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SUMMARY

This study evaluated the feasibility -~ integrating recent advances
in instructional technology to form an improved training system in the marine
engiueering maintenance training area. Results of the study included:
® A description of training objectives based on a selected
segment of instruction and the training technologies

necessary to achieve each objective

o A description of existing training equipment which could
meet, or could be modified to meet, the training objectives

e Functional specifications of new training equipment, or modi-
fications to existing equipment, which are necessary to

provide the needed training

® Description of software and software modifications required
to integrate the various hardware subsystems into an over-
all training system

® Assessment of the adequacy of existing training technology in
accomplishing the training program

e Initial and lifetime cost, and training efficiency tradeoff
projections, for all recommended solutions

e A preliminary plan for development and evaluation of the
experimental training system

The study was divided into four major areas:

(1) Requirements analysis (job, course, and system requirements).

The analysis of job requirements included the selection of an appropriate
segment of instruction, description of its tasks, task sequences, aud the
skills and knowledges required to perform the tasks. The segment of in-
struction selected for study was the Automatic Boiler Control-Hagan course
currently administered at the Development and Training Center (DATC), San

Diego. Analysis of course requirements included the derivatiovn of train-

ing objectives, course phases, training modules, and a preliminary course
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outline which shows the sequence of presentation of course contents.
System requirements were identified on the basis of the reguirements and
constraints imposed on the experimental maintenance trainiue system by
course requirements.

(2) Media selection. This effort entailed a survey of existing

] instructional technology and the selection of a cost-effeciive mix of

] training media. This was accomplished by application of a media selection
met hod developed specifically for this purpose. The results of the trade-
of f analysis showed that, under the assumption that effectiveness and cost
factors are of 2qual importance, the preferred system .onfiguration is one
which includes an audio visual device with intrinsic branching, and a
programmable simulator based on interchangeable modular components. If

media selection is not constrained by cost considerations, the most

effective mix is a programmable video tape type of audio visual presenta-
tion with a closed-loup computer based simulator device.

(3) Training system descripticn. This required identification of

training modules for each phase of the training program, ana the designa-
tion of training media appropriate to each module. The required charac-
teristics of the selected mix of devices were then identified.

(4) System development plan. Specific requirements were identified

for the development of an experimental program to support the advanced

engineering wainfenance trainirg course selected for studvy. These are

briefly outlined in terms of broad categories such as Preparation, Hardware
% Procurement, Syllabus D2velopment, Course Software Development, Instructor

3
3
l Selection and Training, and Pilot Course Implementation.
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PREFACE

This report describes the results of a study performed for the Naval
Training Equipment Center by the Essex Corporation under Contract N61339-
74-C-0151.

The ctjective of this effort was to assess the feasibility of inte-
grating various recent advances in instructional technology into a new
training system configuration designed to significantly expand maintenance
training capability in the marine engineering area. This study addresses
the optimal application of several pre-designated tools and techniques of
instruction to a defined segment of instruction within the gener-1 area of
marine engineering maintenance training. The instructional techniques which
were considered were pre-designated in such a way as to insure that all
major trends and recent advances in training technology were addressed.

The approach and specific analytic procedures used to achieve this
objective are described and a new training system especially configured
for test and evaluation of these concepts is proposed.

The effort described in this report constitutes the first phase of an
on-going program of research whose objectives include: (a) feasibility
analysis; (b) fabrication and test of a prototype training system; (c) cost
and training effectiveness evaluation studies within the context of the Navy
technical training comunity, and (d) follow-up fleet perfcrmance evaluations.

Ay ’)11,::1 (,4' , 71w =<

KNOX E. MILLER
Acquisition Director
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1.0 INTRODUCTION

The purpose of this study was to investigate the feasibility of
integrating existing instructional technology into a new configuration
designed to support the unique requirements of a selected marine engineer-
ing maintenance training program.

Any maintenance job requires the performance of many diverse main-
tenance tasks. The variety and complexity of such tasks presents a
special problem in marine engineering maintenance, since the job incumbent
must work effectively with many different types of equipments, including
electrical, electronic, electro-mechanical, hydraulic, and pneumatic
systems. An unusually broad range of maintenance skills is therefore
required. This in turn means that training programs to support marine
engineering maintenance must be similarly broad in scope.

The past two decades represent a period of rapid growth in instruc-
tional technology. Miniaturization and cost reduction of computers,

coupled with fresh insights into the learning process, has stimulated the

development of a wide variety of instructional techniques and applications.

These include:
® Individuaiized instruction
® Audio-visual aids
e Computer assisted instruction
e Computer managed instruction
o Augmented feedback

® Programmed instruction

e ot e i e,

(ohs i g e e 5
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¢ Simulation
e Proceduralized job performance aids

Not all such techniques are equally appropriate for all training
purposes. Some methods have particular value in imparting job-relevant
knowledge and some methods are singularly appropriate for developing per-
ceptual-motor skills. Some trairing devices attempt to deal with both
of these areas with, perhaps, a reduced efficiency. 1t is questionable
whether any single technique or training method is uniformly appropriate
for all aspects of maintenance training, particularly when such training
involves the scope of knowledge and skills represented by marine enginecer-
ing maintenance.

The present study addressed the problem of how the diversity of
available instructicnal technologies could be systematically examined in
order to evaluate their cost-effectiveness in satisfying specific train-
ing requirements. This evaluation formed the btasis for subsequent efforts

in which selected training techniques were integrated into a recommended

marine engineering maintenance training system.
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2.0 STUDY METHOD

2.1 Study Objectives

The principal objective of this investigation was to assess the
feasibility of developing an improved marine engireering maintenance
training system based on the selective integration of advanced instruc-
tional technologies. A secondary objective was to select appropriate
media components and to describe their necessary interfaces in a training
system. Although the study was limited to a selected segment of instruc-
tion, the approach is applicable to a wide range of maintenance training

programs.

2.2 Study Scope

Four major products were to be derived from the study:
(1) A description of training objectives based on a selected segment
of instruction and the training technologies necessary to

achieve each objective

(2) A description of existing training equipment which could meet,
or be modified to meet, the training objectives

(3) Functional specifications of new training equipment, or modi-
fications to existing equipment, which are necessary to provide
the needed training

(4) Description of software and software modifications required to
integrate the various hardware subsystems into an overall
training system

In addition, a preliminary plan for the development and evaluation of

the experimental training system was to be presented in outline foim,

2.3 Study Approach

Four roughly sequential phases were involved ir the study. These

ére depicted in the flow chart in Figure 1. A detailed descripticn of

O
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NAVTRAEQUIPCEN TL-C-0151-1

the work performed within each phase is presented in Figure 2. The study

phases were:

(1) Requirements analysis. This involved analysis of job, course

and training system requirements. This phase provided the basic data
for subsequent analysis, including: (a) the comparative evaluation of
alternative media; (b) integratior of media into a conceptual training
system; (c) derivation of functional specifications for that system; and
(d) identification of training requirements which cannot be fully satis-

fied by current technology.

(2) Media selection. Alternative media were evaluated in terms of

their ability to support the defined training objectives. One significant
by-product of this activity was the development of an analytic tool which
is expected to be useful in the selection of training media for other
applications.

(3) Training system description. This was derived from the integra-

tion of the selected media with respect to all training objectives, and the
formal specification of system hardware and software components.

{4) System development plan. This effort included preparation of

the plan itself and identification of gaps in state-of-the-art instruc-

tional technology which might affect implementation of the plan.

1




T e e o

STUDY
RESULTS

(SEE 2.2) ANALYSIS

REQUIREMENTS

STUDY OBJECTIVE

.

SEGMENT OF INSTRUCTION

CONDITIONS

ENVIRONMENTAL & OPERATIONAL

AFFECTING TASKS

v

COURSE MISSION
REFINEMENT

\.

4 JOB TASKS

1

F—

FAULT SEQUENCE
ALGORITHMS

)

SKILLS &
KNOWLFDGES

TRAINING CBJECTIVES }‘

(1) 4

1

COMMON TRAINING
OBJECTIVE FACTORS

v

PRIORITIES
OF MODULES

==~ COURSE MODULES

¥ .

MODULE SEQUENC
ING & PHASING

L

CATEGORIZATION OF
TRAINING OBJECTIVES

_.l

ASSIGNMENT OF T O
CATEGORIES TO MODULES

& 1

TRAINING REQUIREMENTS
(FACTS, PRINCIPLES,
DECISIONS, SEQUENCES)
BY CATEGORY

J

TRAINING SYSTEM
FUNCTIONS

L 2

TRAINING SYSTEM
REQUIREMENTS - BY
FUNCTION & T O CATEGORY

Figure 2.

STUDY E."ASES

L

JOB
RQMTS

COURSE
RQMTS

TRAINING
SYSTEM
RQMTS

12




NAVTRAEQUIPCEN TL-C-0151-1

STUDY
ﬁ. G e T MEDIA SURVEY (sggsngi
+4 IDENTIFICATION . '
OF MEDIA ; A
REQUIREMENTS | - MEDIA CHARACTERISTICS

ON EVALUATION
“+'|{ CRITERIA FOR

EACHTO o 1 EVALUATION
CATEGORY l | CRITERIA ;

CRITERIA WEIGHTING -
EACH CATEGORY

»

TRAREQOFFS - INTEGRATION k_ RATING OF MEDIA

OF WEIGETS & RATINGS “] CLASSES - EACH CRITERION

'Ij - (2)

TRAINING SYSTEM
MEDIA INTEGRATION %) 3
¥ DESCRIPTION
MEDIA DESCRIPTION —4 SOFTWARE REQUIREMENTS
\ : —P (4)
r
FUNCTIONAL SPECIFICATION
—P (3)
PROGR
SYSTEM DEVELOPMENT PL::
PROGRAM PLAN
& »
GAPS IN EXISTING
TECHNOLOGY
U ]

Figure 2. STUDY PHASES

13




SAVTRAEQUIPCEN T4-C-0151-1
3.0 REQUIREMENTS ANALYSIS
The priucipal elements of the requirements analysis were of tihree

basic types: job requirements, course requirements, and system require-

ments (Figure 3).

3.1 Job Requirements

Job requirements are determined by the tasks to be performed in the
fleet and by the skills and knowledges associated with those tasks. The
two principal steps in deriving job requirements involved selecting a
segment of instruction, and identifying the tasks, skills and knowledges
associated with that segment.

The segment of instruction selected for this study was the steam
plant Automatic Boiler Control (ABC) Hagan course currently conducted at
Development and Training Center (DATC), San Diego. This ccurse was

selected because:

o The ABC Hagan course contains all the basic elements of
advanced engineering maintenance training and is generalizable
to electro and electro-mechanical troubleshooting and repair
in such areas as:

diagnostic troubleshocting

fault isolation
- component disassembly and repair
= component reassembly and calibration

® The course involves a broad range of training materials
from basic hand tools to sophisticated pneumatic control
and calibration devices that would lend themselves to
simulation and the application of advanced training tech-
nology

e This training is expected to remain in high demand. Require-
ments for combustion control training devices and ratings

g iy
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NAVTRAEQUIPCEN TL-C-0151-1
involved with the training can be projected! far into the
foreseeable future because of commitment of Naval marine

engineering to high pressure steam plants.

® The course has a readily definable skill level for entry
and does not require follow-on training in the Fleet.

e Continuous and almost immediate feedback can be provided,
since there are 2 large number of ships with ABC equipment
readily availabl  in the Saa: Diego area.

The criteria and procedures used iu the selection process are fully
described in Appendix B.

When the model course was selected, job experts were interviewed for
the purpose of identifying tasks, operating conditions, procedural sequences,
and special requirements. These perscnnel included those actively engaged
aboard ship in performing ABC Hagan maintenance functions and also those
who supervisaed the functions. In addition, course instructors and students,
as well as recent graduates of the existing course, wer: surveyed. Based
or data from these sources, the existing course mission was refined for
the purpose of establishing the scope of the experimental course to be
developed.

The mission statement for the course currently administered at DATC

"... furnish specialized training in

says that the course is designed to
the operatior, maintenance, repair and calibration of marine Automatic
Boiler Controls, in order to provide well-qualified personnel for cngineer-
ing duties necessary to the effective functioning of the Fleet." For the
purpose of this study the above was supplemented with the statement that

the primary purpose of the course is to train boiler technicians for assign-
ment under NEC (Navy Enlisted Classification) 4512 (Hagan Maintenance Man).
The refined mission also includes the statement that technicians will

receive training in: (1) advanced maintenance concepts; (2) performance

of the Hagan system and its components; (3) fault isolation; (4) component

16
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disassembly; (5) defect identification and repair; (6) reassembly; and
{7) bench calibration using technical manual and bulletin specifications
and appropriate test equipment. In addition, the fully trained technician
must be able to conduct Autcmatic Boiler Control Hagar inspections for Loth
hot and cold plart conditions and perform preventive maintenance for ABC
Hagan systems.

