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ABSTRACT

-

The costJeffectiveness of maintenance simulators, compared
to actual equipment tralners, is evaluated for training m111tary
maintenance techn1c1ans. Maintenance simulators are as effectlve

as actual equlpment,trainers when measured by student achievement

/ at sclool; there is no\difference in the job performance of stu-
dents trained either Qay, according to supervisors' ratings, in

. only one study. The acquisition cost of maintenance simulators -
is typically less than that of actual equipment trainers. The

cost to develbp and fabricate one unit of a simulator was less. kS
than 60 percent of the cost of its countefpart actual equipment

a / trainer in 7 of 11 cases investigated. The coust of fabricating

an additional unit of the simulator was less than 20 percent of

the cost of its counterpart actual equipmerit trainer in ¢ of

these 11 cases. Acquisition and use of a maintenance simulator

) i "over a 15-year period would cost 38 percent as much as an actual
equipment trainer, according tp the only life~cycle cost compari-
son that has been reported. Since maintenance simulators and
actual equipment trainers are equally effective and since main-

) tenance simulators cost less, it is concluded that maintenance >
simulators are cost-effective compared to actual equipment
trainers. This f1nd1ng is qualified because it is baszed on a
limited number of comparisons. because effectiVeness i3 based

) primarily on school achievement rather than on the job perform-
ance, and because it is ba§ed prlmarlly on acquisition rather

than on life-cycle costs.
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v SUMMARY
A. PURPOSE

This paper evaluates the, cost-effectiveness of maintenance
. ’ 2\ . <.
simulators, compared to actual €guipment trainers, for training
o ¢
military personnel to waintain military equipment.*

» ]

B. BACKGROUND ' &
) s N J_

Maintenance simvlators are synthetic training devices that
appear to duplicate the performance characteristics of opera-
_tional equipment uanr normeg and many malfunction conditions.
"Actual equipment trainers are operational equipments that are
provided with power, inputs, and controls needed to make them
operate in a classroom. Maipten@nce simulators incorporate some
type of computer support to provide é large variety of malfunc-
tions for instructional Burppses, are designed to withstand
abuse in a classrb%hd do ﬁot'expose students to dangerous .condi-
tions, and can measure student performance for the information
of both students and instructors. They are generally less
expensive to procure thah actual equipment trainers. Actual
equipment trainers provide students an opportunity to train_on
the'acﬁual equipment they will be expected to maintain afp?s

*In 1976, the Defense Science Board recommended cost-effective-
ness evaluations of military training. This study is one of

. several undertaken in response to that recommendation. The
study was performed for the Office of the Deputy Under Secre-
tary of Defense for Research and Engineering (Research and .
Advanced Technology), under the.technical cognizance of the
Military Assistant for Training and Personnel Technoloyy.

. 1§ -




- they leave school. Limitations of such trainers are that,
being desxgned for operat10na1 rather than instructional
purposes, they may break down and be difficult to Maintain in
- a c%assroom setting. They provide only limited opportunities
for demonstrating malfunctions because instructors must install
*faulty" components, which always takes some time and may be

. . inconvenient. Actual equipment trainers do not include facili-
ties for measur{ng student performance; this would require a

o °

complex and costly process of redesign:

.

C. EFPECTIVENESS

The effectiveness of maintenance simulators has been evalu-
ated in 12 studies conducted since 1967. These .'.volved mainte-
nance training for equipment used in sonar avionics, radar,
propellers, flight control, navigation, aircraft power plant,
communication, and ship automatic boiler control systems. Stu-
dent achievement in 12 courses that usesl maintenance simulators
was the same as or bettrer than that in co.mparable courses that
used actual equipment trainérs; in one case, student achievement
with a maintenance simulator was less. In one case where on-the-~
job_performance_was evaluated, supérvisors‘ ratings showed that
there was no difference between students trained with a simulator
or an actual equipment trainer., Students trained with mainte-
nance simulators completed thelr courses in less time than did
those who used actual equlpment trainers. In three cases where

- such data were coliected, time savings were 22, 50, and 50 per-
cent, respectively. Most students who use maintenance simulators

have favorable attitudes toward their use; instructors are split
about equally in having favorable, neutral, or negative attitudes
toward the use of these simulators. .
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D. COST:

Maintenance simulators appear to cost less to acquire than
do actual equipment trainers. The cost to design, develop, and
fabricate one unit of a simulator is less than 60 percent of
the unit cost of its counterpart actual equipment trainer in 7
cases out of a sample of 11; iq the remaining four cases the \
simulators cost more than thg;actual equipment trainers. Once
developed, the cost of fabrf&a;ing an additional unit of a
simulator is less than Zo;beréent of the unit cost of its '
counterpart actual equipment trainer in 9 of those 11 cases;
in only one case did the simulator cost more to fabricate than
the actual equipmént trainer.

In the one avaiiable case of a life-cycle cost-effective-
ness evaluation, the Air Force 6883 Test Stand Three-dimensional e
Simulator was as effective as the actual equipment trainer, boﬁg»
at school and on the job. The total costs for the same student
load over a 15-year period were estimated to be $1.5 million
for the simulator and $3.9 million for the actual equipment
trainer; that is, the simulator would coét 38 percent as much
to buy and use as would the actual equipment trainer. \
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CONCLUSIONS

Conclusion 1. Maintenance simulators are as effestive as
actuaI—;;:;;;;;;—trainers for training-militay personnel, as
measured by students' achievement at school and, in one case,
on the job. The use of maintenance simulators saves some of
the time needed by students to complete courses, but data on
th1s point is limited. Students favor the use of maintenance
simulators; instructors are favorable, neutral, or negative
toward the use of simulators in about equal numbers.

Conclusion 2. The acquisition cost of maintenance simula-
tors are prically less than that of actual equipment trainers.
The cost to develop and fabricate ore unit of a simulator was
less than£60 percent of the cost of actual equipment trainers
in 7 of 1l cases examined; the cost to fabricate an additional
unit of a simulator was less *+han the 20 percent of cost of
actual equipment trainers in 9 of the 11 cases. The one avail-
able life-cycle cost estimate shows that purchase and use of a
simulator would cost 38 pe.cent as much over a 15-year period
as it would to buy and use ar actual ¢ juipment trainer.

Conclusion 3. Maintenance simulators are as effective as
actual equipment trainers for training maintenance personnel..
In addition, they cost less to acquire. Therefore, maintenance
simulators arc cost-effective when compared with actual equip-
ment trainers. '

Conclusion 4. 1In general, the data on the cost and effec-
tiveness of maintenance simulators have not been collected sys-
tematically. Therefore, there is no basis at present for mak-
ing trade-offs between the effectiveness and cost:of different

types of maintenance simulators on such issues as two-dimensional

.1‘1



versus three-dimensional design,\the complexity of maintenance
sirulators (in such terms as number of malfunctions and instruc-
tional procedures), the extent to which simulators should pro-
vide a mixture of training'in general maintenance procedures
and/or for maintaining specific equipments, and the optimum
combination of maintenance simulators and actual equipment
trainers for training technicians at school.

There have been insufficient studies on the amount of stu-
dent time saved with the use of maintenance simulators. There
have been no studies on whether the use of maintenance simula-
tors influences the amount of student attrition at school.

There have been no studies to collect objective measures of
performance of maintenance technicians on the job after train-
ing, either with simulators or actual equipment trainers.

Conclusion 5. Maintenance simulators now under development
have not yet taken advantage of recent technological advances
such as videodiscs, automated voice input and output, and minia-
turization sufficient to make them readily portable. Reductions
in size would make it possible, as well as more convenient, to
use maintenance simulators for refresher training near job sites
and for performance evaluation and/or certification of mainte-
nance personnel on an objective basis in operational environ-
menfg.’ Extreme reductions in size would make it possible to
use maintenance simulators as job aids in performing maintenance
on operational equipment, thus assuring a close link, not yet
available, between facilities used for training at school and
for performance on the job.

ERIC
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RECOMMENDATIONS

Recommendation 1. Collect data to enlarge what is now

known about the effectiveness [ maintenance simulators and

actual equipment trainers at school. Data are needed on speci- .
fic knowledge and skills acquired by students at schoolf the

time needed to complete courses, attrition rates, and instruc-

tor attitudes toward the use of simulators and actual equipment
trainers.

Recommendation 2. Collect objective data on the performance

of technicians on the job after training with simulators or
actual equipment trainers. Determine the transfer of training
of maintenance skills from school to the job, when either
maintenance simulators or actual equipment trainers are used
in training courses. Such data should be collected in a way

. that will permit a.determination of the reiative effectiveness
of maintenance simulators with varying characteristics such as,

. types of design, degrees of complexity, physical appearance, and

in generic and specific maintenance training courses.

Recommendation 3. Collect cost data in sufficient detail

to permit the development of cost-estimating relationships for
maintenance simulators. The cost elements should account for
all portions of the total costs incurred .to procure and use
maintenance simulators and actual equipment. A suggested struc-
ture for the collection of procurement cost data is contained in
this paper.

Recommendation 4. Design and conduct studies of training

| . _with maintenance simulators and actual equipment trainers,

that will yield trade-offs between the level cf effectiveness
and total cost as functions of the characteristics of training

ERIC
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involved.

ness for training.
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. Recommendation 5. Develop a procedure to categorize the

functional characteristics of maintenance simulators and actual |

0

equipment, the ways it is used, and the types of training

equipment trainers in ways that will relate to their effective-

.. Recommendation 6. Develop objective measures of the job
periormance of maintenance personnel in operational settings to
prcovide valid measures with which to evaluate the effectiveness

of similators and actual equipment trainers. \ T
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I. INTRODUCTION

A. PURPOSE

The purpose of this paper is to evaluate the cost-effec-
tiveness of maintenance training simuiators, compared to actual
equipment trainers, for use in training military personnel to
maintain operational equipment: Both types of equipment have
been used at technical training schools to train personnel to
perform corrective and preventive maintenance at organizational
and intermediate levels. ;

Actual equipment trainers have long been used in technical
training schools for two significant geasons: (1) they can be
acquired simply by ordering additional units of operationgl
equipment already being procured for use in weapon and subport
systems; and (2)_ they provide realistic training on the equip-
ment to be maintained after the student leaves school. Opera-
tional equipment is often modified for training purposes by,
for example, placing it on a stand and adding power supplies,
input signals, and cbntrols needed to make it operate in a
classroom. There has been a trend, in recenf years, to use
maintenance training sinulators rather than actual equipment
for training purposes. Maintenance simulators are said to have
advantages for use in training such as lower cost, ability to
demonstrate a wider variety of malfunctions, and more freedom
from breakdown in the classroom. These advantages will be
considered later in this paper.

The purpose of maintenance traininq is, obviously, to
train personnel to maintain complex equipment; this requires

both technical knowledge and manual job skills. Maintenance



training familiarizes the student with the layout of the equip-
ment, sources of power, usé of tools and test equipment, gafety
requirements, control settings, instrument readings, operating
procedures, and the like. Maintenance pgrsonnel must be able

to diagnose malfunctions; identify, replace, or repair faulty
components; verify that all components perform within prescribed
tolerances; and perform tests to insure that the entire equip-
ment has been returned to working order. This type of training

can be provided by a variety of means such as conventional class-

room instruction, studygng technical ﬁanuals, learning fault-

finding procedures by self-study, computer-assisted or computer-
managed instruction and, of course, the use of various types of

training devices. The issue addressed in this paper is whether

maintenancé simulators are more costeffective than actual equip-
ment trainers for training military maintenance personnel.

Even if maintenance simulators are more cost-effecitve at
school for training personnel, it is obvious that training is
supposed to prepare technicians to maintain operational equip-
ment in the field and no: just to perform well at school. Thus,
the major substantive issue is to compare how personnel trained
with maintenance simulators or actual equipment trainers actually
maintain operational equipment in the field. Whether this ques-
tion can be answered on the basis of currently available infor-

mation is considered later.

B. TYPES AND LOCATIONS OF MAINTENANCE ACTIVITIES

There are two main types of maintenance activities:
g 1. Corrective maintenance applies to equipment that has

failed or is known to be operating improperly. 1In the
typical case, a malfunction is noted and reﬁorted by
operational personnel who use the equipment and re-
paired by the maintenance personnel. Corrective
maintenance involves troubleshooting, diagnosing the

10
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reason for a malfunction, identifying the component

(or components) that has failed, repairing\.and/or
éeplacing the faulty compconent (or larger module of

which it may be a part) and, fi‘ally, testing
calibrating to assure that the maffudbtion no Io er
exists., N
2. Preventive mainténance applies Lo eqhipmept that has,

not failed and appears to be operaiing properly. It
involves periodic inspection, cleaning, testing, and
calibrating of equipment; this may include the replace-
ment of functioning parts in_accord with schedulés
established to reduce the possibi.ity of future break-
downs.

To be effective, both types of maintenance require not
only proper training but also proper tools, test equipment, )
relevant and up—toEFEte technical documentation, and efficient
diagnostic procedures; the equipment itself must be designed
to permit convenient access, test, repair, and replacement of
parts; and there must also be a proper subply of spare parts
and an adequate number of maintenance personnel, including

- supervisors, to handle the workload.

Maintenance activities are also associated with the places
where they occur. There are three types, as described below:

1. Organizational maintenance is performed on equipment

on the flight line or in the field by maintenance
pPersonnel assigned to the unit that operates the equip-
ment. It consists generally of inspecting, servicing,
lubricating, adjusting, and replacing faulty Essemblies
and subassemblies (1ine-repl§ceable units or LRUs).

2. Intermediate maintenance is performed in maintenance -

‘shops by personnel assigned to a base or support Grgani-‘

zation. It generally consists of calibration, repéir

or replacement of damaged or unserviceable parts, the -

emergency manufacture of nonavailable parts, and pro-

viding technical assistance to the using organization.
11
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3. Depot maintenance is performed at a central, industrial-

. type facility and consists of large-scale repair, modi-

fieation, and refurbishment.
.C. MACNITUDE OF THE PROBLEM

The Department of Defense, as of 1976, possessed weapon -
systems and equipment which cost about $125 billion to acquire
(see Table 1;. About $49 billion was requested for procurement
in.FY 1982 (Brown ‘1981, p. 212). The purpose of mainténance is
to keep these weépons and their support equipment in a state
of operational readiness to meet mission requirements and to do
this in a timely and economic manner. Maintenance is a criti~-
cal aspect of defense planning and operatiogf and costs $18-20
billion each yeat, including the costs of spare parts, supplies,
and modifications (Turke 1977, p. 5).

TABLE 1. ACQUISITION COST OF WEAFON SYSTEMS AND EQUIPMENT IN
USE OR ASSIGNED, JULY 1, 1976 (TURKE, 1977)

Acquisition Cost

Billions of
Dollars Percent

Military ODepartment
Army ' 19.2 15

Navy hl.7 49
Air Force 45.3 36
126.2 100

WGuéons Group
Aijvcraft

Ships
Missiles
Vehicles
Other




Accordira to *he General Accounting Office, the Army spends
25 percent ($7.0 billion in FY 1978) of its annual budqget on
maintenance; over 200,000 mechanics and equipment operators in
the Army have specific unit-level maintenance responsibilities P
(GAO 197?, P. 1). In the Air Force, maintenance rqggires ahbu{’
28 percent of the work force (military’ggd c&ViTIﬁB) and costs
between $5 and $7 billion’gnnuatiy’(Téwnsend 1980). Labor for
repairs is estimated to account for 39 Percent of the cost of
recurring logistical support (Fiorello 1975). fTraining is onty
one of many chtors that 1nflbénce effective maintenance, e.q.,
design of equipment to assure high, inherent reliability; design
of equipment to permié unambiquous identifization of failed

components; casy access for test and replacement of components;

the availability of spare parts and test equipment; up-to-date

O
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technical documentation, tools, job aids, and the like.*
Specialized skill training at military schools costs about

$2.9 billion or 33 percent of the cost of individval training
each year [Department of Defense, Military Manpower fTraining
Report (MMTR) for FY 1981, p. 6]; the portion attributed solely
to maintenance training is not known.,

High ‘urnover among enlisted personnel increases the diffi-
culty of maintaining military ejquipment. According to planning
estimates for FY 1981, about 337,000 perscnnel were to be re-
cruited; 313,000'(93 percent) of these were expected to comple%ﬁ
recruit training; only 64,000 (37 percent) would reenlist for
a second term [MMTR FY 1981, p. II1-3; estimate on reenlistment
from all volunteer force data base, ASD (MRA&L), 20 Mar-1980].

@

*See inteqgrated Technical Documentation and Training (ITDT)
(1978) and Navy Technical Information Presentation Program
(NTIPP) (1977) for a review of current efforts to improve:
technical documentation required for mainténance; see Rowan
(1973) and Post and Price (1973) for cecent reviews of studies
which compare performance of maintenance technicians using
innovative_performance aids or conventional documentation.
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About 393,000 enlisted pérsonnel were expected to complete
initial skill training courses (after 8 percent attrition) and
165,000 to complete skill progression training (after 5 percent
attrition) (MMTR FY 1981, p. V-4, V-7). The costs of on-the-job
training which follcws school training are essentially unknown
(they are included awmong the costs for Operation and Maintenance,
which are $62.4 billion in £y 1982 (Brown 1981, p. 312).

. The three Services spent over $5 million in FY 1979 for re-
search and development on maintenance simulators; this amount is
projected to decrease to about $1.6 million by FY 1983 (Table 2).
About $3.7 million (68 percent) of the FY 1979 funds (category

6.4 funds) were for the development and procurement of prototype

equipmenty about 49 percent of all funds for FY 1980-1983 would
also be allocated to prototype equipment. Maintgnance simula-
tors either under contract or planned for development, as of
February 198}, are listed in Table 3.

Over a 7-year period (FY 1975-198l1), the Naval Training
Equipment Center alone procureqhtraininq equipment at a cost of
$649 million; planned procurements as of March 1980 were for
an additional $305 million. Maintenance trainers will account
for $3.2 million or 0.3 percent of these procurements; equip-
ment with a unit cost less than $100,000 is not included in
these fiqures (private correspondence, NTEC N-7, 8 March 1980).

The Air Force Air Training Command estimates that the cur-
rent inventory of all maintenance training devices cost $500
million, of which $3Sb million is for aircraft maintenance alone
(Aeronautical Systems Division, 1978). [There are thought now’
to be- about 3600 different types of maintenance training devices
in the inventory to support aircraft systems. The procurement
of maintenance simulators for the F-16 aircraft is estimated
to cost about $32 million (this includes some units to be

delivered to NATO countries).

st




TABLE 2. FUNDS FOR R&D ON MAINTINANCE SIMULATORS BY MILITARY SERVICES
FY 1978 - 1983
Funds, \thousands of doilars)

FY 78
Service/PE | and FY.79 FY 80 FY 81 FY 82 FY 83
Prior )
Army . ’
Py
6.2 47 600 8002 6502 600 9002
6.4 2000 2000 2000 - - -

(Total)| (2047) (2600) (2800) (650) (600) (900)

Navy
6.3 | 2723 362 516% | 1210 | 11250 --
< 6.4 | 1703 1665 233° 275¢ 302¢ 211

(Total) | (4426) | (2027) | (749) (1485) | (1427) | (211)

Air Force
6.3 600 860 640° 800¢ 7009 5001
(Total) | (600) | (800) | (640) | (808) | (700) | (500)
TOTAL - 7673 5427 4189 2935 2727 1611

%pE 62727A-230 BO: AMTESS II, Software, BITE/AMTE. PM TRADE FY 198]
Apportionment Review, 10 June 1980.

bPE 637338 W 1202+PN IMTS; W 1201-PN THOMS; W 1207-PN ATE. NTEC
R&D Program, February 1980.

Cpg 647031 W 0784-PN SAMT. NTEC R&D Program, February 1980.

R dpe 63751F 2361, 6883, Flat panel simulator. FY 1981 AFHRL
Apportionment Revisg Data Book, 27 June 1980.

Sourze: Joint Technical Coordinating Group - Sdb-group for Main-,
tenance Simulators, December-1978 (Draft), with modifica-
tions noted above. .o




TABLE 3.
_FOR PRODUCTION OR

- 9
MAINTENANCE TRAINING SIMULATORS® UNDER CONTRACT
DEVELOPMENT OR PLANNED FOR DEVELOPMENT

(as of February 1981)

° A

\ System Simulated or
Sirulator Designation

service’

Device/Program
Characteristiscs and Status

AMTESS (Army Maintenance
Training and Evaluation
Simulation System)

. EEMT (Electricat/Elec-
tronic Maintenance
Trainer)

Fire Control/Search Radar
Matntenance Trainer

6€_ and 11067/ _
Tertes Trainers

ROLAND Institutional
Trainer

PIREFINDER

3s

3s

To provide wmtial training in di-
verse skill areas. Contract let
in Decesber of 1980 for delivery,
{n Gctober of 1981 of two "bread-
board™ units for evaluation.

Initial (Navy A-school) training
for electrenic and electronic wa~-
fare technician ratings. Con-
tracts awardes in Juse and July

of 1980 for delivery of twenty
2-dimengional and two 3-aimension-
al prototype units. .

Init1a1 (Navy A-school) training
for fire control technician

rating, Front-end analysis com-
pleted. RFP planned for release
in March with contract award for
units anticipated by August 1981,

Small flat panel devices for
basic skill training (Navy A-
school) in several skill areas,
Contract awards to two firms en.
compass 20 simulations-and 194
trainers. geliveries on one con-
tract arg scheduled to be com-
pleted in February 1981.
Deliveries on the second contract
are scheduled to begin in the
spring of 1981 and to ‘be com-
pleted in Decemder. -

Training tn electronic and ny-
draulic systems at organizdtion- «
a) and ¢irect support (DS) eche-
lons. RFP released in December
1980, contract award planned for
October 1981. Contract 15 to
tnclude five organizational
trainers, two DS echelon

trainers, and two mockups.

Provides operator and mainten-
ance {organizational and
intermediate echelons) training
for mortar- and artillery-
locating radars, Contract award-
ed August 1977 for 36 trainers
for operator iiaining of both
radars and rafftenance training
of the mortar-lqgating radar;
deliveries began in January
1980 and should be completed in
early 1981, Maintenance train-
er for artillery-locating

radar will be developed/pro-
cured on 3 subseouent contract.
{See Randle 1980).

.

(Continued)
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Maintenance Type of
Emdo% Simulator
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TABLE 3.

(Continued)

System Simuiated or
Simylator Designation

2
Service

!

Maintenance
Echelon
Trained

Type of
Simulator

Oevice/?rogram
Charscteristics and Status

- FUS (Fighting Vemcle
System) Majnterance

s+ Trainer

Training System

.

Rooe)

System

. weapon Systenm)

REES (Reactive Eleczronic
Equipment Sé-wlator)

XMel Tank Maintenance

M109/110 Turret Trafner

. IRR (Integrated Radio

Mi 92 FLS (Fire Control

CIWS (Phalanx Cloge-"n

3

3

G

¢ and |

3-0

~

.

240

2-D

3-0

20

fiyovides operator and organ-
1zational maintenance training
for tne Arey Tactical Cosruni-
catéons System (ATACS). Contract
awavded in September 1977 for
one 4-station network. Deltvery
currently amicipsted for mid to
late Summer 1981. .

Contract h&s been let for cesfgn
and data. Contract for fabric-
ation planned to be funded ‘ros
FY 1982 budget and to include
four gifferent simulations snd
3 hands-on trainer? all for
ryrret maintenance.

In procurement; includes six
simulations (covering five tank
subsystems) and hands-on
trainer. livery of prototypes
fs scheduled to begin in Feb-
ruary 1981. Delivery of produc-
tion versions is_scheduled for
July 1982 to February 1984,

In procurement, deliveries to
begin in July 1981. One sim-
ulation provides training In
electrical and hydrdulic mafn-
tenance fir seif-propelled

>arlﬂlery.

Provides operator aad mainten-
ance training of Tricent sub-
marine communications syster.
One system (consisting of a
simulated coemunications syster
and several part-task-trafners)
wds placed under contract in
Septetber 1979 and is scheduled
for delivery in March 1681. R
second syster say be procured.

Currently on letter contract (to
be mace def.nite {a Febryary or
March 1981}, with first deliver-
tes scheduled for March 1982,
Configuration is a modificatfon
of the TICCIT system that inte-
grates consentioral flat parels
in 8 12.studentostation TICCIT
complex, Contract will involve
two complexes. .

tetter contract (signed in Oct-
ober 1980) to be wade definite
in February 1981 with celiveries
schedyled to degin‘in Noverder
1981, C(ontract provisicns
specify celtvery of 39 sets of

{Continued)

geile
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TABLE 3.

{Continued)

- System Simulated or
Simulator Designation

Service

a

Maintenince
fchelo:
Trained

Type of
Swmulator

Device/Program
Characterystics and Status

0D 963 waste Heat Bofler

5QQ-89 Sonar Maintenance
Trairer (formerly the
Generalized Sonar
Maintenance Trainer)

Hagen ABC (Automatac
Bofler Control)

Woodward vovernor

AG-E TRAM ORS (Dectection
and Ranginy System)

EA-6B ICAP-17TJS
(Tactical Jasring

-~

2-0/3-D

3-D

eight simulations (panels por-
traying different subsystems)
and one 3-dimensiopal model.

Contracted in December 1980 for
delivery of one set of three
simulations in December 1981
Firm design will not be Set un-
til March br apryl 1981,

Large program con$isting of op-
eration and maintendnce trainers
for three sondr systems. Com-
plete program planned to consist
of both simulation and stimuiated
operational equipment. RFP for
procurerent of operator trainers
scheduled to be_issued in March
1981, with resulting contract to
be funded from fY 198) budgct.
Maintenance tratner front-end
studies to be contracted from

FY 1981 funds with procurerent
planned from FY 1983 budget.

Prior contracts resulted in pro-
curement and evaluation of three
umts employed for research,
Current funding 15 to modify the
three simulators to the current
configuration of the operational
equipment for yse 'n mainstream
training.

Research program. Front-end
analysis essentially completed.
Current funding provides for
design/development of audio-visual
and courseware (other than EDP)
materials. Desfgn/development of
hardware and EDP software/course-
ware to.be initiated with future
year's funding,

Two trainers delivered under prior
contracts. Current funding is
limited to updating these devices
to the current configuration of
the operationdl equiprent.

°rocurem9nt contract awarded in
December “1980 for two untts. Deliv.

System) eres are scheduled for January and
, March 1982. C(urrent pianning §n-
. cludes later modification of at
| least one unit to the ICAP-1I air- ;
‘ craft configuration,
4
l (Continyed)
18
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TABLE 3. (Continued)

System Simuylated or N Maintenance Type of Oevice/Program
Sinulator Oesignation Service Echelonb Simulator Characteristics and Status
- Trained .
AT Trainer N 0 3-D Military in-house program intjated

in December 1975, Delivery of

' partially confiqured trainers in
. June 1979 (1 device) and December
198y (2 devices). Modification
of delivered trainers to full
N design configuration is scheduled
for completion in November 198%.

MA-3 Test 8ench/CSD N I 3D Research program. Single device

(Constant Speed Drive) ! delivered n August 1980. Current
funding provides support for on-
site training evaluations.

SH-3 Blade-fold Trainer N 0 front-end anatysis scheduléd for -
completion during Summer 1581. No
decisions regarding the program
are anticipated before that time,

» F-18 Maintenance Trainers N .« .- -- Front-end study recommended a elx
of simulations and operational ,
equipment trainers. RFPs for five
simulators were released in Jan-
uary 1981. Contract awards are

. expected to begin in Anril 1981.
Pracurements will be managed by

* McDonnelt Douglas as sub-conjracts
s to, the basic weapon contract
- 6883 Test 8ench AF . I 2:D Research program. Single device
: (F1at panel Trainer) 4elivered in August 1980. FY

1981 funding is to Support an on-
site training evaluation.

F.16 Maintenance AF 0 2.0/3-9 Initial contract (September 1977)
Stmulators . provided for delivery of six sats
of 18 simulations. Deliveries of
six sets of 12 modified (degraded)
simulations were completed by
’ . September 198D. FY 1981 and
later funding i$ to provide for
retrofit of delivered articles to
their inftfal design configura.
tion and production/delivery of
the remazning simulations.

£.3n (AWACS) Radar AF 9 2.0 In development. Contract award-
ed in September 1980 for one

- sirulator, containing 10 student
stations. Delivery anticipated
in May 1982,

N £.3A (AWACS) Data "
Display/Control Systen AF 0 .- Front-end analysis nearing com-
pletio-. RFP scheduled for
release n March 1981, Contract
award anticipated at the end of
. FY 1981,

(Contynued)
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TABLE 3. (Continued)

3
System Simulated or Maintenance Type of ! Device/Program )
_-— Simulator Pesignation Serviced Echelon Simulator® Characteristics ang_Status = __ 1
Trained
EA-6B ICAP-T1 CAR N 0 .- Front-end analysis and detailed !
(Communication/ specification, scheduled for com-
Navigation} ’ plet,on 1n April 198l. Ffunding i
for procurement anticipated from .
the FY 1982 budget. '
€-3A (AWACS) Advanced AF 4 -- For training to advanced skill t
Radar Maintenance level. Functional requirements
Trainer study 'n initial stages. Con- !
tract award not anticipated |
before the end of FY 1982. '
AN/TPS<42E Radar AF ] 3-0 Military in-nouse project. Pro- f

gram 1nttiated in early 1977
First device placed in use in
late 1978. A second unit is
currently being fabricated

L I S B

&
A, Ammy, e Navy, AF* Air Force
o

Intermedfate-1evel maintenance, 0 Qragnizatronat-level maintenance.
cTwo-dimensional. three-dimensional,
dProposed for M 109/110 howitzer turret, M60 tank, MB09 truck, radar {lluminator.

€Also called the Simu.ated Aviomics Maintenance Trainer. .

~
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One large industrial contractor has estimated that the

Department of Defense will spend about $620 million for mainte-
nance trainers over the perioG 1977-1985; annual procurements
are estimated to reach about $120 million per year by 1985
(Fig, 1). The distribution oﬁ‘thgﬁggggggremeni, accordi .g to

-

type of trainer, is predicted to be as shown i1n Fig. 2. Out-
side the United States, the procurement of maintenance simu-
lators is estimated to be about $5.5 million per year.

