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ABSTRACT o o ]

The cost-effectiveness of maintenance simulators is compared to that of o
actual equipment trainers for training military mzinténance technicians.

Main-—

tenance simulators are as effective as actual eguipment trainers when measured

by student achievement at schocl;

. of students trained either way, according.to supervisors'
The acguisition cost of maintenance simulators is less than that of

study).

there is no difference in the job performance

ratings (based on one

actual eguipment trainers; they cost less than 60 percent as much if develop—
ment costs are included and less than 20 percent as much if only unit fabrica-

ting costs are considered.

Aeguisition and use of a ma;ntenance'simulatOr-over?

a l5-year periocd would cost 38 percent as much as an actual egquipment trainer

(according to one life-cycle cost comparison).
and actual equipment trainers are equally effective and since maintenance simu-~
it is concluded that maintenance simulators are wmore cpst—

This finding is qualified because .

lators cost less,

effective than actual eguipment trainers.
it comes from a limited nunmber of comparisons,

Since maintenance simulators

because effectiveness is. based

primarily on school achievement rather than on-the-job performance and because

it is based primarily on acquisition rfather than on life-cycle costs.

INTRODUCTION

This paper compares the cost-
effectiveness of maintenance training
simulators and actual equipment trainers
for use irn training military personnel how
to maintain cperational equipment. Both
types of equipment have been used for
" training personnel to perform corrective
and preventive maintenance at organiza-
tional and intermediate levels {(Qrlansky.
and String 19881).

Actual eguipment trainers have long
been used in technical training schoeols .
for two significant reasons: (1) they can
be acquired simply by ordering additional
units of operational eguipment already
being. procured as components of weapon and
support -systems; and (2) they provide real-
istic training on the eguipment to be main-
tained after leaving school. Operationsl
equipment can be modified for training by,
for example, placing it on a-stand and
adding power supplies, input.signals and
controls needed to make it operate in a
classroom. In recent years,
- a trend to use maintenance training simu-
lators rather than actual egquipment for
training plurposes. Maintenance simulators
are salid 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.

MAGNITUDE OF THE PROBLEM

Maintenance is a critical aspect of
defense planning and operations and costs
$18-20 billion each year, including the
costs of spare parts, supplies and modifi-
cations (Turke 1977, p. 5). According to
the General Accounting Cffice, the Army
spends 25 percent ($7 billion in FY 1978)
of its annual budget on maintenance; over

there has been

_ training,

200,000 mechanics and equipment operadtors
in the Army have specific unit-level main-
tenance responsibilities (GAO 1978, p. 1J.
In the Air Force, maintenance requires -
about 28 percent of the work force (mili-’
tary and civilian) and costs between $5
and $7 billion annually {Townsend 1980).
Labor for repairs is estimated to account .
for 39 percent of the cost of recurring =
logistical support of the Air Force A-7D
aircraft (Ficorelleo 1975). Specialized
skill training at military schools will
cost about $3.4 billion or 33 percent of
the cost of individual training in fiscal
year 1982 (Department of - pefense, Militar
Manpower Training Report for FY i982, p.6¥
the portion attributed seclely to mainte-
nance training is not known. The cost of
on—the—job training, that follows school
is also not known,

The three services spent over $5 mil-
lion in FY 1979 for teseéarch- and develop-
ment on maintenance simulators. About $3.7
million (68 percent) of these funds (cate-
gory 6.4 funds) were for the development
and procurement of prototype training .
egquipment. About 30 different. malntenance
simulators were either under contract or

_ planned for development, as of Pebruary

1981.

There are now about 3600 different
types of maintenance training devices in
the Air Force to support aircraft systems.
The Air Force Air Training Command esti-
mates that the current inventory of all

" maintenance training devices cost $500
million, of which $350 million. is for air—

¢raft maintenance alone (Aercnautical
Systems Division, 1978). The procurement .
of maintenance simulators for the F-16 air-
craft is estimated to cost about $32 mil-
lion, including some units to be delivered
t0 NATO. countries.
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One large industrial contractor has

The distribution of this procurement,

estimated that the Department of Defense™ -~  according to type of simulator, is shown

will spend over $600 million for mainte-
nance trainers from 1977 to 1985; annual

procurements are estimated to reach about
$120 million per year by 1984 (Figure 1).

