was that the smulator must
look redl. Least important, as mentioned by the shipping companies, isthat the smulator should
include red noiseand moverather than being fixed base. The high ratings givento theseredidtic
characterigtics showstheimportancethat training centres place on high fiddlity and that reacting
inarea way and looking red are the most important agpects of fiddlity.
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Training centres, on average, believe that many skills can be taught on smulators (see graph
19). In paticular, they Sate genera teamwork asbeing easily taught. They aso rateemergency
procedure training, team communications and technica skill training as being effectively taught
on smulators. Coping with stress was seen as being the least effective method from the seven
presented. However, the average score given wasdlill over 5, well over hafway, meaning they
gill see amulators as being effective for teaching these ills.
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Wheresas shipping companies saw smulator training being most effectivefor senior officersfrom
both the deck and engine disciplines, training centres see Smulator training as being most
effective for senior deck officers, followed by deck cadet, senior engineering officers and then
engineering cadets.

5.6.6 Effectiveness of smulation

Training centres must attach importance to ensuring their methods of training are producing
good effective results. The questionnaire investigated how they know smulators are a good
method of training and what measures are taken to examine this. They bedlieve that trainees
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should have better skillsand performance after thetraining than they had before. Whereasthisis
undoubtedly true, further investigetion is needed to examine effectiveness of smulators
compared to other methods of learning. Very few training centres recognised this as being
important. Shipping companies rely on training centres to know which are the best and most
effective methods of training. However, whereas training centres believe that smulators are
effective no check of whether they are the most effective method appears to be carried out.

The most popular method of testing for effectivenesswasthat trainers observe skill, knowledge
and performance improvement. The second most popular method was to ask the trainee to
answer a questionnaire and the third most popular involves forma testing following training.
Very few mentioned formd testing of trainee before and after and even less mentioned formal
testing againgt other methods. Once again these methods ensurethat thetraineeislearning some
kills but not that smulators are the most effective method of training. It may aso be noted that
trainer’ s observation and questionnaires to the candidate athough useful may be biased and
possibly too subjective in nature. It isin the interests of the trainer to assume the candidates
have learnt from the training sessions and it is important that the trainee sates he or she is
learning if he or shewantsto progressin their career. Whereas such methods are very useful for
highlighting specific problems in the training they do not include aforma and more objective
testing of andards gained from training in thisway.

5.6.7 Conclusons

Training centres across the world offer alarge variety of amulators. These are of a number of
different types and fiddity. They are used in a wide variety of training Stuations including
procedurd training and emergency Stuation training. They are important for both deck and
engine room training. However, it is noted that Smulator based training is given to more deck
officersthan engine officers. Training centres mention thet high fiddlity is very important in thelr
amulators. Thisshould congs of reacting redigtically and looking redl. Research hasnot proved
that high fiddlity is needed for dl traning. Training centres are concerned that Smulators have
high training transfer to theredl world. Thisismeasured, on thewhole, by trainers observation
of any enhanced skills and performance shown by the trainee. However, given the cost of
gmulatorsit issurprising that formal testing againg skillslearnt and performance shown on other
methods does not appear to take place.

Table2 — Summary of questionnaireresults:.-
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Question Shipping Simulator Simulator Shipping
Companies Operators Developers Organisations
Simulators are best | Emergency Emergency N/A Emergency
for procedures, ERRM, | procedures, ERRM, procedures, ERRM.
BRM. BRM, Routine
procedures.
M ost important | High training | High training | High training | N/A
aspect of simulators | transfer, High | transfer, simulator | transfer
fidelity (realism) can betailored, high
fidelity (realism).
M ost important | React realidtically, | React realigtically, | N/A React realitically,
characteristic of | runinreal time. look real, runinreal look real.
simulator time, controls fed
real.
Least important | Movement. Movement, noise. N/A Movement.
characteristic of
simulators
Simulator most | Communications, Teamwork, N/A Emergency
effective at teaching: | teamwork. emergency procedures, error
procedures. detection, team
communications.
Simulator not so | Technical skills Sress situations. N/A Sressful situations.
effective at teaching
An effective | Better skills and | Better skills and | Better knowledge, | Better skills,
simulator must | performance than | performance than | performance and | performance and
teach: before. before. skills than before. knowledge than
before.
Testing effectiveness | Ask training centres. | Trainers observe [ N/A Not involved.
skills learnt,

guestionnaire  to
trainee.

Key:-
N/A - not asked.

ERRM - Engine room resource management training.
BRM - Bridge resource management training.

79




6 ELECTRONIC DISCUSSION GROUP
6.1 I ntroduction

The research project proposa outlined the use of seminarsto discusstheissues concerning the
useof smulator training for handling escalating emergencies. It wastheam of these seminarsto
produce a detailed critical examination and discusson among the maor stakeholders and
expertsinthefidd of training on how to handle esca ating emergencies leading to conditions of
psychologica sress. Expert judgement was sought not only from the maritimeindustry, but also
from other safety critica industry sectors in order to document and anadyse a wide range of

experiencesin criss management training.

A panel of recognised expertswithin thefiddsof smulation training and criss management were
invited to participate within the seminars. Of an origind invitation list of 32 experts, 15 agreedto
participate within the project as part of a pand of experts. These included experts from the
following sectors:

Maitime
Nuclear
Avidion
Academia

The Delphi Method was chosen as a method for structuring group communication processes
acrossthe seminars. The reasonsfor thisisthat informed group judgements, achieved through
the methodol ogical procedures associ ated with the Del phi Method have been shown to bemore
reliablethanindividua judgement (Helmer, 1963 and 1964; Brown and Helmer, 1964; Dakey,
1969a and 1969b). Thereis experimenta evidence to show that for subject matter wherethe
best availableinformation isthe judgement of knowledgesbleindividuds, the Delphi Method has
digtinct advantages over traditiona group discussions, conferences, brainstorming and other
interactive group processes (Dalkey, 19693, 1971 and 1975; Dakey and Rourke, 1971). The
Déphi Method ismore advantageous because it involves asystematic process of querying and
aggregating experts judgements (Zigilo, 1996).

6.2  Policy Delphi: A method for exploring and evaluating policy issues.

Within the project the Delphi Method was used in a particular way termed Policy Delphi. The
Policy Delphi process is a form of policy andyss that provides a decisionmaker with the
grongest arguments on each sde of the issue. Within the project a range of future
implementation scenarios were proposed as training policies that could meet the perceived
training requirements relating to the handling of escalaing emergencies. These policies were
presented to the pand of experts who were participating in the Policy Delphi process.

The proposed training policies are attached to this report as Appendix B.
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The way in which the Policy Delphi process was structured alowed any of the participating
pand of expertsto add possible resolutions to the basic policies, or to arguefor or againgt any
possible resolutions. The pandlistswere askedto view the scenarios as possble policy options
that could be introduced as a worldwide mandatory training standard within 10 yearsinto a
sdfety criticd indudtry that currently had no such standard. The pandlists were asked to use
voting scaes to indicate their opinion of the:

likelihood of each proposed policy being adopted
desirability of each proposed policy

feashility of each proposed policy
cost effectiveness of each proposed policy.

When presenting arguments for or against any of the proposed policies the pandlists were
asked to judtify the importance and vaidity of their arguments.

When making aresponse, panellistswere also asked to indicate how thisrelated toany exising
items within the palicy.

The structure of the Policy Ddphi process implemented is shown below in Table 3.

TYPE OF ITEM VOTING SCALES RELATIONSHIPS
Likelihood
. Desirability .
Resolution Feesibility Alternatives
Cost Effectiveness
Importance Pro or conto agiven
Argument vV dFi)Si ty resolution.
Opposing to other arguments.

Table 3. Policy Delphi Structure (After Turoff and Hiltz, 1996)

The responses from the first round of the Policy Delphi process were andysed in order to
achieve the following specific objectives:

collate and analyse the subjective judgements of Policy Delphi process participantsto
produce a clear presentation of the range of views and considerations

detect hidden disagreements and judgmental biases and expose these for further
clarification
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detect missng information or cases of ambiguity in interpretation by different
participants

clarify patterns of information and sub-group positionswhich will identify criticd items
that need to be focused upon. (Turoff and Hiltz, 1996)

Following thisanalys's, aset of 19 questionswas sent to dl of the round one respondentswhich
sought to further clarify the main arguments for and againgt the proposed policies. These
questions formed round two of the Policy Delphi process.

A copy of these questions is attached to this report as Appendix C.

Throughout the Policy Delphi process the identities of the participating experts were kept
anonymous from the rest of the pandlists. The objective of this anonymity was to dlow the
unredtricted introduction and evauation of ideas and concepts by removing some of the
common biases normally occurring within group interaction processes.

6.3  Policy Delphi Results- Round 1

Thefollowing isan andyss of the responses received from the pand of expertsduring round 1
of the Policy Delphi process, dong with specific comments made in reation to the different
training policies. The voting scales usad ranged from 1 — 7, where 1 was MOST likely,
desirable, feasible or cogt-effectiveand where 7 was LEAST likely, desirable, feasible or cos-
effective.

Training Policy 1. Full Misson Simulator with Team Based Exercises

Range median mean
Likelihood of Adoption 1-7 3 35
Desirability 1-7 2 3.3
Feasbility 1-7 35 3.9
Cost Effectiveness 3-7 4 4.2

Views expressed in relation to Training Policy 1

Number of trainees can be increased but exercise becomes less controllable.

A number of scenarios could be used in teaching one set of <Kills.

Assessment is very subjective.

Best method for assessment.

Vey likdy but not very effective.

Very high workload for assessor and smulator operator.

Vadidation of set criteriais needed. Also, definitions of assessment/criteriaare a problem.
Set criteriamaybe only on observed not on non-observed.

Use of such equipment isvery coslly.

High fiddlity is good. Only red facilities better.
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Good to create fedlings of stress.

Can beused to highlight failuresin anumber of areas (design, human communications etc).
Can be used to study interpersond relaionships (human interactionsin groupsand effects of
peer pressure €etc).

This scenario crestes most redlistic Situation.

Do not need hi-fidelity smulator Sncemainthrust ison team playing. Operating procedures
should dready have been learned.

May adso be used as an environment for quaification process i.e. certifying team's
procedures in some forma manner.

