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CHAPTER I

INTRCDUCTICN

The Department of Defense (DOD) is faced with the
task of acquiring new weapon systems to maintain the United
tate's position as the leader of the free world. The acqui-
sition of these new weapon systems has been characterized
by a history of substantial growth in actual costs relative
to earlier estimated program costs (1; 11; 18; 25). In the
last decade this cost growth in the acquisition of Air Force
weapon systems by the DOD has become a major problem for the
DOD, Congress and the American people (18). Martin defines
cost growth as " . . . when actual cost 1s greater than the
initial estimate for a program [18:847."

Another area that causes chagrin is the disparity
among the cost estimates that are made by many different
Air Force and DOD organizations. During his tenure as
Secretary of Defense, Mr. Laird emphasized the cri<ical
importance of valid cost estimates by establishing the
Cffice, Secretary of Defense Cost Analysis Improvement Group
(0OSD/CAIG). He stated, "Service groups responsible for
independent estimates and the OSD Cost Analysis Improvement
Group should work closely in developing uniform criteria
for cost estimates [31]." Presently the Controller of the

Air Force (AF/AC) and the Director of Procurement FPolicy

il




(AF/LGP), Headquarters USAF are making studies of the dif-
ferent estimating groups so they can understand and reduce
disparities in cost estimates made by the variety of dif-
ferent organizations involved in estimating the costs of new
weapon systems (15; 59).

The Air Force Business Research lianagement Center
has been established to coordinate research particularly
relevant to managing the Alr Force procurement function.

It monitors the different research efforts being accomplished
to provide a focal point for information and limit unnec-
cessary duplication. It is the Center's firm belief that
very few, if any, individuals have an overazll perception of
now the variety of major weapon system cost estimates
interrelate and what causes the wide variances that seem to
exist amoné the different estimates made by the different

organizations (26) .

Statement of the Problem

There is a need to better understand as an overall
process how cost estimates for new weapon systems are
developed in the Air Force, who develops them, and the
contribution each estimate is designed to make in the
overall acquisition process. A thorough analysis should help
explain why Air Force cost estimates for the same weapon

system vary so much from each other and from the actual,

final cost of the weapon.
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Background

The weapon system acquisition process begins when the
need for a new weapon system is first identified, and it
continues through the conceptual, validation, development,
and production phases (18:16). At many points during the

process, different agencies are required to make estimates

of what the new weapon system will cost (533). Most of the
major cost estimates are used principally to justify and to
support prcposals to the Defense System Acquisition Review
Council (DASRC), which in turn determines whether to proceed
with or terminate the wezpon system development (11:5).

The cost estimates are also used to justify and to support
proposals to Congress in efforts to obtain and retain
congressional approval of funding. When there is an
increase in the cost of the program, as measured by the
differences between the development ccst estimates and the
actual cost of the program, the DCD must explain why and is
frequently severly criticized for its inability to control
acquisition programs (11:9; 16:5).

Multiple estimates are made by different agencies
using different techniques (263 53). The cost estimates
provided by the DOD in support of new weapon system proposals
frequently turn out to be inaccurate (27:40). The subsequent
cost overruns result in considerable Congressional and

public concern reflected in a loss of confidence in the DCD

estimating ability and in future program justification

3




efforts (27:40-44),

Justification

The DOD, if it is to regain Congressional confidence
and support for existing and future weapon system programs,
must improve the cost estimates used to support proposals
brought before Congress. It is essential not only to acquire
new weapon systems at minimum cost, but to accurately predict
the cost of these weapons when advocating them. OCnly with
accurate estimates can the Air Force, DOD, and Congress make
appropriate and logical cost tradeoffs among the weapon
system programs competing for defense dollars, and thus
insure the most effective use of the scarce U. S. tax dollar
(22:8; 27:20).

Mr. Laird, while serving as Secretary of Defense,
stated that valid cost estimates are critical to =
successful defense posture (31). Professor Bruce 3Baker
carried this a step further in the concluding remarks of his
1972 doctoral dissertation, stating, "It can be surmised
. « . that as original estimates become more realistic,
greater pressure will exist to stay within those criginal
estimates [ 2:1247." The pressure to stay within the
original estimates and to reduce cost overruns is present
now, even though these estimates may not have become more
realistic or accurate. Congress has reduced the percentage

of the federal budget allocated to the DOD from 60 per cent

in 1954 to approximately 30 per cent in 1974 ( §:10). This

L




is partially due to the fact that the American public has
been demanding and receiving a larger share of the federal
budget for social programs such as aid to education, welfare
and health care ( 8:10), but it may also be due partially
to a perceived inability of the DOD to control its weapon
system acquisition process (21 :49).

In 1974, Secretary of Defense James Schlesinger
stated that the defense policy of the United States would

continue to be one of maintaining " . . . a reasonable stable

(0]

level of defense effort . . . [24:47." Thus it would seem
that the DCD must continue to arm itself with new weapcn
systems to meet future threats, but with an apparently
reduced buying power. To do this it must regain Congres-
sional confidence in its ability to make accurate cost
estimates.

After interviewing several personnel interested in
the estimating preocess (14; 15; 26 ), it is evident that a
variety of opinions exist as to how the DOD estimating
process works. An analysis of their comments indicate that
there are conflicts regarding who makes cost estimates on
new weapon systems and what technigues are used to make
these estimates at various points in the weapon system
acquisition process. Misconcepticns are also evident in
regards to comparisons between cost estimates made in the

conceptual phases and estimates mace in the production

phase.
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Objective
The objective of this study is to clarify and
document the overall cost estimating process used by the

Ailr Force in the acquisition of new major weapon systems,

Research Questions

The following research questions are posed to guide
the research toward the stated objectives:
1. What model of the cost estimating process for

new major Air Force weapon systems can be developed that

depicts

a. the organization/agency providing each cos<
estimate,

b. the purpose for which each cost estimate is
developed,

c. the point in the acquisition process where
these estimates are made, and

d. the technigues which are approprizte to each
organization/agency in producing their estimates, considering
the information available at the point when the estimate is
needed?

2. If such a model can be developed, can it be

validated to demonstrate that it realistically reflects
the "real world" estimating environment of the agencies
concerned with the acquisition of new major Air Force

weapon systems?

RS A AR 5 0 e




Study Approach

Research Question number 1 will be answered by a
thorough literature review in Chapter II. This literature
review will include AF iand DOD regulations, manuals,
pamphlets, directives, and other publications as applicable.

