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ABSTRACT

The subject of this paper is a cost-~element structure
{CES) that identifies, defines and structures a list of
cost elements that is intended to describe fully the life-
cycle cost of any formal program, course, or device for
individual training of military personnel. It was devel-
oped to satisfy a widely-recognized need for consistent
and credible evaluation of cost in cost-effectiveness
analyses of alternative methods of training. The cost-
element structure is based upon authoritative and widely
used cost guides promulgated by the Services and the
Office of the Secretary of Defense, and many potential
users contributed to its development, Accordingly, the
general use of a comprehensive CES such as this offers
the following advantages. .It should {1} ensure that all
elements of life-cycle costs are accounted for, (2) reveal
gaps in essential data, (3) permit making credible and
equitable compariscons among training alternatives, (4)
identify “cost drivers" for trade-off analysis or cost
reduction, (5) enable resource specialists to focus on
elements of interest, while observing the impact of those
resources in a total-program context, (6) disclose signi~
ficarnt variables for the development of cost-estimating
relationships and, (7) improve communication and under—
standing among officials at various levels in the Services
and the Office of the Secretary of Defense whose decisions
affect the conduct of military training.

PURPOSE

This paper describes the develop-
ment, use, and potential advantages
of a comprehensive cost element struc-
ture that is intended to characterize
fully the life-cycle cost of any for-—
mal program, course, Or device for .
individual training of personnel in
the Department of Defense, regardless _
of the conditions or assumptions im-
posed by the particular*application
or problem of interest. The focus
on formal individual training {alsec
referred to as institutiopal training)
omits consideration of training in oper-
ational mission units, field training
detachments, on-the-job training,
institutions not managed by the
Department of Defense, and non-resident
and correspondence programs.

The main need for a definitive
cost element structure (CES) is to

*This paper is abstracted from Knapp and
Orlansky, 1983¢1}, That paper identi-
fies, defines and structures a list of
42 principal elements and 120 sub-ele-
ments that encompass life-cycle cost.
Space limitations preclude presentation
of the complete structure and the expli-
cit definitions of elements and suh-
elements in this paper. The complete
paper has been distributed and is available
to the public,
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enable consistent and credible evalua-—

tions of the costs of alternative means
to satisfy a specific training regquire-
mant.

This paper is part of an effort to
satisfy a recognized need for a géneral
method that can be used by acguisition
and manpower planners, and developers of
weapon and support systems in and for
the military Services, to estimate the
cost~effectiveness of alternative ways
to train operaticnal and maintenance
personnel. The general use of such a
method should assist policymakers and
decisionmakers at various levels in the
Sexrvices and the Office of the Secretary
of Defense (0SD) to make better informed
judgments concerning the efficient allo-—
cation of resources available for mili-
tary training. This CES might also be
used to analyze the costs of institu-
tional training in other departments
of the government; however, no attempt
has been made to evaluate its usefulness
outside of the Department of Defense.

Since 1t is in an early stage of
development, it is anticipated that this
cost element structure will be modified
and improved on the basis of experience
with its use.

BACRKGROUND
Training is a necessary and expen—

sive activity needed to maintain military
readiness. In fiscal year 1985, for



example, individual training at Service
schools is estimated to cost $17.9% bil-
lion and to account for about 12 percent ™
of all military man-years  in the active
and reserve components [Office of the
Assistant Secretary of Defense (Man%ower,
Installations and Logistics, 1984)1(2),
Both the cost and effectiveness of formal,
individual military training are examined
by the Congress, the 0SD, and the indivi-~
dual Services (e.g., Defense Science
Board 1982(3), orlansky and String 1579
and 1981(4), sString and Orlansky 1977(5)}),
Attention has been directed towards the
cost and effectiveness of £light simula-
tors, computer-bhbased instruction, unit
training, and field exercises.

Our review of the cost analyses in
well over 100 studies of training in the
last six years reveals some fundamental
deficiencies that limit meaningful cost-
effectiveness comparisons among alterna-
tives:

1. The use of formal cost models is
not documented in most studies
on the cost-effectiveness of
military training systems; yet
a formal cost model is essential
to credible cost-effectiveness
analysis. Without explicit
identification of all relevant
costs and assumptions, one
cannot be certain that alterna-
tives are compared in a consis-
tent manner.

