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NOTICE

This document is disseminated under the sponsorship of the Department ﬂ_
of- Transportation in the interest of information exchange. The United 1
States Government assumes no liability for its contents or use thereof.

* The contents of this report do not necessarilv reflect the official view
or policy of the Coast Guard; and they do not constitute a standard,
specification, or regulation.

This report, or portions thereof may not be used for advertising or
‘ sales promotion purposes. Citation of trade names and manufacturers
does not constitute endorsement or approval of such products.

LEGAL NOTICE

.
14

This report was prepered as an account of government-sponsored
work. Neither the United States, nor the Maritime Administra-
tion, nor any person (A) Makes sny warranty or representation;
sxpressed or implied, with respect to the accuracy, completeness,
or usefulness of the infarmation contained in this report, or that
L | the use of any information, apperstus, method, or process dis-
A closed in this report may not infringe privately owned rights; or
(B) Assumes any lisbilities with respect to the use of or for dam-
ages resuiting from the use of any information, apperatus, meth-
od, or process disclosed in this report. As used in the sbove,
“persons acting on behalf of the Maritime Administration” in-
cludes sny employes or contractor of the Maritime Administra-
tion to the extent that such smployee or contractor preperes,

Py - . hendies, or distributes, or provides access to any information
! pursusnt to his smployment or contract with the Maritime
Administration.
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CHAPTER 1

INTRODUCTION

1.1 TRAINING AND LICENSING PROJECT

The Training and Licensing Project, jointly sponsored by
the U.S. Coast Guard and the Maritime Administration was
initisted primarily in response to a recognized need for
improvements in vessel safety. The purpose of the multi-
phase project was to thoroughly investigate the proper use
of simulators as part of the mariner training and licensing
process. The overall objective of this project was to compile
technical information regarding the design and use of the
simulator-based training system for deck officer training
leading to:

@ The development of criteria for evaluating the training
system

® The development of a simulator functional specification
for cadet level training

® Operational guidelines for both master and cadet level
training

Recommendations as to specific license requirements are
beyond the scope of this effort. However, it is anticipated
that the U.S. Coast Gusrd will utilize the information
which has been developed conceming simulator-based
training and the evaluation of simulator-based training,
when considering alterations to the maritime licensing
structure.

These objectives were achieved through a process which
involved three distinct phases: (a) exploratory research,
(b) empirical research/experimentation, and (c) major
product development. The explorstory research phase
sssisted in directing and defining the scope of the effort.
The empirical research phase, which involved the design,
conduct, snd evaluation of several simulator-basad training
programs at the Computer Aided Operations Research
Facitity (CAORF), Kings Point, New York, generated
valusble information on a number of critical issues. Finally,
the major product development phase applied the insight
geined during the project to emist the U.S. Coast Guard,

TN YR TP g S

U.S. Maritime Administration, and other potential users of
simulator-based training with the design and evaluation of
appropriate training systems to meet their particular needs.

1.1.1 EXPLORATORY RESEARCH PHASE

The purpose of the exploratory phase of the project was
threefold: (1) to develop an investigative methodology
applicable to the maritime community, {2) to compile an
extensive information base regarding the use of simulstors
for deck officer training, and (3) to identify critical
research issues for empirical investigation in ister phases.

The methodology developed for the investigation drew
heavily on the previous experience of other industries. Th's
included the armed forces which had extensive researrn,
development and operational experience with simulsiors;
the Federal Aeronautics Administration which has set up
standards for the design and use of simulators and ~ *en-
sively employed simulators for the training and tesung/
certification of pilots; and the maritime industry which
also has some experience in using simulators (e.g., radar
endorsement).

During this phase of the project the senior level deck officer
positions of chief mate and master were examined with
respect to the skills and knowledge necessary to adequately
perform required tasks. The resultant report provides a
behavioral data base including a task analysis, training
objectives, and a sample modular training program structure
from which research regarding deck officer simulator-based
training could progress. Also identified were critical
research issues concerning the use of simulators for
maritime training for subsequent empirical investigation
(Hamme!l, Williams, Grasso, and Evans, 1980).

1.1.2 EMPIRICAL RESEARCH/EXPERIMENTATION
PHASE

During this phase of the project several experimental train-
ing programs were conducted both at the senior mariner
fevel and the cadet level. The first experimental program
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involved chief mates who were in the process of upgrading
to master. it investigated a number of high cost alternative
shiphandling/ship bridge simulator design charscteristics
which could impect the effectiveness of simulstor-based
training. The variables investigated during this phase of the
ressarch were color/black and whits visusl scene, day/night
simulation, horizontal field of view, target controlisbility,
feedback methodology, and instructor differences. The
results of this investigation ied to & number of interesting
findings. The most important finding was that, of the
variables investigated, the instructor had the greatest impact
on the effectiveness of trasining, thus implying that the
instructor, not the simulator elements, is the most impor-
tant element of the training program. That is, the level of
sophisticarion of the simulator (i.e., fidelity level) is not
am important as the instructor’s ability to present the
material in an effective manner,

it is the instructor’s teaching sbility, the techniques used,
the type of feedback provided, end the instructor’s overall
attitude that will be the program’s major asset or its major
limitation. This finding underscores the importancs of the
nonsimulator elements of the training system including
training objectives, instructor’s guide, classroom visual aids,
and simulator exercises, thereby indicating that simulator-
based training must take into account both simulator and
non-simulator elements to be effective.

This investigation provided dats relating to the specific
siternative  shiphsndling/ship bridge simulator design
characteristics described above, from which tradeoffs can
be mede to arrive at an scceptable, cost effective design
to achieve effective deck officer training. For a more in-
depth revisw of the findings, one should refer to the
technical report describing this empirical investigation
{Hammell, Gynther, Gaffney, and Grasso, 1881).

Subsequent to the investigation at the master [evel, training
at the cadet level was investigated. Two cadet training
experiments were involved. The first experiment was
conducted in 1979 at CAORF. Three groups of cadets
from two different meritime academies (U.S. Merchant
Marine Academy and The. New York State Maritime
College) participated in the training program that addressed
Aufes-of-the-Road relatéd skills and Port Approach
Pisnning. The objectives of the program were to:

o Determine the effectivensss of @ shiphendling/ship
bridge simulstor for the training of graduating cadets

¢ Investigete one simulator varisble: dey only versus night
only visusl soene

E P

® Investigate one training methodology variable: dis-
tributed training over a8 six week period versus concen-
trated training over a ons week period

@ A secondary objective was to delineate the current leve)
of first class cadet shiphandling proficiency

The findings reveal that the training program was effective
in improving the shiphandling skills of the first class cadets.
Perhaps of greater importanos is the fact that this proto-
type experimental investigation established the positive
potential for employing simulator-based training st the
cadet level in addition to the more advanced level training
of chief mates and masters. Further information concerning
this experimental project can be found in the project’s final
report (Hammell, Gynther, Grasso, and Lentz, 1881),

Research of cadet-level training requirements was furthered
in a second experiment using two groups of cadets from the
U.S. Merchant Marine Academy as subjects. The experi-
ment was similar to the previous one in which Rules of the
Road and Port Approsch Planning skills were trained. The
difference was in the simulator design characteristic investi-
gated, horizontal field of view (120 degres/240 degres) in
place of the day/night visusl scene. This second cadet
experiment provided substantially more information with
regard to the first class cadets shiphandling proficiency
fevel. it was found that the second iteration of the cadet
training program was more sffective then the first, primar-
ily because more was known as a result of the information
generated from the first training program regerding areas
that could be potentially improved vis simulstorbased
training. Based upon this insight, the sscond program was
designed such that it addressed those specific need aress.
The result of this more specifically tallorsd training pro-
gram was greater training effectivensss. Detsils of this
second cadet experiment are provided in the experiment
report (Hammell, Gynther, Grasso, and Lentz, 1681).

A second master level expsriment focused on the investigs-
tion and deveiopment of sampie test criteria for the evelua-
tion of a training system’s effectivensss, including the
establicrient of minimum performance standards, The
evaluation criteria for asessment of training system effec-
tiveness can be based on (1) design criteria which establish
necessary training system characteristics (i.s., pertaining to
the simulstor, training program, and instructor), and/or
{2) test criteria which are not concerned with the perticular

-design charscteristios of the training system, but rether the

sveiuation of a semple of the training system’s greduates to
determine If the treining system is producing deck officsrs
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that meet minimum proficiency standards. Either of these
criteria would be appropriate; the combination of both
criteria_ would ensure greater validity and reliability of the
evaluation. The investigation of test criteria established a
method for determining performance standards to be used
to assess the effectiveness of shiphandling training, and
demonstrated and validated several performance measures
for testing shiphandling proficiency. The investigation
focused on the deveiopment of a simulator test that would
discriminate between relatively inexperienced shiphandlers
(i.e., containership chief mates who are placed in the posi-
tion of handling a large tanker in restricted waters) and
highty proficient shiphandlers (i.e., experienced pilots). The
minimum standard of proficiency for investigative purposes
was linked to the pilot groups’ performance. Five situations
were investigated: (a) approaching a harbor; (b) responding
to a rudder failure in confined waters; (c) negotiating a
51-degree turn with passing ship effects; {d) negotiating a
129-degree turn around a shoal with oncoming traffic; and
(e) responding to a propuision failure in the vicinity of a
bridge and shoal. Of the large number of performance
measures investigated with regard to these situations,
several were found to discriminate between the different
levels of shiphandling expertise. For example, the amount
of time to reduce ownship's speed over the ground was
found to be a significant indicator of performance in an
emergency situation with a rudder failure. The situations
investigated and the resulting significant performance
measures provide a base of information to draw upon for
the development of methods to evaluate shiphandling
expertise on a simulator. The final report of this effort
should be referenced for details of the test design, method-
ology employed, and the specific results obtained (Williams,
D’Amico, Goldberg, DiNapoli, Kaufman, and Multer, 1982).

1.1.3 MAJOR PRODUCT DEVELOPMENT PHASE

The purpose of this phase of the project was to apply the
insight gained during the exploratory and empirical research
phases through the development of specific products which
could be employed by the maritime community. This
report represents the accomplishment of one of the major
objectives of the Training and Licensing Project. it provides
criteria to guide U.S. Coast Guard personnel and ship
operations personnel in the evaluation of simulator training
courses,

The development of other products of the Training and
Licensing Project, namely a functional specification for a
maeritime cadet simulator and associated training program
guidelines, will be contained in a subsequent report.

1.2 REPORT OBJECTIVES

During the early phases of the project the focus was toward
determining the role of the shiphandiing/ship bridge simu-
lators for training deck officers. Once it was recognized that
the simulator was going to play an important role in deck
officer training, the question remained of how to best
utilize such simulator-based training to effectively promote
maritime safety.

The U.S. Coast Guard is presently considering the allow-
ance of some form of license credit for successfut comple-
tion of approved simulator-based training programs. The
specific amount and type of license credit to be allowed for
such training, along with the specific procedures for CG
approval of simulator-based training facilities, remain to
be developed. Persumably, these will be established by the
U.S. Coast Guard, as appropriate, based on the information
contained in this report. As a result of these factors, the
specific objectives of this report are twofold:

® Provide the potential user of simulator-based training at
the senior mariner {evel with guidelines regarding the
considerations to be made during the development and
use of an appropriate training system

® Provide the U.S. Coast Guard with information on
simulator-based training at the senior mariner level to
be used as the basis for the development of appropriate
U.S. Coast Guard approval procedures

The reader is reminded that the emphasis on simulator-
based training within this report is not intended to overlook
the contribution of more traditional methods of mariner
training, such as atsea training. Simulators should be
viewed as a potentially valuable complement to existing
training programs and not as a comprehensive substitute for
existing training programs.

1.3 REPORT ORGANIZATION

Chapter 2 of this report identifies the specific types of
simulator-based training that should be promoted at the
senior mariner level. These areas for potential training were
determined through a review of a number of camprehensive
accident analyses, which have been conducted and pub-
Isihed by a wide variety of groups interested in improving
the safety of maritime operations.

Chapter 3 of this report containg guidence with regard to
the three major elements of a simulator-based training




systsm: the simulator, the treining program, and the
instructor. For sach of these major slements; & number of
critical characteristics (0.g., horizontel fisld of view. for
simulators) are defined and discussed for training senior
mariners. In addition, where sppropriste, siternative levels
of these characteristics (e.g., 60, 120, mmd.gmt)an
siso identified and discussed.

Chapter 4 of the report contains sets of recommended and
minimum training system characteristics for each of the six
critical training/skills categories identified in. Chapter 2,
The set of recommended characteristics is provided for-the
potential designer/operator of senior mariner simulator-
besed training system, while the set of minimum character-
istics is provided to assist the U.S. Coast Guard in the
approvat of training facilities and their programs. it should
be noted that these standards are based on the authors’
interpretation of the guidance set forth in Chapter 3.
They have been reviewed by both simulation and training
experts to ensure-their validity.

Finally, Chapter 5§ of this report ‘eontlins guidanee with

regard to evaluating the effectiveness of simulator-based

training through the utilization of post-training test sce-
narios. Evalugtion of these scenarios could be sither quanti-
tative or qualitative depending on the lavel of objectivity
required. Performance testing could be employed either by
the U.S. Coasst Guard during simulator-based training
fecility accreditation or by maritime interests concemned
with the quality of training being provided to their

personnet,
14 INDUSTRY REVIEW

A vitel slement in the Training and Licensing Project has
been the involvement of the maritime industry throughout
the verious stages of the project. A working group com-
prisad of representatives from various maritime interests has

mmmmmmmnmm
priste comments. This report has undergons. this review
proosss. All comments, both insights and criticisms, were
considered by the project tsam end necessary -changes
incgrporated.

However, it should be noted that this final version of the

report represents the project wam’s findings end rstcom-

mendations, which ars not nacessarily the same as all
members of the working group, although their critigue was
invaluable in its development.

Tiie organizations listad below perticipated in the working
group review of this report. The project tsam wishes to
extend their gratitude to these orgenizations and to the
specific individuals within these organizations who con-
tributed to the suocess of this project.
Amarlan. institute of Merchant Shipping
American Pilots Association
Exxon U.S.A.
Maritime Institute of Technology and Graduate Studies
U.S. Coast Guard

® Office of Merchant Marine Safety
® Office of Ressarch and Development

‘U.S. Maritime Administration
8 Office of Advanced Ship Oparations

@ Office of Maritime Manpower

U.S. Merchant Marine Acsdemy
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CHAPTER 2

THE IDENTIFICATION OF SENIOR MARINER
SHIPHANDLING SKILLS FOR SIMULATOR TRAINING

2.1 GENERAL

The potential of shiphandling/ship bridge simulators as a
training device to upgrade and ensure high mariner stand-
ards, has become increasingly recognized. The earlier phases
of this joint U.S, Coast Guard/Maritime Administration
Training and Licensing Project has provided considerable
analyses and documentation of this potential.

The Port and Tanker Safety Act of 1978 requires the U.S.
Coast Guard to develop “... standards relating to -(D)
qualification for licenses by use of simulators for the prac-
tice or demonstration of marine-related skills.’” Subse-
quently, the Coast Guard has indicated a desire to provide
an individual with some form of license credit for success-
fully completing specificc CG-approved simulator-based
training programs. Prior to the development of the criteria
for Coast Guard approval of these simulator-based training
programs, it is necessary to identify the specific type of
training that the Coast Guar~ should be promoting through
such a license credit.

Both shipping companies and maritime unions are becom-
ing increasingly aware of the simulator’s potential for
training their personnel. In recent years, there has been
increased interest not only in the procurement of simulator-
based training a8 a service but also the procurement of
simulator-based training systems. In order for these poten-
tial customers to evaluate the benefits of a given simulator
training program or simulator training system, it is advan-
tageous and desirable to have additional insight into the
specific senior mariner skills that should be trained via the
shiphandling/ship bridge simulator.

The purpose of this section of the report is to provide
additional information concerning the identification of the
specific types of senior mariner skitls that are appropriate
for development via simulator. This has been accomplished
through the identification of high criticality shiphandiing
skills bated primarily on a review of a number of compre-
hersive accident snalyses, which have been conducted and

published by a wide variety of groups interested in improv-
ing the safety of maritime operations.

2.2 APPROACH

In the initial expioratory phase of the Training and Licens-
ing Project, a comprehensive list of specific functional
objectives (SFOs) were developed for master level mariners
and their potential for simulator-based training analyzed.
SFOs represent, in detail, the desired skills of the mariner,
or the goals of the simulator-based training system. This
listing of SFOs appeared to be an appropriate basis for
commencing our analysis. It assisted in limiting the problem
to those training areas where simulator-based training may
be a cost-effective alternative.

The specific approach taken to identify master level ship-
handling skills appropriate for simulator training was to
review a number of accident analyses for the purpose of
identifying training-related issues which would seem to
require additional attention during deck officer training
based on their correlation with vessel accidents. No attempt
was made to transform each accident report’s training-
related issues into the categories of SFOs established during
the exploratory phase of this project. Training deficiencies
as cited by accident analyses generally were not written in
terms similar to the SFOs and it was feared that tailoring
them to those terms might mask otherwise overall common
tendencies. It was thereby determined to identify the
broader category of desired skills. These skill categories
were then reviewed as regards the availability of appropriate
simulator-based training. Finally, a list of desired skills was
developed for the most advantageous skill categories as
recommended candidates far simulator training.

2.3 ACCIDENT ANALYSES
The principal accident analyses reviewsd in the process of

identifying the critical shiphandling skills for senior
mariners included the following:




® OR| snalysis — During the late 1970s Operations
Ressarch, Incorporated (OR}) conducted seversl analy-
ses for the U.S. Coast Guard relating to the causal
factors of collisions, rammings, and groundings. For
purposes of this analysis, the report entitled ““Study of
Task Performance Problems in Reports of Collisions,
Rammings, and Groundings in Harbors snd Entrances’’
(Paramore et al., 1979) was utilized. In this report the
available accident data (i.e., U.S. waters FY 1972-FY
1976) were analyzed in three primary categories: (1)
collisions, (2) groundings, and (3) rammings.

® TAEG Analysis — In 1976, the Chief of the U.S. Naval
Education and Training (CNET) asked the Training
Analysis and Evaluation Group (TAEG) to analyze and
propose a shiphandling training strategy. Their report,
entitled Shiphandling and Shiphandling Training (TAEG-
41) (Cordell and Nutter, 1978} included an analysis ~f
both Navy and Marchant Marine accidents.

e NTSB Analysis — The National Trantportation Safety
Board (NTSB) annually reviews marine accidents
occurring during the previous year and publishes appro-
priate recommendations in its annual report. As pert
of this analysis for the identification of high criticality
training issues at the master level the NTSB annual
reports for 1877, 1978, 1879, and 1980 were reviewed.

o Shipping Company Analysis ~ In recent years, 8 number
of major oil companies have independently conducted
their own evaluation of vessel accidents. Several papers
presented in Washington, D.C. at the 1978 Safe Naviga-
tion Symposium, which was sponsored by the Oil
Companies International Marine Forum provide insight
into the results of these various analyses. Specifically,
insight was gained from a review of papers presented by
Mr. J. A. Butt (Shell), Captain B. B, Leland (Chevron),
Captain R. Maybourn (BP Tankers), and Mr. W. O, Gray
(Exxon).