Training Policy 2 Full Misson Smulator with Single Trainee Exercises

Range Median mean
Likelihood of Adoption 4-7 6 5.9
Desirability 3-7 5 5
Feasihility 2-6 4 39
Cog Effectiveness 5-7 7 6.5

Views expressed in relation to Training Policy 2:

Still subjective, but more objective than training policy 1.
Not cost-€effective at dl.

Training one person is a poor idea, need to train teams.
Stops interpersonal skills being tested under pressure.
Validation of set criteriais needed.

Useful perhaps for very specid purposes only.

Training Policy 3: Virtud Environments

Range Median mean
Likelihood of Adoption 2-4 3 3.1
Desirability 2-7 2.5 3.2
Feashility 2-6 2.5 3.2
Cost Effectiveness 2-4 3 2.8

Views expressed in relation to Training Policy 3:

Without face to face interaction and communication is poor and unredidtic, dthough it is
good for communications and interaction.

Communications processis very different via multi-media than face to face.

High investment is needed, though cogt effective.

Vdidity problem.

Based on ateam working together which is good.
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Tutor workload will be high.
Virtud redity is not redigtic enough.
Number of traineesistoo high.
Good to smulate other team members.

Training Policy 4: Desktop Computer Simulation

Range median mean
Likelihood of Adoption 1-6 3 3.22
Dedirability 1-7 4 411
Feashility 1-6 2 2.56
Codt Effectiveness 1-7 2 2.67

Views expressed in relation to Training Policy 4

Mogt objective method.
Very cost effective.

Very ussful in combination with others.
Brilliant for learning basics.

Limitation in that no other players are involved.

Limited in raigng standard of sea Saff.
Low gtaff costs.

Needs to be interactive and be team based.
Not keen on totaly technology based training polices.

High cogt investment.
Benefits outweigh cods.
Vdidity questions.

Trainee can work through CBT package at own pace.

Needs more interaction with peers and teams.

It's the most objective method and surely feasible and cost effective.

The dedirability depends on the training godls.

It should not be used in isolation. It could be useful in combination with one of the
other training policies as akind of introduction period.

Traning Policy 5: Table-top smulation

range Median mean
Likelihood of Adoption 1-5 3 3.1
Dedrahility 2-7 3 3.9
Feashility 2-4 3 2.9
Cost Effectiveness 2-7 2 3

Views expressed in relaion to Training Policy 5:
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Could be useful in conjunction with computer based training.

Maybe too many trainees involved. Keegp it to 4 trainees.

Lots of acting and imagination required by trainees.

May provide general answers and discussion.

Will not lead to raising of the dress levels high enough to what they would bein rediy.
Very cost-effective.

Used primarily for assessment. Can be used for self-assessment.

Assessor must be very skilled in assessment Sinceit is so subjective.

Must be redlistic and not predictable.

Low cost investment, does not need alot of resources.

Not cost effective since it involves 2 or more trainers.

More useful for dtrategic to tactical level decison making rather than operationa
command level personnd.

Effectiveness depends upon the ability of the fadilitator.

Training can only be part of emergency management training.

Training Policy 6: Class Room Based Workshops

range median mean
Likelihood of Adoption 2-6 2.5 3.3
Dedirability 1-6 4.5 4.1
Feashility 1-6 2.5 3
Cog Effectiveness 1-6 2 2.6

Views expressed in relation to Training Policy 6:

Good to use before entering Smulator or as part of a complete training scheme but
not exdusivey.

Shorter time scde of training required and large number of trainees per assessor
means low demands on equipment and resources therefore low cogt.

Little opportunity to Smulate use of tools and techniques.

Assessor may have high workload.

Emphas's very much on the tutor. Success or failure depends upon them.

Team leader should be rotated to avoid difficulties with assessments.

Problems of repetition of scenarios inducing boredom.

Good haf way house -stress Situations are a form of risk managemen.

Difficulty arises as new technologies get introduced into the marine world.

This is more knowledge based than the other scenarios and needs to address
practical skills more.

Maybe used to complement other training methods but never replace.

Can bejust as effective as new technology methods of training.

Scenario is good for learning, less for assessment.
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Thefollowing graphs plot the mean ranking of the responsesreceived from the panel of experts
for each of the four voting scales used.

Graph 20 - Likelihood of adoption for future training policies

Increasing LikelihoodH

Training Policy

0 Full Mission - Teams Full Mission - Single User O VRTE OCBT Table Top @ Classroom
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Graph 21 - Desirability of future training policies

Increasing Desirability]

Training Policy

B Full Mission - Teams Full Mission - Single User OVRTE OCBT Table Top B Classroom

Graph 22 - Feasibility of future training policies

Increasing Feasibility

Training Policy

3 Full Mission - Teams Full Mission - Single User OVRTE OCBT E Table Top 3 Classroom
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Graph 23 - Cost Effectiveness of future training policies
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Cost
Effectiveness]|
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Training Policy
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Following an andysis of the responses from the first round of the Policy Delphi process the
following summary could be made:

For training policies 1 (full-mission smulator with team based exercises) and 6
(class room based workshop), there was a diversity of opinion. Theissuewith the
biggest difference of opinion was the importance of high fiddity.

For training policy 2 (full-misson smulator with Sngle trainee
exercises) there was a genera negative consensus towards this option.

For training policies 3 (virtud environment) and 5 (table top
smulation), there was a genera positive consensus.

For training policy 4 (desktop computer training), there was a generd
positive consensus, except in the dimenson of desrability where
opinions were mixed.

6.4  Policy Delphi Results- Round 2

The following isasummary of the responses received from the panel of expertsin reply to the
19 questions sent to them in order to further clarify the main arguments for and againg the

proposed training policies.
Training Policy 1. Full Misson Simulator with Team Based Exercises

There was genera agreement that training and assessment should only ever be undertaken
separately.

There were a number of concerns expressed about how any form of assessment would be
undertaken in order to ensure objectivity.

Strengths of this policy option were seen to bethe ability to undertake team: based activitiesand
the greater fiddity of the training environment.

The main weeknesses of this policy option were seen to be the high cost of full misson
smulatorsand the difficultiesin carrying out assessments of individua s undertaking team: based
activities.

There was genera agreement that the tutor should never also be the assessor within the same
time-frame.

Training Policy 2: Full Misson Smulator with Single Trainee Exercises

There was agreement that this policy option was not generdly beneficiad, but could be ussful



in specid circumstances such as remedid and pre-team training.
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Training Policy 3: Virtud Environments

Although there was ill a very positive response to this policy option, little empirica evidence
was cited to support the opinions given.

There was generd agreement that the communications systems used within this policy option
could be embedded, aslong as they alowed actua voice communications, and this coud be
used inasmilar way to red communication systems.

Most responsesindicated that the co-workerswithin virtud redlity training environments should
be red and not smulated in order to facilitate effective team training. However, the possibility
was raised that amulated co-workers could be used to afford a greater variety of training
opportunities for team members.

Therewas generd agreement that ahigh leve of fiddlity wasrequired for certain dementsof the
virtud environment, but there was awide diversity of opinion asto what these dements were.
The dements discussed were dl part of the functiond representation of the red environment,
both physica and procedurd. Oneresponse stated that virtua environment did not haveto have
ahigh degree of fiddlity aslong asit alowed for the replication of the skillsinherent in the task
being trained.

Traning Policy 4: Desktop Computer Simulation

There was agreement that this policy option required a certain level of interactivity © be
effective and that an increasein interactivity could improve effectiveness and efficiency uptoa
point, beyond which the trainee may start to fed confused.

A number of ways of improving interactivity were proposed including the:
creation of multiple training paths
provison of training scenarios with more than one acceptable outcome
use of afacilitator to guide the trainee.

If this policy option could be team: based there was general agreement that thiswould be more
beneficid, because it would alow trainees to discuss dternative solutions. However, one
response indicated that if the smulation were more team-based it would become more difficult
to control and it would be more difficult to carry out assessments.

It was suggested that, within this policy option, team based activity could be achieved by having
afadilitator guide each training scenario.

There was genera agreement that it would be difficult to use this policy option to undertake
assessments a a distance, as this type of assessment would only be based upon the training
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outcome and not the processleading to it. Theissue of ensuring the authenticity of acandidate
was seen to be a further difficulty if undertaking assessment at a distance.

Training Policy 5: Table-top smulation

All participants agreed that this policy option could be used for training. However, there were
arguments made both for and againgt the use of this policy option for undertaking assessment.

The argument againgt was based on the lack of fideity provided by thistype of smulation and
the difficulty in observing relevant competent behaviour in a context that is very different from
the actud workplace.

Theargument for was based on assessment being undertaken againgt those relevant behaviourd
markers that could be observed within the context of the smulation.

There was genera agreement that it is important to create stress during the training and
ass=ssment for handling escdating emergencies.

A number of ways of cregting stress were proposed, the most common of these being to
introducetime congraintsinto the smulation exercises. Other methods discussed for introducing
dresswereincreasing information flows, increasing exercise complexity, introducing unexpected
fallures and mafunctions, increasing noise levels and the use of role playing facilitators.

There was a strong difference of opinion asto whether the level of fiddity correlates with the
levd of dtressinduced within asmulation. A number of responses suggested that, unlessthe
smulation had ahigh leve of fiddity, stresswould not be induced. However, there were other
responsesthat strongly opposed thisview, suggesting that stressis psychologically induced and
is therefore more dependent upon the exercise participant's perception of presence within the
amulation scenario, than the levd of fiddity of the smulation itsdlf.

Traning Policy 6: Class Room Based Workshops
There was generd agreement that this policy option is best suited to training only.
The following strengths were associated with this policy option:

cost beneficia

flexible

gives the opportunity to discuss operationa / emergency problems with others

tutor guided

The following wesknesses were associated with this policy option:
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there is no environment to manage
not suitable for the assessment of competence

One response suggested that any weaknesses associated with this policy option could be
overcome by providing a good tutor and ensuring interactivity.
Therewasawide spread of opinion regarding which other methods of training thispolicy option
could be usefully used in conjunction with. The overdl range of opinion covered dl of the
remaining five policy options. One response suggested that classroom:based workshops
followed by practicein context would alow increased transfer.