The methodology for validating the model will be
presented in Chapter III. The answer to Research Question
number 2 will be developed in Chapter IV using the
methodology presented in Chapter III, Finally, Chapter V
will contain the conclusions reached as a consequence of this
research effort and the recommendations the authors have

for implementing the results and for needed future research.




CHAPTER 1II
! LITERATURE REVIEW

A literature review was conducted to answer Ressearch
Question number 1. A model of the cost estimating process
used by the Air Force in the acquisition of new major weapon

systems was developed. The literature review covered <the

appropriate regulations, manuals, directives, and other
publications available to define:

1. the Air Force weapon system acquisition process
and phases;

2. the sources of cost estimates made within this
process;

3. the type of estimate made or purpose for which
an estimate is developed by each organization/agency during
the phases of the weapon system acquisition process;

L, the amount of data available during the different
phases of the weapon system acquisition process to make
cost estimates; and

5. the techniques used by the agencies toc make their
cost estimates,
These five areas were considered the major concerns in
developing a model of the cost estimating process for

acquiring new major Alr Force weapon systems., The model

Do oL o A 0 ‘ A AR ¥ oA A G, 4 Y o W




developed through this literature review is presented in

Figure 2 at the end of this chapter.

Weapon System Acquisition
Process

The process by which weapon systems are acquired by
the Air Force is termed the weapon system acquisition
process. This weapon system acquisition process is composed
of six (6) phases: (1) the conceptual phase; (2) the
validation phase; (3) the full scale development phase;

(4) the production phase; (5) the deployment phase; and

(6) the reutilization and disposition phase ( 60:2-3).

Cost estimates dealing with system acquisition are normally
made in the first four phases. Cost estimates made for
optimal system deployment and for the reutilization and
disposition of the system are beyond the scope of this

research effort. Therefore, only the first four phases

Vl_l
(=]

zure

e

will be considered in this study. (See for =

graphic presentation of the weapon system acguisition
process).

DOD Directive 5000.1 defines a majcr weapon system as
one whose program dollar value will have an estimated
Research Development Test and Evaluation cost in excess of

50 million dollars or an estimated production cost in

excess of 200 million dollars (29 :1). For this research

m
ct
(18]

3

project, only major weazpon systems within the weapon sy

1isition process are considered.
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Conceptual phase. During the conceptual phase, an

operational requirement for a new weapon system is

; identified (11:5). This need is normally defined by an
operational command, but others do identify need requirements.
Contractors, military study groups, and organizations such
as RAND, Analytical Systems Incorporated, and MITRE also
identify such needs ( 60:10-22). Regardless of who
initiates the identification of the need for a new weapon 3
system, official recognition of the requirement begins with |
the preparation and submission of a Required Operational
Capability (ROC)( 60 :10-24)., A ROC is submitted to
Headquarters, USAF under the provisions of AFR 57-1 ( 34).

AFR 57-1 defines a RCC as "a formal, numbered document,
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or improved capability for the operating forces. The
capability sought is described in terms of operationzl
objective, operational environment, support and maintenance

concepts, and concept of operation _34:2]." The ROC
provides the information and supporting rationale necessary ’
to develop a thorough understanding of the deficiency to be
alleviated and the corrective action proposed ( 60 :10-27).

The Conceptual phase has three objectives (12 :24)

(1) to establish the military, technical, and economiz basis

required to support a decision on whether to acquire the

new weapon system; (2) to identify the alternative approaches

available and select the preferred one; and (3) to gather

it




data and make a detalled analysis which will support a
decision to proceed with the acquisition process. Portions
of this data are us2d to make cost estimates (12:24). This

| analysis and a plan for the program are documented in a
Development Concept Faper (DCP) which is reviewed by the
Defense Systems Acquisition Review Council (DSARC)( 60 :2-4).

The DSARC was established to provide the Secretary

of Defense with information and recommendations on the

] status and readiness of each major weapon system concept

in order to proceed into the next phase in the acquisition

process (31:4). In the conceptual phase, the DSARC must

: make a decision (DSARC I-Program Decision) whether to

(<)

recommend to the Secretary of Defense to proceed into the

0:2-4),

On

T i
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validation phase or to reject the system as propo

R

Validation phase. In the validation phase the

technical, schedule, and cost requirements of the weapon

E system are refined and validated (12:25). The objective of

v

107]
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the validation phase is to establish firm and reali
performance specifications which meet operational

requirements (12:25). This phase is normally conducted by

M e o i L b o st o L L b L e L . e ol

the Air Force working with two or more contractors (if
possible) who are interested in performing the full sczale
development and production of the weapon system (11:3).

The contractors, working independently of each other, present |

[
|

~)
il
.

design proposals for consideration by the Air Force (
o v

12
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Cnce again, a DSARC decision (USARC II-Ratification
Decision) must be obtained in corder to proceed to the
; development phase (12:26), DSARC II reviews the program
with respect to the technical risk involved, the time
required to obtain a completed weapon system, and the

estimated cost of the weapon system (11:7),

Full scale development phase. The objective of the

full scale development phase is a completely defined weapon
system in terms of technical performance, schedule, and cost

(11:8)., A limited number of working models (prototypes) are
d

)

abricated during the full scale development phase, These
hardware models are used to provide actual performance
demonstrations and verify the weapon system design. The

documentation necessary to produce the weapon system for

ot
oy
I»J
wm

inventory is also identified and is developed during
phase (12:27).

The culmination of the full scale develorment phase
is the DSARC III decision (production decision). The DCP
is updated and the DSARC determines whether or not to
recommend full scale production and deployment of the
weapon system. It must also determine the initial quantity
to be produced and approve plans for future production
(12:28), DSARC III is the last chance to stop the new

weapon system prior to full scale production (53:2-4).
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Production phase. In the production phase, the

weapon system and its support equipment are produced for
cperational use (12:28). During this phase, responsibility
for support and use of the weapon system is gradually
transferred from Air Force Systems Command (AFSC) to AFLC

for support and to the using command for operations.

o)

Operational testing takes place during this phase.
Production and deployment of the weapon system occur
simultaneously and may continue over long periods of time
{11 : 8).