® T&L Working Group Analysis — As part of the review
process of the Training and Licensing Project Phase |
report, the maritime community working group, which
was made up of industry, labor, and training facility
representatives, ranked the training moadules identified
therein, based on their perceived need. Their responses
were analyzed and considered during this phase of the

project.

® Det Norske Veritas Analysis — The Norweglan society
Det Norske Verites conducted ressarch into the csuses

of collisions and groundings of Norwegian registered
vessels for the period 1970 to 1978. While this report
does not involve U.S. flag vessels, it was included st a
means of interjecting the findings and experience of
foreign researchers in this area (Karisen and Kristiansen,
1980).

e MTRB Analysis — In 1976 the National Academy of
Sciences published its Maritime Transportation Research
Board’'s report entitled ‘“Human Error in Merchant
Marine Safety.”” This report identifies 14 factors as
either major or potentially major causes of casualties and
prioritizes a number of recommendations.

2.4 MASTER LEVEL TRAINING NEEDS

Combining the results of the preceding analyses of ship-
handling requirerients at the master level is difficult, due
primarily to the different categories utilized by each
analysis. However, after a comprehensive analysis, Figure 1
was developed which attempts to summarize and present
the results in an organized manner,

Based on this summarization of shiphandling requirements
at the master level, it appears that additional training in the
following desired skill categories would be advantageous:

Navigation Management Training

Ship-toship Communications Training
Shiphandling Training

Emergency Shiphandling Training
Rules-of-the-Road Training

Restricted Waters Navigation (Piloting) Training

ooswN -

A brief description of the training within each area is
presented below:

241 NAVIGATION MANAGEMENT TRAINING

The accident anslyses indicate few dominant problem srems
where additional training would be desirable. They do,
however, indicate s number of aress where additional
training in proper bridgs procsdures and proper bridge
organization normally sssociated with the prudent mariner
would be helpful to improve the inherent safety of the
navigation process. Of conoern is the lack of coordination
between those Individuals on the bridge during a transit of
restricted waters, primarily the master, mate, end pliot. The
majority of individusl mariners appear to have proficient
navigation and shiphandling skiils (e.g., position-fixing).
However, thay may be unaware of their responsibliities
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during a particular transit in a specific geographic area.
If they are aware of their responsibilities, they should not
be viewed ss infallible and their performance should be
verifisd by other members of the bridge team. One area
that is viewed as critical by nearly all the studies and
warrants consideration during this type of training is the
relationship between the pilot and the ship's officers, par-
ticularly the master. For example, the NTSB recommends:

® “ .. that masters and pilots discuss beforehand and
agree to the essential features and relevant checkpoints
of planned ship maneuvers (NTSB Annual Report,
1977)"

® that masters and mates “. . . exercise their responsibility
to assure that the vessels were navigated safely, rather
than indiscriminately relying on the pilots of the vessels
(NTSB Annual Report, 1980)"

Bridge team training, which appears to address many of
these areas, is presently being emphasized in Europe by a
number of oil companies. There was a tendency here in
the U.S. to view this occurrence from the perspective that
the Europeans were doing a good job maximizing the train-
ing benefit for the level of simufator technology available in
their simulators, This analysis indicates that the Europeans
are apparently moving in the right direction and there may
be greater benefit in such training than was first perceived.
For our purposes, however, we should refrain from calling
it “bridge team training” since in the U.S. we will probably
be involved in training only one member of the team (e.g.,
master), not the bridge team from a particular vessel as
a unit.

It should be noted that navigation management training
should provide training not only in bridge procedures and
bridge organization, but also refresher training in a myriad
of individual skills including rules-of-the-road, restricted
waters navigation (piloting), shiphandling, and ship-toship
communications. The type of scenarios utilized for this
training should occur in restricted waters with traffic,
preferably port spproaches or port departures,

242 COMMUNICATIONS TRAINING

The high number of communication problems indicated,
primarily in the OR| analyses, point to a requirement for
additional training in ship-to-ship communicstions.’ Since
the majority of cases reviewed indicated no attempt to
communicate by either one or both vessels, shipboard
personnel could be hesitant about utilizing communications
due to: (1) unfamiliarity with proper procedures or (2) high
workload for the pilot or master prior to the collision. The
latter may reflect a bridge team organizational problem,
which should be emphasized during training. Many of the
skills in this communications category may be covered as
secondary skills within the navigation management cate-
gory. However, it is probably important that they be
separately identified based primarily on the results of the
ORI accident analysis.

it should also be noted that such communications training
should be more comprehensive than simply training proper
communications procedures. it should strive to prepare the
trainee to handle the range and complexity of real world
problems that hinder effective vessel to vesssl communics-
tions. Such problems include but are not limited to chatter,
identification problems, language/accent variations, delays,
failure of others to respond, and problems of understanding
the meaning of some messages even when the words/signals
are clear.

24.3 SHIPHANDLING TRAINING

A review of the analyses s;ummarized in this paper indicate
that additional training should be provided to masters in
shiphandling skills. For example, the ORI report indicates
that the dominant factor involved in over 60 percent of the
vessel groundings within the harbor and entrance area was
the failure to maintain position resulting from (1) an incor-
rect assessment of current or wind effects, (2) an incorrect
assessment of vessel response characteristics, or (3) a com-
bination of both factors.? Although no data was available,
ons might reasonably expect that this may be a greater
problem with vessels of “unusual handling characteristics’’
rather than with the more standard vesse! types.

' The high criticality of ship-toship communications is supported by the interpretation of Gardenier and Jones in their paper
entitied “Clear Communications Could Curtail Collisions (1981).”

1n another ORI report “Analysis of Bridge Collision Incidents”’ (R. B. Dayson, 1976) failure to meintain position was found
to be the primary cause of towboat collisions with bridges in 83 percent of the cases studied.




The desired skills covered by such simulstor-based training
should address such topics as advance and transfer charac-
teristics, stopping, effect of wind and current, shaliow
water effect, bank effect, etc. It may not be desirable to
cover all of these skills in a particular course, unless that
course were emphasizing piloting. One type of course in
which all the skills would probably be desirable would be
a course directed towards a specific type and size of vessel,
with “unusual handling characteristics.”’

24.4 EMERGENCY SHIPHANDLING IN TRAINING

Although the accident data do not specifically indicate a
requirement for emergency shiphandling training, it could
be implied under the requirement for additional ship-
handling training. Emergency shiphandling is identified
here as a separate desired skills category because of the
relatively wide-spread agreement that (1) this area is not
receiving adequate training due to the high cost and high
risk involved in utilizing actual vessels and (2) this area
appears particularly suited for simulator-based training.
It should be noted that in addition to the standard response
to ownship casualties (i.e., loss of power), this training
should address handling the vessel under unusual opera-
tional conditions. For example, another vessel that you are
about to meet in a narrow channel has just transmitted an
urgency message that he has lost steering, or another vessel
unexpectedly backs out of a slip directly ahead of you as
ownship is passing a group of piers. It should be empha-
sized to the students to take precautions to avoid situations
that might endanger their vessel. Howev~r, this is not
always possible. Therefore, the students should be provided
with some training in extracting their vessels from these
unusual operational conditions.

245 RULES-OF-THE-ROAD TRAINING

The application of the Rules-of-the-Road is another area in
which master level training appears appropriate. As
previously discussed, the ship operators apparently feel
that masters should be given additional training in the

application of the Rules-of-the-Road. Although the OR!
analysis did not identify Rules-of-the-Road as a potential
problem area, the TAEG, NTS8, and Det Norske Veritss
analyses indicated that it does contribute to maritime
accidents. Some facilities may find it appropriate to com-
bine training in the communications and Rules-of-the-Road
categories. However, care should be exercised such that
the importance of the communications training is not
diminished.

248 RESTRICTED WATERS NAVIGATION
(PILOTING) TRAINING?

The application of piloting techniques, such as visual
position-fixing, radar navigation, and use of soundings, also
appears to be a candidate for simulator-based training at
the master level. The OR! analysis cited the “failure to
properly establish own navigational position” while the
TAEG analysis noted the ‘‘failure to make adequate fixes.”
This category of desired skills should not be confused with
the number one priority category of navigation manage-
ment, which assumes that the deck officer already possesses
proficient skills in position-fixing techniques.

25 MASTER LEVEL SHIPHANDLING SRILLS
FOR SIMULATOR TRAINING

The following are specific desired skills that should be con-
sidered for inclusion as part of any simulator-based training
program at the master level. It should be noted that a par-
ticular training facility might not train all the skills in a
particular category. Rather, the training facilities would
develop their own list of skills for a training program
according to guidelines set forth by the Coast Guard.

25.1 NAVIGATION MANAGEMENT TRAINING

1. The trainee should understand the necessity for a port
approach plan and should demonstrate high proficiency in
the proper development of a comprehensive port approach
plan.!

31t should be noted that the term “piloting” is utilized here since this terminology is contained in the CFR when defining
deck officer axamination requirements. Bowditch and Dutton also refer to “pilating’’ in the same context: . . . directing of
the movements of a vessel by reference to landmarks, relatively short range aids to navigation or by soundings (Dutton,
1978).” Under no circumstances is the requirement for improved deck officer training in this area intended to reduce the
necessity for contracting the services of a duly licensed pilot when navigating in restricted waters.

4 It should be noted that the term “‘port approach” is utilized here in its broadest sense, from landfall 10 arrivel at the desired
berth or mooring. Scenarios include mansuvers/evolutions prior to arrival at the pilot station (i.e., no pilot aboard) snd after

arrival at the pilot station (i.e., pilot aboard).
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2. The traines should demonstrate high proficlency in
organizing a bridge teem for port spprosch navigation and
etfectivaly instructing the other members of the bridge
team in their duties and responsibilities.

3. The trainee should demonstrste high proficiency in the
conduct of pre-transit discussions with the pilot in order to
agree upon the essential features and relevant checkpoints
of planned ship maneuvers.

4. The trainee should demonstrate high proficiency in the
direction of the other members of the bridge team to
properly establish and effectively monitor ownship’s
position during the transit.

5. The trainee should demonstrate high proficiency in the
direction of the other members of the bridge team in the
early detection and effective monitoring of vessel traffic
and other navigation hazards.

6. The trainee should demonstrate high proficiency in
effectively communicating with the pilot during the transit.

7. The trainee should demonstrate proficiency in the pro-
cedures for handling the following shipboard casualties:

Loss or degradation of propulsion power

Loss or degradation of steering

Collision

Fire

Man overboard

Loss or degradation of radar

Loss or degradation of gyro

Loss or degradation of rudder angle indicator

Loss or degradation of pilothouse control of main engine

25.2 VESSEL TO VESSEL COMMUNICATIONS

1. The trainee should demonstrate high proficiency in the
use of the ship whistle for mensuvering and warning signals
under a variety of operational situstions.

2. The trsinee should have a basic understanding of the
function, operstion, and maintenance of the shipboard
VHF radiotelephone.

3. The trainee should demonstrate high proficiency in the
use of proper radiotelephone procedures for transmitting
and recsiving the following types of messages:

® Distress

® Urgency
o Safety

4. The trainee should demonitrate high proficiency in the
proper monitoring of the required VHF communications
frequencies under a variety of operationsl watch situstions.

5. The trainee should demonstrate high proficiency in the
proper use of VHF communications for collision avoidance
in a variety of operational situations.

6. The trainee should demonstrate high proficiency in the
proper use of VHF communications for wvessel traffic
services in several different geographic areass.

7. The trainee should demonstrate proficiency in trans-
mission/reception of flashing light communications under a
variety of operational situations.

8. The trainee should demonstrate proficiency in the
proper use of flag hoist communications under a variety of
operational situations.

25.3 SHIPHANDLING

1. The trainee should demonstrate high proficiency in
determining safe vessel speed when handling a specific type
and size of vessel under a variety of operational conditions.

2. The trainee should demonstrate proficiency in handling
a specific type and size of vessel, holding course and head-
ing, in order to maintain a DR track under various condi-
tions of wind, current, and water depth,

3. The trainee should demonstrate proficiency in handling
a specific type and size of vessel to avoid collision and pass
at a safe distance with other traffic under various condi-
tions of wind, current, and water depth,

4. The traines should demonstrate proficiency in handling
a specific typs and size of vessel to safely maneuwer in
verious left and right turns within confined channels under
various conditions of wind, current, and water depth.

6. The traines should demonstrate proficiency in handling
a specific type and size of vessel to stop or siow the vessel
effectively under various conditions of wind, current, and
water depth when:

Approaching a single point mooring buoy
Approaching a dock/pier

Mansuvering to bring up a pilot
Maneuwvering to bring up tugs

Anchoring

L I s vaurre i e




|
i
)
i

E v e

AT A Y B

A g T G 1

6. The traines should demonstrate proficiency in handting
» specific type and size of vesssl utilizing tugs under various
conditions of wind, current, and water depth. The typs of
tug and tug use strategy should be appropriate for the
type of operational situation envisioned.

7. The trainee should demonstrate proficiency in handling
a specific type and size of vessel when compensating for
bank effects under various conditions of wind, current, and
water depth.

8. The trainee should demonstrate proficiency in handling
a specific type and size of vessel when compensating for
passing ship effects under various conditions of wind,
current, and water depth.

9. The trainee should demonstrate proficiency in handling
a specific type and size of vessel utilizing tugs under a
variety of operational conditions.

254 EMERGENCY SHIPHANDLING

1. The trainee should demonstrate high proficiency in
handling a specific type and size of vessel when executing a
maneuver to pick up a man overboard in reduced visibility.

2. The trainee should demonstrate high proficiency in
handling a specific type and size of vessel during a crash
stop within confined channels under various conditions of
wind, current, and water depth.

3. The trainee should demonstrate high proficiency in
handling a specific type and size of vessel after a loss or
degradation of propulsion power within confined channels
under various conditions of wind, current, and water depth,

4. The trainee should demonstrate high proficiency in
handling a specific type and size of vessel after a loss or
degradstion of steering within confined channels under
various conditions of wind, current, snd water depth,

5. The trainee should demonstrate proficiency in handling
a specific type and size of vessel when placed in a variety of
unusual operationasl conditions.

285 RULES OF THE ROAD

1. The trainee should demonstrats high proficiency in the
spplication of the sppropriste Rules-of-the-Rosd when in @
meeting situation under a variety of operational conditions.

2. The trainee should demonstrate high proficiency in the
application of the appropriate Rules-of-the-Road when in a
crossing situation under a variety of operational conditions.

3. The trainee should demonstrate high proficiency in the
application of the appropriate Rules-of-the-Road when in
an overtaking situation under a variety of operational
conditions.

4. The trainee should demonstrate high proficiency in the
application of the appropriate Rules-of-the-Road when in
“special circumstances’”’ under a variety of operational
conditions.

25.6 RESTRICTED WATERS NAVIGATION
(PILOTING)

1. The trainee should demonstrate high proficiency in the
use of proper dead-reckoning techniques under a variety of
operational conditions. .

2. The trainee should demonstrate high proficiency in the
use of proper visual position-fixing techniques under a
variety of operational conditions.

3. The trainee should demonstrate high proficiency in the
use of proper radar navigation techniques under a variety
of operational conditions.

4. The trainee should demonstrate high proficiency in the
proper use of soundings under a variety of operational
conditions.

5. The trainee shouid demonstrate high proficiency in the
proper use of electronic navigation system {e.g., LORAN-C)
under a variety of operational conditions.
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CHAPTER 3
CRITICAL TRAINING SYSTEM CHARACTERISTICS

3.1 DESCRIPTION OF THE TRAINING SYSTEM

A simulator, such as the radar simulator or the shiphandi-
ing/ship bridge simulator, is a device that duplicatss limited
aspects of the real world. The radar and shiphandling simu-
lators duplicate different subsets of the resl worid; each is
also limited in those aspects that it can reproduce faith-
fully. The radar simulator is a part-task device that dupli-
cates the hardware/control aspects of the radar system as
well as the visual imagery of the radar display. This device
permits, to a large extent, duplication of the radar-related
tasks of a deck officer. Its duplication of other aspects of
the bridge and deck officer tasks is particularly limited.
The shiphandling/ship bridge simulator, on the other hand,
is a whole-task simulator that duplicates many more aspects
of the bridge environment, bridge hardware, snd deck
officer tasks; nevertheless, this simulator is also limited with
regard to that which it can duplicate.

From a training standpoint, the simuiator enables the
practice of tasks, which may lead to the improvement of
skills. Practice is one important element of the training
process. However, other important elements of the training
process also exist, such ss providing feedback to the trainee
regarding the outcome of his actions. The training system
is more than just a simulator; it does more than provide
a setting for the practice of tasks. It should be designed
specifically to enhance the training process. The complex
simulator-based training system should be viewed as being
comprised of three major elements: (1) the simulator
design, (2) the training program structure, and (3) the
instructor qualifications.

Traditionally, the emphasis has been on the design of the
simulstor, that is, the real world fidelity characteristics of
the training devics. Recent ressarch has indicated that the
techniques employed by the instructor and the structure of
the training program are more critical to an effective
simulator-besed training program than the fidelity of the
simulator. It is important that the detigners, operators, and
wers of simulstor-besed training bescome awsre of the
substantial impect that the nonsimuistor elements of the
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training system have on the effectiveness of the training
process.

The critical characteristics associpted with each of the
major elements of a simulstor-based training system are
listed in Table 1. This section of the report discusses the
appropriate guidelines for each of these critical character-
istics, which should be considered when designing or
evaluating a simulator-based training system for senior
mariners. For each critical characteristic seversl levels of
sophistication or quality are identified. Appropriate
information is then provided to assist the designer or
evaluator in establishing the most desirable features of
the training system.

3.2 SIMULATOR DESIGN (CRITICAL
CHARACTERISTICS)

3.2.1 VISUAL SCENE

This is the characteristic of a simulator that provides the
trainee with the visual conditions of a scenario external to
ownship's pilothouse (e.g., buoys, other ships, etc). It is
usually the most expensive element of a shiphandling
simulator. Numerous optical and engineering techniques
are available to generate a visual scene. These include pro-
jection of spotlight sources, model boards, filmstrips, and
computer-generated graphics. The complexity and accuracy
contained in a visual scene relate very closely with total
simulator cost. Mariners tend to want high fidelity visual
scenes for realism. Research has indicated that a very high
fevel of fidelity is ususlly not required in the visual scene
to effectively train the development of many shiphandling/
navigation skills, sithough in some cases a high level of
fidelity may be required. A careful analysis of the objec-
tives to be accompisihed and the sssocisted requirements
for visusl cues will provide valuable insight into the identi-
fication of a satisfactory visusl scene for minimum cost.

" The following discussion outlines several important con-

siderstions in the design or evelustion of a shiphandling
simulator’s visual scene.
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TABLE 1, CRITICAL SIMULATOR-BASED
TRAINING SYSTEM CHARACTERISTICS

8imulstor Design {Critical Characteristios)
Visua! Scene

© Geographic Ares

® Horizontal Field of View

® Vertical Field of View

® Time of Day

® (Color Visual Scene

® Visual Scene Quality

Radar Presentation

Bridge Configuration

Ownship Characteristics and Dynamics
Exercise Control

Traffic Vesse! Control

Training Assistance Technology
Availability

Training Program Structure (Critical Characteristios)

Skill Levels After Training
Skill Levels Prior to Training
Training Objectives

Training Techniques

® Knowiedge of requirements
@ Positive guidance

® Adasptive training

® Post problem critique
Instructor’s Guide
Classroom Support Material
Simulator/Classroom Mix
Training Program Durstion
Class Size

Scenario Design

Number of Scenarios

Stress

Overlearning

instructor Qualifications (Criticel Characteristics)
Mariner Credentials

instructor Credentials

Subject Knowledge

Instructor Skills

Instructor Attitude

Student Rapport

instructor Evatuation
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Geographic Ares

The type of geographic ares selected should depend on the
types of scenarios needed to train the specific skills
required to achisve the program training objectives. The
proximity to land of the scenario gaming areas heavily
impacts the design of the simulator's visusl scene. Gener-
ally speaking, the closer the scensrios are to land the
greater the investment required to provide a quality visual
scene. This appears to be true with all the present visual
scene generating technologies, from spotlight projectors to
computer-generated graphics. Three alternative geographic
areas are specified below.