The following were proposed as being suitable to be trained using this policy option:

gopreciaion of technicd risks
knowledge of systems
knowledge of procedures
theoretical knowledge
planning

risk management

problem solving
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COST BENEFIT ANALYSIS

Introduction

The D phi Process had brought together anumber of specidist usersof Smulation fromvarious
process control areas, with various pertinent ideas of how smulators should be used. It was
decided to contact specific researchers who had contributed to the Delphi process and ask
them to come to a two day brainstorming session at Warsash, where the various benefits of

specific smulation could be considered. Three persons were asked to come to Warsash from
29" to 30" January 2001 to discuss the agenda attached as Appendix D. The three were
Margaret Crichton, from Aberdeen Universty, Dr Michad Pengdly from the Univeraty of

Lancagter and Pieter Hemdey from the Aviation Training Associaion. Margaret Crichtonisan
expert in the use of amulators for training within the nuclear and offshore indudtries, Michael

Pengdly isan educationd expert with cong derable knowledge of the nuclear industry and the
useof smulaorsby themilitary forces, and Pieter Hemdey has consderable expertiseintheuse
of arcraft amulation for training and assessment. The three guests were joined by two

Ingpectors from the MAIB and two persons each day from the MCA together with the
Warsash research team.

Activities

The first day was devoted to understanding the methods used and the benefits of emergency
handling and criss management taining in the nuclear, offshore and aviaion indudtries and
comparing them with the maritime industry. This was followed by looking a the training and
as=ssment options for the types of training ad used in the Delphi process, namely:

Full misson smulator

Virtud Redlity Training Environment
Computer based training

Table top smulations

Classroom

Costs

These cogswere determined from information dready avallableinthe maritimedomain. Asthe
VRTE sysemisnot in commercia use a present, costsare unobtainable. Asitisbedieved that
CBT isnot being used in any Criss Management course, costs are dso unavailable.

Detalled overledf isaset of daly cogts outlining possible maximum and minimum amounts. The
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maximum amount column conddersratesfor asmulator that is purchased by the operator for a
cost of £1m over a 7-year ussful life. The minimum column reflects a smulator purchased for
the operator by another source, eg. EU or government for a sum that does not have to be

repaid.

Order of cogs for a FMS operating in northern Europe in £s serling

Maximum rate Minimum rate

Steff dally rate

Lecturing saff £500 £350

Technicd aff £250 £150
Simulator operating daly rate* £200 £40
Simulator depreciation ** £835 0
Smulator interest on loan ***  £360 0
Total £2145 £540
Profit / Contribution As required by the Operator
* Maximum rate based on cogts for technica support programme from manufacturer

(£20,000) plus re-equip dl tubes (£20,000) over 40 week year. Minimum rate based on re-
equip tubes every third year.

*x Average Depreciation for a 40 week year to obtain £1.167m after 7 years

***  Interest on £1,000,000 |oan borrowed at 5% and to berepaid over the 7 yearslifetime
of the asmulator.

Order of codsfor a Table Top Simulation using three lecturers per exercise

Maximum rate Minimum rate
Steff dally rate
Lecturing gaff £1500 £1050
Table Top smulation £5 0
Classroom £50 0
Tota £1,555 £1,050
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7.4

Order of codsfor acdassroom usng one lecturer

Maximum rate Minimum rate
Steff daly rate
Lecturing Saff £500 £350
Classroom £50 0
Tota £550 £350

If comparing the varioustypesof training ads, thestaff daly ratescould be discounted asthese
daily rates will apply across dl areas of teaching whether or not smulator based

Hotel accommodation, travel and subs stence, course notes, course devel opment codts, hire of
room would al be a congtant whether smulator, CBT or classroom is used.

Results

The garting point of these ddiberations was to define more closdy the differences between
norma procedures, the ability to handle emergencies and criss management. The three
processes are connected and seen as an increasing deterioration in the Stuation. A definition of
Emergency management and Crissmanagement isgivenin paragraph 4.5. It ispossibleto avoid
crigssituaionswith knowledge and skilled handling of theemergency Stuation. Decison making
skillsare needed at dl levels: asthe problem(s) escaate through an emergency to acriss, then
the skill and rule based leve s of thinking are replaced by the more time- consuming knowledge
based leve, i.e. theindividua or team haveto think through the Stuation (Rasmussen, 1983). In
addition, the non-technicd skills such as communication, motivation and leadership become
paramount.

Although the MAIB Green Lily report (MAIB, 1999) refers specificaly to handling escaating
emergencies, it was conddered that the skills of crigs management havethefollowing festures:

The criticd sills are predominantly non-technical in nature. They do not appear

to be precisely defined, but they are probably genera high-levd cognitive sKills,

and involve the integration of other skills and system knowledge. Althougha  nuis
of different skills are identified in the literature, significant onesinclude  Co-operation,
Leadership and Managerid sKkills, Situation awareness, and decison  meking (Hin, 1998). It
is possible that certain dements of criss management  depend upon innate abilities, i.e. an
individual may possess certain characteristics  which enable him/her to handle crises.

The inference that crigs management is, a least in pat, made up of skills,
suggests thet it can be learned. Because it is a kill, (dthough it will aso require
knowledge) it is best learned through practicei.e. by doing. Thisin turn suggeststhat
some form of role-playing through smulation islikely to bethe mogt effectivetraningmethod.
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It is often a group activity; possbly involving widdy digtributed groups and
Separate autonomous agencies.

The critica <kill in decison making is Studiona awareness as outlined in the
literature review. Given the above features, shared mental modds of the system aean

important aspect.

One of the main benefits of emergency management training would gppear to be
the strengthening or enhancing of these mentd modds which in turn would make
gtuationd awareness more resstant to stress.

During the discusson on “behaviourd markers’, it was noted that a suitable
definition for thisisasfollows:

Theterm* behavioural markers’ refersto a prescribed set of behaviourswhich
have been identified asindicative of some aspect of skilled human performance.
Thetypical behavioursor “ markers’ arelistedinrelation to the component skills
and are then used for selection, training and competence assessment. (CAA,
1998)

A number of individud options for skills training were identified, ranging from full-misson
gmulaion (FMS) to classroom role-playing. It is believed that the benefits of these training
options have not been evaduated empiricaly. This is due to the many factors that may affect
performance, and the difficultiesof measuring transfer of training. It was agreed that an effective
training Strategy is likely to incorporate combinations of methods and, in order to achieve the
best results, and will depend on a number of variables, e.g. the experience of students (and
ingtructors), the frequency and regularity of training over time, etc. However, it was consdered
that if the best method of training for handling escaating emergencies had to be recommended
then it is to use blocks of classroom based learning, followed by full misson smulator based
exercises and then a further classroom based debrief session.

It was noted that the main method of assessment chosen by the Canadian regulatory authority is
to use adumb assstant in the engine room with the person being assessed. The dumb assistant
will respond with correct answersto questions, but will neither prompt nor initiate. Thisprocess
needs careful thinking out and rules need to be prepared for each set of assessments. For
ingtance, if the person being assessed is a potentid Chief Engineer and the dumb assistance is
his Junior Engineer, and the Chief Engineer does not stipulate exactly the feedback he needs
from the Junior Engineer, how much of a engine room team member is the Junior engineer
alowedto be?

It was believed that there is no empirica evidence that shows the effectiveness of current
training and assessment strategiesfor the handling of escalating emergencies. In the nuclear and
aviation indudtries the evidence put forward to support the effectiveness of ther traning and
assessment drategies for handling escdating emergenciesis that their industries are relatively
safe.
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7.5

Following the aviation industry, the offshore (FHin et a, 1999), nuclear (Crichton, 1999), and
shipping indudtries are dl adopting Crew Resource Management training (CRM). Thetopics
covered by CRM courses are established through accident analysis, crew interviews, and
observations of crewsin smulators. Topicsinclude: Stuation Awareness, Decison-Making;
Communication; Team Co-ordination; Fatigue and Shiftwork; and Stress. In thiscontext, CRM
gives the course members an ingght into human interactions, but in most cases does not ded

explictly in crigs management.

CRM is based on the premise that human error is ubiquitous and inevitable.

CRM isa st of countermeasures with 3 lines of defence:
Avoidance of error
Trap errorsin the course of development before they are committed
Mitigate the consequences of any errors.

The levd of fidelity required for effective training at each of the stages in development was
discussed. It is probably true, but not verified, that high fidelity is wasted on novices and not
totally necessary for experts. However, for personne progressng from novice to expert,
practicing the integrating skills necessary for cris's management would probably benefit from
contextud training in high “behaviourd fiddity” smulations.

Another issue was the over-arching certification process. For example, inthe aviaionworld, it
is the practice thet once initidly qudified, continued certification of a pilot is by a process of
continuous professond development (CPD). This system reflects the vaue invested in the
pilots. The important feature of the processisthat each assessment, conducted frequently and
regularly, on-line or in a smulator, is linked to updating and remedid training if necessary.
Unlessasmilar sysemisadopted in the shipping industry, assessment by smulator will dways
be in the form of a“ passffal” examination without on the job remedid training.

Conclusions

The workshop concluded thet the inclusion of full misson smulation was the only viable
assessment option. Thismethod is used extensively by the nuclear and aviation industries. The
argument isthat it isthe only safe method that guaranteesthat the mgjority of the cuesthat seem
important are present and that the perceived required skills may be demonstrated.

The search for a single cogt-€ffective training option to ddiver the required standard of
competence may be misplaced. The principle enshrined in STCW95 and Nationd V ocationd
Qualifications (NVQs) is that once the standard of competence has been defined, how an
individua reechesthat standard isirrdevant. Among anumber of variables, it isthemotivation
of thelearner and theingenuity of thetrainer which will determine the most cost-effectivetraning
option. In an ided world, the trainer would select the most gppropriate method from hisher
traning “toolbox” to suit the individud trainee, their learning style, and stage of devel opment
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7.7

identified through continuous assessmernt.

The most cost-effective training option will be determined by locd factors. Therefore, no
mandatory option should be considered. At present, until research into standards of
competence and “ behaviourd markers’ iscompleted, assessment by FM S condtitutesthe only
viable option.

Thekey to the certification processisthe assessment of thetrainee. Thefiddity of thesmulation
must be such that the candidate can display the competenciesto be assessed. Currently, it is
unlikely that anything less than full misson amulaion (FMS) can guarantee this. The cost of
FM S assessment should be established, given the different issuesidentified above.

The man non-technicd skills of Co-operation, Leadership and Management skills, Situation
awareness, and Decison making that have to be mastered in order to handle escalating
emergencies are not yet fully defined and implemented.