Cost estimates are made in each of the phases of
the weapon system acquisition process <o support propcsals
made to the DSARC. The DSARC considers the wvalidity of the
cost estimates in making their decision on whether to
proceed to the next phase or to stop the program (31:7).
The phases of the weapon system acquisition process can
thus provide the basis for identifying when cost estimates
are made and the amount and kind of data available for

making cost estimates on new weapon systems,

Sources of Cost Estimates

Four forms of cost estimates are developed during
the weapon system acguisition process. These estimates zare

the Cost Analysis Improvement Group (CAIG) estimates;

[

ndependent Cost Estimates (ICE); Air Force Systems Command

n

ystem Program Office (SPO) estimates; and contractor

estimates or proposals (19:1).
14




Cost Analysis Improvement Group. The CAIG was

established under the office of the Secretary of Defense
(OSD) by DOD Directive 5000.4. The primaty responsibility

of the CAIG is to " . . . act as an advisory body to the
DSARC on matters relating to cost [31:2]." The CAIG provides
the DSARC with:

1. a review and evaluation of independent cost
analysis provided by the MAJCCM performing the Independent
Cost Estimate and program cost estimates provided by AFSC,
to include all elements of system costs;

2. criteria, standards, and procedures concerning
preparation and presentation of cost estimates; and

3. an assessment/recommendation on cost objectives
prior to including them in approved DCPs (31:2).

The CAIG is also responsible for developing methods,
techniques, and policies to improve cost estimating by DOD
components and to resolve issues arising over the
comparability and completeness of cost data (31:2).

The 0SD CAIG reviews and evaluates z2ll cost
estimates prior to their submission to the DSARC for review
(60 :10-46). This review and evaluation takes place at the
completion of the conceptual, validation and full scale
development phases of weapon system acquisition (60 :2-4).
The 0SD CAIG resolves any differences betwesen the ICE and
the SPO estimates. In this context, it provides an estimate
of its own to the DSARC (31 :2).

15
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Air Force Systems Command. AFSC Manual 173-1 estab-

lishes the requirements for the Aeronautical Systems Division
(ASD), Electronics Systems Division (ESD), and the Space & i
Missile Systems Organization (SANMSO) to make cost estimates |
in support of planning and program/budgeting activities
associated with the concept formulation, development, and
acquisition of new weapon systems (33:1.1).

ASD has primary responsibility for planning,
developing, and acquiring aeronautical systems including
aircraft and air launched missile weapon systems. ESD has
primary responsibility for planning, developing, and
acquiring all major electronic systems. ~SAMSO has the
primary responsibility for planning, developing, and
acquiring all ballistic missile and space syssems ( 45:7-9).

These organizations estab a System Program Office (SPO)

lish
to monitor and manage each weapon system, One principal

%

0 is to develop an official program

Cost estimates by the apprcpriate system program

responsibility of each S

cost estimate for AFSC (4

n

office are prepared at any time throughout the weapon system
acquisition process, but are mandatory at three significant
points in the process. These points are just prior to the
three DSARC milestones and in preparation for the DSARC

review and decision (33:1-4),

Independent Cost Estimate. Air Force Regulation

173-11 establishes the procedures for the Independent Cost

16
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Analysis (ICA) Program (35). An ICA is a cost estimate made

independent of the official (SPO) program cost estimate.
The purpose of the Independent Cost Estimate (ICE) is to
provide a test of the reasonableness of the SPO program
estimate. To insure that the ICE is not a repeat of the SFC
estimate, the techniques used to prepare the ICE must be
different than those used to prepare the SPO estimate (35:1). *

HQ USAF, Directorate of Management Analysis

designates which major command will have the responsibility
for preparing the ICE. The designated major command provides
the team members, as required. It must also insure tha* the
SPO provides the program, contract, technical, and cost data
required by the team to perform the ICA and make the ICE
(35:1). The team preparing the ICE must be organizationally‘
separated from the SPO managing the system. No member
participating in the preparation of the ICE may have
participated in the preparation of the SPO estimate for the
same weapon system (35:1).

An ICE is prepared on a major weapon system for each
DSARC milestone. The major command designated to perform
the ICE is notified approximately 65 workdays prior to the
DSARC review. The results of the ICE are presented to the

0SD CAIG ten workdays prior to the DSARC review (35:3).

Major commands. AFR 57-1 establishes the
procedures and assigns the responsibilities for writing

ROCs for new and improved operational capabilities (60:10-24),

~
/
i

4
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It tasks AFSC and/or AFLC with the responsibility to prepare
budget cost information. Budget cost information is defined
as "Information on proposed alternative solutions, costs,
and schedules for satisfying a ROC [34:27."

AFSC 1is specifically tasked to provide preliminary
cost estimates, to include life cycle cost projections if
available, for those ROCs requiring a research or development
effort (34:3)., AFLC is specifically tasked to provide cost
estimates for those RCCs that can be satisfied by modifi-

cation to a configuration item (34:3).

Contractor proposals/estimates. The defense industr

is composed of approximately 22,000 prime contractors and
100,000 subcontractors (23:57). These contractors are used
throughout the weapon system acquisition process to support
the Air Force efforts in designing and estimating the cost
of new weapon systems as well as producing the weapon
system (18:22-33). They provide technical, feasibility,
and cost studies to the Air Force in the conceptual phase
and cost proposals, budget estimates and cost performance
reports in the conceptual, validation, and full scale
development phases. Cost estimates of the program's progress
and compliance with earlier estimates, in the form of cost
performance reports, are provided in the production phase
(18:22-36; 53; 60:10-34), These cost estimates are used

by the appropriate SPO as a basis for their cost estimates

and in tradeoff studies to determine which alternative

18




system to develop to satisfy the operational requirement

and/or which design to pursue (53; 60:15-33,34),

{ Amount of Data Available

Professor Baker, in his doctoral dissertation,
"wT

Improving Cost Estimating and Analysis in DCD and NASA",

dentified Historical Data Problems as a major problem

(&N

area for estimations. One question in a survey conducted
for his dissertation requested information about the
principle problems of cost estimating perceived by persons
in the field. Twenty three per cent of the 1353 individuals
involved in making cost estimates indicated that problems
related to the amount of historical data available were the
most important problems of cost estimating and analysié.

AFSC reponses to the survey indicated 26% (74 out of 285)

felt that data availability was the most important problem
(2:50-54).