Level I: Open Ses. These data bases employ scenarios in
which land is not visible in the visual scene. Traffic vessels
and buoys may be utifized as appropriste for specific train-
ing objectives in the following categories:

@ Rules of the Road

® Communications

o Shiphandiing

@ Emergency Shiphandling

Level II: Cosstal. These data bases employ scenarios in
which only distant land, which may include prominent
geographic features such & lighthouses, and a limited
numbaer of traffic ships are visible in the visual scene. A
corresponding radar presentation sand water depth dats
bese may slso be utilized as required by the specific training
objectives. This level of geographic area would normaily be
the minimum level for many of the training objectives in
the Navigation Mansgement end Restricted Waters Navige-
tion (piloting) skill categories previously discussed. Many
of the skills in these categories require the use of visual
information for determining or assisting in the determins-
tion of the geographic position of ownship.

Level 111: Restricted Waters. These data bases smploy
scenarios in which lsndmess and numerous traffic ships
are present close aboard. A complex environmental data
base utilizing water depth, wind, and current may also
be utilized as required for specific training objectives. This
level of geographic ares would normaily be empioyed
for the more sophisticated Shiphandling end Emergency
Shiphandiing skills. The student should be trained in the
prudent practios of svoiding complex shiphendling situe-
tions, pertioulerly under poor visibility conditions. Mow-
wver, complax shiphandiing situations, where profislensy in
handiing benk effects, paseing ship effects, #tc., s required,
can not always be avoided during restricted water traneits.
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In such situstions, land and traffic vessels are clearly visible
passing close aboard, thus establishing the visual scene
requirements for a simulator to train such shiphandling
skills.

Horizontal Field of View

The horizontal field of view required for a shiphandling/
navigation simulator should depend on the specific objec-
tives of the training program. if the visual cues required to
execute a particular shiphandiing maneuver are within a
relatively narrow field of view, such as when training the
skill of utilizing range lights, s reduced field of view is
satisfactory and_may even be preferable since it artificislly
focuses the trainee’s attention on the required visual cues.
However, prudent training practice would indicate that the
student should then be trained in utilizing this skill under
conditions with operational noise sand distractions; for
example, identifying the range lights and concentrating on
them among the background lights and distracting traffic
vessel movement. This type of training could then imply a
requirement for greater horizontal field of view than that
identified for the development of the basic skill. Consider-
ation should also be given to the utilization of a variable
horizontal field of view in order to gein the training
leverage discussed above.

The cost of a shiphandling/ship bridge simulator increases
s the horizontal field of view incresses. This increase in
cost results not only from increased projection equipment
casts but also from increased processing hardware snd
software costs. This is perticularly true for computer-
generated graphic systems.

Lavel |: Grester Then 90°, Less Then 120°. Use of this
horizontal field of view may be satisfactory for training a
limited number of specific shiphandling skills (e.g., renge
lights, buoyed channels). it may also be satisfactory for
training the application of the rules of the road in meeting
and fine crossing situations. However, if it is employed in
broader croasing situations or overtaking situations where
visusl contact is lost with the traffic vessel, thers may be
a denger that the trainess will have s tendency to neglect
visusl bearings and rely heavily on radar in these types of
sconarios. A horizontal field of view of less than 120 de-
gress is generally ungoceptable for training skills that
involve visugl position fixing since adequats horizontal
snguler separstion of suitable geographic points suitable
for » visual fix can not be obtained except for possidly o
few unique casss. In this same light, such & limited horizon-
tal field of view sleo preciudes the development of skills in

the we of turn besrings. There may, however, be some
training velus for a horizontsl field of view of less than
120 degrees in the development of skills involving the inte-
gration of visual lines of position with radar information or
other electronic navigation information, asithough the
traines may be inadvertently trained to neglect the more
advantageous objects sheam for visusl bearings.

Level 11: Grester Then 120°, Less Than 240°. Use of this
horizontat field of view sppsars appropriate for the major-
ity of the desired skills categories identified in Chapter 2.
it may, however, be limited if visual bearings abaft * 120
degrees relative are important for navigation in a particular
port. in addition, the spplication of the rules of the road in
an overtaking situation is also constrained, although only
for the situation when ownship is being overtaken and not
when ownship is doing the overtaking. This situation, how-
ever, is somewhat unique and not particularly difficult (i.e.,
requiring specific training) since it usually involves a rela-
tively slow closing rate which allows substantial time for
analysis and action.

Level 1i): Greater Than 240°. Use of a horizontal field of
view of this magnitude may be appropriate if the develop-
ment of skills involving the following factors are deemed to
be important:

® ‘Vessel with pilothouse forward (i.e., ore carriers)
® Use of rear ranges

® Use of visual bearings abaft + 120 degrees relative (e.g.,
specific port requirement)

it should be noted that many of the visual scene generating
technologies have the capebility, perticularly if considered
during the initial design, of optically/slectronically rotating
the fixed visusl scene to provide visual cues in aress not
normally considered possible with that design. For
example, Figure 2 illustrates a 240° horizontal field of view
providing a visusl scene from 30 degrees left of ownship’s
heading to 30 degress beyond dead sstem. This may be
perticularly desirable during cosstwise navigation exercises
to facilitate the use of visusl besrings, or when approaching
and picking up a tow. This flexibility with the simulated
visusl scene should bs wed cautiowsly sinoe it alwers the
bridge environment’s proger orientation with the visusl
somne (i.e., front of pliothouss faces side of vessel). The
impact of this effect on the treining provided is unknown.
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Figure 2. Rotation of Visual Scene

Vertical Field of View

The vertical field of view required for a shiphandiing/
navigation simulator should depend on the specific objec:
tives of the training program. |f the visual scene require-
ments for the training objectives are at or near the horizon
(i.e., distant landmass or traffic vesseis), then a relatively
narrow wvertical field of view would probably suffice, it
the visual scene requirements are contained over a larger
angulsr sector (i.e., landmass or traffic vessels close aboard),
then a larger vertical field of view is required, Normaliy,
docking sxercises when ownship is being brought into a
berth require the maximum capsbility of vertical field of
view. Generally speaking, the greater the vertical fisld of
view the greater the cost. Since relatively small increments
of vertical field of view can substantially improve a simu-
Iator’s capebility, this is not a high cost characteristic s
compared to a horizontal field of view.

Level I: £ 5° to + 10°. This verticat field of view may be
scceptable for distant land and (raffic vessels. Caution
should be exsrcised in utilizing a narrow vertical field of
view, psrticulerly under daytime conditions becawse the
fidelity of the simulstion is reduced considerably when 3
deytime scene is bounded top and bottom with lerge dark
bends. Considerstion should sieo be given to the amount of

ownship bow required in the visual scene when attempting
reductions in vertical field of view,

Level 11: £ 10° to + 18°. This vertical field of view would
be acceptable for distant land and traffic vessels. It would
also be scceptable for land relatively close sboard, and it
may be acceptable for traffic vessels ciose sboard depending
on several factors, including the height of sye of ownship.

Level {11: Greater Then £ 15°. This wertical fisld of view
would genersily be acceptable for land and traffic vessels
both at s distance and close aboard. This type of vertics!
field of view would probebly be required for docking exer-
cises. The vertical field of view requirements for dooking
exercises are usually driven by the height of eye on ownehip.

With regard to vertical field of view, two sdditional points
should be noted. First, it is not possible to reslisticelly
present obfects in the visusl sosne which ere closer than
the distence from the preferred viewing point (i.e., focs!
point) to the screen. This is usuelly not s problem when
simuisting large vessels with beams in excess of 100 feet.
However, when simulating smalier vessels {(0.g., tughboees),
the reader is reminded it (s not possibie to ecourstely
simulate 8 buoy which pesess 20 fest sheam if the visusl
s0ene soreen on which it is to be projected is 30 feet away.
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Second, the vertical field of view can be opticaily manipu-
lated to a certain degree to better view objects which are
low in the visual scens such as docks, etc. It is sccom-
plished by elevating the horizon on the visual scene. This
allows a greater percentage of the visual scene below the
horizon to be projected. Once again caution shouid be
utilized since the impact of this modification on the effec-
tiveness of training is unknown.

Time of Day -

The ambient lighting conditions under which simulator-
based training is accomplished is another critical simulator
design characteristic. Some members of the maritime com-
munity have advanced the theory that only nighttime
simulator-based training is required since it is the more dif-
ficult operational situation. Research from earlier experi-
ments in this project, however, have indicated that simula-
tor-based training should be conducted under the same
ambient lighting conditions as the operational tasks.
Nighttime shiphandling may be more difficult than daytime
shiphandling, but training under daytime conditions pre-
pares the shiphandler for daytime operations better than
training under nighttime conditions. One would naturally
expect the complement to be true; that nighttime training
prepares one for nighttime operations best. Since it would
appear to be prudent to train shiphandlers for most opera-
tions under both day and night conditions, a training
facility that offers a comprehensive simulator-based training
program should have a simulator with a day/night capabil-
ity. However, economic or logistic constraints may allow
training only the most critical skills under both day and
night conditions. If this is the case, it would then appear
desirable to trsin the remaining skilis under the more
difficult lighting condition, which would usually be the
nighttime condition.

Lovel ): Night Only. Beneficial training in 8 number of
training categories, such as Navigation Management, Com-
municstions, Rules of the Road, may be accomplished
using a night only visual scene. However, caution should be
exsrcised as regards the effect of such training during day-
time operstions. For example, experience has indicsted
that mariners have a tendency to neglect visuasl bearings
and VHF communications more during daylight operstions
{when they have good visual contact) than under nighttime
conditions. Training under nighttime conditions only,
would not detect or correct such tendencies, and could give
a false sense of trainee proficiency.

Very little information is aveilable on the benefits associ-
sted with various levels of the night visusl soene (i.e.,

spotiight sources versus silhouettes with lights). The only
guideline pressnted here is that silhouettes do provide
visual cue information and should be utilized in those
scenarios where they are deemed important for training.
As s result, simulators with a nighttime visusl scene that is
generated by spotlights may not be satisfactory for some
specific training objectives.

Level Ii: Day Only. Beneficial training in nearly all of the
training categories may be accomplished using a day only
visual scene. As previously discussed, and intuitively
reslized by most people, such daytime training does not
prepare the trainee for nighttime operations. However, it
may be satisfactory to utilize a day only visual scene with-
out nighttime limitations for specific shiphandling and
emergency shiphandling training objectives, in which the
shiphandler would not expect to operate his vessel at night.
For example, a particular company or a particular port
may restrict the arrival or departure of a certain size or type
of vessel (e.g., LNG) to daylight hours.

Level 111: Day/Night. This level of the time of day visual
scene characteristic appears to be the most desirable for a
simulator-based training facility which offers or plans to
offer a comprehensive training program. With such flexibil-
ity designed into the simulator, scenarios under both day
and night conditions can be provided within the training
program as appropriate. A note of caution, however, is
warranted. Since the visual scene generating hardware (and
software, if appropriate) must have the capability fo: both
daytime and nighttime presentation, the quality of either or
both presentations may suffer as a result of tradeoffs made
in the design process. The quality of the visual scene should
be evaluated in accordance with the guidelines set forth
under ‘“Visual Scene Quality.”

Color Visusl Scene

The requirement for color in the visual scene of a ship-
handling/navigation simulator is also related to the training
objectives to be accomplished via the simulator-based train-
ing. Ressarch appears to indicete that a color visusl soene
may not be required for some training objectives. Guide-
fines for scenarios in which a black and whitwe visusl scene
will provide acceptable training sre provided below. How-
ever, it doss appear desirable for a simulator-based training
facility which offers or plans 0 offer s comprehensive
training program to have a visual scene capebie of simulat-
ing color for at lsast vesse! sidelights and sids to navigation
~these being the principsl color cuss historicelly used by

 the maeritime community.
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Lovel |: Black and White. A black and white visual scene
may be asoceptable for training specific shiphandling train-
ing objectives under both day and night conditions. in
daytime operations, the black and white presentation
downgrades, but may not eliminate any important visual
cues. In nighttime operations, all lights become white and
the information transmitted by their color characteristic
may be provided via an associated fiash code. This is not
viewed as a problem with aids to navigation since it is
possible to encounter, in the at-sea environment, geo-
graphic areas marked by only white lights with distinctive
flash rates. Hence, deck officers have experience in inter-
preting and using flash patterns during the navigation
process, {although this may limit the application of such a
simulator for training in specific ports where color is a key
visual cue),

It is generslly recognized that the sidelights of traffic
vessels must be colored to be realistic. Howaver, it has
been shown that mariners can be successfully trained under
conditions where they must process the flash rate of a light
over time in lieu of instantaneously obtaining the red color
of a port sidelight, if a relatively light amount of traffic is
encountered in the scenarios. It is expected that the
trainee’s ability to keep track of traffic movement under
such conditions will be taxed in scenarios with high contact
workload.

Level II: Muiti-color. The utilization of multiple color in
the visual scene can provide acceptable simulator-based
training for all the senior mariner desired skills identified.
Experience has indicated that effective simulator-based
training can be conducted without extensive use of color
and shading. Caution should be sxercised in the use of
color and shading in order to add to the realism of the
environment and not to introduce color cued distractions.
See the following section on ‘‘Visual Scene Quality.”

Visual Scene Quality

The simulated visual scene should have sutficient quality
such that effective training can be conducted for the
desired training objectives. Factors such as resolution,
luminance, contrast ratio, update rate, etc., should be
effectively manipulated during the visual scene design
such that the following considerations are satisfied.

® When viewed from or near the design focal point, objects
normally viewed from a ship’s bridge appear clear and
readily recognizable in the propsr size and perspective.

©® The sensitivity of tha visual sosns to distortior sz the
deck offiosr moves away from the focal point should not
significantly impact his normal positions snd movemen:
within the pilothouss during the scenarios envisioned.
For example, many pilots have conning positions othur
than at the center of the pilothouse. In addition, when
bridge teams are involved, it is not uncommon to have
several individuals evaluating the situations from differ-
ent locations in the pilothouse. The sensitivity of the
visual scene to distortion, as a function of location
within the pilothouse, should accommodate such condi-
tions if appropriate.

o The size and perspective of such objects should change
as appropriate when motion is introduced into the
simulation,

o The motion of objects in the visual scene appears in a
relatively smooth sequence.

® The visual scene should be free from any distracting
flicker.

® The visual scene should be free of any visible raster lines.
® The intensity of lights should appear to vary with range.

¢ Discontinuities between projected images/screens in the
visual scene should be minimal.

® Color match between projected images/screens in visual
scene should be minimal.

® The intensity and hues of critical color cues (e.g., traffic
vessel sidelights) should be acceptable to the experienced
mariner.

® The use of color and shading should be such that it adds
to the realism of the environment and does not intro-
duce color cued distractions. '

® The visual scene should be free from substantial distor-
tion or brightness veriations as the trainee moves from
the preferred viewing point (i.e., fooal point) within the
confines of the pilothouse.

® The resolution of the visual scens shouid be such that
the required visual cues, at a particular range from own-
ship, which have the minimum width in the visusl scene
are projected. For example, if it is (a) important and
(b) normally possible to view traffic vessel masts at
6 nautical miles, then the resolution of the projected
image should be such that they are contained in the
visual scene when the traffic vessel is at that range.

gy
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@ Auxiliary views of a perticular segment of the projected
{or unprojected) visual scene should not substantially
detract from the realism of the simulated environment
or become an operational crutch which would not be
available in similar scenarios at sea. Examples of auxil-
iary views may include a single CRT display used to
provide the mariner with (a) a view aft to assist in
periodically checking a vessel being towed or (b) a
“binocular effect”’ on simulators in which the resolution
of the visual scene does not permit magnification by
binoculars.’

322 RADAR PRESENTATION

The type of radar equipment required on a shiphandling/
navigation simulator is related to the objectives of the train-
ing program to be accomplished. A sophisticated radar/CAS
is generally not required for the majority of the identified
training objectives. A full mission shiphandling/navigation

" simulator should not be utilized to develop radar plotting

and evaluation skills. This may be more cost effectively
accomplished on a part-task radar simulator.

The presence of noise {e.g., sea clutter and false echoes) on
the simulator radar presentation may be employed if appro-
priate for the training objectives. As previously discussed
for “Horizontal Field of View,” it may be desirable to train
basic skills, such as combining radar and visual information
to establish risk of collision or to establish ownship’s geo-
graphic position, without distracting noise. The ability to
accomplish such tasks under noise conditions may then be
assumed, if the trainee has already deveioped the skill of
discriminating traffic vessels, aids to navigation, etc., from
other noise on the screen through previous at-sea or radar
simulator-based training. It would, however, be desirable
to evaluate performance of the detired tasks under noise
conditions during the final stages of training.

The simulation of line of sight considerations should be
asccomplished s required by the specific training objec-
tives, For example, if masking of traffic vessels by a higher
building or hill is important when training the approach to

1o a particular port, it should be adequately inciuded in the
simulation. Such tine of sight considerations, as well as the
previously mentioned noise considerations, may be added
to either Level 1| or Level 111 as outlined below.

Finslly, it should be noted that appropriate procedures
should be employed to ensure that the ranges and bearings
obtained from the simulated radar presentation correlate
satisfactorily with the simulated visual scene presentation,
etc. In addition, it should be verified that the accuracy of
this correlation between the radar and visual scene infor-
mation does not vary as a function of scenario time.

Level I: No Radar. There are a number of senior mariner
level training objectives, particularly in the shiphandling
and emergency shiphandling areas, for which effective
training may be accomplished without a radar presentation.

Level 1I: Low Fidelity Radar. The majority of senior
mariner training objectives may be accomplished using a
computer-generated synthetic radar presentation on an
appropriate CRT display as long as the required radar or
CAS functions are available. Care should be exercised that
the necessary radar information and the tasks associated
with obtaining that information during a simulator exercise
are compatible with the information available and the tasks
performed at ses.

Level Hi: High Fidelity Radar. This level of radar presenta-
tion would inciude the use of actual radar or collision
avoidance hardware that are appropriately interfaced with
the remaining simulation systems. Although desirable, such
high fidelity is generally not required for the training
objectives normally taught at the senior mariner level,
However, there may be times when it would be necessary
to have such radsr systems. For example, when providing
vessel specific training it may be desirable to have the
specific radar/CAS on the simulator that the actual vessel
has on its bridge.