120
100~
80—

601

MILLIONS OF DOLLARS
1

201

t

0 ! ]
1975 76 77 78 79 80 81 82 83 84 1985
YEAR

12,8010

FIGURE 1. Estimated procurement of maintenance
trainers by the-Department of Defense,
1975-1985 (as of November 1979)

- 21



e AIRCRAFT  $424

COMBAT
VEHICLES

Cteeseisiseesntasas TYTTIRTPaN e SPAcE 12

[F: 2 1]

FIGURE 2. Predicted procurement of maintenance trainers
by the Department of Defense, according to
type of application, 1977-1985 (estimate
made in November 1976)

The "Electronics-X" study, conducted in 1974, was a major
effort to determine the cost and reliability of military elec-
tronic equipment (Gates, Gourary, Deitchman, et al., 1974).
Four methods were used to estimate the cost of maintaining
electronics equipment each year. The results ranged from $3.4
billion to $6.8 billion, with an average -of $5.4 billion per
vear (Gates, Gourary, Deitchman et al., 1974, Vol. II, p. 374).
The estimate of $5.4 billion per year for maintenance is about
equal to the cost of procuring electronic equipment each year
(Gates, Gourary, Deitchman et al., 1974, Vol. I, p. 52). Note
that procurement costs relate to acquiring current technology;

22
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.

the maintengnce costs relate to systems whose average age is
about 10 yeérs. - i

Advanced military equipment has become more complex in order
to provide improved performance. Increased complexity brought
increased cost and decreased reliability, the latter .imposing
increased demands on malntenance personnel andf@«sources. The
Electronics-X study showed that the rellabxlxty of avionics
equipment in the field decreases with increases in unit cost

for aircraft in accordance with the following relationship:

Aircraft MFHBF* = 1.3 x 106/cost .

~ s
As shown in Figure 3, more expensive (and more complex) elec-
tronics equipment has a lower reliability and creates a larger
demand on maintenance activities than does less expensive
equipment -(Gates, Gourary, Deitchman, et al. 1974, vol. I1,.p.
56). A similar relationship, based on limited data, was fotnd
for Army Area Communxcatipns Systems (AACS) where

-

AACS MTBF** = 107/cost .

The costs for manpower were estimated by a Defense Science
Boérd (DSB) Task Force on Electronics Management to account
for perhaps as much as 55 percent of the military electronics
maintenance costs; actual costs are urknown-due to limitations
in the cost allocation system (DSB, 1974, p. 1l4).

*Mean {liqght hours between failures.

**Mean time between failures.

O
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unit production cost

24




D. TYPES OF MAINTENANCE SIMULATORS .

Maintenance simulators now under development differ notably
if -their resemblance to actual equipment, their functional capa-
bilities as instructional devices, and in their complexity ané
cost. Modern maintenance simulators are often characterized
as 2-D or 3-D devices, i.e., as being two- or three-dimensional
in their physical form; some simulators contain both 2-D and
3-D components.

The 2-D devices consist of flat panels with drawings of
major components connected symbolically by flow diagrams to
show electrical and/or hydraulic functional connections be-
tween components. The panels contain functioning instruments,
signal lights, and cdntrols, so that the technician can turn on

_powet to the equipment, see if it is working correctly, and
observe the effects of various actions he may take to identify
and correct the malfunctions that are present. Such panels
perform as if they were real equipment because each contains
a computer, with a mathematical model of the real system that
makes the displays respond appropriately to all settings of
the controls under all environmental conditions likely to be -
encountered. By setting a switch on his panel, the instructor
can select a malfunction from a large set contained in the
computer. The equipment scores the student's performance and
tells him whether he has correctly identified a malfunction.
The instructor can s op the sequence of activities for instruc-
tional purposes, to repeat what the student has done, and
demonstrate the correct way of isolating a malfunction; this
is dope automatically in some simulators.

The manufacturers of 2-D simulators have developed soft-
ware packages and computer and support equipment that can be
used with a number of different panels. This has led us to
distinquish between what later in discussing costs we call

wstandard® and "non-standard” maintenance simulator systems.

Q 25
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. Standard systems, whether they are 2-D or 3-D simulators, are

likely to cost less.than non:standard systems.
A 3-D maintenance simulator looks and perform% very much

like the actual equipment it mimics. If it 1s a test bench,
it will be possible to connect c0mponent° for calxbratxon,
checkout, a gsts needed to identify malfunctions. It will
differ from actupnl equipment in that it will Be ruggedized to
withstand student abuse and to prevent exposing students to
dangerous electrical currents or hydraulic pressures. The
simulator may not contain all the comronents present in the
actual equipment, particularly those that are not relevant to
its maxntenanbe, if the equipment contains many 1dent1cal AR
ponents, only some will be represented. Thg§9,components may
be pretise physical copies; in _some- ca§es: they are only accu-
rate photographs (etched -on’ plastxc or metal) with active test-
poxnts fo:,makan test measurements. Being under computer con-

o ~trol, all components perform or respond as. if they were actual

ERI

equipment; components may be tested, removed, and replaced.

A 3-D simulator permits "hands on" practice-in the manual
maintenance skiils not possible on most 2-p simulators; it
also has greater physical similarity to the actual equipment,
Whether or not greater physical similarity increases the
effectiveness of trainiﬁq is not considered in this discussion.

E. OTHER INFLUENCES ON MAINTENANCE

Many factors bevond training and the use of actual or s1mu-
lated equipment can profoundly influence our ability'to maintain
mxlitary equipment. These are noted here but they extend far
" beyond the scope of this paper. Among these factors are the
quality of personnel recruited by the military Services {(and
thereby available for training as maintenance technicians),
policies used by the Services to assign recruits to various
Occupational specilalties (thereby influencing the quality of

personnel who become maintecnance technicians), the amount and

26

) "
IC 3

Aruitoxt provided by Eic:

P




N

ERIC

Aruitoxt provided by Eic:

\\\lected sumply by a control setting on

type of training to be accomplished at technical schools (as
di'stinct from that to be accomplished on the job), and the
complexity of the information that must be acquired in order

to accomplish maintenance. Some factors that influence mainte-

nance have little to do with personnel and training; these. - ~7

include equipment design and maintenance policy. Théﬂdesign

, of equipment influences both_;bc‘neea'féf maintenance (mean

time between failgne),"éhﬁrthe means for accomplishing it °
whegpver~fé§ﬁifed (e.g., ease of access to compongnts, built-
'};Jtest points, manual or automatic fault detection). Maint-
enance 'policy determines whether failed components should be
repaired or replaced, the availability of spare parts, tools,
test equipment and up-to-date technical documentation.

F. ADVANTAGES OF MAINTENANCE SIMULATORS

Thé advantages of simulators for training main*enance
personnel hgve been argqued for more than 25 yearc (esg., R.B.
Miller 1954, Gagne 1962, tumsdaine 1960, Valverde 1968, Kinkade
and Wheaton 1972, G.G. Miller 1974, Montemerlo 1977, and Fink
and Shriver 1978).

lator is that, as a training device,

The major advantage of a maintenance simu-
it can be designed to pro-
vide facilities important forvinstructinq students, in contrast
to actual equipment that is designed to operate effectively in
an operational environment.

Majntenance simulators can be designed to include,a large
variety of faults with which maintenance personnel should be
familiar, including faults that cannot be demonstrated con-
veniently on actual equipment trainers or that occur rarely
1n real All modern maintenance

life. simulators incorporate

some type of computer support. Thus, the symptoms of many

types of complex faults can be stored in the computer and se-
the instructor's console.
Computer-supported equipment can also record what the student

N 27
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—~-instructor. The instructor can use

e

does, thepggy,nehuciﬁéfEhe-need for constant observation by the

information collected by

. the qomputér-to guide each.stydent; a-computer can also assist ¢
the student without an instructor's intervention. Records of ’
student performance and achievement cap be maintained automati-
cally. Simulators can be made rugged enough to sd%taiﬁ damaqe o

4

or abuse by students and thus provide greater reliability and
availability in the classroom than is often'possfble with actual
equipment. Training which would be avoided because of safety
reasons, €.9., ‘exposure »f students to dangerous electrical
charges or hydraulic pressures, can be undertak 'n with little

risk with a simulator. If students using such equipment com-
plete their training in less time, as has often been the case
with computer-based methods of instruction, there are potential
cost benefits due to savings in student time, 1ncreased-: student
throughput, and reduced need for instructors and support per-
sonnel. '

As noted above, a simulator need not contain all the com-
Thus,

sible to build a simulator that offers greater flexibility and

ponents found in the actual equipment. it is often pos-
capacity for training at a cost less than that for an actual
equipment trainer. R

G. DISADVANTAGES OF MAINTENANCE "SIMULATORS

¢
-

There are also some disadvantages to the use of simulators.
The pfocurement of maintenance simulators necessarily 1i1nvolves
costs to design and build this special equipment, and to develop
course materials, maintenance procedures, and documentation.
The types of training provided by simulators may not provide
the student with all the skills needed to meaintain operational
equipment, an outcome that seems assured when actual equipment
is used for training. A simulator may not be ready when necded-

for training because 1ts desiqgn and development requires some

28
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effort in addition to or at least parallel to that needed for

the actual equipment (thch is being produced as part of some’

system); modifications in the design of the actual equipment'
may delay completion of the simulator, if it also must be modi-
fied. 1If ‘there are many and frequent‘ﬁodifications,’the orig-
inal simulator may not resemble the operational equipment
closely enough to be useful for training. .

Data on the éffeEETVEHeﬁa\i;:\fost of maintenance simula-
tors and actual equipment traine are considered in the follcw-

< ~
ing chapters. . ~.

~
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IT. THE EFFECTIVENESS OF MAINTENANCE SIMULATGRS
k\ The purpose of maintenance training, whether with simulators
oz actual equipment, is to qualify technicians to maintain equip-
ment in the field. 1In fact, however, the effectiveness of main-
tenance simulators for training technicians has been compared
to that of actual equipment only on the basis of student perfora- -
ance at school and not on the jobz there is one exception to this
general statement {Cicchinelli, Harmon, Keller, et al., 1980).
The lack of job performance data to validate training {and
other activities relevant to personnel, such as recruitment,
selection, and reimbursement) applies generally to all types of

military training and not only maintenance training.

A, EFFECTIVENESS OF MAINTENANCE SIMULATORS AT SCHOOLS

We found 19 studies, conducted over the perind of 1967 to
1980, that compare the effectiveness of maintenance simulators
and actual’ equipment trainers for traiﬁinq in a variety of
courses at military training schools; these are described in
Appendix A. Only 12 of these studies provide enough detailed
information to permit mecaningful comparisons; those are sum-
marized in Table 4. ’

Relatively compfgte data were. found on five maintenance
simulators evaluated in 14 different courses, e.q., radar, pro-
pellers, engines, flight controls, FM tuner, test ecquipment,
and the Hagen Automatic Boiler Control; most are associated
with aviation. These courses varied in length from 3 hours to
5 weeks (median 4.7 days, N = 12 courses); the number of subjects
trained with simulators in these courses varied from 6 to 56
{median 16, N = 14 qroups); a qrand total of 267 student; was
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involved in all of these studies., Fffectiveness was evaluated
by comparing the scores'of students who used simulators with
those of students who used actual equipment trainers ia end-of-
course tests. 'ere are 13 comparisons; 1n 12 of these, students
trained with simulators achieved test Scores the same as or

" better than those trained with actual equipment; in on¢ case,
scores were lower. The differences, though statistically sig-
nificang, have little practical significance. >

Cicchinelli, Harmon, Xeller, et al., 1980, compared super- -

visors' ratings of on-thec-job performance of technicians trained

21ther with a maintenance simulator (the 6883 Test Station 3-D

e
Simulator) or actual equipment trainer. Two field .surveys pro-

vided data on the job performance of 85 and 56 graduates,
respectively (some twice); these comprised 74 and 49 percent,
respectively, of the students in the original sample at school;
some course qraduates were on the job for periods of up to 32
weoks: The supervisors did not know how the students had been
trained. Their ratings showed no noticeable difference between
the performance of technicians traincd with the simulator or

actual equipment trainer. The abilities of the technicians

1ncrea§ed thh amount of time on the ijob.
\\\———-__,,AﬁL automated and 1ndividualized method of i1nstruction that

is an 1nherent cpargcteristic of modern maintenance simulators
should he egpected, to save.some of the time students need to
complete the Same course when given by conventional instruction
(Orlansky and %trlnq 1979). Such time savings are reported: in
three of the%n qtudx s (Parker’ and DePauli 1967; Rigney, Towne,
King, et al. 1978; -and Swezey 1978); compared to the use of
actual cqylpmenf't;axners, maintenance simulators were found in
these studies to have saved 22, 50, and 50 percent, respectively,
of the time students needed to complete the courseé. Al though

¢ .
no explanations are offered for these time savings, on¢ could
surmise that they are due to factors suchléﬁnthe fact that

brighter students can complete'a self-paced dourse faster than
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one given by conventional, group-paced 1nstruction, thatlmalnt
tenance simulators generally have qreater reliability tn the
classroom than do actual eqguipment trainers, and that 1nstruc-
tors need less time to set up training problems and/or to 1nsert
malfunctions 1n simulatars than 1n actual equipment tralners.

Based on questionnaires administered at the completion of
the courses, students favor the Qse of simulators i1n 9 of 10
cases and are nedtral in one. Instructors are equally divided
(about one-third 1n each category of response) in being favor-
able, unfavorable, or ncutral in their attitude toward the use
of simulators.

Overall, maintenance simulators appear to be as effective
as actual equipment trainers for t}aininq military personnel at
schools; there is only one contrary finding. Some of the pre-
sumed advantages of simulators were not examined 1n these étud}es
and therefore cannot be evaluated, e.qg., theilr ability to teach
students how to correct a wider variety of malfunctions than
can be done with actual equipment, their superior availability
compared to actual equipment trainers, and their ability to meas-
ure and report student pe;rormanco both to students and 1nstruc-
tors. The findings do not suggest ways in which the use of
maintenance simulators could he\}mpéoved or whére their use 1s
likely to be more effective. There are no cases, except for
Cicchinelly, Harmon, Keller, et al. 1980, where the effect of
training upon 10b performance 1s examined; they found no differ-
ence between a simulator and an actual equlpment tralner; how-
ever, Cicchinell:l, Harmon, Keller, et al. do not report the
amount of transfer of training from school to the j0b, 1.e.,
transfer effectiveness ratios. *

)

B. RELEVANT DATA FROM COMPUTER-RASED (NSTRUCTION

-
‘

Modern maintenance simulators can provide i1ndividualized

-instruction on a series of prescrihed lessons., They can also

34
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measure student performance and see that the student does not

go to a new ltesson until he has mastered the preceding ones.,

The i1nstructional strategies employed in these simulators are

Jderived from widely used methods of instruction called computer-

assisted and computer-manaqged instruction; both are individual-
1zed and self-paced in nature and use, compufers to monitor
student progress. In computer-assistéd instruction (CAI), all
the instructional material is stored 1n a computer and presented
to the ﬁ%gdent in a controlled manner, e.g., via a cathode ray .
tube or a visual prO)ectxon device with random access to a large
reservolr of slides. The student responds to this material by
touching portions of the screen sensitive to touch or by using
a keyboard or teletypewriter. In computer-managed instruction
(CM1), the lessons are performed away from the computer in a
learning carrel or on a laboratory bench set-up. The student
takes a test at the completion of each lesson; the answers, on
a sheet, are scored by the computeﬁ which then directs the stu-
dent to a new lesson or to additional practice on the current
one.
CAI and CMI systems are not maintenance simulators but
they have been used to provide certain aspects of maintenance .
training, ‘e.qg., knowledge of 6perat1nq principles, .trouble-
shooting procedures, faulk identification, and the knowledge
aspects of remove and replace actions (i.e., what the technician
should do after a fault is tdentified rather than replace
actual parts). Knowledge about maintenance procedures can hbe
acquired on a CAI and CMI system, but this 1s accomplished with
less fidelity and with little of the hands-on experience that
can be provided by a maintenance simulator, particularly of
the 3-D variety. Flsewhere in this paper, where we consider
costs, we characterize some maintenance simulators as CAI-like.
In a previous study, the authors examined the cost- -
vffectiveness of computer-based instruction in military tréinlnq

(Orlansky and String, 1979). Some of the courses on which
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.as effective as actual equipment when used for training mili-

O

effectiveness data were availabie involved instruction similar .
to that provided on maintenance simulators, i1.e., basic elec-

tronics, vehicle repair, fire control system maintenance, pre-

cision measuring equipment, and weapons mechanics. Data on

student achievement in thesc courses are presented in Table 5; .
there are 28 data points which compare conventional instruction

to the use of CAI%and two to CMI. Student achievement in these
courses at school with CAI or CMI was the same as or superior

to that provided by conventional instruction; the amount of

superior performance, when present, had little practical signi- ) ¢
ficance.

Data on the amount of student time saved by CAI or CMI in
these coursest compared to conventional xngyruction, are shown
in Table 6; there are 30 data points. The amount of time saved
by computer-based instruction varied from -32 to 59 percent,

ﬂaith a @edian value of 28 percent, ) -

These data on student achievement and on student time
savings with computer-~based instruction are consistent with
that repocted above for maintenance simulators. Orlansky and
String (1979) Tound that students favor computer-based instruc-
tion while instructors do not. They also found that computer- K .
based instruction may increase student attrition, a matter not
considered so far 1in any study of maintenance simulaticn.

In summary, the data show that maintenance simulators are

tary technicians. These results are consistent with the results
of studies of computer-assisted and computer-manaded i1nstruction
in courses that provide technical information similar to that
pfovldod in maintenance training. A few studies show that
mailntenance simulators save student time but most studies did
not address this 1ssue. Students favor the use of maintenance
$1mulators; instructors favor, are nelitral about, or do not

«favor such sipulators 1n ahout&equal numbers.

, 4
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TABLE 5. STUDENT ACHIEVEMENT AT SCHOOL IN COURSES RELEVANT TO MAINTENANCE,

CA1 AND CMI1 COMPARED TO CONVENTIONAL INSTRUCTION
%
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Claims™have been made that maintenance simulators are ¢
superioi to actual equipment for training because of their

capability to demonstrate more malfunctions, provide greater

freedom from brégkdown in the classroom environment, provide
an opportunity to sav€ instructor time, and so on. No studies ﬁ
were found that .examine these capabilities. No data were found .

on student attrit'ion when simulators are used.

C. PERFORMANCE OF TECHNIClANS IN THE FIELD

The effectiveness of maintenance training is determined
ultimately by how well maintenance personnelsperform in the
field rather than at school. Only Cicchinelli, Harmon, Keller,
et al. 1980, ampng the studies we were able to find, compared
the performance of students trained with a simulator (the 6883
Test Station 3-D Simulator) or actual equipment trainer for
varylnq periods . of time after 1éav1nq school. According to
ratlnqs made by superv1sors, no differences were found between
both groups of students. .

The military services use five large data management
systemé to provide detailed information on the current main-

—.. . tenance stat@s'of dxlitary equipment. These data systems

are identified below: ‘.A

<

¢ Service " Maintenance Management System
Army TAMMS . The Army Maintenance Management
System
Navy * Ships' 3-M The Naval Ships' Maintenance and

Material Management System

Navy Aviation 3-M Naxal Aviation Maintenance and
: Material Management System

Alr Force 66-1 and 66-5 Air Force Maintenance Management
Systems

41,
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We examined the possibility.of using data available in these
systems to describe the performance of’maintenance technicians
in the field (see String and Orlansky, 198l1). If this yielded
useful information, we might be able to compare, for eyamﬁle,
the real short- and long-term effects of~training personnel
with maintenahce simulators or with actual equippént tfainers.
We know, as was shown earlier in the chapter, that both are .
about equally effective at school. .

As presently constituted, these sygtems\cannot provide
information useful for assessing the effectiveness of alter- -
native methods »f training. 1In a more general sense, this
applies also to information needed to validate many personnel
practices, such as recruiting, selection, and policy on pay and
allowances. The namwes of individuals who performed maintenance
‘actions are not kept in the records maintained in the central
data files. The ability to identify and track individuals is
a mandatory requirement in any attempt to relate method of
training with subsequent performance. This type of data is
kept only at the field activities but it is discarded after
6 months. The use of maintenance records with pergpnai iden-

tification for analytical purposes would require special methods

Ju— of processing in order not to infringe on provisions of the

Privacy Act. Fven so, such, records are not precise enough to
distinguish what parts of a maintenance action were performed
by a particular individual, particularly when the work is
performed over more than one shift. The practice of cross-skill
maintenance, to train individuals to maintain a wide variety
of equipment under combat conditions, assigns individuals to
tasks for which they were not trained at school and it would
complicate any analytical effort. 1In brief, it was concluded
that preseptly available maintenance data records can not be
uséd to assess the effectiveness on the job of various methods
of training at school; it is conceivable that these systems
could be modified to provide the data that would be needéd.
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That the performance of maintenance technicians affects
the quality of maintenance can hardly be doubted. A fey studies
have examined this possibility by analyzing selected data on
components removed for replacement or repair that were found
later not to contain any malfunction. These studies examine
data proddced by a group of technicians in a particular work
center; they do not review the performance of individual techni-
gians and‘do not address the method(’'s) by which th¢se technicians
were trained. N .
Findings from seven studies are summarized in Table 7.
All involve corrective maintenance at the organizational level,
although one also involved intermediate maintenance. Most
" concern maintenance of aircraft, a féw of surface vehicles.
The periods of observation are relatively long (6 months or I
year; one is for only one month). The removal of non-faulty
parts, in these studies, accounted for 4 to 43 percent of all
corrective maintenance actions and 9 to 32 percent of all
maintenance man-hours. One study (Gold, Kleine, Fuchs, et al.,
1980) found instances where faulty parts were not removed and
where good parts were damaged during corrective maintenance.
These findings suggest strongly that, properly modified, the
7 maintenance data systems might provide data on human performance
useful for validating different methods of training. Fven so,
{it is well to recognize that not all instances of removal of
good parts necessarily imply inadequate performance of tech-
nicians. Such removals could also be due to inadequate test
equipment that cannot distinguish between godd and bad parts.
It is also possible that, when under great pressur: to return
equipment to an operational status, technicians may deliberately
remove and replace a large number of components just Lo make
sure that the faulty ones have been eliminated. validation
.of traipning devices and procedures would probably neel more
data on job performance than Just that concerning the unneccs-
sary removal of good parts.
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-WHERE NON-FAULTY PARTS WERE REMOVED

TABLE 7. SUMARY OF STUDIES OF ORGANIZATIONAL ECHELON CORR'ECTIVE:MAINTENANCE
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III. - COSTS OF MAINTENANCE SIMULATORS
[£°8

.

A. INTRODUCTION

e ) This_chapter discusses the costs of maintenance training
simuldtors. Three classes of simulators are defined, their ’
characteristics and uses within the Services are discussed, and
., . a structure of data for analyses of their costs is formulated.
" Available cost data for maintenance of simulators are discussed
1n terms of the problems. with respect to costs, that arise
from the;r physical character1st1cs, procurement quantities,
and contracting practices. .The costs and charactrristics of
selected s1mulator programs are presented in Appe: .x B.

.
I
. st s MR g
- i e e

"TB. CLASSES OF SIMULATORS

OPR—

e wrth respect to the costs of maintenance training simula-
tors, it is useful to distinquish among three cJasses Of de-
vices, denoted here as "standard" systems, "non-standard" sys-
tems, and "CAI-like" systems. Differences among these three
‘types lie in the following areas:

e Physical characteristics,

€ .

e Complexity and cost, .

® Extent of use within the Services (i.e., the inventories
of devices in use and under contract), and

) Contractlnq practices employed 1n\the1r procurement (and

hence cost data that are available). v
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i. Standard sttems
"The crxtxcal distinction between standard and other classes . ﬂ

»

of maintenance simulators is standardizati~n of the physical
confxguratxon. Sxmulators of this class consist of two clements:
one element, called here the“"general simulation system" consti-
tutes a generalized and adaptable (but 1ncompleto) simulation
capabxlxty that can sattsfy a wide range of specxfxc training
applxcatxohs. The second element, that tailors the qenoral'
simulation system to a particulax tratnan appfxcatxon,‘ls typi-
cally-limited to courseware and pxctorxal or other representa-
tiofs (i.e., the simulation model) of tlhe particular equxpmedt‘
being simulated. Standard systems were ttg earliest type to be
. used for maintenince training and are the only, class to achieve

¢ . extensxve use. The three Sekvices.have procu%ed close to 650
vsxmu]ators for nearly,zoo separate training applications {train-~
. ing courses or course segments). . ,
Qnim;ﬁqunmcQmpanieswhaun_maauLactuced—standasaﬂma+ﬁten§nce-»~w*

A o Bt chrrel S 2otk $25T

E’ simulator systems: Educational Computer Corporation (£CC):
Burtek, Inc.; Ridgeway Flectronics, Inc.; and Lockheed Aircrafg S
Services Co. (LAS). For all but Ridgeway, “this type of simula-

-tor is only one of several product lines; and for all but LAS,
these companxes\manufarture only.educational and training- equxp-

S b

) ments.
Compared with the other classes of sxmulators, the stand- .
ard systems ‘are qenerally low in cost and limited in terms of
the complexity of processes that can be sxmulated Development = |,
of particular traiping applications typically involves small
isks. With tew exceptions, these qevices have been procureé

iaxrouqh fixed-price contracts. .

2. Cost Impact of Standardization
g ‘ The four manufaciurers havé produced six standard simu-
lator systems or models. The elements that are typically cop-
mon to a model consist of data-processing hardware (a,cenptral




.processor and a partial set of ,input/output devices), the, soft-
ware operating,syste@, audio-visual devices, and structures for
housing all the com“onénts of the simulator. Taken together, .
these are generally referred to as the "mainframe" or "console*.
- *The co onents that are taxlored 'to the particular apolxcatlon
A consigépof other 1nput/output devices (typ1cally a display
C panel dépicting the operatxonal and test equipment being simu-
e " lated) and courseware 1n the form of an application program
’ , lcontained in magnetxc tape, disc, or plug-in proqrammable—read-
only-memory (PROM) un1tsl .
The size and structure of display media may- vary within a ‘
. single. model, and the same simulation application may be pro-
duced with two sizes of dxsplay panels--one for classroom
demonstratxons and one for 1nd1v1dual use. Advances in mxcno-
processor technology appear to have fostered further varxatxons.
within a model while retaining . the essential attributes of
standard1zat1on. OnemFéE“ﬁooel has been delivered with pro-
- cessor memeries ranging between 16 and 48 thousand bytes. The

r

variation in memory size hqs permitted corresponding variations

e

in complexity of simulation and the use of audio/visual devices.
. For example, the 48-thousand-byte devices procured through an ‘
. ) . Army contract for XM-l tank training will drive a cathode ray
' tube (CRT), printer, random-access slide projector, and an
audio dévide in addition to the normal simulator display
panel. A contemporary Navy contract (tor entry-level skill
traxnxng) specxfles the same model with a 16-thousand-byte
«. «~ " memory and w1th only the display panel. -
. . The physical arrangement of standard systems apj.ears
especially Sdaptable for 2-dimensional trainers., However,
. ~ 3-dimensional simulation is possible. )
One impact *of standardization .is 1nterthanqeab111tv, and -
this serves to reducé costs of both manufacture and repair.
s Individual consolés may be easxly modified to different train-
ing’ app{xcations. Two of the' standardxyed models are designed-

v . -
’ - , .
-
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’\\'—;3 that the tailored, specific components of any traxnxng.
applxcatxon (the display panel and courseware) can be mated
~with a single console in the classroom or laboratory; a chird
model can be ordered with either'clqssroom-changéable or fixed
panels. As a result, a single coﬁsple may be used in a number
of training applications at the same location: One of these
“models (the ECII) provides the bulk of the s{mulators used in
Naval avxaﬁxon weapon-specific training. Naual aviation train-
ing is organxzed so that both maintenance and ‘a part of pilot )
ground traxnxng for one model of aircraft ‘are conducted at the
same Naval Air Station (Nﬁﬁ) by Naval Air Maxntenance Traxnan
" petachments (NAMTD). While a large number of different dis-
play panels {up to 25)_may be employed for maintenance training
by one défachment,'a NAMTD will generally have no more than two
main frames that will be shared by all pilot and maintenance
”tra1n1ng colrses. ‘ )

The more important cost xmpact of standardization lies in
the commonality of system software. Available evidence p01nré< -
“"to the programming and programming design effort as the major
cost of non-standard simulator de?elopment.' This highAcost
providés a strong incentive for producers to develop a single
basic software system that is both comprehensive and adaptable
to a wide range of potenrfal training applicaticns. Develoé-
ment, of "such a boftware system reduces the programming asso-
ciated with a particular, traxnan application to a relatively .
" small set of courseware written in a high-level and relat1yely
simple languageitﬁat may (in the case of maintenance simula-
tion) reduce to a sequential coding of the maintenance proce-~
. dures/steps set out in technical orders. \

-

« Commonality of software is-the dxstxnguishing aspect of
étandardization, and’manufacturers-have placed a heavy emphasis
on developing versatile software packages. . Once developed, they
are tightly held, considered proprietary, ‘and may (at least in
part) be hardwired into simulators. In addition, the software’
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packages have been retained'wnile°otherv£eatures of the general . -
N simulation'syStems have been allowed to change. ECC_ has pro-
duced two generations of standard training simulatots; the
later one employs an advanced h1gher ‘capability processor and .
has a 'quite d1fferent physxcal appearafce, but uses the ear11er “
software package. * LAS produces two models of szmulators that ) ‘
‘employ\different types of display pancls. Yet, the two employ - ‘-,%
the sam software system and seem best consxdered as a single
genera1r4ed system.’

~

: : ’ R - | o
3. Non-sEEndard Systems . ¢ o L

The no -standard systems preseﬁt a picture that is quxte
.dlfferent from the standard systems. §eventeenonon standard
programs (discussed 1n Section C, below) have been initiated; . e

|
|
= |
"
-
|
|
1
wlth one exception, each appears to 1nvodve a gomplete (i. e., -

grOUnd up) - aeveiopment effort. Taken as a group,*tnexr out- T
stand1ng characteristic is dfversxty, encompassing dxfferent L L

contractors and types of contra ts, program purpose, nymbers . -
of” devxces manufactured physxcal character1st1cs, complexxty. ‘ |
and cost. |
Two programs (the AT Trainer and AN)TSP-43E radar).have “f
been in-house projecgs at military installations while the
remainingﬁls have been contracted to one.or more firms. The.
‘15 coﬁtractcd programs haye involved 10 firms 'as pr1ncxpa1 con-
tractor; one company (Honeywell) has played this role on five .
prbjects. Only one firm (ECCi has also’ had experience in pro- _
ducgng a standard device; four firms (Grumman, RCA, Hughes, and .
Sperry) also produced the tactical equipment being simulated. « ==
Three' programs (the MA-3, A7 HUD, and 6883 -Test 'Benches) *
have vesearch in maintenance simulation as their prinéipal.pur-
.pose and emptoy cost-plus-fixed-fee (CPFF) contracts. The other
14 proorams‘(including the twd in-h use prdgrams)‘serve main-
l%ne training. Ten of the 12 tnat were contracted were funded

1 . ’ é

a’ .