Whatever training methods are used, crigs management training should be viewed as along
term process, embedded in the training of individua s from novice through to senior command,
not asa et of “bolt-on” courses.

Recommendations

The stlandards of competence are ill defined and consequently so are ther “behaviourd
markers’ by which the standard may be assessed. More research is needed in this ares,
particularly in assessng the team-working competencies.
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SUMMARY OF CONCLUSIONS
Thefollowing summary of conclusonsis detailed benegth the requisite objective.

I nvestigate the availability of, and developmentsin smulator technology applied to
bridge and engine room resour ce management training, specifically that addressing
escalating emer gencies and increasing levels of stress.

The report has shown that the worldwide availability of smulators capable of being applied to
bridge and engine room management training is gpproximately five hundred (Muirhead 1996).
However, the returned questionnaires from member dates indicated that despite the
widespread use of these smulators for training purposes, smulation is not widely used in
training for the handling of escalaing emergencies a sea.

One of the mgor new developments in smulator technology is the Virtud Redity Training
Environment (VRTE). Within the domains of spatid cognitive tasks and spatid familiarisation,
VRTEs seem to offer aviable dternative to other forms of training. However, in most cases,
VRTEs are only used as one part of an overal training regime and are not consdered to be a
replacement for other forms of training and documentation. The effectivenessof VRTEsfor the
traning of team-based activities and cognitive skills, such as the handling of escadating
emergencies, has yet to be proven.

Questionnaire respondents dl emphasse that smulator fiddity is of high importance. This
perceived requirement isbeing facilitated by the increasein computer power which hasenabled
a condderable improvement in the overdl fiddity of visud presentation. Part task smulators
can gpproach the complexity of full misson smulation asboth useasmilar hardware platform.

Takinginto account theresultsof objective2.1.1, determinehow smulator technology

may most effectively be used in the training of seafarers in the handling of
emer gencies.
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The report has shown that a differentiation should be made between emergencies and crises.

Emergency management has been defined as aStuation where decisonsand actionsare based
on documented emergency procedures. These emergency procedures are trained both at
onshore training establishments and on board. For example a report of afire in a cabin will
result in the pre defined emergency responsefor afire being activated. Each crew member has
been trained and taken part in drillsin his or her role in the relevant team and should respond
according to their training.

Crigs Management differs from emergency management in that decisions and actions do not
necessarily have documented emergency procedures and there may not be a pre-defined
response, or if there are emergency responses those responses may have conflicting
requirements. For example multiple emergencies may occur which have conflicting resource
requirements.

It is considered that the crew members of the* Green Lily” werein acriss Stuation before the
ship grounded.

The Literature Review indicated that the critical kills needed within criSs Stuations are
predominantly non-technica in nature.

In the domain of Civil Aviation, Crew Resource Management has been used as a method to
train nontechnical skills. These skills have been structured into four categories. co-operation,
leadership and managerid sKkills, Stuationa awareness and decision making.

Within the four categories behaviourd markers have been identified.

Thekey tothe certification processisthe assessment of thetrainee. Thefiddity of thesmulation
must be such that the candidate can display the competencies to be assessed. Currently, it is
unlikely that anything less than full misson smulaion (FMS) can guarantee this. The cost of
FM S assessment should be established, given the different issuesidentified above.

Although the training of non-technica skills is Sarting to be used more widely within some
safety critica indugtries, such as nuclear and aviation, the findings of the report raise concerns
about a number of issues rdated to thistraining:

The non-technica kills currently being trained have not been fully defined in relaionto the
needs of personnel handling of escdating emergencies in the maritime domain.

Thetraining regimes currently used for thetraining of crisis management may not have been
developed in line with accepted best practice in ingructiona design.

In order to match the training equipment to the training requirement it is necessary to gpply a
rigorous Training Needs Andysis(TNA) and other associated human factor disciplines. TNA
may be defined as* asystematic method for analysing atraining requirement and specifying the
functiond requirements for the training equipment” (Jackson, 1993). As part of this method,
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TNA candsoidentify therequired ingtructiond facilitiesto monitor trainee performancefor any
assessment purposes.

The report has shown that most cris's management training that is undertaken usng Smulators
has not been developed following the gpplication of arigorous Training Needs Andyss, but
rather on apremisethat by presenting as many of thefunctions of thered work environmert as
possible through a full misson smulator, the functiond requirements required to meet any

training requirement will be present.

Applying these results, through a cost-benefit assessment or other suitable
technique(s), quantify theefficiency of the smulation techniqueson offer in addressng
thetraining aims.

The search for a dngle cogt-effective training option to deliver the required standard of

competence may be misplaced. The principle enshrined in STCW95 and Nationd Vocationa
Qualifications (NVQs) is that once the standard of competence has been defined, how an
individud reachesthat gandard isirrdevant. Among anumber of variables, it isthe motivation
of the learner and the ingenuity of the trainer which will determine the most cost- effective
training option. Often thiswill be determined by locd factors. Therefore, no mandatory option
should be considered.

The cogt benefit andys's workshop concluded that the inclusion of full misson smulation was
the only viable assessment option. Theargument isthat it isthe only safe method that guarantees
that the mgjority of the cues that seem important are present and that skills perceived to be
required may be demondtrated. Thefiddity of the smulation must be such that the candidatecan
display the competencies to be assessed.

Currently, due to the lack of training needs andyses relating to the handling of escdating
emergenciesa seg, it isunlikely that anything lessthan full mission smulation can be guaranteed
to alow the assessment of competencies required under the current certification process. Once
afull training needs analys s has been undertaken, it may be possibleto meet thetraining amsof
handling escalating emergencies at sea with other, more cost beneficial training techniques.

In summary form, report on thesmulator training regimesin placein other Certifying

Statesincluding theidentification of theunderlying education levels, tasksand training
aims.
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Response to the 100 questionnaires distributed across the world to IMO member states was
very poor, with returns received from UK, Hungary, Hong Kong, Thailand and Canada. No
firm conclusions can be offered with thisresponse, but returnsindicated that Thailand and Hong
Kong tend to rely upon classroom based learning, whereasthe UK and Canadause smulation
more than these other two countries. Assessment of Competence tends to be based around
written examsin Hong Kong and Thailand whereas the UK and Canada tend to use ora and
practicad exams.
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RECOMMENDATIONS

9.1

9.2

9.3

9.4

9.5

9.6

A Training Needs Anayds (TNA) should be undertaken to andyse the training
requirement and specify the functionda requirements for the training equipment to be
used within this training and assessment programme.

The man non-technicd skills of co-operation, leadership and management sKills,
Stuation awareness, and decision making, that have to be mastered in order to handle
ecalaing emergencies, need to be more fully defined.

A dtrategy needs to be developed to incorporate these skills into a traning and
assessment programme.

Criss Management standards of competence areill defined and consequently so are
their “behaviourd markers’ by which the sandard may be assessed. Moreresearchis
needed in thisarea, particularly in ng the team-working competencies.

Whatever training methods are used, crisis management training should beviewed asa
long term process, embedded inthetraining of individuasfrom novicethrough to senior
command, not as a set of “bolt-on” courses.

The most cogt-effective training option will be determined by locd factors. Therefore,

no mandatory option should be consdered. At present, until the research above is
completed, assessment by Full Misson Simulator condtitutes the only vigble option.
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APPENDICES
APPENDIX A (1)

QUESTIONNAIRE FOR MEMBER STATES

Warsash Maritime Centreis currently carrying out an investigation, on behaf of the UK MCA,
into bridge and engine-room resource management training and in particular training that
addresses escd ating emergencies and increasing levels of stressin the working environment. It
would bevery useful to usif you, or an gppropriate representative of your administration, could
fill in the questionnaire bdlow by answering the 6 questions and send it back to us in the
enclosed addressed envelope. Any questions or further information can be obtained from
Warsash Maritime Research Centre on +44 (0) 1489 556221. Below are a number of
competenciesthat are required for seefarers to ded with emergency Stuations. If seafarersin
your country aretrained in any of these areas please complete the following table by entering the
amount of percentage spent on each type of training method mentioned. If smulation is used
what kind or type of smulation is used can be entered and findly, the method of assessment
used can be entered to.

Competence % of training | % trainingtime | % of training | Type of | Methods of
requirement timespenton | spent in a| time spent | simulator assessment used
a simulator classroom doing used (if
practical work | applicable)
EXAMPLE Tobeable | 25 25 50 Stee! Practical exam

to react appropriately
when a fire occurs
onboard

environment of
ship’s
structure

Surviva at sea in the
event of ship
abandonment

Respond to emergency
situations  involving
fire

To be able to respond
to medical accident or
emergency

To be able to respond
to emergency
procedures

To be able to teke
charge of survival craft
in an emergency

Crisis management and
human behaviour

Crowd management
and safety training
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Provide medica careto
sick and injured while
onboard

To take  action
following collision or
grounding

To take appropriate
action in emergencies
on Tankers

To operate GMDSS

If you have the time, please complete any thoughts or feding you have on questions 2-5 below.

2. With regard to emergency Situations, are there any other requirementsthat you believetraining should
become mandatory for?

3. With regard to working in stressful conditions on a ship, are there any other requirements that you
believe training should become mandatory for?

4. Pleasewritein any future plansthat you may have of changing the methods used in mandatory training
(e.g. perhaps you are looking into distance learning for some courses to replace classroom based
learning, perhaps the use of a certain type of smulator may be consdered for replacing practica
elements)




5. Please write in any future plans that you may have of changing the way various requirements of
training are assessed.
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APPENDIX A (2)
QUESTIONNAIRE FOR SIMULATOR DEVELOPERS

Warsash Maritime Centreis currently investigating, on behaf of the UK MCA, bridge and engine-rcom
resource management training and in particular training that addresses escd ating emergenciesincluding
increasing levels of sressintheworking environment. Sinceyou arearenowned Smulaor devel oper we
would very much vaue your expertise in answering for us the following 11 questions and return the
completed questionnaire in the addressed envelope. Further details of the project are available from
Warsash Maritime Research Centre on +44 (0) 1489 556221.

1. What type of smulators do you currently offer? Or have had recently commissioned?
Please write in results and/or include a current brochureif possible.