S The resolution on meny simulators is designed to provide the deck officer with an scceptable visusl scene when viewed
with the naked eys. If a set of binoculars were t0 be used by a watch officer to ook at a traffic ship in order to determine
its sspect, the ship would look larger through the binoculars but may not be resoived any bstter. in other words, if the
traffic ship consisted of four units of resolution initially, it would still contsin four units of resolution through the
pinoculars sithough each unit would appear larger to the eye. Therefore, no additionsl information is obtained by viewing
in this menner. An suxilisry view is one technique for providing the deck officer with the additionsl information normally

available through binoculars.
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3.2.3 BRIDGE CONFIGURATION

The physical characteristics of the simulated bridge and the
hardware located on same may be reisted to the specific
training objectives to be acccmplished. However, experi-
ence has indicated that this may not be criticsl as long &
some minimum level of fidelity in the bridge snvironment
is maintained. The size of the pilothouse, the type of equip-
ment available, ang the arrangement of this equipment
should have a high degree of compatibility with that found
on similar vessels at sea in order to minimize the introduc-
tion of any extraneous factors into the training process.
The replication of the pilothouse of a particular vessel
generally is not warranted except possibly when providing
shiphandling/navigation training for a specific vessel type,
The design of any shiphandling/navigation simulator should
consider the inclusion of a high degree of fidelity since the
bridge configuration is a relatively small proportion of the
total simuiator cost, it is cheap insurance to protect against
any irregular behavior that may be associated with the
simulated pilothouse environment. In addition, the stu-
dent’s confidence in the simulator as a training device and
hence his motivation during the training program may be
detrimentally affected if the simulated pilothouse environ-
ment does not meet his minimum expectations.

Level |: Reduced Bridge. A pilothouse that is substantially
reduced in size and contains only the essential equipment
necessary for the specific training to be accomplished,
This bridge configuration may be of value in training a
limited number of skills. Caution, howsver, should be
exercised that any spatial or squipment alterations do not
significantly impact the shiphandiing/navigation tasks to
be accomplished.

Level |I: Full Bridge. A pilothouse that is full size, or
nearly full size and contains all or the majority of bridge
hardware normally found on similar vessels at sea. This
bridge configuration is recommended for simulators that
are involved with training senior mariners for the majority
of the identified desired skills categories,

Levet i1): Replication Bridge. A pilothouss that is an exact
copy of the pilothouse of a specific vessel as regards both
equipment snd layout. It may be desirable to provide such
8 high level of fidelity when training mariners to handie a
specific vessel typs. This may be particulsrly desirable for
some training objectives if they sre dependent on the
specific bridge equipment and/or layout.
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3.24 OWNSHIP CHARACTERISTICS AND DYNAMICS

The maneuvering response of ownship under varicus envir-
onmental conditions is another critical charscteristic of
shiphandling/navigation simulator for training senior
mariners. The sophistication of the required maneuvering
response is relsted to the specific skills to be deveioped
within the training program, If skills relating to the applics-
tion of International Ruies of the Road are desired, then a
simulation model with only desp water hydrodynamic
coefficients will probably suffice. if skills relating to com-
pensating for bank effects while negotiating the turn of a
narrow channel are desired, then the simulation model
employed should have such capabilities. The identification
and discussion of three levels of ownship characteristics and
dynamics are discussed below. )

Level {: Deep Water. This level of hydrodynamic model
involves only deep water coefficients and may include
constant or variable wind and current. The capability of
reversing engines to decelerate more rapidly (but no sstern
motion) should also be included. This level would be used
primarily for International Rules of the Road training
and some limited Shiphandling/Emergency Shiphandiing
training,

Level I1: Shallow Water. This level of the hydrodynamic
model involves the capabilities indicated above for Level |,
plus appropriate shsliow water modifications end corre-
sponding water depth data base of the particular geographic
areas involved during the training. A spatial dependent
current data base may also be employed particularly when
modeling a specific port area in order to simulate the fact
that current magnitude and direction vary with geographic
position of ownship. Low speed hydrodynamic modifica-
tions may aiso be appropriate in order to accurately simu-
late forward velocities of less than two (2) knots. This
level of ownship characteristics and dynamics would be
recommended for the majority of senior mariner desired
skills categories. 1t would not be sufficient for the more
advanced Shiphandling training (e.g., bank effects) or
docking/anchoring evolutions.

Lovel 111: Specisl Effects. This level of the hydrodynamic
model involves the capabilities indicated above for Level (1,
plus appropriate bank effects, passing ship effects, tugs
forces, reverse motion capability, kick effect, bow thrusters
and enchor foroes. This level of ownship charscteristics and
dynamics would be recommaended for the more advanced
Shiphandling training (e.9., bank effects) or docking/
anchoring evolutions.
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There are several different versions of the hydrodynamic
simulation model and a number of well-known hydro-
dynamicists and hydrodynamic research firms who develop
appropriate coefficients for these models using various
techniques. Commercial simulator-based training facilities
shouid develop prudent procedures to ensure the accuracy
of their hydrodynamic simulation models and coefficients.
Such procedures should include both analytical evaluations
{i.e., turning circles, advance and transfer trajectories) and
experienced mariner evaluations for all load/ballast condi-
tions over the range of the wind, current, water depth, etc.,
anticipated. The interested reader should contact the
Computer Aided Operations Research Facility (CAORF)
or the Society of Naval Architect and Marine Engineers
{SNAME) for their latest publications on this subject.

The Computer Aided Operations Research Facility
(CAORF)

National Maritime Research Center

Kings Point, New York 11024

The Society of Naval Architects and Marine Engineers
(SNAME)

One World Trade Center, Suite 1369

New York, New York 10048

Similar precautions should also be taken to ensure the
accuracy of the geographic/environmental data bases when
modeling a specific port.

It should aiso be noted that different engine response
models are available for various steam, diesel, and gas
turbine propulsion plants. Generally, such modelling
sophistication is not required for training the majority of
senior mariner shiphandling skills. However, if it is impor-
tant for the skills being taught, the appropriate engine
response model should be employed.

3.25 EXERCISE CONTROL

This simulator characteristic refers to the amount of
control that the instructor has over the exercises; their
selection, their modification, etc. Although it i1s appro-
priate to design such flexibility into a shiphandling/
navigation simulator to assist the instructor in maximizing
the training benafit to be received, caution should be
exercised in that too much instructor latitude, particularly
by marginal instructors, may reduce, not increase, the
training benefits associated with such design capebilities.
This may result in negating the resources expended in the
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development of a wellstructured training program with
carefully conceived scenarios. Three levels of exercise con-
trol that may be appropriate for a shiphandling/navigation
simulator at the senior mariner leve! are identified and
described below.

Level |: Exercise Selection. At this level the instructor’s
console is limited to the intial exercise selection. The
geometry, complexity, and duration of the exercise is
fixed by the preset program of the particular scenario
salected. Wind, current, water depth, traffic motion, etc.,
are constrained by the program. If the instructor wishes
to change the scenario, the scenario must be stopped
and an alternative scenario selected. This constrains the
instructor to use only those particular scenarios within the
training program, and may limit his adaptation of the
training program to the specific needs of the trainees. This
may not be a problem if the training program is well-
designed and the scenarios are well-conceived to assist in
the development of deficient trainee skills. In fact, a
well-designed training program should consider the inclu-
sion of additional scenarios to allow for such flexibility
during implementation. This level of exericse control may
be particularly appropriate for refresher courses where the
trainees already possess the desired skills, but require the
opportunity to practice same under the direction of a
qualified instructor.

Level i1: Instructor Pre-Programmed Exercise Control. This
level of exercise control contains all the capabilities de-
scribed above under Level |, plus the capability for the
instructor to modify scenarios during initial set-up.
Depending on student performance on the previous exer-
cise, the instructor may want to alter the next scheduled
scenario by modifying wind or current. He may also want
to change traffic vessel positioning, course, speed, or
maneuver point. This level of exercise control appears to
be appropriate for a majority of the senior mariner training
objectives. The danger associated with marginal instructors
tinkering with a well-designed training program as previous-
ly mentioned should be noted.

Level I11: Instructor Exercise Control. This level of exer-
cise control contains all the capabilities described above
under Leve! H, plus the capability for the instructor to
modify the scenario while it is running. This allows the
instructor maximum flexibility in adapting the scenario to
the students training needs. However, it also provides him
with maximum capability of bypassing the predetermined
training program and to commence “shooting from the
hip."”




The capability of altering scenario time, such as freezing
the scenario or advancing the scenario in fast time warrants
discussion under this simulation characteristic. Generally
speaking, the alteration of scenario time is not recom-
mended as part of the training process. A “scenario freeze’’
capability may be beneficial if used judiciously. A “fast-
time’” capability is usually not desirable even for demon-
stration purposes since a danger exists that the trainee’s
sense of time may be distorted as a resuit of observing the
visual scene in an accelerated mode. Graphic classroom
feedback displays, however, which utilize fast time models
can be an effective means of critiquing a scenario (See
Training Assistance Technology). While alteration of
scenario time on the simulator is not recommended as part
of the training process, it may be a desirable feature for
scenario or data base development in order to minimize
the time required to checkout the simulator exercises prior
to training.

Some training facilities have found that a play-back capa-
bility may be advantageous to return the simulated own-
ship to a critical time/geographic point within the previous
scenario in order to demonstrate the effect of an alternate
control action. If this capability is utilized with a fast-time
option as a means of quickly returning to the desired
time/geographic point, the cautions cited above, concerning
alterations in scenario time, should be considered.

3.2.6 TRAFFIC VESSEL CONTROL

This characteristic refers to the amount of control that the
instructor has over the selection (i.e., vessel type and size),
position, courses, and speeds of traffic vessels in a given
scenario. This characteristic may be considered by some to
be a subset of the “'Exercise Control’’ characteristic. How-
ever, due to its importance with regard to traffic vessel
simulation, it is discussed separately here, Four alternative
levels of traffic vesse! control that may be appropriate for
a shiphandling/navigation simulator at the senior mariner
level are identified and described below.

Level I: Canned Traffic. This level refers to vessel traffic
control in which the traffic vessel has a limited number of
tracks that it can follow and cannot, at any time during
the scenario, deviate from the track that the instructor
selects no matter what course and speed changes ownship
makes. The use of canned traffic may result in the develop-
ment of somewhat unreafistic scenario situations in that
the traffic vessels do not respond to ownship maneuvers as
does traffic in the real world, This type of traffic control
may be best suited for training skills that involve scenarios

AU

22

in which ownship does not interact with traffic vesseis. In
other words, the traffic vessels are used primarily as dis-
tractions (i.e., noise). For example, some navigation
management and position fixing/dead reckoning training
objectives may be effectively accomplished using this level
of traffic vessel control.

Level I1: Pre-Programmed Traffic. This level refers to vesse!
traffic control in which the instructor can alter to any track
the traffic vessel motions during initial set-up to compen-
sate for the tendency of the students in the earlier
scenarios. This level of control allows greater flexibility to
the instructor than the canned traffic capability. The
majority of the senior mariner desired skills categories
identified may be effectively trained using this level of
control. The research to date appears to indicate that there
may be a danger that the use of canned traffic vessels
during training for situations in which ownship interacts
with traffic vessels, may provide the mariner with a false
sense of confidence in predicting the behavior of the other
vessel. As a result, the training program and the instructor
use of this capability should be such as to instill in the
students an appreciation of the irregufar traffic vessel
behavior that is sometimes encountered at sea.

Lavel 11): Independently Maneuverable Traffic. This level
of vessel traffic control provides the instructor with com-
plete control over the actions of the traffic vessels regarding
changes in course and speed at any time during the scenario
as well as alterations to initial position, course, and speed.
The instructor is not limited to a few tracks or & limited
number of pre-programmed scenarios., {ndependently
maneuverable traffic allows the instructor to modify
scenario complexity and difficulty based on the events as
they unfold within the scenario. Aithough the majority,
if not atl, the senior mariner desired skills categories could
be effectively trained through the proper use of Level ii:
Pre-Programmed Traffic, this more sophisticated level of
vegsel traffic control is desirable, particularly for many of
the vessel-to-vessel communications training objectives and
some of the advanced shiphandling training objectives {e.g.,
passing ship effects). As previously discussed, caution
should be exercised in providing marginal instructors with
the capability of bypassing a structured training program.
The results may be more confusing than helpfui.

Level 1V: interactive Bridges. The use of two {or more)
simulated ownships each controlled from its own pilot-
house, interacting in the same gaming area, is another
technique for controlling tratfic vessels during 8 training
exercise. The principsl advantages of this technique include
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(al a high level of realism to the situation involving the
interaction between vessels since a wide range of behavior
may be expected from those individuals conning each of
the vessels and (b) the additional platforms for hands-on
training. The principal disadvantages appear to be the high
cost of the additional simulators and a reduction of training
control in particular training exercises unless the instructor
is conning or closely supervising the maneuvers of one
vessel, Each training exercise should have a specific objec-
tive and should not be viewed as simply allowing the
trainee to attain additional experience, except possibly
during the latter stages of training.

3.2.7 TRAINING ASSISTANCE TECHNOLOGY

Training Assistance Technology refers to the use of com-
puter processing and display capabilities to enhance the
training process by assisting the instructor and trainees
to comprehensively analyze the simulator training exercises.
Research has indicated that this additional capability to
more comprehensively analyze trainee performance, if done
properly, may promote more rapid understanding of the
desired shiphandling/navigation concepts. As a result, the
training facility may (1) reduce the training time required
to attain the desired proficiency levels, {2) increase the
throughput of students, or (3) reduce the instructional
staff requirements. However, caution should be exercised
in the use of training assistance technology because
improper design or use of this capability may detract from
the training process, not enhance it. Training assistance
tect: -slogy should be designed by individuals knowledge-
able in the use of this potentially powerful capability.
Instructors should also be provided with adequate training
in the use of training assistance technology for training
shiphandling/navigation skills. Four levels of increasingly
sophisticated training assistance technology are identified
and discussed below.

Level I: Remote Monitoring. The capability for students
not training on the simulator to view the simulator exer-
cises remotely (i.e., from classroom) has some distinct
advantages for training: (1) it allows the instructor and
observing students to discuss the scenario as it unfolds
without disturbing those students participating directly
in the exercise, (2) it allows the instructor and observing
students access to additional information on key parame-
ters not normally avasilable on the bridge (i.e., distance
from channel centerline, current magnitude and direction),
(3) it allows the instructor and observing students to
better simulate vessel-to-vessel communications, etc., and
(4) it altows class size to be increased without causing

crowding in the pilothouse. Remote monitoring has the
disadvantage for some training objectives of removing the
student from the simulated environment where he has the
opportunity to develop potentially important perceptual
skills {i.e., estimating the distance from channe! centerline
or side-slip velocity of ownship using a pair of range lights).
In some cases, the benefits of remote monitoring can be
coupled with the benefits of pilothouse experience by
videataping the remote monitoring displays and replaying
them during the feedback session.

Level I11: Feedback Display. The use of computer-generated
graphic displays, primarily in the classroom, to evaluate the
history of key scenario variables (i.e., distance to turn,
rudder angle, yaw rate} using appropriate plots, graphs,
and listings can also be extremely valuable for training.
Trackplots of ownship's center of gravity or swept path
in relationship to other vessels or geographic hazards
usually provide invaluable immediate feedback on the
performance of the trainees above/beyond simple knowl-
edge of CPA. Such feedback displays assist the instructor
in explaining not only what happened but why it happened.
This type of feedback appears to be of the greatest benefit
when it is supplied immediately after each scenario. The
feedback display equipment should have the capability of
providing the appropriate displays immediately after each
scenario. Computer processing limitations, however, may
prevent this response. Although feedback displays can be
added to a simulator after its construction, it is best to
consider the flexibility for such an addition during the
initial design of the training system, Finally, the use of
color in such feedback displays is an extremely desirable
technique to highlight key points within the display. It
should be considered by every training facility employing
or considering such feedback displays. These feedback
displays may be either a CRT display or a farge screen
display. The CRT display would probably be utilized in
the pilothouse while the large screen display would be
employed in the classroom. If 3 feedback display is utilized
in the pilothouse, appropriate cautions should be exercised
to see that such a display does not become a “crutch’ to
the shiphandler during the scenario.

Level H1: Instructor Alerts/Prompts. The capability of the
simulator to provide the instructor with visual or audio cues
at key points within a scenario may also be beneficial to
effective training. Such cues may include appropriate direc-
tion to the instructor on a special instructor display termi-
nal/console. Such direction may take a form similar to the
information normally found in a detailed instructor’s guide.
This capability may reduce the instructor’s burden during
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training and may resuit in more standardized instruction
whenever muitiple instructor’s are utilized. There may,
however, be a danger that the uss of Instructor Alerts/
Prompts may restrict or distract a well-qualified instructor
in the implementation of his normal effective teaching
methods, resulting in reduced efficiency for this individual.

Level IV: Training Management Technology. This level
involves the computer’s capability to store and analyze
trainee performance at key points within a training program
over a long period of time. Such information may be
valuable when evaluating or restructuring a training pro-
gram. It -may assist in identifying the strengths and weak-
nesses of the trainee population and form a basis for
re-designing scenarios or modifying the sequence of sce-
narios. It may also assist in the refinement of more mean-
ingful performance measures for the scenarios involved.
Training Management Technology also has the capability
of providing diagnostic information on the performance
and reliability of a training facility's instructional staff,
which can be useful in assisting instructors to upgrade
their training techniques. Caution, however, shouid be
exercised as regards this level of Training Assistance Tech-
nology since it is highly dependent on quantitative per-
formance measures which must be evaluated from the
proper perspective. Due to the vast amount of data avail-
able over time, there may be a tendency to conduct and
accept the results of statistical tests on face value and
forego more indepth analysis. It should also be noted that
while these techniques have definite benefits associated
with them, they also involve additional costs which should
be carefully considered prior to making the required
investment.

3.28 AVAILABILITY

Historically, radar simulator-based training facilities have
had few problems with their equipment which impact their
training schedule or the quality of the training provided.
However, due to the greater complexity of the shiphand!-
ing/navigation simulator, particularly in the visual scene,
experience to date indicates that the reliability of hardware
and the time to repair may be more of a potential problem.
Reasonable precautions should be taken to ensure that
sdequate preventative maintenance is provided, sufficient
spare parts are on-hand, and properly trained repair per-
sonnel are svailable in order to minimize unprogrammed
simulator downtime. Standards should be set forth
defining acceptable versus unacceptable simulator perform-
ance for training. Such standards should be monitored by
training facitity personnel to ensurs s quality simulation

environment for training. Appropriste documentation
should be maintasined for U.S. Cosst Guard approvel
processes. If possible, contingency lesson plens and training
program schedule fiexibility should be available in order to
maximize the benefit of the training time shouid such
simulator malfunctions/degradation occur. Guidelines for
alternative levels of availability considerations are discussed
below. These levels should be considersd as broad guide-
lines only. The specific availability considerations will be
determined by the type of hardware employed; particularly
in generating the visual scene. Any simutator-based training
facility should have a sufficiently high level of availability
such that the quality and quantity of training is not sub-
stantially affected.

Level I: Moderate Availability

® Simulator should be designed using hardware of best
commercial construction/manufacture.

® Moderate spare parts inventory for high usage or critical
components, in view of experience, or an appropriate
reliability analysis should be maintained.

@ Simulator operational staff should haveiufficicnt train-
ing to perform routine meintenance and an appropriate
level of diagnostic troubleshooting and repair.

¢ No specially trained repairmen are onsite to maintain or
repair critical hardware,

® Few, if any, service contracts are maintained.

® This level of training system availability may be accept-
able for an undergraduate program (i.e., cadets) when a
simulator course is only a small pait of a curriculum and
some flexibility is contained in the trainee’s schedule.

