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ABSTRACT

Training in maintenance skilis has become increasingly more important as the cost of replacement
parts and expenditures for maintenance personnel have risen. More effective and efficient skills train-
ing has been identified as a means to 1imit costs through fewer false repairs, shorter down time, and
decreased numhers of personnel reguired for mainienance. Advocates have championed various systems and
devices for this training, to include in different forms: actual equipment, flat panel simulators, three-
dimensional simulators, videodisc, and computer assisted instruction. This paper discusses the inte-
gration of interactive videodisc, computer generated images, and three-dimensional simulation in a total
system concept for maintenance skills training. Bifferent types of maintenance skills are identified,
along with the methods and techniques for training those skills. Impliementation of the methods and
techniques in an integrated system is presented, to include the means for providing modeling, drill and
practice, cueing and prompting, feedback, and evaluation. Twe different systems are identified,
rationale for the differences is provided, and the advantages each has in intended use is specified.
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MAINTENANCE SKILLS Complex E Test [Locate, Connact, Read, interpret, Evaluate)

Equipment maintenance requires a diversity of
skills, which range from simple tasks such as ro-
tating a switch to very difficult tasks such as
interpreting and follewing schematics in the pro-
cess of tracing signal paths. Both cognitive and

psychomotor behaviors are required ¢f the main- . TABLE 1
tenance technician to perform these tasks. Table Sample Maintenance Behaviors, Missi1eMainteqance
1 illustrates some of these behaviors. (Adapted from AMTESS Phase 1 Final Report)
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It is evident that there are many enabling
skills and knowledges that the trainee must have
before he begins to acquire the specific mainten-
ance skills listed in the table. The enabling
skil1s include such things as terminology, com-
ponent locatijons, functional system knowledge,
use of technical materials, and basic electronics.
An effective and efficient maintenance technician
must possess both of these types of skills.

MAINTENANCE TRAINING

The training of maintenance skills has been
a difficult proposition. From the standpoint of
a training system, the student must be taught
each of the many types of maintenance skilis.
Each type of skill must be taught fn a way that
is consistent with its nature. In addition, the
synergistic nature of the maintenance enviranment
reguires that the student be taught to use all of
these skills as an integrated whole.

Learning Stages

The acquisition of know%edge is almost always

a gradual process. As MyersZ notes, the classi-
cai learning curve can be djvided into three
learning stages: acquisition, consolidation, and
evaluatien. In the acquisition stage, the student
gains an initial familiarity with the subject
matter. In the consolidation stage, he gains
criterion competency. His ahility to perform is
tested in the evaluation phase, and administrative
decisions are made on the basis of his performance,

The application of this staged process in
maintenance training is clear., The student should
first be guided in the acquisition of basic
knowledge and skills using techniques that are
appropriate for this type of learning. This s
followed by practice that requires the use of
these skills in a realistic manner. The cues,
prompts, helps, and remediaticn used during this
practice should gradually be reduced until the
student is able to perform at a criterion level
using only the materials which will be available
io him on the job.

In looking at equipment maintenance holisti-
¢cally, it appears that the acguisition stage
addresses the enabling skills and knowledge dis-
cussed above, These skills and knowledges are
primarily cognitive in nature, though they are
certain to include some psychomoior elements as
well. These types of behavior can usually be
taught using low fideliiy representations such as
textual descriptions, line drawings, photographs,
motion pictures and other two-dimensional media.

During the avaluation stage, the student must
be able to perform complex cognitive and psycho-
motor behaviors. The emphasis in this stage is
oh the student's psychomotor activities, since
his cognitive processes are normally manifested
in his actions. Thus, testing the student's
ability requires the use of some higher fideTity
three-dimensional medium, such as actual eguipment
or a simulator.