in Figure 2. Outside the United States,

- the procurement of maintenance simulators
is estimated to be about $5.5 million per
year.
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The "Electronics~X" study, conducted
in 1974, was a major effort to determine
the cost and reliability of military elec—
tronic eguipment (Gates, Gourary, Deitch-—
man, Rowan and Weimer, 1974). Four methods
were used to estimate the cost of maintain-
ing electreonics eguipment each year. The
results ranged from $3.4 billion to $6.3
pillion with an average of $5.4 billion per
year {(Gates, Gourary, Deitchman et al.,
1974, vol. II, p. 374}. The estimate of
$5.4 billion per year for maintenance is
about egual to the cost of procuring elec=
tronic egquipment each year (Gates, Gourary,
pDeitchman et al., 1974, vVol. I, B. 52).
Note that procurement costs relate to

- acguiring current technology; the mainte-:-
nance qosts relate to systems whose average
age  is about ten years,

The costs for manpower were estimated .
by the Defense Science Board Task Force on
Electronics Management to account for
perhaps as much as 75 percent of the costs
of maipntaining military electronics equip-
ment; actual costs are unknown due to
limitations.in the cost allocation system
(DSB: 1974r p. 14)-

CHARACTERISTICS OF MAINTENANCE SIMULATORS

Maintenance simulators now under
developnent differ notably in their resem-
blance to actual equipment, their ability
to provide instructional services, and in
their complexity and cost. These simula-—- -
tors 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 ¢ompo-
nents,

The manufacturers of 2-D simulators
have developed software packages, computer
and support equipment that can be used in
a number of different simulations. This
has led us to distinguish between, what we
call later in discussing costs, "standard"
and "non-standard" maintenance simulator
systems,. Standard systems, whether they
are 2~D or 3-D simulators, are likely to
cost less than non-standard systems. A 3-D
simulator permits "hands on™ practice in
manual maintenance skills not possible on
mahy 2-D simulators; it also has greater
physical similarity to the actual egquip- -
ment. Whether or. not greater physical
similarity increases the effectiveness of
training is a proper guestion.

Advantages of Maintenance Simulators

The advantages . of simulators for
training maintenance personnel have been
recognized for many years (€.g., R.B.
Miller 1954, Gagne 1962, Lumsdaine 1960,
valverde 1968, Kinkade and Wheaton 1972,
G.G. Miller 1974, Montemerlc 1977, and Fink
and Shriver 1978). The major advantage of
a maintenance simulator is that, as a
training device, it can be designed to pro-
vide facilities important for instructing
students; in contrast, actual equipment is
designed to.perform. some military function
and is not intended to be a training
device,

‘equipment for

Maintenance simulators can be designed

to demonstrate a large variety of malfunc- -
tions with which maintenance personnel
should be familiar, inecluding those that

“cannot be demonstrated conveniently on

actual eguipment trainers or that occur
rarely in real life. All modern mainte-
nance simulators incorporate some type of
computer support. Thus, the symptoms of
many types of complex faults can be stored
in the computer and selected simply by a
control setting on the instructor's con-
sole., Computer-supported egquipment can
also record what the student does, thereby
reducing the need for constant obsexrvation
by the instructor. The instructor can use
information collected by the computer to
gulde each student; a computer can also
assist the student without an instructor's
iftervention. Records of student perfor-
mance and achievement can be maintained
automatically. Simulators can be made
rugged enough to sustain the damage or
abuse encountered from students. Thus,
they can provide greater reliability and
avallability in the classroom than iIs often
cften possible with actual eguipment.
Training that would be avoided because of |
safety reasons, e.d., exposure: of students._
to. dangerous alectrical currents or hydrau-
lic pressures, can be undertaken with
little risk with a simulator. If students
using such equipment ccomplete their train-.
ing in less time, as has often been found
with computer-based methods of instruction,
there are potential cost bengfits due fo

savings in student time, increased th:bggh;”'

put of students and reduced need for ~
instructors and support personnel,

A simulator need neot contain all
the components found in the actual equip-
ment. Thus, it is often possible to build
a gimulator that has greater flexibility
and capacity for training and costs less’
than an actual eguipment trainer.