Avallable cost data are fragmen-—
tary, are too highly aggregated,
and are not always comparable.
Reasons for these shortcomings
include the following:

a. The apparent lack of reliance
on formal cost models that
include standardized defini-
tionas of cost elements. Def-
initions of cost elements

are not glven in the majority
of studies of military train-
inyg costs reviewed to date.

The acguisition costs of many
training programs (e.g.,
computer-based instruction)
fall bhelow the threshold of
"major" programs £or which
contractors are regquired to
use prescribed formats in
periodic cost reports.

Training eguipment is often
procured via firm fixed-.
price incentive-fee (FPIF)
contracts. Such contracts
provide the Services little
leverage in the specification
of cost detail. Even when
cost-plus—fixed-fee (CPFF)
contracts have been empleoyed,
the Services' project offices
have not always required

contractors to furnish cost
data in standardized formats.

In general, it appears that no stand-

* ardized methodology for analysis of train-
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ing costs has been developed, nor-have
cost data been acquired in accordance with
a common set of definitions.

THE COST ELEMENT STRUCTURE

Approach

A necessary early step in the for-
nulation of any cost-effectiveness
model is the delineation and logical
organization of the functicnal elements
of cost that constitute life-cycle cost
80 that alternatives can be compared
equitably.

Several criteria and ground rules
were adopted to guide development of
the cost element structure (CES) dis-
cussed in this paper.

Scopeé of the CES

This CES should be sufficiently
comprehensive to capture all elements
of the life-cycle cost of any institu-
tional training program, course, OY
device (p/c/d), regardless of its size,
complexity, or cost, The level of de-
tail should be adeguate to identify the
cost elements that are the major contri-
butors {(i.e., the "cost drivers™) to the
total cost of a p/c/d.

Principal Use

This CES, and the cost-effectivensss
model(s} of which it would become a part,
would be used prinecipally in planning for
alternative, new training p/c/d's, and
in evaluations of substantial modifica-
tions tée existing p/c/d's.

pefinition of "Cost"

In choosing among alternative pro-
grams, courses, or devices designed to
satisfy a particular training reguire-
ment, decisionmakers will be concerned
with future expenditures ©of Dol resources
to acquire and/or operate each alterna-
tive. 1In this context, "cost" is defined
as future expenditures of DoD resources
occasioned by the design, development,
implementation, and/or operation of a
training p/c/d. -
Consideration of Service Financial/
Cost Accounting Procedures

The Services use various procedures

*Institucional training is the training
of individuals via formal programs and
courses at schools in the Department of
Defense. As noted above, other types

of training are omitted from considera-
tion, -



Lo estimate training costs that are com—
patible with their financial and cost
accounting procedures. While those meth-
ods may be adequate for use within the
Services, they comprise cost elements

that are not always understood or accepted
throughout the defense training community,
and at the Dob level where final decisions
are made on allocations of limited re—
sources among the Services, mission areas,
systems, and activities. One criterion
observed in the development of this CES
was that its adoption should not necessi-—
tate changes in existing financial and
accounting systems, Accordingly, it

was formulated with reference to a number
of DoD and Service cost/economic analysis
guides and procedures,

Consideration of Work Breakdown
Structures

A defense system or item of major
equipment is described by its Qiscrete
segments (j.e., components or subsystems)
to facilitate management planning and
control of the research and development
and production phases of its life cycle.
The procedure is formalized as a work
breakdown structure {WBS) that is tailored
to the particular system or equipment of
interest (De?artment of Defense, MIL-STD-
881, 1968 (6}), Usually, this practice
is applied to training p/c/d's of substan-—
tial size and complexity (e.g., a trainer
aireraft, a weapon system simulator).

The CES discussed in this paper is in-
tended to apply to any institutional
training p/c/d, regardless of its type,
slze, complexity, or materiel content.