The refined course missicn establishes the scope of job elements to
be analyzed. On the other hand, course mission statements do not provide
job performance standards. These must be developed by means of task

analysis.

The task analysis was based on all available 50ufces of relevant
information: technical manuals, preventive maintenance system documen~
tation, Engineering Operation SeJjuence System (EO0SS), existing course
material, current maintenance bulletins, and experienced job experts.
The Ship Specific Hagan Systems observed were DE 1052, DL, and CVA. The
general duties of the Hagan maintenance man were derived from the course
mission and were analyzed into functions (e.g., perform preventive main-
tenance), the functions were analyzed into tasks, and the tasks into task
elements. No attempt was made to analyze all of the tasks of the main-
tenance man; e.g., ‘Jlisassembly and reassembly of ABC Hagan components
already have extensive procedures documentation, and the skills
required for those tasks are straightforward. Only those tasks that
required complex and/or varied skills were analyzed. These included:

(1) The preventive maintenance functions

(2) Hot and cold plant inspection procedures

(3) Troubleshooting
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The results of the task analyses for these functions are presented

in Appendix A.

Once the task elements were catalogued, specific skill requirements

were identified using the taxonomy of 3kills presented in Table 1. All

of the task elements contain one or more of these skills.

TABLE 2. JOB SKILLS IDENTIFIED FOR ABC MAINTENANCE TASKS
Motor $kill - involves mechanism manipulation  (tools and
controls)

Perceptual Skill - involves assimilating information from displays
or indications

Perceptual/Motor Skill - involves assimilating information from
displays while manipulating controls

Memory Skill - capacity to recognize/recall set points, ranges,
readings, etc.

Perceptual Memory Skill - capacity to evaluate acceptability of
indications or readings in terms of known standards

Diagnostic Skill - capacity to infer the cause of malfunctions
from all appropriate information sources

Text Retrieval Skill -~ ability .2 locate textual material using
Table of Contents, Indexes, Tables, Schedules, Written Procedures,
etc.

Kinesthetic Skill - ability to perform a function by feel without
visual guiua.z:c

Organizational Skill - ability to organize work tools and unit
components in an orderly manner, leading to more effective
utilization, reduced lost work time, increased efficiency in
fellowing operavion, mainterance and fault analysis procedures,
i.e. "Good Engineering Practice"

18
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The knowledge elements required toc perform each task were then iden-
tified. These were either general informaiion to be ir2ceived (e.g.,
theory), or knowledges requived as an element of a required skill.
Examples include knowledge of:

(1) System or component operation

(2) System or component set points, ranges, limits, etc.

(3) Procedures, techniques, or sequences

(4) Hardware location

(5) Hardware ncmenclature and identification

As job skills and knowledges were identified they were reviewed by
job experts to the extent possible in view f the availability of ships
and instructors.

An.important by-product of thi., effort was the derivation of
algorithms to diagram fault sequences. The algorithmc, coupled with the
task analvsis, facilitated the identification of the significant decision,
action and knowledge task elements, and enabled selection of appropriate
task sequences based on binary (yes-no) decisions. Such algorithms
also serve as job performance aids or as training aids: e.g., for student
use or for job incumbents to provide a sequence of checks to be made in
diagnosing system faults. It was beyond the scope of this program to pro-
vide fault analysis algorithms for the entire ABC Hagan course. However,
an example of one such algorithm in a form suitable for use as a job train-

ing aid is shown in Appendix B.

3.2 ABC Hagan Maintenance Course Requirements

It became apparent early in the study that in order to make meaning-

ful media selection decisions the course of instruction must be outlined
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at least in terms of sequencing of content. The initial steps in this
process were to derive the training objectives from the job task analyses
and to estaplish the scope of the course content based upon these derived
training objeciives. This was accomplished by analyzing the training
objectives in terms of a number of common major component facters (facts,
principles, sequences, information factors, decision factors, mznipulation
factors, and knowledge factors). The specific factors and their contents
are listed in Tables C-2 through C-9 of Appendix C.

Based on these training objective tactors, a list of required train-~
ing course content topics was prepared (Table C-10, Appendix C). These
topics define the content of the training material required in the course
in order to satisfy the training obje:ztives. The course content require-
ments were then reviewed and organized into four course phases, shown below:

Phase I: Conceptuai Phase, devoted to describing the ABC svstem
structure and function

Phase II: Maintenance Requirements, addressing the ABC maintenance
strategies, responsibilities, and requirements

Phase IIl: Procedures and Decisions, concerned with system relation~
ships, failure cues and effects, assembly techniques,
and calibration criteria

Phase IV: Practice and Assessment, devoted to the acquisition of
skills (diagnostic as well as manipulative) and the
assessment of student achievement

Five course mcdules were identified for each of the above phases,
based upon the course content requirements and the component factors of
the training objectives. The allocation of training time to each module
was then examined to determine the relative importance of the modules.

The results of this exercise are presented in Table 2, and Table 3 indicates

20
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TABLE 2. ALLOCATION OF TRAINING TIME TO MODULES

T T

Component Structure, function, relationship

Phase Total

Phase I. Conceptual
A. Orientation to ABC system
B. System/subsystem structure
C. System/subsystem function
D. System/subsystem opevation
E.
Phase 1I. Maintenance Requirements
A. ABC maintenance philosophy
B. Preventive maintenance requirements
C. Calibration and repair requirementa
D. Inspection requirements
E. Troubleshooting requirements

Phase Totel

Phase I1I., Procedures and Decisions

A. General safety

B. Preventive maintenance

C. Calibration and repair

D. Inspection

E. Troubleshooting

Phase Total

Phase IV. Practice and Assessment

A. Safety

B. Preventive maintenance

C. Calibration and repair

D. Inspection

E. Troubleshooti. ~

Phase Total

2%
3%
3%
5%
5%

18%

27
4%
4%
27
5%
177

3%
A%
87
37
1z

354

2%
4%
7%
27
152

30%

21
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the allocation of the categories of training objectives to the four

course phases.

As a result of the course requirements analysis it was determined

that training methods and wmedia must be selected for three different

course content areas:

(1)
(2)

Acquisition of knowledge and information

Acquisition of manipulative skills

(3) Development of diagnostic skills

2.3 Training System Requirements

The training system developed to support the course requirements

identified in Section 3.2 must be capable of accomplishing the following

functions:

”

Convey factual information to the student
Assist the student in the understanding of principles
Support the student in practicing specific task sequences

Provide for development of appropriate perceptual-motor
skills

Provide for development of the decision making skills
required to maintain the system

Piovide the student with decision rules and an understanding
of system relationships to support all maintenance activi-
ties, espz2c.ally troubleshooting

The system must therefore possess the structural characteristics

necessary to enable these functions:

(1)

Knowledge and information transmission

22
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(2) Diagnostic skill development
(3) Perceptual/motor skill development

The first item applies to all course modules within the Course

Phases I and I1 (Table 2). Diagnostic skill development applies to

Phase III modules in general, and the troubleshooting Procedures and

Decisions module in particular. Perceptual/motor skill development

applies to all modules within the Practice and Assessment Phase

(Phase 1IV) of the course.
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4.0 EVALUATION OF INSTRUCTIONAL MEDIA

One key problem in this study was the selection of instructional
media to be integrated into the proposed training system. The term
media is used here to mean the elements of a training system which provide
for the acquisition of knowledge or skill. These elements usually include
training equipment as well as other training support materials. As is
evident from the definition of the term, two general tvpes of instruc-
tional media can be distinguished: tuose which are primarily designed
to facilitate the transmission of knowledge and iuformation; and those
which are primarily designed to support the acquisition of specific skills.

The selection process employed in this study is depicted in Figure 4.
The process began with a survey of the state-of-the-art in instructional
technology to establish the population of media options. Pertinent
characteristics of the alternate devices and materials were determined and
vere used to compare the cost-effectiveness of different hardware/software
options in meeting the different training objectives. The result of these
analyses was ¢ selected mix of instructional media. The details of this
selection process are contained in Apper...x D. The following is a brief

description of the process.

4.1 Technology Survey

The survey began with a review of course requirements and identifi-
cation of features which would be required of training equipment and
materiais in order to satisfy the course requirements. Representative

training devices were surveyed to identify those which possessed, or were
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i capatle of possessing, the required features. The wedia configurations

; discussed here are only examples of the possible hardware solutions avail-

able. Specific equipments are discussed in order to delineate the capa~-

bilities of representative classes of training hardware available in each

SR AR SR T 4

of the media, and their appropriateness to course requirements.

The items of training hardware selected for investigation are iden-
tified in Table 4, grouped according to che type of media (knowledge/
information or skill acquisition) with which they are most closely

associated.

4.2 Media Characteristics

Major attributes of devices and materials were identified for later
use in evaluating the media with respect to meeting the training objectives.

These are listed in Table 5.

4.3 Development of Evaluation Method

e

The method developed to select media for specific portions of the
course included the fellowing steps:

(1) List evaluation attributes. These included all characteristics

listed in Table 5, plus the cost factors of: initial hardware cost,
initial software cost, and life cycle cost.

: (2) Identify training requirements associated with training objectives.

i This step entailed identifying levels of capability required by each of

the media characteristics in order to satisfy the training objectives.

27
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TABLE 4. MEDIA SELECTED FOR STUDY

KNOWLEDGE/ INFORMATION MEDIA

Media Characteristics in RBrief

Example

Audio/visual presentation, mini-computer, micro-
fiche film, branching, no motion

Lincoln Labs

Plasma type display, maximum branching, large
computer, modifications provide sound and pictorial

PLATO (Pro-
grammed Logic
for Automatic
Teaching
Operations

Plasma type display, extensive branching, medium
size computer, modifications provide pictorial

TICCIT (Time-
shared, Inter-
active Compute
Controlled
Information
Television

Audic/visual presentation, skip-branching, excellent
pictorial, color, motion, utilizes three screens

Bell & Howell

Display screen, some branching capability, no motion,
no sound

Auto-Tutor

Audio/visual presentation, color, excellent pictorial,
motion, uses film cartridge, cumbersome branching
capability

Norelco PIP
(Programmed
Individual
Presentation)

Audio/visual presentation, good branching, color
capability, motion uses video tape, excellent pictorial

Program Videc
Tape

Audio/visual presentation, no branching, color, no Sound/Slide
motion, excellent pictorial

Normal textbook material but programmed with liberal !Programmed
use of graphics and pictures Textbook
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TABLE 4. MEDIA SELECTED FOR STUDY (Cont)

SKILLS MEDIA

Media Characteristics in Brief

Example

Real-world equipment, functionally identified to
equipment used in the field

Actual Equipment

High fidelity representation with closed loop
computer simulation

/-ttomated Elec-
tronic Maintenance
Trainer (Honeywell)

Part task trainers, part life-like equipment, EC-1I
integrated with small computer, efficiency

increase due to interchangeable panels

2art task trainers, part life-like equipment, Mock—-ups

activated by mechanical linkage or electrical
power

THRISSFE Ry R
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TABLE 5. MEDIA CHARACTERISTICS

KNOWLEDGE AND INFORMATION MEDIA

SKILLS MEDIA

Visual Representation
- pictorial
- graphic
- color
- text

Motion Representation

Format Flexibility - capability of
modifying information formats

Sound Representation
branching

Scoring

Clarity - resolution

e Fidelity of Simulation
- displays
- system response
- student response
- system configuration

e Range of Fault Capability

e Safety

BOTH TYPES OF MEDIA

o Prompting and cueing capability

e Different levels of difficulty

e Operability

¢ Maintainability

o Reliability

® Transportability
e Space requirements

e Update capability

o Extent of programming requirements

e Special requirements

o Generalizability

e Applicability across training objectives

e Jupport requirements

e Instructor requirements
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(3) Assign weights to each evaluation characteristic for each

training objective category. Each zember of a team of five judges*

independently reviewed the requirements associated with training objective
categories and assigned an importance weight to each media characteristic
for each categorv. The assigned weight indicated the judged degree of
importance of the characteristic for a particular training objective
category. The mean weightings of the five iudges were calculated and

used in subsequent computations.

(4) Assign ratings to each of the candidate hardware items for

each characteristic. The same judges then independently rated each

characteristic of each device in terms of its effectiveness in meeting the
identified levels of capability required to satisfy the training objeccives.
The final ratings used were the mean values assigned by the five judges.

(5) Integration of weights and ratings. The media characteristics

were then regrouped in terms of three criterion categories (Table €),
which were:

(a) Characteristics concerned with the effectiveness of
training (18 items)

(b) Usability characteristics, or factors influencing efficient
use of the medium (12 items)

(c) Cost (3 items)
Within each type of criteria the weights and ratings for individual

criterion factors were multiplied and a mean score was obtained. The

*The judges included three experimental psychologists with extensive
experience in training and simulation work, a retired Master Chief
Machinist Mate, and a graphic artist/illustrator.