Level 11: High Availability

® Simulator should be designed using hardware of best
commercial construction/manufacture with appropriate
built-in diagnostic capability.

® Extensive spare parts inventory for high usage or critiocal
components, in view of experience, or an sppropriate
reliability analysis shouid be maintained.

® Simulator operationsl statf shouid have sufficient train.
ing to perform routing meintenance and an eppropriste
level of disgnostic troubleshooting and repair.
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@ No specially trained repsirmen are onsite to maintain or
rapeir critical hardware.

® Service contracts should be maintained on many critical
components.

® This level of training system availability may be accept-
able for training senior mariners when the training work-
load is such that some simulator slack time is available
for rescheduling.

Lavel I1l: Very High Availability

® Simulator should be designed using hardware of best
commercial construction/manufacture with appropriate
built-in diagnostic capability.

® Extensive spare parts inventory for high usage or critical
components, in view of experience, or an appropriate
reliability analysis should be maintained.

® Simulator operational staff should have sufficient train-
ing to perform routine maintenance and an appropriate
level of diagnostic troubleshooting and repair.

® Specially trained repairmen are onsite to maintain or
repair critical hardware,

® Service contracts shouid be maintained on all critical
components.

@ This level of training system availability may be desirable
for training senior mariners when the training workload
is such that little or no simulator slack time is available
for rescheduling.

3.3 TRAINING PROGRAM STRUCTURE
(CRITICAL CHARACTERISTICS)

3.3.1 SKILL LEVELS AFTER TRAINING

The first step in the design or evaluation of a simulator-
based training program is a clear and concise identification
of the goals of the training process. The goals of a particular
simulator-based training program ususlly can best be stated
in terms of skill levels after training or output behavioral
objectives. Chapter 2 identifies, discusses, and prioritizes a
number of critical/deficient skills for senior commercial
ship deck officers, for which simulator-based training
appears advantageous. It is recommended that the skill
levels to be achieved as a result of a particular training

program be developed or translated in these terms since
these guidelines were developed on this basis. Three levels
of training program goals are envisioned.

Level I: General Professional Training. These training pro-
grams result in the improvement or refinement of a number
of skilis already possessed by the trainees. The trainees are
generally proficient mariners who desire an opportunity to
refresh or practice their skills. No single skill area is empha-
sized in the training program. If during the program a
mariner is observed to be deficient in a particular skill area,
he should be directed to the appropriate Level 11 training
program.

Level ii: Direct Skill improvement. These training pro-
grams strive towards the development of specific skills such
as vessel-to-vessel communications or Rules of the Road.
The goal of the training program and the structure of the
training program is directed towards improvement in the
specified skills only.

Level Ili: Specific Operational Training. These training
programs are developed such that the trainee improves his
skills in specific operational applications. These specific
operational applications may include handling large vessels,
vessels with unusual handling characteristics, or specific
vessels within specific ports.

3.3.2 SKILL LEVELS BEFORE TRAINING

In designing or evaluating a simulator-based training pro-
gram, it is important to identify the skills of the trainee
prior to training in order to establish the basis upon which
the training program will build. A secondsry reason for
identifying the trainee’s skill levels before training is that
it will assist in eliminating any unnecessary simulator-based
training, thereby minimizing the training cost for the indi-
vidual student. Skill levels before training may be stated
in terms of license or experience levels (i.e., a masters
license with at least two years experience on tankers of
30,000 DWT or larger), sithough it would be preferable
to identify them in terms similar to those utilized in
describing the desired skill levels.

Ideally, all students who have spproximately the same level
of expertise should be grouped together as a class. This
would hopefully sllow sach trainee to proceed through the
program at the same rate. Use of license level, vessel type
experience, etc., may be discriminatory in this regard when
accepting applications. From a logistical perspective once
the deck officers arrive at the training facility, it is usually
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difficuit to shift them to another class grouping that may
be more sppropriate based on their skill levels. it then
becormes a matter of adapting the training program
appropriate to the strengths and weaknesses of the class
as a whole.

Techniques of varying levels of sophistication can be
utilized by a simulator-based training facility to identify
skill before training once the deck officer arrives at the
training facility.

Level I: No Disgnostic Evaluation. The skills already
possessed by the deck officers prior to their participation
in the training program are not evaluated. A standard
training program is provided, addressing a fixed set of
training objectives, independent of trainee entry skill
proficiency.

Level 1i: Eveluation via Discussion. Each deck officer
completes a questionnaire or participates in an interview/
discussion with the instructor allowing an assessment of
the trainee’s individual skills. The instructor, upon com-
pletion of all traines interviews, makes an evaluation of
group proficiencies and deficiencies. The training program
is then tailored as appropriste to meet the needs of esch
group.

Level Ili: Simulator Disgnostic Evaluation. A pretest
simulation scenario is administered individuatly to each
trainee prior to his participation in the training program.
Each trainee’s performance is evaluated against a set of
minimal acceptable standards. The strengths and weak-
nesses of the group as a whole are determined based on
the results of the diagnostic evaluation and the training
program is tailored as appropriate 10 meet the needs of
the group.

3.3.3 TRAINING OBJECTIVES

Training objectives are the progressive goals of the individ-
ual training modules which build on the trainee’s skill levels
prior to training and culminate with the trainee’s attain-
ment of the desired skill levels. The magnitude of the
improvement goal for each progressive training objective
will depend on many factors inciuding the skill and knowl-
edge of the traines, the ditficuity of the skill being taught,
the trainee’s motivation, the sbility of the instructor, ete.
Training objectives should be written in. terms of (1) the
desired skills or knowledge to be attained, (2) the condi-
tions under which the student should be able to perform
the new skill, and (3) the performance measures end

standards to be empioyed to messure the attainment of this
goal. For example, upon completion of this training session,
the trainee shall be able to apply the internations! Rules of
the Roed under unrestricted visibility oconditions in a
variety of crossing situations in which ownship is the give-
way vessel, such that a CPA of greater than two nautical
miles is attained. However, the detail of s program’s train-
ing objectives may vary as indicated below.

Level |: Very Flexible. The training objectives are written
in general terms relating to the program goals or training
module goals. They are not tied specifically to any particu-
lar topic areas or simulator exercises. Example: “Upon
completion of this training, the trainee shall be able to
apply the international Rules of the Road under s variety
of operational conditions . . .”

Level 11: Moderately Structured. The training objectives
are written for each topic area to be coverad within the
training program or training moduls. These training objec-
tives have more detsil than the Level | training objectives
discussed above. Example: ‘“Upon completion of this
training, the traines shall be able to apply the intemnational
Rules of the Road in crossing situations under a variety of
operational conditions . . .”

Lovel i11: Highly Structured. The training objectives sre
written for each simulator exercise within the training pro-
gram. Example: “Upon completion of this training, the
trainee shall be able to apply the International Rules of the
Road in crossing situstions in which ownship is the give-
wey vessel when the visibility is 12 nautical miles ...”

3.3.4 TRAINING TECHNIQUES

Training techniques are structured or unstructured methods
of instruction used to teach the trainee how to perform
various tasks 3o as to satisfactorily achieve the program’s
training objectives.

When conducting simulator-based training programs, no
single training technique will suffice. Various technigues
shouid be used to provide adaptation for individual differ-
ences. This will ideally siiow the attainment of 8 high leve!
of performance from all trainess. As exercisss are devel-
oped, selection of training techniques shouid be based
upon:

® Skills prior to training
® Detired skills after training
® The training objectives
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® The time available for training
® Training aid {i.e., simulator) capability and availability
° Ovon_ll training cost

Thers are a number of training techniques that may be
utilized during shiphandling/navigation simulator-based
training programs. Four of the most relevant techniques
that have been successfully employed for such simulator-
based training are dyseribod below.

3.34.1 KNOWLEDGE OF REQUIREMENTS. Knowiledge
of requirements involves the presentation to the student of
specific aspects of the pending training exercise prior to its
conduct on the simulator (i.e., definition of problem). The
purpose of this training technique is to eliminate the
element of surprise from the training process until the
student acquires the basic skills to perform the task when
there is sufficient time to anticipste proper action. For
example, if emergency shiphandling skills involving the
reaction to a loss of power in a restricted channel are being
taught, it would probably be desirable to train the students
to handie the casusity without the element of surprise
initially. After they have been adequately trained in the
proper procedures and control actions to respond to the
casuaity, it would be then appropriate to add the element
of surprise by initiating the casualty unannounced during
fater scenarios in the training program.

The methods for disseminating knowledge of requirements
can vary as follows:

Level I: No Prior Knowledge of Requirements. As indi-
cated above, in specific cases it may be appropriate not to
provide advanced deck officers with the knowledge of the
exercise requirements when attempting to develop specific
decision-making and judgmental skills. The deck officer
normally does not find scenarios at-sea that involve per-
ticular skills which were discussed just prior to their
encounter. As a result, he should be able to recognize that
3 problem exists, properly define it, then take appropriste
action,

Level {1: Generst Knowledge of Requirements. The in-
structor, prior to the trainee’s participation in the exercise,
explsins the general goals of the exercise and the criteria
upon which his performance will be svaluated.

Level 11l: Specific Knowiledge of Requirements. The in-
structor, prior t0 the trainee’s perticipation in the exercise,
explains the specific type of problem to be encountered,
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factors affecting the solution, and il criteria upon which
performance will be svalusted. This level of knowledge
of results is recommended for training when new con-
cepts are being introduced or new skills cre being
developed.

3.34.2 POSITIVE GUIDANCE. Positive guidance is a
technique whereby relevant information concerning the
appropriate procedures or behavior is provided to the
students prior to or during the training exercise on the
simulator. That is, the instructor positively guides the
students by explaining, demonstrating, or providing
evaluative commentary during the exercise as regards the
proper considerations and actions to be taken. This tech-
nique will assist the trainee in making the link between
critical information (i.e., range/closing rate} with appro-
priate deck officer action {i.e., range at which maneuver is
initiated).

Positive guidance should be employed early in the training
process to ensure that the essential behaviors are learmed.
Positive guidance should then be removed and feedback on
student performance is then provided solely by the post-
problem critique. Caution should be exercised that positive
guidance by the instructor does not become a necetsary
crutch for successtul deck officer performance, since in the
at-sea environment the instructor will not be avsilable to
provide such assistance. Various levels of positive guidance
can exist.

Level 1: No Positive Guidencs. No postive guidance/
relevant information is given to the trainees prior to or
during the training exercise on the simulstor regarding the
appropriste procedures to be followed or the behaviors to
be exhibited (i.e., post problem critique only). There is
danger that inappropriate behavior may be reinforced by
this techniqgue and may become difficult to overcome
during the remainder of the training program. Desirable
behavior should be emphasized, demonstrated, and prac-
ticed at every opportunity. Therefors, some amount of
positive guidsnce should be employed particulerly during
the early stages of training.

Level II: Verbel Explanstion. The instructor verbelly ex-
plains to the trainees the appropriate procedures to be
toliowed and behaviors to be exhibited prior to and pos-
sibly during the training exercisss on the simulator. if
positive guidence is provided during the exercise, care
should be exercised that it does not become an operationsl
crutch as indicated above.
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Level 111: Demonstration. The instructor verbally explains
the appropriate procedures to be followed and the behav-
iors to be exhibited and then damonstrates on the simulator
how the exercise should be performed, prior to the trainess
participating in the simulator exericse.

Level 1V: Detuiled Anslytic Introduction. The instructor
verbally and through use of audio visuals or other training
assistance technology, explains the appropriate procedures
to be folla -red and behaviors to be exhibited. {See discus-
sion of Triining Assistance Technology, Level |1: Feedback
Displays.)

3.3.4.3 ADAPTIVE TRAINING. Adaptive training is a
technique that varies the difficulty of tasks as a result of
how well the trainee operates or performs on specific pre-
viously conducted tasks. As the trainee gains in skill, the
trainee’s tasks are made more difficult. This type of train-
ing represents a progressive training approsch; it starts
with basic tasks, goes to intermediate tasks, and finally
to sdvanced level tasks. A key point is that the trainee
progresses at his own rate through the program, based on
his exhibited skill at each step. For example, adaptive
training in shiphandling may heve the trainee navigating
an 80,000 DWT tanker sround a 30 degree turn in a narrow
channel with no wind, no current, and no traffic as a basic
iovel task. An intermediste leve! task may be the navigation
of the 80,000 DWT tanker sround the 30 degree turn with
25 knots of wind and 1.5 knots of flood current. The most
advanced level of training may require the trainee to navi-
gete the same vessel through the same turn under 25 knots
of wind and 1.5 knots of flood current, while avoiding two
tratfic vessels.

Adaptive training should be considered in the development
of the scenario sequence as presented within the training
program. Two major constraints in the implemeantation of
this technique are (1) the availability of adequate perform.
ance measures to msess individual student proticiency and
(2) s workable training program structure to sccommodate
varying rates of advancement for individual students. The
|stter constraint may nat be & particular problem with small
classes (i.e., less than three students), since adequate flexi-
bility may be svailable.

Level I: No Adeptive Training. A standard training program
is provided addressing a specific sequence of tagks of a pre-
determined difficulty level. No attempt is made to follow s
progressive treining spproach based on the rate of advance-
ment of the particular students.

Level 11: Group Adaptive Training. The difficuity level of
training is tailored to mest the needs of a group of trainess,
not each individual trainee. The level of difficulty will
progress from basic through intermediate to advanced,
besed on the group's performancs.

Level (11: Individusl Adaptive Training. The difficulty level
of tasks is varied as a result of how well the trainee per-
formed on previously conducted tasks. The trainee pro-
gresses at his own rate through the program, firtt perform-
ing basic tasks then intermediate and finally advanced leve!
tasks.

3.344 POST PROBLEM CRITIQUE. Post problem cri-
tique is a8 method of providing feedback regarding actions
performed by the trainee in each simuiator exercise. This
technique should be employed immediately after each
simulator exercise in order to maximize the benefit of the
simulator training. It is recommended that the training
program not be structured such that a post problem
critique is employed only after several scenarios have besn
conducted on the simulator. This recommendation is made
30 88 to minimize any confusion that may result in the
traines’s mind between his behavior or control sction on
one scenaric with the resulting vessel performance on
snother scenario. During the post problem critique, the
instructor shouid:

e Emphasize and reinforce correct procedures and desir-
able behavior

® Point out specific errors in procsdures/behaviors sand
explain their relstionship to vesssl performance (i.e.,
resulting CPA)

@ Provide specific instructions on alterations to proce-
dures/behavior in order to improve performance on
future exercises

® Provide a discussion and, if sppropriste, » demonstration
of the benefits of correct procedures/behavior. This dis-
cussion/demonstration may be facilitated by the training
assistance technology features previously discussed.

Ouring the post problem critique the instructor should
encoursge student perticipstion in the anslysis of the
previous exercise. This is perticularly true when training
senior mariners who usually have & wesith of experience
upon which to draw.
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The timing and completeness of post problem critique may
vary as follows:

Level I: Delayed Fesdbaok. The instructor reviews the
material only after severst simulator exercises have been
completed. There may be a danger that this type of feed-
back may result in confusion in the trainee’s mind between
his behavior on one scenario with the resulting vessel
performance on another scenario.

Lavel 1: Immediate Fesdbeck. A solely verbal critique of
each simulator session is given by the instructor immediate-
ly upon its completion. This level of feedback may be
given in the classroom or on the simulator between
SCONaNios.

Level 1il: Complete and immediate Feedback. The instruc-
tor uses verbal critique, classroom discussions and some
form of training assistance technology to critique each
simulator exercise immediately upon its completion,

3.35 INSTRUCTOR'S GUIDE

An instructor’s guide should be developed and provided to
all instructors who are to conduct the training program,
The guide should set forth (1) the structure—the overall
plan of training, {2) the strategy —detailed methodoalogy and
timetable for each hour of training, and (3 the materials
used to enhance the training process. Such a guide is needed
for two purposes: (1) to provide detailed guidance to the
instructor to ensure that relevant issues are covered in an
appropriate manner, snd (2) to somewhat standardize the
content of the training program should multiple instructors
be used.

An outline of what should be contained in an instructor’s
guide is listed beiow.

I. Program Introduction

A. Purpose of the training program

8. Description of the training program

C. Schedule

D. Bridge Team Assignments—({if applicable) on and

off watch bridge team locations {(e.g., on-watch
team is on the bridge; off-watch team remotely
observing)

. Simulator Familiarization

A. Description of simulator capabilities and limitations

B. Demonstration of bridge squipment

C. Demonstration of ownship handling character-
istics

D. Standing orders

1. Training Category (e.g., shiphandling)

A. Specific training objectives to be achieved at the
compietion of the program. Objectives should
describe:

1. Overt behavior

2. The conditions under which the behavior is to
be performed

3. Performance measures and standards (e.g., the
trainee should demonstrate proficiency in
handling a specific type and size of vessel to
avoid collision and pass at a safe distance with
other traffic under various conditions of wind,
current, and water depth)

B. Detailed lesson guides for each hour of classroom
instruction, each simulator session, and each feed-

back session.
1. Each hour of classroom instruction should
have detailed:

a. The specific topic to be covered (e.g., safe
vessel speed for a particular size and type
of vessel under a variety of operational
conditions)

b. The training methodology to be used-
detailing sample questions to be asked
and points to be stressed

c. All training materials/media to be used
during this classroom segment

d. The number code of the scenarios associ-
ated with the particular topic addressed

2. Each scenario should have detailed:

a. The specific training objectives to be
achieved, including the appropriate per-
formance measures and standards

b. The methodology to be followed (i.e.,

_ demonstration of trainee hands-on)

c. The coded scenarios to be run (specific
scenario descriptions must be supplied in
an appendix)

3. Feedback session shouid have detailed:

. Training displays to be used, a description
of scceptable performence to which the
trainees’ performance cen be compared
and evaluated
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C. Course Evalustion/Student Debriefing

1. Upon completion of the entire training pro-
gram the trainses should be given the oppor-
tunity to verbally evaluate the program. They
should also be required to complete a debrief-
ing questionnaire regarding the various aspects
of training. It is recommended that the de-
briefing questionnaire request the following
information:

a. Simulator comments (e.g., reslism of
visual scene, radar)

b. Training program comments (e.g., pro-
gram organization, length, instructor

effectiveness)
¢. General comments {e.g., improvements in
course)
D. Appendices

1. The following more detailed information
should be contained in the appendices to the
instructor s guide as appropriate: .
a. Student handouts including a description

of the training program, training program

schedule, standing orders, ownship handi-

ing characteristics, description of the

* bridge configuration, and the debriefing

questionnaire to be administered upon
completion of the training program

b. Any written tests and homework assign-

ments

c. Appropriate description of test and train-
ing scenarios

d. Lis of reference texts used or case studies
employed

The following levels represent types of instructor guides
that may be used in various training programs.

Level I: No Documented Instructor’s Guide. Each instruc-
tor teaches the course using his own structure, strategy, and
materials. Little detailed coordination or consistency in
what is taught exists between instructors.

Level 1I: Undooumented Instructor's Guide. No docu-
mented guide exists, however sil elements of training are
periodically discussed and agreed upon by all instructors
teaching the course. This is apparent from observed simi-
lerity among instructors’ materials, manners, and methods.

*Note: See discussion of “Training Assistancs Technology'” under Jimulator Characteristics.

0

Lovel tii: Documented instructor's Guide. A written docu-
ment is supplied to all instructors teaching the course. It
details the overall pian of training, the topics to be covered,
the training technigues to be employed and the support
materials to be used.