It is impractical, therefore, to antici-
pate WBS's suitable to all p/c/d's:; hence,
the cost elements in this CES are func-—
tion-, activity-, and resource-oriented.
It is left to those concerned with analy-
sis of individual p/c/d's to select per-
tinent cost elements frem this structure
and to integrate them into the WBS for
each p/c/d.

A Proposed Cost Element Stxucture
Applicable to Training

The proposed cost element structure
was constructed so that relevant elements
can be selected to describe fully the
life-cycle cost (or portion thereof) of
any training program, course, or device,
regardless of the constraints, assump-
tions, or other conditions imposed by
the particular application or problem
presented, It is expected that sugges-
tions Eor improvement wogld result from
experience with its use.

*an early draft of the cost element struc—

ture was reviewed by about 30 members of
the defense training community and head-
guarters of the military departments.

Many of their comments and recommendations
are incorporated in the CES,

. The cost elements are grouped in
three categories: Research and Develop-
ment, Initial Investment, and Operating
and Support. Cost elements in the Re-
search and Development and Initial In-
vestment categories are based on those
that have been used throughout the
Department of Defense for many years

to detail the acquisition costs of
weapon systems. The definitions of
these cost elements have been modified
to accommodate functions, activities,
and resources that are typical of mili-
tary training. Training course cost
guidance developed by the Interservice
Training Review Organization (ITRC) was
instrumental in the generation of the
Operating and Support category.

The cost element structure (CES) and
the associated definitions were derived
from the following authoritative and
widely—-used cost guides: Office of the
Assistant Secretary of Defense (Comptrol-
ler)(7¢8, and 3}, Cost Analysis Improve—
ment Groug (OSD} 10), Degartment of the
army (11,12,13,14, and 15), pepartment of
the Navy (16 and 17)  npepartment of the
Air Force (18 and 19§ ~_14 the Logistics
Management Institute (20). The elements
in the Operating and Support cost cate-
gory were adapted, in large part, f£rom
the ITRO's proposed jeint-Service regu-
lation, Sexvices Standard Training Course
Costs {‘*)r and its associated (drafk)
Services Standard Training Course Cost
Procedures Handbook <4/, A Human Re-
sources Research QOrganization report
{Seidel and Wagner, 19773023} was used
as guidance relevant to computer-based
training systems.

Scme training p/c/d's are unique
to specific weapon systems. Other
training course materials and equipment
are developed for general types of train-
ing at schocls. Nevertheless, it is felt
that this CBS, which reflects cost-esti-
mating procedures of the weapon system
and military training communities, can
be applied to all types of institutional
training programs, courses, and devices.

Table 1 comprises excerpts of the
complete CES included in Reference (1).
For the purpose of cost-effectiveness
(C-BE) analysis, this cost structure is
meant to capture all relevant costs to
the government that may be attributable
to a training p/c/d throughout its life
cycle. How the costs would be funded
{Budget Appropriation, Budget Code, etc.)
is incidental to C-E analysis.

The cost elements and their defini~
tions are stated in general terms in order
to accommodate differences in termincology
among the Services, Differences in nomen—
clature of cost elements, accounting sys-—
tems, and data c¢ollection procedures among
(and within) the Services preclude precise
and complete correspondence hetween finan-
cial data and cost elements for all C-E
analyses among all Services. Furthermore,



TABLE 1. A COMPREHENSIVE COST ELEMENT STRUCTURE FOR MILITARY
TRAINING PROGRAMS, COURSES, AND DEVIGES*
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*Excerpted from Knapp and Oriansky (1983).
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data at the level of detail shown in this
CES may nobt be readilly available in the
planning stage of a training p/c/d, when
C-E& analysis should be done. When system-
specific data are lacking, generalized
factors that represent aggregations of
cost elements are often used. These
anomalies in Service practices and data
availability suggest the use of this CES
as a check list to identify gaps in essen-—
tial data and the need for clear defini-
tions of existing data.