' Disadvantages of Mainterance Simulators

There are some disadvantages to .the
use of simulators. The procurement of
maintenance simulators necessarily invelves
costs to design and build this special
equipment, to develop course materials,
maintenance procedures, support and dogu- -
mentation. The types of training provided
by simulators may not provide the student
with all the skills needed to maintain
operational eguipment, an outcome that
seems assured when actual equipment is
used for training. A simulator may not be
ready when needed for training the initial
cadres of a new weapon system because its
design and development reguires some effort
in addition to or at least parallel to that
needed for the actual equipment which is
already being produced for the new system;
modifications in the design_of the actual
a new system may &lso reqguire
modifications in the simulator and delay
its delivery. If there are many and fre-
quent modifications to the system, the
original simulator may have to be rede- . -
signed totally at some additional cost, in
order to be useful for training.
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Data on the effectiveness and cost —~ - the performance of technicians trained

of maintenance simulators and actual . with the simulator or the actual eguipment
equipment trainers are considered next. ) trainer. The abilities of the technicians )
in becth groups increased with amount of ..
THE EFFECTIVENESS OF time on the job.

MAINTENANCE SIMULATORS
Time Savings

The purpose of maintenance training,

whether with simulators or actual eguip-. The automated and individualized -
ment trainers, is to qualify téchnicians method of instruction that is an inherent
to maintain eguipment in the field. 1In characteristic of modern maintenance simu—
fact, however, the effectiveness of mainte- lators should be expected to save some of
nance simulators for training technicians the time students need to complete the same
has been compared to that of actual equip- course when given by conventional instruc-
ment trainers -only on the basis of student tion {Orlansky and String 1979). Sucéh time
performance at school and not on the Jjob; savings are reported in three of these - -
there is one exception to this general studies. {(Parker and DeéPauli, 1967, Rigney,
statement (Cicchinelli, Harmon, Keller and Towne, King-and Moran, 1978 and Swezey,
Kottenstette, 19806). The lack of job per— 1979); compared to the use of actual egquip-
formance data to validate training applies ment. trainers; maintenance simulators
generally. to all types of military training _ saved 22, 50 and 50 percent, respectively, N
rather than to maintenance training alonei- of the time. students needed to complete L
) these courses. Although no explanations
Effectiveness of Maintenance Simulators © . are offered for these time savings, one
at Schools could surmise that they are due to such
facters as that brighter students can
We found 12 studies, conducted over complete a self-paced course faster than
the peried of 1967 to 1980, that compare one given by conventional, group-paced oo
the effectiveness of maintenance simu}a?ors ingtruction, that m%jntenance simulators
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setup. The student takes a test at the

completion of each lesson; the answers, on
a sheet, are scored by the computer via an
optical reader, which then directs the stu-
dent to a new lesson or to additional prac-
tice on the current one. .

CAI and CMI systems are not mainte—
nance simulators but they have been used to
provide certain aspects of maintenance
training, e.g., knowledge of operating
principles, troubleshooting procedures,
fault identification, and the knowledyge
aspects of remove and replace actions
{i.e., what the technician should do after
a fault is identified rather than perform
the task with actual parts}. Enowledge
about maintenance procedures can be
acqguired op.a CAI and CMI system but this
is accompliszshed with less fidelity and
with little of the hands-on experience than
can be provided by a maintenance simulator,

“particularly of the 3-D variety. Some of
the new maintenance simulators are essen—
tially CAI systems.

Student Achievement

In a previous study, the authors exam—
ined the ¢ost-effectiveness of computer-
based instruction in military training
{Orlansky and String 1979)., Some of the
courses on which effectiveness data were
available involved instruction similar to
that provided on maintenance simulators,
i.e., basic electronics, vehicle repair,
fire control system maintenance, precisgion
measuring eguipment and weapons mechanic.

" Data on student achievement in these
courses are presented in Figure 4; there
are. 28 comparisons of conventional instruc—
tion with CAY and two with 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
preésent,; was small. This is consistent
with what we found for maintenance simula-
tors,

Time'Savings

bata on the amount of student time
saved by CAI. and CMI in these courses,
compared to conventional instruection, are
shown in Figure 5; there are 30 comparxi-
sons. The amount of time saved by
computer-based instruction varied from
-32 to 59 percent with a median value of
28 percent.

THE COST OF ’ o
MAINTENANCE SIMULATORS

Many people helieve that the cost of a
maintenance simulator is a function of the
fact that it is a two-dimensional or three-
dimensional device, There is a certain
plausibility to this point of view which
-relates the physical characteristics and
complexity of a simulator to its cost. Bub
another important cost Eactor concerns the .
nurber of units that are procured and,
thus, the average cost of each unit. In

order to deal with the issue of costs, we
divided simulators into three classes called
standard, non-standard and CAI-like

systems. L

Standard Systems

_the software.

