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SUMMARY

The purpose of this research effort was to develop conceptual
descriptions for a variety of reduced physical fidelity (RPF) training
devices that might be cost-effectively substituted for actual equipment
trainers (AET) in selected areas of Army maintenance training. An
associated task was to develop an evaluation methodology for detzrmining the
training effectiveness of the conceptual devices should they be developed
and procured by the Army. The effort was focused on segments of Advanced
Individual Training of wheel and track vehicle maintenance peisonnel and
turret maintenance personnel.

The first area of activity involved identification of certain training
requirement areas for which the Army might consider development of RPF
alternatives to AETs. The secund major area of activity was the cevelopment
of conceptual descriptions of RPF alternatives for specific skill/task
segments of maintenance training, while the third treated various
considerations related to evaluation of the training effectiveness of any
resultant RPF devices.

These activities resulted in identification of four segments of Army
maintenance training in which cost-effective RPF/AET substituticn might be
made and conceptual descriptions of eight RPF devices to be con:idered for
that substitution. Two devices are recommended for use in teaching
troubleshooting of engines and related systems; one device is identified for
teaching troubleshooting of tfrack/suspension systems; one device is
described for teaching removal/replacement of power packs; and our device
concepts are prescnted for teaching troubleshooting of turret ele:trical and
hydraulic systems.

A general methodology is then presented for determining tte training
effectiveness of any of the RPF devices which might be produ:ed. This
methodology considers such aspects as the device's effectiviness in a
variety of training settings, its performance chuaracteristic:, and its
measurement and feedback capabilities. Also described are the procedural
steps for the evaluation effort and the types of expertise needed on the
team conducting the evaluation.
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PREFACE
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Representative. The Army Study Advisory Group (SAG) was chaired by MAJ
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1. BACKGROUND

INTRODUCTION

The training of military maintenance personnel has rece.ved increasing
attention in rvecent years. Four factors appear to be primarily responsible
for this concern:

1. Mcdern weapons systems are becoming increasingly complex ond
sophisticated with resultant requirements for more highly
skilled maintenance personnel.

2. Costs of training maintenance personnel have increased.

3. Costs of training aids and devices used in maintenance
training are correspondingly greater as weapons systema
increase in complexity and sophistication.

4. The relative effectiveness of training aids and devices
currently used in maintenance training is uncertain.

Added to these four factors is a fifth overriding concern, the importance of
maintenance to the operational capabilities of military units. In the total
context, it is easy to understand this increasing attention upon maintenance
training and the resultant efforts to reduce its cost, without
sacrificing its quality and effectiveness, and to increase its effectiveness
in skill shortfall areas.

There have been numercus efforts aimed at alleviating the difficulties
underlying these concernc. For example, there have been attempts to produce
hardware that requires less maintenance or can be maintained by less skilled
personnel, but, while significant progress has been made in some instances,
the trend toward higher skill requirements has continued. Concerted efforts
have also been made to improve the training process itself. Perhaps the
most significant of such efforts has been the development of the
Instructional Systems Development (ISD) process 1/, This systematic
procedure begins with analysis of the actual tasks performed by miiitary
personne! on the job and identification of the tasks considered most
critical to job performance. Institutional training is then focused on the
more critical tasks, with the less criticsl tasks typically beirg assigned
to on-the-job training (0JT). Elimination of noncritical materigl from
institutional training usually results in shorter, less costly, p-oficiency-
based courses, who.e graduates are presumed to be more highly skilled in the
elements considered crucial to optimum performance on the job. The TSD
process, therefore, can have a direct and significant impact o1 the first
two of the four concerns for military maintenance training litted above.

— Interservice Procedures for Instructional Systems D/ velopment.
TRADOC PAM 350-30, Headquarters, U.S. Army Training and Doctrire Command,
Fort Monroe, Va., August 1975,
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The latter two areas of concern regarding the cost and effectiveness of
training aids and devices, particularly actual equipment used as training
devices, are continuing problems and are the focus of the research effort
described in this report.

MILITARY PROBLEM

The Army, like all the services, has become increasingly concerned with
its maintenance training. Maintenance problems are compounded by the wide
variety of equipment and vehicles peculiar to combat units and by the
unfavorable field environment in which much Army maintenance necessarily
takes place. Further, the new generations of Army weapons systems (e.g.,
the XM-1 tank) are costly and complex.

The teaching of maintenance tasks in the Army has traditionally
been organized around a theory-first, practice-later paradigm. Also, the
Army has generally followed the traditional practice of placing major
reliance on the use of Actual Equipment Trainers (AET) 1/ as the principal
vehicles for 'hands-on" practice in training. Training has typically
consisted of the presentaticn of important background knowledge through
classroom lecture, followed by demonstration of tke maintenance task by the
instructor. Small groups of students then practice the task on an AET, and
all members of the class cover the same material at the same rate. There
are two significant disadvantages to this mode of instruction: (1) the
instruction is generally aimed at the middle ability level of the class,
thus frustrating both the higher-ability and lower-ability students; and (2)
because they work in groups and all groups move at the same pace, not all
students are able tc practice all tasks on the equipment. In some cases,
there is also reliance on paper-and-pencil tests to measure student
proficiency. These tests measure the basic knowledge taught 1in the
classroom reasonably well, but are weak as means of evaluating those
por.‘ors of maintenance training that focus on phvsical mauipulation of
tools and equipment.

Consideration of these problems in light of extensive research into
human learning and advancements in educational technology that have occurred
over the last decade or two has brought about a fundamental change in
military maintenance training philosophy. There has been a shift away from
the lock-step approach in training toward an aprroach that emphzsizes
individualized instruction and employs such procedures as ,iﬁlf—pacing:
proficiency-based training, performance mastery, and the like. 2

'lﬁhe term AET refers to items of actual equipment that are used as
training devices. AETs may be entire, end-item systems such as trucks, or
they may be end-item subsystems or components such as truck engines. AETs
may be whole, i.e., in operational form, or they may be modified for use as
training devices (e.g., truncated, cut-away, and/or mounted on a platform).

2/ C .