[
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through either fxxed-pr1ce—1ncent1ve-£ee (FPIF) or fxrm—fxxed-
prlce (FFP) contrqcts, the,remaxnxng two sMK 92 FCS and Fire~
Elnder) employed Eost—plus contractxng. . \ V. Co.
B When .completed (as currently planned), the 17 programs ‘
“will resu%t in the development of 47 unxque sxmulatxons and
_ » delivery~of 687tun1ts, i.e., trainers. ' The Mk'92 FCS, CIWS, >
and F-16 programs will be responS1ble for 30 Sf the dxfferent~
‘simulations and 632 of the tra1ners, both the CIWs and F-16¢ R
‘address' tra1h1ng in a number of skills for a sxpgle weapon sys- ' N g
~tem and will result in the development of a famxly of dev1ces ) ’ a‘
“with extensive commonality, rather s1m11ar to the standard * ‘-‘l
systems.‘ Typically, the other programs are Eoncerned with . : E
sxngle tra1n1ng applxeatxbns and a single tra1n1ng device. ¢ <
The physical characterxstxcs of the non-standard sxmula-
tors appear to be sxmxlarly dxverse. There are two- and three-
dLmensxonal trainers. Since sof tware is normally closely

held by contvactors, wide var1ab111ty can be,expected. Fur-
ther, s1nce a non- standard system typxcalIy s1mulates only ) -
one, tactical system, ‘it is not necessary te provide a defini- ’
tive separation between software and courseware Eunctxons. ¢
"w mhe total program costs of the non-standard systems
(ad1usted to curfeént price levels) dxffer by factors of up,
t5.390: l, and the” average costs of devices differ by factors

of uptto 40:1.

. - ~

4. CAI- -Like Systes .. s :
- S :
A QAI “like maintenance s1mulator is o c0mputer~ass1sted in-

structxon (CAI) system with courseware desxgned specificdlly to
tra1n maxntenancc skills. A typ1ca1 CAl system uses a 2-dimen-
sional dxsplay (CRT and/or random access slide or microfiche
pro;ector) to present lesson matgrials  (pictlures oE equipment
.4nd the l1ke) under control of a computer that also mon1tors
studcnt proqrcss, pro(crrbes.lessons, and scores tests. When
adaprcd to maintenance training, the CAI features are retained,
) . 3
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- prototype unxts of the Flectroﬁxc Equipment Maintenance:Trainer -

' and let a contract to Grumman Aerospace 1n December 1980 for

P
and the'trainer may also employ‘3-dimensiona} depictions of °
equipment,, . A

One experimental system of this class (the Rigney Traxner) !
‘has been built# and two other systems have recently been placed

under contract: A coatract for the.design and fabrication of

’

or (EEMT) was ‘awarded to Cubxc Corporation by the Navy Personnel
Research and Development Center (NPRDC) 1in August of 1980, and
a pre11m1nary design has been formulated. The Army has let.
several contracts for the study of desxgn concepts Eor ‘the Army
Ma‘intenance Traxnxng and.Evaluatxon Simyplation System (AMTESS)
-construction of two "breadboard” units for further evaluatxon. .
EEMT is intended for initial-‘skill ("A- school")atralnlng, )
primarily in electronics. It is to provide both 2-dimensional .
displays (generated through a ‘cathode, ray tube) and 3-d1men-
sional simulations and is to be’ capable of s1mulat1ng a variety
of particular electtonxc systems. This latter capability is the
basis for dxstxnguxshxng CAI-like from the other classes of main-
tenance simulators. fThe software system must be comprehensxve_ P
and adaptable (as in the case of standard systems). 1In addi- . )
tion, tboth the software system and the courseware must bBe more .
,extensjve since they must aiso provide ‘the information that .
"would be contained on the display panels of simulators that are S

ta1 ored to a partlcular training application (whether standard.
or nonstandard types). :

Y

»  The only information available to this project on the costs
'of CAI- like systems is contaxned in the cost proposal for the .
EEMT system. 1In this proposal, requxrements for labor (ofvall ’*
types) were stated sin terms of hours, with 1nsuff1c1ent infor- -

matlon to convert them to dollar cost' to develop an estimate

of total program costs. As a result, systems are

not discussed further in this chaptet:

’
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C. SERVICE USE OF MAINTENANCE SiMULATORS . . ! “

Service 1nventor1es of maintenance ;;mulators shew quite
d1vbrse pollcxes regarding. their use. Table 8 presents a sum—
mary oE the. dlfferent types and total quantities of traxners'
procured by “each Service and dxstlnguxshes between Naval/Marine
The~ )
differences in reliance on simulation are more ev1dent in the
‘The bulk of Navy
non-standard systems result from the Mk-92,

Corps aviation and other Navy and Marlne Corps usage.

case of stendard'Systems. afloat and Air Force s

CIWS (Phalanx), ‘ :

In the absence of these two programs, there€

It is

. and F-16 pfdgréhs.

would be little difference among any of the Services.

noteworthy, thoudh, that these large frograms are in areas that o
have shown the least use in the standard systems' in the Ppast.

TABLE 8. SUMMARY OF MAINTENANCE TRAINING SIMULATORS DELIVERED Y !
AND ON- CONTRACT SINCE 1972, BY SERVICE AND BRANCH o R

«

Standard Systems

Non-Standard Systems

PR RN

Service and Branch

Number of Total
Different

Number- of Total
Different Number

Number

Devices of Units Devices of Units .
, - L}

354 N

(73]

f'% Navy/Marine Corps 137 v
Aviation *
27

: Marine Corps Ground ‘ 129

' "Forces
Navy Afloat °
Army

. 581"
’ 3

&
6l
687,

4 10
24 158
. Rir Force 22 -2

Totals . 194 653

b s -

. ’ :;
W'

L

v Q‘
identify specific simflator development or pr0curement proqrams.“

[ ‘ " one result of standardization is that it is difficult to
The standard devices that provide training for a particular s?s-‘
tem (c.g.. a given model of aircraft) may have been procured Q“
) ' . B
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b

through geveral contracts initiated at different times.. A - . -

single contract may encompass varying dﬂantities of devices for
several equipments and 1nclude procurement of the general simu-'
latxon system as well as the unxque components for different ’
training applications, As a result, 'tHe discussion Bf usage of
t ese‘devices is limited to procurement quantities py Service
alnd accordlng to skill areas trained 'and to the market shaxes

f four contractors. The non-standard systems are deveIoped .
'and procured within well- defxned programs that are related to
particular simulator systems and training applxcatxons and are
drscussed in that context.

o .

13 Stapdard Systems d

F

The £1rs§ procurements of standard maxntenance simulators
“occurred in the 1972- 1973 period when. limited quantltxes were
‘ delivered to the Air Force, to the Navy for surface training,
and to the Marines. for ground forces training. ‘The first .
delxverles for Naval/Marxne Corps aviation tra1n1nq occurred
a few yearb later, and sxnce that time this training has become
the most extensive user of standardxzéd systems. The current
inventory of 354 devicés accounts for 70 percent of the dif-
ferent sxmqlatxonS}and nearly 55 percent of the total units
employed in military tra1n1ng. ¥
The Marine Corps was the earliest service to contract for
a’'significant number of standardized systems. A 1972 contract"
called for delivery of 15 units (encompassing 11 different
s1mulatxons) for training of ground equipment maintenance;
this was ‘followed in 1975 with a contract for 114 units of 27
different simulations (1nclud1nq reprocurement of the 11 types
of simulations contracted "for in 1972) "The last of the Marxne
Corps 1nventory was delivered in 1976 and none have ‘been con-
tracted for since that time. ‘ ) CL s
The fxrst kndéwn Army use of standard gsystems for maxnte-
nance traxnan m?s in 1977, with”the delivery of two dev1ces

v . 4
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KRS Eer training of the Mohawk propeller control system. Since ," .
' that time, the Army has procured devices for training of, other
'axrcraft sys .ems and several armoredtvehxcles. ‘Note that the -
numbers shown in Table § 1nc}ude only devices that were procyred
. through thé Program Mamager foxr Training Devices (PMTRADE) . The
devxces listed in Table é may be an incomplete listifig as Army
management procedures allow traxnan devices to be contracted
for through weapon system prqgram,oﬁfxces and individual base
“ qémmands.v”Such devices are not tegistered in a;central inéen-'
- tpry‘recoré and gannot be readily identified. f' .
. Both the Air Force and Navy afloat have made little use of
standard17ed sxmuiators. The Aif Force procured one device 1n
the early 1970s to evaluate its use in training AN/ALO-126 radar
maintenance personnel (as part of a. research prOJect) A secong
device. sxmulatan the 6883 Test Bench was delivered in 1980, v
also £or;eva1uatxon as part of a research program. The Navy
¥ procured five copies of one device for training in the tuning
- . of traveling wave tubes in 1973. vThe next, delivery Jf this
' class of simulator (the Hagen Automatic Roiler Control Simula-
tor) was in 1978 as part of a research program investigating
training strateqies for equipments the maintenance ‘of which
requires persQnnel trained in different skill areas. The only
current use of standard sxmulatore for main-line training con—
,51sts of two devices for training maintenance of the Trident -
submarine air-conditioning and air-compressor systems.
“the standard systemsuhave been used for training in a
variety of skill areas, as shown in Table 9, with training
applications spread rather eqially among the broad groupings of
electrical and electrqgnic, propuleion, and combinations of s
mechaniéal/hydraulic/pneumatic areas. This.stands in contrast
. * with the non-standard systems discussed below where, exceptxng
the two- large weapon-system-oriented pI grams (F-16 and CIWS),
all but the MA-3 and DD 963 boiler proqréns have been limited
‘to’simulatfon of electronic systems., -

" ?
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TABLE 9. STANDARD SYSTEMS DELIVERED AND UNDER CONTRACT
BY SERVICE AND SKILL AREA,

. .o q‘.' .
. ? . Humber of . Total . w
Skill Area by Miljtary Service | Different’ Number ’
3 v Simulations of Devices

Marin'e’-é"o“rps Gréwnd Forcés ) ’
Electéical - Y . 38 K
Propu‘lsion w ¥ . no N 75 ’
Hydraulic- -Pneumatic - b o4 16 .

’Naval md Marine Corps Aviatlon N

‘ General $kil Training? -

) Electrical-Electronic 10 78 . . .
Propulsfon - . 16 80 .
Electro-Hydravlit . 14 76 ’ .

Weapon-Specific Training ’
"t Electricat 18 ., 24" -

- Electronic . 23 ° 34 |
Propulgion . 14 14 * .
Electro-Hydraulic ) 1 ) |
Mechanical- Mydraullc ’ ! 29 ¢ 35 ' |
Urtknown » 3 _ 12 0 e a2

S, Navy Afloat " '

_Hydrsulic-Pneumatic' 2 : 2
Combination of Skjill Areas / 1
Electrogice o, . 1
Air Force . i
Electronic ' ' J 2 , 2 | -
‘Army S ® . ) ' / ; ) ,
4 Aviation ' 2} . ©o !
Electricale N A 22/
Electronic < 4 ag “
hydravide o : L /{, .
-~ Mechanical-tiydvaulic .o 7 ) i
. Electrp--‘;echani'gag. 5 ‘ 2 . 14 )
G;ound .

Electfical-Electronic I . s, —
=" Propulsiop 4 16 . <
Hydraulac . .2 . 9 ¢

Electoro-Hydraulic & 4 36 T,
‘“al‘nc'ludes tr{;ning?ln aircraft and ground support equipment. '
’ T & ‘
.ol . 53 . .
| 5 ce e - ~ . . .
E P . . . : .. / ‘ 6'\) ; . ﬂ-u




A relevant point to be seen in Tahle 9 is.that while these

systems have found a wxder range of applxcatlons (in terme of
.different simulations) for weapon-spec1f1c Naval aviation traln-
ing, opg or two’ units (trainers) of a given s1mu1thon will’
satxsfy a training requlrement. That is, 97 different simula-
tions (training applxcatlons) ‘are satisfied by 120 devices, an
average of only ohe and one-quarter units of each simllation.
This contrasts w1th the larqer numbers of identical units re;
quired for general aviation skill traxnan (or for training for
widely held equipments such as those employed by the Army and
Marine Corps ground forces). Non-recurrxng costs involved in
bringing a s1mu1atlon on- 11ne are high compared with the costs
of fabricating additiénal units of an already designed simula-
tion, and this relation has a large impact on the average costs
of simulation in training for:different types of equxpments.

. Table 10 shows the number of standard systems delivered
and under contract, actording to manufacturer. FCC appears to
" dominate the market, but +the extent of this domination is de-.
creasimq. Ridgeway 1s a new company that appears to be aqqres-
sxvely markotan its system. As of mid-summer 1980, all of
the 107 Rxdqeway devices shown were under contract, but none
had been delivered. ECC, by contrast, had undelivered orders
for IOd devices. When a%l of these deliveries are completed,
the percent of devices in use that are manufactured by ECC

will drop’ from 90 to 75. N

standard maintenance simulators are not major, products of

either Burtek or Lockheed’ Alrcraft Services. Burtek produces

a wide range of training devxces (from aircraft evacuation “and
cjection seat trainers to automated study carrels) for(both the
‘civilian and militdty markets. Lockheed Aircraft Servxce pro-
vides a wide range of aircral t-related products and serVices
(includind aircraft mod{ficabioms, full-scale models, mock-ups,

and training services) for both militarvy and civilian customers.
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_jABLE.IO. STANDARD SYSTEMS OELIVEREO AND UNDER CONTRACT,
BY MANUFACTURER SINCE 1972~

.

- - ~ : ]
-\ . Manufactyrer
, . - = e
- [ tducaﬂone) Ridgewsy . Burtei, Lockheed
— - Computer €lectronics, Inc Atrcraft
N . Corporation Inc. Service
Hartne Corgs Ground Forces
3 i Unique Modgls 21 . . - ..
fotal Held, © 129 .. -- .
o . Navu & Marine Corps Avistion > |- ’ L )
- General Sk1)1 Training . .
Unique Models 21 ) 18 1 -
Total Held . 119 ' 103 . 1 --
Hgapon—Speciﬂc lratnlnq ~
1 , Unique Models 74 .- 3] 12
N Total Held L - o n 12
Navy Afloat i ’ -
Unfique Hodels . [ b, ‘3 - -
¢ Total Held . 5 .- ) .
2 N «
» « E
N Arey
" " Unigue Models .22 1 . 1 -
W - Ioégl Held 152 . ] 2 C e
\
- » uw: . ¢
‘ Unique Models “ 1 . .- 1 N .-
. . TotaPeld 1. [ 1 - !
e Total ) .
Unique Models 146 15 17 N 12
fotal Held . 503 ‘o1 3 12
SN . ES— —- 3 -
{ -
Y .
. - r L
. . ~ My
' ~ ™ * -
- 2. Nop-5tandard Systems .
} -

The non-standard simulators are relatively recent develop-
ments, A listing afd description of the programs that have been
initiated to dite are shown in Tables, 11 and 12. In fact, there
- has been little experience in tralnan wlth this class of simu-

latory Several of these programs havel yet to resulf.in aeliv-

. eries; for seJeral others, deliveries have not been completed

. A or deliveries have been of less than complete or £ull-deskgn
- configqurations. _Thére is generally an ins-allation and checkout
period and a‘siqnificadf period between the initial and final.
deliveries of a-pfoqram so that, even where a full confiqguration -
. has been delivered, actual use for training would be less than

. % is suggested by Table 12. - '
R < du 7 ¢ .
- 1 , 55 <
N > ) : .
ERIC, .- e

Aruitoxt provided by Eic: - . . T
” .
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TABL.E ]'l NON- STANDARD SIMULATOR PROGRAMS, DESCRIPTION

T;aln‘er Designation

Designation of

ANACS Navigation havigation System of £-34, AN/ASNS118
ARAGS Radar Radar sysiem of £-JA 3 AN/APY -1
f-16 . Avionics, electrical, proputsion, hydraulic,
~ « weapon control systems of .16 .
FPS-43E R Groupd radar system AN/TPS.A3L
Army i
¥ Firefinder . Mortar and artillery-locating radar systems. AN/TPQ. 36,
¢ AN/TPQ.37,
REES factical comeuntcation system . AN/TRC-138,
) A . *AN/TCC-13 (3).
- AN/IRC-145,
. AN/TRC- 151,
H BN AN-TSQ-84,
AN/TSQ-85

, o e e -
1 Pouncomteector to theweagon Systen contraclor

Suhere more: than sne contractor has been involved 1n a program the name of the prindipal wn_lLC_LLn'LJL_wderh;te—- -
£ 3 of the principal co

~ o

e o el eem

' Description of Assoclated Operational Equipment Operational Iraining Equipent Tuntra tor(s}®
. ¢, 1pment ’
Nava) Aviation
T VTAS ¥isua) larget Acquisition System of F.dN. ANJAVG-B | Honeywel |
Alslrainer " A1 equipment mafntatned by AT rating on A
: N F-4, J/N and RF-4B. {See Tavle C-€) fn-tiouse {horth Island NARF)
A-6 TRAM RS Detectfon and Ranging System of A-60 TRAM, ANJARS13 Grurman, Applied Science .
A+] HUD Test Bench Heads-Up Display of A-JE' ANJAVML )Y, $ducat) ra) Corputer Corporatian,
. . . ANJAVQ-T KppTTration, Horeywell, VYought,
AACTS Engineering
»
MA.3 Test Bench Afrcraft 12KVA generator test bench. > MA-) Applimation, Sevidle
[ 68 1cAP.T 1O Tactical Jamming Systen AN/ALQ-99 Groman
AN/ALQ-92
Navy Afloat
" N A} - .
1RR Integrated Radio Room of Irident submarine, AN/BC-Y RCA, fducatiomal Computer
‘ Torporation
. . .
4159 . Short range anti-aircraft qun gystem for ' .
surface ships (Phalanx close~in weapon
system) - Cubic
Waste Heat*Botler 0D 963 Waste Heat Bofler ‘ae . Apphieaticn
MK 92 FCS Fire Control System MK 92, Mod (). FCS MK 92 Mod ()] Sperry
Ar¥orce R
688) Test Bench Test bench for a portion of F-111 avionics AN/AM. 227 Honeywell ' .

HoneFell. Averican Institute
or Research

Honeywell, American [nstifute
or Research

<

uoneywellb !
In-house {reesler AFB) -

’

Hugres Arrcraft

Gould

L

- .

« ;

Aruitoxt provided by Eic:

A L ’

o
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' TABLE 12. NON-STANDARD SIMULATOR PROGRAMS, CHARACTERISTICS *
- r
!i""" e Maintenance ‘ v
N Cchelon Purpose fype of * Date of Nuaber of | Program P;ogru
» . Trained of ¢ Stmutator; | aporonrng- | Tepe of | Contract | Uate of 4 pevices Cost. | gost,C
= Designation (m'q(":; Total §/0rganizetions Shcuthr o3 tignb Lontract or lf'l‘U“ | veitreres Then } e’y |
L . > or Prograw Dimensionsl Program Delwvery -1 Inrough 1ear 1600)
! Intermettate [nitrgtioe £v 1980 (00}
Ay " . >
Haval Avistion . ~ - ~ .
YIAS ) e [ 1 3 P LIS L) 1716 ? 300 LLSCI N
M-lratner 19 ) v S ) P.0 Az 619 (R T CT A O X
As6 RN DRS ' oo 1 y pf 5o /18 81 - 2 so | 80 |-
Sz neorestgeanf 1 4 0 | 1 R 3 R CPEF 616 > UM 1 ige | Lo
M:-3 Test Bench v 1 I R ) R CPrf 9418 /80 1 6407 1807
EA-68 1CAP 105 1 2 L v, LA P Srvp 12780 /82 o Lew | 1600 1
. ) «
Aoy Atton . - . ,,/
IRR ? 2 0 1 3 3 FEp KT 8 0o .| 7,09 ~| 7.0%
ctws 8 288 0 1 p P Frp 10789 151 0 $,99¢" { 5,900~
. 00363 Waste » . ~r
Heat Doiter . 3 37 0 ' 1 oo fEp 12/80 12781 I8 s 350
h
W, 92 F(S 12«7 .80 0 ! 2 P CPFF fu/s0' 380 “ AR 9.000
Air_force : N - I .
6383 Test Bench 1~ 1 1 R 3 VR P, 6/16 618 B T 1,130
. - - ~J
AACS Kavigatton 1 | 0 . ? ; £o1f o718 1219 1 155 | L8i0
., AVACS Radar 1 V" 0 I ? 3 3T 18U o8y, o ]t | sae
b 116 “10 e i 1 2y 3 FpLs 1 E 7 wR3g |18,300
s.a3t ) . 0.1 ; 3 ¢ .- earlys 11 Ve | 100t 120
Ay 1 - v
. Firefinger” B wH 0 t ! a.r P I 14" 2 sase 2690
ares” | ) ' 0 1ot s Y| eeus YY) 1.9 ! 106" | 4,640
. ) . ! s s
. . .
. . D) v -
, (see next page for footnotes) : .
g 3
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s JABLET12. (Continued) .
. \\\ . . o0
Research; 1 Training, . \ . . R
b_: Procurement; R RDTAE, 0  Qperations and Maintenance. \ N .

Ad)uw-enu to 191 (ost level are baled on poD Inflation Rates {for nml.l or prowm-ent) dated & July i34y drsuming That tm wid-point of tne progrn()
N elp:l\dllures falls mid-way between contract and Lnlual delivery dates

Yone unit contains a Capabtlity to simulate the F-4J, F-3N, and RD-4B while the other units simulate only the F-4J.

'Does not nclude the costs associated with simulation to provide o nlnar lev{\ol AL rate training lestimited at 5300 000}
Init121ty funded through RDISE and intended for research purposes. me purpuse wds Lhagged early in the program lo training and tunded torough pmw-mnlo
‘h\cludes $30,000 for development of tralning materials for & new Lourse addressi naln(emme of the HA-J test benth. «

Also provldes operator training 'Establistment of an East Codst training facility will reqwrt an addmoml unit of eath type of sisviator
','leuer Contrect. Contract value and gther provisions to be definitized by March 1941 \ i
JPru(olyve. R

. © A i \ )
= Mactudes 600 (thoussnd) estinated «for Maxines Funded 1tems. - \ N - ’ R

Yo be stermined - \
®tost to the goverment, includes contractor fees but not unrefmbursed overruns ) \\ * :

~ Ihe one devige consists of a central processor and fastructor stafion controlling 10 $Tudent stations N
%ot including program support effort to be provided by Aeerican Institute for Research. ' . RN
P10 devices debivered to USAF  [he remaining 26 devices are for.detivery to NALO tountries . fhe cited cost gmlfmwi all 56 units  ~ .

- Two devices are cochpit w:l-ups_nhlle the rematning V6sare flat panels. \ |
fDelivered oy interin xonllguullons, limited L0 demunstration of systen operations, that will be fieid retrof1tted for »aitunttion capsbelities - ) .
‘One uniy wss delivered in late l‘)IS A second undt has recently entered fabrication - , ( |
Yirst unit only. Y N |

Yrive compleces of sl student station, Three Lomplexes provide caly operdtor trairning. two nmpleus are wonfrqured to jrovide both operator and
« siintenance training . .

"lhe drHveM-d lulnen do not sieulate the Cutrent tunfiguration of oper stifnsdl equipment and wi bl u- we(vnln(ed 1n the tiely A~
l'm')rdl- WLt b n diopute  The initial wnteact value was S\i.l‘)l (thuusands ). but the contractor hay tmmlll, Hled s Cdoim for an 4491 010na sta m dlfon. |

, . \ J
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.seems hardly representative of overall maintenance training

:development. At least five of the 17 simulator programs in-

. , s’
'°These 177 programs do not seem to provide a representative

“

sample of the potential range of application for the non- *
standard ‘simulators. All but the three résearch programs .

(A—ﬁ ﬁUDf MA—3, and 6883 Test Benches) are concerned only ,<
with orgaanatxonal maxntenance, and these three were devel-
oped as® research vehxcles. Inxtxally, nQneé were envxsxoned to
provxde maxn—lxne training, although, current’ plannxng LS for
the MA-3 to provide training. Only four programs (MA—3 Test
Bench, EJ16 CIWS, DD 963 boiler) simulate other than ele\tronxc
equipments.. The F-16 and CIWS are large simulation programs

to provide training in several of the skills (including elec~

tronics) required for maintenante of a weapon system. This

requirements and is quite different from the patte}n observed

for the stqndard systems. ’ . \\

a. Concurrent Development. The .sample is sufflcxent,

though, to 111ustrate *some of the chefacterxstxcs assocxated
with non-standard simulators, three of which are gxscussed here.
The timing of deliveries of training devices is critical for
the introduction of new or modified operational equipments. .
Traxnan equxpment, of whatever type, must be in place before
traxnan can commence, and personnel must be trained before
the operatxonal equipment can become an effective part of the”
'force._ Traxnlnq sxmulators ~equire their own development
periods and thlS must occur concurrent@y with deve'lopment of
the operational equipment. However, the operational equipment
is subjeei to frequent modification during developmenf and for
a considerable period after its initial fielding. FEven minor
modifications can have a large impact on the costs of simulator

. ; v
volved concurreht development; the A-6 TRAM DRS, the A-7 HUD,
the Trident Radio Roow, the F-16 trainers,. and Firefinde;. .In
each case, the simulator programs infurred significant engineer-
ing changes thﬁk 1ncrea§ed their costs. The A-6 proqrém required

)
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extensxve software changes that .amounted to 30 percent of the
final program cost. The addition of FLIR to the A-7 HUD traiher
accounted for approximately 40 percent of the total program.

cost. In the F-16 program, it seems impossible to”attribute a
dollar cost to changes, but they are generally acknowledced to
be a maior portion of a cost overrun that amounted to .three
times the initidl program estxmate. Not only were Thanges to
the air"raft frequent, but documentation of the changes_ that
were necessary for simulator design ran as much as 12 months
behind 1mplementatxon'of the changes themselves. Changes in
the Trident Radio Room and Fxrefxnder program were not‘as dra-
matic but st111 had a signgficant impact on development costs.
A related problem is that modxfxcatxons and configqura-
tion changes are common for aircraft that nave been fxelded for
a considerable period. \Changes to operational systems may re-
sult, in simulator modifications whose costs approach the cost
of development of the original device. This is close to the
situation of the A-7 HUD simulator; a day version of the opera-

tional equxpment had becen in use for several years, and the rrrz’/’

version entered development during development of the trainer.

Countract costs attributable to modifying the trainer to simulate

the FLIR amounted to 85 percent of the original contragts for.

" the day version trainer. Modifications to operational ‘equipment
have resulted in the obsolescence (and discarding rather than <

~

modification) of a number of standard simulators.

: [ %

b. OQuantities Fabricated. For nine programs in thxs‘

sample, for which cost 1ntormatxon was available, development,
cost averaged over three times the recurring cost of simulator
fabrication and initial support. This provides a large poten-
tial for reddcinq average costs by simuiation of equipmentffog

which there is an e.-tensive tra1n1ng requxrement, such as equip—

ment, used for general skill training and equipment that is used

on widely held' weapon systems. Only three of the L7 programs in
the sample simulate this type of equipment. The MA-3 Test Bench

+ . 1 - ' g
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is a univewsal test stand used throughout the Navy for onshare
. testlhg oﬁ all models of generators and constant speed dr1ves .
that SUpply aircraft primary electrxc power.; althouqh the MA-3
.77+ simulator is a- research device, with only one unit buxlt, it -
- has,a potential for providing training at. all Naval and Marine
. Corps air stations._ 'The CIws and Mk 92 Fixe Control System
are ta be 1nsta11ed on a 1arqe number of surface ships, qeneqat-
ing an extensxvo tra1n1nq rtqu1rement- current plannan cails .
‘for Eaﬁrxcatxon of 36 sets of eight simulations Eor CIWS “train-
1ng and 24 sets of 12 sxmulat1ons for Mk-92 PCS traxnan. In
. contrast, a few units appear to satisfy the traxnlnq requ1rements

" theg present F-16 contract provides for delivery. of equipments .
~° . to only three air basds; training for specific tfpes'of Naval/ °
+ ' Marine Corps aircraft is provided at only one to three air sta-
f_ . tions so‘that biys of weapon-epecxfxc exmuiators (such as the-.

A-6 TRAM DRS) will be limited to ‘a small number. . .
. ) ‘c. Substitution Relations. Simulators are. generally

viewed as’substitutes for actual equipment trainers. Whether,

. this is a correct way to view simuIators should be arqued o
separately, simulators and actual equipment can each be .used
for training in ways that are not possible by thL othex. The

, .auestion of substitutability is not a sxmple one and the extent

- of . substrtution depends on the nature of thc simulation, the N

4 : .equipment belnq simulated, and the extent of training provided.

s Within these 14 proqrams are exampleq of four different rela-

+ tions between slmuLatorq and aocual equipment trainers.

“The MA-B Test Bench and- 6883 Test Benth programs 11-
1ustrate cases aoproachlnq pure qubthtutxon. Each program
provtdes training in both the operatlon of a test bench (1.e.,
malntenance of operational equxpmpnt) .and-"1ai ntonanco of the.
test hench 1tqelf. Fach qlmulator was designed to rep;aco
gsome (but not: necessarxly all) operatxonal equirment that had

. been used for training. .

- ‘ N ‘
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_training for on-the-job training (0JT). ‘Prior to introduction

of the simu;ator, formal (school) training was limited to the

classroom, and hands -on systems training was provided only as

7. 03T at an operatxonal base. Introductxon of the simulator

permxtted the hands-on training to commence at thq¢tra1n1ng

school and_.should result in a shorter period of OJT béfore

personnel are qualified. for independent work. : .
Trident radlo room traxnxng employs bath the simule-

. toe and a modified complete operatxonal radio room (actual
.equipment tfa}ner). That is, they complement one another,

with each cont;ibufing to different elements of the curriculum.
They are also substitutes. An early'assessment of Trident
traxnan requxrements developed two alternative equipment
confxgurathns for radxo room traxnxng. One was the current
combination of °1mulat10n ‘and AET. The second was the use of
three, AETS only. The chdoice of the combination of actual equip-
ment'and simulation was based, at least in part, on cost con-
s1derataons. s s 7 .
e In the case oE _several other programs, both actual
equlpmgnt and simulators are used, but for somewhat different
reasons. ThewA—G -TRAM DRS contaxns both electronxc and mech-
anical components. The sxmulator i§ limited to training on'’
the electronic pgrtion of the system, and ‘the actual equipment
is requxred for the mechanxcal training. Nonc of the organiza-
tlonal echelon aviation sxmulhtors can wholly substitute for
operatxonal eauipment. Typlcally, both organizational and.
1ntermedxate maxntunanco training is provided at the same ,
location and, frequently, in the same training course. The
"intermediate level training will require actual equipment, but
normally in the form of individual components rather than an.
.

inbeqratéd system.