- courseware funétions.”
“grams that will produce 687 units of 47

.Mk 92 Fire Control System, Close-In Weapon

" CAI-Like Systems

_with courseware designed.specffically to
.train maintenance skills. C
. system uses a two-dimensional display

This class of maintenance simulators
is based on standardization of the physical
configuration. Such simulators consist of
two elements: one element, called here the
"general simulation system" constitutes a
generalized and adaptable (but incomplete)
simulation capability that can satisfy a

‘wide range of 'specific training applica-

tions. The second element, that tailors

the general simulation system to a particu-
lar training application, is typically limi-
ted to courseware and pictorial or other
representations (i.e., the simulation

model) of the particular eguipment being
simulated. Standard systems were the ear-
liest type to be used for maintenance

-training and are the only class. to achieve

extensive 0se. Compared with the other
classes of simulators, the standard systems
are generally lew in cost and limited in .
terms of the complexity of prodésses that
can be simulated. About 650 udifs of stan-
dard simulators have been procured for

about- 200 different training applications |
" (most produced by ECC, Burtek, Ridgeway, o |

and Lockheed). ) . o i

Non-Standard Systems - o |

The ocutstanding characteristic of
non-standard systems is diversity, encom-
passing different contractors and types of
contracts, program purpose, numbers of
devices manufactured, physical character-
istics, complexity, and cost,

The physical characteristics of the
non-standard simulators are diverse and
include two~ and three-dimensional .
trainers. There is wide variability in
Further, since most non-
standard systems typically simulate only
one operatiocnal system, there is no defini-
tive separation between software ard i
There are now about
17 non-standard maintenance simulator pro-

unigue maintenance simulators, e.g., the
System, F-15, MA-3 and 6883 Test Bench.
Producers of these simulators include

Honeywell, Vought, Applimation, Grumman
and RCA. T - -

A CAI-like maintenance simulator is a
computer-assisted instruction (CAI) system

A typical Car

(cathode ray tube and/or random access
slide or microfiche projector) to present

. lesson materials (pictures of eguipment

and the like} under control of .a computer
that also monitors student progress,

prescribes lessons, and scores tests. wWhen
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adapted to maintenance training, the CAI
features are retained, and the trainer may
also employ three-dimensional versions of
equipment. Examples of such systems are
the Navy Electronic Equipment Maintenance
Trainer and the Army Maintenance Training
and Evaluation Simulation System. Insuf-
ficient cost data were available on CAI-
like maintenance simulators and they are
not discussed further.

Costs of Maintenance Training Simulators

We learned, to our regret, that the
data now available on standard systens are
insufficient to analyze their elements of
cost and to relate these cost elements to
the physical and performance characteris-

"difficult or impossible to identify the

major cost distinctions (e.g., between
recurring and non-recurring costs, between
development and fabrication, between hard—
ware and software)} that allow characteris-
tics of the simulator to be related to the
total cost of the simulator program. 3
Data from nine contracts for standard
simulators were reviewed, and the informa-
tion they contain is shown in Figure 6.
These contracts involve the development of
67 different models of simulators and the
delivery of a total.of 444 units. The
figure shows average contract cost per

.delivery (total contract value divided by

the number of trainers procured) vs the

number of.trainers procured in each con- - -

tics of the trainers. In effect, it is now tract., These simulators ranged in unit
210
]
200
.‘
® 120
=
= MEDIAN RANGE
-
- i
I3 COST PER TRAINER 533,000 £10,000 TG $204,000
|
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cost from about $10 thousand to $204 thou-
sand each, with a median cost of about
$33,000. B&s we would expect, the unit cost
is reduced as the number of units in each

contract increases. However, these simula--

tors are not a homogencus sample; they vary
in their complexity, physical -and perfor-
mance characterilsties. Therefore, caution:
is advised in using the-data in this f£ig-
ure.

The cost of 13 non-standard mainte-—
nance simulators is shown in Figure 7. The
estimates are normalized to show recurring
producticon ¢osis adjusted to reflect a pro-
duction quantity of one; costs of develop-
ment and test are not included. These

simulators range in cost from $100 thousand .

to $4.5 million; the median value is $900
thousandg.

The non-recurring costs account for a
large portion of the total program costs of
non-standard maintenance simulators--over
70 percent when only unit is fabricated and
about 50 percent when five or six are fab-
ricated (Figure 8). Software and course-
ware account for 10 to 45 percent of total
program costs (Figure 9)}.