The problems grouped into the categcry of Historical
Data Problems were:

1. data availability and collection problems;

2. lack of accurate, reliable, credible, valid, and

current data;

3. lack of data base and/or computerized data bank;
L, insufficient data regarding installing and

operating costs; and

5. insufficient data regarding recurring vs.

non-recurring costs ( 2: 51).

19




Problems involving techniques, tools, methodology,
and procedures were also identified as major problems of cost
estimating by 26% of the respondents. The specific problems
identified within this category all involved a lack of
xnowledge concerning how and when the various techniques,
tools, methodology, and procedures should be used ( 2:50-34,
115-117).

Captains Barga and Poch in their technical memorandum
for the Air Force Aero-Propulsion Laboratory indicate that
during the conceptual and validation rhases of the
acquisition process, there is often a lack of adequate,
complete or firm system definitions. The specifications,
drawings and statements of work are not available in detail,
because the decision of which alternative design to use has
not yet been méde. The weapon system design 1is still
undergoing research and development. Because there is =z
lack of complete data and only historical data on analogous
systems is available during the conceptual and validation
rhases, a parametric approach to cost estimating should be
used (3 :3,19). DlMore information becomes available during
the full scale developrment and production phases. Additionzl
data on system specification and performance requirements
tecome availsble 2s the weapon system is better defined.
More identification and prediction of the information nct
available is alsc possible during the full scale development
and procduction phases ( 3:19-22)., For this reason, more
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accurate methods of estimating weapon systems costs can be
used, A detailed engineering approach becomes possible

' during the full scale development and production phases
(3:19).

The amount or level of data available to make cost
estimates, as described by Baker and Barga (2:50-54) and |
Poch (3:3, 19-20), can be placed on a continuum rangiﬁg from
little or no hard, factual data available to a highly
detalled level of data., For the purpose of this research,
the researchers have defined four categories of data levels,

These levels are based on the activities taking place in the
phase of the weapon system acquisition process, i.e., as

the system progresses through the acquisition process, it
becomes better defined and moves from a paper concept to

an .actual item in the Air Force inventory. The four levels
of data as defined by the researchers are:

1. VAGUE--In the conceptual phase, there is an
almost complete absence of factual cost data on the specific
system being worked, The new weapon system is basically a ,
paper system and has not been defined beyond the stage of a
requirement for a particular type of weapon system to meet 2 i

o2
-

R

o

data o

[S
O

need (11:4-8; 12:23-29). There is, however, spec

A

-0

ion

[
r,)
0
ot

other weapon systems avallable for use, dut the r

the new weapon system is questionable (3:2, 19).

2., LIMITED--In the validation phase, the design of

the system begins to take shape. DMNcre specific informaticn

il




is available on what the new system will be and what the

u
e}

ecifications of the system are (12:23-29). Eecause this

0

dditional information is available, a better comparison t
other, previous weapon systems can be made, giving the
estimating agencies more, but still limited, data on which
to base their estimates ( 3 :19-22).

3. DETAILED--In the full scale development phase,

the system is completely defined and the specifications

£
-

[

nalized. Prototypes of the weapon system are developed
for testing (12:23-29). It is in this phase, that the
majority of detalled data for making cost estimates becomes
available. Limited production figures from the prototype
production are also available for use.

L., HISTORICAL--In the production phase the full
production figures are available in the form of cost
performance reports and other accounting reports. At this
point, except for changes in the production schedule and
future inflation rates, the actual cost of producing the
weapon system is easily and accurately projected (11 :4-8;
121 23~29; 25).

Technigques Used to Generate
Cost Estimates

From a review of the available literature it is

ification,

1

apparent there is little agreement as to the cl

)

S
=]

[0}

description and name of cost estimating ftechniques. Phillip

Cstwzald has described in detail eight "preliminary methods"

ze
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(conference, comparison, unordered ranking, unit, exp

D

e)

[

value, computer simulation, probability, and crdinal sca
and five "detailed methods" (factor, power law and sizing
model, standard time data, cost-estimating relationships and
marginal analysis) (20:167-217). Tom Bond has described
five "basic methods” (list price, cost as a function of cost,
cost as a function of performance, item analogy and expert
opinion) (5:123-7). C. A. Batchelder has described three
"major methods" (industrial engineering, analogy, and
statistical) and mentions that one military source states
there are two (synthesis and analysis) while another states
there are four (analytical appraisal, comparative znalysis,
statistical analysis, and standards) (4:1-10) R. S.
Harrison has described four "basic methods" {empirical,
comparative, statistical and standards) (17:4-6). An
introductory short course in cost estimating and analysis
sponsored by the Comptroller, Air Force Armament Development
and Test Center, Eglin AFB, Florida, mentions nine cost
estimating fechniques (parametric, cost-to-cost, cost-to-
noncost, analogous, engineering, industrial engineering,
rates and factors, simulation, and trend analysis) and
descrives four of the "major" ones (parametrics, analogous,
engineering and trend analysis) (48:1.7-2.66). The
Department of Defens¢ through the Armed Services Frccurement

R

®

gulation Manual (ASFM No. 1) cdescribes three "mcre common ;

methods" (round table, comparison, and detailed) (28: 2828).
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As can be seen there are many different tecnnigques
used in the derivation of cost estimates. The choice of
which technique(s) to use in any given situation is therefore
subjective and confusing. The introductory short course

Cost Estimating and Analysis gives some assistance in

making the choice by identifying four factors to be
evaluated before making the choice. These items zare:
» 1. the type of data that is available at the time

the estimate is being made;

2. the purpose for which the cost estimate is to
be used;

3. the accuracy that is desired/required of the
estimate; and

li. the restrictions of time and resources within
which the estimate is to be made (48:2.73).
George L. Martin, Executive Secretary of the National
Estimating Society (NES), in a letter to the Cost Accounting
Standards Board also concludes that there are a large

number of techniques to use in the prevaration of cost

estimates and that the situation should determine the
technique to use. He emphasizes that Mr. R. S. Harrison,
President of the Atlanta NES chapter, has written a took

ng in which he

(S8

called How to . . . Manual on Cost Estimat

has given six steps to follow in developing
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The steps are:




1. Define the work to be done in as much detail as
possible and reasonable, This means forecasting the
details of the work to be done and the kinds and
quantities of materials, parts, and equipment which will

be reguired.

2. Estimate the man hours, material costs, and
other cost-producing elements as well as the elapsed
time required to perform each detail of the work.