The consolidation stage provides atransition
between the primarily cognitive acquisition stage
and the primarily psychomotor evaluation stage.
Although the student learns about maintenance in
the acquisition stage, it is in the consoli-
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dation stage that he actually learns to do main-
tenance. If is here that he will gain knowledge
of the synergistic aspects of the job he is to
perform. The gradual fading of cues, prompts,
etc., inherent in this stage, necessitates the
concurrent use of both Tow fidelity two-:.
dimensional media and high fidelity three-
dimensional media.

Methods and Technigues

Various methods and techniques have proved to
facilitate training of maintenance skills. Media
selected for training must be capable of incorpo-
rating these training aids. Examples fnclude
guided practice, modeling followed by immediate
application, and realistic representations of mal-
functioning equipment. In addition, those praven
methods and techniques common to all successful

training should be available., This would include

capabilities such as self-pacing, remediation,
cueing and prompting, and branching.

TRADITIONAL TRAINING MEDIA

Media traditionally used for maintenance train-
ing have met the reguirements of the three stages
of maintenance training with varying degrees of
success. Successful training has occurred when
well-designed instruction has been delivered
using media appropriate for the learning stage in
which they have been used. Print and other two-
dimensional media have been successfully employed
most often when used in the acquisiton stage.
Actual equipment and three-dimensional simulators
have been successfully used for evaluation.
Appropriate integration of the use of 2D and 30
medis has resulted in some success in the con- _
solidation stage. Unfortunately, this inte-
gration has historicaliy been difficult to
achieve.

Acquisition Stage

A wade var1ety of two-dimensional media have

" been used effectively in the acquisiiion stage.

These media include various print materials,
e.g., textbooks, programmed texts, and workbooks;
photographxc materials, e.g., photographs, s1ides,
movies, and video; art work; and audic materizls.
Perhaps the most pawerful 20 medium in existence
at present is the relatively new technology which
combines the use of interactive videodisc and
computer graphics in a single device. .

Eva1uétion Stage

Historically, the preferred 3D medium for the
evaluatich stage has been actual eguipment -
trainers (AETs). Limitations inherent in using
AETs have resulted in the growing use of simu-
lators, These simulators have included various
levels of physical and functional fidelity,
ranging from low fidelity flat panel simulators
to high fidelity 3D replications of actual equip-
ment. The degree of fidelity required is a
function of the tasks to be evaluated,

Consolidation Stage

The consolidation stage requires use of both
2D and 3D media. Any of the media identi-



fied above can be used effectively in this stage.
But, it is apparent from the requirements for
this stage, as discussed above, that all of the
media used in this stage must work together as a
unified whole. This requires the use of some
intelligent controller to coordinate the student's
interaction with all of the media employed. The
use of an instructor as controller is inefficient
in terms of both time and money. When administra-
tive factors dictate a high student to instructor
ratio, the training can be ineffective as well.

Recent advances in technology allow extensive
use of computers in the consolidation phase. Com-
puters are used to control 3D simulators, to con-
trol videodisc players, and to control other
peripheral equipment. This allows the use of the
compuisr as the intelligent centroller in the con-
solidation phase. This mix of 2D, 3D, and com-
puter as controller is likely to be the most
effective means of providing training in this con-
solidation stiage.

INTEGRATED SYSTEM CONCEPT

The above discussion indicates ithe need for
a system which integrates the use of both 2D and
30 media. Such a system could be effectively
used in all three learning stages. The 2D portion
used alone coutd be used for acquisition appli-
catians, while the use of the 3D by itself would
suffice for evaluation. In addition, the inte-
gration of the use of the two in various propor-
tions would make it a potent, cost- and training-
effective instrument in the crucial consolidation
stage.

Until recently, technoliogy has not been
available which would allow the integration aof
2D and 3D media inte a unified system. Recent
breakthroughs have allowed the Grumman Aerospace
Corporation to design and construct two such
systems, and they are currently under operational
evatuation.

AMTESS

The Army Maintenance Training and Evaluation
Simulation System (AMTESS) s a generic main-
tenance training system developed for the U.S.
Army, Project Manager for Training Devices. The
version of AMTESS developed by Grumman 1 3 cone
sists of twe modules: a student station and a
30 simulator (See Figure 1). These two modules
can be used as independent elements, or they can
work together as an integrated system.