3.3.6 CLASSROOM SUPPORT MATERIAL

The types of material/media available for the instructor to
utilize during the classroom sessions is another key elemeant
of an effective simulator-based training program. Several
types of material/media that have been successfully em-
ployed in the past and should be considered for use at
various points throughout the training program include:

® Traditional classroom chaikboard
® Appropriate scale charts of the geographic gaming area
® Overhead projector transparencies

® Sound-slide presentations (i.e., an pudio cassette type
synchronized with a series of 35mm slides)

® Computer-generated graphic feedback displays*®

® Remote monitoring of pilothouse personnel and key
navigation parameters”®

® Videotape monitoring of pilothouse personnel and key
navigation parameters*

The selection of proper classroom support material/media
should take into consideration a number of factors includ-
ing (1) the subject matter content of each training objec:
tive, (2) the skill levels of the students prior to training, and
{3) the strengths and weaknesses of the instructional staff.
As with the selection of training technigues, no single type
of classroom material/medis will sutfice when conducting a
simulator-based training program. A repertoire of ditferent
materials should be available for the instructor to assist in
adapting for individual instructor and trainee differences.

Classroom support material can range from traditionasl
materials to advanced technological materials.

Level |I: Bamsic Support Mesterisl. The instructor relys
heavily on the use of the chatkboard and predeveloped
handout materials to illustrate the concepts of the subject
matter being taught.
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Level Ii: Support Madia. The instructor uses media such as
the overhead projector and sound slide presentations in
addition to the chalkboard and predeveloped handout
materials to illustrate the concepts being taught.

Level (1i: Advenced Support Medis. The instructor uses
state of the art media such a5 computer-generated graphics,
remote monitoring, and videotaping as classroom support
material in addition to the traditional support medis/
materials.

3.3.7 SIMULATOR/CLASSROOM MiX

The proper combination of simulator and classroom time is
important for effective simulator-based training. There
appears to be a tendency among many senior mariners to
want to spend the entire training program conducting
exercises on the simulator. Such an approach may result
in the trainees gaining “‘experience’’ by primarily a trial and
error basis. This, however, usually is not the most effective
or most economical means of developing the desired ship-
handling/navigation skills. Adequate classroom time (i.e.,
prebriefing and postbriefing) should be included in the
training program in order to:

@ Provide the trainees with the necessary background
knowledge required to adequately complete the simula-
tor exercise (prebriefing).

® Provide appropriate guidance to the trainees regarding
the correct action to be performed in a specific situa-
tion. For example, the instructor might discuss the
effect of alternative rudder magnitudes and initiation
points for navigating ownship through a 30 degree turn
in a buoyed channel, and also make an appropriate
recommendation prior to the simulator exercise (pre-
briefing).

® Provide the opportunity for seminar-type discussion in
order to increase student involvement and draw on the
experience of the trainees themselves,

@ Evaluate and critique trainee performance on the simu-
lator exercises in a thorough and professional manner.

Sometimes logistical and economical considerations signifi-
cantly reduce the amount of simulstor time available for
training (See Training Program Duration). Each trainee,
however, should have an adequate simulator familiarization
period in order to sliminate any confusion with bridge
hardwars that may hinder the learing process. This

familiarization period shouid aiso be sufficient to develop
an sppreciation/acceptance for the simulator's capability as
a device for training the identified skills. Each trainee
should have the opportunity to have hands-on experience
at feast once (preferably more) for each major topic area
addressed. For example, when training students to handle
a VLCC under Rules of the Road situations each student
should handle the vessel in a crossing situation, although
the gesometry, complexity, and status of ownship (i.e.,
give-way/stand-on) may vary between students. In fact,
these parameters should vary in order to ensure the
development of generalizable skills with a high probability
of transfer to at-sea situations,

Experience has indicated that in the absence of other
guidance a8 50/50 mixture of simulator/classroom time is
an effective mix for training a majority of the skills nor-
mally considered for simulator-based training at the senior
mariner fevel.

Several mixtures of classroom/simulator time are feasible.
Various levels include the following.

Level I: Predominant Simulator Time. The simulator ses-
sions encompass the majority of the training program (i.e.,
85 to 100 percent). Prebriefing is generally not provided.
Limited postbriefing feedback is given to the student,
possibly on the simulator while resetting scenarios. The
instructor may provide appropriate guidance and critique
during the actual exercise. This level may be appropriate
for training programs, or portions of training programs,
involved in the development of skills such as compensating
for bank effects that may require substantial repetition/
practice by the individuail deck officer.

Level 11: Simulator/Postbriefing Mix. Simulator and post-
briefing sessions are utilized. The postbriefing session is
conducted not on the simulator but in an appropriate
classroom. The ratios between simulator and classroom
time may vary. However, the postbriefing classroom time
should account for at least 15 percent of the total training
time available. This level of simulator/classroom mix may
be appropriate in an advanced training program, or during
the latter stages of a training program, when it may be
desirable to minimize/eliminate the preexercise guidance.

Level 111: Prebrisfing/Simulator/Postbriefing Mix. Prebrief-
ing, simulator, and postbriefing sessions are provided in the
training program. Both the prebriefing and postbriefing
sessions are conducted in the clessroom and when com-
bined should account for at least 25 percent of the total
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training time available. This is the level of simulator/class-
room mix that is recommended for the majority of senior
mariner training.

3.3.8 TRAINING PROGRAM DURATION

When determining the appropriate length of a simulator-
based training program, a number of issues should be con-
sidered. First of all, program duration may differ based on
the nature of the skills to be trained, with the more com-
plex skills and situations requiring task integrstion which
needs a longer program to ensurse mastery of both the basic
and integration skills. Second, the program duration may
vary based on the input characteristics of the trainees. If
the proficiency of the entering student's prerequisite skills
is lower than anticipated, additional training would be
required, and hence a longer training program. Conversely,
it the proficiency of the entering student is higher than
anticipated, then a shorter training program would be
sufficient. Third, economics may impose a restraint on the
training program duration. Due to the relatively high cost
of simulator time and limited resources available for train-
ing, it usually becomes imperative that only intensive, cost
effective training programs be offered. Finally, the length
of the program may also be cor:irained by the amount of
time that prospective trainees have available for such
training. Based on all the above considerations, training
program durations from 1 day (8 hours) to 1 week (40
hours) may be appropriate. Additional information on
three different program durations is provided below:

Level I: One Day (8 Hours). A simulator-based training
pragram of this duration may be appropriate as a refresher
course for training objectives involving basic skills or
limited subject material (i.e., vessel-to-vessel communica-
tion procedures, restricted waters position fixing tech-
niques). Caution should be exercised, however, when
utilizing such a short course due to the follcwing reasons:
{1) if bad habits have already been engrained in the entering
students (i.e., neglecting maneuvering and warning signals),
sufficient training time may not be available to overcome
such undesirable characteristics, (2) sufficient training time
may not be availabie to ensure generalizable skills which are
readily transferable to at-sea situations, and (3) sufficient
training time may not be available to ensure high retention
of skills particularly under stressful situations.

Levet 11: Three Day (24 Hours). A simulator-based training
program of this duration may be appropriate as a refresher
course for training objectives involving broader subject
materist or new skills, e.g., restricted waters navigation.

Level {1: One Wesk (40 Hours). A simulator-based training
program of this duration may be appropriate for training
new skills and skills involving the integration of other more
basic skills. At the senior mariner level, a training program
of at least this duration would probably be desirable for
training Navigation Management, which is both a new con-
cept for U.S, Merchant Marine personnel and an integration
skill. A training program of this duration may also be
desirable for the more advanced shiphandling skills, such as
compensating for bank effects, passing ship effects, etc.

Level IV: Two Weeks (80 Hours) or More. A simulator-
based training program of this duration may be appropriate
for the training of navigation management skills. Navigation
management as a training area is a new concept for U.S.
Merchant Marine personnel. A training program in this
skill area would thus provide for the training of new skills
and the integration of other skills.

Presently a two week training program is being recom-
mended for navigation management only. However, it
should be kept in mind that as the need develops to train
senior mariners in others areas involving the integration of
complex skills, or if several skill categories are addressed
simultaneously in the same training program, a two week
training program would be appropriate.

3.3.9 CLASS SIZE

The number of students in a simulator-based training pro-
gram class is another important training program character-
istic. Several factors should be taken into consideration.
The principal factor is that all trainees should have adequate
simulator hands-on training to acquire the desired skills,
transfer them, and retain them within the operational
environment (See Stress and Overlearning). Since only a
finite amount of simulator time is available within the train-
ing program, the maximum class size is, therefore, usuaily
established. The input characteristics of the trainees, the
qualifications of the instructor, the availability of training
assistance technology also can impact class size. Additional
information on three different levels ot class size is outlined
below.

Level I: Three or Less Students. Classes of this size are
recommended for the development of skills that require
considerable individualized instruction and a relatively high
number of individual simulator “hands-on’’ opportunities.
An example of a training area, in which classes of 3 or less
students wouid be appropriate, would be in the advanced
shiphandling area for the development of skill in compen-
sating for bank effect, passing ship effect, use of tugs, etc,
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Level II: Six or Less Students. This class size is recom-
mended for the majority of training objectives identified at
the senior mariner level. it is small enough for an appro-
priate amount of individualized instruction and an adequate
amount of simulator “hands-on’’ opportunities. For many
of the training objectives, such as Navigation Management
and Restricted Waters Navigation, it may be appropriate to
divide the class for the simulator exercises into bridge teams
consisting of two or three members each.

Level 111: Greater Than Six Students, Class of this size may
be effective in allowing the instructor or several students to
demonstrate proper shiphandling/navigation techniques.
Additional benefits may be gained through the use of the
proper training assistance technology to observe and
analyze performance (See Training Assistance Technology).
However, generally speaking, class size of greater then 6
students is not recommended at the senior mariner level
due 10 the substantial reduction in the amount of individual
simulator “hands-on’’ training available. Students at this
level generally have adequate knowledge. it is with regard
to the skill in applying that knowledge where the training
benefit lies. Typically, class sizes on the simulator should
not exceed 10 under most circumstances; likewise, class-
room class sizes should not exceed 25 students.

3.3.10 SCENARIO DESIGN

The scenarios to be utilized as training exercises within a
simulator-based training program should be based on the
identified training objectives. Considerable thought should
be given to the design of these scenarios in order that each
accomplishes its intended objective(s). Care should be
exercised that too many training objectives are not
attempted in any one scenario. |f more than one training
objective is covered during a scenario, they should be
clearly prioritized as primary and secondary objectives.

Scenarios should be sufficiently long enough to allow the
hands-on trainee to develop a mental awareness of the
problem in the simulated environment, evaluate the situa-
tion, take his action and observe the result of his actions.
Attempts to shorten scenarios by eliminating any of these
elements may greatly reduce the effectiveness of the time
on the simulator. Minimum time for a shiphandling/naviga-
tion scenario appears to be about 20-30 minutes,

Scenario complexity is another important consideration
when designing a scenario for a simulator-based training
program, It is recommended that the scensrios be designed

[

within the training program such that the complexity ievel
is progressively increased as the latter scenarios are pre-
sented. That is, the initial scenarios should be of low
complexity, the middie scenarios should be of medium
complexity, and the final scenarios should be of high
complexity. This type of structure allows the trainees
to initially focus on the tasks to be achieved without
complicating the situation with a variety of extraneous
conditions, thereby allowing the trainees to first become
proficient in performing various skills. (See corresponding
discussion under STRESS.)

Scenarios which are to be employed as exercises during a
simulator-based training program should be thoroughty
checked-out and the necessary modifications made prior
to the commencement of the training. This check-out
should involve several subjects with shiphandling expertise
equivalent to that of the trainees expected for the pro-
gram. Refinement of the scenarios after experience is
gained with the training program should be encouraged
in order to maximize the efficiency and effectiveness of
the training.

Three levels of scenario design are discussed below.

Level I: Basic Skill Scenario. This type of scenario usually
involves a single task or a single skill such as maneuvering a
30,000 DWT tanker around a 30 degree turn in a buoyed
channel. These scenarios are usually relatively short in
duration and allow the student to focus attention on the
specific skill to be developed.

Level I1: Intermediate Skill Scenario. This type of scenario
usually involves multiple tasks or multiple skills, which the
student may be required to perform simultaneously. For
example, the student may handle a 30,000 DWT tanker
around a 30 degree turn in a buoyed channel while encoun-
tering various traffic vessels. This type of scenario focuses
the student’s attention on the integration of skills that he
has previously acquired.

Level 111: Advanced Skill Scenerio. This type of scenario is
similar to that discussed above for Level ||, except that it
involves the addition of operationgl noise or distractions
which complicate the scenario. For example, the student
may handie the 30,000 DWT tanker in the 30 degree tumn
previously mentioned while encountering traffic vessels
under restricted visibility conditions.

3
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3.3.11 NUMBER OF SCENARIOS

The question of how many scenarios to employ within a
simulator-based training program in order to allow suffi-
cient practice on various sequences of tasks will depend
upon the training objectives to be achieved. In general, for
each training objective listed within the training program
there should be at feast two somewhat similar correspond-
ing simulator exercises which would incorporate all the
tasks required to achieve that objective. For example, if
a training program had the following shiphandling training
objective: ““the trainee should demonstrate high proficiency
in determining safe vessel speed (£ 1 knot) when handling
a 110,000 DWT tanker in a high traffic density, port
approach scenario with visibility between 2 to 3 nautical
miles” at least two scenarios should be incorporated for
training this skill. Additional scenarios may be appropriate
for training the same skitl under differant conditions (i.e.,
visibility 10-12 nautical miles, different levels of traffic
density). In fact, sufficient scenarios with a wide variety
of conditions should be employed in order to ensure that
generalizable skills are being taught, which have a high
probability of transfer to at-sea situations. If too few
scenarios with too few conditions are utilized, a danger
exists that the trainee will acquire only the specialized skill
to handle a few specific scenarios, which he may never
encounter at sea. In fact, with regard to restricted waters
shiphandling training, if generalizable skills are desired,
not only should multiple scenarios be employed but also
multiple geographic and environmental data based (i.e.,
different ports). After sufficient scenarios are available
for developing the basic skills, additional scenarios should
then be incorporated into the training program for skill
integration, stress, and overlearning considerations. (See
discussions under corresponding Training Program Charac-
teristics.)

Level I: Minimal Practice. Sufficient scenarios should be
available for a particular training program objective such
that at least one trainee compietes the exercise successfully
prior to advancing to the next training program objective.

Level 11: Moderate Practice. Sufficient scenarios shouid be
available for a particular training program objective such
that at least two trainees complete the exercise successfully
prior to advancing to the next training program objective.

Level 111: Desired Practice. Sufficient scenarios should be
available for a particular training program objective such
that all trainees complete the exercise successfully prior to
advancing to the next training program objective.

3.3.12 STRESS

This characteristic addresses the issue of stress induced by
the scenario situations presented under training category.
It should be noted that high stress is generally considered
disruptive to training since it slows the learning process
(Eysenck, 1976}. Often, the instructor and his training
strategy is the greatest source of stress (Krahenbuhl et al.,
1980).

A positive approach by the instructor showing correct
behavior is usually most effective, as opposed to a negative
approach that emphasizes trainee problems. The trial and
error learning approach followed by some ship bridge
simulator facilities (i.e., the deck officer is placed in a
difficult situation and allowed to figure the correct
approach over several trials), therefore, would likely induce
stress. A preferred approach is to show the correct action,
ot acceptable actions, prior to putting the trainee in the
simulator. Stress should be minimized for those aspects of
shiphandling training that deal with normal conditions.
Attempts should be made to minimize stress for abnormal
and emergency conditions also, to facilitate the training of
skills and specific response patterns (e.g., Williamson turn).
After the requisite shiphandling skills have been achieved to
the criterion level of performance, stress should be intro-
duced in training for the specific purpose of training the
deck officer 10 satisfactorily perform under stressful condi-
tions. Such methods of increasing stress would include
increasing the traffic complexity, reducing the time avail-
able to react to the given situation, adding more noise on
the radar, increasing the scenario complexity, having the
deck officer perform more tasks, etc. New skills would not
be trained at this time; rather, only the conditions would
have been changed from low to high stress. Since the deck
officer is likely to perform differently under stress, such
training is desirable.

Level |: Low Stress

® Anticipated Shiphandling Tasks
® Maximum Time Allotment

® Low Scenario Complexity

°

Minimum Noise/Distractions

Level (1: High' Stress

Unanticipated Shiphandling Tasks
Minimum Time Allotment

High Scenario Complexity
Substantial Noise/Distractions
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Level H): Progressive Stress

® |nitial Training Scenarios — Low Stress
® Final Training Scenarios — High Stress
® Stress Level Increased as Students Adapt

3.3.13 OVERLEARNING

Learning is the process by which the trainee acquires new
skills at the level of proficiency set forth in the training
objectives. Learning is said to be complete when mastery
is achieved for a particular training objective. Overiearning
occurs when the learning/training process is continued
beyond the achievement of the performance standard by
providing additional exposure to a variety of scenario
situations that require the use of the newly acquired skills.

Overlearning is a desirable characteristic of the training
process in that it improves the confidence of the trainee
and thus results in a greater depth of skills, an assurance
of skill generalizability to other situations, a greater reten-
tion of skill after training, and a higher probability of using
the learned skills when necessary. Overiearning has been
found to be a necessary condition to assure adequate
performance during periods of emergency and stress (Fitts,
1965) and to assure that the trained and measured per-
formance transfers to other situations and other aspects
of the situation that were not measured. Hence, due to the
complexity of the shiphandling problem, overlearning
should often be accomplished by deck officers/trainees,
particularly when the training objectives deal with perform-
ance during emergency periods and/or under stressful
conditions such as those presented in (1) the Navigation
Management training category regarding handling of ship-
board casualties, {2} Shiphandling training category regard-
ing compensation for restricted waters effects and wind and
current effects, (3) Emergency Shiphandling training, and
(4) Rules of the Road regarding potential collision
situations.

Caution should be exercised that overlearning does not give
the trainee a false sense of confidence, which results in his
taking greater risks than necessary at-sea based on an
inflated perception of his ability to handle the situation.
This may be particularly dangerous if the scenario designs
sre too easy and do not tax the trainee’s ability to perform
or provide him with a proper sense of the gravity of the
situstion.

Two levels of this characteristic are described below.

Level I: No Overlearning. Training results in the achieve-
ment of the minimum acceptable performance standards
specified for each training program objective.

Level §l: Desired Overlearning. Training results in the
achievement of the minimum acceptable performance
standards specified for each training program objective
if evaluated six months later under conditions of high
stress,

34 INSTRUCTOR QUALIFICATIONS
(CRITICAL CHARACTERISTICS)

3.4.1 MARINER CREDENTIALS

The license level and at-sea experience of the instructor
is important to ensure the creditability of the training
program with the students. While it is not necessary that
a master-leve!l instructor have a master’s license, lack of
such credentials could provide a handicap that the instruc-
tor would then have to ov.rcome during the training pro-
gram, From the other perspective, the fact that an instruc-
tor has the proper mariner credentials does not ensure that
he is an effective instructor. Many other characteristics
must be considered as outlined in this section.