3. Estimate the costing rates and factors for the
work to be done.

4. Apply the costing rates and factors to cost-
producing elements to establish total plant costs.

5. Evaluate the costs, make any adjustments to the
cost estimate that are required, apply the desired
profit and other cost factors and prorations or
additions, and establish a sales price. Ny

6. Prepare for submittal to the customer [17:3-47.

D i i
These steps may seem simple and obvious, but they are basic
and worth noting oy any cost estimator. Nc matter what
technique or combination of techniques is used, the steps
are still valid (15:4). By combining the items to locok at
and the steps to follow, the technique to use should be
almost self-evident.

For ease of handling, the researchers have broken
the cost estimating technigues into four main categ
(Parametrics, Research and Development, Engineering, and
Standards) which correspord to a given phase in the
acquisition cycle: Paramesrics to the Conceptual phase;
Resezrch and Development to the Validation phase;
Engineering to the Full Scale Development phase; and

1

Standards to the Production phase. This classification was
selected so that the specific technique would be grouped in
terms of the data required fo apply the technigue. These

ijata available in the various
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phases of the major weapon system acquisition cycle. The
techniques have been placed in categories consistent with

the majority of the literature reviewed.

Explanation of individual cost estimating technigues.

The following cost estimating techniques are explained as
they will be used throughout this research effort.
Techniques were combined if their descriptions and degree of
input data wers similarly explained in the literature.

Table number 1 presents a compilation of the cost estimating
technigues. This tatle shows the techniques grouped by
category. Because of the widespreacd use of different names |

for the same basic technique, the additional names

associated with the same or similarly described technigues
have been added for the readers convience. The cost
estimating techniques azare:

1. Analogy Cost Estimates--This method is derived
by choosing analogous programs that have already been

completed and for which cost data is available. A ratic of

ct

the degree of similarity is then defined. The cost estimate

is produced by multiplying the similarity ratio by the cost
of the analogous project. According to Bond, this is the
most common estimating method in use today (5 :126). It

also requires =z high degree of knowledge zbout the design
and mechanization scheme (48:2,58) as well as expertise on

the part of the estimator (4 :7). Other names for this

ethod are comparative (173 20; 28); power law and size
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model, where only the size of the item changes (20:171-4);
factoring, where the degree of each similarity is called a
factor (20:196); unordered ranking (20:171); and unit method
(20:174).
2. Computer Simulation Cost Estimating--In this
technique,
Simulation is defined as the manipulation and
observation of a synthetic model representative
design which, for technical or economic reasons, is
not susceptible to direct experimentation. This
synthetic model ideally represents the essential
characteristics of the real system with the frills
3
excluded [20:177].
Once the simulation is programed in the computer, the
"real system" data is entered and the simulation produces
the projected cost output.

3.
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ost Estimating Relztionships (CER)--This method
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It uses one or more independsn

related costs, performance characteristics, etc., and
derives a cost estimate based upon historical estimating
relationships from a related program. Two assumptions must
be met for this estimate to be valid. The first assumption
is that the new program will be affected in the same way as
the original by <he independent variable. The second is
that the acceptable CER has been established and verified
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L., Engineering Cost Estimates--This method is the
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most detailed of all the techniques. It involves breaking
down the project into detailed work segments which can bte
individually estimated at an assumed high level of accuracy.
These estimates are then summed into a total cost estimate
(4 :2; 48:2.60). It has also been called detailed cost
estimating (28:2B28).

5. Expert Opinion Cost Estimates--This is a purely
subjective technique and is difficult to analyze and
substantiate. The expert's opinion must be accepted as
valid. The expert must completely understand all of the
factors in the problem. This method is best applied on new
products which are beyond the technical state of the art
(5:126-7). Another name for this method is empirical
cost estimating (17:4). When a group of experts is used,
this technique is called the conference method (4:168-9)
or round table estimating (28:2B28),

6. List Price Cost Estimate--This method reguires
that the items to bte estimated have a historical price that
is available and acceptable. The estimater cnly has to
multiply the units required by the accepted price and the
cost estimate is complete. This is the most accurate
method (5:123) given that accurate lis* prices are available,

7. Marginal Analysis Cost Estimating--This type
of estimating is used to cost out changes in operations or
engineering changes for a product. The change usually

involves incremental amounts on relatively large orders

Ju




(4 :207-217). The primary tool used in marginal analysis is
differential calculus, a tool which is beyond the scope of
this study to describe. An excellent explanation can be

found in Cost Estimating For Engineering and Management, a

1974 publication by Phillip F. Ostwald (20:207-217).

8. Parametric Cost Estimates--This technigque is
accomplished by correlating design parameters to historical
costs with the use of regression analysis. The results
describe cost relationships between the parameters (48:2.24).
These relationships applied to the desired parameters will
result in the estimated cost.

9. Standard Time Data Cost Estimating--Thi
technique uses historical cost data to find the standard
cost or time to complete a given task. Cnce a set of
standards is known, future event schedule/cost can be
calculated. The standard for a task is multiplied by the
number of times that task must be accomplished. Then all
computed values are summed to the final cost estimate
(17:63 20:202-6). ~ : :

10. Statistical Cost Estimating--This technique 1is
used to estimate the entire job by using major parametsers
or technical characteristics, such as weight or speed, To
obtain costs for major portions or the whole. It is

similar to a macro engineering technique with parametrics

added to fill in any gaps (17 :5; 20:2-3). "This is
sometimes referred to as 'grass-roots' estimating [20:2]."

Je




Other names for similar techniques are expected value

(@8]
)

3

| 11. Trend Analysis Cost Estimating--This technique

(20:175), probability (20:181), and ordinal scale (20:1

examines the cost schedule trend patterns during the full

scale development and production phases. These trends

[\

re
then used to project the anticipated cost to complete the

contract (48:65).

Categories of cost estimating technigues. As

discussed earlier, the amount and detail of data increases
across the weapon system acquisition cycle. For this reason,
the following categories are based on the amount and detail
of data available at the corresponding phase in the weapon
system acquisition process.