Since this CES was developed to cap-
ture all elements of the life-cycle cost
of any training p/c/d, regardless of its
size, complexity, or cost, it 1s necessary
to include cost elements typical of the
largest, most complex, and most costly
p/c/d's {e.g., Undergraduate Pilot Tralin-
ing), as well as cost elements of the
smallest. The result is a lengthy list of
elements, many of which would not be ap-
plicable to cost analyses of less exten-—

(1) Military A % {a) Military
(2) Civifian COPERATING AND SUPPORT (b} Civilian

b. Other Government Personnel Costs 1. Direct Costs (2) Other ﬁtovammant Personnel Costs

" Military

(1) Milltary a, Instructional Costs @ ~
(2) Civilian {1) Pay and Allowances _/\f

t. Other (a) Instructors

1 Military
B. System/Project Management 2 Civilian

(b) Supervisers, Administrators
and Support Personnel

sive training p/c/d's. 1f, for example,
the subject of C-E analysis were computer-
based instruction in a schoolhouse environ—
ment, the costs of Airfield and Carrier
Operations (element C,l,c) and Petroleum,
0il, and Lubricants {(POL) and Training
Munitions [elements C.l.a.(3)(a) and

(b}] would be irrelevant. Qbviously,

the applicability of each of the cost
elements In this CES is dependent upon

the nature and types of the alterna-

tive p/o/d's under consideration. '

While the structure in Table 1 is

 designed to encompass the life-cycle

costs of a training p/c/d, the format
permits individuals with narrower inter-— _
ests to focus on specific cost elements

or groups of elements. It enables bud-
geteers, manpower planners, and training
and procurement specialists, for example,
to identify the resources of primary con-—
cern to each of them, and to evaluate the
implications of those rescources in a total-



program context. Operating and Support
(O&S) costs, for example, have been the
subject of cost containment in recent
years, In personnel-intensive programs
and courses typified by many types of
training {(e.g., computer-assisted and
conventional group instruction), O0&S

costs incurred durirng years of ongoing
instruction could exceed substantially the
costs of course design and development
{R&D) and implementation {(Initial Invest-—
ment). The breakdown of the 0&S category
provides for the many costs that are
associated with personnel who are both
directly and indirxectly involved in the
operations phase of a training p/c/d.

In addition to the chbvious costs of pay
and allowances, the sub-element "Other
sovernment Personnel Costs" (which is
correlative to "Pay and Allowances")
includes other costs that are properly
attributable to the assignment of indivi-
duals to a training p/c/d. Among these
are Permanent Change of Station (PCS)

and Temporary Duty (TPY) costs, which

may be estimated based upon program
characteristiecs such as numbers of per-
sonnel, frequencies of moves, intensity

of program-related business travel, stc.
On the other hand, other personnel-related
costs [e.g., Personnel Replacement, Health
Care, and Base Operations (element C,2.a}]
would be allocated, usually on a per capita
basis, by each Service. Where eguipment
costs are dominant in the R&D and Initial
Investment phases of a training p/fc/d
{e.g., an alrcraft intended solely as a
trainer), the proposed CES provides appro-
priate cost elements (e.g., Design, Compo-
nent Development, Tooling, Production) to
be applied to each major subsystem in the
WBS (e,g., airframe, engine, and avionics).
In this way, high-cost subsystems can be
identified for possible cost reduction or
intra-system trade-off analysis.

ADVANTAGES OF A COMPREHENSIVE COST
ELEMENT STRUCTURE

The general use of a comprehensive -
cost element structure for military train-
ing, such as the one proposed in this
paper, would ofler several advantages for
evaluating the costs of training programs,
courses, and devices,

1, Used as a guide to estimate
costs, it would ensure that all
costs incurred durirng the life-
cycle (or period of interest)
of a training p/c/d would be
accounted for. Gaps in essen-
tial data may be identified
in this way. Should the level
of aggregation of available cost
data not provide explicit infor-
mation on every pertinent cost
element, the source{s) of the
data could, at least, be gueried
to determine whether those ele-
ments were included in the data
that are available. Clearer de-—
finitions of such data would
make them more useful.