’

H
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, In the case of the AWACS system, the navigatiop system
sinulator has been used to implement a substitution of school
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The cost effectiveness of sxmulatxo for training
maxntenance skxlls depends upon its impact on total training
costs. Variations in the substltutabllxty of simulators for
actual equxpment traxners 1mply that sxmple comparisons of the
relative costs of the two types of trainan equipment cannot
be taken as reliable guides to the relative¢ costs of traxnxng.
Assessments of the cost advantage of usingd simulation must be
based on comparisons of the total costs of satisfying partiéular

- ’
training reguirements with and without sjich simulators. '
- i 1

il
“5 a

D. . STRUCTURE FOR COLLECTING COST DATA a

o

=~ " .
- ~ L

The set of cost elements shown i Tablé 13 is an initial
formulatxon df a functional cost structure for collecting data
to develop ck;t-est;matxng Felatlonzhlps qnd other tools for
assgssing the costs of maintenance fraining simuldtors., It is
a mixture o# elements that are qendrally associated with other
types of mylxtary equxpment as welloas those that seem particu-

larly releNant to»processor-drxveq simulators; it relies heavily
on dlscussxons with people who have had experience with simula-

tor prochements. oy .

Thié'cost element set is ing¢omplete in two ways. First,

it is at la level of aggregation that may prove insufficient for

identifyinyg ;hé basic cost drivérs. Second, even at this rela-
tively high level of aggreqgatiop, wé are uncertain that it is
fully'sp‘hxféed. With our curyent knowledge reqarding the
determindnts of cost, it does pot appear feasible to carry the
specificdtion further.
This|\structure does, tholgh, treat the two important cost

characterilstics of maintenance training simulators evident in

3

the data clrrently available/-- the separation of recurring from

non-recurrihg costs to identify program development costs and

the separatwon of software (and c0uréeware) from other develoé-
& identify the (apparently) dominant reciuirement.

r
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TABLE 13. COST DATA STRUCTURE .

[n-house On Contract .

Front End Analysis . . ~
Task Analysis ’
R Performance Specification

- Engineering Specification
L ]

PN [y NSRRI

’ [}

L A~

Design. and Development . i ) ‘ .

>
>
b

Hardware

|

Software |
Courseware ,

Technical Data
[ )

’

A

L]
a

Test and Evaluation
Acceptance
Training Effectiveness
L ]

bt ot d Voaand ./“-'—J -

Fabrication

— e, ‘/,/q\/.J_\

Hardware

Installation and Check-out

Special Tools/Test Equipment
[ )

Logistics Support
Interim Maintenance Suppert
Other

Fac}lities (Construction/M&dification) .

Initial Training

S ]

Program Management

N
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Further, it is structured as a matriix. Several contractors

3

may be involved in a single program; one contractor may be ¢
engaged 1n several (seguential) contracts on a single program; !
programs are denerally sectioned into distinct and identifiable

e

phases; and, changes in program scope and statements of work
o are frequent. In each case, the types of work and relations
among costs may differ in systematic fashion, and these dif-
ferences should be preserved in whatever data are collected.

A major problem with formulatan a structure for collect-
ing cost data 2t this time 19 the current paucity of data.
There is no gencral requirement for systematic and periodic

] reporting of all elements of the costs incurred by contractors
of trainipg equipment. With a single exception, standardized
work breakdown structures (WBS) for training cquipment have
not beer developed and employed; thus even if contractor costs

7o were to be reported, there would” likely be incompatqbilitie%
among the data from different programs. : R
- A periodic cost reporting syskem addressed to quulatdrs'
. should be based on a single basic WBS that would be applicable
to a variety of simulator tybes and other training equipments
and serve both program-management and cost-assessmernt functions.
The Army ts currently developing a gencral WBS for all training
, eqﬁipment. Tt has yet to be imposed On a procurement program,
and 1t appears to be directed only to cost assessment. The Air
Force has developed a WBS that has been used for both,man sment ~
and cost assessment, but its appligcation 1s ITETEEG to fltht i
/ -
simulators. There app to be significant differences between
these two v%rﬂfFﬁFg;%L:::/;;lther seems to satisfy the criterion
51 general applicahility (e.q., neither appears to provide for
a definitive separation of recurring and non-recurring costs).

In general, the program costs collected duyinq this project
£ (contained in Appendix B) are assessed in the férmat of Table 13.

A next step an uSSUthné the format (1.c¢., the adequacy of data

it displays) would be to obtain measures of simulator physical |

65
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‘menté@xon not being revised.

and non-recurring costs, between development and fabrication,

and perfo:mance.characteristics for the current programs, to

test for relationships between these characteristics and levels (
of costs and, since this structure addresses only assessment of

costs, to reconcile it with the data requirements of.program =

management. ) &
N {
E. COSTS OF MAINTENANCE TRAINING SIMULATORS i !
e
1. Standard Systems ] -

For practical purposes, the data now available on stand- d
ard1zed systems are insufficient for analysis of cost and es- .
pecially for relating costs to physxcal and pe*formance chargc-
teristics of the trainers. Almost all. procurements are. unde

itself. The physical and performance characteristics may
change, as the result either of contract negotiations or
subgoquent contract modifications, with the correspondin

struetﬁre of the contract; for- tﬁe standard systems thik is
sketchy at best and can be mlsleadan. A major problem is that
contract line-item structures ar@ in terms of the prodiicts (or :

deliverables) that result from the contract (e.g., traliners, -

data, contractor field services, conferences). While |this

structure does provide useful information for cost control and
management, it provides none of the attributes of a functional
WBS necessary for evaluation. The contract line item "krainers"®
typically encompasses over 70 percent of a total contract\value. -
Within this 70 percent are contained (or hidden) those cost dis-
tinctions that allow simulator and procurement program chara

teristics to be related to program cost {e.g., between recurrinyg

between hardware and software).
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s Nine contracts were reviewed, and the information they &on-

V tain is shown in Table 14. (In the discussion below, these con-
tracdts are referred to according to the column number of the

“Table.) This set of contracts includes four models Of standard-

ized systems built by three contractors and appears to present a
representative sample of available data. \

Individual contracts show a wide range in the number of
different types of trainers or simulation models developed (1
to 27), the number of Frainers procured (2 to 114), and their

- average costs (from undet SIU;006—te—over -$80,000). An impor-

’ tant feature for assessing costs is that most contracts involve

development and procurement of trainers for a number of training

applications and several copies of each type of trainer. '
The line item listing shown in Table 14 is close to the full

cost detail given, in the contracts. The only items contained

in the "other" cateogry are conferences, training, and reliabil-

ity and maintainability programs and demc¢ istrations. A separate

line 1tem is normally shown for each type of trainer delivered

7

on the contract, but that single line will contain thy
both the first or prototype unit (with the dévelopqut costs
it entails) and all follow-on units. . .
Separation of costs between the prototype and follow-on
units is contained only in contracts 1, 6, and 9. In Contraqcry”m
1, the same unit cost is charged to all 101 fgllow-on units; in
contract 9, follow-on units (not included in‘zhp;Tahle 14 values)
are specified as a contract option at a cost dffferenth[rom the
~ prototypes, but four of the six trainer types are attributed
t with the same follow-on unit cost. In three other contracts,
the same unit cost is charged to several different types of
trainers (both prototypes and follow-ons). In contract 1, the
average ratio of prototype to follow-on unit costs is approxi-
mately 16 to 1, while in contract 9 the ratio averages 3 to 1.
Since ECC is the contractor in cach case (although different

L]
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- TABLE 14, STANDARD SIMULATOR CONTRACT INFORMATION AND COSTS
(NINE CONTRACTS) -
L3 “ * M
. J contiade? ‘
1 2 3 a 5 6 7 3 b
Service L Navy Navy Sovy Navy Army Army Army Ammy | Amey Tt T
N Fiscal Year of Centract 1975 1978 1379 1978 1578 1877 1978 1979 1379
'
T ] Simulator Moce! [} £€3  lRydgeway |  Burtek €3 €3 £C3 Riageway | EC3
Type of Contract FFe fEP 1324 fFp FFp (234 FEp fre iPH" .
Contract Value (000) $1,132 $1,301 $1,138 $259 §552 $1,770 $1,556 §236 §2,651
Nusber of Trainers Procured Nt 9 103 F Vi 72 z 3 13
Nurder of Simulation Models
Developed il 14 18 2 5 7 1 1 6
Average Ngzber of Traners of <
. tach Type a7 v 5 57 10 34 10 3 25 10 2.0
. Average Contract Cost Per Trainer N
Sell L000Y 59 9 $14 3 §11.0 §129 § $32 % §23 6 §55 6 $59.0 §203 9 .
. B « i
Average Cost of Travners (000) $23.8 $18.3 $38°0 0.0 70C &
. i
Range of Unit Cost of Trainers (000} © 1889-16.9'56 5-9 0| §56 & 61 '
N Contract Costs Dy Lyne Item {Q00) '
N S
Trunsrs {including installa- !
tion} (L10] $1,68 $805 sty $410 $1,363 $1.,065 $106 $1,648 § .
H
Technical Daty 182 w | .27 93 18 243 s7° 13 293 ;
- 1
Interm Support 19 15 % 1 50 0 304 3 *3 { -
. N 4
factory Repair of Spares ! T,
. and Parts 5 a5 20 10 78 !
Contract Field Service 30 12 28 12 "y 188 ‘.
{
Spares and Spare Parts 13 0 50 3 70 {
- Support 3nd Test fquipment
ana Tools B 65 9 3 13 10 %0 { )
togistic Support Analysis 29 13 j :
~ i
Other . 10 3 24 8 "o 52 13 8 ¢
{ i
Contract Total LR 1,482 L 259 552 | 1,769 1,663 236 S68 §
S . : | ,
35everal contraces have unlergone mcaifications  Where 1nforrmation was available, the values 1n *hig tabie reflect the |
mod1fications, | .
1
, ' bContract 'ncluded ore  hands-on  trainer with a cost of $567 thousand and 12 symulation trainers Cost of the hands-om 1
- ’ travner §s Included 1n the osts delow, except gs noted i
f Prucurerent 1ncluded 16 £C1T womyoles, 13 different simulations (66 total devices) developes on this certract, 'l gifferent 1
stretations (45 total devices) Jeveloped on an earlier contract, and three Jevices, addressing dasic skrlls, that were
developed by the contractor for the Livil martet. . J #
JExcluding cost of the hands-on trainer I
the range of prototype (first umit) costs was $27 9 to $72 2 thousand Al follow-on untts were priced at $1 & thousard,
regardiess of whethe. the evi.e was feveicped 1n this contract or the earlier ¢ 'ntract. Licnsoles were priced at §16 & ‘
thousand each, . }
fContract Tires ttem 11stings normally sncw eauh type of trainer and s costs as 3 singie cont 3¢t ttem Mowever, '.ne":os'.si
of all trainers of gne tyve will Genera'ly e contained 1n that single entry |
’ Hncludes $170 thousand tor clafms resylting trom contract moditications and $241 tmousand for extensions to the sof tware
| . system descrided 35 for test setis), procedure and performance monitoring. . °. .

. .
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standard systems are involved), we wbuld expect that the dis-
9
ting¢tion between recurring and non-recurring functions would
be the same for _each_ contract. If this is true, the wide vari-

ations in the recurring/non-recurring ratios are difficult to

- accept. In only two contracts, (1 and 6) are the costs of main

frames and panels shown separately, and the ratio of main, frames
to panels varies. No contract provides for a separation of

functions associated with development (e.g., hardware, course-

ware} except for technical data, and 1n this case a single jine

entry applies to all trainers included.in the contract. ‘
There 1s a considerable difference in the structure of

costs among the contracts, and 1t appears that the meanings of

cortract=line~item_names have not been consistently applied.

:ERIC
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For example, contracts 2 and 3 involve delaiveries (by different
contracturs) of devices that satisfy the same training applica-
t;on and have display panels constructed to a single specifica-
tion. On the basis of the ranges of unit costs that are given,
it would appear that ECC costs are higher. However, on the
basis of average contract cost per delivery (tptal contract
value divided by the number of trainers procured) the difference
is considerably narrower, and 1t would appear that a number of
contract functions that are costed separately 1in the ﬁidgeway
contract are iracluded under the cost of the trainers in the
ECC contract. .,

This di1scouraging assessment of available data has been

reinforced by discussions with procurement office personnel at

ilhkNaval Training Fquipment Center (NTEC). Several have

expressed opinions on two points that impact on the validity

of contract 1tem costs. One is that contract neaotiators focus
on "bottom-line" (total) costs and that, within this constraint,
contractor tepresentatives will trade-off the amounts charged

to individual line~items unti1l the relationéhips amonqg them

look "reasonable", The second point is that contractors ‘'zve

an incentive to inflate the cost of simpler devices and to




-~

deflate the cost of the more.complé& devic;s. In this way, as

coqtractofs are successful in delivering the simpler devices

early in a contract, they can speed up their receipt of progress

payments relative to actual expenses. One result of these prac-

S s’tices is that the relationships among differenf elements of ’ B
contract costs will be distorted, and providing more deta’led
cost statements will do little or nothing to provide accutrate
relationships between physical and performance characteristics
and costs.

- ;'—-

2. - Non-Standard Systems
s .

The program costs discussed in this section are based on

nine programs for which information was either received in or

— translated to the format shown in Table 13. These programs

are discussed briefly and their individual costs displayed in
Appendix B.

o The cost intormation comesﬁérom two sources. One consists
of contracts and contractors' proposals; there is no way to
determine if the level ‘and structure of costs contained in
these early estimates did occur. The second source is program
office estimates of incurred costs based on the records and the

' expertise of program office personnel.

*“ In either case, there 1S no way to compare these estimates
against true costs. Simulator programs fall below the cost
threshold of major procurements for which contractors are re-
quired to suumit periodic reports in a prescribéd WBS. 'Contrac-
tors employ different terminologies; the structure of their

accounting systems differ, and there 1s an ever-present possi-

bility of misinterpretation in translating the available infor-
- mation into the cateqgories and format shown in Table 13. Con-

sidering the wide range of possible differences among sihula-

tors and simulator procurement programs, we question whether a

sample of nine programs is satisfactory. However, it does pro-

vide i, 3ights into two important cost characteristics that *are

discussed below.
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' Table 15 shows the percent distribution of program tgtaf
cost, according to cost element, in terms of the lowest and
highest observed percentageg in this table and the average of
the percentages. Note that the percentages have béen normal-
ized in the following two ways: ' '

1. Recurriﬁg production costs have been adjusted to the
level of costs that Qould have been/incuréed if only
one unit had been produced by dividiqg recurring fab-
ricatioﬁ costs by the guantity fabricated. This ad-.
justment provides a consistent base for the rélation
between recurring and non-recurring costs: '

2. The MA-3 and 6883 Test Bench research programs incurred

significant costs for evaluation that were not included

in calculating the. test and evaluation percentages in
order that all simulator programs might be treated as
thouqh_pﬁgxwgggg_intenggg;ﬁor\main-line training.

Two distinct patterns emerge from this small sample. The
first is the consistently high proportion of total costs that
are devoted to the non-recurrihg functions (primarily design
and develépment) when small production quanti;ies are involved.
Further, the average recurring produétion cost (18°'percent) is
probably overstated as only the AT Trainer and 6883 Test Bench
programs identified the non-recurring* portion of fabrication
cost that, 1n these cases, averaged 40 percent of the first
unit recurring fabrication cost.

Figure 4 1s a plot of the non-recurrinc percentages when
program costs are adjusted only to exclude evaluat{on costs
ot the MA-3 and 6883, The outlying high point is the 'AWACS
N;Qigation/Guidance system program, and there is no explanation
why the percentage is this high. The outlying low point is the
Visual Target Acquisition System (VTAS) program. A review of

*Tooling, planning, and the other requirements normally charged
to production accounts that do not increase with quantity.
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TABLE 15. PERCENT DISTRIBUTIONS OF COST BY CATEGORY FOR
EIGHT NON-STANDARD SIMULATOR PROGRAMS (NOQNALIZED)a

Percentage Distributions

Lowest Highest Average of
Observed in | Observed in | Observed
Any Program | Any Program | Percentages

Cost Category

Non-recurring Costs

O

. ERIC
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Front End Analysis : ' 0 18 8

LT Design and Development . _ k!B 81 . 54

: R Hardware - 2 35 16

Software/Courseware? ' 12 ) 53¢ 3
- Technical Data 0 21
Hardware Fabrication (Non;recurring)d 4 6

Test and Eyaluatione . 1 3 1

Program Management 3 24 . . n

- Total Non-recurring 61 %21 8

Recurring Costs e
Production T 5 38 18 '

Hardware Fabricaticn 4 36 15

. Other 0 9 o 4

) Logistic Support 0 13f 5

) ) Initial Training 0 4 2

Total Recurring 8 39 25

iRecurring production costs were adjusted to reflect a production quantity of one,
test and evaluation costs of the research programs were not 1ncluded.

. 5
bData on several programs did not separate software and courseware development
costs. In this table and remainder of this section, these cost elements are
combined and referred to as "software/courseware.” . -

®The high percehtage case is a program that incurred software problems pecause of
concurrency. The next highest program incurred 42 percent of total costs for
software/coursewarq.

dBased on two programs.
2]
Based on s1x programs.

fThg two highest percentages arose from (1) development of a complete depot
maintenance facility and (2) over three years of contractor maintenance
during an extensive evaluation program. The next highest percentage is 7.
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program total
quantity fabricated

FIGURE 4. Non-recurring cost as a percent of
cost according to
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S the VTAS simulation and teatures of the procurement program

suggests that itsis different iq some fashion from other cgt*'

rent (and probably future) non-standard simulator proq;aﬁg.

Other than the research and in-house programs, VTAS was initi-
ated 2 years earlier than any other non-stanﬁafd simulator.
-« Also, the avionics system simulated was quite simple by the

~then-current standards and the tra{niné requirement was simi-

larly simple. These considerations suggest possible differences
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in the. mix of resources employed and the contractor‘s»orqéniza-l
L .

RN

tion and mapagement of the _program. In either ¢ se, the diffec-
ences woulé impact on the percent distributiéns. ’ ) /Jv

The A-6 TRAM DRS program incurred a large cost ﬂor soft
are changeq resulting from changes in the qperatlonal hard-
+ When the change costs are disregarded, the percentage
is quiye consistent with thq,other programs. The\split be-
tween r&curring and non-recurring costs was available for the .
F-16 simujator'proqrami- The percentages associatqd.wi?ﬁ this )
program (the shaded area) are consistent with thé batt}rn of |
‘thé'qther six. It would appear that produc§ion qupnt{ties " .
\ of £ive-and over are’fequired before recurrifg costs/ixll ’
equal non-regurrlnq,costq.

The qecond feature to emerqe is the high cosy of develop-

ing Software and courseware. Within this’ sample, the combxned "
cost of software and courseware averagyes over 30 percent of -
total program costs (as adjusted to reflect production of one <
unit) and over 40 percent of total design/development costs S
(with a range from i7 to 72 percent). When sof tware/courseware
costs are plotted against total costs (not édjusted for the

~——--h“‘~pLQJUCt10n quantlty) o dlqtlnctlve relatlonthps are evident

® _(Fig. 5). . ~ e e e N

—

~s P
»

. We haye no explanation for the absence of_ an orderly
pattera or for the wide range of observed percentaqes: This
small sample contains programs with diverse charactef:stics
and! on a case~by-case basis, a number of reasons appear
plausibleﬂ A likely reason for at least part of, the ranae

of values is differences in accounting practices among con-
tractors. It is also possible that pur Inability to soparaxe'
sof tware and courseware serves to obscure underlying relation-  °
ships that may be preseét. Further data ani analyses will be
required to provide any understanding of the determxnants of ‘
cost. Considering the magnitude of the costs in this sample, .

such data and analyses 4re warranted.
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It.1s} unfortunate tlat available data do not permit: the Coe )
separation of software and courseware development costse(or, .

- for the standard systems, the separation of software and course- . ‘k‘
ware- from, handware development ‘and productxon costs). It is N
quite evxdent, at le‘mt for the non-stbndard systems, that -
software and rourseware are qan.\fxcant cost 1tems. A relevant T
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gu&ﬁtxon, then, is how these costs can be reduced for, future
sxmulationxsystems. One pzomxsan avenue app ars to be the

davekopmenh o£ a‘sxngle software system with he following

aﬁﬁrihutns ’ (1) it, would be non-proprietary fe.g., owned by

\W\ghaagnyér ment, (z) it woulﬁ permit coursewa%e to be written

3“?w~iﬂ a highdlevel lanquaqe that could bn composed and/or modified

vg»& byyih.g )%zn~hﬁuse eubject matvter experts, (3) it would Be suf-

: ftciently qenaral that its use coula be imposed as a contract .
’()cﬂndlttan qr dehign parameter.' The development of the Ada
1anguagq1may He a largé step in thxs'ﬁirection.e , .
~: - Thds c&nc&pt is not thhout problems o£ implemontatxon.
){/?s,ynlv rea%onab}e to expéct contractors to resist use oE
aﬁcb & po?~prog;ictary eysﬂém. By defxnxtxon, the standarg
vugqtems gmfeloy roptietary standardized softwares Some of the

.LuﬂLaanLarB of~non—¢uanna?a sYSLams appeﬂr'to hﬁve‘put efforts

e e

'xatn devykapxng‘:hexr own ﬁoftwaré systems. In both Cas&:,

ﬁguncaﬁtnxq have expnnded as;ets xn the develqpment of these
u$¢ftwanﬂ*paakach, hh& valaes 214 whxch would ba greatly Jdimin-

[ . P

hf‘ﬁ ) ] ’ Y - . L, ¢ i :

H
~ thureq 4 and, 5 focus Sn one problem 1n 1dent1hy1nq traxn-

3
s - 42
. B

xuq pyograms as Land;dat& for %ﬁmulatxon. Judaging by the cur-
aent non-*taudard simdlator ﬂ:uqrum%, most maintenance qlmulator

4

ﬁ??!lCﬁtlmﬂﬁ.ﬂllﬁﬁ,ln‘hyntem~SVQLifl traxnxng and paztxcularly
in avzactmqﬂtrainrnq.>\.hxu type of training is generally pro-
vxded at, a small number of sites and rnqquﬁ* a limited fumbe r
¢ gt tra*nan dﬂv:gea, xmply'nq a 11mxted potential Lov uuantntv

b
{‘ prmducnxnn BY 4 partisular madel oi ttaining simulator and thus’

= . a limxtnd ﬂpvorcunit? tor rudugxng pxmulatox cmatr throuqh their

' wxﬂnsptu ad adnpcxunu From a *o»t 5tandpaint, the more promxaan
. gaployments lxw an he traiﬁlnq nf general skxl! and system- <

K upncxtxu traxnlnq for wilely. held equapmencs wha e a yolmtive}y

L latae _humber 4 1%ul¢cmrs can, hw Jead.‘ .

e
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For assessing costs oﬁ maxntenapce training simulators, 1t "

is useful to dxstxngu*sh belween what are def1ned as "standard
non-standard, and "CAL- 11k " sytems. Dxfferences among theqe

t
S,

three classes lie in he Loll ing areas:
® Physical chara teristi:T ’

) Comblexity and cost,

® Extent Hf . use Iithin the' Services, and -
® Contfacting practices emﬁloyed for their procurement.

" A standard system consists of a standardired physical confivura-

tion that can{be adag&ed to many %raxnxng applxcatxons through
courseware an& pictorial representatxons that are tailored to
the- pqrtxcular equipment being sxm%lated. Non-standard systems
are typically—unique; in totai7*for“e§ch specific training 7,
application. A CAI- ike’system typically uses a 2-dimensio
"display (e.g., CRT, f

random access inde projéctor) to pregent

cdurseware 1ntroducéd into its computer.

Available cost’data are not adequate for develdping Ehv

~.
TSt relationships’ necessary for comparatxve asseSsments oE \\\\\\\

ternative maxntenance training simulators. FEdctors contribut-

ing to this condxtion are as follows, !

® S mulator pxc"rams fall below the cgst threshold for

‘periodic reporting of .incurred do s'in a standard WRS.
~ @ THe data that are available may £Lontain systematic
" biases so that their reliabilify'may be questioned.
® For the stihdard systems fipm-fired-price (FFP) contracts ' }
have been érevalent- the ly generally available cost
xnformatxon is 11m1ted t ppecont&pct documentation and
the cbntracts themselv 'S,
® W1th1n thﬁ small numfer of non- qt?ndard svstemq that

have been built, tifere has been ajwide range of program




arrangements ‘and purpékes, device complexfty and char-
acteristics, and training capabilities. It is doubtful
whether this small number would provide a satisfactory
base for developing a cost-analysis capability. ‘
® For practical purposes, cost data on CAl-like maintenance

— simulator system costs are not available. Only one
experimental system has been built, and contracts for
prototype development of tdg’other.systems have only
recéntly been let.

cT o There is an obvious advantage in the concurrent develop-

‘ ment of oﬁerational and training equipments so that trainers

are availeble at the time pperational equipment is first -

I fielded. — However,- this P actice entails risk since the opera- .
‘ tional eqdipment 1s subject to continual change and even minor
changes may result in high cost modifications to training
simulators (especially to the simulation software and course-
ware).

i For the non-standard simulators, non-recurring costs
account for the major portion of total costs when production
quantities are small (e.g., five or less). However, most
potential applications appear to bec 1n weapon-system-specific
training (especially in aviation) where a limited number of
devices would be required.

For the non-standard simulators, software/courseware
(i.e., program design and programming) appears to be the-
single largest element of cost. Where cost overruns have
occurred, they appear to have been primarily due tb software
developmént problems. There sho id be a significanc cost
aﬁvantq;e gained by development of a widely applicable and .

. non-proprietary software system.

q /

“ Y,

3 - /
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Iv. COST—EFFECTIVENEéS OF MAINTENANCE SIMULATORS

The crucial question is whether maintenance simulatore are
cost-effective for training military technicians. Since ost,
effectiveness, and cost-effectiveness are not, in themselves,

absolute guantitics, this question must be answered in relative

‘terms, i.e., compared to what else is a éarticular maintonance
simulator cost-effective? ﬁll of the studies with relevant data
compared the cost and effes}iveness of maintenance simulators to

O

LRIC

that of actual equipment trainers. ——— —

With respect to effectiveness, the data from 12 studies

show_that student achieveygp;rg; school igﬂgpoutfthg_same«ﬁarw‘___ﬁ‘

those trained with simulators as for those trained with actual
equipment ﬁrainefs; there was one case where students trained
with simulators had poorer achievement scores. We would prefer
to estimate -the effectiveness oz maintenance simulators and of
actual equipment’ trainers by comparing the performanée of tech-
nicians (trained with one or the other) on tﬁe'iob rather than
just at school. Job performance codld be mrasured by data such
as the time nceded to identify malfunctions and to repair or
zo%lace faultj components, the number (or percent) of repairs
where good parts were removed unnecessarily or bad parts not
identified and so on. . ’

No evaluation of a maintenance simulator reported objective

job performante data. In one stully, supervisors' c.tings (i.e.,
subjective data) showed about the same level of job performance
for technicians trained with the 6883 Test Station 3-dimensional

maintenance simulator or the actual equipment (Cicchinelli et ai.,

1980). Based on the data on student achievement at school and

the one case of supervisors' ratings of on the jo0b performance,

. - 85 =
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.o “we conclud that maintenance simulators and actual equipmen

trainers «ve equally effective for tralnlnq malntenance tech-
<&

.

. nicians.
° This finding is based on a wide spectrum of simulators,
i.e., maintenance simulators of radars, vehicles, electromechan-

1cal equxpment, 2-D and 3 -D.designs, and simulators that are

uqed Eor training orqanlzat\onal and intermediate maintehance.

It would be tempting to infer that one type of simulator or a

‘ particular way of using them, aﬁonq these clqssé?l is more ef-
fective thar another. No such breakdo&n,aﬁéears possible with

C the limited data avqxlable. We cannot answer such interesting —

' questions as how eftectiveness might vary with cost or how

cost might vary with effectiveness, because no such tradc-offs

have been sundertaken. We have only one-point comparxsonq of the

costs of maintenance simulators and of actual eguipment tralne:s
that have been shown to have equal effectiveness for training

at.school. Sa, we are left with thé general conc¢lusion, as

stated above, that maintenance simulators and ‘actual equipment

tralners arf equally effective for training tecnnicians. .

. s Our evaluation of cost . uses the cost data presented in
Chapter 1II; these describe acquisition but not life-cycle
costs. The costs of acquiring actual equipment or simulators
do not include the costs of their use .for training purposes,
e.q., the operating costs of training such as \nsiructors,
stedent pay and support, maintenance of training eguipment,
and management of the school. A cost-effectiveness evaluation
based on acqulsition costs alone must .be regarded as incomplete
compared to one that includes all lite-cycle costs. A single
exception, i1n the case of the life-cycle cost comparison of
the 6883 Test Stand 3-D simqldtor and actual eguipment trainer,
reported by Cicchinelll et al. (1980), will be censidered

: separately.

_Table 16 shows the acquisition costs of comparable simu-

lators, actual equipment trainers, and operational equipment

¢
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s TABLE 16. (Continued) ’ : .

Note; All cOSts are on 3 “then-year® basis  Costs obtained frum the Consolidated Management Dot Lis2 rep esent lates! antract 1ost
tut do not reference the applicable yesrs

‘\lhere more thin one soL,Ce was avan,;ble the figures shown-are the highest values found
bRecurrlnq produgtion wosts adjusted to reflect a produt tion quantity of one. test and evaluation voits of »esearih program  dve no' tncluded,
see discussion In Chapter 111 and Tabie 15,

CYhis s & maximm value, Where dats Ui not provide a Separation between recurring and non redurring production (ust the value shawn fs total
production cost Where dats did ot sllow an estimatée of production cost no vatue 15 Shown .