— Taylor, J. Establishing the Concepts and Techniques of Performance
Oriented Training in Army Training Centers: A Summary Report. Technical
Report 75-21, Human Resources Research Organization, Alexandria, Va., June
1975,
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As would be the case in any sizable educatioial/training system, this

\ change from lock-step to self-paced !/ instruction | as not come about without

‘ the occurrence of major problems. Significant mmong these are problems

related to the AETs currently being used in mainteiance training. In self-

paced 1instruction, the individual student 1is required to demonstrate

; proficiency on each required tack before advancin; to the next task in the

' instructional sequence. The shift from lock-step to self-paced maintenance

training, therefore, 1is placing greater aud greater demands on AETs

currently supporting the training. Many AETs cannot hold up under the

increased usage and deteriorate rapidly. In addition, the task-oriented

nature of self-paced training is creating a need f r even more equipment to
support this newer method of training.

As has been noted, AETs have traditionally been the mainstay among
maintenance training devices, and their use has be'n predicated cn a number
of presumed advantages:

. e they provide a high degree of face validits, or realism, to the
1 student;

e they are usually readily available;

B e they do not require large developmental co ts or lengthy develop-
Yoy mental cycles such as are sometimes associ:ted with synthetic
training devices; and

Lo e items of equipment which have become unserviceable due to damage
; or age can be removed from the operating inventory and used as
maintenance training devices at very low cost.

The first of these presumed advantages, provision of realism to the student,
is considered by maintenance training personnel to be the most important.
It is virtually a basic "article of faith" among most maintenance training
personnel that the only effective way to teach most "hands-on' skills is
through the use of actual equipment.

There are, however, a number of disadvantages to relying upon AETs as
truining devices:

e in the case of a new system (e.g., the XM~-1 tank), there are no
unserviceable items in the inventory, and expensive operational
equipment must be tied up in supporting training functions instead
of supporting the functions for which it was designed;

e AETs typically have few, if any, features included specifically to
- enhance the training process;

i/As used here, the term '"self-paced" refers to an instructional
program in which the student's day-to-day instructional ovents and pace at
which he moves through the program are dependent upon the performance he
exhibits. The term is not intended here to connote that necessarily the

- student chooses the pace as he pleases, though i1t is not incompatible with
| such choice.

~




A T I e g T g g T
.

P RToT T - VT T IR, F TRI TE N ey v v " T T T T T e T ey R
™ : T T T T TS TR R L
- - ), Bletn. A I~ Al

e many AETs are carried on the inventory as training aids and do not
receive the engineering changes that operational equipment receives
through the Department of Army modification work order or product ;
improvement program, thereby tending to become obsolescent and out

of date;

e AETs wusually provide 1little or no trainee response-measuring
capability or means of providing feedback to the trainee; !

e AETs have limited capabilities for malfunction insertion and/or
demonstration of non-normal operation; '

e AETs normally receive a low priority for repair parts and con-
sequently, may be inoperable pending receipt of repair parts; and

e AETs often are limited to nondestructive uses of the equipment,
thus restricting their usefulness in many training applications.

As can be inferred from these disadvantages, there t-ve heen serious
questions raised about the wusc of AETs in terms ot both cost and
effectiveness considerations. For example, a turret for the XM-1 tank is an
expeusive item, and when modified for use as an AET its cost wruld be even
greater. In spite of this cost, its utility in terms of training
effectiveness and efficiency would still be limited. Further, the AET is
often incompatible with the individualized, self-paced 1iastructional
appreoach touward which the Army is moving in its maintenance tra'ning.

Recent advances in training technology have produced a wide array of
newer instructional media, media Lhal are geneially more compatible with the
training methods now espoused by the Army. chluded in their number are
devices of reduced physical fideliiy (RPF). 1 Many of th'se devices )
incorporate such training-related features as automated performance
measurement and immediate feedback to trainees, capabilities wrich AETs do
not possess. ’y

As a result of these factors and the Army's general :oncern for
improving its maintenance training better to meet operational needs, the
Army finds it must seek alternatives to AETs in many areas. This is not ).
meant to suggest that actual equipment has no place in Army maintenance {
training, but th~t media alternatives (including AETs) must be examined in {
terms of their overall cust effectiveness in meeting mainteaance training ”

requirements as part of a total system approach. Thus, where AETs are
uniquely suited to the training requirements, where they possess cost-

effectiveness advantages, or where no alternative exists, they will continue )
1 . . . . . -
—/RPF devices can be either two- or three-dimensional representations )

of actual equipment or systems within the equipment. 1"ese devices include

a variety of trainers that usually display the system under study on a panel

and are either hardwired or computer—controlled. Many are factory- )

programmed, but others may be programmed by the user. Drawings are normally '

used to show components, but some actual components may be used to attain a

certain degree of realism. »

8
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to be the instructional medium of choice. by However, 1in those areas where
alternatives exist, or can be developed, and have cost and training advan-
tages over the AET, it is prudent that the Army pursue such alternatives.
Thus, the general military problem addressed in the research effort reported
here is the role of AETs in Army maintenance training and the identification
of alternatives to AETs that have promise of cost and/or training benefit.

RESEARCH PROBLEM

From the research point of view, the military problem described has
several facets. First, what are the types of maintenance skills and
knowledges for which training devices a.: or may be used? This requires
behavioral/instructional analysis. Next, what are the different types of
devices? The AET is the major device type used in maintenance training, but
developments in training technology and simulation have led to development
of a variety of RPF devices that are or can be used irn maintenance training.
Finally, how can the effectiveness of a given devic. in teaching specific
maintenance skills and knowledges, or classes of such skills and knowledges,
be evaluated?

B e - e
[ A S
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, The present research, therefore, has addressed three areas as they
.. | relate to Army maintenance training: (1) skill/knowledge definitiom; -(2)
’,4 device alternatives; and (3) device evaluation. The effort is part of the
overall training device research program of the U.S. Army Project Manager
g for Training Devices (PM TRADE). The basic thrust of PM TRADE's efforts is
?'i the de elopment of more effective devices for the Army, devices that allow

achievement of necessary training goals at minimum cost. The research aim
has been the identification and conceptual description of potentially cost-
effective alternatives to AET devices for use in selected areas of Army
naintenance training and development of a methodology for evaluating such
1lternative devices.