This CES is a synthesis of cost

analysis guidance issued for and

by the weapon system and training

communities of the Services and
offices of the Secretary of De-
fense. As such, its general use
should enhance communication and
understanding among people con—
cerned with training and those
involved with other aspects of

- weapon system programs on sub-
jects of mutual concern (e.dg..
cost estimates, trade—offs bet-—
ween cost and effectiveness, and
the allocation of resources among
mission areas, systems, and pro=~
grams.}

The level of detail should be
adeguate to identify the cost
element{s) that account for the
major costs of a training p/c/d.
Tdentification of major costs,
i.e., "cost drivers," would
permit one to focus attention

on areas for significant cost
reduction or for trade-off analy-
ses between high-cost items and
effectiveness. It should also
assist in identifying signifi- -
cant variables for use in the
development of cost-estimating
relationships.

It would permit making compari-
sons of costs among training
options that are reliable and
that can be used with confidence.

APPLICATION OF PROPOSED COST ELEMENT
STRUCTURE TO TRAINING PROGRAMS,
COURSES, AND DEVICES

Table 2 was prepared to illustrate
the applicability of each cost element in
the CES to three types of training, of
various degrees of scope and complexity,
that have been evaluated in previous
studies, i.e., the cost-effectiveness of
flight simulators, computer-based instruc-
tion, and maintenance simulators. The
applicability of each cost element teo -
each type of training was estimated as
follows:

Applicability of Cost Element Symbol

Always applicable - +

May be applicable, depending

on the context of the problem
presented, assumptions, ground

rules for the analysis, and
characteristics of the train-

ing p/c/d of interest. -

Not Applicable {blank)

*Discrimination between military and civi-
lian perscnnel, although an important
characteristic of the CES, is omitted

from Table 2 because it is not essential
to illustrate its general applicability.

i



TABLE 2. ILLUSTRATIVE APPLICATION OF THE COMPREHENSIVE GOST ELEMENT
STRUCTURE FOR MILITARY TRAINING PROGRAMS, COURSES, AND DEVICES*

MAINTENANCE
ACADEMIC TRAINING TRAINING FLIGHT TRAINING
CONYEN- | INDIVID- COMPUTER-BASED? ACTUAL __AIRCRAFT
COST CATEGORIES/ELEMENTS TIONAL UALIZED | COMPUTER- COMPUTER- EQUIP- SiMuy- DPERA- StnMu-
(NO COMPUTERS}) ASSISTED MANAGED MENT LATOR? | TRAINERD [ TIONAL® | LATOR?
A. RESEARCH AND BEVELOPMENT
1. Design + + + + + + + + +
2. Component Bevelopment + + + + + + + . +
3. Producibility Engineering
and Planning . . + * . +
4. Tooling . . . + + . +
5. Prototype Manufacturing + + + + * - +
6. Data
a. Managerial + + + + + + + + +
b. Technical . . + + + + + + +
7. P/G/D Test and Evaluation + + + + + + + + +
8. System/Project Managemen! + + + + + + + + +
4. Facilitias . - . . . - .
10. Other 3 . - . - . . - -
B. INITIAL INVESTMENT
1. Production
a. Nonrecurring
b. Returring
{1} Manufacturing + + + + ¥ + +
(2) Sustzining Engineering + + . + + + +
(3) Sustalning Taoling . . . + + + +
(4) Quality Assurance . . + + + + +
(5} Other . . L4 . - . .
c. Initial Spares and
Repair Parts /\\/ + + + + /\/-a- + +
5. Data -
a. Managerial + + + + + + + + +
b. Technical . . + + + + + + +
¢. Instruction Materlals /\: + + + + + /\/-I- + +
16. Initial Training N
a. Instructors + + + + + + + + +
b. Maintenance Personnel + + + + + + +
11. Transporation
a. First Destination . . . . . + + + +
b. Second Destination . . . . . . . . .
12. Other . » L] [ . M . . »
C. OPERATING AND SUPPORT
1. Direct Costs
a. Instructional Costs
(1) Pay and Allowances
(a) Instructors + + + + + + + + +
(b} Supervisars,
Administrative
and Support
Personnel + + + + + + + + +
(c) Maintenance
Parsonnel . . - + + + + + +
{(2) Othar Government
Personnel Costs + + + + + + + + +
(3) Consumplion
(a) POL . + +
{b) Training
Munitions . . . + +
(c) Utilities
{8) Other \% ) . . . — N\ . .
b. Training Activity Costs
(1) Pay and Allowancas + + + + + + + + +
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TABLE 2. ILLUSTRATIVE APPLICATION OF THE COMPREHENSIVE COST ELEMENT
STRUCTURE FOR MILITARY TRAINING PROGRAMS, COURSES, AND DEVICES*