31
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TABLE 6. EVALUATION CRITERIA AND ASSOCIATED
MEDIA CHARACTERISTICS

EFFECTIVENESS
e Visual Representation ® Scoring
- pictorial e Prompting and Cueing Capability
- graphic
- color e Different Levels of Difficulty
- text

e Operability
e Hotion Representation

e Fidelity of Simulation
e C(Clarity of Representation

- display
e Format Flexibility - system response
- student response
e Sound Representation - system configuration
e Branching e Range of Fault Capability
USABILITY
¢ Maintainability e Extent of Programming
Requirements

e Reliability

e Special requirements
e Safety

e Generalizability
e Transportability

e Applicability Across Training
e Cpace Requirements Objectives

e Update Capability e Support Requirements

e Instructor Requirements

COST

o Initial Software Cost
e Initial Hardware Cost

o Life Cycle Cost
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manner in which the mean scores for each of the three types of criteria
were integrated depended on a set of assumptions. These assumptions were
as follows:

Assumption 1. Effectiveness and cost criteria are of equal impor-
tance and are 3 times as important as usability criteria.

The formula used under this assumption to generate an overall score
for each of the alternate hardware items for each training objective
category was: three times the mean product of effectiveness ratings and

criterion weights,

L (E EW)

g

plus the mean product of usability ratings and criterion weights,

T (U, - Uw)

R

Ty

Plus three times the mean product of ccst ratings and criterion weights,

L (C CW)

Re

thus, the operations represented by the expression:
T (E Ew) T (UR . Uw)] 4 3 T (C Cw)

g o ¢
can be more simply stated as: 3E + U + 3C. This nethod assigns equal
weight to effectiveness and cost, both of which were considered to be
three times as important as usability. The factor of three was selected
based on the judgement that it represented a reasonable magnitude of

difference between types of criteria,
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Assumption 2. Effectiveness criteria are of primary importance.

In this case the formula is the same as under the previous assumption
except that the cost criteria are not multiplied by 3. The integration
of ratings for different types of criteria is then: 3E + U + C.

Assumption 3. Cost criteriaz are of primary imporiance. This
assumption assigns cost criteria a weighting of 3 and gives effectiveness
and usability a weighting of one, thus: E + U + 3C.

Assumption 4. Effectiveness criteria are the only factors to be
considered In this case no consideration is given to cost useability, as:
E + (0)U - (0)C.

Assumption 5. Cost criteria are the only factors to be considered.
Under this assumption no consideration is given to effectiveness or
usability, as: (0)E + (0)U + C.

4.4 Results of Tradeoff Analyses

It had been intended that tradeoffs be completed for ratings
established for each of the 13 training objective categories (Tables
D-10 through D-12 in Appendix D). Intercorrelations of device scores
over different T/O categories were all above .9. Therefore, the mean
ratings over the T/O categories were employed in the integrations of
weights and ratings described below.
Assumption 1. Effectiveness and cost of equal importance. The
mean scores of devices under this acssumption are presented in Table 7.
As indicated in this table the recommended knowledge/informaiion device
is the Norelco PIP and the selected skills acquisition device is the EC II.
Assumption 2. Effectiveness of primary importance. Table 8 presents

the mean scores obtained under this assumption. When effectiveness is
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given priority the selected knowledge/information component is the upgraded
programmable audio visual device (Modified PIP). Under this assumption the

device selected for skills acquisition is the high fidelity closed-loop com-
puter simulation device represented by the Autowated Electronic Trainer

(AEMT).
Assumption 3. Cost most important. As indicated in Table 9, the selec-

ted devices under this assumption are the PIP and the EC II.

Assumption 4, Effectiveness u«i. 2. When effectiveness is the sole con-

sideration (based on the effectiveness column of Table 9 alone) the selected
devices are the Programmed Video Tape of knowledge and information media, and
the AEMT simulator.

Assumptiun 5. Cost alone. When cost alone is considered the selected
knowledge and information device as seen in the cost column of Table 8 is the
PIP with the part task trainer.

Summary.

The training system configuration appropriate for each assumption is as
follows:

Knewl. /Info. Skills
Assumption Device Type Device Type

1. Effectiveness and cost equal Norelco PIP EC II
2. Erfectiveness primary Modified PIP AEMT
3. Cost primary Norelco PIP EC II
L. Effectiveness alone Programmed Video Tape AEMT
5. Cost alone Norelco PIP Part Task Trainer

The mix of Norelco PIP and EC II was found to be optimal under two
assumptions, that cost and effectiveness are of equal importance (assumption
1) and that cost is of primary importance (assumption 2). For this reason

this mix of media was selected as the training system configuration.

3t
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5.0 MAINTENANCE TRAINING SYSTEM DESCRIPTION

The major steps involved in the Syestem Description Phase of the study
are shown in Figure 5. Preliminary functional specifications are presented
in this section for the first and lowest cost hardware option described in
Secticn 4.0, i.e., the programmed audio-visual device and the modular

programmable simulator.

5.1 Media Integration

The media required to support maintenance training on the ABC Hagan
system consist of the following:
(1) Knowledge and information media
(2) 58kills media directed specifically to:
(a) system operation and failure effects
(b) troubleshooting
(c) test and calibration
(d) assembly, disassembly and repair
These media were allocated to each of the course modules as indicated
in Table 10. This table shows that all modules within Phase I (Conceptual)
and Phase II (System Maintenance Requirements) require only knowledge and
information media.
Modules assigned to Phase III (Procedures and Decisions) require both
knowledge and information media and skills media, while those allocated to

Phase IV (Practice and Assessment) require only skills media.

5.2 Media Descriptions

Descriptions of the media selected for this training system under the
assumption that effectiveness and cost criteria are of equal importance are
presented in the following sections. Details of the system functional

39
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specifications are contained in Appendix D.

5.2.1 Knowledge and Information Media

The hardware selected to support the knowledge and information media
must provide both aural and visual presentations, including motion as

well as still pictures.

The training method will be based on an individualized, self-paced,

programmed instruction approach with limited branching capability.

5.2.2 Skills Media

The basic device used to support skill acquisition will consist of
a general purpose programmable simulator designed to accept the hardware
modules described below:

(1) System operation and failure effects. The interchangeable

simulation model will include all necessary controls and displays of the
ABC Hagan console and will incorporate a schematic of lines, valves,

and components which, under stated operational or failure conditions, will
dynamically depict fluid flow and will activate appropriate display
values.

The device will include an integrated, programmed, self-paced instruc-
tion (P1) capability. Explanation of system operation and failure effects
will pe presented on the PI display, followed by test items to assess
student understanding. The PI display will be comparable to that described
in Section 5.2.1.

(2) Troubleshooting. One or more hardware modules will simulate the

operation of a specified Hagan system. Individuvalized self-paced instruc-

tion similar to that described in Section 5.2.1 will permit the student
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to progress through any number of fault isolation problems selected and
sequenced by either the instructor or the student.

The troubleshooting media will a2uthentically represent the operation
of the system in a fail-free state fur different operational conditions
as well as under selected failure conditionms.

(3) Test and calibration. The simulation model will consist of a

replication of the ABC Hagan component test stand including all test

board displays. Orerations to be simulated include attaciment to the test
board of a component containing a specified fault, application cof air,

and interpretation of displayed data to isolate the fault within the
component. Individualized, self-paced instruction similar to that described

in Section 5.2.1 will be used.

(4) Assembly, disassembly and repair. The device will include

actual components modified to incorporate built-in cueing for part
identification and task sequencing, as well as components with malfunc-
tions inserted by the instructor. An audio-visual capability similar to
that described in Section 5.2.1 will be inciuded and will be used in con-
junction with the actual components to instruct students in procedures for

assembly, disassembly and repair.

5.3 Software Requirements

The software requirements for the advanced maintenance training
system involve media software, training course software, and training

curriculum. (See Appendix F.)
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6.0 SYSTEM DEVELOPMENT

This section presents the prototype marine engineering maintenance
training system development plan and a description of advances in exist-

ing instructional technology required to complete the development.

6.1 Prototype System Development Plan

The major steps in the development of the system include the
following:

(1) Course definition and syllabus development. In this initial

step all supporting documentation will be assembled for actual course
development. A detailed course outline will be generated to
identify the course modules and the lessons to be included within each
module. Lessons and modules will be phased and assembled in sequential
order.

The course syllabus will indicate the relationships amoni learning

objectives, course modules, and lessons. The syllabus will aiso describe:

the supporting documentation for the course; the special resource require-
] ments of the course; and the specific media-enabling hardware to be
employed for each lesson.

i (2) System hardware procurement. Refined hardware specifications

will be generated and hardware vendors will be selected to produce system
equipment designed to the specifications.

(3) System software development. System software encompasses three

general areas: instructional materials, course administration software,

and system support software. Instructional materials are comprised of the
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actual course information content, in the form of lessons and modules.
The instructional materials will be prepared in storyboard format includ-
ing all text, pictures, and display states. The production of instruc-
tional materials from the storyboards will include such activities as:

e Preparation of text pages for printing - pagination and
assembly

® Production of art work

e Production of negatives

e Printing of slide set masters

e Narration and editing of audio masters

® Synchronization of slide sets to audio tapes

¢ Production of instructor guides

The course administration software includes test booklets, answer

sheets, templates, student progress charts, student data cards, and
student/course records. System support software includes special soft-
ware configurations required to support specific elements of the course.
Examples are: graphic representations of system states and feeds;
software control of system responses and display states based on student
inputs; ana software recording of student responses and analysis of
response trends. A special case of system support software i: the use
of proceduralirzed job aids designed to serve as a cue to initiate learned

response sequences.

(4)  Integration of "herdware” and "software”. As hardware lIs

developed and software is produced, the special interfaces required to
integrate the two will be developed. This activity will apply primarily

to the presentation of material to be learned, to feedback information,
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and to evaluation materials. The result of this integration will be the
operational marine engineering maintenance training system with support-
ing documentation.

(5) Course and trainee evaluation procedures and measures. A

significant portion of the effort expended in developing the course cur-
riculum will entail development of evaluation rationales, methods and
procedures. Evaluation must include assessment of trainees and assess-
ment of the training course. A proposed feature of this course is that
evaluation (of trainees and of the course) should proceed continuously.
During actual training the lessons in each module should be designed to
enable and enhance student self-evaluation on a continuing basis. Over
and above the self-assessment, periodic evaluations of student progress
will be required by the course administration elements. Finally, evalua-
tion of course materials, methods and overall effectiveness will b«
required during individual student training and as a result of follow-up
assessment after the student has terminated the course and has returned
to the Fleet.

The technical issue in the evaluation area is the definit.ion of
criterion levels of performance. For most knowledge and skill areas
this can be done with precise quantitative standards (e.g., time to read
and comprehend, number of procedural errors, accuracy of part identifi-
cation, etc.), if such standards are known and in use. If such standards
of performance are not available, they must be approximated based o~ the
job task requirements and opinions of personnel performing and super-

vising ABC Hagan maintenance activities.
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(6) Instructor selection and training. Instructors for the pilot

program will be selected and trained in student counseiling, content areas,
student activity requirements, student testing, and data collection.

(7) Course implementation. A plan for implementing the course will

be developed which will identify the relationship between the pilot course
and the on-going course. It is projected that 30 training days will be
required to implement the course, assess the data collection instruments
and make necessary adjustments in student activity sequences. Since the
ABC Hagan student throughput is small, apprcximately one year of con-
tinuous operation of the pilot program will be required to collect data
on 75-100 trainees. Approximately 60 days after students complete the

course, the at-sea data collection activity can begin.

6.2 Advanced Technology Development Requirements

Since the marine engineering maintenance training system descrited
in this report was based on existing instructional t:chnology, there
is no extensive requirement for advanced technology development.
One requirement for additional research and advanced technology involves
the integration of troubleshooting procedures training and use of pro-
ceduralized job performance aids for troubleshooting. The technology in
each of these two areas is well established. Computer assisted instruc-
tion (CAI} techniques for troubleshooting preccedures training are being
developed for the Air Force and the Navy. Techniques for job performance
aids directed specificaliy to troubleshooting are also well established.