ORGANIZATION OF REPORT

The main thrust of the effort reported here has been the development of
conceptual descriptions of RPF devices. Therefore, the emphasis in the main
body of the report will be o.. these RPF concepts and the general areas of
training to which they are addressed. The bulk of the detail relating to
the various tasks or activities that underlie the RPF concepts is relegated
to the various dppendixes.

HEERNIS o gt o aih Lo alinbind v o i adit

The report is comprised of four sections, including t~e present intro-
duction. In the second section the general approach folloved in the overall
effort 1is described in terms of the specific research tasks that were
b_ involved. However, much of the detailing »f these tasks is covered in the

’ ' appendixes. Section three describes the various areas of training of

TR AT T LT TR R e

] principal concern and presents a description of the various RPF concepts
E developed. It also includes a discussion of a device training effectiveness
: evaluation methodology as developed in the present effor:. Finally, the

. 1 . . . . . A
o —/AETs may be used in conjunction with RPF devices to facilitate the
transition to actual equipment.
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fourth section presents a discussion of Army maintenance training and AET
and RPF device requirements. The appendixes to the report are referenced as
appropriate in the main text.
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II. APPROACH

GENERAL SCOPE

The basic goals of this effort have been to ‘dentify areas in which RPF
substitution for AET devices might be considered, to specify the conceptual
form for such RPF devices, and to provide procedural guidance for the future
training effectiveness evaluation of such RPF devices should they be
developed to the point of prototype fabrication- In pursuit of these goals,
a systematic procedure has been followed in which current Army maintenance
training programs were examined and certain device requirement areas
identified. The approach has involved a combination of survey analysis,
rational analysis, and professional judgment based on empirical data
whereve. possible.

The first major research activity in the eff rt required identification
of training requirement areas for which the Army might reasonably consider
development of RPF alternatives to AETs. The second major area of activity
was the development of conceptual descriptions of such RPF alternatives,
while the third treated various considerations pertinent to evaluation of
any resultant RPF devices with reference to training effectiveness.

PROJECT TASKS

The accomplishment of the objectives of the three areas of project
activity just described required that six specific research tasks be
executed. The first two tasks concerned the first area, 1i.e.,
identification of the maintenance training areas of primary concern to the
Army in the present context. The second area (development of RPF conceptual
descriptions) also involved two specific tasks, while the third area
involved a single task. In addition, a sixth research task concerned with
reporting was carried out, but it dealt with all areas of project activity.

Throughout the effort, guidance was provided to tie Seville project !
team by an Army Study Advisory Group (SAG). The SAG consisted of
representatives from the Army Training and Doctrine Command (TRADOC), as
well as representatives of PM TRADE. Through a series of meetings and
interim reports by the Seville team, the SAG was kept informed of project

:
¢
\
3
:
¥
|
;
3
I3
b

activities and plans and was able to provide technical guidance to the
research team on a regular basis. Prior to initiation of the first task, !
Seville personnel were required to present to the SAG a detailed plan for i
] execution of the six tasks, and, in fact, certain revisions to the plan i
were made as a result of this interaction. It should also be noted that !
the SAG played an  active role in making some of the arrangements for
}_ training site visits made by the research team. :
;' _ As noted, six specific tasks were formulat:d for achievement of the ?
E overall research objectives. The six tasks were as follows: i
% 1. 1Investigation of Use of AETs in Maintenaice Traiiing g
Lo _ 2. Identification of Potential AET Replacem:'nt Area: ]
‘ {
Potea.

3. Evaluation of Existing RPF Alternatives
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4, Development of New RPF Concepts

5. Development of Training Effectiveness Evaluation Requirements

6. Reporting

General descriptions of the six tasks follow, and additional details are
given in the various appendixes.

Task 1 - Investigation of Use of AETs in Maintenance Training

The general objective of Task 1 was to determine the nature of Army
maintenance tralning, its objectives and organization, and the actual uses
being made of AETs and other devices in that training. The principal
research activity involved was a survey of the use of AET devices in the
institutional training of Army personnel to maintain track and wheel
vehicles, including maintenance of turrets. Advanced Individual Training
(AIT) courses for both organizational and DS/GS level mechanics were
included (see Appendix A). Some twelve different !MOS-producing maintenance
courses at three major Army training centers were surveyed. The survey was
designed to determine the nature of skills taught, the general organization
of the courses of instruction, the AETs and other devices used to support
instruction, and a variety of other relevant factors such as training
schedules, student input/output flow, equipment costs, anc the like.

Survey of the practices of non-Army counterpart maiatenance training
programs was also conducted in Task 1. This survey touched on the programs
of the other military services, as well as selected nonmilitary agencies,

Further detzils of the surveys, including survey procedures, interview
guides, and sites and persons surveyed, are given in Apperdixes A and B.

Task 2 - Identification of Potential AET Replacement Areas

The objective of Task 2 was to identify those areas of AET usage in
Arany vehicle maintenance training for

which an RPF alternative might be cost
effectively substituted. Since Tasks

3 and 4 required the identification or
development of RPF alternatives to specific AET devices or classes of
devices, it was necessary that such efforts be re.luced to a size that was

manageable and feasible within the resources availalle to the present study.
This required development of a schema for establishing an ordering of
priority for the investigation and development of potential RPF devices to

be used in lieu of current AET devices. The training survey data from Task
1 provided the input information for Task 2.

In order to establish the necessary priority listing, two things were

First, the various training courses surveyed were examined to iden-
tity major or common content areas of concern. This resulted in iden-
tification of some 24 major training areas. Typical examples of such areas
include: motor tasks 1in power plant maintenance by organizational
mechanics; cognitive tasks in power train maintenance by DS/GS mechanics;
and troubleshooting tasks in turret maintenance by organizational mechanics.

dore.

The second activity in this task was to develop anl apply a rating

schema to the 24 training areas in order to establis! priorities for
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possible AET replacement. The concern here wes to iden:ify those areas of
greatest training need or greatest potential cost benefit for the Army. In
this regard, six dimensions were identified as of primary concern:

e Skill complexity

e Subject-matter difficulty

e Commonality to other courses

e Trainee volume

e AET instructional utility

® AET cost

The research team, based on the Task 1 data and experience, rated the
programs on the above dimensions and recommended to the SAG four principal
training areas for concentration of effort in developing RPF alternatives
during Tasks 3 and 4. Definitions of the six scale dimensions aud the
rating procedure are contained in Appendix C, along with results of the
rating procedure.