(Cont’d)
MAINTENANCE
ACADEMIC TRAINING TRAINING ELEGHT TRAINING
CONYEN- | INDIVID- COMPUTER-BASEDA ACTUAL AIRCRAFT
COST CATEGORIES/ELEMENTS TIONAL UALIZED | COMPUTER- COMPUTER- EQUIP- SIMU- OPERA- SiMU-
(ND COMPUTERS} ASSISTED MANAGED MENT LATOR? | TRAINERD | TIONALC | LATOR?
c. Airfield and Carrier — N
Operations Costs
(1) Pay and Allowances . .
{2) Other Government
Parsonnsl Costs . .
(3) Other . .
d. Student Costs
(1) Pay and Allowancas + + 4 + + + + + +
(2) Other Student Gosts + + + + + + + 4+ 4.-
a. Other Direct Costs . . . . - . . -
2, indirect Gasts
a. Base Operations
(1) Pay and Allowances + + + + + + + + +
{2) Other Government
Personnel Costs + + + + + + + + -:
(3) Other . - . . . . /-\/ . il
d. Command Suppart Costs Y% — N
(1} Pay and Allowances + + + + + + + + +
(2) Other Government
Personnel Costs + + + + + + + -:
{3) Other . . . . . . . . :
¢. Other Indirect Costs . . . . . . .

*Excerpted from Knapp and Orlansky {1983).

3nssumes new hardware and/or saftware
t’l‘laslgned, produced, and operated as a trainer.

+ =Applicable

(Blank)=Not applicable.

CEssentially operational configuration and performance. May be used in primary mission role but used as trainer.

+ =May be applicable; dependent upon context of program, assumptions, and system characteristics
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As should be expected, some func-—- -
tions and resources, and the costs asso-
ciated with them, are essential to all
training systems and, regardless of their
size or complexity, certain costs would
always be incurred, These include, for
example, p/c/d design, test and evalua-
tion, system/project management, instruc-
ticnal materials, initial training of in-
structeors, base operations, students,
instrucktors, and other management and
support personnel.,

Ccther functions and resources, how-
aver, are regquired for some, but not all,
new training programs, courses, or devices.
For example, initial investment costs asso—
ciated with hardware and software produc—
tion (e.g., manufacturing, sustaining en-
gineering, tooling, and quality control)
apply to simulators and aircraft designed
exclusively for training, but are not ap-
plicable to conventional and individual-

ized instruction in which computers are
not utilized,

This degree of applicability (symbol
e}, indicating that a cost element may or
may not be applicable, is liberally as-
signed., This is consistent with its defi-
nition, For example, the cost of train-
ing munitions [element C.l.a(3}(b)] is
applicable in individualized markmanship
training of combat troops, but may not
be _applicable in the academic training of
zone—of-interior radar operators. Another
example applies to several elements in the
R&D category for operatichal aircraft used
as trainers. Whether significant costs
would be incurred for component develop-—
ment, producibility engineering and plan-—
ning, tooling, and prototype manufacture
would depend upon the deyree to which
operational aircraft would be modified
for training purposes.




Although we acknowledge that the as-
sessment of degree of applicability in
Table 2 is, in part, judgmental, the table
shows that a common cost element structure
can be applied to the broad range of
training programs, courses, and devices.

DISCUSSION

The main need for a definitive cost
element structure relevant to military .
training is to enable consistent and cred-
ible evaluations of the cost and effec-
tiveness of military training programs,
courses, and devices. Once the costs can '
pe specified and effectiveness measured
or predicted, cost-effectiveness ratios
can be computed for alternative training
p/c/dts.