Minimum mariner credentials for the instructor can also
vary based on the material being covered within the training
program. For example, an instructor with a second mate's
license may be acceptable for providing senior mariners
with refresher training in vessel-to-vessel comraunication
skills. However, a pilot's license or endorsement would
probably be desirable for training senior mariners in sophis-
ticated shiphandling skills (e.g., bank effects, passing ship
effects, etc.). Three levels of mariner credentials that
appear appropriate for training senior mariners are listed
betow:

Level I: 2nd Mate/Chief Mate Licenss (Minimum 2.5 Years
At Sea). An instructor with this type of mariner credential
would probably be acceptable in providing refrosher train-
ing to senior mariners in skills that these individuals normal-
ly delegate to subordinates (i.e., communications, position
fixing!.

Level 11: Master License (Minimum 5 Years At Sea). An
instructor with this credential wouid probably be required
for training skills in which most senior mariners normally
consider themselves current and proficient (i.e., Navigation
Management, Rules of the Road).
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Level 111: Pilot License/Endorsement (Minimum 26 Years
At Sea). An instructor with this type of credential would
probably be desirable when training advanced shiphandling/
emergency shiphandling skills. Although a pilot’s license or
endorsement appears to be the best credential for this type
of training, consideration should be given to the potential
instructor’s specific experience and the currency of this
experience, since the type and amount of restricted waters
shiphandling expertise may vary widely among individual
pilots.

3.4.2 INSTRUCTOR CREDENTIALS

A fundamental background/experience in teaching or
instructional techniques is an important characteristic for
a simulator-based training instructor. The ability to organ-
ize a lesson, communicate concepts, and relate to people
is as critical when training senior mariners as with other
groups of comparable students. The potentiz' instructor
may have obtained his instructor credential through any of
the following routes:

Level |: Educational Certificate. A graduate of a recog-
nized institution which prepares individuals for careers as
teachers within a given state school system. The individual's
training should be concentrated preferably in the areas of
secondary education or adult education.

Level 11: Previous Instructor Experience. A potential
simulator-based training instructor may have acquired his
instructor credentials through experience in other non-
simulator training programs involving students of equivalent
backgrounds. This individua! may or may not have appro-
priate educationa! certificates. However, it is very impor-
tant that he recognize his role as an instructor and not
simply the coordinator of simulator exercises.

Level I1l: Instructor Course. It would probably be appro-
priate for training facilities to provide their potential
ingtructors with special training in the use of the simulator
as an educational tool even if the individual has had pre-
vious teaching experience. The unique nature of the simu-
lator as a training device, the high cost of simulator-based
training, and the importance of the instructor in providing
effective training, appear to make it prudent that the in-
structors be well-versed in the use of their expensive train-
ing device. It would not be necessary that such a course be
tailored to the facility’s specific simulator, although this
would be desirable.
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3.4.3 SUBJECT KNOWLEDGE

The knowledge and familiarity of the instructor with the
subject material to be presented is another important
characteristic. The instructor should have a high level of
understanding in the particular subject area in order to
effectively communicate the concepts involved and, in
some cases, their subtle applications.

There appears to be a tendency in the maritime community
to assume that if an individual has a master’s license, he is
satisfactorily versed in all areas except possibly with regard
to the more sophisticated shiphandling techniques (e.g.,
bank effects, passing ship effects}, This may very well be
the case. However, when training the application of the
Rules of the Road, for example, it would be advantageous
to have an instructor who is a student of the Rules (or at
least interested to become a student of the Ruies) as com-
pared to an individual who had passed the CG examination
and as a result of a number of years of experience considers
himself an expert on the subject. The experience gained
during those years at sea is no doubt a valuable attribute.
However, during that time, particularly if he sailed deep-
sea, he may have had limited opportunities to apply the
Rules, and as a result may not be as qualified as either he
or the training facility would like to believe, Since it is
rare to find individuals who possess such depth of knowl-
edge in particular subject areas, it is perhaps more impor-
tant to ensure that the potential instructor has the proper
attitude towards seeking out a greater level of knowledge
on the subjects to be taught in order to improve his base
for instruction (see Instructor Attitude).

Level |: Satisfactory Knowledge

® Understards all appropriate shiphandling and navigation
principles.

® Understands many advanced shiphandling and navigation
principles.

® Understand the application of these principles for a
variety of vessel types in a cross section of operational
situations.

Level I1: Exhauetive Knowledge

® Understands all appropriate shiphandling and navigation
principles.

® Understands many advanced shiphandling and navigation
principles.
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® Understands the application of these principles for a
variety of vessel types in a cross section of operational
situations.

® Understands the historical development/evolution of
present shipboard equipment, operational procedures,
and regulations.

® Understands the impact of current regulations and tech-
nological changes on the inherent safety of the naviga-
tion process.

3.4.4 INSTRUCTOR SKILLS

The ability of the instructor to utilize the training tech-
niques previously discussed in order to accomplish the
objectives of the training program is another critical charac-
teristic. Although a well-structured training program, as
normally contained in a detailed instructor's guide, will
greatly assist the instructor, he, and he alone, stifl has to
accomplish the lesson plans. The instructor's ability to
organize and conduct a pre-exercise briefing will prepare
the trainees by directing their attention towards key
concepts to be experienced/observed during the exercise.
His ability to explain these concepts using language best
understood by the students is also important. During the
exercise, his ability to monitor and supervise the students
in a constructive manner is critical. The proper amount of
instructor interaction within, particularly the student
conning the vessel, can impact student motivation during
the training program. Some students tend to become dis-
couraged if the instructor is constantly offering “‘sugges-
tions.” In the post-exercise feedback session, the ability
of the instructor to focus on key problem areas in a con-
structive manner will assist in maximizing the benefits
received by the student during the exercise. Well-designed
computer-assisted feedback displays will assist the in-
structor in this area. However, he still must tailor discussion
to the particular student’s performance on the exercise.

The instructor should also possess the ability to identify
students requiring special attention and provide same
without diverting the entire class for long periods of time.
In some cases, it may be more important that each trainee
develop a basic understanding and necessary skills in a
particular area, such as compensating for the effect of
current on a particular vessel, then moving on to another
area, such as passing ship effects, when only the advanced
students have mastered the required skills. Care should be
exercised when assigning students to classes so that they

37

have approximately the same level of expertise (see
discussion of Skills Before Training). However, since this is
not always possible or effective the instructor should have
the ability to compensate to a certain extent during the
training program.

The instructor for senior mariners should be particularly
adept at leading seminar type discussions with the students
in order to draw on the experience of these trainees. This
student involvement in the classroom sessions, if done
properly, will not only add flavor to the training program,
but also assist student motivation. A lecture presentation
is much more appropriate at the cadet level when the
students do not have the weaith of experience to question
or appreciate many of the subtle issues involved.

Level 1: Marginal

® Organizes classroom and simulator time in a manner
which allows for improvement.

® Communicates concepts satisfactorily.

® Spends more time than is required in applying concepts
to operational problems (e.g., too many sea stories}.

® Uses basically one type of teaching method or training
technigue.

® [eads seminar discussions in an acceptable manner.

® Evaluates student performance in a manner which some
students may consider abrasive,

® At least 80 percent of students perform satisfactorily
after instruction.

Level Ii: Desirable

® Organizes classroom and simulator time effectively.

® Communicates concepts well.

® Applies concepts to operational problems in a profes-
sional manner.

® Uses several training techniques satisfactorily to adapt
for individual differences.

® Leads seminar discussion well.

R s o S
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® Evaluates student performance in a positive manner
which enhances motivation.

o At jeast 90 percent of students perform satisfactority
after instruction.

Level 11i: Qutstanding

® Organizes classroom and simulator time very effectively.

® Communicates concepts extremely well, using language
best understood by the trainees.

@ Applies concepts to operational problems in a profes-
sional manner,

® Uses a variety of training techniques effectively to adapt
for individual differences.

@ Leads seminar discussions in an outstanding manner.

® Evaluates student performance in a positive manner
which enhances motivation.

® One hundred percent of students perform satisfactorily
after instruction.

345 INSTRUCTOR ATTITUDE

The enthusiasm of the instructor for the training program
material and his conviction as to the importance of the
program are generally recognized as desirable instructor
attributes. Instructor enthusiasm is not oniy contagious,
but it also is the vehicle by which discrepancies or obstacles
in the training process are successfully overcome. This
enthusiasm should be sincere; the result of deeply held
convictions by the instructor. The instructor's attitude
should also be professional in nature, treating the develop-
ment of sea-going skills from the proper perspective, due
to the serious business of navigating today‘s large and
costly vessels, with their sometimes hazardous cargos.

The instructor, however, should not have an overbearing
view of himself and his job. Not only could this reduce stu-
dent motivation, but it could also limit student-instructor
interaction as discussed below in Student Rapport.

Level |: Reserved

® Conveys subject matter with little emotion.
® Thoroughly answers but does not encourage questions.

® Neither motivates nor discourages students in attaining
the proficiencies specified in the course objectives.

Level II: Positive

® Conveys subject matter in a positive, professional
manner.

® Stimulates moderate student participation in seminar
discussions.

® Motivates students to attain the proficiencies specified
in the course objectives.

Level 111: Enthusiastic

® Conveys subject matter in a contagious, professional
manner.

® Stimulates active student participation in seminar
discussions.

® Creates a sincere desire for attaining proficiencies over
and above the specific course objectives.

3.46 STUDENT RAPPORT

The simulator-based training instructor should have the
ability to deveiop personal relationships with the trainees
which are conducive to the learning process. The students
should feel free to ask questions without fear of ridicule.
The instructor should be empathetic and constructive with
his criticisms. He should provide appropriate support and
encouragement during the trsining process. While it is not
necessary that an instructor be well-liked by the students,
it is important that they respect him as a professional.

Level I: Competent

® Instructor possesses the professional skilis and knowl-
edge of the material being trained within the training
program.

® Thoroughly answers but does not encourage questions.
Level 11: Respected

® |nstructor possesses the professional skills and knowl-
edge of the material being trained within each training
program,

® (instructor viewed ss an exampie of the proficiences to
be attained as a resuit of the training program.

® instructor easily approachable by students with ques-
tions concerning the concepts being taught.
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Level Ii}: Admired

® Instructor possesses professional skills and knowledge

substantially beyond those being taught within the
training program.

® Instructor viewed as an example of the proficiencies to

be attained as a resuit of many years of professional
experience,

@ Instructor may or may not be easily approachable due to

the student’s awe of his professional abilities.

34.7 INSTRUCTOR EVALUATION

This characteristic refers to the evaluation of instructors
conducted periodically by the training facility, to ensure
consistently high quality of instruction. Each facility
should develop and implement its own procedures regarding
evaluation intervals and evaluation criteria. Two levels of
instructor evaluation are discussed below.

Level I: Continuing. Instructor performance during each
training program is monitored via student posttraining
proficiency tests and student evaluation forms in order to
ensure the maintenance of high standards at the training
facility.

Level 1l: Disgnostic. At periodic intervals (e.g., every six
months) or when the continuing evaluation indicates a
problem, instructor performance should be reviewed via
3 more comprehensive evaluation. This evaluation should
provide the instructor with constructive criticism of his
proficiency for each of the applicable training categories
discussed in Chapter 2.

The evaluation session should be one in which the evalu-
ators observe at least two classroom segments and at least
two simulator exercises in a particular training category.

The following items should be evaluated regarding the
instructor:

® ability to organize a lesson
® ability to conduct a lesson

® ability to communicate concepts using language best
understood by the students

® the instructor’s level of understanding of the particular
subject area

@ ability to utilize various training techniques effectively

® ability to monitor and supervise the students in a con-
structive manner

® ability to provide constructive feedback regarding a
particular student’s performance on an exercise

® ability to identify students requiring special attention
and providing it without diverting the entire class for
long periods of time

® enthusiasm for teaching the material

©® professionalism of the instructor’s attitude

® ability to develop good student rapport

® improvement in student performance as a result of the
training provided.
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CHAPTER 4

RECOMMENDED TRAINING SYSTEM CHARACTERISTICS

The recommendation of specific characteristics for a senior
mariner simulstor-based training system is difficult primar-
ily because the effectiveness of training is the result of the
interaction of many complex factors. For example, as
previously mentioned, a well-qualified instructor can
compensate for certain deficiencies in simufator design
(e.g., limited horizontat field of view). Likewise, a well-
structured training program can assist a marginal instructor
in organizing and implementing the course material.

Individuals involved in the design or evaluation of a
simulator-based training system will have to make many
judgemental trade-offs. Should capital resources be invested
for a 240° horizontal field of view in lieu of a 180° field of
view, or should these funds be invested in training assist-
ance technology features? Should capital resources be
invested for a night only capability in lieu of a day/night
capability and the differential funds invested in built-in
diagnostic features in order to improve system availability?

Although many of these decisions will be made during the
initial design of a simulator-based training system, other
decisions will have to be made concerning its operation.
For example, should higher pay be offered to attract better
instructors or should these funds be invested ‘in service
contracts to ensure high system availability? While this
report does not answer these types of questions, it does
provide background information to assist in the decision-
making process.

Specifically, this section of the report recommends the
appropriate level of the critical training system character-
istics for each senior mariner desired skili category identi-
fied in Chapter 2. This is accomplished through the use of
six sets of tables; one set of tables for each of the six

training categories. It should be noted that each table
contains both the recommended and minimum levels for
these critical training system characteristics. The recom-
mended level is the description of the specific characteristic
which is identified and discussed in Chapter 3 that the
authors deem most appropriate for training the particular
senior mariner desired skill category. The minimum level of
the characteristics is the description of the most inexpen-
sive configuration of the particular critical training system
characteristic that the authors judge to be effective for
training the majority of the desired skills in a particular
category. Through a comparison of the recommended and
the minimum levels for each characteristic, a range of
acceptability for the particular training system character-
istic may be established.

It should also be noted that if a training facility meets all
the minimum requirements for a particular skill category,
it still may not be acceptable for training that particular
category. The minimum levels of these training system
characteristics are established on an item by item basis.
It is assumed that other elements of the training system
could realistically compensate in a properly designed
training system for this minimum level of the characteristic.
For example, in certain situations a black and white visual
scene (i.e., minimum level) may be acceptable when color
is recommended if the types of scenarios employed, the
structure of the training program, and the procedures
utilized by the instructor minimize the impact of this
apparent simulator deficiency. The reader is reminded that
the data contained in the following tables are the authors’
interpretation of the guidelines set forth in Chapter 2 for
each of the senior mariner desired skill categories. For
more information concerning the relationship between
the effectiveness of training and the particular training
system characteristics, please refer to Chapter 3.

g
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TABLE 2. SUMMARY OF RECOMMENDED TRAINING SYSTEM GUIDELINES

FOR NAVIGATION MANAGEMENT

Critical Training
System Characteristios Recommended Level Minimum Level
Simulstor
Visual Scene
Geographic area 111: Restricted Waters i1: Coasstal
Horizontal FOV I1: Greater than 240° H: 120° to 240°
Vertical FOV Ih: £10° to £15° I: 6° to £10°
Time of day 1l1: Day/night I: Night only
Color visual scene It: Multi-color I: Black and white

Radar Presentation
Bridge Configuration
Ownship Characteristics
Exercise Control
Traffic Vessei Control

Training Assistance Technology

Availability
Training Program

Skill Level After Training

Skill Level Before Training

Training Objectives

Training Tocﬁniques
Knowledge of requirements
Positive guidance

Adaptive training

Post problem critique

"

1IH
:

m:

. Low fidelity radar
. Full bridge

. Shaliow water

Instructor exercise control
Independently mansuverabls

Remote monitoring

. Feedback display

¢ High availability

: Dirict skill improvement

Simulator diagnostic evaluation

Highly structured

Various techniques

Various techniques

: Group adaptive training

Complete and immediate fesdback

: Low fidelity radar
. Full bridge
: Deep water
: Exercise selection

: Canned traffic

NONE

. High availsbllity

: Direct skill improvement
: No disgnostic evaluation

: Moderately structured

Various techniques

Various techniques

. No adaptive training

Immediate fesdback
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TABLE 2. SUMMARY OF RECOMMENDED TRAINING SYSTEM GUIDELINES
FOR NAVIGATION MANAGEMENT (Continued)

Critical Training
System Characteristics

Recommended Level

Minimum Level

Training Program (Continued)
Instructor’s Guide
Classroom Support Material

Simulator/Classroom Mix

Training Program Duration
Class Size

Scenario Design

Number of Scenarios

Stress

Overlearning
Instructor

Mariner Credentials

Instructor Credentials

Subject Knowledge

Instructor Skills

Instructor Attitude

Student Rapport

Instructor Evaluation

Documented instructor’s guide
Advanced support media

Prebriefing/simulator/post-
briefing mix

2 Weeks (80 hours)

: 6 or less students

: Intermediate skill scenarios
: Advanced skill scenarios

: Moderate practice

: Progressive stress

: Desired overlearning

: Master license

: Instructor course

: Exhaustive knowledge
: Outstanding

: Enthusiastic

: Respected

: Continuing

: Diagnostic

: Basic support material

: Simulator/Postbriefing mix

: 1 Week (40 hours)
: 6 or less students

: Intermediate skill scenarios

: Minimal practice

Undocumented instructor’s guide

Advanced skill scenarios

Progressive stress

: No overlearning

: Master ficense

: Educational certificate
: Satisfactory knowledge
: Marginal

: Reserved

: Competent

: Continuing

: Diagnostic




TABLE 3. SUMMARY OF RECOMMENDED TRAINING SYSTEM GUIDELINES
FOR VESSEL TO VESSEL COMMUNICATIONS

Critical Training
System Characteristics

Recommended Level

Minimum Level

Simulator
Visual Scene
Geographic area
Horizontal FOV
Vertical FOV
Time of day
Color visual scene
Radar Presentation
Bridge Configuration
Ownship Characteristics
Exercise Control

Traffic Vessel Control

Training Assistance Technology

Availability
Training Program

Skill Level After Training

Skill Level Befors Training

Training Objectives

Treining Techniques
Knowledge of requirements
Positive guidance
Adaptive training

Post problem critique

It

:

I
:

Restricted Waters
Greater than 240°
Greater than £15°

Day/night

: Multi-color
. Low fidelity radar

: Full bridge

Special effects
instructor exercise control

Independently maneuverable

: Remote monitoring
: Feedback display

: High availability

: Direct skill improvement

Simulator disgnostic evaluation

Highly structured

Various techniques

Various techniques

: Group adaptive training

Complete and immediate fsedback

: Coastal

: 120° to 240°

: $10° to £16°

: Night only

: Black and white

: Low fidelity radar
: Reduced bridge

: Deep water

: Instructor preprogrammed 1

: Preprogrammed traffic i
: High availability
: Direct skill improvement

: No diagnostic svaluation

: Moderately structured i

— e a

NONE

Verious techniques

Various techniques

: No adaptive training

¢ Immediate feedback
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TABLE 3. SUMMARY OF RECOMMENDED TRAINING SYSTEM GUIDELINES
FOR VESSEL TO VESSEL COMMUNICATIONS (Continued)

Critical Training
System Characteristics Recommaended Level Minimum Level
Training Program (Continued)
Instructor’s Gyide l1: Documented instructor’s guide I1: Undocumented instructor’s guide
Classroom Support Material I11: Advanced support media I: Basic support material
Simulator/Classroom Mix IH: Prebriefing/simulator/post- i11: Simulator/Postbriefing mix
briefing mix
Training Program Duration 11: 3 Days (24 hours) i1 1 Day (8 hours)
Class Size il: 8or Ies; students Ni: Greater than 6 students
Scenario Design Various levels Various levels
Number of Scenarios I1: Moderate practice I: Minimal practice
Stress 111: Progressive stress 1i1: Progressive stress
Overlearning I1: Desired overlearning i: No overleaming
Instructor

Mariner Credentials 11: Master license t: 2nd Mate/chief mate license
instructor Credentials 111: Instructor course I: Educational certificate
Subject Knowledge 1: Exhaustive knowiedge 1: Satisfactory knowledge
Instructor Skills (1f: Outstanding I: Marginal
Instructor Attitude iff: Enthusiastic I: Reserved
Student Rapport il: Respected I: Competent
instructor Evaluation I: Continuing 1: Continuing

it: Disgnostic H: Diagnostic
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TABLE 4. SUMMARY OF RECOMMENDED TRAINING SYSTEM QUIDELINES

Horizontal FOV

D Vertical FOV
Time of day
Colar visual scene

Radar Presentation
’ Bridge Configuration
Ownship Characteristics
Exercise Control
Traffic Vessel Control
: Training Assistance Technology

Availability

Training Program
Skill Leve! After Training

Skill Level Before Training

Training Objectives

E i Training Techniques
‘ Knowledge of requirements
Positive guidance

Adaptive training

Post problem critique

Greater than £15°

Day/night

: Multi-color
: Low fidelity radar

: Full bridge

Special effects

Instructor exercise control
independently maneuverable
Feedback display

High avsilability

Direct skill improvement
: Simulator diagnostic evaluation

Highly structured

Various techniques
Various techniques
1 Group adaptive training

: Compiete and immediate feedback

FOR SHIPHANDLING
Critical Training
System Characteristics Recommended Level Minimum Level
Simulator
Visual Scene
Geographic area I1): Restricted Waters i1: Coastal
111: Greater than 240° i: 120° to 240°

: $10° to £15°

: Day only

: Black and white

. Reduced bridge

: No radar

. Shallow water

: Exercise selection

: Canned traffic

NONE

: High availability

: Direct skill improvement
: No diagnostic evaluation

: Moderately structured

Various techniques
Various techniques
No adaptive training

Immediste feedback

o3
[
: .
T e e e e .