What is needed is an effective synthesis of the diagnostic troubleshooting
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training and job performance aid. With such an integration of instruc-
tion and course material, the trainee will be provided with the necessary
understanding of system operation and failure effects as well as a specially
designed job aid to cue his response sequence based on diagnostic infor-

mation.
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APPENDIX A

DETAILED JOB REQUIREMENTS

Rationale for Selection of Segment of Instruction

Review of Marine Engineering Maintenance Training Courses
Identification of Courses that Satisfy Established Standards
Selection of Three Candidate Segments of Instruction

Final Selection of Segment of Instruction

Fault Analysis Algorithns

Examples of Failure Symptoms - Black and White Smoke
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APPENDIX A. DETAILED JOB REQUIREMENTS

A-1. Rationale for Selection of Segzment of Instruction

The selection of a segment of instruction to serve as a demonstration
vehicle for this study was the first major subtask accomplished.
The process involved four phases:
® Review of marine engineering maintenance training courses
o Identification of courses that met specified criteria
® Selection of three candidate segments of instruction
e Final selection of segment of instruction

' as used in this study, may refer

The term "segment of instruction,'
to any of the following:
® One complete course
® A part of a complete course
e More than one complete course
e Parts of different courses
e Any combination of the above
The selection of an appropriate segment of instruction was based upon
a number of standards judged to be either essential or desirable for presant
study purposes. Thus, it was established that candidate segments of
instruction must:
1. Involve marine engineering maintenance training
2. Address advanced level of instruction (versus "A" school courses)
3. Represent a statle program, i.e.,

a. No plans fer modification

b. Expected to remain in existence fo: some time
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4. Involve a rating that will be required into the foreseeable future
5. Be within framework of Navy's formal training programs
6. Embrace a broad range of trairing prcblems in order to facilitate
generalization of the resulting data to related areas of Naval
Maintenance Training
7. Have a definable entry and exit skill level
8. Require no immediate follow-on training prior to rejoining Fleet
9. Utilize a broad range of training materials and equipment
10. Have a mechanism for evaluating t-zining effectiveness
11. Be based on 1200 ?SI plant (versus 7~ 7SI plant)
12. Represent and support definite lezc c=2quirements
In addition, candidate segments of instruction should:
1. Be at least four weeks and no more than six weeks in duration
2. Be consistent with the NEOSC recommendatiors
3. Have the active cooperation and support of supervisory and
instructor personnel with regard to the objectives of the present

study

4, Involve aspects of training which are common to Machinist Mate,
Boiler Technician, and related rates
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A-2. Review of Marine Engineering Maintenance Training Courses

The content of all relevant courses was reviewed to assess the degree
to which each conformed to the above standards. Ou this basis it was
determined that relevant courses of instruction were being conducted at:

e Philadelphia, Pennsylvania
e Newport, Rhode Island

o Norfolk, Virginia

e San Diego, California

The Boiler Technician "B" school courses taught at Philadelphia are
in the process of extensive revision. An attempt to assess the effective-
neus of advanced technologies applied as a result of this study would suffer
from the instability normally introduced by such a course revision program.

A number of Marine Engilneering courses are being taught at Newport;
however, for the wost part they are operational in nature and are also
undergoing revision. In addition, there is a strong possibility that the
school will be moved from the Newport area.

While there are relevunt courses being taught in Norfolk, they are not
administered under the Névy's formal service school program but are under
direct Fleet control. Also, as at Newport, most of these courses are oper-
ationally oriented rather than being based on maintenance training objectives.

A variety of courses oriented to marine engineering training and con-
ducted within the Navy's formal service school program are available in the
San Diego area. In addition, only a few of these courses are undergoing
modification, and the location cf the schools appears to be stable. Finally,
since a large number of operational ships use the San Diego Naval Base,

ready access to the Fleet is possible and would permit the validation
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: of training objectives derived for certain individual courses.

i On the basis of the above considerations it was decided to restrict
i the field of candidate courses to those available within the various

training commands in the San Diego area.
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A-3. Identification of Courses that Satisfy Established Standards

At the Levelopment and Training Center (DATC) located at the 32nd
Street Naval Station, discussions were held witn LCDR Carl Bowelby, acting
Officer in Charge, and Mr. Richard McCuecheon, Education and Training
Specialist assigned to DATC. After a review of the Center's entire train-
ing program, the following marine engineering maintenance training courses
were identified as possible candidates for the required segment of instruc-
tion:

e Boilerman 1200 PSI Maintenance

e Steam Generating Plant Inspection and Certification Program
e Boiler Water/Feed Water Testing

e Steam Plant Automatic Boiler Controls Hagan

e Steam Plant Automatic Combustion Controls GR

e Steam Plant Automatic Combustion Controls BM

e Woodward Governor 2301

e Woodward Governor EC-A

e Woodwara Governor EG-M

¢ Electrician's Mate Maintenance

At the Service School Command, Naval Training Center, San Diego, dis-
cussions were held with CDR John R. Peterson, the Personnel Qualification
Officer, and Mr. Russ Manley, the Education and Training Specialist assigned
to the Engineering Department. As a result cf these discussions it was
decided to investigate the possible candidacy of the following courses:

e Air Conditioning and Refrigeration Class C

e Air Conditioning and Refrigeration
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The Fleet Training Center located at the 32nd Street Naval Station was
also visited. Discussions were held with LCDR Anthony Dollard, Director of
Engineering System Training and his assistant, Chiet Warrant Officer William
Brigman. It was determined that the following course offered sufficient
potential to warrant further investigation:

e P-250 Pump Repair Operation and Maintenance

None of the courses concerned with automatic propulsion or gas turbine
systems were seiected for investigation from any of the three training
centers since none of these courses met the standards established for the
selection of a segment of instruction. Specifically, of the two automatic
propulsion courses available, one is still the responsibility of the con-
tractor and the other addresses only minor aspects of maintenance training.
Also, since the equipment is primarily based on solid state technology, the
maintenance training is aimed at the IC Rate whose future is uncertain at
this time.

With respect to gas turbine maintenance training, the GS rate
recommended by tte NEOSC board to operate and maintain gas turbine equip-
ment has not yet been firmly established. 1In addition, these courses are

still undergoing revision under the contractor's direction.
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A-4. Selection of Three Candidate Segments of Instruction

Each of the above listed courses was reviewed in detail in order to
narrow the selection to the three most appropriate candidates.

The P-250 Pump Repair Operation and Maintenance course which is con-
ducted at the Fleet Training Center was judged to be too operationally
oriented for the purposes of this study and the course was withdrawn from
further consideration.

The courses, Air Conditioning and Refrigeration Class C, and Air Condi-
tioning and Refrigeration, conducted at the Service School Command, were also
withdrawn from consideration since they are both undergoing modification. The
program of individualization currently being introduced to these courses
with in the context of this study and in later evaluation efforts.

Thus, the issue narrowed to selecting the three most appropriate course
segments or combination of segments from courses available at DATC.

Applying the selection standards resulted in the selection of the following
three candidate segments:

e Steam Generating Plant Inspection and Certification Program

¢ Steam Plant Automatic Boiler Controls Hagan

® Electrician's Mate Maintenance (parts of) and Woodward
Governor 2301

Each of these is considered to be representative of maintenance training
in general and of the marine engineering maintenance training program in
particular. These segments share subject matter directly or indirectly with
all the potential candidate courses at DATC with two exceptions (the Boiler
Water/Feed Water Testing and the Boilerman 1200 PSI Maintenance courses).

The Boiler Water/Feed Water Testing course addresses only a narrow portion
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of marine engineering maintenance training requirements, and the Boilerman
1200 PSI Maintenance course is too lengthy and too specialized to achieve

the generalizability desired for this study.
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A-5. Final Selection of Segment of Instruction

After a thorough analysis of each candidate, the five-week Steam

Plant Automatic Boiler Controls (ABC) Hagan course was selected as the

segment of instruction for the following major reasons:

It contains all major elements of advanced maintenance train-
ing and is generalizable to electro and electro-mechanical
troubleshooting and repair in such areas as:

a. Diagnostic troubleshooting

b. Fault isolation

c. Component disassembly and repair

d. Component reassembly and calibration

It involves training materials ranging from basic hand tools
to sophisticated pneumatic control and calibration devices
that would lend themselves to simulation and the application
of advanced training technology.

It is expected to remain in high demand. Requirements for
combustion control training devices, and ratings involved
with the training, wili be continuing because of commitmenr
of Naval engineering to high pressure plants.

It has a readily-definable skill level for entry.

It does not require follow-on training prior to OJT
in the Fleet.

It can provide immediate and continuous feedback since many
ships with ABC equipment are readily available in San Diego.

The Steam Generating Plant Inspection and Certification Program was

judged to be a less appropriate selection than the ABC course because:

The variety of training materials used in this course is
smaller than that required for the ABC course.

The course content is not as generalizable to other trouble-
shocting and repair maintenance activities.

The course does not require as much "hands on'" training as
the ABC course. Such training is necessary to exercise fully
the advances in training and simulation technology which this
study is designed to address.
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The same considerations apply with respect to the combination of parts
of the Electrician's Mate Maintenance and the Woodward Governor 2301 course.
In addition, it was also judged that:
® It would be difficult to combine the fragmented subject
matter of these courses into a cohesive and integrated train--
ing system in such a way that training effectiveness could be

meaningfully evaluated.

® The combination of courses ofiers even less opportunity for
generalization than the SGPI course.

® One of the two courses (the Woodward Governor) addresses too
small a population of the Navy's marine engineering maintenance
force.
Therefore, the Steam Plant Automatic Boiler Controls Hagan course was
judged to be the most appropriate segment of instruction currently avail-
able among the Navy's marine engineering maintenance training courses and

provided the additional advantages of convenient geographical location

and ready availability cf shipboard equipments.
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A-6. Fault Analysis Algorithms

An important by-product of this study was the derivation of algorithms
to diagram fault isolation sequences. The algorithms, coupled with the
task analyses, facilitated the identification of the significant decision,
action and knowledge task elements, and enabled the selection of appro-
priate task sequences based on binary (yes-no) decisions.

It was beyond the scope of this study to provide fault analysis
algorithms for the entire ABC Hagan course. Examples are, however, presented
in Figures B-1 and B-2.

Figure B-1 represents the sequence of troubleshooting activities
when water level (w/1l) is controlled in the remote manual mode. Figure B-2
indicates the sequence when operating in the local manual mode. Table B-1

presents a glossary of abbreviations and symbols used in the algorithms.

B-7. Examples of Failure Symptoms - Black and White Smoke

In the development of troubleshooting fault analysis sequences
attention was given to the specific indications used by the maintenance

technician to identify a failed component. The symptoms for the black smoke,

white smoke, low water, high water, low steam pressure, and high steam

pressure are presented in Tables B-2 through B-7.
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FIGURE A-1
HIGH WATER F.A.S. 1.3.4(1) OPERATOR HAS

CONTROL & IS MAINT
CONTROL OF W/L MAINTAINED

W/L IN REMOTE
IN REMOTE MANUAL MODE \ MANUAL
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LOCATED UPSTREAM OF A/M
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- ——m

P

REPAIR
RECALIBRATE .
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‘ v/
o F/F
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TABLE A-1. ABBREVIATIONS AND SYMBOLS USED IN FIGURES A-1 AND A-2

A/M - Automatic/Manual = - Equal to

D/L - Drum Level # - Not Equal To

F/F - Feed Flow - Approx. Equal

FDB - Forced Draft Blower 2 - Increase or Increasing
I/P - Input ¥ - Decrease or becreasing
IAW - In Accordance with ? - Does Not Increase

NWL - Normal Water Level \ - Does Not Decrease

0/P - Out Put { - Less Than

S/F - Steam Flow ) - Greater Than

STM - Steam AP - Differential Pressure
W/0 - Without W/ With v/~ Check

XMTR - Transmitter
W/L - Water Level
FO - Fuel 0il

REM MAN. - Remote Manual

SKILLS

Per Mot - Perceptual Motor

MM - Memory
MOT - Motor
Org. - Organization
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TABLE A-2, FAILURE SYMPTOMS - BLACK SMOKE

Affected Unit Symptoms
Signal Selector FO Demand > Air Flow
Excess Air Adjuster FO Demand = or < Air Flow

Blower speeds not compatible with plant demand

Excess air adjuster output # air flow Xmtr output
Air Flow Xmtr FO Demand = or < air flow

Biower speeds not compatible with plant demand

Excess air adjuster output = air flow Xmtr output
Steam Atom. System FO demand = or < air flow

Elow speeds compatible with plant demand

Steam atom. pressure not at desired valve

Diff. Pressure Pilot Same as Steam Atom. System -~ and output of DPPC
Controller does not respond rapidly to FO pressure changes
| Volume booster Same as Steam Atom. System - and output of DPPC

esponds rapidly to FO pressure changes

e

Volume booster output # DPPC output

Steam Atom. Control Same as Steam Atom. System - and output of DPPC
) Volume resonds rapidly to FO pressure changes

Volume booster output = DPPC output

:! Control valve does not close with 3 psi signal -
! opens with 15 psi signal from volume booster

Characterizing Relay FO Demand = or < air flow
Blower speeds compatible with plant demand
Steam atom. pressure at desired valve, or

Steam atom. pressure not at desired valve, and
control valve closes and opens in response to signal

Characterizing relay output does not correspond to
data table
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TABLE A-2. FAILURE SYSPTOMS - BLACK SMOKE (Cont)

Affected Unit Symptoms
FO Flow Control Valve Characterizing relay output corresponds to data
table

FO pressure varies smoothly as FO output is varied
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TABLE A-3.