SIMULATES | FIDELITY (HOW REAL [ COST PRIMARY WHAT TICK IFISTO
WHAT? DOES IT LOOK, FEEL | WHEN PURPOSES | INDUSTRY BE USED FOR
OR HANDLE?) INSTALLED SECTOR/S WAS | EMERGENCY

THE PROCEDURE
SIMULATOR TRAINING
PRIMARILY
DEVELOPED
FOR?

eg. Fixed base, redlistic controls, | £200000 Training in | Merchant Navy v

Bridge of ship | dials, forward view of 120° Generdl.
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2. What, in your opinion, arethe advantagesto usng a smulator for training?

3. What arethe disadvantagesto usng a smulator for training?
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4. Placethefollowingin order of importance (1= most impor tant through to 6=least important)
in your decison when developing a smulator: -

FACTOR TO CONSIDER PLACEMENT OF
IMPORTANCE
(1=MOST
IMPORTANT; 6
=LEAST
IMPORTANT)

LOW COST
HIGH FIDELITY (realism)

HIGH TRAINING TRANSFER (to real
world)
LOW AMOUNT OF UPKEEP REQUIRED

HIGH FLEXIBILITY OF SMULATOR
TO BE TAILORED OR CUSTOMISED
TO DIFFERENT TRAINING NEEDS
LARGE AMOUNT OF SKILLS
SIMULATOR CAN TRAIN

PLEASE COMPLETE 5and 6 FOR EACH TYPE OF SMULATOR SOLD
THESE QUESTIONSCORRESPOND TO WHICH SIMULATOR?(pleasewritein nameof
simulator)

5. When training for emer gency stuationsusing a smulator how important arethefollowing
characteristics of the smulator?

(circle the appr opriate number)

a THE SIMULATOR MUST LOOK AS REALISTIC ASPOSSIBLE

Very important 7 6 5 4 3 2 1 Not a dl important
b. THE SSIMULATOR’'S CONTROLS MUST FEEL ASREALISTIC ASPOSSIBLE

Very important 7 6 5 4 3 2 1 Not a dl important

c. THESIMULATORMUST REACT IN A REALISTICWAY TOINPUT FROM THE USERS
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Very important 7 6 5 4 3 2 1 Not a dl important
d. SIMULATION SHOULD BE IN CONTINUOUS REAL TIME
Very important 7 6 5 4 3 2 1 Not a dl important

e. THE SSMULATOR PLATFORM SHOULD MOVE IN ACCORDANCE WITH THE
OUTSIDE ENVIRONMENT

Very important 7 6 5 4 3 2 1 Not a dl important
f. SIMULATION SHOULD INCLUDE REALISTIC NOISE

Very important 7 6 5 4 3 2 1 Not a dl important

6. How effective are smulatorsfor teaching:- (please circle your answer)

a COMMUNICATIONSIN A TEAM?

Vey dfective 7 6 5 4 3 2 1 Very ineffective
b. TECHNICAL SKILLS?

Vey effective 7 6 5 4 3 2 1 Very ineffective
c. EMERGENCY PROCEDURES?

Vey effective 7 6 5 4 3 2 1 Very ineffective
d. HOW TO COPE WITH STRESS?

Vey effective 7 6 5 4 3 2 1 Very ineffective
e. LEADERSHIP QUALITIES?

Vey effective 7 6 5 4 3 2 1 Very ineffective
f. GENERAL TEAMWORK?

Vey effective 7 6 5 4 3 2 1 Ve ineffective
0. EARLY ERROR DETECTION?

Vey effective 7 6 5 4 3 2 1 Ve ineffective
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7. To the best of your knowledge how useful do each of the following groups of people find
smulator training?

a  SHIPPING COMPANIES
Veyusful 7 6 5 4 3 2 1 Totdly usdess
b. COMMERCIAL AIRLINES

Veyusful 7 6 5 4 3 2 1 Totdly usdess

c. NUCLEAR POWER INDUSTRY

Very ussful 7 6 5 4 3 2 1 Totdly usdess

d. ROYAL NAVY

Very ussful 7 6 5 4 3 2 1 Totdly usdless

e. RAF

Very ussful 7 6 5 4 3 2 1 Totdly usdess

f. ARMY

Very ussful 7 6 5 4 3 2 1 Totdly usdess

8. How much do you agree with the following statements about the effectiveness of
smulators?

a For asmulaor to beeffectiveit isimportant to establish how much atrainee enjoyed the experience
Very true 7 6 5 4 3 2 1 Not at al true

b. Forasmulator to be effective it isimportant to establish that the trainee has better per formance
than before she or he sarted the training with the smulator

Very true 7 6 5 4 3 2 1 Not at dl true

c. Forasgmulator to be effectiveit isimportant to establish thet the trainee has better performance
following usng the smulator than she or hewould have using a different method (e.g. lecture or text-
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book)
Very true 7 6 5 4 3 2 1 Not at al true

d. Forasmulator to beeffectiveit isimportant to establish that the trainee has better knowledge than
before she or he garted the training with the smulator

Very true 7 6 5 4 3 2 1 Not at dl true

e. For agmulator to be effective it is important to establish that the trainee has better knowledge
following usng the smulator than she or hewould have usng adifferent method (e.g. lecture or text-
book)

Very true 7 6 5 4 3 2 1 Not at dl true

f. For asgmulator to be effective it is important to establish that the trainee has better skills than
before she or he garted the training with the smulator

Very true 7 6 5 4 3 2 1 Not at dl true

g. Forasmulator to be effectiveit isimportant to establish that the trainee has better skills fallowing
using the smulator than she or he would have using a different method (e.g. lecture or text-book)

Very true 7 6 5 4 3 2 1 Not at all

9. How will smulatorsthemselves change in the future?

10. Will the pur pose of smulator s change? What will their new primary functions be?
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11. Will new industries be interested in smulation? If so, which ones?
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APPENDIX A(3)
QUESTIONNAIRE FOR SIMULATOR USERS (SHIPPING COMPANIES)

Warsash Maritime Centre is currently investigating, on behaf of the MCA, bridge and engine-room
resource management training and in particular training that addresses escalating emergenciesincluding
increasing levels of dress in the working environment. Since you are a shipping company that sends
individuas on training we would very much vaue your expertise in answering for us the following 11
questions and return the completed questionnairein the addressed envel ope provided. Further detail s of
the project are available from Warsash Maritime Research Centre on +44 (0) 1489 556221

1. What type of coursesdo you send your seafaring staff on that involve ssmulator s?

NAME OF | SMULATOR | FIDELITY (HOW | YEAR BEGAN | WHAT TYPE OF | TICK IF USED

TRAINING | SIMULATES | REAL DOES IT | USING TRAINING ISTHE | FOR

COURSE | WHAT? LOOK, FEEL OR | SSIMULATOR | SIMULATOR EMEREGENCY
HANDLE?) ON COURSE | MAINLY  USED | PROCEDURE

FOR TRAINING

Example | Compartme | Sted environment | 1985 Toleanwhatto | v

Badcfire- | nt within a| of ship’'s internd do in a fire

fighting ship structure. onboard aship
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2. Below arefour different training situations. Please place each training method in order of
priority that in your opinion would be most effectivefor that stuation. Please give comments
on your reasons for choice in the space provided including any evidence you may have
suggesting that method is best.

for example- for training in badc fire-fighting if you believe smulators to be the best, then computer
distance learning packages, then lectures, then videos, then practical work and finaly text booksto be
the worgt the following should be entered.

e.g. FOR FIRE-FIGHTING:

METHOD OF TRAINING PLACEMENT
(1=BEST; 6
=WORST)

SIMULATORS 1

TEXT BOOK 6

COMPUTER DISTANCE LEARNING | 2

PACKAGE

LECTURE 3

VIDEO 4

PRACTICAL WORK 5

a FOREMERGENCY PROCEDURES Comments on reason for choice-

METHOD OF TRAINING PLACEMENT
(1=BEST; 6
=WORST)

SIMULATORS

TEXT BOOK

COMPUTER DISTANCE LEARNING

PACKAGE

LECTURE

VIDEO

PRACTICAL WORK

b. FOR ROUTINE PROCEDURES Comments on reason for choice-
METHOD OF TRAINING PLACEMENT
(1=BEST; 6
=WORST)
SIMULATORS
TEXT BOOK
COMPUTER DISTANCE LEARNING
PACKAGE
LECTURE
VIDEO
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| PRACTICAL WORK [

c. FOR ENGINE ROOM RESOURCE MANAGEMENT Comments on reason for choice-
METHOD OF TRAINING PLACEMENT
(1=BEST; 6
=WORST)

SIMULATORS

TEXT BOOK

COMPUTER DISTANCE LEARNING
PACKAGE

LECTURE

VIDEO

PRACTICAL WORK

d. FOR BRIDGE RESOURCE MANAGEMENT Comments on reason for choice-
METHOD OF TRAINING PLACEMENT
(1=BEST; 6
=WORST)

SIMULATORS

TEXT BOOK

COMPUTER DISTANCE LEARNING
PACKAGE

LECTURE

VIDEO

PRACTICAL WORK

3. Placethefollowingin order of importance (1= maost important through to 6= least important)
in your decison when deciding to send individualson a cour sethat isrun mainly on smulators

FACTOR TO CONSIDER PLACEMENT OF
IMPORTANCE
(1=MOST
IMPORTANT; 6
=L EAST
IMPORTANT)

CcOST

HIGH FIDELITY (realism) OF SSMULATOR
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HIGH TRAINING TRANSFER (to real
world) OF SMULATOR

TRAINEES SHOULD ENJOY TRAINING
METHOD

HIGH FLEXIBILITY OF SMULATOR TO
BE TAILORED OR CUSTOMISED

LARGE AMOUNT OF SKILLS
SIMULATOR CAN TRAIN

4. When training for bridge or engine room emergency stuations usng a smulator how
important arethe following characteristics of the smulator?

(circle the appropriate number)

a THESIMULATOR MUST LOOK ASREALISTIC ASPOSSIBLE

Very important 7 6 5 4 3 2 1 Not at dl important

b. THE SMULATOR' S CONTROLS MUST FEEL ASREALISTIC ASPOSSIBLE

Very important 7 6 5 4 3 2 1 Not at dl important

c. THESIMULATORMUST REACT IN A REALISTICWAY TOINPUT FROM THE USERS
Very important 7 6 5 4 3 2 1 Not at al importart

d. SIMULATION SHOULD BE IN CONTINUOUSREAL TIME

Very important 7 6 5 4 3 2 1 Not at dl important

e. THEBRIDGE SIMULATORPLATFORM SHOULD MOVEIN ACCORDANCEWITH THE
OUTSIDE ENVIRONMENT

Very important 7 6 5 4 3 2 1 Not a dl important
f. SIMULATION SHOULD INCLUDE REALISTIC NOISE

Very important 7 6 5 4 3 2 1 Not a dl important
5. How effective are smulatorsfor teaching:- (please circle your answer)

a COMMUNICATIONSIN A TEAM?