"Snurce Program Office .
See Table 87 .
———Jource- Joint 1actical tlectronic Designation Lystem, Master Lonsolidated Reference L1st. g tognr VR, Consuligated Mang jement Ugty o+ 1ot
. Octodber 1980 )

9cicchinel ., et ak, 1580, p 68  The actusl wquipment tratner is an Operational 6883 test bgach with rn modifitations  The value t
$1.955,000 regresents the cost of the operational test bench in 197, adjustes for subsequent jrice Tevel (hanges. 1t exilades ' ¢ per ent
attributed to acquisition wanagement N

"10 studen® siations

‘Per student station

% Second un1t 15 currently being fabricated  See Table 12 - |
:tacn unft consists of 12 student stations, each student ststion 15 outfitted with 12 difterent similations .
AN/TCC-33. ANZIRC- 38, ANZIRC-145, AN/1$Q-34, AN/TSQ-85

_lQni_nglo_r_k__(_op}J;Ung of foyr simulated stations that can operate_independently or 1n oncert _ -
"Proqran cost 15 tn dispute  The contractor has filed clatm for an sddit.onal syx . Nlaon

2 e s e e

chu!men( required for one class of 15 students

pHve compleaps of six tratners esch  All complexes provide eperator training, two ot lanes provide both . peratur and matntengn e *ra fing
v (one tor the AN/TPQ.36 and one for the AN/IPC 37}

ach tratner cootaing etght different stoulations (panels) . -




(before modification for use in training) in 26 maintenance
It is important to understand the different
txpes of éost'dataJQhown,in this Table.

Operational Equipment Unit Cost - Production cost of an

additicnal unit of equipment designed to meet some

simulator programs.

military purpose; these values do not include RDT&E

\costs.. Where the costs of an actual equipment trainer

are not available, these costs a~e used as a proxy L

for actual eqdipment cost. .

Actual Equipment Trainer Unit Cost - Cost of operational
equipment} immediately above,,}bat,has been adapted
for’ use in training, €.9., power, special inputs—a- ]

e e

controls,—etc—Such modifications require additional

e

costs.

Simulator Total Program Cost - Cost of RDT&E, prototypes,

and manufacturing facilities needed to produce one

Oor more maintenance simulators. In our sample of 20
simulator programs for which total program cost data
could be compiled, there were 12 instances in which
only one simulator was built; 2n the eight other — ———j

____, programs, from-2 to 36, Units were built. )

Simulator Normalized Total Program Cost - Totai production

costs adjusted to reflect a productioh quantity of one;

includes the costs of research and development but not

test and evaluation of simulators developed in research
programs,

Simulator Unit Recurring Fabrication Cost - The®Rost of

producing a fo}lc'-on unit of equipment after the
costs of RDT4E, prototypes, and manufacturing facil-
ities have been accounted for. This is a maximum
value; where data did not provide a separation between
recurring and non-recurring production costs, the - .
value shown is total production cost. No value ‘s
shown where cost data did hot allow an estimate of

production cost.’ /
83
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There are, thus, several ways tu compare the costs of fac-
quiring maintenance simulatoré and actual equipment trainers.
The cost of an actual equipment trainer is set, approximately,
by the incremental cost of procuring one additional unit of
operational equipment plus the cost of any modification neces-

“ sary for its use in a classroom, This 1s a unit recurring
fabrication cost, devoid of RDT&E and non-recurrxng groductlon
costs. We have these costs for six .AETs. Where AETs ‘have not -
been built, we can use the operational equipment unit cost as

ity | surrogate AET cost for’ comparing- the costs of sxmulators and —

AETs. . e

S s e —

The averaqe ratio of AET unit cost: ogerational equipment

unit cost is 1.27; that is, AETs cost, on bﬂe average, about .
f—“f""?ﬂ percent more than operational equibmeat before the latter 3

is modified for training (Table 17); the data are based on only

fxve cases. These ratios, which vary from 1. 00 to 1.59, presum-

ably relate to the deqgree of modification 1nvolved in the vari-

ous cases; whether further modification at even greater cost

would improve the effectiveness of instruction has not been—— — o ——]
T examined.

. We will estimate the cost of acquiring a maintenance simu-

lator in two ways. The first estimate includes non- recurring

costs (e.q., research, developmen., and manufacturing facilit es)

and the costs of manufacturlng one unit. This value is the nor-

malized total program cost, as defined above. The second esti-

mate includes only;the unit recurring fabrication cost (as de-

fined above), i.e, the cost to produce an additional unit )

(after vesearvch, development, and other non-recurring functions

have been accomplished). FEach of these estimates is relevant he- -

cause of the large disparity between recurring and non-recurring

costs.  Maintenance simulator programs have typically involved

small quantities so that relative cost-effectiveness of their

use will vary areatly with quantity vrocured. To the extent

84 ' -
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.- TABLE 17. COMPARISON OF TﬁE ACQUISITION COSTS OF
ACTUAL EQUIPMENT TRAINERS AND COMPARABLE OPERATIONAL EQUIPMENT
BEFORE IT WAS CONFIGURED FOR TRAINING

. /
Unit Cost R
(thousaniﬁ of dotlars) )
X Actual o Cost Ratio: E
o 0595?3;222A Equipment AET/Operational
q Trainer Equipment ]
MA-3 - 10 175 1.59
Trident—Inteyrated | 12,100 17,500 1.45
Radio Room
Trident High Pressure 2315 400 1.27
- ~Air Compressor o ) X
Trideat Air Conditioner 530 550 1.04
F-111 Avionics Test i 1,955 . 1,955 1.00
Bench (6883 Test,Stand) i A
° :
Mean 1.27
,' —— —— - - - — ﬁ

permitted by the data, we have estimated the recurring costs

even if only one unit was actually fabricated.
The actual equipment trainers and operational equipment
shown in Table 16 vary widely in cost (from $45,000 to

$17,500,000).

costs of simulators and actual equipment tralners.

Therefore, we have used ratios to compare'the
The central
tendencies ot the cost ratios, for both the normalized total
proagram and unit récurring ectimates, are shown at the bottom
of Table 16. '
Plots of the

costs (both recurring fabrication and normalized program) to

individual ratios of estimated simulator

actual edquipment trainer and operational equipment costs are

°
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shown in Figs. 6 and 7.* In both figures the operational equip-
ment costs have beern adjusted by the average ratio of costs de-
veloped in Table 17. With two exceptions, the recurring fabri-
cation costs of sThulatogs’(Fiq. 6) are 20.percent or less of
the costs of either operatiqnal equipment (as adjusted) or
actual equxpment traxnerq, and this conglusion does not. depend
upon 1nc1ud1nq operatlonal equipment in theméample. Nine of

_the 11 cases (80 percenc) fall below this. arbitrary threshold,

but there is a large dispersiOn among th them rangina from 3 to

19 percenr. Avallable data Jprovide no explanation for this
range. The available data provide some 1nsight 1nv6 the two
cases that fall above 20 percent. The VTAS 51mu tes avionics
equipment that has been out of procuremest for many years, and
e‘quspect that the cost of 'the operational equipment 1s8-seri-
usly underestimated. | The MAL3 is a research device and may
contain features that serve only the research function. How-
ever, it does not appear reasonable that these special features

—aloné would aceount for its relatively high.cost.

The reldtionship between simulator normalized program costs

and the costs of actual equipment trainers or operational equip-

. ment are not as clear-cut (Fig. 7). In seven of the 11 cases “

the simulater cost is ‘less than 60 percent of the cost of the
actual equipment trainer v operational équipment (with a ranage

of 265 to SS_percent). However ., in the' other four cases, the °

pezcentaqes Fange from 160 to 400: At first appearance, this s,
sample seems to come f[Om two populations, but we can find no
support for this argument in the characteristics of ei1ther the
simulators or the'procurcmdnt programs. Similar to the previous

ratios ol recurring (fabrication) to actual equipmdnt costs,

<
o
i

9
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#The Trident IRR maintenance trainer has been exé¢luded from
this analysis as 1t appears to be as much a cowplement to as
a substitute for either the actual-equipment trainer or the
operations /maintenance trainer. , .
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the VTAS and °MA-3 51mu1ators are "outllers" here too, and we
suspect for the same reasons. The AT Trainer also simulates
av1on1cs equipment fhat has been out of productlon for a number
“of years, ‘and we\suspect the cost of the operatlonal equipment
is considerably underestimated. We have no explanation for the
relat1vely high cost of the AWACS Navigation/Guidance Slmulator.
The contractor of thls program incurred a significant (and non-
re1mbursed) overrun that has been attr1buted to his independent
development of a courSeware translatlon system (discussed in
Appendix B), Even when the overrun is subtracted, the normal-
-ized program costhtill exceeds the full adjusted cost of the
‘ operat10na1 equipment by close to 25 percent. - . o
'3 ff Note that three of the four cases with relatively high
cost ratlos 1nvolve the comparlsons w1th adjusted operational
equlpment costs, and agaln, it appears that the sample comes
from ‘two populatlons. ‘For example, in 80 percent of the cases
_where ratlos are based on actual equlpment trainers, the simu-
la brmallzed program cost:is less’thah 50 percent of the

‘un1t ‘cost of the actual equlpment trainer; for those ratios

-—————_——based—on—adausted—operateonal_equ;pment_costs,sthe_normallzedll,lf .

program cost is greater than 50 percent of the unit operational
equlpment cost in 80 percenE of the .cases. We can find.nc .
ratlonale ‘for thls observatlon. No such distinction «can be
made with respect ‘to sxmulator recurrlng fabrication cost, and
- we feel it i§ sputrious; T L =
- The cost—effectlveness of a ma1ntenance simulator on a

l}fe-cycle bas&s has been evaluated only in one .case, that of

" the Alr‘Force 6883 Test Stand 3-dimensional simulator and actual

‘equipment. tra1ner (C1cch1nelll, Harmon, Keller, et al., 1980) .
In a later sthdy, these'authors wlll also evaluate a 2-d1men-
sional version of thls sumulator. ‘The 3-d1menslonal simulator
and actual equipment tra1ner were equally effective when meas-
ured by student ach1evement at s"hool- superv1sors' ratlngs

° N
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showed no d{fference between the job_performance of students
trained elther way for perlods up to 32 weeks after leaving

school .- . c ] - e

The 11fe-cycle cost comparlson of. simulator and actual

‘equipment trainer is shown in Table 18. Costs were estimated
i 1n constant 1978 dollara over a lS-year per10d ahd dlscounted .
- at 10 percent. The results show that the cost per student hour
- was '$23 for the simulator and $gp for the actual equlpment

tralner, ite., 38 percent as much for the simulator, compared
N to the actual equlpment trainer, for all costs over a lS-year

. perlod.. The sxmulator cost less to procure ($594,000 vs

- .$2, 104 000, or 28 percent as muph) and less to operate
B ($l 588,000 vs §$3,367,000 or 47 percent as much) over a lS—year,

perlod. ; X . . r
051ng net present value (1978 constant dollars), the recur-~
r1ng costs were $1,791,000 or 85 percent of the non-recurrlng
costs of the actual eguipment trainer. The recurring costs of

the sxmulator were $906,000 or 152 percent of its non—recurrlng

1

costs.‘ . w 7 ‘

"We draw the followlng conclu51ons.
P Cost- Maintenance simulators cost less than actiwal equip-
-ment trainers. On the average, tc develop, and fabricate

L - . -
one simulator costs less- than 60 percent of “the cost of

d

an actual equipment trainer; to fabricate one unit of a
‘simulator_(once it has been deJelopeé),costs less.than 20
2 E percent of the cost of an actual equipment trainer. How-
o ’ ever, there is a lavrge d15pers1on about these averaqes.

Effectlveness. Achievement, at school is the same whether

) N " students are trained _with mainfenance simulators Or with

- . . actual equipment trainers. This finding applies to 12 out

" of 13 cases in which such comparigons were made. There-

fore, maintenance simulators are cost-effective compared
|
r
|
|
[
l
l

-

s « . %
té actual equipment trainers. - L
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- TABLE 18. LIFE-CYCLﬁ COST COMPARISON OF 6883 TEST STAND, -
g ACTUAL EQUIPMENT TRAINER AND 3-DIMENSIONAL SIMULATOR2 -~
R . P
T Costs :
- : - (thousands of dollars)- - N .
Actual Equipment Trainer 3-Dimensional - o
Fﬁst Category Non- - ~Non- - oL .
recurring Recurring ° recurring Recurring | o 3
Costs Costs -~ Costs Costs | R |
: — - S |
Facilities R 10 1 : no |- ‘ B
-{ Equipment 2104 2798 594 w000 | et
/| tnstructiomn T E . . .
N f materials - ) 28 s 26 - . .
; Instructors and ‘ . N R e v
’ overhead N ) 73 N B 9% ! .
| Students and _— " T ' s 7
i support - LT 358 ' I N .
i " Total 2108 3367 595 1588 S
/ Grand Total 5472 - 2183 RN
L7l (Net present . : ) o R B
@l value, 1978) . (3896) ‘ (1501) |- - .
~ [Cost per student ‘ - N I R
hour - - . 860 . : $23 LT Lo
aEstimated‘based on 15-year life cycle discounted at 10 percent, in 1978 h 5.
copstant dddlars. Modified from data presented-in Ci¢chinelli, Harmon, ..
Keller, et al., 1980, p. 67-69. Table corrected to show cost of instruc- ~ N
tors for simulator and cost per student hour over a 15-year period for 8
AET and simulator, based on discussion.with senior author. Analysis
assumes 720 instructor hours per year and.operation of equipment for
2.1 shifts per day to handle $tudent load.™ P . . e
B180 students per yr x 3 ddys per student x 8 student hrs per day x 15 ! .
1 yrs = 64,800 total student hours. o . LN

.

This finding is necessarily qualifiéd'by the limited nature,
"of the data from which it is derived. Effectiveness, aﬁ,usgd . )
- here, is based on performance demonstrated at school rather.than .
on the job. Cost, as used here, refers to the initial costs‘gft

acquiriﬁg training equipment and does not ‘include the costs -
associated with the operation pf'simulatorg or of_actual equip-
rs and .

ment for training, e.g., maintenance and upkeep, instructo

T o -
‘;‘? e o e
. TRty I - =
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. 'support personnel, student time, and the like. In the one case.
. where a l;fe—cycle cost comparlson was made, total costs over a
lS-year perlod ‘for» the 6883 Test Stand 3- dlmens1onal s1mulator

-

was 38 ‘percent -as much as for the actual eguipment trainer. R
Both were equally effectlve, as measured by tests at school and .
by superv1sors' ratlngs°on the, jOb after schooE )
Insuffxc1ént 1nformat10n is available wit! which to draw ‘ h -
%cohclus1ons as+to whether 2-D simulators are crst-effectlve com-
pared with 3-D s1mulators, the aspects of ma1 tenance training o
 for which. simulators are most effectlve, and h w to allocate
the amount of time, for greatest cost-effectlv ness, between
#malntenance sxmulators,(actual equipment trainers, and on-the- ¢
jOb tra1n1ng. All of these topics are matters for further

research development, test, and evaluatlon that are discussed ﬁ

next in this paper. ’ ’ R . o
y oy -
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On the basis of data presented in prewvious chapters, we

:_—-______ﬁlwd_ihah_malntenance simulators are cost-effective compared ’

éﬁA’ ‘with actual equipment trainers. Both are about equally effec-

: ‘ tive for training maintenance technicians at schools; in general, ‘..
maintenance simulators cost less to acquire ghan do.actual equip- “
ment trainerg. In this chapter, we wish to discuss the signi-
ficance of these flndlngs, the l1m1tat10ns of the data upon
whlch these flndlngs are based, and the steps that should be
taken both the improve our knowledge and to 1ncrease the cost- ‘ o
effectlveness of maintenance 51mu1ators used to support train-

.ing for future systems. : -
_,———\. % . )
A. EFFECTIVENESS / , ‘

- ~ . » ~
-

Students trained on malntenance 51mulators perform as well
on tests at school as do studenLS tralned on actual equlpment.
This finding is consistent with results of studies with use of
computer-based instruction for technlcal courses on electr1c1ty,
electronics, vehicle repair, precxslon measurlng equipment, and
yeapons mechanic (i.e.  not malntenance tra1n1ng per se).

N We would expect that individualized, self-paced 1nstruc-
tion, an 1nherent characteristic of maintenance 51mulat10nh:‘
" would save some of the time students need to complete idstruc-
‘tion glven W1th equlpment, particularly where ‘the actual equip-
ment trainers are used more for classroom demonstration than for

individual practicé by students. Only three studies of mainte-
nance simulétofs report data on the time needed by students to
completé their courses (Parker and De Pauli 1967; Rigney, Tb&ne,

o f B
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~Kin§ et al., 1978; and Swezey 1978). - Here, students saved 22,

so,{ nd 50 percent, respectlvely, of the time needed prev1ously
in dourses glven w1th actual equlpment trainers. Time savings,
1f any, when maintenance s1mulators are evaluated, should be
recorded in future stud1es- it 1s ant1c1pated that the few re-
sults reported so far will b confirmed. It is important to
understand that all f1nd1ngﬁ, although positive with respect
both to simulators and computer-based instructicn, apply only
te training at school; there are nG data about the effect that
such training, including that using actual equlpment, may have
on job performance in the field. The importance of collect1ng
information about maintenance performance on the Job, and relat-

1ng it to method of tra1n1ng at school,” can hardly be overempha—

‘ -
—s1zed. ; . ‘ . .

" B. COST.”

< -Maintenance simulators appear to cost less .to procure than

do actual equipment tra1ners« With some erceptions, the cost to
develop and fabricate one s1mulator ig less than 60 percent of !

the cost of an actual equipment trainer, and to Eabrgcate one
un{t of a. developed simulator is less than 20 percent of the

cost of an actual equipment trainer. This finding is based on
ll cases where meaningful cost comparisons could be devised.

’

Because of the limited number of cases, no attempt wss made to
1nvestlgate the determlnants of cost. ’

It is important to empha91ze that these comparisons are

based only on procurement costs: they are not life-cycle costs.

éimulators and actual equipment trainers are used for training
over relatively long periods of time such as, for example, 10

years. In addition to the costs of acquisition, they incur costs

for operators, maintenance, instructors, ‘and students. There-
fore, life-cycle costs are more significant than acquisition
costs alone: as a basis for evaluating the costs of alternative

.

- s 4

1 O |

z

*




. -

tralnlng dev1ces. There 1s one recent estimate that the life-

cycle costs of a tra1n1ng program u51ng a maintenance simulator

(the 6883 Test Statlon) would be about 40 percent that of one

using the actual equlpment (C1cch1ne111, Harmon, Keller, et .al.,

1980). . : . - )
However, the cost data that are now avallable are not ade-

g

T

quate for definitive conclusions regardlng the cost-e£fect1ve—
ness of simulators vis-a-vis actual equipment trainers. . Some e
of the data that are avallable appear to fontain such systematic
biases .that’ the1r rellablllty may be tioned.. The way. in

which ma1ntenance sxmulators are procured appears to coptribute -
to the inadequacy of currently available cost data:
® The cost of simulator programs fall below the cost ‘
threshold of major procurements, -with their associafe
requlrements for use of e/staﬁg:;: work breakdown
_structure (WBS) and—fon*contractor cost reporting

“within the WBS structnre. Contract line item 14st1ngs,
that might serve as a functlonal cost structure, vary

conslderably, both among the Services and among separate

contracts within a slngle Service, with a result that

cost docfmentatlon may not be comparable among contracts.
® ' MOst maintenance simulators with standardized software

systems have been procured by, means of firm-fixed-price

. { FFP) contracts. Here, the only costs that are general yf

available are limited to those spelled out in the con- 1

- ]
tract itself. For the systems with non-standard soft- /

v

ware, fixed-price-incentive-fee (FPIF), and cost-plus/ -
.fixed feé (CPFF) contracts, and CPIF have also been /. !
wemployed. However, FPIF contracts provide .the SerV'ces .
with little leverage in requiring contractors to p




Some of the maintenance simulators for which cost daka
areuava{lable'were procured primarily for purposes of i “\ )
research and development. In these cases, both the
programs and the result1ng devices contain features that
would not be present had the~dev1ces been intended only
for routine training. Costs for features peculiar to
research may be considerable but, in general, they can-
not be identified and separated. Thus, such cost data
probably contaih an upward bias. 4

- -

We believe, but cannot document, that currently
available cost data on maintehan&e’simulators must be _ :ﬁ
dqualified even furthepy for the followihg reasons:
. 1. Contractors of some systems with non—standard
- v software appear to have 1ncurred losses that

(in whole or in part) they have 'not d1vulged.
This would introduce a downward bias in the
available data. This judgement has been offered.
bi personnel in the program offices involved.

2. Contracts for standardized systems typically
encompass procurement of several different
simulators; negotiations appear to focus on_
tqtal cohtraEt cost. This has two impacts:

o iR (i) it allows trade-offs amongiindividual con-

o tract line-item costs in orden that the rela-

tlonsh1ps among them appear "reasonable® to the °

/government- (2) contractors have an incentive
to inflate -the ‘costs of simpler devices and de-
flate the costs of more complex devices.' %he
! result 1s to distort the cost relatlonshlps

/ amohg contract- elements. . °
,3. The market appears highly compet1t1ve for s1m-

/ ulators with both standard and non-standard ‘-

/ software, and it is dlff;cult to get contrac-

/ tors to provide detailed cost data.
R .

/ 4, .
‘. ’ ‘ . . . - s

! N i

- 96 f - / . f




w7 -\

' 4, Within the small sample of n-standard systems,
i - ' there exists a wide range off program: arrange-

B % o T, o UEO R
R, L TR, YR

o peN Ol
Is
R, W
\
X

ments, device complex1ty, P ys;cal characteris- /

ties; and training'capabil'}ies. Considering: o

th%s wide spectrum, it is uestionable whether ‘”‘g .

T, « . the sample provides a suffficient base for devel- »
3 ;' ’ . o oping a cost analysis cap illty, even in the
~ 0 absence of the cost data roblems d1scussed o <

— . above.
¢ - -~ 5
- P , R . o £ ’ . s

e’ .C.. . COST-EFFECTIVENESS

RSN

— ’
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i%e“ ' 'Maintenance slmulators appear to be cost-effectlve compared .
'té actual equipment tra1ners for training Lechn1c1ans. Slnce S

T n ~ the quallflcatlons that apply to thls f1nd1ng have been explalned
) above, they will only betc1ted here- the, finding is’ based on
-acquisition rather than 11fe—cyc1e costs, on effectlveness as
measured by the performance of students at school rather than

on- the job and only on a limited number of cases (N—ll). Here,
we will try to explaln what this f1nd1ng does and does not tell
‘ us. . ‘ : ,

i' ; We can reallze the cost advantages of malntenance 51mu1a-
s tors only by using them instead o actual equlpment trglners
’ (among, other tralnlpg resources) Jin our malntenance tra1n1ng .
‘progrsms. This is likely:to cayse some problems for those who
's” ) believe that, even if maintenanfe simulators are used, it is
’; 'ﬂ“mstill necessary to use actual un1pment trainers at school to
/. Erainutechnicians how to workilater on actual equ1pmenF on.the
job., This dilemma can be regplved by .comparing on-the-job.per- A
formance of’those trained a school only with different mixes .
of both actual equ1pment tr 1ners and simulators. 'An evaluation k
of .on-the~-job performance s been reported in only one 1nstance /

(C1cch1ne111 et al. 1980)Jl Here, superv1sorsf‘rat1ngs showed ‘_ ' ;

.




only w1t7 the 6883 Converter/Fllght Control System Zést Stat1on
3—d1mensional Simulator or with thé actual equ1pmen .trainer.
F-ff Add1txo!a1 studies of this type would be most welc me .
Sgpposo thaf'onbthe—Job performance tuPns ouU to be the
same fér studgpts trained only with simulators or w1th a com-
{% ) b1nat on of s1mulators and actual equ1pment Eralners.' if stu- .
E‘ dent /' loads were such that only one itém of training equipment
f werqo:equ1red, then the additional costs attrleted to the
-8 actpal ‘equipment tra1ner would make the combination more costly
" and no more effectlve than using only thé simulator for train-
1ng. If s1muiators cost less, the same resylt would also apply
t' cases’ where, because of a large. s$tudent loLd two or more
tems of training equlpment were required. The school might.
hse some comb1nation of°s1mulators and actual equipment trainers.
ﬂThls type bf compromlse, while not most cost—effectmve, might

. ‘appear reasonable to skeptigs who believe that actual equipmeht .
. ‘traine 3 are still required.' Since, except for C1cch1nell1, .

]
/

LI

' Harmon, Keller, et al., 1980, there are no data to support o ‘ {
‘reject the,not1on that both actual equip ent_trainers and e/mu—
1atore are{needed for adequate training,[there is much to be ) |
gained by. collecting the job per<ormance data needed to resolve
this dilemma. . ) “ _f

' Malntenance simulators, it has begn ai ,.ed, cost Less and
are more effective than actual, equ1pment trainers because they.
prov1de feedback to studtnts, provide jtraining in a larger num-
ber of malfunctions than is otherw1sejposs1ble, and have fewer ’
breakdowns when Gsed by students., cdst data support the first
clalm"although the other cla1ms appear plau51ble, there are no
data 'to support (or reject) any °of tbem. Some enterp71s1ng mili- . ‘
tary laboratory is invited: to cons1der these questlons. -

i Maintenance simulators provide individualized, self-paced o
olnstruct1on and, because of €h1s,é§ne would expect them to save .

PR - some of the time needed by students to complete the course of /
~1nstruct10n. This result has, 1?Ifact, been reported in three‘

g
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studies. If confirmed, as we would expecth the cost avoidance
~attributable ‘to reduced expense for students' pay and allowancesAM
"at school would increase the cost-advantages of 51mulators. ' \ﬁ
This type of calculation has-not been included in any evaluation
~ i)

~ ™

of ma1ntenance simulators. ]
w o It is conce1vable that some ma1ntenance s1mulators would

be more expenslve to .procure than acgual equipment trarners for
L. the same appllcatlons. If all othef'tﬁ&?gs, €.9., effectiveness,“

0
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are equal, then we should obv1ous‘y choose. the less expensive 3
option.. However, “all othef things" are rarely equal. A s1mu-. oo
: A lator, though more Pxpensxve to procure thap an actual equipment —
traxner, mlght suff1c1ent1y shorten student %time at school, re-
-~duc1ng the need- for 1nstructors and support personnel- to be I
: less expensxve on a llfe-cycle-cost bas1s- it might also improve .
- student on-the—job performance suff1c1ently to be cost—effectlve '

in terms of the combined costs of tralnxng and (subsequent)
ma1ntenance. This statement 1s not 1ntended to be an argument
‘ ’ in favor of s1mulators. Rather, it is made_to poxnt out thatij
up to now, all studies of s1mu1ators and actual equipment
* - trainers have-been One-polnt compar1sons, i.e., equal effec~-
_.tiveness and lower costs ELr s1mulators. Since no studizss have g
PO Feen made between tra1n1ng'dev1ces of d1ffer1ng levels of both * ’
cost and effectlveness and that extend the analysls to later’
per formance on the Job, # is not yet poss1ble to look for an

.t

optxmum comb1natlon of ma1ntenance training equlpment.

»

. -

D. RISK OF CONCURRENT DEVELOPMENT

N

5

There is an .obvious advantage in the concurrent development

of oéerat{onal and training equipments so that trainers are A
) available yhen; and preferably before, the operational equipment
* ° is first fielded. However, this practice also entails risk,’ )
\ since even minor changes to “4e operational equipment may result
in latge additional costs to modify the .training simulators

E ic ’ " 99 ® -
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.veloped only after the design of th’/o erat1onal equipment has , - .

"a preliminary deslgn, knowlng»that more adequate simulatdrs| ’

atic study., i

: /'E. IMPORTANCE OF SOFTWARE COSTS

grams. Accordlnq to these in 1v1duals, cost overruns that have

-advantage to be gained py dev loping widely applicable soft-

.
.

jespeciailj in the areas of*simulation’ software .and ggp:seware). .
In €ive cases that have been identifjied as concurrent deveiopL° . e
pments, “a sxgnlflcant portion of final simulator cost$ has beena

attributed to modlflcatlons in the cperatlonal equipment, .

Although the sample is small, 1t sucgests that ceancurrency will <7
increase the costs of slmulator drvclopment programs. L

o
‘

[ - -
, -

s It also follows that if simulators for training are de- - -

been frozen, the szwulators may no be ready for tra1n1ng when |
needed. ‘A possfble alternatlve 1slto train the initial cadre .
of personnel with actual equ1pment or with simulators based on

f}l¥ be built later. Whether or fgot such an alternative is' . )

. : . i \ »
Software and cofirseware (i/é., program design and pro-
gramming) appear to be hajor elpnents of cost in non-standérd_
maintenance simulator systems., No hard dqta were found on this
point; nevertheless, it is the/op1n1on of 1ndlv1duals who have

-l
been involved with the managem nt of ma1ntenance simulator pro-

*

q

occurred have been. due prlmar ly to proble s in developjng
sof tware programs. Should th's be true, it pOlntS to a cost .

ware systems for the more cof plex training applications.
Although no data are available on this polnt, this would not

apply to standard systems, Jince the same software system ig

employed in all application deveioped by one contractc*

. *




F. LIMITED POTENTIAL FOR QUANTITY PRODUCTION

) .. —
.

The bulk of potentlal ma1ntenance s1mulator appl1cat10ns v

- appears to arlse in system-specxflc training (as opposed to
general Sklll tra1n1ng), and a majorlty of the more promising
candeate applications seem to be assoc1ated with aviation )
tra1r1ng. However, training for a spec1f1c model of aircraft,
is concentrated at a small number of s1tes and 1nvolves low .
rates of student flow. As a result,’ there is a limited poten-
‘tial for quantity broductlon of a given model of simulator

70Mér whith development costs can be amortized and a limited

) obportunity for reducing unit costs through a-widespread adop~

tion of-maintenance-simulators.

G. WHAT SHGULD BE DONE NEXT

a

l. Cost-Effectiveness Trade-Off Studies
- Maintenance simulators have been found to be cost-effective,
although the data-for this finéipg are limited. There is nd .
reason to doubt the same’ result for additional comparisons of
" mdintenance simulators and actual equipment trainers. Neverthe-
less, wgﬂghould know how to optimize the design and use of main-.
~tenance slmulators and to be able to make trade-offs between

their effectlveness and cost. There is almost a total lack of
. systematic knowledgeszabout the relation (i.e., trade-offs)

between effectheﬁesg‘and cost in the cesign and use of mainte-

)nance simulators- for example, what features increase their

effect;ueness in partlcular appllcatlons- conversely, little,
is known regardlpg the relatlonshlps between simulator features
and their costs. Slmulators can, naturally, increase in cost

2

in many ways, such as by including more malfunctlans in their

' courseware programs, by prov1d1ng more complete realism in
appeérance and functlonal capab111t1es (1n both *3-D and 2-D
designs), and by prov1d1ng more computer-based, instructional

”~
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~guidaFce‘to studehtsf,the converse.of any of these statements

_ may -also be considered. A substantive question is to deter-
fmine he extent to which increases in the capability of mainte-
nance simulators (with associated increases in cost) improve .
the eﬁiecﬁibeness of training, i.e., student performance, . A ,}
beyond that which can be achleved without these incremental E‘
costs. No studies have been’ undertaken to explore such func- - ﬂ
‘tional gelatlonshlps, except forsthe still- -to-be-completed
sgﬁfont of Cicchinelli, Harmon, Keller, et al., 1980 that will
compare 27D and 3-D ver51ons of the 6883 Test Stand.