'COST-EFFECTIVENESS OF
MAINTENANCE SINMULATORS

We found that student achievement at
school is about the same whether students
are trained with maintenance simulators or
with actual equipment trainers. Therefore,
the relative cost—effectiveness of mainte-
nance simulators and actual equipment
trainers depends on how much each costs.

We have just shown what maintenance
cimulators cost; next, we must compare the
costs of simulators and.of actual equipment )
trainers. But note that the data on main—_ -

- tenance simulators refer only to procure-

ment costs. These data do not include the

- costs of using these simulators, such as

for instructors, student pay, support and
travel, maintenance of the training eguip-
ment and management of the school. There
is one life-cycle cost comparison that we
will consider separately. The gost com-
parison that follows is incomplete because

it is based only on acquigition costs.

The cost of an actual eguipment ..

“trainer is the production cost ¢of one —

unit of equipment under procurement for

some military system; this value does not
include the costs of research, development,
test and evaluation (RDT&E)}. Adapting a
component of an operational system for use_

in training, such as by adding power, ) )
gpecial inputs and controls, may require ~~ 7
some additional costs attributable to
training.

We were able to get relatively com— . . Ea
plete data, useful for comparative pur- -
poses, on both maintenance simulators and
actual equipment trainers, for only li
cases; comparisons were. not possible for
some recently developed maintenance simula— -
tors where actual equipment trainers had
not been used previously for training.
gome of the simulators are prototypes,
rather than producticon units; data on
these simulators include the costs of _
research and development. The costs of
research and development should be removed.

- Cost
Trainer $(000)

AN/TPS-43 Ground Radar 100
Trident Air Conditicner . 135
Trident High Pressure Air Compressor 140
F~111D Avionics Test Bench (2-D 6883} 395 _
A-gE TRAM 475
MA-3 Generator/Constant Speed Drive . . - 525

Test Stand
AWACS Radar System 200
F-111D Avionics Test Bench (3-D 6883) ’ 920
A-7E Heads—-Up Display Tesit Bench 1295
F~4J/N (AT Trainer) 154Q
BAWACS Navigation/Guidance System - 2460
Trident Integrated Radio Room - Maintenance 2625

Trainer T -
Trident Integrated Radio Room - Operator/ 4465

Maintenance Trainer

FIGURE 7. Acquisition Costs of 73 Nen-Standard Maintenance

Simulators (Normalized to Include Recurring Costs Z
for a Production Quantity of 1)
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FIGURE 8.

SOFTWARE/COURSEWARE COST PERCENTAGE

FIGURE 9,

® AWACS NAVIGATION

IRR-1
A-7E HUD ¢ A-GE DRS

*
MA-3 AA-6E DRS
\ IRB-2 @ AT TRAINER

6883 %

®VYTAS

1 2 3 4 5 6
QUANTITY FABRIGATED

KEY: IAR-1, TRIDENT maintenance trainer
187-2, TRIDENT operations/maintenance trainer
A A-6E DRS, excluding engineering change
% Excludes evaluation costs

Non-Recurring Cost as.a Percent of Program Tatal
Cost According to Quantity Fabricated

50 ‘
* A-6E DRS
5883
. AWACS _
0 NAVIGATION
A-7E HUD
30+
%k
9 MA-3 A A-6E DRS /‘
20| ‘
AT TRAINER
RR-1
® VTAS
10 :_ IRR-2_
0~ 2 3
QUANTITY FABRICATED
KEY: IRR-1, TRIDENT maintenance trainer
IRR-2, TRIDENT operations/maintenance irainer
A A-BE DRS, excluding engineering changes
5.27-81.12 *k Excludes evaluation costs

Software/Courseware Cost as a Percent of Program
Totai Cost, According to Quantity Fabricated
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in order to make a fair comparison of main-

The high cost estimates are shown in

tenance simulators with actual eguipment Figure 10. The ratio of simulator/actual

trainers which, as noted above, are pro-

duction items and exclude such costs.