Figure T Integrated AMTESS Modules
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3D Module. 3D simulator modules can be either
system oF training program specific. Math models
cause each module io react as the real squipment
it simulates would under both normal. and degraded
conditions. These models make no judgment as to
the correctness of student actions. The 3Dsimu- "~
lator provides the technician with the opportunity
to manipulate controls, abserve indicators, and
troubleshoot malfunctions on eguipment that is
physically and functionally representative of the
actual equipment. Computer control of the 3D via
a microprocessor provides all of the normal and
abnormal indicaticns of all components, controls,
and indicators. )

Two different prototype 3D modulas have been
delivered and currently are under evaluation. An
automotive module designed to train generating and
starting system troubleshcoting on the M110A2

“self-propelied howitzer is at Aberdeen Proving

Ground, Maryland (See Figure 2), and a missile
module designed to train troubileshooting on the
transmitter of the High Power ITluminator Radar
of the HAWK Missile System is at Fort Bliss,
Texas. (See Figure 3{. )

Figure 2 AMTESS Automotive 30

Figure 3 AMTESS Missile 3D



20 Module. The 2D module can be used in a
stand-alone mode, or it can be connected to any
3D module for tandem operation (See Figure 4).
Two-way communication between the student and the
2D is accomplished using a color television

monitar, which can display videodisc and/or com- -

puter generated images, Student 2D responses
are registered through a touch bezel attached
to the TV monitor. The videodisc player, TV
monitor, and touch bezel are all under the con-
trol of a single microprocessor with dual drive
floppy disk. When operating in tandem, the 2D

processor also controls the 3D simulator.

P RS, L R

Figure 4 AMTESS Student Station
The 2D can be used for various types of in-
structionat activities, e.g., presentations,
tutorials, or drill and practice. Various in-
structional techniques can be used to facilitate
student iearning. For example, modeling of ex-
pert behavior on the 20 can be followed by
immediate student immitation of the modeled
behavior on the 3D. The 2D can monitor student
actions on a continuous basis. It can branch
to provide specific guidance, remediation, and/or
feedback as appropriate.

Tis

The Tactical Jamming Sustem (TJS) trainer
for the U.S, Navy's EA-6B aircraft was developed
for the Naval Air Systems Command, and has been
delivered to the U.S. Naval Air Station, Whidbey
Istand.4 While configured somewhat differently
than AMTESS, the TJS contains the same elements,
i.e., videodisc, computer generated graphics,
student response touch bezel, computer control,
and 30 simulation. (See Figure 5). The TJS
trainer is weapan system specific, and although
it could be modified far other applications,
e.dg., the training of operator procedures, 1%t
was developed to address 7JS maintenance train-
ing requirements,

SYSTEM TRAINING CAPABILITIES

Iniegrated System Trainers (ISTs) are an
answer to ihe requirement for concurrent use of
20 and 3D media in the consolidation stage.
Having both 20 and 3D capabilities, they also
have full capability for use in the acquisition
and evaluaiion stages. The ability to deliver
that training using a variety of methods and
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Figure 5 TJ5 Maintenance Trainer

techniques has beenh demonstrated 1n the Tessans
developed for the AMTESS and TJS systems. The
following paragraphs describe the ways in which
various features of the ISTs have bzen used.

The heart of an IST is the computer in the 20,
which controls the student's interaction with all
elements of both the 2D and 3D modules. It meni-
tors hls pregress and provides cues, prompts, in-
struction, knowledge of resuits, and help fo the
student in accordance to developed jesson
materials. The student interacts with the 2D
using the touch bezel atfached to the video screen,
and his manipulations of the various components on
the module are reported ic the 2D computer using
the communication lines between the modules.