¥

2.‘ Validate Simulators with Performance on the Job

Stud%nt performance at school is, at best, am indirect
meaaure f r evaluating the benefits of sxmulators, compared to
‘actual equipment trainers, at schools. The real issue is to
compare hoY training with either of these devices improves the
ability of ‘course graduates to ma1nta1n equipment on the job.

The purpose\of school tra1n1ng is to qualify students to per-

form well on jobs in the f1eld and hot, per se, to complete

a course at school. Dz:a to show the effectiveness of ma1n-

tenance simulators, compared to actual equipment trainers, as ' v
measuredaby field performance, is totally lacking and is essen-

tial for de‘initfve eQaluations. Cicchinelli, Harmon, Keller,
et’al., 1980; an oft-cited reference in this paper, reported
supervisors' ratings of on-the-job performance of course grad-

uates but did not collect objective data on the actual perfor-

mance of these individuals. o

3. Fidelity of Simulation - .

Instructors, in general, favor the use of actual equip-
‘ment, rather than simulators, for the training of maintenance
personnel. Reasone given for this preference are that students
need to train with actual equipment and that the lack of real-
ism in simulators can interfere with effective training. Such

>
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reasons cannot be dlsmlssed, because the views of instructors
can influence the way 1n whlch simulators are\used in a course;
an inappropriate use of a simulator may ea511y make ;t not inef-
fective and therefore not efficient for training. e
a number of.§tuQie$ have shown that low-cost devices, such
as mock-uéé, charts, and flat panel simulators are as effective~
as real equipment for training personnel to operate (rather than
malntaln) equlpment (Grimsley 1969; Denenberg 1954; Tbrkelson
19547 Swanson 1954; Vris 1955; Spangenperg 1974; French and
Martin 1957; Prophet and Boyd 1970, Dougherty, Houston, and
. Nicklas 1957; and Cox, Wood, Boren et al., 1965. Useful reviews
of this topic may be found in Micheli 1972, Kinkade and Wheaton
1972, and Fink and Shriver 1978). These studies show that stu-
'dent achievement (i. e., learning the requlred 1nformat10n) 1s L
about the same with real equlpment, expensive simulators, or
dinexpensive mockups; this is taken to represent a _range of high
to low fidelity in these devices. Some studles have shown that
there no differences between individuals tralned on high or low\

fidelity devices when measured by training time, amount.of in-
formation remembered (after 4 or € weeks), or time devoted to
additional training some time after leavingaqchool.n These
findings apply primarily to teaching procedural tasks, e.9.,
.nomenclature, equipment start-up, malfunctlon locatlon, and
troubleshooting logi¢. This evidence cannot be denled but it
has not had a major influence on the design or procurement .of
maintenance simulators. )
All recent studies ®f maintenance 51mulators have evaluated
a spec1f1c simulator as a direct alternative to some actual
equlpment for training purposes. Fidelity was not varled'sys;
temically or otherwise in any of these studies, with one excep-
tion. Flat panel (2-dimensional) and 3-dimensional versions of
the 6883 Test Station simulator were developed so that a direct
comparison could be made of their effectiveness for trainina
haintenance technicians. The three-dimensional version, produced

o 103 >’ ’ .
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by Honeywell ‘has been evaluated for use in tra1n1ng technicians
to operate and maintain the 6883 Test Station (Cicchinelli,

Harmon, "Keller, et al., 1980). The two—dlmen51onal version, _._

produced by Burtek, wlll also be evaluated but data collection
and evaluation had not been completed when this report was :
written (April 1981). ” h

There has been no effort to fnterpret what aspects of fi-
delity, if any, may have been varied in the studies that have

" been completed to date, altuough.lt is obv1ou= that different

pieces of: equlpment with dlfferent methods of presentation
were' involved and that these devices cost dlfferent amounts of
money. There is, at present, no way of measuring, scallng, or
defining yhab-we mean by the fidelity of a training device,
particularly witﬁ respect to its effectiveness for training"
students. A distinction made by Milief‘(1954) between psycho-
loglcal simulation and engineering simulation (and cop1ed
a551duously ever since) does not help very much: englneerlng
simulation’ [1sl the copying of some phy51cal model and its
phy51cal propertles (p; 19; emphasis in original);. "psycholog-

_ical s1mulat1on.... _provides stimuli so that responses learned

to them will transfer from training {with training devices] to
operations with little or no loss" (p. 19). ~"psychological

simulation may be far removed from physical realism®" (p. 20). - - -

"The development of training devices should rest on péychologi-
cal simulation rather than engineering simulation” (p. 20).

It may be that less expensive devices are as effectlve
as_ more "expensive ones for maintenance training. However, we
lack both a metric and a guldellne to identify either the

physxcal or functional characterlstlcs of these devices that
influence the effectiveness of tra1n1ng. The 1nterrelatlon-
ships of complexity, fldellty, and cost of . training eqﬁlbment
and the transfer of tra1n1ng from training devices to oper-
ational equipment clearly deserve systematic attention, both

" for R&D on training devices in general and for particular
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‘emphasig“on maintenance training. leferent levels\of com- o
plekity and of f1de11ty may be requxred for manual, h nds-on
skills' needed in maintenance than for those which 1nvolve pri- -

'hj‘_marlly knowledge and procedures assoclated with d1agn051s of
% malfunctions and troubleshoorlng. . A ‘ -

RS

4. On-the-Job Training -

Technical tra1n1ng .at school quallfles a ma1ntenance tech-
nician to undertake further tra1n1ng on the job and is not .
. expected by 1tself, to produce a high level of competence. N
‘At _stake, therefore, is asse551ng the cost-effective mix of -
- training at school and on the job. This important questlon is.
beyond the scope of this paper. Nevertheless, a potential .
~ advantage of maintenance sxmulators, particularly as the newer.
ones become more compact and portable, is that they would per-,
mit us to measure the performance of maintenance personnel on ) -
orinear their job sites and, where deficiencies are found, to
provxde refresher training to particular individuals. Thus,
ma1ntenance simulators pirovide a means of collecting objective
data-about technicians on the job (in a test-like. situation),
that could be used to validate not only the use of Simulators

in school but of actual equlpment trainers; this also applies . -
to any-other feature of interest in the type of instruction

offered ‘at school. *= . - =- i

E—
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5. Research on Maintenance

~Even after about 30’yea;s of research on maintenance -
tra£n1nq, we still lack some fundamental information about how - -
humans perform the task of raintenance. As a consequence,, we < s
) cannOt accurately spec1fy, “as _suggested above, whether a partic- A
~ ular. 51mulator sbould be 51mple or complex, twd- or three-
-, -dimensional ..1n form, the optimum ‘mix of general and specific

) ma1ntenance training, and the trade—offs between increased re-

11ance on automatic and built-in test equlpment versus reliance -
¥ - .
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human ab111ty to d1agnose and perform various maintenance
procedures. At least in prlnc&ple, it is fea51b1e to xmprove
gxlt—1n Ssst equipment to assist the techn1c1an to find mal-
funct1ons and to de51gn a. .system so that components and test

TR
& ‘, 2k
(\.

1

" ‘ ,, ,'; 7‘?\‘{% BT

po1gts are more access1b1e to maintemance personnel.~ The rea{
issue is to .determine whether increased expenditures during
system development for - engineering characteristics to fac111tate
. malntenance will reduce expenditures for personnei, tra1n1ng,

' ma1ntenance, test equlpment, and spare parts over the l1fe§
\
cyclé. of that system: L o

[}

N It is not yet possible to measure the\complexity of maiﬁ-
_ tenance tasks so that specifications for ‘equipment which have
.-.an impact on maintenance and maintenance p.rsonnel can be set
5oth for the de51gn of weapons systems and for malntenance \
sxmulators and training programs {see Wohl 1980 Rouse, Rouse,
" Hunt, et al., 1980; Nauta and Bragg 1980). ) =
-~ It 15 not .yet clear to what extent malntengnce simulators
should be desxgned toprovide generic training apﬁllcable to a
variety of equ1pments and/or- spec1f1c training app 1cable primar-
ily to.particdlar ‘models of- egulpment. A current program at the
Navy Personnel Research and Development Center 1s attempting to - ’,
address this issue (the Generallzed Maintenance Trainer System).
. There. are insufficient data on the amount of time re-
quired to. find, identify, and £1x various types of ma functlons..
Without such datz, there appears to be little ratlonai\ba51s for E
determining the priority to be given to various types of mainte-
nance tasks 1nc1uded in maintenance training course and, of
course, in the design.of the maintenance simulators’.to be used =
. in these courses (Johnson and Reel 1973). ., The work og Rouse’, -~ 'w_
~ - Rouse, Hunt, et al. (1980) suggests that the more d1f£1cult
e fault 1solataon tasks“are in equlpment with feedback ‘l'oops; .
humans benefit during training when they are glven immediate )
\knOwledge of results about the rules they are using. to identify
. faults; these <kllls appear to be transferable to s;tuatlons

where 1mmed1ate knowledqe of results is’ not provided«
'] t
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SIMULATOR - COURSE LENGTH EQUIPMENT
: . ~ | (svanoaRD) P .  TVPE OF
- o : Y : INSTRUCTION
Generalized Sonar 1) 4) §onar.maintenance 4 days AET: AN/SQ-4 Sonar AET
Maintenance Tramer (Special .course for . LA
(GSHT) . this experiment) K\ 2
. ;.Q
Fleet Sonar School SIM: GSMT Simulato;‘)a
- - san Diego.gCA . . N - «2
- . ~
el , ’ -
- - Note: Final test for -
PR . both groups on-
= \ AN/SQS-23 sonar '
: e ! N R
e ' 5 1 (2).
Antermediate general 4 weeks AET 9 AET 1¥O7
- | electronics (4-week AET 27 .
- segment of 14-wesk <L
course in-Sonar Main- ot . -

- tenance Tratning) i . .
"1 Fleet Sonar Sehool SIM:  GSMT Simulator
Key West, FL i JEEEREN
3 . H e - -

. P
. ]

, . .

(])Trains calibration alignment, preventive ' i
myintenance and troubleshooting of cir- ‘ :
~cuits and components common to six '
sonar systems . s )

(2)Control group 1 trained‘before ari‘d *control
group 2 trained after exgerimen:al group. .

“I3percent correct answers to special test 1 ¢
‘with 141 items. : - )

“’This is a low-power sonar System rather - ’ .

than a true simulator. .
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| Test 3) !
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, 54.4
2 83.2

2

20 - 1549

85.8

Fa

of

weekly
. tests

Transfer of trainin
experiments Students X,
trained on AET or simu-
lator; both groups
tested on a new sonar.
Performance compared on
five maintenance tasks.

Parker and DePauliy
1967

~Simulator—group super-

for but differences not
statistically signifi-
cant. - *

No significant differ-
ence between groups.
Analysis of data shows
that although students
trained with GSMT had
lower “academic poten-
tial“ (G6CT/ARI scores)
tha ntrol groups,
thty performed-as.well
as controls. Report
does not describe equip-
-| ment used to train
control groups.
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B JAFunText provided by enic
% 0

I

(‘)0n~the-job training; lefigth not specified,

(2)11 qualified, 6 untrained.

340 11ens, miltiple choicer.

4 . ’

( )gral performance test on T-2C\aircraft at end of cource; aircraft part identification,
knowledge of maintenance manualy
Naval Weapons Engineering Suppor

Activity.

situational troubleshooting.

/

Scored by examiner from

NAS Chase Field
rd

/
s/

COURSE s;.:::mn EQUIPMENT TVEOF
: (STANDARD) . NS AUCTION
D i
APQ-126 radar for AD 7 0JT AET - %
ajreraft . ’ R i
Air National Guard Simulator
Buckley Field, CO &
%
. t . 4 .
Mohawk Propeller Sy_stém 3 hrs AET: Mock-ups and .° AET
(53 C51), OV-1 Airframe. . breadboards; <
Repair CTourse : conventional -
U.S. Army Transporta- f classroom ,
tion School, Fort ‘ igstruction ; 4
Eustis, VA . . , I
SIM: EC-11 . i Simslator
Hydraulic and flight 32 hrs AET: Arresting gear and AET :
control system, T-2C speed brake
afreraft trainer, main and ’
: ¢ . auxiliary landing § Lo
gear trainer,- ER—
- flight control
trainer.
. NAS Chase Field
° SiM: Elevator and ele- « Simulator
vator trim panel,
aileron and trim panel,
hydraulic speed brake
pane}, landing gear R
panel rudder and -
rudder trim panel,
wheel brakes and .
flaps panel.
NAS Meridian
Engine, power plants 24 hrs AET: - Fuel systems- train- AET/
and fuel system er; engine * .
NAS Chase Field /’
SIM:  Fuel panel; “] Simulator
N 0C electrical start y.
and run panel .
NAS Meridian = /
Environment/utility ) / '
system 32 hrs AET: Heat and vent/ AET 7
training uv,t; B
seat,
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93.7 ‘
£nd of(3) 34.8
course - .
Performance(4)

~ ° B2.6

3

end of (3) 35,54
course :

4)

Performance(

End of{3) 32.14
course

performance(?)

tnd of(3) 31,9
course

) Perfornuuce(4)

T AY1 Judged Yearning to
be’ easy; 90 percent

- recormend simulator for
training

o .

Students favorable;

instructors neutral to
negative

-

Students favorable;
dnstructors neutral to
negative

,

Perforjance measured on
same pRactical exercises;
difference in favor of
_Simulator statistically

significant (p=0.0001)

*pifference in favor of
simulator statisti-
cally significant
(p=0.10)

'Diffgﬁ@nce in favor of *
AET statistically
significant (p=0.10)

| Spangenberg 1974
a .

~ Bl i ..At .

N

" Dorst 1974 ° -,

Wright and Campbell,
1975

. N

Wright and Campbell,
1975

Wrignt and Cémpééll,
1975
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SIMULATOR COURSE LENGTH | EQUIPMENT oF
R (STANDARD) : ~ | wsTauéTON
EC-11 (continued) ) SiM: Environmental | simulafor
" . simylation panel; e e -
. . environmental and . E
. utility parel; = - . ;4
) seat’, .. L4
— o0 . X NAS Meridian . N A
’ .. ¢ . . N "‘ B ", 4 -
. . ? ’ : ) Fi
Weapon control system 60 hrs AET: AN/APQ 126 AET
. mechanjc, Block Vi, radar for A-70 i
radar . aircraft - . e
Lowry AFB, CO . )
0 - ) SIM: EC-11 Simalator
. Motor Transport S-hool 0 L
Marine Corps Base .
Camp Lejeune, NC ~ .
a - N ' .
ec-1veplh) Pilot familiarization 18 trs(2) | AETs mB1le training AET.

for 7-2C aircraft unit,
chalkboard .

. . NAS Pensacola, FL /
' : SIM:  EC-1IVLP . Simulator

L

B

. .

" ’ ) » “
- Nayal Flight Officer " hrs(?) (as above) - LAET =
familiarization for . .
TA-4C aircraft, R Simulator
NAS Pensacola, FL ‘ . .
‘ .
(‘)Larqe panel version, intefded for class demonstrations, et

(Z)Eight (8) lesson units, e.g., electrical systems, instruments, ejection system.
Ghaval Fiight officers.

- e
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N0, OF . T . ATTITUDES TOWARDS |- COMMENTS  REFEMENCES
¥ v T™E ; *
USTUDENTS | - SCORES _ 5. sew :
i, ) . B ) . ' ) L
v /9. Performance“)‘ /Swn{sl»‘avorable; . * \ .
ife. 84.5 instructors neutral to | . o
) . - 13) . negative . o o \’_
A . | End of ) 3.4 Vel
~ 7. |course : . . ©
WD v . e,
E : Performancy G N . ) .o
.’ ) ~ . ' B - ’ N \‘ ) ' .
LA 1 opera- *Students neutral to No significant McGuirk, Pieper and
: tions <heckout favoradle; 2 instructors difference between Miller, 1975
(95 Ttems); : favor simulator; 3 cau- AET and simulator (Also Biller and
!f»o_lvirixg 8 ma;; - tious - group Rockway ;~1975)
. ‘15 , .t{nct on probleas . . ., o .
. Norma} opera- . . "] Cost estimate for
P ] tions checkout . equipment (2 sets) in
. (8.S); solving ) complete course:
. . | malfunction . 9 $1.068,000 AET vs
. grebless {%.5) . : $169,000 Tor simylators
oo ) No data in paper, £C-11 Platt 1976
. . . Judged effective for :
co . training and recom-
4 - . mended for adoption,
» - ) . Project savings of
. . $386,000 over 15 years
- ) L ~ « | students and instructors Finding based on fac- Biersner 1975
. moderately to highlg\ tor analysis of atti- . -
. . ?gvorable to SIN (£C\I1) tudes . »
£ p“°,“ ~{-Instructors favor simu- - Author judges sraining .Riersner 1976
. . - lator over other train- with simu}ator to be .
. . R ing aids equally effective to
- . ' use of AET at‘school;
performance on-the-job _
: unknown :
< . A :
: . w (as dbove) » {as above} Biersner 1976
3 .
30 NFO's \ i
AN ° 5 .
- - N . - ’
. ]
.
) k)
. 1 . : .
N Q
]: lC P ot o 13'-' -
. .- . J N
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. . Now covese | N
TUTTTTUSMULATOR— - Tl TUTCOURSET T | LEMGTH EQUIPMENT TIVEW.
' (STANDARD) : " o
i . - - O -
e -Automated Electronics . AEY . g
N Maintenance Trainer - T .
S {AEMT} SIM: Conventional FM )
® .. tuner .
o ot . .
g,' N SIM; . Primary power
; . . control for ALM-64
e - manual test equip-
. . +  ment for AN/ALQ
A « . 100 airborne EW .
. N * ’ transceiver
hd -1 4 - v
E 2 N hy
! ‘ * * < e .
. . 8
- - - ’ . : . -
. y ) -
« .
. AET ‘ . LA
0. . R
. SIM: ALM-106B semi-
. R automatic test set
. for 'ALQ-126 EW ,
! transceiver SN
S 4 § .
Q. . SIM: Visual target acqui-
sition system (VIAS), {* . .
N helmet-mounted sight
| 4. .
! e | -
¢’ o
-3
* &
. -
P
' 1
[ 3 .
2 ; . N "
o . N i .
a * - ’ i h
- . N - . B
- ] . Py N
/——-—NJ‘ N .
Y
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-

£

Provides CAl and CMI
servicer to multiple
student statfons; one
v | instructor station

- -
No evaluatfon reported

Evaluated favorably by
3 Navy fnstructors for
fidelity of simulation
and usefulness for
training

s L
As above, plus com-

- ments by attendees at
demonstrations that
“AEMT approach ap-
peared to provide as
good if not better
trafning effective-
ness than is achieved-»
using operatiornal hard-
ware,” (p.27}. No per-
f.omance daty

No evaluation reported

. -
No evaluation reported

Modrick, Kanarick,
Daniel and Gardrer,
1975

Modrick, Kanarfck, -
Daniel, and Gardner.
1875 -

. ’ b
Daniels; Datta, -
Gardrner, and F.odrﬂ:k,
1975

LR

R T VN

Modrick, Kananck,

Danfel, and Gardnem
1975:

Modrick, Kanarick, |
Daniel, and Gardrer,-

!
g

Y
2

Y
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R N . COURSE )
| SMULATOR | COURSE - | LENGTM TWEw
= . “|(sTAnoamg) | -
-7 N I e R
- | Generalized Mainterdnce AN/SRC-20 UHF Yoice - TRET T3
Training System (GMIS)- Comunications System . 3
Rigney System i}dvanced Electronics ~ Simylator
N - |%, 'Schools, Department 3
- “facility, .Naval- Schools * B
. Corwand, San Diego, CA -
o ' AN/SPA-66 radar- - .| 4 days AT
. repeater, =’ {1€ hrs) .. ” N
taval Mobile Technical Sipulator
Unit 5, San Diego, CA ) . o
2y - . - .
. M ) - . * d - o~
) T AN/HEC-3 transceiver : )
. . for.fleet sateﬂge e f .
i . | scocmunication systen. :
" | Advanced Electronic )
3 . e . School Division .
- - - Service School Command,
n + | Sdn biego, CA - -
| .
. .
. f. W -
r e ’ 7 . ~
‘ . . ¢ L
- 4 .
»r - -
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3 COMPANSON ° o
g”. ® - m ATTITUBES TOWARSS COMMENTS . mﬁ :
ESTemENTS Scones . SEMKATERS . :
T T i i Students favorable or Rigrey, Towne, King'and?—%
S, . . - very favorable = Moran {Cct 1978) i
Average solution ‘ R -
) tice per probles . o
g atout half that - °
¥ . above - . -
- . Students favoradle or Average solution tizes Rigney, Towne, Ho_rgj ;_“
10 Q\_/ very favorahle per probles (N=11) re- Mishler (1380) ,
. . ported for students . t- -
- - trained with sisulator; - -
- - no baseline data for x )
s oo . cozparison
- -3 ) . i .’
4 . b i ~
. - Ieproved, low cost version | Towne and Munro {1981).
- using a UCSD Pascal, ’
. - . high-level, transportable
-7 . coeputer language. -
. Training effectiveness to
te determined . - .
- . « - Pl [P T
- -. . . o )
- - - - ' 9 -
- =
- - - t—
. . s N N ; I
- ’ . -
N . . E
. , . . . -
il Pl .
- L . .
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SIMULATOR - COURSE LENGTH EQUIPMENT " TYPEOF
(STANBARD) -
fault Tdentification Hagen Automatic Boller S wks AET“)Pneuutic T
Simulator (FIS) Control R R Maintﬁ,nce Simy-
. latort<land Boiler
Fleet Training Center Control replica .
San Diego, CA | I -
- | SiM: FIS and Bofler
. . - - . Control replica
} - . ~ %
. - -
- ~ ¥
. . i e )
. . R
Y . -
- s . s -
. . . :
.
- . ’
e ; ‘
b k]
. -~ * -
H4
-0 -1 .
.
(”Actual equiprent trainer .
o Q (Z)Actual corponents activated by pneunatic and electrical signals .
{3 ; -
. E lC ( )Iﬂdlvfdualhed. self-paced fnstruction compared to conventional instruction above .

@
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. ) SIMULATORS . .
. - $ weeks = L :
- . N . . Swezey in Kinkade (1979) ,:gi
. . . - - . . - 4
. . . . 5 -
“same as above™ 2.4 weksn) » T, -
by 3 > . . - R .
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- - SMULATOR | COURSE LENGTH- \, EQUIPMENT TYPE OF
) " | (STANOARD) | © |msTaucTion
= N » :
6883 Converter/Flight F-111 Avionfcs 6 days J2AET: 6883 Converter/ Control .-
Control Systems Test Maintenance (special 3 Flight Control -
. Station (for F-1N air- . 4 block in 23 Systems Test -
eraft) - - . weeks course Station I
e for this : *3
o3 i . test) ¢
\ . . ' )
’ o . - L SIM:  3-dimensional simu- .
' - lation of above Sirulator
! : B . ~r . < N R
F L
¢ LY R pa— :‘
. ' . . ,
— . ‘. -
~ / - ) > . ]
“ ) ‘ T~
. | ~ \
. - - . < ¥
. - N Y- . -y
-~ - Y . .
. 4 ! ' i
- R ) ‘ .
) R > . ’ i 9 -
o~ Y
> p
: 1
L]
\ -
. 2 8 :
. v 3 <
. a )
* i -~ / .
Mrgse *End of ¢ ~ . ‘ s
2. wojeczed Job proficiedcy, Part I .
. 3. Projected job proficiency, Part II ' .
* 3. Ratings by supervisors on job ¢ " 4
performance after 2-32 week$’0n job. - . .
I
N > —, :
T . . 4 . v v .
‘ﬂ;_* ST, A __‘,:,A,_ltig_m,,,_,, e e e T —
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A COMPANSON T - e
. T~ * ATTITUDES TOWARDS ~ COMMENTS.-—" REFERENCES
"SCORES: TE SMULATORS . | - -
Assistance | To copplete test - ] el -
) needed by Stud vorable; This Test Station used Ciccinelli, Harmon,
Tests instructars ~“instructors neutral to only two days in regu- Keller and Kottenstettg
’ o slightly favorable lar 23 weeks course (|980) .
‘. 230 2.2 54.2 min - - {6 days in this tést). o
2. 13.9 . Test shows equal effec- T
3..23.% R - . . tiveness at school and -
"4, Same . 2 in follow-up on” job 2-32 - -
, . - weeks later, based on - .
. ) supervisors' comments. .
. 1. 22.8 2.3 53.8 min Study also says simula-, .
56 2: 14.0 d tor costs about one- .
*, 3. 23.0 . third that of actual
42 Same . equipment to acqujre ;
. w M and use. a
- ! ' :
=l ' . -
. . K - X
[ b T ’ L
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‘COURSE

. o * - L |
SIULATOR COURSE LENGTH EQUIPMENT
TYPE OF
.= - ' (STANDARD) INSTRUCTION
Paper and pencil Basic electronics “10 wks AET: (1) i
training aids U.S. Naval Training : I - .
) _ Center, Great Lakes, , SR
It . s
. . 1 ~
s (5) . . \ .
Tra_iner-’fester AET + Trainer-Tester

Punchboard Tutor °

Pap‘ér and pencil,
trajning aids

Trainer-Tester

Custom-b ,
imratorts)

Flow Oiagram Trainer and
Automated Microfiche
Terminal

.. 4

»

lradar repair

W

Army Signal School,
fort Monmouth, NJ

JOA radar display
HMS Collingwood

-

A\

v

9 wks

2 days

JAET + Punchboard Tutor

Taped lectures(N=4)

1

Trainer-Tester

Custom-built simulator

Panel board simulator
Microfiche projector

Equipment mock-up
(JDA radar simulator)

s

¢

“‘Push-pu”. three-stage transmitter supcrreterodyne recelver; twelve 45-minute classes for each

(2)50 rultiple-choice items

% .

\J)Gradc assigned by instructor

(4)15 multiple-choice items _

(5)

[}

developed by van Valkenburgh, Nooger, and Neville, Inc., 1954

(G,Locally designed to b¢ more realistic than Trainer-Tester, uses schematic drawings

Simulator malfunctions, tests and measurements on specially preparcd paper la,gouts of equipment

A
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Y e

R COMPARISON } _
A N -
-:'suo. ?CFTS SCORES TME ATTITUDES TOWARDS -~ COMMENTS - REFERENCES-

€ -grouixé

+

N=26, 27 each

B

.

we

- 2). s
Exam 74
Lab £3" 80
Trouble-

shooting( 63 -

Exam 75
Lab 1]
Troubles

~shooting* &4
Exam 76
Lab 81
Trouble-

shoo,ti‘?g 65

No. of checks
to find faults

3 fault béfore after

Students believe aids
improved troubleshooting

instructors prefer lab
work to Trainer Tester;’
least accept Punchboard

No significant differ-

. ence between groups

trained differently
when-tested later in
Advanced training

Comnumcations (N= 126).
Traifier-Tester group
(N=210) superior on
labon:otory grades

.

<
-

5

S e

Effects measured at the
end of the course by
performance test (find
malfunction in‘actual
radar components) and
written tests -

Main finding is-that
lectures on’ troubleshooting
improve effettiveress

of paser sjmulators.
Custom-built simulators

Cantor and Brown, 195

Glads, 1967 -

Average time to
find -faults: (min)

Fault before after

1 10 -4
2 6. §
3

.- 5

. -

1, 1& -5
2, 2 6¢
3 - 6

are more eéffective than
Trainer-Tester

Training with panel board
trdiner and microfiche

- projector; tefore and
after tests with JOA
radar simulator; no
comparison with AET®

-

*., -
€unningham, 1977 . -~

Y
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(l)?ault-finding performances on two
aircraft engines on test stands.

.
‘

.

Continental 0-300 recipro-
cating (on test stand) .

-

a3

., ) » - ’ . . ’ ... . N /
S COURSE \/
SIMULATOR . COURSE LENGTH EQINPMENY .
: - {(STANDARD -  NPE OF,
- : (STANDARD) S W§
—— _ - ——
Computer simulations for Aircraft power plant condi4 3 special uiation’
training in fault diagnosis{ tioning and testing training
(comguter-assisted instruc- : , sessighs | Context-specific simulation
tion J Institute of Aviation. (total of RO :
. University of !1linois six hours) ructional TV film on Instruction-
[ -7 ) in semester roubleshooting engines al v -
- course -

Context-free
fault diag-
nosiy

Lycoming 0-235 reciprocating { Context-
engine ?on test stand) specific.
. | fault diag-
s} nasis
3 ‘ .
a3
. W .
" “t
‘i . g4 .
Y
P % al
I3 -
- .k
> &
. oo
v
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COMPARISON ' | , fe
1 ATTITUDES TOWARDS COMMEN‘I"S * REFERENCES
scones " e SIMULATORS 5 '
Perform- Percent of Percent of | Time/ Attitudes (5 most favorable)] Transfer measured from Johnson, 1980 . 1‘
" | ance appropri- inappro- Problem method of training to .
Score——=ate - priate— fault finding, 5 mal--
* actions actions , functions, in 2 actial . .|. .
4.4 T 44% 0.9% 1.3 hrs 4.2 engines on test stand.
t . Y - Training with instruc-
. . , tional TV yielded best
4.0 28 0.7 1.8 4.4 troubleshooting perform-
. .ance, judged due to N .
! M similarity of training -
! N of training with test.
1.4 2.2 3.8° Evidence that computer I
simulation transfer also G,
. found hut less pronounced. L
’ -3
. . N
»”
: ‘ :
~— ) )
N i
, : 2
{ & ’ .
g
¢ .
. .
»
3 . . »
\j‘ . : - <
. ~ .« A117/A-1




. ” 4 ‘
- . s
B
.7 > L
W L ]
v
=
(-1 s .
m m :
" se ﬂ . )
.85 @
g &
g = .
B2
A - s
- -
m EY
. N c
» N ' - s w
. . o, - ) I

R I LD .

. . - - "
.
T AT s ¥ B Tt «
x ’ . .
K3 . « - -~
o - R
o . .
~ ‘ H
. ~ "
. -
L
. -
3
.
< .
»
. .
. <
H .
1
¥
«
m . o
- Al
:
- «
-
I - ,
. . . 4
.
. 7
‘ 5
Ad .
. &
- -~
P . °
e - » . " \..\
< ~ o W S (S

»n

.-

"

IC

O
PAFulText provided by ERIC

- E




APPENDIX B

PROGRAM COSTS OF NON-STANDARD SIMULATORS

;" -
A. SUMMARY -~ -

Table B-1 provides_a summary of costs for nine non-standard
sxmulator programs for which data were available. Table B-2
qhows the "normalized" costs of these programs. Normalization
iqvblved two adjustments to the program costs. .