The number ¢of maintenance simulators pro-
cured could also influence the cost of a

single unit; this varied from 1 to 36.

would bracket the cost of one maintenance
simulator within high and low limits,

These were:

High cost estimate:

costs adjusted to reflect a productlon
this includes the
costs of research and development bat

quantity of one;

Total production

equipment trainer costs is 0.60 or less
for seven cases cases (range 0.25 to 0.55).
There are four cases where this ratio
varies from 1.60 to 4.00 (VTAS, MaA-3, AT ~
Trainer and AWACS). We believe these data.

are suspect for one or more of the follow-
We decided to use estimates which _ing reasons: the costs of the operational

eguipments {some of which are relatively
©ld) may have been considerably under- _

estimated; the cosis of the simulators,
some of which are designed for use in

ing. For these reasons

research, may be high because they anludei
capabllltles not needed for routine train--.

, We decided to

accept 0.60 as an uppetr limit for thé relaZ

not of test and evaluation. We call tive cost of a maintenance simulator com- _-
this the "Simulatcr Normalized Program pared to an actual eguipment trainer. = _ 7
cost".
The low cost estimates, based on the

_ Low cost estimate: The cost of pro- . = recurring cost of these simulators, are
ducing a follow-on maintenance simula- . _shown in Figure 1l. WNine of the ll cases
tor after the costs of RDTRE: proto-— fall at 0.20 or lower; the range is 0.03
types and manufacturing facilitles “to 0.19. The two outlyers (VTAS and MA-3)
have been accounted for. We call this  are regarded as atypical for the reasons
the "Simulator Unit Recurring Fabri- _..set forth above, -

cation Cost."

10,000

1,000

@ TRIDENT
IRA
AWACS
HAVIGATION/GUIDANCE m
I | W
T 1 11 v
e rf
TRAINFB A-7 HUD
—7 saa au
rd
MA-38 vd wA-6 TRAM DRS
- —#5883-2D
TAS 7

7

//T‘L

SIMULATOR, HORMALIZER PROGRAM COST {thousands of dollars)

100 pal I
—Z—TRIDENT — TRIDENT
e HIPAC - AIR CONDITIONER
y..
/1
l— SIMULATOR/AET
=0.60 o ACTUAL EQUIPMENT TRAINER
Q
10 IR  OPERATIONAL EQUPMENT, ADMUSTED ||
10 100 1,000 11,000 160,000
ACTUAL EQUIPMENT TRAINER COST (thausands of doifars)
8-18-81.22
FIGURE 14.
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& 1000 SIMULATOR/AET b IRR
o=
g =0.20 :
E
L 4
=2
=
= mA7 Hlun |
= 1 * 6883-3
= ﬂﬁ il
£ AT W AWAGS NAVIGATION/GUIDANCE
s 100 ®MA-3 TRAINER i
: VTAS $5383-2D
z 7
o h WA-G TRAM DRS
= 7 [T
< TRIDENT] TRIDENT
2 HIPAC  AIR CONDITIONER
]
S ACTUAL EQUIPMENT TRAINER
10 ) ;DII’EI]MT!OI!'AI. EQUIPMENT, ADJUSTED
K 111 n
10 100 1060 10,000 100,000
ACTUAL EQUIPMENT TRAINESR COST {thousands of dollars)
S 16-81-21
FIGURE 11. Relation Betweern Actual Equi

Fabrication Costs

We conclude, therefore, that the
acquisition costs of simulators generally
fall .in the range of 20 to 60 percent that
of actual eguipment trainers. These are
very c¢onservative estimates,

The cost-effectiveness of a mainte-
nance simulator on a life-cycle basis has
been evaluated only in one case, that of
the Air Force 6883 Test Stand 3-Dimensional
Simulator and 6883 Actual Equipment Trainer
(Cicchinelli, Harmon, Keller and Kotten—
stette, 198¢). The three-dimensional
simulator.and actual equipment trainer were
equally effective when measured by student
achievement at school; supervisors' ratings
showed no difference between the job per~
formance of students trained either way for
periods up to 32 weeks of experience after
leaving school.

The life-cycle cost comparison of
gsimulator and actual eguipment trainer is
shown in Figure 12. Costs were estimated
in constant 1978 dollars over a 15-year
period and discounted at 10 percent. The
results show that the total cost per stu-
dent hour was $23 for the simulator and
$60 for the. actual eguipment trainer, i.e.,

" which it is derived. ’

pment Trainer and Simulator Recurring

38 percent as much for the simulator for
all costs over a l5-year period. The simu—
lator cost. less to procure ($595 thousand
vs $2105 thousand, or 28 percent as much)
and less to operate ($1588 thousand vs |,
$3367 thousand Ox 47 percent as much)} over
a l5-year period. N

- Therefore, maintenance simulators afe
more cost-effective than actual eguipment
trainers.