We have already pointed ocut that the
level of detail in this structure permits
people with interests in different aspects
of training to focus on cost elements of
primary concern to them. It must be noted,
however, that attempts to optimize among
selected cost elements without regard to
related cost elements in the same, o
other, cost categories can result in mis-
leading conclusions, The following exam-—
ples illustrate the importance of carefully
considering the impact of all costs attrib-
utable to a training system, throughout
its life cycle, even though it may not ap-
pear necessary to do so to answer a parti-
cular guestion.

consider, for example, two ways of
providing images of the outside world. in
a flight simulator or a tank gunnexry
simulator. Assuming that both technigques
were equally satisfactory and the imme-
diate concern was restraint in procure-
ment costs (i.e., elements of the Initial
Investment cost category), & decision
might be made in favor of the alternative _
with the lower purchase price. Over the
system's life cycle, however, the alter-
native that would result in lower procure-
ment cost might prove to be more costly
if reliablity were lower, if electric
power consumption were highexr and/oxr oc-—
casional modifications were more costly
to accomplish. :

Another example concerns computer-—
based instruction and conventional class-
room instruction. Computer-based instruc—
tion systems generally are characterized
by higher acquisition costs {(i.e., R&D
plus Initial Investment) than are conven-
tional classroom instruction systems.
Viewing acguisition cost only, one might
favor conventiocnal instruction. Computer-—
based instruction, however, ig self-paced
in nature, and can be employed to permit

*Lower reliablity would cause higher
maintenance and replenishment spares
costs, reflected in elements in the

Operating and Support cost category.
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need of the average student.

fast learners to complete courses in less
time than is needed for conventiocnal in--
struction; i.e., fast learners are not’
constrained by a pace set to meet the
Consider~
able data show that computer-based in-
struction saves, on the average, 25 per-
cent or more of the time students need to
complete the same course given by conven-
tiopal instruction. It follows that if
the cost-per-student of alternative com-
puter-based and conventional classroom
courses are compared on a life-cycle cost
basis, the higher acquisiticn costs of
the computer-based training system might
be more than offset in the operational
phase. This ocutcome would not De ¥ev&aled
if the analysis were limited only to con-
sideration of acquisition costs.

The work breakdown structure (WBS)
of the training p/c/d components to which
the cost element structure will be applied
must be carefully detailed, For example,
an analysis limited to the cost of computer
hardware needed for computer~based in-
struction might show that acquisition
costs have decreased markedly in recent
years, and may continue to decrease in
future years. It would be incorreck,
however, to omit from the WBS the computer ~—
programs and course materials (software
and courseware) needed for computer-based
instruyctidn., These products reguire
highly skilled personnel and their costs
have increased as much as, of wmore than,
hardware costs have decreased, Simi-
larly, in comparing computer-pased in-
struction with conventional instruction,
one might assume, incorrectly, that the
costs of developing course materials would
be the same for both methods of instruction
and, therefore, could be omitted. A care-
fully constructed WBS, however, would in-
clude software as a component of the com-
puter—-based system, but not of conven—
tional instruction, and courseware as a
component of both.

Even though this paper is concerned
only with the problem of identifying the
costs of training p/c/d's, it is necessary
to comment on the companion problem of
determining the effectiveness of training
p/c/d's. It makes little sense to select
the least-cost alternative among several
systems to satisfy a particular training
requirement without regard to differences
in effectiveness among the alternatives.
Selection of the least-cost alternative
in the interest of cost savings or cost
avoidance might result in an unacceptably
low level of effectiveness, The choice
of another of the alternatives might be
preferable if much greater effectiveness
could be achieved with only slightly
higher expenditures. Effectiveness could
become the deciding factor, however, if
the candidate p/c¢/d's were of approxi-
mately equal cost. This is not the place
to discuss the effectiveness of training
other than to say that both cost and ef-
fectiveness must be considered explicitly
in any analysis conducted to enable se-



lection among alternative training pro-

grams,

courses, or devices to fulfill a

specifi¢ need.
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