(1)’ In order. to provide-a consistent base for comparison

' among p;ograms, recurring bproduction costs were di-
vided by the quantity fabricated. Thus; each program
will reflect the costs that (hypothetically) would

o e ned e e

have-been incurred if only one trainer had been pro- . :
duced.
Two of the research programs (the 6883 and MA-3 Test
Benches) incurred sxgnificant costs for evaluatxons.
These costs weére excluded so that each program will
reflect the costs that (hypothetxcally) would have
been incurred if they had been intended for
main-line training.
The values shown in Table B-2 provide the basis of the percent
ranges of the dxfferent cost elements shown in Table 15,
The remainder of this Appendix ptovxdes a short discussion
" of each of the nine programs and a more detailed dxsplay of

thext ‘costs. . «
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& TABL‘E B-1. NON-STANDARD SIMULATORS, SUMMARY OF TOTAL PROGRAM COSTS . T
M N - -“ . ° : . . ) I
b . B H s/
N >
K - Rell . Intoyrated X3dio Noom -
o bt Woo [ A3} Ak | ] ap [Tperations/ (AN Aabis
W . Tus Test | Test | aram ] VIS | o0 o D ssintenance | Matptenance | Total | mavgations
- ~ o Benc Beneh | Boneh | OGRS Trydfier Yraines Fro raw AR L AL
- = - . 4
Quants Lytiabiricated 1 \ 1 1 Z 2 3 1 1 . H
i . . . R
Non-Hecurring Lot : i ) ) <.
‘frond indAnalysis . 19 81 | 0 | .- a 322 248 - 1w
Dcsh;t) 3 Uevelopeent &l 217 m 74 1015 *2led 1944 - 1998 * K
. Hardware . ) 46 101 13 quy - 134¢ En -- R
90! tware/Laursevare T 384 131 ] -249 3 WU 520 359 .- 943> N
. Technical ia . [} = . § 17 150 0l . 179 . .= £33 -
N Other ) e 10 3 .- .’ - ~e e o
" "““tmdnare Fabrication (fion<recurring) 47 .- we s .- 69 . » ... -k
o Jest s'f‘dluauon 155 kY 7 6 8 12 12 e 44
“Provir Hemagesent = - 145 s o I o 519 o9 .- 123
i' . fotal Non-recuring= T 803 409 | 398 {131 152 nn 20 14,93 T el
N R AT . — g et -
Returrifi Cost . S A I B ; E 7
Production - 169 24 100 92 163 353 182 SU8 v ) e -
Hardware Fobrication 149 28 62 35 1% 321 143 320 S es o iz
Spesde] lualsircst-[qunmu 'u - -- i3 e .- .1 39 .- e &
Inttizl Spares 25 b} 34 7 32 321 139 . e
‘Logi stic Support > I.N 76 39 1 - 204 47 4 L W
Inter) v Hatntenance Sum\orl 10§ 16 25 il LRSI P R 47 . 4 .- %,
Other - -- -- 1B ] . b ] 28 FONIIN NSRRGSR S
= artral~trartmge guienntanne MRS (inalies Aenit Ay +uiNl Saseily M I ¥4 3 30 s &8 .- . -n ¥
latgl Rewurring * | 213 M0 [E1] 120 Y 688 <1387 23 14,073, ‘197 ’
¥ oottt wie {125 [ers® s Joar | oo 1364 Y] 29,03 3T I
Al
N -alhe cutsent catimated [ 16 prugras wat 15 $26,890 thuuadnd,  This totad could ot be guplicqted due to method wses 1o acparate rewurring 5
and non-rewyrring ¢osts, . , . !
Poges not tnclude cost expended tor developacnt of new tratping course. ) ' i
159 ' o '
. L e
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A
NON-STANDARD SIMULATORS, SUMMARY OF NORMALIZED TOTAL PROGRAM COSTSa"
> b . '. > 3~ ) N ? -
A-lt Inteyrated Padio +ooa oL
- 6883 HUD- | MA-3 I~A-6E . AT Operations/ f-16 - ARALS
Test § Test Test | TRad | VIAS Trawner | Maintenance | Maintenance Total savrgation/
- Bench § Bench § Bench] DRS . Trainer Trainer Prograz* | Gusdance
5 Non-recurring Cost o . ) - . oo
> * . v -
* font End Analysis <19 23 87 40 -- 20 322 237 - 100
i B Design & Development ~ 327- ]| 65 .f] 217 31 L) 1015, 2163 . 1343 -~ 1595
_Hardware 35 +75 %1 .10 19 405 1332 506 -- 506 _°
. Sotm:reltoursmrt. - 383 521 131 249 |- 38 360 520 359 T -- 93y -
; Tecpnical Data g° 38 -~ % 8 1 150 20 179 L, =~ 539
< Other 4 m- 16 30 6 - .- - .- - T
Hardware Fabrication (Hdn-reCurrmg) 57 - - -- .- 69 - {, -- -- T e -
> Test & Evoluation .. -- -1 17 [3 8 12 12 - 3 -
-Program Management: 145 ” RE] 30 51 | 4d0 519 298 - 123 -
Tatal non-RccurrIng 648 956 379 398 131, 1152 k187 2401 14,93 2261
3 4 - -
= § Recur rinq Cnst. ¢ . . . . . P . ® .
- fl'roducf.ﬁon . 169 239 100 46 82 151 1182 508 - 127 -
- Hardware Fabrication ¢ 149 224 gz ] .18 78 « 140 | + 183 ¢ 320 < 1 127
- Special Tools/Test Equipment g 20 - . 6 -- -- L8 39 } -
‘1 imual Spares . -} sl u} 2] s nole ua 139 e L -
<3 logistic Support 103 76 Rl N o4 ws 7 . 5 - n
: Interinm mlmenance Support 104, 76 25 1] -~ - 37 37 = 70
Other - -- -- 14 .- -~ 205 -- .- . Ces
| tnitia) maining . -- i5 1l v 3 » na 68 ey =
- Total R‘cmrrmq 213 340 146 74 85 386 -"5”“ 623 3.535‘ . 157 /
. rom Cost | 921 | 1296 | sese] 472 | 216,) 1538 3363 a2 | waesd | o2
e i el
f Recurring prodmn an {.usls were adJusted, to n.ﬂeu. 3 production quantity uf une, test and evaluation wosts of rescarch yl',ugrdm were not
«§ inCluded. .
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RESEARCH PROGRAMS

) , The three research programs (simulating the Navy A-7E HUD
and MA-3 and the Alt Force 6883 Test Benches) have had mixed
histories. Each was conceived as a vehlcle for an extensive . -

/evaluation. compatrng_tﬁe effectiveness of maintenance simu-

voer "WWM"’}" .
. . .

latipn as’ an altetnative to actual”’ equipment for training,
~ and there is no evxdence that they were intended for use in
tegulat ttaxnlng,ptogtams. However, current planntng envxslons
uslng the HAr3 Test Bench for ttalnlng. These three devices
ate the only ones, to date. that addtess simulation for inter-
-ediate (as distinct from organizational) echelon maintenance
ttalnlng. T . ; .
~ Each of the ttaxnets is a unigue 3-dllen31onal dev1ce,
' and.each has had a different principal conttactor.' For the
two Navy devices, the contractors had no,ptlot ‘experience in
developxng similar systems. The ‘contractor for the 6883((ﬂoney-
7 well) pteviously ‘had built one model of a 3-dlnenslonal mainte- -

?::ff/g;nuiizat. ) -

- v,

1. Honqyuéli 6883 Test Bench .
. + The 6883 device was procured as part of a continuing main-

. tenance siiulation research project of the Technical Training
Branch of the Air Force Human Resources Laboratory (AFHRL).-

'€ It is ihé only one'of the three research devices.that has been
extensxvely evaluated; results have been published tecently in
Deignan and Cicchinelli (1980) and Cicchinelli, Harmon, Keller,
and Kottenstette (1980). This evaluatlon addressed the simulator
fOt ttaxnlng operations and maintenance,of the 6883 Test Bench.
A.standardized 2-D system, also simulating the.6883, has recently
been ‘delivered and yi;l be evaluated for training operation and
maintenance of the test bench. "

Program cost 1nformatxon {Table B—3). based on contract

bd

actuals and in-house costs, was obtained from the AFHRL program -
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“TABLE B-3. 6883 TEST BENCH (Doliars, Thousands)

— Denver - ¢ -
Cemtracter ‘ In-Nouse Resesrch . Hoseywel) % ~
- o -IngCityte
~ - Engineering!  Total ..
. ; llu“nu-ut Err:m:g Original Changes. | - Program
Task/Fenction- . - Evaluation ] Contract and .t i
sll - - Support . Meintenance .
. . - Contract
on-Nocyrring cost ~ ‘ )
. - . b .
Fr'ut End 'h.:ysis . 19 . 19
o einsts A 19 -
“Sesign and Sevalopnunt % - n . 7
Werdwre F : - Eod 1 35
Sefhamre/Covrsousre . % 273 85 k<]
Techaical Osta . ¢ 2 -8
Other . .
Nerduere Fabrication .-
" (men-recurring) . . s7 . . L74 R
r
Test and Evalmtion = o 155 ; 155
Progren Nensgment s ) us T
Total Ren-fecurring | 171 . 188 » " %03 )
Ngcyevieg Test 3 l ~ .
Produstion - ’ 169 - 169 - .
rmmm - N . -
{ 1 149 149 -
Spacial Teols/Test -
Equipment . Y20 v 20 .
laltm Suru . . -
Other ) . - .
stic Sepport. - 0 .| 108 ] - =
aterin Maintenance . 104 104, e
Support . . . -
Other - . , .
~Initfal Trafaing .
Total Mecurring . ‘ 169 104 - 213 )
Program Total Cost_ m 155 558 192 1,076 . '
¢ Il'v;:lidlng installation and ;hechoué.
. .
'Y
?
B-5 .
. . .
153 : .




offxce. Honeywell contracted for this.program at routhy the

.

same’ txme as 1ts VTAS system was delivered to -the Navy. There -
appears to be little similarity between the t&w. and it is

-~

unllkely ‘that the prior VTAS experience proved sxgnlflcant in

g S the 6883 program. <. ' .
e o "'}; . RS ’

Ei . 2. A<7E HUD Test Bench .

ks ’ . The A47B HUD (Head-Up- Dlsplay) Test Bench As one part of

a Navy . research program that env151oned development and evalua-
) tion of .six 3-dimensional malnrenance simulators -- one ecacn.
for training in three types of skills (electronlc, electro-
mechanical, and mechanical) at two maintenance echelons (organl-
zational and 1ntermedlater In addition to evaluation of these»
different app11cat1ons of simulators, the research program was
‘to resuit ‘in developlng Pprocedures for formulating simalator
development specifications. - . . .
. The A-7E HUD is:the intermediate echelon, e1ectronic-
skills portion of this research program. To date, the device
has ‘not been evaluated. AR evaluation program was designed

and the simulator was delivered to the tra1n1nq sxte

However,
the program was not imitiated, and 1ts future is 1n d ubt. ‘
This was the first device to bé initiated under the

research program, ang the first of its kind-fer the MNayy. "
Personnel involved with management of the program (the an .
Factors Laboratoty of the Naval Training Equipment Center) are
— frank to staté that it was a learning experience for them in
terms of simulator specification (one objective of the research
program) and development procedures. The device was initially
limited to simulation of the "day”.version of the HUD that

was a mature A-7E system at the time. However, a FLIR (forwdrd-
look1ng-§ntrared) 'er51on was 1n development at that time, and *
T the siﬁhlator_proqram was later expanded to incqerporate the

> FLIR capability. Tnls opened the program to two problems -

- mod1f1cat1on and concurrency.

LI A i 7ox: Provided by ERIC
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: . Program costs {shown 1n Table B-4) were developed by the
” Human Factors Laboratory from contract records and the expertxse i
of Lal oratory personnel. The costs" show the xmpact of the T
decxsxon to simulate the FLIR capability. Six contractors were
. involved in LQe program, three of these {including the -A-7E ) .
= prime contractor), because of the FLIR de¢cision. oOver one-third
of the program .total costs (and over 40 percent of contracted 7\
costs) tesulted from the PLIR modxficatxon. Unfortunately’, . '
there is o way to separate FLIR—assocxated costs inta those -’

arxsxng from modification, per se, and those arising from con-
current development of the sxnulat'on and the. operational - )
- equlpment. Proqram office personnel believe the latter 'was a
sxgnxfxcant efement, and state that durirg several intervals
< development of the éimulgtor was ahead of development.ané éécu-
mentation of the operational “equipment.
. * - ) -

3. MA-3 Test Bench ‘ . S

;The MA-3 is'a Second element of the Navy maintenance S1Ty-
lator research program, 1n this case addressing tralnlnv =f
intermediat te echelon, ¢lectro-mechanical skills. This proqram
was initiated more than two years after the A-7E HOD and rene- .
fxteg sxqﬂlfxcanch Erom the earller experience, accordlnq to
program office perscnne The devxge was deliverad during the

R summer of 1980 and is currently undezqnlnq evaluation that
should be complete 1n Jund 1981 @
Program ¢osts are shown in Tahlo:n-_ These data were

" developed from ¢ontract rocordq and expertige of personnel
tTrom _the Human Factors Lahoratory that managed the program.

. The slmulutor Yas one noteworthy characteristic, differ-
ent {rom anv of the other non-etanaard devices, that is com-
pletely unrelated to 1ts role as a vesearch vehicle. 1t 1g

. the qnly‘devlge of 1ts class to provide training that’ 1s rot
specific té a single weapon or support system.  The MA-3 1s a

universal stand used throughout the Navy for on-shore testing
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P c . «" R . - o 1 - — .
T e i TABLE B-4. A-7E HUD TEST BENCH. (Dollars;. Thousands) -
. . -~ . ) i . ey,
Ll - .
e R s Appl{mati PACTS ata R i i
Contractor In-House _Heaeywells Ed"“é;g:::‘gm"m ;222:& opﬁz't'.on. Enqi?::r{ng Gereral ) ‘“"-. tulatton )
k4 e - - -.
Inftfal |Day System; |Day System; | Day System; [FLIR System,|FLIR Systenm, ot P ;
N P Design ;| Rront End | Original Engineering | Expansion; ) Expanston; FEIR Syitem. Maintenance In-tHouse & ‘ Day System grua Systeq
Task/Func.tion and Analysis contract Change : xpans fon, Centract Maintenance UD; HUD;
= I.—» o Support .98::;8:“ t Oesign Hardware > | Cootract ! Original ‘i Progrw
o) A 9 w . i Program . Expansion =
v N T T i ~ .
m-hcurﬂm Cost . . e " i v .
~ ‘{ -
Fmt €nd Mllysis 44 95 20 30 | , 35 .. 234 34 ; 115 i % ..
= Task Analysis 20 65 .20 30 45 v 180 20 ¢ 45 ; 15 "
>20ther bl 30 H ! 54 24 ; 30
- N - . .- B 4 N
Design lnd De‘v‘te‘lop-mt 72 215 48 115 3 195 5 . 650 72 ! 263 315
Nardwa 15° .20 15 25 5 < . 80 35, a5 .
Softunlt:oursaure 48 - 185 28 100 160 . §21 . 48 213 -260
" Yechnical Dats 8 ™ 15 10 . . 33 8 15 197,
- Other 16 ‘ - 16 16 .
Nerdware Fub-icntion’ . . - - / R . ]
e {ndn-recurring) 24 = / 24 R 24 -
Test and Evaluation g / - ~
Program Manfkament 72 ., v . y ' ; 72 72 ,
. Total Non-Recurrtng’| 712 To5 235 a3 145 240 5 . / 980 C 22 ¥ 38 .39
"Recurring Cost ] 2 g //
Production . - 95 I 60 20 30 W20 / 225 155 00
Wardware Fabrication -l - i -
= {recurring) . 90 45 20 25 2 ., ) 200 135 - 65
Speciat lools/Test ~ ' ; | .
Equipment . i. / 5 " 5
" Initial Spares 5 4 15 P 20 4 20 .
- Other A L i 2
-~ s ._ll . / - N
FLogistic Support R o / 76 76 ' 76
Interim Maintenance .. T | e -~
Support " v/ 76 76 ! 76
b Other - e © . . J i k ‘
— > T T .
fetial Training . s Y ' s ' 5 ! 15 . - o *! 5 -
* Total Redurring . . 100 65 20 30 25 78 316 © 76 165 * 75
- o = : ’ B
- . - ‘ i . t v i
Program Total Cost 2le - 95 335 13 165 270 30 / 76 -1 1,29 é 288 . 843 § 465 N
* [ ) / i ! : ‘ L
’ 0
‘ Q nstallitfon and checkout. v . A .
[mc oo , S A v AR
’ 1»,6 , o L ‘
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TABLE B-5.  MA-3 TEST BENCH (QOHars, Thousands)
- »
\ . .
Contractor i Applimation, Inc. Seville s E
] " . Training
Ené?ngg:::g Cosg/ y E~ Total
- and Initial Program |  Cost Effec:;ve- | Progran
Task/Furction, ' x -— | Contract |Expansion/  Overr ne . R
sk/Furction Scpport \ godi}i-/ v:ndun Evaluation |
. . cation _ Spares- ! , -
. - * -
Non-Recurring Cost ;, ' .
Front End Analysis - 80 7 _ 87 i
Task Analysis 38 . - 38 N
Other . 42 7 ’ 49
Desigh and Development 10 20 m - 47 218 | A
lsh;g:arg/c 7 29 10 46 i
of tware/Courseware \, 13 . H
Technical Data “ 8 3 132 |
Other . 40 N - 30
Hirdware Fabrication K ‘
{non-recurring) . .
Test and Evaluation s 9 . 90
3 érogrm Management 40 i -4 9 74 - ]
, I3 14
Total Non-Recurring s | 132 56 %0 469
Recurring Cost - * . .
Production a2 28 29 99
Hardware Fabrication
(recurring)? 42 28 12 82
Special Tools/Test . ~
Equipment IS . )
Initial Spares 7 17 v .-
Other - . B -
Logistic Support Y i, 25 - 39
Interim Maintenance i t .
Support . ° i 25 . 25, - -
Other . 14 N 1 . 12 .
!nitiﬂ Iraininq_ ’ 7 , s 7
- Total Recurring 63 28 % 54 - ias
— R e SR A S e e i B Lkt SRR
Program Total Cost 80 - 174 160 1o 9 614 ° -
i Including insullatﬁo"\ and checkout. . a [
.. : o '
L .
- - ' [} ! r
- , N v
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, of all generators and constant-speed-drives that comprise air-

Y ﬁ -craft primary electric power systems. (A related test stand,

P

“the- MA—Zw«servns thﬁ.ﬁame function for all prxmary aircraft

power systems on board ship.) As a resdlt, _knowle of hoth

*its operatlon and maintenance is a wxdespread requirement and,

vﬂxf exploited, _ ‘a variant of this gxmuIator (modified for main- ’

:'lxne traxnxng) mxght satisfy an extensxve training requxrement.

" The MA-3 consists of two distinct components -- the tést

stad@ itéelf and associated equipment (such as electronic test

. sets and oil coolers) to adapt its use to the range of different
generators and constant speed -drives that aé@ used on various

. Navy aircraft. The simuiatoriwas designed with this in mind

aﬂé méintaihs'a éeparétion of these twc components.. Although

the current simulator was built specif;call} for training .AV-8A

maxntenance persormnel, the contractor has provided the following

rough ‘estimates. - - .
. e Modification of‘the'éurrent simulator system to allow
] simulation of other qenerator/qpnsrant speed -drive '
combinations would cost $15,000 to $20,000 (xncludxng
computer proqramman and fabrication) for each combina-
tion. . . : ,
® Follow-on units in lots of two of the current coanqura-
'txon (including hardware, software, and documentation)
would cost $l70,000 per unit. .
> Two points should be noted with réqard to the second con-
tractor‘éqtimate. The first_is. that the current simulator is
configured for rcqeakch and it can be anticipated that quantity
productlon of a device that did not contaxn £eaturcq nceded for
res séarch would cost sxgnxfxcantly less. The second poxnt 1S
that there is an apparent 1nconsxstoncy Isetween the contractor s
egtimate -and the costs dev.lupcd‘by Human Factors [aboratory
pérsonnci. The latfler costs attribute_only'$99 thousand to re-
curring device.prbduction and $145 thousand to recurring program
ébsts (and 1nclude all non-recurring fabrication costs that, .in
.. . « ,
B-12
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in fact, were inclrred).
ence in estimates. However, the lower Laboratq;y estimate is
consistent with data obta1ned on other progranms.
mate total&
program, and the bulk of this cost reduction can be attributed .

to the-high proportion of non-recurring costs associated with

Either esti-
to much less than the cost incurred in the research

one-of-a-kind production.

w“r
v

C. A-6 TRAM DBS

The A—G TRAM DRS (Degectlon and Ranqlng System - AN/AAS-33A7)
sxmulator was' initiated as a research program, i. €., as one ele-
ment of the Navy research program that 1ncludes the A-7 HUD and
the MA-3 Test Stands.

,modified at an early stage, and the simulator was adopted as’

However, this aspect of the program was

one of the primary devices for organizational echelon ma1nte-
nance training of the electronjc portion of the DRS. - Two units
were built and shipped to the two A-6 training detachmemts
where they were placed in main-line training after a relat;vely
short checkout and acceptance test period. °
This appears to be one of the more successful non-standard
simulator programs. The deyices cinnot be considered, high cost
and have been well received by *training personnel. However,
certain features of the device and its procurement point up

problems ‘that seem to recur with maintenance trafnlng 91mu1ators.

. Four pﬁ these are dxscussed below. ) -

® The simulator, provides only for orqanieational mainte-
‘nance traininé on the electronic _portion of the DRS.
//'As a result, it did not relieve ,a requirement for us1ng-
7 .operatxonal equ1pment for training on the mechanlcal
portion of the DRS.
tor reduces the training load placed on the operational

While the existence of the sxmula—

equxpmedt it does not necessarily reduce the amount

or cost of actual equapment required for tra1n1ng.
. ‘ : B-13 .
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We have no explanatisn for the differ- *
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‘® This model of DRS is peculxar to the A-6 aircraft. A-6
training is conducted d®only twoAﬁocat1ons, and the
two devices serve to fully satxofy the traxnxng require~
ment. This is typical of aircraft sy tems today, even

+ tho§e that are procured in large numbets. When it 4s
considered that the major portion of si alatof.program
cost is nodreeurring in nature (approxiﬁ tely 75 per-’
cent 1n this case) there appears to be little promlse
in reducxng thekr costs; except by use of s andard17ed~

,systems where high development costs (such a for the *

G

training

éoﬁtware systems): can be_sprepd.to a nuimber o
applxcatlons. ' .
‘e .Thxs is the first devxce of this type to be contracted
for by Grumman’, and'lts capabxlxtxes and design (includ-
’ing the soﬁtware,packaqe) are highly tailored to this
single training application. eonfiéuration cBanges and
modifications are common to current combat aircraft and
even apparently minor ones may result in major changei
to maintenance simulators whosg costs may be a major
portlon of thosé¢ required for developing a new device.
‘o Decxs1ons regarding the timing of trainihg device delxv-\
“eries are crxtxcaf in provxdxng traxnxng on new. or modx—\\
fied operatignal equxpment. .Whatever types of training _
devices -are used, they must be in place before that
training can commence. and traqung must be provided to
personpel before the opekational equipment can becbme
an effective part of the joree; Since simulation.
trainefs require their own development, éhis must occur
concurrently with development of the operational equip-
ment. . However. the Qperatiohal equipment is subjéect to
f requent modxfxcatxon during development and for a con-
sxderable perxod after its fielding. As dxscussed above,.
these modxfxcatxons can have a drastic impact on. sxmula-
' tor costs. *An example of this impact can be seen in




the K—G DRS program. The DRS tactical conflguratxon
.and the simulator were developed at the same txme, both
by Grumman, and the DRS configuration was not fxnallzed
J at the time the 31mulator program was initiated, The : .
simulator contract provided an_alldwance. for changes

s . L4
- ‘- . in the s;mulator that ‘were the result of ant1c1pated \‘ -

Al

v modifications to the operational equipment, and at the
- " time of final delivery the cost of tHesc. hanges amounted h
N to 35 percent of the final Grumman cohtra t value. - .
. Program cost information (Table w___) was obtained from th
program procurement manager at the Naval Training Fquxpment Cen-
ter. At present, both trainers have been delivered and placed
in service; the cost" showr in Table B-6 appear to be th
costs’ to the government, except for updating the de
flect recent modifications to the operatxonal u1pment

. .\ .

D. VTAS

The VTAS slmulator
ration’ of the PF-4J
equipment the

d its origin in a change in'configu-
rcraft .that entailed changes in tra1n1ng
employed at 'two Naval Air Stations (NAS). An~ ,
assessm of alternatxve- for these changes concluded that
//s}mufat%:; would cost;between 60 and 85 percent of the alter-
n

atives that’ involved mod1fy1ng or procuring additional opera—
tional equipment far training.

The contractor*(Honeywell) has produced several non-standard

"maintenance simulators.” However, .VIAS was the fxrst and appears-

te be quite different from Honeywell's later: programs. The

relative d1str1butxon of program costs among cost elements is

quxte dxfferent from that on other programs (including the
. later Honeywell programs). It is concerned only with a single
system that is not complex relative to current av'onxcs systems,
The Navy procurement program manager descrxbed the training

. g

requirement as relatively simple, and the simulator reflects

4 ~
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TABLE B-6.

A-6 TRAM DRS (Dollars, Thcusands)-’
’

-

Contractor Grumman Aerogpace
C . Initial Engineering
Tas?/b'uncnon Contract Chang_e~
Non-Recurring Cost .
Front End Analysis .
Tesk Amalysis .
Other 6
*Design and Dzvgiopment L 163
Hardware B ~ 10 .
Software/Courseware 85 163
‘ Technica) Data 47
o, Other . 6
Hardware Fabrication :
‘non-recurrlng.) ,
Test and Evaluaticn | Y .
Program Managesént 4o . .
. Total Non;Recurnlng * 195 163
Recurring Cos'§
" Production 92
Hardware Fabrication .
(recurring)d 35
Special Tools/Test 4
Equipment 13
Initid) Spares 44 <
Other .
Loq!s\tlc Support 1
Interim Maintenance n .
Support : .
Other
= P .
Initial Training 1”7 v ;
- Total Recurring 120 1
i
LS4
+ Program Total %os! N5 163
' lnelg;dlng installation and checkout.
,,‘ .
. re
. .
.(l a 3 -
»
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the 11m1tdt10n (provxdxng eight malfunc*xons that are 1ntegrated
*into the contractor—propr1etary software system) oo »

N

Cost 1nformat10n (Table" 8~7) was obtaxned from the con-

JES 'Eract01. In add1t10n to the, contract costs, the ‘procurement
* " ' program manager has estxmated that between ond-half and three-

* quatters of ‘a man-year was expendeﬁ by in-housg cxvxlxan and

N military personnel on various functions (includlng front-end

analysis and program managemert).
’ PN 4 b ". M o
E. AT-TRAINER . *

v

The AT-Trainer takés its .hame ftom “its purpose of provid-

-~

ing training if al} equipmenté maintained by the Navy aviation
teéhnician (AT) rating on three series of the F-4 aircrafts-

Mg

- the c0mmunxcatxon/navxqatxon/xdentxE1cat10n and the electronxc
- ‘project at thg North Island Naval Air Rework Fac‘lxty to pro-
b vide-simulation of ‘one model ofi. UHF communxcatxon equxpment on
. the F-4N.. Since that time, it has expanded thaough a serxes
oi p;ogtam changes to encompass all AT-maxntalned equ1pment onr
S the F—4N F-4J, and RF-4B and the inertial navxgatxon equxpment
" " of the RF-4B maintained by the aviation electrlcxan (AE). ratan.
oot ! This Simulator provxdes only for orqanxzatxonal‘maxnte-
nance ‘ttaining that' js typically confined to troualeshoatxng
of installed equxpment.. This 1nvolves a larqe number of -
equ1pments the cOntrols and 1mdxgators ofnwhxch are located on
the axrcraft instrument panel: the physxcax confxquratxon of
the sxmulator constitutes an extensxve mock-uﬁ oE the cockpits.
The particular equipments sxmulated,,by aircraft series, are

L J N -

- shown in Table B-8. . ) .

s N At program completxon three units w111 have been buxlt. .

Two of these (to be used at Beaufort MCAS. and*Oceana NAS) mfll
: be 11m1ted to providing AT training fqr the F-4J. The third
* - (delivered to El Toro MCAS) will provide simulation for AT .

u', g " ~ Y »
£RIC .- 0

.countermeasures suites., It was begun 'as a small scale 1n—hou$e
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» TABLE B-7. VTAS (Dollars, Thousands) '
. . .0 . N
» Cintractor Honéywell . . -
., - 2 o
) /‘J’ Total
4 Task/Function pr:;:m '
- ) / . I8
: i P ©
Non-Recurring Cost ks .
. | Front End Analysis ; yd
Task Analysis_ ' o
Other, - . >
Design and Development T30 .. »
Hardware 19 :
Software/Courseware 38 L
Technical Data 17 5,
Other 7 ’ {
Hardware Fabrication / ‘
(non-recurring) e
Test and Zvaluation 6 ‘//
Program Management L 4
" -, Total Non-Recurring 13 ’ X
Kecurring Cost — '
Production ) 163
Hardware Fatricati
{recurring)? 156
Special Tools/Jést -
Equipment - .
énitin Spdres 7
lQer
Logi;,t\(cf: Support ’
Intertm Maintenance
s Suppo{
7 Gther \ R N
p Inftial Trahhvg 3 o
\
Total Recurrmg 166 x
Program Total Cost . 297 /}
A 1
_ N |
' Including fnstallatfon and checkout. f
. f
\\ '
\
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TABLE B-8. SIMULATED AT-TRAINER EQUIPMENT, BY AIRCRAFT SERIE/S

i
Aircraft Series

e e oo em——

 Equipment Designation (Function) - F-4 | RF-G8 | F-43/S_
[ /

- Cdﬁur;i}:;t{on}gavigation/ Identification Equipment /
AN/ASQ-19 (/Integrated Electronics Centr:a.l‘) X ‘.' IR
AN/ARC-159 (UHF Communications) X ' ,/ X

QAN/ASQ-IGO (Integ;afed Electronics Central) X ,,/
AN/ARC-105 (UHF Communications) x';
AN/ARN-118  (TACAN) / X
AN/AJB-3  (Computer) [ X o) .
AN/AJB-7  (Computer) /; X

. AN/ASN-39  (INS) X ;i X
AN/ASN-59  (Attitude, Heading, and Reference)’ ! X

| AN/ASN-92  (Carrier Alignment JNS) X *
AN/ASH-25A {Data Link) X
AN/ASW-25B  (Data Link) ' X
AN/ASM-23  (GSE) X X X
ECM Equipment ;

M/ALR-S  (ECM) ' ! X X
AN/ALR-50  (ECM) | ! X X
AV/ALQ-126 (ECM) x |«
AN/ALE-29  (Chaff Disal?enser) ¢
AN/ALE-39  (Chaff Disp’\enser) / X X
AN/BLM-TO  GSE (AN/ALE-39) ' ; X
AN/ALM-164 GSE (AN/ALE-al\) ; X X
AN/ASM-356 GSE (AN/ALR-45) '}( X X
AN/ALM-140 GSE (AN/ALR-SO)\ / X X
‘ ) ‘

\
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training in all three aircraft series in addition to AE training.