Task 3 - Evaluation of Existing RPF Alternatives

On the basis of the survey data (Task 1) and the high-interest training
areas identified (Task 2), existing RPF alternatives to AETs were examined
for possible development by the Army. These alternatives were examined in
terms of their cost effectiveness as possible substitutes for AET devices
found to be currenily in use in Army training.

To supplement the survey data developed in Task 1, two additional
sources were surveyed during Task 3. First, some 75 commer:ial training
equipment manufacturers were contacted concerning possible RPF devices they
might know of or which they might be producing. Second, various military
resear.h agencies conducting research on training devices w:re contacted
concerning their research on or knowledge of existing RPF devices. These
agencies included the Army Research Institute, the Naval Trairing Equipment
Center, and the Air Force Human Resources Laboratory.

Task 4 — Development of New RPF Concepts

The objective of Task 4 was the development of new R’F coaceptual
approaches for the training areas identified in Task 2. While the
approaches were not to be constrained by current practices, it was desired
that the concepts to be described be feasible of accomplishment with a
reasonably high probability of success. Thus, emphasis was on concepts
involving extensions of existing technologies, or new combinations thereof,
rather than on the development of completely new technological approaches.

In developing these new conceptual approaches, particular attention was
paid to training areas for which no existing RPFs were found in Task 3 and

those in which AET costs were high and/or AET training effec:tiveness was
low.

13
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Task 5 - Development of Training Effectiveness Evaluation Requirements

The focus of this task was the development of a procedure or
methodology to provide guidance for the training effectiveness evaluation of
any REF devices that might eventually result from Tasks 3 and 4. Inputs
into the development of the evaluation procedure derived from several
source:. The principal sources were the general technologies dealing with
evalua:ion design and with performance measurement. Another major source
was the information developed in Task 1 concerning the nature of Army
maintenance training in the various areas of concern. An additional input
was based on general experience of the Seville project team and other
research/evaiuation personnel familiar with the evaluvation of training
devices.

Task 6 - Reporting

The conduct of this task involved a series of oral reports to the SAG,
detailing activities on the various tasks in the overall effort, and the
present report, which is the final activity of this task. The principal
objectives of this report are to document the overall activities of the
effort, to describe the RPF alternatives that can be considered for future
development by the Army, and to set forth a procedure for their evaluation.

The frequent interactions between the research team and the SAG vwere
essential noit only for general information flow, but they provided a series
of decision mechanisms with reference to the specifics of implementing the
general research plan for the effort.

APPROACH SUMMARY

The six tasks described were aimed at satisfying tie three general
research objectives of identifying the high-interest or high-value training
areas for possible RPF development, describing RPF devices appropriate for
those areas, and developing a procedural guide for the training

effectiveness evaluation of any such RPF devices tha* might be developed by
the Army.
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III. RPF ALTERNATIVES AND EVALUATION

This section of the report, organized into four general parts, details
the ‘rarious RPF alternatives developed in Tasks 3 and 4 and presents an
overview of the training effectiveness evaluation procedures developed in
Task 5. The first part describes the four Army maintenance training areas
that were identified in Task 2 as being the high-interest areas with
reference to possible device alternatives to AETs. The second and third
parts describe the RPF device concepts, both the currently existing RPFs and
the new conceptual approaches. The final part of this section then treats
the concept of device training effectiveness evaluation.

HIGH-INTEREST TRAINING AREAS

As previously noted, in Task 2 the 24 different major training areas or
domains were rated on certain dimensions in order to identify the training
areas of greatest interest to the Army with reference to possible AET
replacement, The four training content areas recommended to the SAG for
further consideration (and subsequently approved by the SAG) were:

1. Troubleshooting Engines and Related Systems at the Organizational
Level

2. Troubleshooting Track Vehicle Track/Suspension {ystems at the
Organizational Level

3. Removal/Replacement of Engines and Power Packs at the DS/GS
Level

4, Troubleshooting Turret Electrical and Hydraulic Systems at
the Organizational and DS/GS Levels

The first three of these areas are the responsibility »f wheel and track
vehicle mechanics, while area four is the responsibility of the turret
mechanic., In order to provide some background for the RPF device
descriptions, each of these training areas will be discussed in terms of the
general maintenance tasks the mechanic must perform and the general manner
in which training for those tasks is given. The distinction between
organizational and DS/GS maintenance levels is of some importance to the
discussion. These levels are discussed and defined in Appendix A.

1. Troubleshooting Engines and Related Systems at the Organizational Level

The troubleshooting activities of organizational wheel and track
vehicle mechanics primarily involve determination of a vehicle's operational
readiness and serviceability, In regard to a vehicle's engine, this
involves performing a number of preoperational checks cf the engine, its
components, and related systems. The mechanic assures the engine starts
quickly, its components are installed and operating proparly, belts are at
proper tension, fluids and lubricants are at correct levels, and performs a
number of other rather superficial checks. If trouble symptoms appear, the
organizational mechanic is required to identify the malfunction that caused
the symptom to appear and to repair it if it is within his authorization to
do so. As an organizational mechanic, his authorization is only to the

15

e e e o

- b s




o - S - JE— - s B BE o
TR, i T T o - R et s i O AT N T N R e O N Ty
- & T T T b daatt e 3 " -
(el ,‘F""ﬂ' ST "_' X e i 7 pid o - S 3 7 m‘. Ty ™ :
2 e st i ~ L3,

- N S

component or subassembly level, meaning he can remove and replace a starter,
for example, but is not authorized to repair the internal parts of the
starter. That function is served by the DS/GS repairman.

The organizational mechanic is confronted with a vast array of wheeled
and tracked vehicles encompassing a wide variety of gasoline, diesel, and
multifuel engines. In addition, each type of engine is suppovied by i:s own )
unique charging, cranking, ignition, and fuel systems, thereby crea ing a .
formidable array of tasks for the organizational mechanic. To suppcrt its
large inventory of vehicles, the Army is required to train ;jreat numbers of )
organizational mechanics. The four organizational maintenance courses
observed in this study (62B10, 62B20, 63B10, 63Cl0) graduate approximately

10,000 trainees annually, with 60% of that total coming from the 63Cl0 :
(Track Vehicle Mechanic) course, }

.