It should be noted that the techniques used in the

earlier phases can be used throughout the weapon system
acquisition process. As the amount of available dat
increases, other technigues become usable that provide

increased accuracy. For these reasons the techniques appear

in those categories where they will produce their greazest
accuracy. The cost estimating technique categories are:

1. Parametric Category--In this category the cost
estimates come from relationships which can be developed
between historical costs, system physical attributes and/or

performance characteristics. The historical costs take into

account system growth, engineering changes, program
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stretch-outs and any other possible difficulties encountered
in comparable programs (13:5.4; 17:4). They have valuable
application when:

a. Some performance/design parameters are known
but detailed mechanization features are lacking.

b. Gross estimates are acceptable.

c. In the early stages of program development.

d. Quick reaction estimates are needed.

e. Used for cost/performance trade-off studies
(L8:2.50).

The cost estimating technigues which fit into this
category include analogy, CER, expert opinion, list price,
and parametric.

2. Research and Development (R&D) Category--In this
categery the cost estimates are developed by a combination
of the parametric and engineering techniques. Data on
ect is generzted through
engineering test and research. This data is then used with
the engineering technig'ie to develop the costs c¢f these
critical aspects of the program. Those parts of the project
that are left are estimated using the parametric techniques.
The resulting cost estimate therefore falls in the middle

as far as detail, time to complete and position in the
major weapon sSystem acquisition process are concerned. Its
major contribution is that of an improved and upcdated cost
estimate for review at DSARC II (14 ).
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The cost estimating techniques which fit into this

category include analogy, simulation, CER, engineering,

expert opinion, list p

o]

ice, marginal analysis, parametric and
Sitatishical.
3. Engineering Category--In this category the cost
estimates are made by
N deflnlng the effort to be accomplished, the
schedule it is to be accomplished against, and the
materials and proces*es to be utilized; parceling
this information out to the performing organizations_
who estimate the cost for each work package (48:2.60].
They have valuable applications when:
a. Detailed cdata 1s available and detailed
estimates are desired.
b. Contractors are calculating bid prices.
c. Time is available to properly complete the
process. (This process is time consuming) (48:2.68).

The cost estimating techniques which fit into this
category include simulation, engineering, marginal analysis,
standard time data, statistical and trend analysis.

L, Standards Category--In this category the cost
estimates are developed from historical cost data,

Standard estimates are developed by studing this data base
and conducting time and motion studies on combinations of
these costs (17:6). Other statistical methods such as
regression analysis can be applied to this historical data
to yield standards which can be used to predict future

costs (20:203). Some of the advantages of the standard
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a. The data 1is cheaper and easier to

(]
O]
ot
%
)
e

b. The estimates are more consistent.
c. It is easier to understand its deviation
(20:203).
The cost estimating techniques which fit into this

category include standard time data and trend analysis.

Summary

F;j

igure 2, Model of the Air Force Cost Estimating
Process Within the Air Force Weapon System Acquisition
Process, summarizes the literature review. The Air Force
weapon system acquisition is used as the time frame upon
which the model is built. The agencies identified as
making estimates, the type of estimate they make, the type
information availzable to them to make the estimates znd

the techniques used in making the estimate are presented.
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CAIG Evaluation Parametric Detailed
DSARC III - Production Declsion
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Produc- Contractor Cost Standards Historical
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= e ~ cH "
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The contractor & SPO can make more than one estimate during
each phase. An estimate is made and revised until time of
presentation to the DSARC' for a decision.
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The SPO & Contractor personnel make continual on-going
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estimates throughout
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CHAPTER III

METHODCLOG

scription of Universe
and Population

For this research, the universe is defined as the
set of all agencies which make cost estimates on DOD weapon
systems acquisitions. The population is definec as the set
of all DCD agencies which make cost estimates on major Air
Force weapon system acquisitions. This includes the OSD

CAIG, Major Commands, and System Program Offices.

be interviewed to obtain the organizational view and to
reduce the problem of individual bias. The sample was
selected for it perceilved representativeness relative to the
population and for the remainder of this study it is

assumed that *he sample can be considered representative of

the population.
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The rationale for this assumption is as follows:
1. The OSD CAIG is the same agency in both the
sample and the population and therefore, represents a

census for that portion of the population.

2. AFSC and AFLC, as applicable, are generally

prepare the Budget Cost Information on each published ROC.

One of these two commands will be responsible for

designating the office of primary responsibility (CPR) for
each ICE and the team chief for the team performing the
ICE. One of these two commands will also be responsible
for reviewing all published RCCs and providing cost
estimates for those ROCs. The cost estimate provided are
used in the evaluation of proposed alternatives. Therefore,
inclusion of the Comptroller, AFSC and AFLC as part of the
sample should adequately represent the timing and techniques
used by major command independent cost estimators. It will
also represent the timing and tecnnigues used by ma
commands to provide cost estimates on the ROCs proposed by
agencies which identify reguirements for new weapon systems.
3. The AFSC SPCs selected for inclusion in the
sample were based on convenience and availability. All
current ASD SPOs assoclated with major weapon systems and
a number of SPOs from ESD and SAMSO were selected. This
permitted the researchers to sample zeronautical systems

including aircraft and air launched missile weapon
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missile and space systems (SAMSO). A representative sample
i of the population was thus produced.

By having a census of ASD SPOs, the researchers
identified the techniques used and amount of data available
within one portion of AFSC for making official program
estimates, Smaller selections of ESD and SAMSC SECs were
selected to verify that the same techniques and data

availability identified within ASD were representative of

Data Collection

The model of the Air Force major weapon system

acquisition process was developed by a detailed reviesw of
the available literature, including AF and DCD regulations,
manuals, pamphlets, directives, and other publications.

The literature review identified the weapon system
acquisition process phases, the agencies involved in
making cost estimates during the process (the sources of
the cost estimates), and the variety of techniques used to
make the cost estimates. The literature review was
conducted in response to research question number 1.

The model constructed during the literature review
was validated using extensive unstructured interviews with
individuals from each of the DCD agencies identified in the
model. While the unstructursd perscnal interview was the

method of choice in this study, it was not always possible

systems (ASD), major electronic systems (ESD), and ballistic




to personally meet with each interviewee. The personal
interview was therefore supplemental as required with
telephone interviews,

Before beginning the data collection effort, an
"

Interview Schedule"” was prepared as a guice for the

unstructured personal interviews. A sample of this schedule

is presented in Appendix A. The interview schedule consists

of a line of sub-questions developed to answer research

‘ question number 2. The interview schedule was sufficiently
structured to insure coverage of the research question, but
I not so rigidly structured as to preclude the flexible

probing, checking, and cross checking of data. Detailed
notes were taken during each interview,

were also recorded on a small portable tape recorder for

[
[N
14)]

ater mcre detailed analys

efore conducting thzs telephone interviews, contact

tn

was made with each interviewee to establish the date/time
for the formal telephone interview. A copy of the Interview
Schedule was sent to each interviewee prior to the actual
interview. During the telephone interview detziled notes
were taken and expanded immediately after the interview
session. Many telephone interviews were alsc tape recorded
for later detailed analysis.