Affected Unit

Characterizing Relay

FO Flow Control Value

Compensating Relay

Downstream Air Loop

Range Modifier

FDB Governor and Steam
Emission Valve

Upstream Air Loop

Air Flow Rate Relay

FATLURE SYMPTOMS - WHITE SMOKE
Symptoms
Relay output does not correspond to data table

Characterizing relay O/P does .orrespond to data
table

FO pressure does nto vary smoothly as FO O/P is
varied

Characterizing Relay O/P does correspond to data
table

FO pressure varies smoothly as FO O/P is varied
FO O/P does not equal the input in the auto mode

Characterizing relay O/P does correspond to data
table

FO pressure varies smoothly as FO O/P is varied
FO O/P equals input in auto

Blowers do not respond smoothly throughout the
range to varied FDB A/M station output

Range modifier output does not corresponde to
FDB O/P (table data)

Range modifier output does correspond to FD3 O/P
Defects identified by inspection

Characterizing relay O/P does correspond to data
table

FO pressure varies smoothly as FO O/P is varied
FO O/P equals input in auto

Biowers respond smoothly through range with varied
FDB 0/P

FDB Auto I/P does not decrease to O when excess
air adjuster is increased over boiler demand

Air flow rate relay O/P does not equal air flow
controller imyut
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TABLE A-3. FAILURE SYMPTOMS ~ WHITE SMOKE (Cont)

Affected Unit

Air Flow Controller FDB auto I/P does not decrease f:0 O when excess
air adjuster is increased over boiler demand

Air flow rate relay O/P equals air flow controller
input

Stack still not clear

Excess Air Adjuster FDB auto I/P does decrease to O when excess air
adjuster is increased over boiler demand

Stack still not clear

x| Excess air adjuster O/P does not equal air flow
b Xmtr O/P

Alr Flow Xmtr ’ FDB auto I/P does decrease to O when excess air
adjuster is increased over boiler demand

Stack still not clear

Excess air adjuster O/P equals air flow Xmtr
c/p
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TABLE A-i. TAILURE SYMPTOMS - LOW WATER

Affected Unit Symptoms
Feed valve A/M output increases to 1002

Valve position output decreases as A/M
output increases

Valve Positioner A/M output increases to 100%

Valve position output does not decrease
as A/M output increases

Feed Flow Transmitter A/M output does not increase to 1007

Steam flow transmitter output does not
equal feed flow transmicter output

Steam flow transmitter dces not deviate
from plant demand

Feed flow transmitter does deviate from
plant demand

Steam Flow Transmitter A/M output does not increase to 100%

Steam flow transmitter output does not
equal feed blow transmitter output

Steam flow transmitter deviates from
plant demand

Drum Level Transmitter A/M output does not increase to 100%

Steam flow transmitter output equals
feed flow transmitter output

Drum level transmitter output not at

30 psi at normal water level and D/L
output does not increase as water level
decreases

Drum Level Totalizer A/M output does not increase to 100%

Steam flow transmitter output equals feed
flow transmitter output

69




NAVTRAEQUIPCEN Th-C-0151-1

TABLE A-4. FAILURE SYMPTOMS - LOW WATER (Cont)

Affected Unit

Drum Level Totalizer, contd.

Feed Flow Controller

Symptoms

Drum level transmitter output at 30 psi
at normal water level and D/L output
increases as water level decreases

Drum level totalizer output not at 30
psl at normal water level and output
does not decrease as the water level
decreases

A/M output does not increase to 100%

Steam flow transmitter ouvtput equals feed
flow transmitter output

Drum level transmitter output at 30 psi
at normal water level and D/L output
increases as water level decreases

Drum level totalizer output at 30 psi

at normal water level and output decreases
as water level decreases
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TABLE A~5. FAILURE SYMPTOMS - HIGH WATER

Affected Unit

Feed Flow Tranmistter

Steam Flow Transmitter

Steam Flow - Feed Flow Relay

Drum Level Transmitter

Drum Level Totalizer

Symptoms

A/M output decreases to 0%

Steam flow transmitter ouiput does not
equal feed blow transmitter output

Feed blow transmitter deviates for plant
demand

A/M output decreases to 0%

Steam flow transmitter output does not
equal feed flow transmitter output

Steam flow transmitter deviates for
plant demand

A/M output decreases to 0%

Steam flow transmitter output equals feed
flow transmitter output

Steam flow - feed flow relay output does
equal 30 psi

A/M output decreases to 0%

Steam flow transmitter output equals feed
flow transmitter output

Drum level transmitter output does not
equal 30 psi at normal water level

Output does not decrease as water level
is increased

A/M output decreases to 0%

Steam flow transmitter output equals
feed flow transmitter output

Drum level transmitter output equals 30 psi
at normal water level and decreases as
water level is increased

Drum level totalizer output does not
equal 30 psi and does not increase as
water level increases
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TABLE A-5. FAILURE SYMPTOMS - HIGH WATER ( Cont)

Affected Unit Symptoms
Feed Flov Controller A/M output decreases to 0%

Steam flow transmitter output equals feed
flow transmitter output

Drum level tramsmitter output equals
30 psi at normal water level and decreases
as water level is increased

Drum level totalizer output equals 30 psi
and increases as water level increases

Feed blow controller output erratic -
decreases to 0 psi when drum level totalizer
output is increased above the level of

the steam flow - feed flow relay output
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TABLE A-6. FAILURE SYMPTOMS - LOW STEAM PRESSURE
INITIAL SYMPTOM - DECREASING STEAM PRESSURE

Affected Unit Symptoms

Boiler Master Station Output does not increase as input increases

Inverting Relay Boiler master output increases as input
increases

Relay output does not equal 60 psi less
high signal selector otuput

o mmgrtrar

Steam Pressure Controller Boiler master output increases as input
increases

Relay output equals 60 psi less high
signal selector output

Controller output does not decrease to
0 as steam pressure drops below 1,275 psi

Relay output does not equal air flow
controller input

Air Flow Controller Boiler master output increases as input
increases

Relay output equals 60 psi less high
signal selector output

Controller output decreases to 0 as steam
pressure drops below 1275 psi

Relay output equals air flow controller
input

Controller output does not equal 0 with
air flow above demand

Air Flow Transmitter Boiler master output increases as input
increases

Relay output equals 60 psi less high signal
selector output

Controller output decreases to 0 as steam
pressure drops below 1275 psi

Relay ouvtput equals air flow controller input

Controller outpit equals O with air flow
above boiler demand
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TABLE A~6. FAILURE SYMPTOMS - LOW STEAM PRESSURE INITIAL
SYMPTOM - DECREASING STEAM PRESSURE (CONT)

Affected Unit Symptoms

Air Flow Tramsmitter, contd. Blower response stable

Range Modifier Boiler master output increases as input
increases

Relay output equals 60 psi less high signal
selector output

Controller output decreases to 0 as steam
pressure drops belew 1275 psi

Relay output equals air flow controller
input

Cont: .1ler output equals 0 with air flow
above boiler demand

Blowsr response erratic

Forced Draft Blower Boiler master output increases as input
Governmor and Emission Valve increases

Relay output equals 60 psi less high
signal selector output

Controller output decreases to 0 as steam
pressure drops below 1275 psi

Relayv output equals air flow controller input

Controller output equals O with air flow
above boiler demand

Boiler response erratic

Range modifier output corresponds to forced
draft blower output
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TABLE A-7. FAILURE SYMPTOMS - HIGH STEAM PRESSURE
INITIAL SYMPTOM - DRUM LEVEL STEAM PRESSURE NOT AT REQUIRED VALVE

Affected Unit

Boiler Master A/M Station

Inverting Relay

High Signal Selector

Steam Pressure Controllet

Low Signal Selector

Symptoms

Boiler master output does not decrease to
0 as steam pressure increases above
1275 psi

Boiler master output does not track input

Boiler master cutput does not decrease to
0 as steam pressure increases above 1275 psi

Boiler master output tracks inout
Inverting relay output does not decrease
to 0 as high signal selector output
increases

Beiler master output does not decrease
to 0 as steam pressure increases above
1275 psi

Boiler master output tracks input 1

Relay output decreases to 0 as high signal
selector output incresses

High signal selector cutput does not equal
Ssteam pressure controller output

Boiler master output does not decrease to
C as steam pressure increases above 1275 psi

Boiler master output tracks input

Relay output decreases to 0 as high signal
selector output increcses

High signal selector output equals steam
pressure contrcller output

Steam pressure controller output does not
increase to 60 psi as steam pressure

increases above 1275 psi

Boiler master output decreases to 0 as steam
pressure increases above 1275 psi

Steam pressure controller output increases
to 60 as pressure increases above 1275 psi
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TABLE A-T. FAILUR® SYMPTOMS - HIGH STEAM PRESSURE INITIAL SYMPTOM -
DRUM LEVEL STEAM PRESSURE NOT AT REQUIRED VALVE (Cont).

Affected Unit

Low Signal Selector, ccntd.

Characterizing Relay

Fuel 0il Control Valve

§ngtoms

Fuel 0il A/M output does not decrease to
0 as boiler output decreases to 0

Boiler master output decreases to 0 as
steam pressure increases above 1275 psi

Fuel o0il output decreases to 0 as boiler
output decreases to 0

Characterizing relay output does not decrease
to minimum as fuel o0il output decreases to O

Boiler master output decreases to 0 as steam
pressure increases above 1275 psi

Fuel oil output decreases to 0 as
boiler output decreases to 0

Characterizing relay output decreases to
minimum as fuel o0il output decreases to 0

Fuel o0il pressure decreases tn minimum
as fuel 0il output decreases to 0

Ty
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APPENDIX B. DETAILED COURSE REQUIREMENTS

The development of detailed course requirements proceeds systematically
from the job task analyses. The sn-cession of analytic and synthesizing
steps is described and illustrated in the following appendix.

A review of the job task analyses resulted in the identification of
seven training objectives (T/0) concerned with imparting knowledge and six
training objectives concerned with skill acquisition (see Table C-1).

Each of these training objectives was analyzed within its job task
analysis context to determine its specific training requirements in terms
cf major component factors. The major component factors for the knowledge
T/O concern facts, principles, sequences and decisions. For the skill
acquisitics T/0 the major factors concern knowledge/information, decisions
and manipulations.

Tables C-2 through C-8 present the training requirements which were
idertified for each vf the knowledge T/O categories. The reader will note

a certain amount of redundancy among thesc several taktles. For example,

"sources of data," "time constraints,' "“failure effects," etc., appear on
several T/0 listings. Tables C-9 through ~ ‘4 present training require-
ments for the six familiarization and skil. uisition T/0 categories

dealing with ttoubleshooting, preventive maintenance, inspection, and
component removzl, assembly, disassembly, repair and calibration.
The training requirements shown in Tables -2 through C-14 provided

the basic data for identifving the course content requirements shown in

Table C-15. The course content requirements and the aggregated training
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TABLE B-1. TRAINING OBJECTIVES.

KNOWLEDGE:

1.

Using system diagrams, describe system, subsystem, and component
structure, location, op=zration, and function.

2. Demonstrate knowledge of preventive maintenance and inspection
requirements, decisions, procedures, techniques and criteria.

3. Using calibration procedure sheets, describe test techniques,
decisions, and criteria for each compoanent type.

4. Given representative component repair requirements, identify
tools and techniques required tor repair of each component type.

5. Using visual representations and mockups, demonstrate knowledge
of procedures and techniques of fault isolation and component
removal/replacement.

6. Using visual representations and displays, be able to correctly
idertify fault event cues and failure effects.

7. Using fault analysis sequence diagrams, explain procedurzl step:
in fault identification for selected fai_ure events.

SKILL:

8. Using an operational system representation, describe
procedures to detect and locate faults at the
component level.

9. Using operational system representation, describe
component removal/replacement, inspection and repair
components.

10. Using an operational system representation, describe
disassembly, test and calibration procedures.

11. Using an operational system representation, correctlv complete
system preventive maintenance and inspection procedures.

12. Using an operational system representation, correctly complete
system calibration and component assembly, disassembly, and
repair.

13. Using an operational system representation, correctly identify

and locate failed components in different failure conditions.
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requirements then provided the basic data for the derivation of "course
modules’ and for their desired sequence of presentaticn in terms of the
four course phases: I. Conceptual; II. Mainterance Requirements and
Strategy; III. Learning and Familiarization; and IV. Practice and
Assessment. These data are presented in Table C-16.

Thus, this analytic and synthesizing procedure proceeded from the
detailed task/step job descriptive level of the JTA through a succession
of data extraction and combining steps which resulted in a course outline
for systematically imparting the required knowledge and skills. The
analytic sequence is such that specific contents of the course modules
can be reconstructed from data available in the previous analytic step.
Similarly, the basic data supporting any analysis in the sequznce are

available from the antecedent analysis.
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TABLE B-2. TRAINING REQUIREMENTS FOR T/O CATEGORY 1

T/0 CATEGORY 1: Using system diagrams, describe systen, subsystem, znd

cowponent structure, location, aperaticn, and function.