The multiple sxmulatxon capability is provided by quxck change® . e
kits to reconfxgure the—sxmulator fo eack aircraft. ’
The El Toro unit serves as a test bed for the program. It ‘e
was Belxvered as a partially completed~dev1ce in mid- 1979. Fur-
ther capabxlxtxes {in terms of the equxpments sxmulated) are
delxvered as they are developed, and the system will not be'
coqpleted*untxl mid-1981. The Oceana and Beaufort units’ uere
delivered in December 1980 withdut ECH simulations; chis capa- "’
bility will be installed dur}ng 1981 as a field modification.
Throuqhout its term, the AT-Trainer program has been -
cdrried on striclly as an in-house activity. tmhe tasks 1nvolved
include development of simulation hardware (1nc1ud1ng some of
the data processor) and the software gperatxng system. Ac a
result, it is a unique system. Apparently, there arc¢ no plans
to Earry these_developmehts any further or to employ them in
otner simulationms.
The AT prograh costs are shown {h Table B-9. The. program
manager feels these values may understate true costs of the
project, because Jsmany of the 1nd1v1duals involved provxded '

e

extensive unpaid time. In addition, the costs are probably °
not comparable to those for other simulator programs. The
accounting methods employed will differ from those used by
contractors so that various ‘cateqgories of costs may have dif- g ’
ferent meanings. ) - . ‘ e

- . >

‘ L
F. INTEGRATED RADIO ROOM

This is one Bf rwo program§ to 1ncorporate sxmula}iqn into
the initial design of the training program for a new maYor
weapon system. A total of four simulators are employed in the -
complete Trident training system. Two are associated with the ’
Integrated Racdio Room (the communications system) while the )
other two are associated with pneumatics and are sfandardized e
simulation systems. . . '
B-20
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TABLE B-9. AT TRAINER (Dollars, Thousands)
Contractor Korth Island Naval Air Research
. Facility
Initial Modif- Total
Task/Function Program cations/ Program
- Updates
X M-Recurring Cost
Froat End Analysis 20 20 -
Task Analysis
Other 20
Design and Development 920 95 1,015
Harduare 355 50 305
Software/Courseware 415 35 360 |
Technical Data 150 150
Other
Hardware Fabrication S -
(non-recurring) 267 9 276
Test and Evaluation 8 8
- *
Program Management 30 0
Total Non-Recurring 1,255 164 1,359
J
Recurring Cost R
Production . 430 1 45]
Hardware Fabrication
{recurring)® 310 't 321
Special Tools/Test ~
Equipment .
Initial Spares 30 30
Other . i
togistic Support ]
Interim Maintenance |
Support H
Other
initial Training 30 30 .
Total Recurring 470 n 431 '
Progran Total Cost 1.725 115 1,830

* Including tnstallation and checkout.

b Includes $205 for depot repair facility.

B-21
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Trident communications system personnél are resﬁéﬁb
for both operation and maintenance of the system; and both
functions are trained in the same course employing the same
trairning equipment.
designated A, B, and C; two of these devices (A and B) provide

both operation and maintenance training, while trainer C is

,devoted" to maintenance training.

Three major training devices are used,

e Trainer A is a reconstruction o

room.

equipment (along Qith training-unique equipments) to

It consists of a complet

provide operator team and watch-standing training and
. - ]
hands-on, on-equipment maintenance ‘training.
® Trainer B is a reconstruction of a part of the radio

using only simulatior equipment.

the built-in test equipment

e Trainer C consists of both simulated and tactical
- equipment.
provide training in troubieshooting and fault isolation
proceaures at a module(component level and hands-on
preventive and corrective maintenance.
This program provides a definitive demonstration of both
) complementarity and substitutability between simulation and
operational equipment. ~Two1%rainers are used for operator
training, and all trhree for system maintenance training.
studies of Trident training requirements identified two alterna-
tives for radio room training.
program combinind operational equipment and simulators. . The
second alternative proposed only operational equipment trainers

(consisting

RCA is the contractor for the operational equipment as

well ‘as the

of three of the current A-Trainers).

three trainers; both the trainers and the operational

\,

\

One alternative was the current

B-22

It is a series of part-task-trainers to

16

-béard radio

the operational

Its function is
to provide individual and team operations training and
training in the system fault isolation and diagnostic

capabilities of the cperators' console, and the use of
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equipmen. were developed concurrently. The training equipment

contract is RCA's first experience in developing simulators.

One could expect the simulation trainers to be closely patterned

after the operational equipment and, perhaps, to be quite gif- 5

ferent EroQ other non-standard simulators. WJ
Our opinion that these simulators differ from others is

bolsteréﬁ by comparing the relative cost of software/courseware

in this program with other programs. Roughly 15 percent of RCA l”

costs are attrxbuted to software/courseware, while the average

for the other non-stancard systems is close to 35 percent. The .

operational equipment employs extensive data processing, and the Q

relatively low software/courseware costs for the simulators

would be consistent with RCA incorporating its detailed knowl-

edge of the operational equipment software into the development

of the simulator software system--rather than developing a

wholly new system, as appears to be.the .case of other non- .

standard simulators.

Simulator program costs (shown in able B-10) were obtaxned
from the program office for Trident training (at the Naval
Training -Equipment Center). They are based on the original -
cost proposal and the program changes that have been negotiated .

to date.

G. F-16

Theﬁ/;}s maintenance s  lation system is the most ambi-
tious tandard proqram anuertaken to date. Like the Trident

Rad i oom, the use of sxmulatlon was incorporated- into the

rn1t1a1 desan of the maintenance training program and the
,,,-91mu1ators were developed concurrently with the operational

equipment. Unlike Trident, though, simulation was developed by

a second contractor (Honeywell) under subcontract to the weapon \\

contractor (General Dynamics).

we



TABLE B-10. TRIDENT INTEGRATED RADIO ROOM (Do]lars.-Thodsadds

14
-

e
»

|
1

4

‘

-

; American . -
Contractor RCA £cC Systems In-House |
- ¥ T paration -

- Uperator/Maintenance ,

s N Trainer Maintenance Trainer Front End Pfo:a]

G - Task Program and rogram

-Task/Function Basic Contract Basic Contract Analysts Office _ |Management | .

- Contract Changes Contract Changes L Support Support

Moa-Recurring Cost ) ) i |

|

Front End Analysis 400 270 670 «-' .
Task Analysis 300 270 670
Other™ - _ .

Design and Development 1,856 307 1,817 27 3,607
Horaware 1,238 204 A86 20 2,348
Software/Courseware Lx}} 89 353 6 879
Technical Data 187 “14 178 1 380

- Other °

b — — ——— Y W

Hardware Fabrication !

_ (non-recurring)

Test and Evaluation, 12 12 2

Program Management , 210 65 145 9 N 248 140 817

- Tota) Non-Recurring 2,118 372 1 1,574 36 300 248 410 5,18

' Recyrring Cost

Production 1,124 58 506 2 1,690

- Hardware Fabrication

(recuyjjn?) 725 58 N8 2 1,103 ~

_Spectal Tools/Test

Equipment 78 39 17
Inftial Spares k74| 149 . 470 -
-Other - .

Logistic Support 37 47 94

Interim Maintenance . -1
Support ] 47 . 47 94 M

Other i ) i N B

Initfal Training (RE} 4 68 186

- Total Recurring 1,285 62 621 2 1,970

 Program Total Cost 3,363 434 2,195 38 400 248 410 7,088
B
- - Rattand s
E Including installation and checkout
B-25/B~26
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The.simulators éncompass eight of the aircraft syé%ems,
and are to be used by both USAF and NATO country personnel.
ihe simulators are configured as hoth flat panels and cockpit .
mock-ups. The quantities procured, by aircraft system 91mulaled!
are shown in Table B-11. Typically, the simulation of one air-
craft system employs two panels or one panel and a cockpit
mock-up. '

Py -
, .

TABLE 8-11. F-16 SIMULATOR QUANTITIES PROCURED, BY AIRCRAFT SYSTEM . - -7

Number of Elements | Number of Simulators
| Aircraft System Per Simgli;ggt Ordered
. L Panels Mock-ups USAF NATO
‘ ”Environmental Contro] A 3 2
Navigétion‘ 2 : 37 2
Fire Control 1 1 3 3
Flight Control 2 3 . 3 .
Hydraulic - .2 303
Electrical '2_ "3 . 2
Weapon Con;rol 2 3 ’ 3
Engine Sta.t 1 303 =7
Engine Diagnosis - 2 3 { 3
Engine Operation 1 3 .%_,2 o '

».

USAF, in buying three sets of the simulator system, will
reczive 48 panels (of 16 different types), six cockpit mock-ups,
and 30 processors; NATO countries, in total, are procurinc two
or’throe trainers for each aircraft system.




The F-16 maintenance simulator family resembles a stand-

ardized system. * A common model of processdr and a common soft- .. .-
ware sysfem is used for all training applications (panels/mock- -

ups). The P-16 system, along with the AWACS simulators dis- . ...
cussed below, may well be the first members of a new standard- -
ized 51mulator system. One result of these simulator prcgrams )
.is Honeywell's development of what it has termed thg'"Data Base
Generator.” This is a programming language intended to allow
for a simple manual translation of technical manual information
into code and the machine translation of that code into FORTRAN:

The F-16 program provides a dramatic example of the prob-
lems that may arise when operational equipment and training
simulators are developed concurrently. The initial contract,
iﬁ September 1977, provided for a target price of $7.5 million
for development and procurement, ) Delivery to the Air Force of
the firét set ¢’ 18 panels and mock- -ups and 10 processors was
stipulafed for September 1978, o—

The simulator design freeze was set for Jznuary 1978, and
the configuration was to be based on the.production version of
the aircraft. However, the technical documentation of the pro-
duction aircraft confiquration was not available at that date;
the aircragt continued to underqo engineering changes, and a
lag developed in documentation of the changes. The aircraft
configuration changes imposed confiquration changes and rework
of the simulation models (panel elements, software, and course-
ware); the lag in documentation iﬁcreased the amount of rework
required to accommodate the changes.

A recent contract amendment reset the target price of the
training equipment at $28.9 million. It is impossible to at-

;tribute a specific portion of the increase to the problems
.associated with concurrency. However, it appears that a siz-
able portion did arise from this cause.

* ERIC

P A v Text Provided by ERIC . .
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o _—-— -Dodumentation of current program costs 1nc1udes separate N
.——-1—"""’_"/

estimates of the costs (in terms of the target) for the train-

ing devices associated with each aircraft system simulated for

.each of the seven sets of simulators curruntly on-contract.

These.estimates are shown in Table B-12. Note that the total
of non-recurring costs are attributed to simulator set numbet
seven and that the values shown exhaust the contract tota&
target cost. (That is, all costs have been allocated to the

_individual simulations even though some fractlon/df them,

especiallyof the non-recurring costs, are gupport functions
that® are truly common to all elements of -the program.)

. The estimates contained in Table B-12 allowed a separation
of recurrxng and non-recurring costs for the simulations asso-
clated with each aircraft system shown in Table B-13. (Note
that the method used for separation provided a slightly qif-
ferent estimate of total program cost.) The resulting ratios
between recurring and non-recurring costs are quite consistent

thh othor non-standard simulator programs (see Figure 4)

H. AWACS NAVIGATION

The Air Force plans to provide training simulators for
three AWACS system --navigatxon, radar, and possibly the data

display/processor systemg—- The navigation system has beem- --- =——e .|

delivered and is in operation, while the radar system trainer
has recently been placed under coniract. Both these simulators
are contracted to Honeywell. Both are flat panel devices and,
considering the continuity they afford Honeywell, it would
appear that they will be quite similar. However, costs of the
devices will be significantly different; one explanation for
the large difference in cost is that the naviation trainer

has a single student station while the radar trainer will

have 10:~

B-29 .
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TABLE B-12. F-Q6 SIMULATOR COSTS BY AIRCRAFT SYSTEM AND SIMULATOk SET . .
| ' (Thousands of Dollars)

3

. Simulator Set . -
Aircraft System Simulated 1 2 3 & ¥ 73

- USAF | Belgium | Netherlands | USAF | Norway | USAF Totg]

Fire Control’ 424 | 186 169 137 | 101 | 1750 | 2767
Flight Control 528 361 365 356 328 2495 4433
~“Navigation 321 -- 240 229 | 238 | 1923 | 2947
Electrical 337 264 .- 259 260 | 1514 | 2643
Environmental Control as | -- 172 144 133 | 1224 | 1868
Hydraulic 202 168 170 160 163 | 1004 | 1863 |

“Heapons Control 297 | 253 216 166 | 121 | 1709 | 2768
Engine Start 280 173 170 191 166 | 1307 | 2287
Engine Diagnostic 543 | - 331 327 348 326 | 2628, | 4503
Engine Operating, 401 -- 257 273 209 | 1474 | 2654

Total 3548 | 1732 2087 2265 | 2062 [17,028 28.7ng

due to rounding.

a!ncluding non-recurring costs.

bDoes not include $165 thousand for proposal preparation.

. Note: Simulator set number 6, intended for Denmark, was cancelled.

Totals may not add

-
17
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- TABLE B-13. F-16 SYMULATOR, RECURRING AND NON-RECURRING COSTS
}Thousands of Dollars) -\
: \
§ —— \ T,
’ °\ . \ 77T Cumulative
. X . \y  Total Non-" R int verage
) A1rcr§ft System Simulated Cost Recurring ei;;; ng Re%ﬁrring
Cost — _Cost .|
== — == - AR e ——
Fire Control 2756 1640 * 1116 186
Flight Control ‘ 4413 2174 ° 2239 373
Navigation 2956 1699 1257 251
) Electrical 2621 1269 1352 270 ,
Environmental Control 1872 1110 762 . 1582
- v ]
Hydraulic - , 1849 852 997 166
" Weapons Control 2781 1560 122] 203
Engine Start N 2440 1125 1315 .29
Engine Diagnostic 4635 2307 2328 388
Engine Operating N3 1227 1486 297
Total 29,036 14,963 14,073 ‘ i
ST NN SN SRS BRI
)\ i - - .y ~
\ The navigation system simulator is the first major train-
\ ing device USAF has procured for this system. Prior to-its

delivery, training was limited to providing introductory train-
ing, without the benefit of training equipment, at Keesler AFB

;
e §

Ty

and transferring graduates t% an AWACS operational base for on-
the-job trainifig. "~ The operational base represented the first

\ hands-on experience 'received by the students.
- Considqrinq the continuity (and ovcrlap) in the AWACS and
F-l6 programs, all three traininq.systcms should héve extensive
- similarities in important features. Both the AWACS navigation
traino# and the F-16 systems employ Honeywell's Data Base
. Generator, implying similarities in the software systems (with/
:which.the generatorg{must be compatable). It is hard to escape

!
A
h

B-31
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s ) a conclusion that these threl programs have provxded.Honeywelﬁ
R with the essentials of an advanced qtandardized simulation sys-
tem that will find appllcatlon in other tralnlnq areas
Cost xnformatlon on this proqram was provgaded by the AWACS
‘. Project offxce at the Electronics System Division (Table B-l4).
) The ‘oriiginal, FPIF contract with Honeywell nrov1ded for a target
cost of $1274 thousand and a cnlllnq price of 51528. One-én~
| gineering <change was neqotlated for $60.thousand, brlhqinq the
L. total cost to the GoVbrnmeqt to $1588 thousand.

. Tﬁe contract has incurred a siqnificant cost overrun,
Honeywell has réported costs of roughly $200 thousand over the
S ceilihg price, but the Projett Office believes the total over-

run i %ppgoximatgly $600 thousand ,(or 40 percent of the ini-

tial ceéiiling price). ‘he Project Officer attributes the un-
reportc

$400 thousand overrun to loneywell's cost in develop-

ing its Q?ta,Base Generator (i.e., software). (See the discus-

. sion of 'the F-16 program, above.) Dcvelopment of the bata Base
Generator weq an independent Honeywell decision, and its cost
appears to have been charqed to bqth the F-16 and’ AWACS pro-
grams. ) Th;\proqram coqt% qhown in Table B-14 encompass the
Proiect Of fice estimates of total costs (both reported and un-
reported). This is the only simulator prqogram treated in this,
fashion. Maintenance of the simulator is provided througn =
separate‘FPP contract between Horfeywell and the Air Force -

“Loqisti§s Command -(AFLC). An estimate of Project Office in-

house costs hds not been obtained.

- ! Q
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. . . . b L . <
" , . - . .
i . TABLE B-14. AWACS NAVIGATION/GUIDANCE. (Dollars, Thodsind
’, . . -\ ; . . .
: - R “ Arerican, NN R }
’ .1 , | contractor : Institute Honeywe 1 .
st . # S for Research . at
. ’ . Contract .| " Total
. . . f Analysis with® M2 intenance Program.
. . nd -~ System Contract .
® . Tlsk/Funftioq . Prggram Program™ with ] o
- . [ Support Office (ESD) AFLC
S " . e N . ’ DN
- “Hon-Recyrring Cost T . ,
o T rr§nz End Anelysis - o | : : 100 ",
oo . ask Andlysis : d
P I . { 00 {100
. ' - I - \ R 1
B Design and Development - 1 "1,998 : 1,998
. . il Hardulre‘g' ’ 506 . 506
s . « Software/Coursewsre 943 943 "
ML ' Technical Dats " 539 3 < s 549 .- -
> Other i .
LN Hardware Fabrication = ' ; . - T &
s, -+« | | (non-fecurring) . : “
» . . . s
o0 Test and Evalustion °» . e 40 50
. . Program Managément 100 23 o
. : ’ Total ‘Non-Recurring 200 - 2,061 ‘ 2,261
. . Recurring Cost R
! a " . ) s o .
-1 Proguction , 127 ‘
Mardunrg Fabrication * N
. {recurring)® 27 s 27
4 Special Tools/Test : ‘
Equipment < . .
’ Initial Spares A
Other ° : . .
. Logistic Support 70 ! wo
interim Maintenance : !
Support . R { 70
Q;her . . . i
[ Inftial Training ! Fw
) . Total Recurring . 2 ,
2 B R A NUNIY DN, [Ep—— [ f_ .-— e i
Program Total Cost 200 2,188 70 ! 2,458 ° !
~ L: ! ‘
i :

. — T
~1ncluding installation and checkout.

b Except for i*‘ﬁ?use program management for which estimate is not available.
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'APPENDIX C *
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[ ,1;' . . ‘o

, .. ; RBBREVIATIONS -
Y ‘ ,“ /;}i-,f'g‘ s ,;’\. . . 1)
] Army Rrea CommUnications Systéms? e et

v Automa@:xc ‘Boildr: Control. - O
o Adaptive Cémputer;xzed 'I‘ram;,ng ﬁ{stem (Perceptronlcs) B
. Automated Data Pz‘acessmg S o e Lol o
"ﬁahctual Eouipment Traxnet h ;: “ hf-lb-'/' - e
Automated Eleetronxcs Ma'ntenance 'l‘tamer (Honeywell) .

Air Farce Perscmnel nd Traznmg Research Gengng .
{no'&z A‘*‘}{RL) J / . RS AN PR 4 :"',"‘,

- R {”‘.,' s

.

¢ 1 . -

A_g;}vanced '&anpower (.oncepcs for Seadaased Aviat Eori
;/éysmns o o T . ;
/ Automatesl Maintenance Test Equipment :

Mmy Maintenancp Traman and Evaluation ‘Sxmu.latxon ' . B
«’ System (ARI/PMTRADE) . ; S

s l\rmy-Navy . \ L, L .o

.o .~r/m)b1 Auth@:i fation Parts Li.-.t o ) . ' ' .
: /%:J‘th 4 Army Reaeacch In;,ti!:ute - , ) - A
YO A e Aexion ’mken ’ . ' ' . ’ Co
; ‘AT}\GS"‘/' * Army 'I‘ac{:icixl Communicamona System T ’i' T off
e 315;13;;»\’ .. - hutomatic Test Equiprent - “1

( ‘Avacs Axﬁt;@rne Warning and Contral System. . A

i . 3 R
N > S B -y {’,"“ B




.t CAr”
- " CAM-T

i

CASEE

CcB
CIWS

CcMI

. CNR
E;Ty CNTT
.

,..__-:.h» - S - - - \‘ .= 1" -t . g e

,Computer-Managed Instruction \ )

PFF"—‘———Cost—Plus—?rxed*Fee
CPIF
CRS
CBT
< CSD

cur

-Fire Control Systemu/

Built-in Test 3
3

- \

Built-in Test Equipment ' Y

Computer-assisted Instructiion ! - O
Consolidated Aircraft Maintenance Training (Air Force

hands-on. training) \ .
e i

Comprehensiveness Aircraft Support Effectiveness
Evaluation \ '
Compor.ent Breakdown '

Close~-In Weapon System (Phalanx Gun\System)

Communication Navigation dadar °
Chief of Naval Technical Traxnxng

f it T

Cost Plus Incentive Fee j
Component Repair Squadron
Cathode Ray Tube .

!

of
Constant Speed Drive ' | .

Cross Utilization Trained (AF)
!/}
Deputy Chief of Staff j__
Detection and Ranging S&stem,'
Direct Support '
Defense Science Board ;
!

Educational Computer Cérporation

Electronic Countermeasures

Electronic Equipment Maintenance Training

(Navy Class A Training;School, Honeywell)
Enlisted Personnel Ingﬁvidualized Career System
Equipmeént Identification Code

!

Extension Training Materials

i
. 1
(3 /




FFP
FIS
FLIR

| FOMM

| FPIF

' FPIPA
| FRAMP
FTD
FVS

GMTS
GNS

GSE

HHC
HUD

ICAP
I HOMS

IMa
IMTS
INB
IpSa
IRR
I1SD
ITDT

JCN
JPA
JTPT

i

POV SR UU RTeY N

I level

Firm Fixed Price .

Fault Identification Simulator (Navy) >

Forward-Looking .Infrared

Functionally Oriented Maintenance Manual

Fixed Price Incentive Fee

Fully Proceduralized Job Performance Aid

Fleet Readiness Aviation Maintenance Personnel

Field Training betachment (Air Force)
hFightinquégp

icle System - .

-
1 3

Geﬁeralized Maintenance Trajining System (Navy)
Guidance and Navigation System

General Support

Ground Support Fquipment

-

Headquarters/Headquarters wompany
Heads-up Display

Improved Capability

Intermediate Hands-on Maintenance Simulators (NTEC)
Intermediate %evel Maintenance

Intermediate Maintenance Activity

Integrated Maintenance Training Systém (NTEC)
Inertial Navigation System

Inteqréted bPersonnel Systems Approach
Inteqrated Radio Room

Instructional System Development

Integrated Technical Documentation and Training
(Army; now called SPAS)

Job Control Number

Job Performance Aid

Job Task Performance Test

RO S
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Lockheed Aircraft Services ‘

MACT
MAINTIP
MCAS
MDC |,
MDS -
MFHBF
MIL STD"
. MIMS
MITIPAC

Mk/Mod
MMTR
MTTR
MOS
MTBF
MTBR
" MTM
MTS
MTU

NALCOMIS

NAMP
NAMTD
NARF
NAS
NAVAIR
NEC
NFE
NIP

Line=-Replaceable Unit
Logic Tree Troubleshooting 2id

’
-

Malfunction and Circuitry Trainer

Maintehance Training Improvement Program (NTEC)
Marine Corps Air Station

Maintenance Dependency_Chart
Model/Designation/Series (Air Force)

Mean Flight Hours Between Failures

Military Standard

Maintenance Ins;ructién Manual System

Modular Integration of Training Information by a
Performance\Aiding Computer (Navy)

Mark/Model

Military Manpower Training Report

Mean Time to Repair

Military Occupational Specialty (Army)

Mean Time Between Failures )
Mean Time Between Repairs . .
Maintenance Training Management

Mobile Training Set (for Field Training Detachment)

Maintenance Training Unit

Navy Air Logistics Command Management Information
System

Naval Aviation Maintenance Program

Naval Air Maintenance Training petachment

Naval Air Rework Facility

Naval Air Station

Naval Air Systems Command

Navy Enlisted Classification”

Not Fully Equipped N

NAMp Improvement Program
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NOR
NORM

" NORS
NPRDC
NSN
NSRDC
S
NTEC -
NTIPP.
NTIPS

oJT
O level

PACAF
¥pE

PIMO

P INTO

, PMTRADE
POMO
PROM

REES
RFP
ROM
RTE

SAC
SAMT
SDC
SEL
‘S IMMS

- Not Operationally Ready

’

~Not Operationally Ready - Maintenance
Not Operationally Ready - Supply.
Navy Personnel kesearch and Development Center

National Stock Number 5
David W. Taylor Naval Ship Research and Development
Center )

Naval Training Equipment Center

Navy Technical Information Presentation Program
Navy Technical Information‘gresentation System
On-the-Job Training

Organizational Level Maintenance

Pacific Air Force

érogram Element

Presentation of Information for Maintenance and
Operation

Performance Improvement for Navy Training Organizations
Program Manager for Training Devices (Army)
Production-Oriented Maintenance Organization (AF)
Programmable-Read-Only-Memory

Reactive Electrcnic Equipment Simulator

Request for Proposal

Read-only Memory

Resident Traininé Equipment (for techn}cal training
center)

Support Action Code ,
Simulated Avionicr Maintenance Trainerv

Sample Dafa Collection ’

Selected Equipment List

Symbolic Integrated Maintenance Manual System

C-5
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SMART
SMTE
SOJT
$PAS
sQT
SRA
SRU
STRES

TN

- TAC
TACAN

TICCIT

- TJS
™
TMS
TOT
TRAM
TRU

USAFE

WBS
WweC
-~ WUC

EKC

Aruiext providea by enc

L&M&A_

TAMMS _

~T - Y

Syséem Malfunction Analysis Reinforcement Trainer
Simulated Maintenance Task Environment

Supervised On-the-Job Training

Skill Performance Aids System (Army; previously ITDT)
Skill Qualification Test (Army)

Shop-Replaceable Assembly

Shop-Replaceable Unit

Simulator Traxnan Pequirements and Fffcctxveness
Study (AFHRL) .
Tactical Airx Command
Tactical "Alr Navigation ¢
The Army Maintenance Management Sy;tem

Time-shared, Interactive Compute Controlled Informa-
tion Television )
Tactical Jamming System

Type ﬁgintenance '

Type/Model/Series (Navy)

Task-Oriented Training

Target Recognition Attack Multi-sensor 2
Tester Replaceable Unit

United States Air Force - Europe i

Versatile Avionics Shop Test (Navy)
Visual Target Acquisii}on System

work Breakdown Structure
work Center
work Unit Code



3-M Maintenance and Material Management System (Navy)

e 66-1 Air Porce Maiﬁtenanée Management System (name

& 66-5 derived from:tﬁe Alr Force manual that sets forth
maintenance poliey.) \ )

/f

Vi B

y

‘l
r-3
c-7

Q -

- ERIC . 185

s ‘
hY
~ - » .
v - . I L L e

e e -




" APPENDIX D R

GLOSSARY

L]

Courseware: Student handbooks gnd'manuals and that portion of .
the set of computer pfograms resident in a simulator that
implements the simulation model and otherwise addresses the
operation/functioning of the equipment beidé simulated.

Cross-Skill Maintenance: Maintenénce associated with one skill
area that is pe;formed by personnel trained in acdifferent N
skill area. )

Depot-Level Maintenance: Rear area nmaintenance, major repair
or equipment modifications perf>rmed lqrgely by civilians
in military organizations. '

Direct-Support Maintenance: Intermediate-level maintenance per- \1
formed iﬁ qnits attached to or organic with large combat o
units, e.g., divisions (Army).

Fidelity: A normative term that descr}bes the extent to which .

a sinulator duplicates its operational counterpart. Physi- .
cal fidelity refers to physical appearance, since a simu-
lator may be two-diménsional or threc=dimehsionals or- some
combination, in its construction. Functional fidelity
refers to the extent to which the performance characteris-
tics of operational equipment have been duplicated in the
simulator.

General Support Maintenance: Intermediate-level maintenance
performed in units attached to higher commands, e.q.,
Corps, Theatre forces. )

Intermediate-Level Maintenance: .iaintenance performed 1n a

shop by a maintenance or repair unit.
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Maintenance Action: All effort associated with the completxon
of a maintenaage E;qu1rement (e.q., the correction of a
mal function) that permits the return of equipment to an
operational status.

Re Maintenance Task: A single procedure that is performed as part
of a maintenance action. For example, remove, troubleshoot,
repair, and install are discrete tasks 1n a maintenance
action that corrects a malfunction and r(stores ecuipment

~ . to operational status.

Off-Equipment,Maintenaqce: Maiptenance performed on equipment

l ’ A§ystems and éssemblies that have been removed from weanon
end-items.

\ On-Equipment Maintenance: Maintenance perforned on equipment

’ systems and assemblies while they are 1nqtalled on weapon

- end-items.

Organizational Level Maintenance: Maintenance performed directly
Bh operational equipment (e.q., fault detection, component
replacement) by personnel assigned to units that operate
the equipment.

Simulation: The imitative representation of the operation/
functioninq of one system by'hnother system. It consists
of the quulatxon model, display and control panels, a
other 1wput/0utput facilities peculxar to the system b

simulated,

Simulation Model: A mathematical model that describes the
operation/functioning of a partiéurar system or equipment.

T—-—S-mulator: The device (i.e., hardware and software) on which a
simulation is ;mplomontci T

S ——

Simulator Model: Simulators of a qiven (complete- or pdrtliff'
o confiquration.
. Software: That port]on of the set of computer programs resi-
. “dent in a simulator that is not unique or peculiar to the

system beina simulated (i.e., the routines concerned with

D-2
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Aruitoxt provided by Eic:

RIC-

utilities, input/output, translation, etc. that are em-
ployed for general control of the computer),
e

Team Maintenance: Maintenance actions or tasks that are per-
formed by more than one person,
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