] The time available to conduct the telephone

interviews was frequently limited. Because of this, it was

-

not always possible to cover the entire Interview Schecule




in detail. Therefore, the sections on when estimates are
made, amount of data available, and techniques used were
stressed in every interview.

These unstructured interviews were designed to

ascertain the following information:

1. Name of individual interviewed--zll individuals

3
ot
'_J
=
<
b
<
@
4
o)

interviewed were practicing estimators, curre

the estimating process. As such, they provided

(@]
[l
e
a
)
e |
ct

opinion and data for the study. However, to insure candor,

the individuals were offered a guarantee that, if they

[ON

esired, their names would be held in strict confidence.

~

2. OCrganization to which the indivicdual belon

=]
(0is}
0]
!
|

the organization of the individual was ascertained to
demonstrate that the sample included a wide representation
of the population.

3. Length of time the individual has been in

current position--this data was necessary to establish

ot

he expert status of the individual as a practicing

es

ot

"

imator representing the views of his organization.

o

Individuals background in estimating--this cdata

(8

=

was also necessary to establish the expert status of the
individuals as a practicing estimator.

5. Details c¢f the estimating technigues the
idual uses in any phase of the weapon system acquisition

process where the individual makes estimates--%this data was

ha
®

i

ecessary to validate the model ceveloped in Chapter II
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and insure that the categories developed are zccurate.

6. The individual's views concerning the usefulness
of the techniques used--this data was used to provide a
better insight into the different estimating technigues and
to possibly improve the model and the estimating process.

7. The individual's views concerning whether the
techniques used are the most appropriate techniques
available--this data was used to modify the model, if

appropriate, and to provide insight into different ways
=

t
O

possibly improve the estimating process.

Criteria for Research
and Comparison

The validation process involved interviewing large
numbers of people from organizations that make cost

estimates to validate the information obtained from the

3

literature review. It involved the subjective judgeme

of the researcher, but this judgement was based on detailed
analysis of a2ll information available.

The criteria established for this research was that,
for the model o be valid, the real world estimating
environment would have to match the model 100 per cent of
the time for the following:

1. An agency will make an estimate during each of
the acquisition phases as specified in the model for that
particular agency.

2. The technique actually used by the agency

Ly




matches the technique category specified in the model for

that agency in that phase of the acquisition process.

Assumptions and Limitations

In developing and validating the model, it will Dbe
necessary to accept certain limitations and to make certain
assumptions. These limitations and assumptions are

considered to be an integral part of the research design.

(WS

Assumptions. The following assumptions applied to
this research effort:

1. The data obtained from individual estimators
through the unstructured interviews was unblased.

2. The technique categories identified in the
model include 2ll techniques available to the estima=zors.

3. The available techniques zre properly cate-

L, The sample can be considered represenzative of

PO - -

5. A census of ASD SPCs and a smaller sample of
ESD and SAMSO SPOs was considered representative of zhe
techniques used and amount of data available within all
AFSC SPOs for making Official Program Estimates.

6. The amount of data available and the techni

used by the civilian contractors is dictated by the SEC

associated with the particular weapon system.

us
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Limitations. The following limitations applied to

1. The data collection is limited by the ability
of the authors to collect the regquired data and by the

ability and willingness of the data source to provice th

M

~
/

. A number of interviews had to be conducted by
glephone rather than in person due to time and travel !
limitations.

3. The validity of the study was not reduced
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because of the sampling tech

L, Only DOD azgencies were considered in this
research effort. Civilian contractors were considered zan

ble fzctor and were thus eliminated from the
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CHAPTER IV
ANALYSIS AND SUMMARY CF FINDINGS

Approximately 80 individual estimators from all the
organizations/agencies involved in estimating the costs for
the acquisition of new AF weapon system were interviewed
as part of this study as a validation effort for the model
presented in Chapter II., This chapter is an analysis of the
interviews by organization/agency. Each organization/agency
is looked at in detail to ascertain when they make estimates,
the techniques they use and why the estimate is made. A
comparison of the literature model and the real world model

will be made. The chapter will be concluded with some

P

eral impressions which cut across all organizations/

gen

the real world model and the

agencies. The development of

impressions are based upon the interviews conducted. The

impressions form the basis for many of the conclusions
reached in Chapter V.,
The Operational MAJCCMs and the AF CAIG were

dentified within the course of the data collection as

(=8

potential sources of cost estimates and were added to the
research effort. Data were collected from these organizations
using the same methodology outlined in Chapter III for

ing data from the previously identified orgznizations.
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As anticipated in the initial model, the individual
estimators in all organizations/agencies visited perceived
that the amount of data available for use in
estimates grows in quality and quantity as the weapon system

progresses toward turn-over to the using commancd. They also

perceived the data availability to be closely connected to

0]
[N
v

v

the phase of the acquisition cycle that the program wa

and the degree to which the program was defined.

During the conceptual phase, the estimators work

primarily with concepts developed to satisfy the ROCs. The
data is based upon paper requirements. There is little scope
or content to the data, which is considered scarce and hard

to obtain, Estimates are based on the

the engineers and managers associated with the program. As

ot
o
®

o
s
o

(1}

ram moves into the validation phase, the number of
different concepts under consideration is narrowed down.
The weapon system is further defined, allowing the estimator

5

to make analogies to other programs with more confid

@
3
O
@®

The amount of data continues to grow in the full scale
development phase as the weapon concept is narrowed down to
one system and the contractor data from prototype production
becomes available. In the production phase, the estimator
has a much broader data base to work with. Actual

production data becomes available on the weapon system.

)

Also, the Research and Development (R&D) effor< on *he
weapon system is completed and the costs for it are known.

48

Rt . -~ ¢ .
o v p et S ey el MLy e { A FOPE e




e T

This eliminates es

portion of the weapon system acqui

"estimate

e ———)

imating the most difficult

ition, but 1n most cases

n

are no longer needed as a basis for obtaining

~

funds from Congress since these funds have already been

received and committed.