Because of the wide array of engines and related systems to which the
organizational mechanic is exposed, approximately one-third of the training
time in the four courses is devoted to the trainee being exposed to a great
deal of theory regarding the function and operation of engines and related
systems. The trainee also practices a number of physical skills requiring §
manipulation of tools and equipment, and learns to operate several types of ’

diagnostic and testing devices, including the tach/dwell meter, low voltage
circuit tester (LVCT), and multimeter.

The instruction for this segment of training begins with an
introductory lecture by one or more instructors. Trainees usually attend
this introduction in groups, since even in a self-paced cou.rse the trainees
tend to work together in groups. In lock-step instructior, of course, the
! entire class is present. After the instructor explains the objectives,
i instructional procedures, and grading methods for the segnent of training, \
the trainees move to the equipment to perform the tasks specified in the -

lesson guide. The instructors move about assisting th- trainees where
needed.

P R

v g -

Troubleshooting of gasoline engines and related systems 1is usually
taught using Jeep and other small truck engines as AETs, most of them still
being mounted in the vehicles. Troubleshooting of diesel engines and
systems is usually taught using actual engines mounted on stands. Engines ?
\ from a number of manufacturers (primarily Cummins, Caterpillar, and

Continental) are used in this training to expose the traine: to the variety
of engines he might be required to maintain in his unit issignment. The
engines mounted on stands, of course, require elaborate systems for
provision of fuel and for removal of exhaust emissions. Sirce as many as 20
engines might be located in one shop, it is also a high-noise area, and

trainees and instructors are required to wear protective devices over their
ears,
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Before an engine is started, the trainee make: a number of
preoperational checks. These checks vary with the type of c¢ngine (gasoline,
y diesel, or multifuel), but generally include: belt tensions and condition;

hose condition; fluid and lubricant levels, including battery and radiator; b
and the condition and general serviceabiiity of the carbur:tor, fuel pump,
ro throttle linkage, distributor, ignition wires, spark plugs, and exhaust
r{. system. Once the engine is running, a number of more complex tests can be
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performec, including: tests of various vacuum systems; checking of the i
timing; -hecking engine idle speed and point dwell using the tach/dwell

meter; and various checks of the generator and voltage regulator using the
LVCT and multimeter.

The training for these tasks involves the trainee performing the tasks,
with assistance from the instructor if needed, using the proper tools, test
equipment, and maintenance procedures as specified in the appropriate
technical manual(s) (TM). The engines are usually in normal operating
condition during this phase of training, and the trainee is therefore
generally exposed to only rormal conditions and test readings. As the
trainee performs each task, he receives a "go" or a “no-go" from the
instructor. A "no-go" usually requires the traince to repeat the task or a

certain portion of the task until the instructor is satisfied with his
performance.

e b b et Y i

Upon completion of each set of tasks (i.e., upon receiving a "go" on
all, or a certain percentage of, the tasks from the instructor), the trainee
is subjected to a performance examination. Ir this examination, he is
directed to an actugl engine which the instructor has "bugged" througin
insertion of a number of malfunctions. A certain time limit is established,
and the trainee must locate and repair all the ma!functions, thus returning
the engine tc normal operating condition. Howev:ir, the number and variety

of malfunctions to which the trainee is e :posed are limited both by time and
the difficulty of "bugging'" the AETs.

DURPEIPERT SN

2, Troubleshooting Track Vehicle Track/Suspensio: Systems at the
Organizational Level

This area of troubleshooting by an organizational mechanic invclves
identifying the causes of me&lfunctions and determining the serviceability of
the various torsion bars, lockout cylinders, support rollers, road wheels
and arms, and other components of tracked vehicle track/suspension systems.

Troubleshooting of track/suspension systems involves dirnct observation
of trouble symptoms such as leaking seals and cylinders, worn bushings, and
a thrown track. This area of troubleshooting, therefore, is not as complex
as troubleshooting of engines, but is identified as a high-priority area for
RPF-AET substitution primarily because of extremely high AET costs. A
second selection factor is, due to the cumbersome nature of the equipment,
the inability of track/suspension system AETs to present a variety of
malfunction symptoms without an inordinate amount of instructor set—up time
] or requiring a large number of AETs, each with a different

malfunctions. Training in this skill follows
: described earlier.

P e

get of
the sane geuneral rubric
1f trouble exists in a track/suspension system, the
; symptoms are quite obvious. For example, misalignment of the road wheels or
k’ . center guides produces evidence of wear in specific spots;. Broken torsion
'* bars or leaking shocks might cause the vehicle to sag to one side. Since
the symptoms are more obvious and the related causes fewer in number than in
many other arcas of troubleshooting, the instruction for this skill consists
mainly of description and observation of the various symptoms and their
< - causes. AETs are used to demonstrate somz of the malfunctions, but the
capability of an actual track/suspension system to present a variety of

e < symptoms is severely limited. As in the previous section, the trainee is
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not able to obscrve a large portion of possible malfunctions until he works
on the performan:e examination, where he is expored to operational vehicles
which exhibit s variety of symptoms.

3. Removal/Replacement of Engines and Power Packs at the DS/GS Level

This 1is a motor task involving disassembly of linkages and lines
attached to a wheeled vehicle or tank engine or power pack (engine and
transmission as one unit), removal of the ergzine/power pack, its reinstal-
lation, and reassembly of linkages and liaes. It is recommended as an area
for RPF-AET substitution primarily because of AET cost. Entire vehicles are
devoted to teaching this task where alternatives could be devised to reduce
costs.

Training on this task, following the same general outliae described
earlier, consists first of instruction in disazsembling the numerous fuel
lines, electrical 1lcads, hoses, and throttle Iinkages attached to the
engine. If the engine alone 1is to be removed, the clutch wmust be
disconnected. In power pack (engine and transmission) removal, the
transmission must be disconnected from the propeller shaft and the
transmission linkages disassembled. Mounting bolts are thea removed. At
this point, a sling is placed around the power plunt, and ¢n overhead crane
or wrecker is used to lift it from its compartuent. During installation,
thc srocedures are reversed. The trainees must work in teems in performing
this task.