FACTS:

System structure, function, and modas of cperatior
Nomenclature

Subsystem structure and function

Subsystem components

Subsystem lcocation

Component structure and structural interfaces
Component function and functional interfaces

Component modes of operation

Component location

PRINCIPLES:
Principles of system cperation
Principles of subsystem operation

Principles of component operation

SEQUENCES:

Steam precessing

Water processing

Air prccessing




TABLE B-3. TRAINING REQUIREMENTS FOR T/0O CATEGORY 2

T/0 CATEGORY 2: Demonstrate knowledge of preventive maintenance and inspec-

tion requirements, decisions, procedures, techniques and criteria.

FACTS:

Sources of PM-Inspection requirements and criteria
Time constraints

PM and Inspection schedules

Specific PM operations and techniques

Specific inspection operations and techniques

Precautions and warnings
PRINCIPLES:

Results of no PM or inspection
PM strategies

Inspection strategies

SEQUENCES:

Inspection procedures and techniques
- hot plant
- cold plant

PM procedures and techniques

- in port
= at sea
DECISIONS:

PM decisions (information, options, sources of data, and criteria)
- when to perform
- extent of PM
- when to remove/replace
~ when to calibrate-test
Inspection decisions
~ when to perform
- extent
- when to remove/replace

- when to calibrate-test

@
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TABLE B-4. TRAINING REQUIREMENTS FOR T/O CATEGORY 3

T/O CATEGORY 3: Usiug calibration procedure sheets, describe test tech-

niques, decisions, and criteria for each component type.

FACTS:

Sources of data
Time constraints
Specific calibration operations

Precautions and warnings
PRINCIPLES:

Calibration strategies

SEQUENCES :

Calibration procedures and techniques
- in place

- at test stand
DECISIONS:

Acceptability criteria and tolerances
Sources of criteria
Calibratec/test in place or at test stand

Repair/Replace decisions
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TABLE B-5. TRAINING REQUIREMENTS FOR T/O CATEGORY 4

T/0 CATEGORY &: Given representative component repair requirements, identify

tools and techniques required for repair of each component type.

FACTS:

Sources of data

Time constraints

Tool nomenclature

Special warnings

Specific repair operations
Special handling requirements

Part identification
PRINCIPLES:

Expansion of component operation principles

SEQUENCES:

Component assembly/disassembly
Compenent part inspection
Part removal-replacement

Tool utilization techniques
DECISIONS:

Repair location decision - in place or at work bench

Repair verification decision
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TABLE B -6. TRAIFTNG REQUIREMSNTS FOR T/O CATEGORY 5

T/0 CATEGORY 5: Using visual representations and mockups. demonstrate

knowledge of procedures and techniques of fault isolation and componert

removal/replacement.

FACTS:

Verification criteria

Time constraints

Precautions and warnings

Sources of data (e.g., criteria, procedures, etc.)
Tool nomenclature

Component structural interfaces

Special handling requirements
PRINCIPLES:

Expansion of component operational principles and interfaces

SEQUENCES:

Pro:edures and techniques for:
- preparing the system/subsystem
- preparing the component
- actual removal/replacement

- transportation of component
DECISION:

Verification of preparation

Verification of replacement
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TABLE B -7. TRAINING REQUIREMENTS FOR T/O CATEGORY 6

|
t
T/O CATEGORY 6: Using visual representations and displays, be able to
correctly identify fault event cues and failure effects.

1

1\

FACTS:

Specific cues and implications for system operation
Time constraints

Precautions and cautions

Typical failures producing cues

Failure effects - on system operation

Display and control locations

Display correct readings and tolerances

PRINCIPIES:
Expansion of system operaticn and function

Failure modes and effects

SEQUENCES:

DECISIONS:

Display out of tolerance

Fault detection verifi-ation
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TABLE B-8. TRAINING REQUIREMENTS FOR T/O CATEGORY 7

T/O CATEGORY 7: Using fault analysis sequence diagrams, explain pro-

cedural steps in fault identification for selected failure events.

FACTS:

Correct display readings and tolerances
Display locations

Time constraints

Precautions and warnings

Sources of data

Nomenclature

PRINCIPLES:

Troubleshooting strategies

SEQUENCES :

Check procedures for isolating to a subsystem

Check procedures for isolating to a component

DECISIONS:
Check decisions based on display readings, comparisons, responses; frends

Subsystem decision

Component decision
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TABLE B-9. TRAINING RCQUIREMENTS FOR T/0 CATEGORY 8

T/0 Category 8: Using an operational system representation, describe

procedures ro detect and locate faults at the component level.

KNOWLEDGE/ INFORMATION FACTORS:

Identify controls and displays

Read displays

Integrate data from displays

Know sequences to isolate a fault to a subsystem or loop
Know sequences to isolate a fault to a component
Know correct values of displayed data

Know fault cues

Know locations of technical publications

Know how to use technical publications

Know safing procedures

DECISIONS:

Discriminate controls and displays

Discriminate system responses

Judge whether displayed data are correct

Judge that a failure has occurred

Identify the failed component

MANIPULATIONS:

Manipulate controls to adjust display readings

Manipulate controls to change system configuration
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TABLE B-10. TRAINING REQUIREMENTS FOR T/O CATEGORY 9

T/O CATEGORY 9: Using an operational system representation, describe

component removal/replacemert, inspection and repair procedures.

KNOWLEDGE / INFORMATION FACTORS:

Know how to transport component
Know inspection routines

Know removal/replacement procedures
Know repair procedures

Know component isolation procedures
Identify tools

Identify component parts

DECISIONS:

Determine if component shoculd be removed or repaired in place
Verify component is isolated
Verify component is repaired

MANIPULATIONS:

Manipulate controls to configure system for component removal
Manipulate tools to prepare for component remcval

Assembhle tocls

Remove the component from the system

Remove/replace component parts

Replace the component

Set up component handling - transport device
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TABLE B-11. TRAINING REQUIREMENTS FOR T/O CATEGORY 10

T/0 CATEGORY 10Q: Using an operationai system representation, describe

disassembly, test and calibration procedures.

KNOWLEDGE/ INFORMATION FACTORS:

Know assembly/disassembly p.rocedures
Know test setup procedures

Know calibration procedures

Read displays

Compare displays and calibration tables
Identify tools

Know correct values of displayed data
DECISIONS:

Identify failed component part

Verify test

Verify calibration

MANIPULATIONS:

Set up test stand controls
Assemble tool set

Select tcols
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TABLE B-12. TRAINING REQUIREMENTS FOR T/O CATEGORY 11

T/0 CATEGORY 11: Using an aperational system representation, correctly

complete system preventive maintenance and inspection procedures.

KNOWLEDGE/ INFORMATION FACTORS:

Know PM procedures

Know location of PM cards

Know how to use cards

Know inspection procedures and routines - hot and cold plant
Identify displays

Read and integrate displays

Know component location, operation, configuration, nomenclature
DECISIONS:

Verify PM complete

Verify inspection complate

MANIPULATIONS:

Manipulate controls

Handle test sets
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TABLE B-~13. TRAINING REQUIREMENTS FOR T/C CATEGORY 12

T/O CATEGORY 12: Using an operational sysiem representation, correctly

complete system calibra:ion and component assembly, disassembly and
repair.

KNOWLEDGE/ INFORMATION FACTORS:

Identify components

Identify component parts

Identify controls and displays

Integrate data from displays

Know calibration procedures

Know assembly/disassembly procedures

Know compounent removal/replacement procedures
Know component repair procedures

Know safing procedures

Know effects of repair operation

Know component handling and transport procedures
Krow test stand setup procedures

DECISIONS:

Isolate fault to component part

Verify repair

Judge calibration data accuracy

MANIPULATIONS:

Handle-transport components
Select-handle tocls
Manipulate controls

Prepare the system for component removal
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TABLE B-14. TRAINING REQUIREMENTS FOR T/0 CATEGORY 13

T/0 CATEGORY 13: Using an operational system representation,

correctly identify and locate failed components in different failure
conditions.

KNOWLEDGE/ INFORMATION FACTORS:

Identify controls-displays

Identify components

Know troubleshooting routines-procedures

Know failure cues

Know correct display readings

Know time criticality - each failure mode
Know location of publications ans support data
Know how to use publications and support data
DECISIONS:

Determine unext action based on displayed data
Isolate failure to a loop

Isolate failure to a component

Judge how and when to assume control

Judge time criticality

MANTPULATICNS:

Manipulate controls




NAVTRAEQUIPCEN TL-C-0151-1

1.

2

3.

TABLE B-15. COURSE CONTENT REQUIREMENTS

ABC maintenance philosophy, responsibilities and requirements
ABC system structure
Major subsystems and components
location
identification
structural relationships
ABC system functions
Total system
Major subsystems and components
functions/operations
failure signs/symptoms
functional relaticnships
Component structure — physical configuration, parts, nomenclature
Component functions - operation of parts
Preventive maintenance procedures, sequences, schedules
Repair and calibration procedures and sequences
Inspection procedures and sequences
Troubleshooting procedures, sequences and decisions
Maintenance svstem components
Technical publications
Tools

Calibration devices

Test equipment
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APPENDIX C., DEVICE EVALUATION
PROCEDURE AND RESULTS

It is axiomatic that training devices differ in terms of their design
characteristics, and that design characteristics are differentially impor-
tant depending upon the training goals and the contents of particular
training course segments. Therefore, any attempt to determine whether
Device A is superior to Device B must accommodate these variables. The
several design characteristics must be evaluated in terms of their indivi-
dual effectiveness in meeting specified training goals, and the evalua-
tion scheme must be equally appropriate for a diversity of design char-
acteristics.

Since there is no single yardstick agairst which diverse design
characteristics can be measured we elected to use the pooled ratings of
five judges who evaluated each characteristic of each candidate device
in terms of satisfying the training objectives of the selected course
segment.

The evaluation method involved the specificetion of device charac-
teristics (dimensions to be rated), the assignment of importance weights
to these characteristics, and the assigrment of ratings for each device
in terms of the extent to which it prssessed each characteristic. Mean
ratings were multipled by the assigned weights and were averaged acronss
the evaluation categories of effectiveness, usability and cost. 'These
three category means were then weighted in terms of their judged

relevance for this study to arrive at a single figure of merit.
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The specific steps followed in this evaluation process were as
follows:

(1) Categorize devices in teirms of their appropriateness for im-
parting knowledge and information or in developing job skills, (see table 4)

(2) Identify tne characteristics of the candidate media which are

appropriate for impartin; information and knowledge alone, for develop-
ment of skills alone, ¢r for both knowledge and information and skills
( table D-1 ),

(3) Sort the design characteristics in terms of whether they concern

training effectiveness or whether they influence the convenient usability

or cost of the training device (see Table D-2),

The above exercise resulted in the identification of 13 "effective-
ness" characteristics tor the knowledge/information devices and 8 for
the skills devices. Some overlap existed since three characteristics

"usability" charac-

were common to both types of devices. Similarly, 12
teristics were identified for the knowledge/information devices and for
the skills devices.

In addition to the effectiveness and usability rating scales, the
devices were also rated in terms of three cost characteristics (initial
hardware and software costs and life cycle costs).

The next exercise involved the determinatior of the weights to be
assigned to each characteristic.

(1) Each of five judges independently assigned an importance weight to
the characteristics which were identiried as influencing training effective-
ness. These weights were assigned on a 10-point scale for etach training
objective category with a rating of 10 indicating maximum effectiveness.

For example, if a T/O category such as "troubleshooting procedures and
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cnpey

TABLE C-1. MEDIA CHARACTERISTICS

e

KNOWLEDGE AND INFORMATION MEDIA SKILLS MEDIA
! e Visual Representation e Fidelity of Simulation
- pictorial - - displays
- graphic - system response
- color - student response
- text - system configurarion
e Motion Representation e Range of Fault Capability

® Format Flexibility - capability of o Safety
modifying information formats

e Sound Representation
@ Branching

e J3coring

® Clarity - resolution

BOTH TYPES OF MEDIA

e Prompting and cueing capability
o Diffcrent levels of difficulty
e Operability

e Maintainability

® Reliability

e Transportability

H

)

i ® Space requirements

l o Update capability

; o Extent of programming requirements
; o Special requirements

e Generalizability

—

o Applicability across training objectives
e Support requirements

e Instructor requirements

T
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TABLE C-2. EVALUATION CRITERIA AND ASSOCIATED
MEDIA CHARACTERISTICS

EFFECTIVENESS

Visual Representation

- pictorial

- graphic

- color

- text
Motion Representation
Clarity of Representation

Format Flexibility

Sound Representation

e Scoring
e Prompting and Cueing Capability
e Different Levels of Difficulty
e Operability
e Fidelity of Simulation

- display

- system response

- student response
- system configuration

Branching e Range of Fault Capability
USABILITY
Maintainability e Extent of Programming
Requiremencs

Reliability

e Special requirements
Safety

e Generalizability
Transportability

Space Requirements

Update Capability

e Applicability Across Training
Objectives

e Support Requirements

e Instructor Requirements

COST

o Initial Software Cost

e Initial Hardware Cost

e Life Cycle Cost

Q8
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decisions' was judged as benefiting from a pictorial portrayal cf a
sequence of action then device characteristics such as "pictorial" and
"motion capability" would be accorded high weights. This weighting
exercise was conducted separately for: (a) devices using knowledge impart-
ing media to meet the training objectives; and (b) devices using skill
training media.