46

o VT e R e 3TN

oot

P s S el




—r o n ——t ——— T 8. e W -

S

'3«

TABLE 4. SUMMARY OF RECOMMENDED TRAINING SYSTEM GUIDELINES

FOR SHIPHANDLING (Continued)
Critical Training
System Characteristics Recommended Level Minimum Level
Training Program (Continued)
Instructor’s Guide Ilt: Documented instructor’s guide Il: Undocumented instructor’s guide
Classroom Support Material 11l: Advanced support media I: Basic support material

Simulator/Classroom Mix

Training Program Duration
Class Size

Scenario Design

Number of Scenarios
Stress

Overlearning

Instructor

Mariner Credentials
Instructor Credentials
Subject Knowledge
Instructor Skills
Instructor Attitude
Student Rapport

Instructor Evaluation

i

Prebriefing/simulator/post-
briefing mix

: 3 Days (24 hours)

1 3 or less students

Various levels
Desired practice
Progressive stress

Desired overlearning

Pilot license/endorsement

Instructor course

: Exhaustive knowledge

Outstanding

Enthusiastic

: Respected
: Continuing

: Diagnostic

: Simulator/Postbriefing mix

: 3 Days (24 hours)

: 6 or less students

Various levels

. Moderate practice

Progressive stress

: No overlearning

: Master license

: Educational certificate
: Satisfactory knowledge
: Marginal

: Reserved

: Competent

: Continuing

: Diagnostic
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TABLES. SUMMARY OF RECOMMENDED TRAINING 8YSTEM GUIDELINES
FOR EMERGENCY SHIPHANDLING

Critical Training
System Characteristics Recommended Level Minimum Level
Simulator
Visual Scene
Geographic area 111: Restricted Waters 11: Coastal
Horizontal FOV i1l: Greater than 240° : 120° to 240°

Vertical FOV
Time of day
Color visual scene
Radar Presentation
Bridge Configuration
Ownship Characteristics
Exercise Control
Traffic Vessel Control
Training Assistance Technology
Availability
Training Program
Skill Level After Training
Skill Level Before Training
Training Objectives
Training Techniques
Knowledge of requirements
Positive guidance
Adaptive training

Post problem critique

"
:

Greater than +15°

Day/night

: Multi-color
. Low fidelity radar

: Full bridge

Special effects
Instructor exercise control
Independently maneuverable

Feedback display

: High availability

: Direct skill improvement

Simulator diagnostic svalustion

Highly structured

Various techniques
Various techniques
Group adaptive training

Complete and immediate fesdback

: +10° to +16°

: Day only

: Black and white

: No radar

: Reduced bridge

: Shallow water

: Exercise selection

: Canned traffic

NONE

: High availsbility

: Direct skill improvement
: No disgnostic evaluation

. Moderately structured

Various techniques

Various techniques

: No adaptive training

: Immediate fesdbeck




Subject Knowledge
instructor Skills
Instructor Attitude
Student Rapport

Instructor Evaluation

1

: Exhaustive knowledge

Outstanding
Enthusiastic

Respected

: Continuing

: Diagnostic

. Diagnostic

i
2
TABLES. SUMMARY OF RECOMMENDED TRAINING SYSTEM GUIDELINES
FOR EMERGENCY SHIPHANDLING (Continued)
Critical Training
System Characteristics Recommended Level Minimum Level

‘ . Training Program {Continued)
. Instructor's Guide t1t: Documented instructor’s guide I1: Undocumented instructor’s guide
! Classroom Support Material 1i1: Advanced support media |: Basic support material
! Simulator/Classroom Mix t11: Prebriefing/simulator/post- ll: Simulator/Postbriefing mix
; briefing mix
i Training Program Duration 11: 1 Week (24 hours) ti: 3 Days (24 hours)

Class Size I: 3 or less students 11: 6 or less students
Scenario Design Various levels Various levels

. Number of Scenarios Hi: Desired practice i1): Moderate practice

;

} Stress 111: Progressive stress 1N: Progressive stress

Overlearning Ii: Desired overlearning {: No overiearning

5 Instructor

.> Mariner Credentials INl: Pilot license/endorsement 11: Master license

¢

i: Instructor Credentials IN: Instructor course I: Educational certificate

: Satisfactory knowledge
: Marginal

: Reserved

: Competent

: Continuing




TABLE 8. SUMMARY OF RECOMMENDED TRAINING SYSTEM GUIDELINES

FOR RULES OF THE RQAD
| Critical Training ,
System Characteristics Recommended Leve! Mlnimylm' ‘Level
Simulator

Visual Scene

Geographic area 111: Restricted Waters I: Open sea

Horizontsl FOV itl: Greater than 240° 1: 120° to 240°

Vertical FOV : £10° to £15° I: $6° 10 £10° .

Time of day 111 Day/night I: Night only

Color visual scene 1t: Multi-cofor I: Black and white
Radar Presentation 11: Low fidelity radar It: Low fidelity radar
Bridge Configuration fi: Full bridge I: Reduced bridge
Ownship Characteristics 11} Special effects {: Deep water

Exercise Control
Traffic Vessel Contro!

Training Assistance Technology

Availability
Training Program

Skill Level After Training

Skill Leve! Before Training

Training Objectives

Training Techniques
Knowledge of requirements
Positive guidance
Adaptive training

Post problem critique

1
:

Instructor exercise control

independently maneuverable

: Remote monitoring
: Feedback displays

: High availability

: Direct skill improvement

Simulator diagnostic evaluation

Highly structured

Various tochniques
Various techniques

Group adaptive training

i11: Complete and immediate feedback

'-
.

: High availabitity

: Diract skill improvement

Instructor preprogrammed

Preprogrammed traffic

NONE

: No diagnostic svaluation

: Moderately structured

Various techniques
Various techniques
No adaptive training

immediate fesdback




TABLE 6. SUMMARY OF RECOMMENDED TRAINING SYSTEM GUIDELINES
FOR RULES OF THE ROAD (Continued)

Critical Training
System Characteristics

Recommended Level

Minimum Level

Training Program (Continued)
Instructor’s Guide
Classroom Support Material

Simulator/Classroom Mix

Training Program Duration

Class Size

Scenario Design

Number of Scenarios

Stress

Overlearning
Instructor

Mariner Credentials

Instructor Credentials

Subject Knowledge

Instructor Skills

Instructor Attitude

Student Rapport

Instructor Evaluation

Ilt: Documented instructor’s guide
I1: Advanced support media

Hl: Prebriefing/simulator/post-
briefing mix

111: 3 Days (24 hours)
Il: 6 or less students
Various levels
1l: Moderate practice
111: Progressive stress

1t: Desired overlearning

1l: Master’s license

111: Instructor course

1I: Exhaustive knowledge
1H1: Qutstanding

111: Enthusiastic

Il: Respected

I: Continuing

II: Diagnostic

: Undocumented instructor’s guide
: Basic support material

: Simulator/Postbriefing mix

: 1 Day (8 hours)

. Greater than 6 students

Various levels

: Minimal practice

Progressive stress

: No overlearning

: Master license

: Educational certificate
: Satisfactory knowledge
: Marginal

: Reserved

: Competent

: Continuing

: Diagnostic
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TABLE 7. SUMMARY OF RECOMMENDED TRAINING SYSTEM GUIDELINES
FOR RESTRICTED WATERS NAVIGATION (PILOTING)

Critical Training

System Characteristics Recommended Level Minimum Level
Simulator
Visual Scene
Geographic ares I1l: Restricted Waters Il: Coastal
Horizontal FOV 181: Greater than 240° 11: 120° 10 240°
Vertical FOV i: £10° to :15° I: £5° to £10°
Time of day {H: Day/night I1: Night only
Color visual scene It: Multi-color I: Black and white

Radar Presentation
Bridge Configuration
Ownship Characteristics
Exercise Control
Tratfic Vessel Control

Training Assistance Technology

Availability
Training Program

Skill Level After Training

Skill Level Before Training

Training Objectives

Training Technigues
Knowledge of requirements
Positive guidance
Adaptive training

Post problem critique

: Low fidelity radar

: Full bridge

: Shallow water effects

: Instructor exercise control

: Preprogrammad traffic

Remote monitoring

: Feedback displays

: High availability

: Direct skill improvement

Simulator diagnostic ev:'uation

Highly structured

Various techniques

Various technigues

: Group adaptive training

Complete and immediate feedback

. Low fidelity radar

Reduced bridge

: Deep water
: Exercise selection

. Canned traffic

NONE

: High availability

: Direct skill improvement
: No diagnostic evaluation

: Moderately structured

Various techniques

Verious techniques

1 No adaptive training

immaediate fesdback
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TABLE 7. SUMMARY OF RECOMMENDED TRAINING SYSTEM GUIDELINES
FOR RESTRICTED WATERS NAVIGATION (PILOTING) (Continued)

Critical Training
System Characteristics

Recommended Level

Minimum Level

Training Program (Continued)

Instructor’s Guide 11: Documented instructor’s guide I1: Undocumented instructor’s guide !
y
4 Classroom Support Material IH: Advanced support media I Basic support material :
Simulator/Classroom Mix fti; Prebriefing/simulator/post- I: Simulator/Postbriefing mix é
briefing mix
Training Program Duration 11: 1 Week (40 hours) I: 3 Days (24 hours)
Class Size 11: 6 or less students 1I: Greater than 6 students
Scenario Design Various levels Various levels
Number of Scenarios II: Moderate practice I: Minimal practice
Stress I1): Progressive stress {il: Progressive stress
Overlearning 11: Desired overlearning 1: No overlearning
Instructor
Mariner Credentials 1 Mastér's license I: 2nd Mate/chief mate license
Instructor Credentials I1Y: Instructor course I: Educational certificate
Subject Knowledge 11: Exhaustive knowledge |: Satisfactory knowledge
Instructor Skills Il Outstanding 1: Marginal
Instructor Attitude H1: Enthusiastic I: Reserved
Student Rapport Il: Respected i: Competent
Instructor Evaluation I: Continuing I: Continuing
Il: Diagnostic I1: Diagnostic
53
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CHAPTER S

EVALUATION OF TRAINING SYSTEM EFFECTIVENESS

5.1 PERFORMANCE TESTING

Evaluation of the critical design characteristics of a
simulator-based training system in accordance with the
guidelines provided in Chapter 3 and Chapter 4, is one
technique available today to assess the effectiveness of
simulator training. It assumes that if the simulator-based
training system is properly designed and the training
properly conducted, the training will be effective. A second
technique available today is to evaluate the performance of
trainees upon completion of the training program. This
technique ignores the design of the training system and
focuses on the bottom-line results, the proficiency of the
trainees after training. It would conceivably involve a
sample of graduates from a specific training facility
handling a simulated vessel within an appropriately-
designed test scenario. The proficiency levels identified for
the sample of graduates would then be inferred through
statistical techniques to represent the proficiency levels of
the majority of graduates from the training facility for that
specific training program.

ideally, such performance testing of simulator-based
training graduates should be conducted at sea. However,
due to the costs associated with such testing in the at-sea
environment, it is recommended that the U.S. Coast Guard
or any potential customer interested in evaluating the
effectiveness of simulator training consider testing a sample
of graduates on a simulator other than the device employed
for training. This second simulator should have high fidelity
with the at-sea environment for the perticular training
objectives which have been seiected for evaluation. Utiliza-
tion of a second simulator would provide greater assurance
that the skills acquired during training and evaluated during
the test scenario are transferable to the st-sea environment
and not specific to the training simulator.

Use of both the design guidelines and performance testing
criteria for evaluating simulstor-bmed training would ensure
grester validity and reliability of the evaluation. However,
it would also be a mors costly undertaking than employing
sither of the criteria separately. The necessity for employ-
ing both criteria should be carefully considered in light of
this additional cost.

5.2 TEST SCENARIOS

The scenarios employed for establishing the praficiency
levels of the graduates of a particular training facility
should be carefully designed based on the more important
training objectives within the training program. The training
objectives contained in paragraph 2.5 may be employed
for this purpose in the absence of training objectives from
a specific training program. The guidance contained in
paragraph 3.3.10 should be considered when developing
the test scenario itself. It may be desirable to organize the
test scenario into several discrete segments. Each segment
would address the evaluation of trainee proficiency on a
fimited number of training objectives. For master-level
training, such test scenario segments may be developed
based on several critical points during a vessel’s transit
within an actual or hypothetical port. The type of scenario,
its compiexity, and the performance measures employed
should discriminate between acceptable and unacceptable
shiphandling/navigation performance. Williams et al. (1982)
have conducted research on the CAORF simulator regard-
ing the development of one such test scenario.

If a second simulator other than the training simulator is
employed as recommended in paragraph 5.1, it is important
that the trainees be provided adequate familiarization with
the simulator prior to being administered the test scenario.
In addition, it is also prudent that the trainees not be
allowed to observe other test scenarios prior to their test
scenario. |f formal scientifically-based procedures are
desired for handling trainees in order to ensure the objec-
tivity of the results, it is recommended that CAORF be
contacted since its personne! have extensive experience in
handling test subjects for simulator-based resesrch.

5.3 PERFORMANCE MEASURES

Evaluation of shiphandling performance is not an essy task.
The ‘‘bottom-line” performance measures, such = colli-
sions or groundings, are usually not discriminatory, since
they are rare events at sea. Any scenerio which indicates
saveral such events in the small sample sizes envisioned
{see paragraph 5.4) wouid be extremely difficult, sliowing
the shiphandier such a small margin for error that the
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scenario may not be acceptable to the operational commu-
nity as an appropriate test for the evalustion of ship-
handling proficiency. Other available performance measures
must then be utilized to evaluste performance and provide
an indication of the inherent safety of the navigation
process. Other parformance measures that have been
successfully employed at CAORF to evaluate master-level
shiphandling include but are not limited to the following
performance measures:

CPA to other ships

CPA 1o charted objects {e.g., shoals, piers)
Recognition of buoy off station

Mean deviation from centerline

Maximum deviation from centerline

Mean deviation from average trackline
Maximum deviation from average trackline

Maximum swept path

Time/distance to reduce speed
Number of course/rudder orders
Magnitude of course/rudder orders
Number of engine orders
Magnitude of engine orders
Range of maneuver

Dirsction of course change
Magnitude of course change

Use of VHF communicstions
Use of whistle signals

Number of visual besrings

It is recommended that shiphandiing performance in the
test scenarios be evaluated based on the analysis and inter-
pretation of muitiple performance measures. This allows
the atsessment of the trainee’s shiphandling proficiency to
be made from several perspectives. Although this can
complicate the analysis, when the performance measures
point to conflicting interpretations, it usually provides a re-
liable sssessment of the trainee’s shiphendling proficiency.

84 PERFORMANCE STANDARDS

Onoe traines performance is messured by meens of tech-
niques such ss outlined in paragraph 8.3, it etill must be

svaluated to establish whether or not the proficiency levels
exhibited by the trainses from a particular training program
are acceptable. This evaluation may invoive the comparison
of pre-training performance with post-training performance
in order to establish that beneficial training has occurred.
Maore gppropristely, it may involve comparison of post-
training performance against an established standard.
Overall traines performance above this established stand-
ard could be conceivably desirable for accreditation of a
particular simulator-based training program. Williams et
al. (1982) employed pilots, operating without local knowi-
edge in geographic areas other than their own, to establish
the performance standards for the master-level shiphandling
skills in a prototype test scenario.

The comparison of trainee performance, whether it be pre.
training to post-training or post-training to established
standard, should employ recognized statistical techniques
in order to establish significant differences in trainee per-
formance. Such siatistical techniques include but are not
limited to: analysis of variance (ANOVA), “'t"-test, Mann-
Whitney U test, Chi Square test, etc.

65 SAMPLE SIZE

As many greduates as possible from a particular training
program shouid be evaluated to establish the proficisncy
fevels to be associated with that program at the training
facility in question. Logistics and sconomics will limit the
number of trainses evaluated, particularly if s second
simulator is employed s recommended in paregraph 6.1.
However, it is recommended that at least 12 graduates be
utilized to establish the proficiency levels associated with
any training program. Although smailer sampie sizes may
produce valid resuits, sxperience and prudent practice
would sppear to indicate that at least 12 gradustes be
evaiuated in order to ensure ressonably reliable results.
if several training programs at s particuler facility are being
evaluated, it is recommended that at least 12 graduates be
empioyed for each training program. These graduates
should not all be selected from the same offering of the
training program but selected randomly from different
offerings over the sccreditation/evaiustion period.

5.6 TESTING INTERVAL

Whenever @ training system Is evaluated, it should be
periodicslly reviewed to snsurs that the desired standards
sre being maintained. The frequency of this resvelustion
should be based on enticipated cheanges in the oriticsl
tralning system charecteristics identified and discussed in
Chapter 3, perticulerly turnover in the instructionsi staff.
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In addition, the Coast Guard or potential simulator-based
training facility operator/user should frequently monitor
several critical design characteristics to determine if a more
comprehensive svaluation is warranted.

Since the accreditation/evaluation process, whether design
criteria or performance test criteria, can be an expensive
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proposition, if thoroughly conducted, the interval between
evaluations should be maximized. It should be noted that
the performance test criteria could have the advantage of
distributing this cost by scheduling the testing of facility
graduates over the accreditation/evaluation period. This
may make the cost of such accreditation/evaluation more
palatable to the parties concerned.
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