Vey dfective 7 6 5 4 3 2 1 Very ineffective
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b. TECHNICAL SKILLS?

Vey dfective 7 6 5 4 3 2 1 Very ineffective
c. EMERGENCY PROCEDURES?

Vey dfective 7 6 5 4 3 2 1 Very ineffective
d. HOW TO COPE WITH STRESS?

Vey dfective 7 6 5 4 3 2 1 Very ineffective
e. LEADERSHIP QUALITIES?

Vey dfective 7 6 5 4 3 2 1 Very ineffective
f. GENERAL TEAMWORK?

Vey dfective 7 6 5 4 3 2 1 Very ineffective
0. EARLY ERROR DETECTION?

Vey dfective 7 6 5 4 3 2 1 Very ineffective
6. To the best of your knowledge how useful do each of the following groups of people find
smulator training? (please circle your answer)

a SHIPPING COMPANIES

Veyusful 7 6 5 4 3 2 1 Totdly usdess

b. TRAINERS

Veyusful 7 6 5 4 3 2 1 Totdly usdess
c. SENIOR DECK OFFICERS

Veyusful 7 6 5 4 3 2 1 Totdly usdess
d. SENIOR ENGINE OFFICERS

Veyusful 7 6 5 4 3 2 1 Totaly usdess
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e. DECK CADETS

Very ussful 7 6 5 4 3 2 1 Totdly usdess

f. ENGINE CADETS

Very ussful 7 6 5 4 3 2 1 Totdly usdess

7. How much do you agree with the following statements about the effectiveness of
smulators?

a Forasmulator to be effectiveit isimportant to establish how much atrainee enjoyed the experience
Very true 7 6 5 4 3 2 1 Not at al true

b. Forasmulator to be effective it isimportant to establish that the trainee has better per formance
than before she or he started the training with the Smulator

Very true 7 6 5 4 3 2 1 Not at dl true

c. Forasgmulator to be effectiveit isimportant to establish thet the trainee has better performance
following using the smulator than she or hewould have usng adifferent method (e.g. lecture or text-
book)

Very true 7 6 5 4 3 2 1 Not at dl true

d. Forasmulator to beeffectiveit isimportant to establish that the trainee has better knowledge than
before she or he garted the training with the smulator

Very true 7 6 5 4 3 2 1 Not at dl true

e. For asmulator to be effective it is important to establish that the trainee has better knowledge
following usng the smulator than she or hewould have using adifferent method (e.g. lecture or text-
book)

Very true 7 6 5 4 3 2 1 Not at dl true

f. For asmulator to be effective it is important to establish that the trainee has better skills than
before she or he garted the training with the smulator

Very true 7 6 5 4 3 2 1 Not at dl true

g. Forasmulaor to be effective it isimportant to establish that the trainee has better skills fallowing
using the smulator than she or he would have using a different method (e.g. lecture or text-book)
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Very true 7 6 5 4 3 2 1 Not at dl true

8. How often do you use the following methods of testing effectiveness?

a  Hand out questionnaire to trainee about effectiveness of Smulator training

Often 7 6 5 4 3 2 1 Never

b. Interview trainee about effectiveness of amulator training

Often 7 6 5 4 3 2 1 Never

c. Formd testing of trainee before training and after training to assess what has been learnt
Often 7 6 5 4 3 2 1 Never

d. Formd teding of tranee only after training

Often 7 6 5 4 3 2 1 Never

e. Formd testing of trainees usng smulator and compare results to trainees using a different method
Often 7 6 5 4 3 2 1 Never

f.  AsK training centre for their opinions on standard of training with smulators

Often 7 6 5 4 3 2 1 Never

g.  Senior officers observe knowledge, skills and performance of trainees usng smulator
Often 7 6 5 4 3 2 1 Never

h.  The number of shipping companiestha send gaff on training involving smulators suggest they are
effective.

Often 7 6 5 4 3 2 1 Never

9. How much do you agree with each of these statements:- (circle the appropriate answer):-

a Individudstraned usng amulators have abetter sandard of training than those without training on
smulaors
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Totdly agree 7 6 5 4 3 2 1 Totdly disagree

b. Traning centres believe seefarers are better trained usng smulators

Totdly agree 7 6 5 4 3 2 1 Totdly disagree

c. Someindividuds benefit a great ded more than others do when being trained on smulators
Totdly agree 7 6 5 4 3 2 1 Totdly disagree

d. Theussfulness of asamulator usudly outweighs the cost of asmulator

Totdly agree 7 6 5 4 3 2 1 Totdly disagree

e. Mog individudsfed they learn agreat ded more on Smulators than using other methods

Totdly agree 7 6 5 4 3 2 1 Totdly disagree

10. What arethe main advantagesto usng smulatorsin training?

11. What are the main disadvantagesto using smulatorsin training?
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APPENDIX A(4)

QUESTIONNAIRE FOR SHIPPING ORGANISATIONS

Warsash Maritime Centreis currently investigating, on behaf of the UK MCA, bridge and engine-room
resource management training and in particular training that addresses escalating emergenciesincluding
increasing levels of dressin theworking environment. Since you are aleading organisation on dl issues
to do with shipping, we would very much vaue your expertise in answering for us the following 9
guestions and return the compl eted questionnairein the addressed envel ope provided. Further details of

the project are available from Warsash Maritime Research Centre on +44 (0) 1489 556221.

1. Below arefour different training situations. Please place each training method in order of
priority that in your opinion would be most effective for that stuation. Please give
comments on your reasons for choice in the space provided including any evidence you

may have suggesting that method is best:-

for example- for traning in basic fire-fighting if you believe smulators to be the best, then computer
distance learning packages, then lectures, then videos, then practical work and finally text booksto be

the worst the following should be entered.

e.g. FOR FIRE-FIGHTING:-

METHOD OF TRAINING

PLACEMENT
(1=BEST;
=WORST)

6

SIMULATORS

1

TEXT BOOK

6

COMPUTER DISTANCE LEARNING
PACKAGE

2

LECTURE

3

VIDEO

4

PRACTICAL WORK

5

a FOREMERGENCY PROCEDURES

Comments on reason for choice-

METHOD OF TRAINING PLACEMENT
(1=BEST; 6
=WORST)

SIMULATORS

TEXT BOOK

COMPUTER DISTANCE LEARNING
PACKAGE

LECTURE

VIDEO

PRACTICAL WORK
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b. FOR ROUTINE PROCEDURES Comments on reason for choice-
METHOD OF TRAINING PLACEMENT

(1=BEST; 6

=WORST)

SIMULATORS

TEXT BOOK

COMPUTER DISTANCE LEARNING
PACKAGE

LECTURE

VIDEO

PRACTICAL WORK

c. FOR ENGINE ROOM RESOURCE MANAGEMENT  Comments on reason for choice-
METHOD OF TRAINING PLACEMENT
(1=BEST; 6
=WORST)

SIMULATORS

TEXT BOOK

COMPUTER DISTANCE LEARNING
PACKAGE

LECTURE

VIDEO

PRACTICAL WORK

d. FOR BRIDGE RESOURCE MANAGEMENT Comments on reason for choice-
METHOD OF TRAINING PLACEMENT

(1=BEST; 6

=WORST)

SIMULATORS

TEXT BOOK

COMPUTER DISTANCE LEARNING
PACKAGE

LECTURE

VIDEO

PRACTICAL WORK

2. When training for bridge and engine room emergency stuations usng a smulator how
important are the following char acteristics of the smulator?

(circlethe appropriate number)

a THE SIMULATOR MUST LOOK ASREALISTIC ASPOSSIBLE

Very important 7 6 5 4 3 2 1 Not a dl important
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b. THE SSIMULATOR'S CONTROLS MUST FEEL ASREALISTIC ASPOSSIBLE

Very important 7 6 5 4 3 2 1 Not a dl important

c. THESIMULATORMUST REACT IN A REALISTICWAY TOINPUT FROM THE USERS
Very important 7 6 5 4 3 2 1 Not at dl important

d. SIMULATION SHOULD BE IN CONTINUOUS REAL TIME

Very important 7 6 5 4 3 2 1 Not a dl important

e. THEBRIDGESIMULATORPLATFORM SHOULD MOVEIN ACCORDANCEWITH THE
OUTSIDE ENVIRONMENT

Very important 7 6 5 4 3 2 1 Not a dl important
f. SIMULATION SHOULD INCLUDE REALISTIC NOISE

Very important 7 6 5 4 3 2 1 Not a dl important

3. How effective are smulatorsfor teaching:- (please circle your answer)

a COMMUNICATIONSIN A TEAM?

Vey dfective 7 6 5 4 3 2 1 Very ineffective
b. TECHNICAL SKILLS?

Vey dfective 7 6 5 4 3 2 1 Very ineffective
c. EMERGENCY PROCEDURES?

Vey dfective 7 6 5 4 3 2 1 Very ineffective
d. HOW TO COPE WITH STRESS?

Vey dfective 7 6 5 4 3 2 1 Very ineffective

e. LEADERSHIP QUALITIES?
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Vey effective 7 6 5 4 3 2 1 Very ingffective

f. GENERAL TEAMWORK?

Vey effective 7 6 5 4 3 2 1 Very ineffective

g EARLY ERROR DETECTION?