(2) Each of the judges then assigned an importance weight {1-10
scale) to each characteristic to inaicate its judged importance in in-
fluencing the usability of tlre device and the cost features of the device
whether for knowledge and information training or for skills training.

(3) The assigned weights were averaged for the five judges and
rounded to the nearest whole number. The assignment of importance weights
to each characteristic was therefore based on a review of the training
requirements associated with each respective training objective category,
and on judgments of the importance of the attribute inherent in each
characteristic for that particular T/O category.

The characteristics to be rated and the weights (averaged over all
T/0 categories) which were developed for the severai characteristics are
presented in Table D-3 (for devices imparting knowledge and information)
and in Table D-4 (for skill training devices).

Use of these scales was straightforward. Each of the five judges
independently rated each candidate device cn a 1-10 scale in terms of the

extent to which it possessed each of the listed characteristics. Mean
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TABLF. C-3. KNOWLEDGE/INFORMATION TRAINING DEVICE WCRKSHEET

CHARACTERISTICS WEIGHTS

Pictorial/photographic
Graphic/symbolic

Color

Motion/rates of motion
Clarity/resolution

Format flexibility

Text

Sound capability

Branching capability/extent

10 Scoring capability/trzinee KOR
11 Prompting/cues

12 Different levels of difficulty
13 Cperability/ease of use

OO~

EFFECTIVENESS

O o0 0WWSN & NODOSN Y

SUB-TOTAL/MEAN

Maintainability
Reliability
Transportability

Space requirements

Update capability

Extent of progzramming requirements
Special requirements
Generalizability
Applicability across T/0's
Support requirements
Instructor requirements

USABILITY
—OWVONOW S WN —
O NDORND®DES SO ®

—

SUB-TOTAL/MEAN

Initial software
Initial hardware
Life cycle

COSTS
© ® v

SUB-TOTAL/MEAN

TOTAL OR WEIGHTED MEANS
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TLBLE C-4. SKILLS TRAINING DEVICE WORKSHEET

CHARACTERISTICS WEIGHTS

Branching 8
Scoring 9
Prompting/Cues 8
Different levels of difficulty 8
Operability 9
Fidelity of display 10
Fidelity of system response 10
Fidelity of student response 10
Fidelity of system configuration 10
Range of fault capability 9

EFFECTIVENESS
O WO~V LW R

s

SUB-TOTAL/MEAN

Maintainability
Reliability
Transportability

Space Requirements
Update capability
Extent of programming requirements
Special requirements
Generalizability
Applicability

Support requirements
Instructor requirements

USABILITY
= OO 00~ W
WO N 00O DS SO

—

SUB-TOTAL/MEAN

Initial software
Initial hardware
Life cycle 9

O

COSTS
o

SUB-TOTAL/MEAN

TOTAL
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ratings were computed for each characteristic and were mulctiplied by the
assigned weight for that characteristic. These products were averaged
across the characteristics listed for the criterion categories of effect-
iveness, usability and cost. Thus, each candidate device received a
"score' for these criterion measures.

The mean criterion '"scores" for effectiveness, usability and :ost
were then examined and intercorrelations among these scores were found to
be uniformly low and not statistically significart. The effectiveness
and usability ratings correlated -.01, the effectiveness and cost ratings
correlated -.11 and the usability and cost ratings correlated .39.
These low inteircorrelations would tend to suggest that the judges were
not systematically biased and were indeed evaluating separate aspects
of the devices. Therefore, the criterion ratings for elfectiveness,
usability and cost can be treated as evaluations of independent features
of the equipments.

The problem now becomes one of determining how three independent
aspects of equipments can be simultaneously considered, including whether
the three evaluations should be combined into a single figure of merit.

A number of assumptions were explored. The followirg hypothetical
examp.es are pvovided to illustrate the nature of the problem.

First, let us illustrate a possibie finding for three devices (iden-
tified as A, B or C). For simplicity, we shall use elemental mean

"scores,'" and hypothesize the following three sets of uncorrelated eval-

uation aspects:

Device Effect. Use Cost
A 1 3 2
B 2 1 3
C 3 2 1
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If the "scores" on the evaluation aspects are simply summed, each
device receives the same total score (6) yet their individual qualita-
tive differences are apparent. Therefore, this result is intuitively
unsaticlactory.

If we now assign weights to certain of the aspects we can alter
the above result (break the tie). It was determined that a realistic
scaiing of the criteria would treat cvost and effectiveness to be
equally important and each to be three times as importart as usability.

We now multiply the effectiveness and cost scores by 3 and obtain:

Device Effect. Use Cost Sum
A 3 3 6 12
B 6 1 9 16
C 9 2 3 14

" * "

which gives edge to device B, and thus breaks the tie. Clearly,
however, the weights to be assigned to the three evaluation aspects are
completely arbitrary in the geneval cace and results can be manipulated
simply by altering the importance weights.

Under the assumption of equal importance of effectiveness and cost,
device scores were obtained for each of the 13 training objective cate-
gories listed in Table D-5. The results of these analyses in terms of
mean ratings are presented in Tables D-6 through D-8 for effectiveness

criteria. Table D-9 presents the ratings for usability and cost criteria.
Tables D-10 through D-12 contain the overall integration of criterion scores.
These scores contain the totals of the effectiveness, useability and cost
ratings from tables 6 through 9.

As indicated in these tables the scores obtained by the device retained
essentially the same ordering over all training objectives.
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Uniformly high (greater than .96) intercorrelations were obtained among
the ratings across different training objective categories. This suggests
that the evaluation scheme was not sufficiently sensitive to permit dis-
crimination among categories of training objectives. Therefore, mean
ratings across categories of training objectives were used ir subsequent
analyses. The mean scores under the assumption of equal importance of
effectiveness and cost are contained in Table D-13.

A second assumption considerec is that effectiveness criteria
are of primary importance. Under this assumption the effectiveness scores
are multiplied by three while usability and cost are multiplied by urity.

Thus:

Device Effect. Use Cost Sum
A 3 3 2 8
B € 1 3 10
C 9 2 1 084

Under this assumption Device C is selected. The results of the
tradeoffs using this approach are presented in Table D-14.
Another assumption would establish the cost criteria as of primary

importance. The results for the example would be:

Device Effect. Use Cost Sum
A 1 3 6 10
B 2 1 9 12
C 3 2 3 8

Using this approach Device B is selected. The results of the tradeoffs

using this assumption are presented in Table D~15. Under assumption 4, the
values are the scores listed in the first column (effectiveness) of table D-15.
For assumption 5 the scores are from the third column (labeled cost) of table

D-14, 112
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APPENDIX D. FUNCTIONAL STECIFICATIONS

D-1. Scope

System Philosophy.

One basic concept behind the Navy Advanced Maintenance Training
System (NAMTS) is that the system provides training materials which are
individualized and self-paced. The structure of the system will, there-
1ore, be directed toward training methods and equipment characteristic:
which are appropriate for individualized, self-paced instruction. A
second concept for the NAMTS is that the system will be applicable to a
wide variety of maintenance training programs within the Navy. Thus,
the training materials and methods incorporated in the system must be
generalizable to an assortment of training problems, materials and
objectives.

System Elements

The training equipment and methods to be provided in the system
include those concerned with the following kinds of training:

(1) Knowledge/information

(2) Skills training system operation and failure effects

(3) Skills training - troubleshooting

(4) Skills training

test and caiibration

(5) Skills training

ass2mbly, disassembly and repair
The following sections presenct functional specifications of Navy
Advanced Maintenance Training System equipment and methods based on the

above system philosophy and the analyses conducted during this study.

] The specifications are written for the system configuration selecited under

the assumption that effectiveness and cost factors are of equal importance.
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D-2. Functional Specification: Equipment and Methods for Imparting
Knowledge and Information

Scope

The training ¢ juipment and methods for imparting knowledge and
information will apply to those segments of a mainterance training course
which are concerned solely with presentation of information to be learned.
The appropriate training objective categories include (see Table C-1):

(1) Using system diagrams, describe system, subsystem and component
structure, location, operation, and function.

(2) Demoastrate knowledg: of preventive maintenance and inspection
requirements, decisions, procedures, techniques and criteria

(3) Using calibration procedure sheets, describe.test techniques,
decisions, and criteriz for each component type.

(4) Given representative component repair requirements, identify
tools and techniques required for repair of each component
type.

(5) Using visual representations and mockups, demonstrate knowledge
of procedures and techniques of fault isolation and component

removal /replacement.

(6) Using visual representations and displays, be able to correctly
identify fault event cues and failure effects.

(7) Using fault analysis sequence diagrams, explain procedural
steps in fault identification for selected failure events.

Description of Training Materials

The equipments required for the knnwledge and information presentation
segments of a maintenance raining course will include provisions for
visual and aural presentation with the visua’ medium encompassing motion
and still pictures.

The training method associated with these equipments will be appro-

priate for individualized self-paced training. The basic method will use
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programmed instruction brauching techniques to a limited but, what is
believed to be, the most cost-effective degree. The method will comprise

a programmed instruction approach wherein the trainee is presented infor-
mation, is tested on his retention and understanding of the materiai, and
is presented appropriate successive material depending on the '"correctness"
of his responses.

Description of Required Characteristics

The knowledge and information presentation devices are described in

this section in terms of their required characteristics:

Characteristics Requirements
4
' Pictorial presentation - required for orientation to the

system and system components

Graphic representation - required for description of spatial
relationships, location of equip-
ment, system physical cowposition,

etc.

Color - capability required for four-color
process (red, yellow, blue and
black)

Motion - capabilicy required for motion up

to 24 frames/second

Clarity-resoluzion - frame registraticn during motion
will not cause displacement of
successive images

- single frame contrast and readabil-
ity will be at a level comparable
to slide presentations

Format flexibility - capability required for still
visual presentations and for variable
motion
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Characteristics

Format flexibility, cont'd:

Text

Sound

Branching

Scoring

Prompting/cueing

Levels of difficulty

Operability

119

Requirements

visual cassette to be cued to the
audio cassette, to permit variable
speed visual presentation with
accompanying audio and with no
degradation in audio quality

to the extent possible, the system
should provide the trainee with a
choice of formats for the same
information (text, text and graphic,
text and sound, graphic and sound,
etc.) thereby allowing the trainee
to select a preferred format

required for most formats

capability provided as an optional
format

capability of presenting material
selected as a function of the
trainee's respease

recording capability required to
obtain information on student
performance

build into PI material as required

inherent in branching - at least
three levels to be accommodated

capability for student interaction
using four multiple choices

simple operating procedures

quick and simple cassette changes
control functions designed for
entry-level student aptitude and
ability (e.g., reading, decision-

making, etc.)

fi me-skip without distracting the
stident

i iuditle pulses to advance fr=mes




Characteristics

Space requirements
Transportability/portability
Update capability
Programming requirements
Special requirem=nts
feneralizability
Applicability across T/0's

Instructor requirements

120
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Requirements

housed in a portable self-contained
unit

capable of being carried by an
individual student using one hand

inherent in cassette approach
PI programming
scoring compilation

capability to accommodate diiferent
formats

applicable to knowledge/information
segments of any training course

applicable to all knowledge/
information T/0's

tutorial for resolving trainee
problems
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D-3. Functiona: Specification: Skills Training - System Operation and
Failure Effects

Scope

These training equipments will apply to course segments concerned
with the student's acquiring an understanding of system operations and
of effects of component failures. The applicable training objective
categories include (.rom Table C-1):

(6) Using vizual representations and displays, be able to correctly
identify fault event cues and failure effects.

(8) Using an operational system representation, describe
procedures to detect and locate faults at the component
level.

(11) Using an operational system representation, correctly complete
system calibration and component assembly, disassembly, and
repair.

Description of Training Materials

The eq;ipment will consist of a main-frame and interchangeable
plug-in panels. The panels will be specific to the simulations required
for specific skill training described under Sections E-3, E-4 and E-5.
The main-frame will accommodate any set of these panels. The simulations
to be provided will be designed for individualized self-paced use in
that they will contain all instructions needed to proceed through course
elements without the intervention, or even presence, of an instructor.