4. Troubleshooting Turret Electrical and Hydraulic Systems at Both
Organizational and DS/GS Levels

Troubleshooting, as described earlier, involves analysis of trouble
symptoms and diagnosis of malfunctions that cause the trouble symptoms to
appear. As such, troubleshooting is a difficult skill to master. In
troubleshooting the electrical and hydraulic systems in the modern turret,
however, the task is 1 ade even more difficult because of the sophistication
of the two separate systems and complexities introduced when both systems
are required to interact in performance of a number of functions within
certain turrets. It must also be noted that from an instructional point of
view, because of lack of space and poor visibility, the turret is not a good
teaching device. For these reasons, and because turrets are very high-cost
items, this area of maintenance was identified as having high potential for
cost-effective RPF-AET substitution.

At both maintenance levels, troubleshooting of turret electrical and
hydraulic systems involves use of a number of test devices such as the
multimeter and LVCT to trace malfunctions. The trainee must also be able to
trace circuit diagrams to know where to start testing. When 4 reading has
been taken, that reading must be interpreted and the malfunctioning
component identified. At this point, the organizational mechanic removes
the component and replaces it with a new or rebuilt one. The DS/GS
repairman is further confronted with the task of disassembling the
component, repairing/replacing the malfuncti~ning part(s), and reassembling
the component. Emphasis is placed here on electrical and hydraulic systems
because the major systems in turrets are either all electrical (in the M551)
or combinations of electrical and hydraulic components (in the M60 series
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and in the iew YM-1), Skills in working with electrical and hydraulic
\ systems, therefore, are necessary if the mechanic is effectively to maintain
: the current inventorv of turrets.

Following the same training format as the other areas of instruction,
training in this skill area centers primarily around malfunction detection
through observation of readings on certain test equipment. This is
particularly true for the electrical system, and the LVCT and multimeter are
vital tools to the turret mechanic. By connecting the test instruments to
test points associated with system componente, certain values wl ich register
on the test equipment indicate certain malfunctions. In working with
4 hydrsulic systems, pressure measurements are 1mportaat, as is visual
1 inspection for fluid leaks.

{

Upon identification of the malfunctioning component, the skill of
physically removing the component and replacing it with a new or rebuilt one
is called into play. Tool selection and use, therefore, is another
important skill that is taught.

As mentioned earlier, the DS/GS repairman is then faced with the task
of disassembling the component, going through further troubleshooting
. procedures to isolate and replace the defective part, reassembling the
-1} component, and then testing it to assure it is functional and can be
d returned to stock.

EXISTING RPF ALTERNATIVES !

As the present effort was originally conceived, Task 3 was to involve
an assessment of RPF devices presently in use in maintenance training. Such
devices, 1f they could be shown to be cost-effective substitutes, mi:zht then |
be considered by the Army as alternatives to some of the AET devices

Y T
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currently in use, particularly those AETs of high cost or low treining
effectiveness.

In point of fact, the only RPF devices found to be in current use 1/ 3
that might be considered as alternatives to AETs were the so-called flat-
panel systems simulators (FPSS). These devices are used primarily in
teaching system troubleshooting tasks in maintenance training and 1in
teaching procedural tasks for operator training. Such devices are little
used for the teaching of the motor and cognitive tasks of concern in the

present study, but are beginning to be used for some aspects of engine
J troubleshooting. !

With reference to available information concerning the cost
effectiveness of existing FPSS devices, an examination of the few studies
that have been done reveals little or no valid cost-effectiveness data. In
certain uses (e.g., with complex electronics and radar systems) the FPSS has
been judged cost effective. but largely on the basis that the AETs are very
high-cost items. No credible data were found to demonstrate FPSS cost and

_‘
t
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. -l/This statement is made in the context of the Army and non-Army
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training effectiveness 1in the vehicle/mechanical maintenanc areas of
concern in the present effort. 1/

As a furthor possible means of dcveloping cost effectiveness data on
these FPSS devices in the wheel and track vehicle maintenance areas, the
TRADOC Systems Analysis Activity (TRASANA) was contacted coincerning possible
applications of its Cost and Training Effectiveness Analysis (CTEA) 2/ model
to such devices. TRASANA reports no knowledge of CTEA application to FPSS
devices. In similar fashion, the Army Research Institute (ARI) was
contacted concerning applications of the training device -ost effectiveness
determination procedure (TRAINVICE)3/ thev have developed. This too failed

to produce data concerning ¥PSS devices in wheel aad track vehicle
maintenance.

Thus, no direct data base could be assembled to substantiate the
training effectiveness of the FPSS devices in wheel ond track vehicle
maintenance training, nor were there any sound, systematic cost
effectiveness data relating to FPSS use in any setting. With reference to
the four high-irterest training arcas identified herein, however, ore must
view the FPSS devices as potentially useful devices for AET substitution in

l/See, for exampla:
Biersner, R. Attitudes and Other Factors Related to Aviation

Maintenance Training Effectiveness. CNETS Study Report No. 6-75, December
1975,

Biersner, R. Observations of the Use and Evaluation of ECII-LP
Simulators for Aviation Training. CNETS Report No. 2-76, October 1976.

Darst, H. Evaluation of ECII Simulator. Research Memorandum No. 9-75,
U.S. Army Transportation School, Fort Eustis, Va., 18 December, 1974.

Finch, C. and O0'Reilly, P. The Role of Dynamic Simulition in Teaching
Complex Problem-Solving Skills in Vocational and Techaical Education.
Educational Technology Research Series No. 56, Educational Technology
Publications, cnplewood Cliffs, N.J., 1973.

McGuirk, F., Pieper, W. and Miller, G. Operatioral Trvout of a General
Purpose Simulator. Technical Report 75-13, U.S. Air Forc: Human Resources
Laboratory, May 1975.

Wright, J. and Campbell, J. Evaluation of the I'CII Programmable
Maintenance Simulator in T-2C Organizational Maintenance Training. Naval

Air Systems Command Report No. NADC-75083-40, 15 May, 1975.

éjU.S. Army . Cost and Training Effectiveness Analysis Handbook.
TRADOC PAM 71-10 (Draft), Hecrdquarters, U.S. Army Training and Doctrine
Command, Fort Monroe, Va., 3 January, 1977.