Vey effective 7 6 5 4 3 2 1 Very ineffective

4. To the best of your knowledge how useful do each of the following groups of people find
smulator training? (please circle your answer)

a SHIPPING COMPANIES

Very ussful 7 6 5 4 3 2 1 Totdly usdess

b. TRAINERS

Very ussful 7 6 5 4 3 2 1 Totdly usdess

c. SENIOR DECK OFFICERS

Very ussful 7 6 5 4 3 2 1 Totdly usdess

d. SENIOR ENGINE OFFICERS

Very ussful 7 6 5 4 3 2 1 Totdly usdless

e. DECK CADETS

Very ussful 7 6 5 4 3 2 1 Totdly usdess

f. ENGINE CADETS

Very ussful 7 6 5 4 3 2 1 Totdly usdess

5. How much do you agree with the following statements about the effectiveness of
smulators?

a Forasmulator to be effectiveit isimportant to establish how much atrainee enjoyed the experience

Very true 7 6 5 4 3 2 1 Not at al true

b. Forasmulator to be effective it isimportant to establish that the trainee has better per formance
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than before she or he started the training with the Smulator

Very true 7 6 5 4 3 2 1 Not at al true

c. Foradmulator to be effectiveit isimportant to establish that the trainee has better per for mance
following using the smulator than she or hewould have using adifferent method (e.g. lecture or text-
book)

Very true 7 6 5 4 3 2 1 Not at al true

d. Forasmulator to be effectiveit isimportant to establish that the trainee has better knowledge than
before she or he started the training with the smulator

Very true 7 6 5 4 3 2 1 Not at dl true

e. For agmulator to be effective it is important to establish that the trainee has better knowledge
following usng the smulator than she or hewould have using adifferent method (e.g. lecture or text-
book)

Very true 7 6 5 4 3 2 1 Not at al true

f. For asmulator to be effective it is important to establish that the trainee has better skills than
before she or he garted the training with the smulator

Very true 7 6 5 4 3 2 1 Not at dl true

g. Forasmulator to be effective it isimportant to establish that the trainee has better skills fallowing
using the smulator than she or he would have using a different method (e.g. lecture or text-book)

Very true 7 6 5 4 3 2 1 Not at al true

6. How often are you involved in any of the following methods of testing effectiveness of
smulators?

aHand out questionnaire to trainee about effectiveness of Smulator training

Often 7 6 5 4 3 2 1 Never

b. Interview trainee about effectiveness of amulator training

Often 7 6 5 4 3 2 1 Never

c. Forma testing of trainee before training and after training to assess what has been learnt
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Often 7 6 5 4 3 2 1 Never

d. Formd tegting of trainee only after training

Often 7 6 5 4 3 2 1 Never

e. Formd testing of trainees using Smulaor and compare results to trainees using adifferent method

Often 7 6 5 4 3 2 1 Never

f.  AsK training centre for their opinions on standard of training with smulators

Often 7 6 5 4 3 2 1 Never

g.  Senior officers observe knowledge, skills and performance of trainees usng smulator
Often 7 6 5 4 3 2 1 Never

h.  Thenumber of shipping companiesthat send gaff on training involving smulators suggest they are
effective.

Often 7 6 5 4 3 2 1 Never
i. AsK shipping companiesif they believe smulators are effective

Often 7 6 5 4 3 2 1 Never
j.  Sponsor research to carry out investigations into effectiveness of smulators

Often 7 6 5 4 3 2 1 Never

7. How much do you agree with each of these statements:- (cir cle the appropriate answer):-

a  Individuastrained usng smulators have a better sandard of training than thosewithout training on
amulators

Totdly agree 7 6 5 4 3 2 1 Totdly disagree
b. Traning centres believe seafarers are better trained usng smulators

Totdly agree 7 6 5 4 3 2 1 Totdly disagree
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c. Someindividuas benefit agreat ded more than others do when being trained on smulators
Totaly agree 7 6 5 4 3 2 1 Totaly disagree

d. The usefulness of asmulator usudly outweighs the cost of asmulator

Totaly agree 7 6 5 4 3 2 1 Totaly disagree

e. Mogindividudsfed they learn agreat ded more on smulators than using other methods

Totaly agree 7 6 5 4 3 2 1 Totaly disagree

f.  Shipping companies believe seafarers are better trained using smulators

Totaly agree 7 6 5 4 3 2 1 Totaly disagree

8. What arethe main advantagesto using smulatorsin training?

9. What arethe main disadvantagesto usng smulatorsin training?
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APPENDIX A(5)
QUESTIONNAIRE FOR SIMULATOR OPERATORS

Warsash Maritime Centreis currently investigating, on behalf of the UK MCA, bridge and engine-rcom
resource management training and in particular training that addresses escalaing emergenciesincluding
increasing levels of sressintheworking environment. Since you arearenowned Smulator operator we
would very much vaue your expertise in answering for us the following 11 questions and return the
answered questionnaire to usin the addressed envel ope. Further details of the project are available by
contacting Warsash Maritime Research Centre on +44 (0) 1489 556221

1. What type of simulators do you have?

SIMULATES | FIDELITY | YEAR COST PRIMARY WHAT TYPE | TICK IF USED
WHAT? (HOW INSTALLED | WHEN PURPOSES | OF TRAINING | FOR
REAL INSTALLED IS THE | EMEREGENCY
DOES IT SIMULATOR | PROCEDURE
LOOK, MAINLY TRAINING
FEEL OR USED FOR
HANDLE)
eg. Fixed base, | 1997 £200000 Training & | Toteach bridge v
Bridge of ship | redistic Research management
controls, &
dials, communication
forward skills
view of

120°
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2. Below arefour different training situations. Please place each training method in order of
priority that in your opinion would be most effectivefor that stuation. Please give comments
on your reasons for choice in the space provided including any evidence you may have
suggesting that method is best.

for example- for training in badc fire-fighting if you believe smulators to be the best, then computer
distance learning packages, then lectures, then videos, then practical work and finaly text booksto be
the worst the following should be entered.

e.g. FOR FIRE-FIGHTING:

METHOD OF TRAINING PLACEMENT
(1=BEST; 6
=WORST)

SIMULATORS 1

TEXT BOOK 6

COMPUTER DISTANCE LEARNING | 2

PACKAGE

LECTURE 3

VIDEO 4

PRACTICAL WORK 5

a FOREMERGENCY PROCEDURES Comments on reason for choice-

METHOD OF TRAINING PLACEMENT
(1=BEST; 6
=WORST)

SIMULATORS

TEXT BOOK

COMPUTER DISTANCE LEARNING

PACKAGE

LECTURE

VIDEO

PRACTICAL WORK

b. FOR ROUTINE PROCEDURES Comments on reason for choice-
METHOD OF TRAINING PLACEMENT
(1=BEST; 6
=WORST)
SIMULATORS
TEXT BOOK
COMPUTER DISTANCE LEARNING
PACKAGE
LECTURE
VIDEO
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| PRACTICAL WORK [

c. FOR ENGINE ROOM RESOURCE MANAGEMENT  Comments on reason for choice-
METHOD OF TRAINING PLACEMENT
(1=BEST; 6
=WORST)

SIMULATORS

TEXT BOOK

COMPUTER DISTANCE LEARNING
PACKAGE

LECTURE

VIDEO

PRACTICAL WORK

d. FOR BRIDGE RESOURCE MANAGEMENT Comments on reason for choice-
METHOD OF TRAINING PLACEMENT
(1=BEST; 6
=WORST)

SIMULATORS

TEXT BOOK

COMPUTER DISTANCE LEARNING
PACKAGE

LECTURE

VIDEO

PRACTICAL WORK

3. Place the following in order of importance (1= most important through to 6= least
important) in your decison when purchasing or developing a smulator: -

FACTOR TO CONSIDER PLACEMENT OF
IMPORTANCE
(1=MOST
IMPORTANT; 6
=LEAST
IMPORTANT)

LOW COSsT

HIGH FIDELITY (realism)

HIGH TRAINING TRANSFER (to redl
world)

LOW AMOUNT OF UPKEEP REQUIRED
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HIGH FLEXIBILITY OF SMULATOR TO
BE TAILORED OR CUSTOMISED TO
DIFFERENT TRAINING NEEDS

LARGE AMOUNT OF SKILLS
SIMULATOR CAN TRAIN

4. When training for bridge and engine room emergency Stuations usng a smulator how
important arethe following characteristics of the smulator?

(circle the appr opriate number)

a THESIMULATOR MUST LOOK ASREALISTIC ASPOSSIBLE

Very important 7 6 5 4 3 2 1 Not a dl important

b. THE SMULATOR' S CONTROLS MUST FEEL ASREALISTIC ASPOSSIBLE

Very important 7 6 5 4 3 2 1 Not a dl important

c. THESIMULATORMUST REACT IN A REALISTICWAY TOINPUT FROM THE USERS
Very important 7 6 5 4 3 2 1 Not a dl important

d. SIMULATION SHOULD BE IN CONTINUOUS REAL TIME

Very important 7 6 5 4 3 2 1 Not a dl important

e. THEBRIDGESIMULATORPLATFORM SHOULD MOVEIN ACCORDANCEWITH THE
OUTSIDE ENVIRONMENT

Very important 7 6 5 4 3 2 1 Not at dl important
f. SIMULATION SHOULD INCLUDE REALISTIC NOISE

Very important 7 6 5 4 3 2 1 Not at dl important

5. How effective are smulatorsfor teaching:- (please circle your answer)

a COMMUNICATIONSIN A TEAM?
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Vey dfective 7 6 5 4 3 2 1 Very ineffective
b. TECHNICAL SKILLS?

Vey dfective 7 6 5 4 3 2 1 Very ineffective
c. EMERGENCY PROCEDURES?

Vey dfective 7 6 5 4 3 2 1 Very ineffective
d. HOW TO COPE WITH STRESS?

Vey dfective 7 6 5 4 3 2 1 Very ineffective
e. LEADERSHIP QUALITIES?

Vey dfective 7 6 5 4 3 2 1 Very ineffective
f. GENERAL TEAMWORK?

Vey dfective 7 6 5 4 3 2 1 Very ineffective
g. EARLY ERROR DETECTION?