This simulation panel will display a large-size schematic of lines,
valves, and other components which, under stated operational and/or
failure counditions, will dynamically depict flow of fuel o0il, siLeam
and water, and the appropriate display values. The simulation will in-
corporate all controls and displays found cn the ABC-Hagan console. As
controls are activated, the effects of the action shall be displayed on

the schematic and also on the appropriate displays.
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Integrated with the simulation will be a programmed instrucilon
capabilitr . Explanation of system operation and failure effects will be
accomplished by the PI capability, followed by a series of test items to
assess level of student understanding. The PI display will be comparable

to the knowledge and information presentation device described in D-2.

Requirements

Characterigtics Requirements
Pictorial - no requirement
’ Graphic - presentation of system loops and

components depicting flow of fuel
oil, steam and water, and effects
of specific fajlures

Color - differentiation of loops by color
(four-color process)

Motion - rate of change or flew of o0il, steam
and water

- motion capability in PI accompaniment

AT S

Clarity - comparable to color slide - high
contrast
Format Flexibility — fixed arrangement of system elements;

different configurations of flow,
effects, display readings

- PI formats as described in p-p
Text - identifying alpha-numerics
- descriptive text accompanying the

illustration of a failure and its
effects

- programmed instruction to teach failure
effects and associated cues

Coh £ o iV e




Characteristics

Sound

Branching

Scoring

Prompting and Cueing

Different levels of
Difficulty

Operability

Fidelity ot Nisplay

Fidelity of System Response

Fidelity of Student Response

Fidelity of System
Configuration

3 Range of Fault Capability

E—-——___-__.___. -

NAVTRAEQUIF{ &Y 7h-C=0151-1

ieguiremeﬁz

. ¢C requized

student sequencing through tte material,
and level of difficulty, based directly
on reasured responses made by the

student to problems posed by the program

measurement and recording of time to
perferm, time to respond, and number
of procedural errors

integrated into PI display or schematic

at least three levels, differing essen-
tially in terms of level of specificity

equipment to be operated by the student,
which is separate from the simulated ABC
equipment, must be designed in accordance
with basic human engineering principles

time to learr how to use the equipment
should be minimal

use of actual displays of the same
location, size, type and scaling as
ABC displays

display changes synchronized with
dynamic schematic changes

changes of both displays and schematic
are essentially the same as changes in
the real situation

the student shall not be required to per-
form any control function which is not
normally in the sequence as part of the
training sequence

all displays and schematic states will
reflect conditions as appropriate for
the selected operation and failure

capable of simulating the effects of any

one of 25 different faults for each of
15 different failure events
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Characteristics

Maintainability

Reliability

Update Capability

Programming Requirements

Special Requirements

Instructor Requirements

Requirements

system possessing a built-in check
capabiiity

not iess than that associated with
system used in the existing course

changes in actual system design shall
impact modules of the system rather
than the entire system

display change initiation based on
selected failures, conditions and
switch positions for up to 50 displays
and 30 controls

instructional material presented to the
student based on the student's response
to test items

scoring requirements

ingtructional sequence for specific
failures should be selectable by the
student and by the course executive

element

in-depth support of program - explanation,
definition, etc.
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D-4. Functional Specification: Skills Training - Troubleshooting

Scope

Troubleshooting training materials apply to course segments requiring
acquisition of the diagnostic and perceptual-motor skills associated with
system fault isolation. Troubleshooting refers to isolation of a fault
to the component level, whereas the test and calibration training will
involve isolation of a fault to a part within a component. The only
limitation on faults to be simulated will be computer capacity.

The relevant training objective categories include:

(6) Using visual representations and displays, be able to correctly
identify fault event cues and failure effects.

(7) Using fault analysis sequence diagrams, explain procedurzl steps
in fault identification for selected failure events.

(8) Using an operational system representation, deseribe
procedures to detect and locate faults at the
component level.

(13) Using an operational system representation, correctly identify
and locate failed components in different failure conditions.

Description of Training Materials

The troubleshooting training equipment will consist of interchange-
able, plug-in panels. The panels and associated training materials will
be designed for individualized self-paced instruction in that they will
contain all information required for the student to progress through any
number of selected fault isolation activities. Provisions will be made
for enabling an instructor to sequence the faults to be presented or for
the student to be able to select faults to be presented.

The troubleshooting training equipment will be designed to authen-

tically represent the operaticn of the system in a fail-free state for
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different operational conditions and under selected failure conditions.
In a&ditiOn to a high fidelity representation of the man-machine

interface located at a station, the device wiil incorporate a programmed

instruction capability with visual and sound presentation similar to that

described in D-2, knowledge and information presentation.

Requirements

Characteristics Requirements
Pictorial - simulated optical view of stack

condition - black smoke, white
smoke, or clear

Graphic - repeat of system schematic as part
of PI accompaniment

Color - only as in ABC console design

Motion - displays

Clarity - no requirement beyond fidelity of
display

- PI - same as color slide

Text - PI accompaniment
Sound - not required
Branching - same as section D-3
Scoring - same as section D-3
Prompting and Cueing - same as section D-3
Different Levels of Difficulty - only one level - that of the
required sequences
Operability - same as section D-3
? Fidelity of Display - replica of real-world system displays
Fidelity of Systen Response - replica of responses in terms of

lags, rates, etc.
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¢ Characteristics Requirements

Fidelity of System Configuration replica of actual system for specific

conditions and failure modes

R SN

Range of Fault Capability - same as section D-3
3 Maintainability - same as section D-3
Update Capability - same as section D-3
Programming Requirements - same as section D-3
Special Requirements - same as section D-3
Instructor Requirements - same as section D-3

TP W PR
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D-5. Functional Specification: Skills Training - Test and Calibration

Scope

Training equipments of this type will be employed in course scgments
concerned with the acquisition of test and calibration skills. Relevant
training objective categories include:

(3) Using calibration procedure sheets, describe test techniques,
decisions, and criteria for each component type.

(10) Using an operational system representation, describe
disassembly, test and calibration procedures.

(12) Using an operational system representation, correctly complete
system calibration and component assembly, disassembly, and

repair.

Description of Training Materials

The equipment will consist of plug-in panels specific to this train-
Iing category. The panels and associated training materials will be
designed for individualized self-paced training in. that they will contain
all instructions needed to proceed through course elements without the
contiiued need for an instructor.

The simulation model will consist of a replication of the AEC-Hagan
component test stand. Operations to be simulated include attachment to
the test board of a component containing a specified fault, configuration
of the component, application of air, and interpretation of displayed
data to isolate the fault within the component. The panel will include

all replicas of the displays which are on the ABC-Hagan test board.
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Chardcteristics

Pictorial
Graphic
Color -

Motion

Clarity

Text

Sound

Branching

Scoring

Prompting and Cueing

Different Levels of
Difficulty

Operability

Display Fidelity

Fidelity of System Response

Fidelity of Student Response
Fidelity - System Configura-

tion

Range of Fault Capability

Requirements

no requirement

in programmed instruction accompaniment
for component diagrams

displays

PI accompaniment - dynamic schematic

PI - same as color slide

PI accompaniment

not required

same as section D-3

same as section D-3

not required

three levels - based on specificity

same as section D-3

replica displays of ABC - Hagan
test stand

replica of real-world system responses
to failures

replica of real-world test and cali-
bration sequences

replica of real-world system for conditions
and failure modes

to be determined - presented on displays
through logic in the simulation and
instrumentation as required in component
mockups
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D~6. Functional Specification: Skills Training — Assembly, Disassembly
and Repair

Scope
These equipments will be required in course segments devoted to
skills acquisition in component assembly, disassewbly and repair. The

applicable training objective cutegories are:

(9) Using operational system representation, describe
component removal/replacement, inspection and
r:pair procedures,

(10) vusing an operational system representation, describe
disagssembly, test and calibration procedures.

(12) VUsing an operational system representation, correctly complete
system calibration and component assembly, disassembly and
repair.

Description of Training Materials

The training equipment will include actual components incorporating
built-in cueing for part identification and task sequencing, and actual
equipment parts into which different failures can be introduced by th.
instructor. The equipment will :lso include an audio-visual (A/V) infor-
mation presentation capability similar to that described in section E-2.
The A/V capability will be used in conjunction with the actual components
to instruct students in procedures for assembly, disassembly and repair

of the components.

Requirements

Characteristics Requirements
Pictorial - 1in audio-visual, for presentation of
preocedures
Graphic - in A/V
Color - in A/V

- color coding of parts within components
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Characteristics

Motion

Clarity

Text

Sound

Branching

Scoring

Prompting and Cueing

Different Levels of
Difficulty

Operability

Display Fidelity

Fidelity of System Response
Fideltiy of Student Response

Fidelity - System Configura-
tion

Range of Fault Capability

Requirements

A/V film for depicting procedures
comparable to color slide

A/V programmed instruction
capability provided for audio tape
PI branching as in section D-2
same as section D-2

parts color coded and labelled

inherent in PI, as in section D2

same as section D-2
actual hardware

no response necessary
actual hardware
actual

part failures inserted into components
by instructcrs
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APPENDIX E. SPECIFIC SOFTWARE REQUIREMENTS

The characteristics of training equipment and methods which can be

considered to have associated software requirements include:

(1]

Pictorial or graphic representation
Text

Sound

Branching

Scoring

Prompting/cueing

Alternate levels of difficulty

Range of fault capability

The requirements for software in each of these characteristics for

each of the three major segments of the course are discussed below:

Requirements for Knowledge/Information Presentation Segment (Phases

I and II)

The device class selected for the initial two phases of the course

is represented by the modified PIP equipment. The software raquirements

identified for this class in this training segment include:

Representation - 8 mm type S film with capability for single
frame presentation (slide mode) or motion of up to 24 frames/
second (motion mode)

Text - programmed texts will be required to accompany and
supplement the information presented using the modified PIP
class of training device

Sound - audio tape, low ncise level, cassette tvpz; cued to
film, with no degradation irn sound quality at low film speeds

Branching - in a programmed instruction format, skip-branching

will be used to select the next visual for the trainee based
on his responses to multiple choice items
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! e Scoring - recording of trainee responses to each question
- computer program to compile, reduce and analyze

patterns of response for one or a group of students,
and for individual test items or groups of items

Prompting/cueing - for these applicatiors, considered to be in-
herent in the branching capability; no additional software
requirements

® Alternate levels of difficulty - also inherent in the branch-
ing capability

e Range of fault capability - not applicable to this segment

Requirements for Familiarization Training Segment (Phase III)

Training equipment for this segment wiil include the modified PIP
and the EC II classes. The software requirements are as follows:

e Representation - same as knowledge/information segment plus
graphic depiction of system relatinnships with dynamic indi-
cations of state changes and fluid flows. The device for
imparting knowledge/information will be driven by the EC II
class of device such that the programmed instruction frames
and supplementary dynamic representations presented by the
modified PIP class will be selected and controlled by the
logic of the EC II class. A special interface program will
be required to enable this coordination.

® Text - programmed text to accompaay and supplement the
module lessons, for home study. Also within the category of
text requirements are included tne *“roubleshooting algorithms
which will serve basically as job performance aids during the
training and after completion of the course,

® Sound - audio tape as in knowledge/information segment,

e Branching - EC II class devices must have the capability of
assessing a student response within a troubleshooting or
calibration =sequence, and informing the student of errors and
implications of the errors.

- modified PIP clars devices will be capable of branch-
; ing as described in the knowledge/information segment

® Scoring - the EC II class of devices will record trainee
errors in performing specific sequences during all failure
modes, and will also identify the failure modes being presented.
These data will be analyzed for individual students or groups
of students to identify for each failure mode the error rates,
types of errors, frequency by type, and frequeucy of error.

ey
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e Prompting/cueing - the EC II class wili provide prompting
cues to the trainee on a demand basis (if requested by the
trainee).

e Alternate levels of difficulty - inherent in branchiug

® Range of fault capability - software will be provided to
ensure the greatest possible range of failure modes and
symptoms. In addition, the software will be capable of
being easily updated to add additional failure and symptons.
The selection of a specific failure condition will be pos-
sible in three different ways: instructor programming of
the sequence of faults; random selection of failure modes
by the computer; and trainee selection of failure modes for
which he requires additional training.

Requirements for Skills Training Segment (Phase IV)

The requirements of this training segment are the same as for the
familiarization training segment except that the EC II class will not pro-
vide the system representation but will, rather, be a high-fidelity simu-
lation of the ABC Hagan console. Software requirements for this segment
are the same as those identified for the prior segment.

Course Software Requirements

The software requirements for the course, other than those inherent
in the individual training devices, include the following:

® Programmed instruction texts for each course module, as
required

e Job programs - operational sequences and data to support
the learning of complex sequences of activities

e Calibration tables and sheets

o Text answer sheets and templates

@ Student progress charts
e Student data cards and records

® Instructor guides - corntaining (primarily) guidance concerning
remedial training requirel on the basis of test results

e Remediation decision rules and criteria.
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