~ Narva, M. Project Summary: Training Device Concept/Prototype
Validation System (TRAINVICE). U.S. Army Research Institute for the

Behavioral and Social Sciences, Arlington, Va., April 1976.
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areas 1 and 4 (i.e., tr.ubleshooting engines and turret electrical and
hydraulic systems). Their wutility in area 2 (trr bleshooting of
track/suspension systems) would be less likely, and they would likely have
none at all in area 3 (removal/replacement of cngines and power packs).

Perhaps the biggest area of concern in the use of FPSS devices to
replace AETs in any of the four high-interest areas wou'd be their general
inability to present certain hands-on instruction n tasks such as
remove/install, adjust, and other largely motor tasks. These actions,
sometimes required during troubleshooting and usually as a consequence of
diagnosis (i.c.. executing corrective-action tasks), are viewed as important
by maintenance personnel! and represent an important area of AET capability
and attractiveness.

To summarize, KFPSS devices do represent alterniatives to AETs in
selected aspects of Army vehicle maintenance training. The existing data,
however, do not fully support a current recommendation that they be procured
for such substitution, though a recommendation that the Army conduct a
systematic, empirical cost effectiveness evaluation of their use in vehicle
maintenance training would be in order.

NEW RPF CONCEPTS

In considering new maintenance training devices of a conceptual nature
that might be developed on an experimental basis, recent advances in
training technology must be kept in mind. FPSS devices are capable of
providing training in troubleshooting that has frequently been coasidered
effective, but as described above, studies concerning the effectiveness ot
these devices are lacking in specific cost-effectiveness data. There is no
question, however, that the capability of these devices to provide.
instruction in the decision-making and procedural processes involved in
troubleshooting is far beyond that of AETs. A significantly greater number
of malfunctions can be presented to trainees in a fraction of the time it
requires an instructor to "bug" actual equipment. Numerous research studies
have indicated, moreover, that reduced fidelity devices, even such low-
fidelity devices as cardboard mock-ups, are very effective in teaching
decision-making and procedural processes. 1 These are the subordinate
skills, mostly cognitive and internal, that are the dominant elements in the
skill of troubleshooting.

1

“/See, for example:

Cox, J., Wood, R. Jr., Boren, L., and Thorne, H. Functicnal and
Appearance Fidelity of Training Devices for Fixed-Procedures Tasks.

Technical Report €5-~4, Human Resources Research Office, Alexandria, Va.,
June 1965,

Grimsley, D. Acquisition, Retention, and Retraining: Group Studies
on Using Low-Fidelity Training Devices. Technical Report 69-4, Human
Resources Research Office, Alexandria, Va., March 1969.

Prophet, W. and Boyd, H. Device-Task Fidelity and Transfer of
Training: Aircraft Cockpit Procedures Training. Technical Report 70-10,

Human Resources Research COrganization, Alexandria, Va., July 1970.
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areas | and 4 (i.e., troubleshootiner engines and turret electrical and
hydraulic systems). Their wutility in area 2 (troubleshooting of
track/suspension systems) would be less likely, and they would likely have H
none at all in area } (removal/replacemeni of cngines and power packs). i

Perhaps the biggest area of concern in the use «f FPSS devices to
replace AETs in any of the four high-interest areas wou'd be their general
inability to present certain hands-on 1instruction n tasks such as
remove/install, adjust, and other largely motor tasks. These activas,
sometimes required during troubleshooting and usually as a consequence of
diagnosis (i.e., executing corrective~action tasks), are viewed as important
by maintenance personnel and represent an important area of AET capability
and attractiveness.

e e asn

To summarize, WPSS devices do represent alternatives to AETs 1in
selected aspects of Army vehicle maintenance training. The existing data, %
however, do not fully support a current recommendation thit they be procured i
for such substitution, though a recommendation that the Army conduct a
systematic, empirical cost effectiveness evaluation of their use in vehicle i
maintenance training would be in order.

NEW RPF CONCEPTS

In considering new maintenance training devices of a conceptual nature
that might be developed on an experimental basis, recent advances in
training technology must be kept in mind. FPSS devices are capable of
providing training in troubleshooting that has frequently been considered
effective, but as described above, studies concerning the effectiveness of
these devices are lacking in specific cost-effectiveness data. There is no
question, however, that the capability of these devices to provide
instruction in the decision-making and procedural processes involved in
troubleshooting is far beyond that of AETs. A significantly greater number
of malfunctions can be presented to trainees in a fraction of the time it
requires an instructor to "bug" actual equipment. Numerous research studies
have indicated, moreover, that reduced fidelity devices, even such low-
filelity devices as cardboard mock-ups, are very effcctive in teaching
E decision-making and procedural processes. 1 These are the subordinate
skills, mostly cognitive and intermal, that are the dominant elements in the
skill of troubleshooting.

e A ke e b i e e
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] l/See, for example:

Cox, J., Wood, R. Jr., Boren, L., and Thorne, H. Functicnal and
| Appearance Fidelity of Training Devices for Fixed-Procedures Tasks.
*' Technical Report 65-4, Human Resources Research Office, Alexandria, Va.,

June 1965.

Grimsley, D. Acquisition, Retention, and Retraining: Grouv Studies
- on Using Low-Fidelity Training Devices. Technical Report 69-4, Human
Resources Research Office, Alexandria, Va., March 1969. i

Prophet, W. and Boyd, H. Device-Task Fidelity and Transfer of
S Training: Aircraft Cockpit Procedures Training. Technical Report 70-10,
bt . Human Resources Research Organiz:tion, Alexandria, Va., July 1970.
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Instruction in tne internal aspects of diagnosis and troubleshooting is —
important, but training in the ha:.ds-on aspects of these maintenance tasks
should also be presented. Most of the new devices discussed in this section , ]
of the report make an attempt to bridge the gap between these two conceptual _ j ;
positions and provide training in both areas.