_ On the 2D moduie, videodisc images have been
used to store instructional materials in the form
of textual, graphic, piclerial, and auditery in-
formation. The random access capability of the
player allows the computer to call up either
single frame or motion sequences in an order that
is appropriate for instructional requirements.
The motion capability can be used to present
audio, visual, or audiavisual sequences. Two
audio channels on the disc permit additiona
flexibility of use. :

Computer generated graphics extend the capa-
bility of the videodisc, and provide a quick and
easy way to update lessons. The generation of
these computer presentatians is under 2D computer
control, so the messages can be tailored to indi-
vidual circumstances. Communicaticn between the
20 and 30 computers allows the system %o call up
video and computer graphic images in response to
student actions.

Use of the 2D computer as the executive per-
mits the two parts of the sytem to be used in any
desired proportion. This flexibility allows
tesson materials to be tailored to the specific
requirements of each Tlearning stage.

This not only increases insiructor reli-
ability, and consistency of fraining, it permits
the instructor to use time more efficiently.

This allows the instructoy to become more of a re-
source manager, using all of his available tools,
and additionally frees the instructor to spend



time with those students who would best benefit
from that direct interface.

During the acquisition stage, videodisc
images and computer graphics have been used ex-
tensively to provide cues, prompts, and reme-
diation, and for student requested help sequences.
Various levels of help have been made available,
with aliernate paths based on student performance.
Reiatively speaking, very little use of the 3D
module has been made during this stage.

During the consoiidation phase, the student
is weaned from dependence on the 2D, Fairly heavy
use is made of the student station early in this
stage, as it guides his interactions with the 3D.
By the end of this stage, however, the student
interacts almost exclusively with the 3D and
interacts with the 2D only when he specifically
asks for help.

In the evaluation stage, the 2D continues to
monitor individual actions to maintain records of
student perfaormance. The interaction monitored
will be aimost entirely with the 3D, and vir-
tually no video or computer generated messages
will be used.

THE FUTURE OF SKILLS TRAINING

I5Ts are currently being evaluated for train-
ing effectiveness and transfer of Tearning. Their
potential for providing effective training in all
three Tearning stages will be realized as lessons
are developed which use the diversiiy of methods
and techniques available, and are applied across
a wide range of training programs.

New applicatiaens are in pragress. Tech-
nology for training devices is constantly im-
proving. Microprocessor technology continues to
grow. The new generation of videodisc
development witl Tikely include single frame
audio and programmable videodises. Integrated
Systems Trainers are the future of skills train-
ing.

REFERENCES

Campbell et al, Final Repori, Army Maintenance
Training Evaluation and Simulation System,
Grumman Aerospace Corporation, Bethpage,
New York, April 11, 1980 :

Myers, Charles R., Jr. "Media Selection: A
Contextual Madel,” Unpublished Manuscript
Deer Park, NY

Preliminary System Engineering Design Report,
Grumman Aerospace Corporation, Bethpage,
New,York, April 11, 1980

Specification for Trainer, EA-BB ICAP 1 AN[ALQ-99
éﬁl Tactical Jamming System, Nava) Iraining
quipment Center, Urlando, Flarida,
May 15, T1980.

241

ABOUT THE AUTHOR

James R. Stonge is an Instructional Systems
Engineer at Grumman Aerospace Corporation., He was
the Instructional Systems Development (ISD)
manager on the Grumman AMTESS program, with re-
spansibility for all ISD activities on that pra-
Jeet. In addition, he deveioped all of the
Missile Maintenance Training associated with
AMTESE, Previcus duties at Grumman include ISD
activities associated with the A6-E Maintenance
Trainer for the Detecting and Ranging Set (DRS).
Prior to joining Grumman, he was on the faculty of
the Department of Instructional Systems Technology
Iindiana University. He held various positions
while serving 11 years in the US Air Force, in-
¢luding that of Instructor Missile Combat Crew
Commander and Training Squadron Commander.

Mr. Stonge holds an AB in Education, Lycoming
College; MBA, University of Missouri; MS in Edu-
cation, Southern I711inois University - Edwards-
ville; and has completed all docioral work excepi
completing dissertation (ABD}, Indiana University.



248