Vey dfective 7 6 5 4 3 2 1 Very ineffective
6. To the best of your knowledge how useful do each of the following groups of people find
smulator training?

a SHIPPING COMPANIES

Veyusful 7 6 5 4 3 2 1 Totdly usdess
b. TRAINERS

Veyusful 7 6 5 4 3 2 1 Totdly usdess
c. SENIOR DECK OFFICERS

Veyusful 7 6 5 4 3 2 1 Totdly usdess

d. SENIOR ENGINE OFFICERS
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Very ussful 7 6 5 4 3 2 1 Totdly usdess
e. DECK CADETS

Very ussful 7 6 5 4 3 2 1 Totdly usdess
f. ENGINE CADETS

Very ussful 7 6 5 4 3 2 1 Totdly usdess

7. How much do you agree with the following statements about the effectiveness of
simulators?

a Forasmulator to be effectiveit isimportant to establish how much atrainee enjoyed the experience
Very true 7 6 5 4 3 2 1 Not at al true

b. Forasmulator to be effective it isimportant to establish that the trainee has better performance
than before she or he started the training with the smulator

Very true 7 6 5 4 3 2 1 Not at dl true

c. Forasgmulator to be effectiveit isimportant to establish thet the trainee has better performance
following using the smulator than she or hewould have usng adifferent method (e.g. lecture or text-
book)

Very true 7 6 5 4 3 2 1 Not at dl true

d. Forasmulator to beeffectiveit isimportant to establish that the trainee has better knowledge than
before she or he started the training with the smulator

Very true 7 6 5 4 3 2 1 Not a dl true

e. For asmulator to be effective it is important to establish that the trainee has better knowledge
following usng the smulator than she or hewould have using adifferent method (e.g. lecture or text-
book)

Very true 7 6 5 4 3 2 1 Not at dl true
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f. For asmulator to be effective it is important to establish that the trainee has better skills than
before she or he sarted the training with the smulator

Very true 7 6 5 4 3 2 1 Not at al true

g. Forasmulator to be effective it isimportant to establish that the trainee has better skills fallowing
using the smulator than she or he would have using a different method (e.g. lecture or text-book)

Very true 7 6 5 4 3 2 1 Not at dl true

8. How often do you use the following methods of testing effectiveness?

a Hand out questionnaire to trainee about effectiveness of Smulator training

Often 7 6 5 4 3 2 1 Never

b. Interview trainee about effectiveness of amulator training

Often 7 6 5 4 3 2 1 Never

c. Formd testing of trainee before training and after training to assess what has been learnt
Often 7 6 5 4 3 2 1 Never

d. Formd teding of tranee only &fter training

Often 7 6 5 4 3 2 1 Never

e. Formd testing of trainees usng smulator and compare results to trainees using a different method
Often 7 6 5 4 3 2 1 Never

f. Ak shipping company for their opinions on sandard of training with Smulators

Often 7 6 5 4 3 2 1 Never

g. Traners observe knowledge, skills and performance of trainees usng smulator

Often 7 6 5 4 3 2 1 Never

h. Assessng the demand for smulator courses from shipping companies displays effectiveness of
smulaors
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Often 7 6 5 4 3 2 1 Never

9. How much do you agree with each of these statements:- (circle the appropriate answer):-

a Individudstrained usng smulators have a better sandard of training than those without training on
amulators

Totdly agree 7 6 5 4 3 2 1 Totdly disagree

b. Shipping companies believe thar seefaring Saff are better trained usng Smulators

Totdly agree 7 6 5 4 3 2 1 Totdly disagree

c. Someindividuds benefit agreat ded more than others do when being trained on smulators

Totdly agree 7 6 5 4 3 2 1 Totdly disagree

d. Theussfulness of agmulator usudly outweighs the cost of asmulator
Totdly agree 7 6 5 4 3 2 1 Totdly disagree
e. Mog individudsfed they learn agreat ded more on smulators than using other methods

Totdly agree 7 6 5 4 3 2 1 Totdly disagree

10. What arethe main advantagesto usng smulatorsin training?

11. What arethe main disadvantagesto usng Smulatorsin training?
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APPENDIX B

ROUND 1 - DELPHI TECHNIQUE POLICY SCENARIOS

Scenario 1
Smulaion Full misson amulator with high fiddity environment.
Number of trainees /| 4trainees
tutors
1 tutor
Duration of Traning 4.5 days
Syllabus Organise emergency procedures.
Optimise the use of resources.
Control response to emergencies.
Control personnel during emergency Situations.
Egtablish and maintain effective communications.
Team based exercises.
Assessment Assessment exercise for each trainee as leader of the team.
One assessor undertaking subjective assessment againgt st criteria
Assessor aso operates the smulator.
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Scenario 2

Smulation Full misson smulator with high fiddity environment.
Number of tranees /| ltrainee
tutors
1 tutor
Duration of Training 4.5 days
Syllabus Organise emergency procedures.
Optimise the use of resources.
Control response to emergencies.
Control personnel during emergency Situations.
Establish and maintain effective communications
Single trainee exercises.
Assessment Assessment exercise for trainee as senior in charge with one ‘dumb’
assigtant.
One assessor undertaking subjective assessment againgt set criteria
Separate smulator operator.
Scenario 3
Smulation Digtributed multi- user collaborative virtua environment.
Number of tranees /|6
tutors
1 tutor
Duration of Training 4.5 days
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Syllabus

Organise emergency procedures.

Optimise the use of resources.

Control response to emergencies.

Control personnel during emergency Situations.
Egtablish and maintain effective communications.

Team based exercises.

Assessment One assessor, subjective assessment against set criteria
Scenario 4
Smulation Desktop computer based crisis management training package.
Number of traness /|1
tutors
No tutor
Duration of Training 4 days
Syllabus Organise emergency procedures.
Optimise the use of resources.
Control response to emergencies.
Control personnd during emergency Stuations.
Egablish and maintain effective communicaions
Desktop computer based training exercises.
Assessment Computer based assessment test.
Scenario 5
Smulation Table top smulaion usng generd arangement plans of work

environments.

Number of trainess /
tutors

8 trainees

2 tutors
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Duration of Training

4.5 days

Syllabus Organise emergency procedures.
Optimise the use of resources.
Control response to emergencies.
Control personnel during emergency Situations.
Egtablish and maintain effective communications.
Team based exercises.
Assessment One assessor, subjective assessment against set criteria
Scenario 6
Smulation Classroom Based Group Workshop / Seminar
Number of trainees /| 8trainees
tutors
1 tutor
Duration of Training 2.5 days
Syllabus Risk Management tools and techniques.
Application of Risk Management tools and techniques to historic and
predictive incident scenarios.
Assessment One assessor, subjective assessment againgt set criteria.
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APPENDIX C

ROUND 2 - DELPHI TECHNIQUE QUESTIONS

Scenario 1 (full misson smulator with team based exer cises):

1

3

Would your opinion change aong any of the dimensonsif training only or assessment only
was the purpose of this option. If yes, how would it change?

In order to support your origina opinion, what would you consder to be the strengths and
weeknesses of this option for training and for assessment? In your opinion, how could
weaknesses be rectified?

Should atutor ever be an assessor for the same people?

Scenario 2 (full-mission smulator with single trainee exer cises):

4

In your opinion, are there any circumstances where training for emergency procedures done
or with one other “dumb” assstant might be more useful or better than training in ateam?

Scenario 3 (virtual environments):

5

The consensus was positive for this option. Please justify further your opinions on this option,
and on what evidence isthis based?

Should communication sysemsbeembedded inthe VE or should red communicationssystems
be used? What are the reasons for your choice?

Should the VE have red or smulated co-workers? Which is best and
why?

How redl doesthe VE have to be? What genera aspects of the “red”
world MUST beincluded?

Scenario 4 (desktop computer simulation):

9

10

11

Would your opinion change dong any of the dimensonsif the smulation was more
interactive? If yes, in what ways would more interactivity make this option better or worse?

If your opinion has changed more pogitively, in what ways could more interactivity be
achieved?

Would your opinion change dong any of the dimensions if the Smulation was more team-
based? If yes, in what ways would more team-based activity make this option better or
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12

13

worse?
If your opinion has changed more positively, in what ways could more team-based activity
be achieved?

Do you think it is possible to conduct an assessment at a distance using this option? Please
give reasons for your choice.

Scenario 5 (table-top smulation):

14

15

16

Should this option be used mainly for training or assessment or both equaly? Please give
reasons for your choice.

Do you think it isimportant to create stress during training or assessment? If yes, how can
this be created with this option?

In generd, do you believe that the level of fiddity correlates with the level of sressthet is
induced ieisit true that the more redigtic atraining method is, the more likely it isto induce
stress on the trainees or candidates?

Scenario 6 (class-room based workshops):

17

18

19

Would your opinion change dong any of the dimengionsif training only or assessment only
was the purpose of this option. If yes, how would it change?

In order to support your origina opinion, what would you consider to be the strengths and
weaknesses of this option for training and assessment? In your opinion, how could
weaknesses be rectified?

The andys's suggested this option might be useful in conjunction with other methods of

training. Which other methods could it be used in conjunction with and what specific skills
should be trained with this option?
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APPENDIX D

COST BENEFIT ANALYS SWORKSHOP AGENDA

Monday 29" January Morning session: Charman/validator: MB/CM

0900 Caoffee and Introductionsin Griffin Room ALL

0915 Background to research and purpose of workshop MB

0930 Emergency handling and crisis management — the viewpoints DG

1000 Emergency handling and crisis management — what are the benefits? DG

1045 Coffeein Watersde Restaurant

1100 Emergency handling and criss management — what are the training and assessment options?
DG

1130 FRuUll-misson smulaor (FMS) JSH

1200 Virtud Redity Traning Environments (VRTE) DG

1230 Computer Based Training (CBT) GMcN

1300 Lunchin Weatersgde Restaurant

1400 Tour of WMC samulator facilities Afternoon sesson: Chairman/validator: JSH/CM

1500 Tabletop smulaions JSH

1530 Classroom MB

1600 Teain Waterside Restaurant

1615 Any other options?

1645 Thechoice of optionswithin atraining srategy MB

1715 Conclusionsof the day JSH

1730 Depat at leisure
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Tuesday 30" January

Morning Sesson: Charman/vdidator: DG/CM

0900 Introduction to Costs JSH
0910 Industry experiences of:
Capital costs ALL
Revenue costs
Overhead costs
Depreciation costs
Others?
Conseguence costs
1000 Industry-specific costs
1030 Coffeein Waterdde Restaurant
1045 Summary of cost — benefits for the different options
1100 Condusons DG/ISH

1200 Lunchin Watersde Restaurant or depart at leisure

List of attendees
Margaret Crighton University of Aberdeen
Pieter Hemdey Aviation Traning Associaion
Michad Pengdly Universty of Lancaster
Stuart Withington MAIB
Alan Rughton MAIB
John Davison MCA
James Thorpe MCA
Mike Barnett (MB) WMC
John Habberley (JSH) WMC
David Gatfidd (DG) WMC

Charles Musselwhite (CM)  WMC
GloriaMcNell (GMcN) WMC
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