A hybrid training device, i.e., a combined FPSS and three-dimensional g
mockup, is one possible general solution to the hands-on/simulation dilemma. ~ 7
Combining the capability of the FPSS device to provide instruction in {
diagnostic aspects of maintenance with the ability of a three-dimensional gg
mock-up to provide a variety of hands-on experiences, would extend the range -

of maintenance tasks th ¢ could be taught far beyond that present in current [
FPSS devices or AETs. This would generate cost savings in at least two .
categories, the first being decreased dependence on expensive AETs. The o
second and more significant category of potential cost savings would arise
from developing improved maintenance skills within the trainees, thus
increasing their efficiency and reducing equipment downtime. The devices v
suggested herein would allow repeated practice on a wider range of tasks g
than is possible in present training, and would play a significant role in

these two areas of cost avoidance.

The conceptual descriptions of new RPF devices that follow are grouped
in terms of the high-interest training areas previously discuiussed. Two
devices are presented for area 1, one device for area 2, one for area 3, and
four devices, or options, are presented for area 4.

Troubleshooting Engines and Related Systems at the Organizational Level ;

Two different types of devices will be discussed in relation to
teaching this skill. Device 1 is a microprocessor-controlled mock-up engine
with an attached FPSS, while Device 2 is a three-dimensional mock-up of a
basic engine block to which would be attached electronic modules that are
replicas of each of the various engine components. Each of these devices is
| discussed in more detail in the following paragraphs.

Device 1. This device would be composed of two separate components, a
three-dimensional mock-up engine an an FPSS. These components would be
interconnected electrically so that .1e engine would be under control of the
simulator. Thus, when the trainee performs a task, the results of that
task, indicated by various symptoms or readings, would be displayed on the

‘ simulator panel. The two major components would be located in close
physical proximity, perhaps on an L-shaped table. Figure 1 illustrates this
concept.

The engine portion of the device would be a three-dimensional
representation of an engine with its components such as starter, generator,
carburetor, etc. In order to accommodate for the differences in design and
operation of each engine type, a different mock-up engine ani simulator
would nced to be manufactured for gasoline, diesel, and multifuel engines.
A variety of hands-on tasks such as adjusting the fuel mixture and setting
the idle speed would be practiced on this device, but the simulated removal
and replacement of major components would be accomplished by pressing a

button on the simulator. This action would indicate to the computer that
the component had been replaced.
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A high degree of simulation of engine operation could be attained
through making the enzine "run" by means of an electric motor. Many
functions could be simulated, including the capability to make the engine
vibrate by means of a weighted wheel in order to simulate missing, rough
idle, etc. The computer—controlled electric motor could also drive elements
which could automatically cause the fuel pump to fail, the choke to stick,

or create other operational malfunctions.

The engine configuratiern would include all the external components and
linkages, ircluding starter, generator, accelerator linkage, etc., of an
actual ~ugine. This would allow the trainee to hook up simulated test
equipment, make adjustments, and complete most of the tasks performed on a
real engine short of the actual remove/replace tasks. The internal

components of the engine would be pictured through the visual capabilities
of the FPSS.

The technology for the FPSS component of this proposed device 1is in
existence on a variety of trainers currently available from training device
manufacturers. This would include the capability to present error messages,
displav pictures of engine components, display diagrams of engine-related
fuel and electrical systems, provide test points and/or buttons, and provide
remove/replace buttons. Simulated test equipment such as a tach/dwell
meter, LVCT, and multimeter would also be included, as well as functional
dashboard instruments. The entire device would be controlled from an

instructor's control panel incorporated at a convenient location on the
FPSS.

In providing instructio~ in ne troubleshooting, the device would
need to display a variety of - nction symptoms, For example, if a
carburetor is set too lean a vil... on is caused by fuel starvation. This
vibration could be simulated by a weighted wheel driven by an electric
motor. A fuel mixture needle would be provided on the mock carburetor, and
the trainee would "adjust'" the fuel mixture as he would on the real engine,
thus causing the simulated engine vibration to disappear. In the same
manner, fouled spark plugs, clogged fuel filters or lines, and a number of
other malfunctions could be simulated. The appropriate maintenance or
repair action would be simulated by the trainee through pressing specific
repair or remove/replace buttons on the FPSS,

A second general example of malfunction symptoms would be those which
are indicated by various items of automotive test equipment. A specific
instance would be improper point dwell as indicated by a simulated tach/
dwell meter located in the FPSS panel. When an improper dwell angle is
observed, the trainee would make the proper distributor adjustment on the
mock-up engine. Other malfunctions identified by test equipment readings
would include improper engine timing and excessive resistance in spark plug
wires.

Finaglly, many of the cues needed by a mechanic to isolate malfunctions
are cues provided by engine sounds. These include the hissing of a leaking
vacuum hose, clicking or tapping noises, and a variety of other sounds. In
order for sound cues to be effective stimuli for instruction, however, they
must be generated so the trainee can locate and isolate them. Appropriate
sounds of engine trouble could be reproduced and broadcast through small
speakers placed at strategic locations throughout the mock-up engine.
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Repair or remove/replace buttons on the simulator pancl would allow the
trainee to demonstrate his knowledge of the appropriate response to a sound
cue.

Use of this device in teaching troubleshooting of engine and related
systems would alter somewhat the current role of the instructor, and two
noticable changes would be evident. First, the large block of time now
required to insert malfunctions into AETs would be reduced to the few
seconds it would take to set the malfunction selector on the instructor's
control panel. 1In addition, as soon as the trainee identifies a malfunction
and takes the proper action via response button or physi:al action, another
malfunction can be selected. The trainee can thus be exposed to a large
number of malfunctions and responses 1in a short period of time, a
flexibility and range of instruction which is not possible with an AET.

The second major change in the instructor's role viould come from the
device's assumption of portions of the direct instruction. This would free
the irstructor from a number of the very time-consuming, and sometimes
diffieult, duties of merely dispensing knowledge, and allow him more time to
work individually with trainees in resolution of their specific learning
problems.

The physical actions required of the trainee during instruction on this
device can readily be inferred from the above discussion. He would take a
variety of actual test readings, would feel and hear many of the same cues
provided by a real engine, and make a number of actual calibrations and
adjustments. He would also be able to complete a number of troubleshooting
procedural sequences beginning with initial analysis of a trouble symptom,
identification of the malfunction, prescription of the proper corrective
procedure, and execution of the corrective action. This last step, in some
cases, would involve physical manipulation of parts of the engine mock-up,
while in other cases the act