.. DISCUSSION

The f£inding that maintenance simula-
tors are more cost-effective than actual | L
equipment trainers is necessarily qualified
by the limited nature of the data from
gEffectiveness, as
used here, is based on performance demon-—
strated at school rather than on the job.. .
Cost, as used here, refers to the initial
costs of acquiring training equipment and
does not include the costs associated with
the long term use of simulators or:of _
actual egquipment for training, e.g., main- -~
tenance and upXeep, 'instructors and support
personnel, student pay and support. In the
one case where a life-cycle cost comparison
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(rhougsands of dollars)
Actual Simulator/
Item Equipment Simulator AET (%) )
Aoguisition 2105 595 . 28
Recurring costs 3367 1588 47
Total - 5472 2183 40
Net present value 3896 1501 3o
{1978 dollars)
Cost per student 60 23 38
hour
FIGURE 12. 15-Year Life-Cycle Costs of 6883 Test Stand

3-Dimensional Simulator_and Actual Equipment

Trainer

was made, total cost per student howr over
a l5-year period for the 6883 Test Stand
3-Dirensional Simulator was 38 percent as
much as for the actual egquipment trainer,
Both were equally effective as measured by
tests at school and by supervisors' ratings
of performance of technicians on the job
after leaving school.

The data on the cost and effective-~ - -
ness of maintenance simulators have not
been collected in a systematic manner.
Therefore, there is no basis at present
for making trade-offs between the effec-
tiveness and cost of different types of
maintenance simulators on such issues as
two-dimensional vs three-dimensional
design, the complexity of maintenance
simulators (in such terms as. number of
malfunctions and instructional procedures),
the extent to which simulators should
provide a mixture of training in general
maintenance procedures applicable to a
number of different eguipments or for main-
taining only specific eguipments, and the
optimum combination of maintenance simu-
lators and actual equipment trainers for =
training technicians at school.

There have .been too few studies
on the amount of student time saved with
the use of maintenance simulators. There
have been no studies on whether the use
of maintenance simulators 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
training either with simulators oxr actual
equipment trainers.

Maintenance simulators now under
development are only beginning to use
recent technological advances such as
videodiscs, automated veoice input and
output, and miniaturization sufficient to .
make them readily portable. There has. been
more talk than action about such possibili-

ties. Reductions in size would make it
possible, as well as convenient, -tc use
maintenance simulators for refresher. train-
ing near Jjob sites and for performance
evaluation and/or certification of malnte—w
nance personnel on an objective basis in.
cperational environments. Extreme reduc-
tions in size would make it possible to use
maintenance simulators as job aids 'in per- -

_forming maintenance on operational eguip~

ment, thus assuring a close link, not yet
available, between facilities used for
training at school and for. performance on
the job. There is a small but probably
insufficient effort along these lines.

CONCLUSIONS

1. Maintenance simulators are as
effective as actual equipment trainers for
training military personnel, as measured

- by student achievement at school and, in

one case, on the job. The use of mainte-
nance simulators saves some of the time
needed by students to complete courses,
but data on this point are limited. Stu-
dents favor the use of maintenance simii-
lators; instructors are favorable, neutral
or negative to the use of simulators in
about egual amounts.

2. The acqulsltlon cost of: malnte——
nance simulators varies .from 20 to 60 per-
cent that of actual equipment trainers, for
cases where complete cost data were avail-
able. The higher value includes the costs
of research and developnent needed to pro--

duce one unit; the lower value includes
only unit recurring. fabrication costs.. One
life—-cycle cost estimate shows that pur-
chase and use of a simulator would cost 38
percent as much over a l5-year period as it
would for an actual equipment trainer.

3. Maintenance simulators are as
effective as actual eguipment trainers for
training maintenance personnel. They cost _
less to acquire. ‘Therefore, maintenance
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simulateors are cost-effective compared to
actual eguipment trainers. . _

4. The conclusions to this paper must
be gualified by the fact that they are
based on limited and often incomplete data.
There is a need for hard data that compare
maintenance simulators to actual eguipment
trainers in the following areas:  -life-cycle
costs, on-the-job performance, and student
attrition at school. There is also a need
to compare the cost and effectiveness of
simulateors that vary in complexity of
design, e,9., two- and three-dimensicnal
simulators and types of instructional . .
features.
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