The amount of data available to the cost estimators

matches the model for all organizations/agencies for the

phases in whic
cost estimators
perceived as the
cost estimaze,.
The dat
7,

resulted in 100%

The remainder of

organization/agency and is in support of the mo

they generate cost estimates. The individual
2ll reported using the data that they

best available at the time to generzte a

agreement across all organizaticns/agencies.

this chapter will present the data on each
5!

AFSC and AFLC Required
Operational Capa-
bility (RCC) Cost

-

il
imates
HQs AFLC

cost estimates f

and AFSC are tasked to provide preliminary

r new ROCs. AFLC provides the preliminary

cost estimates for ROCs that can be satisfied by modifying
C

the configuratic

preliminary cost

and/or development effort. Both headquarters' monitor

evaluate the RCC

on of a current item., AFS

estimate for RCOCs requiring a research

0]

cost estimates gensrated under their




AFLC (ROC) cost estimates. HQ AFLC is tasked *o

provide preliminary cost estimates on RCCs that can be
satisfied by modification to an existing weapon system.
This cost estimate is required early in the conceptual phase,
The Plans Division (AFLC/XRX) monitors the ROCs and the
appropriate Air Logistics Center (ALC) proyiiss all cost
estimates on the proposed modification. ”fhese cost
estimates are called Modification Proposal Analyses (MFA)
(39). The data available this early in the acquisition
cycle is very limited. There is generally little or no
program cost data and only broad, conceptual ideas (possible
solutions) to satisfy the ROC. In some cases there may be
analogous programs from which partial data 1s available
(Lo; L1),

The primary technigue used to generate the initial
cost estimate is that of round table discussions by ALC
technicians and logisticians. If any data is available,

from the contractor on the original configuration item

}ae

(weapon system) which is to be modified t is analyzed and
modified as appropriate to fit the proposal (40; &1)
These technicians and logisticians make the cost

estimates based on 2ll available data and on their experience
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APSC (ROC) cost estimates. HQ AFSC is tasked to

provide preliminary cost estimates on ROCs requiring =

research or develcpment erffort. This regquirement occcurs
in the early conceptual phase of the acquisition cycle for

ATYD / & 23 ~11 - < M ~ =) ~ - e i A
ADTC/ACC) provide support in preparing the cost estimates.

data available at this point in the acquisition process.

My e 3 < <+~ 3 A1 lTarhlas S +} ey - o
The only information avallable is the stvatement of an

o solve this lack of data problem, command experts

: are asked to provide possible technical solutions. For
each alternate solution an attempt is made to "develop

? production support costs and total life cycle cost estimates
(to include risk assessment for each alternative) [447]."
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from the system configuration which would
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st estimates are generated by System Program O0ffices
of three different AFSC organizations. Aeronautical Systems
Division (ASD) makes estimates on aeronautical systems--

aircraft and air la
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Systems Division (ESD) makes cost estimates on all major

Aercnautical Systems Division. ASD SPOs generate

cost estimates in all four phases of the weapon system

acquisition cycle. Within ASD, the Directorate of Cost
Analysis, Advanced Systems Division (ASD/ACCX) is responsible
for generating the cost estimates in the conceptuzl phase.
The SPOs, which are formed toward the end of the conceptual

phase, use the estimates generated by ASD/ACCX as their own

®

own estimates in the remaining phases. "ASD/ACCX dces th

initial phase estimating [47]. Therefore, ASD/ACCX is

considered by ASD personnel to be the SPC for the major

portion of the conceptual phase. They work on pre-RCC

studies and conduct studies to meet the ROC after it is

developed (47).




estimating techniques in the conceptual and validatio

fib}

phases. The RCA PRICE model is used for estimating electronic
equipment. CERs, expert opinion, and analogies are relied
upon quite heavily for generating cost estimates in both of
these phases. An attempt is made to correlate design

parameters to historical cost data from octher programs and

P
’
'

arrive at the estimated cost of the new weapon system

the full sczle development phase, the estimators use some

analysis techniques. Prototype weapon systems have been
developed andé produced, yeilding z much greater data base to
work with. The estimators also have the work break down
packages from the Cost/Schedule Control Systems Criteria

(C/SCSC) available for the weapon system they are working on.

This added data base allows the estimator to use the

+ 2 S 2 = Wia- 2 o~ ~ -
production data 1s available. Historical standard Time/cost
y -~ 2 - - I~ ~ - — -
by task and historical trends are used to generate tThe cost
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full scale development phase, and standards technigues in

the production phase. The type of technique used is
dependent upon the amount of data available., The individual

timator choses which technique he will u
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interpretation of the amount of data available (47).

Electronics Systems Division. The ESD SPOs make cost

estimates in the four phases of the major weapon systems
acquisition process (conceptual, validation, full scale
development and production). The only case where the SFC

might not make an esti

=)

ate is during the conceptual phase,
and then only if that SPO had not yet been formed. From

the time of their conception until their dissoluticn, the
ESD SPOs maintain a current cost estimate for their program.
his estimate is updated throughout the acguisition cycle

as new data becomes avallable and as changes are made to the

program. In the production phase the basic cost estimate is

anzlyzed to get estimates of time, number znd cost changes

All ESD SPO estimators perceive that the techniques

used in the different phases of the acquisition cycle for
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irectly related to the amount and

type of data available. In the conceptuzl phase, the RCA
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technique consists of cost analysts and SPC engineers working
together in conference to develop the cost estimate., During
the validation phase, price lists (where available) and
contractor estimates (adjusted as necessary by the SPO) are
used. Parametric technigues are also used as a check on

the contractor estimates. In the full sczale development
phase contractor data (again adjusted as appropriate) and
parametric techniques are used. Finally, in the production
phase the contractor estimates, with only minor adjustments,
are used. The ESD SPC estimators believe that the contractors
usa parametric techniques and price lists in the validation
phase, technical/engineering techniques in the full scale
development phase and standards (gained from zctuzl
production) techniques in the production phase. The SPO
makes a check for reasonableness of the contractors estimate.
This check is made by the technical/engineering znalysis
personnel using parametric techniques. The most popular
parametric technique used is the RCA PRICE model (30).

~

Cost estimates are made yearly for the POl and

)

budgetary reasons. They are also made at sach ¢f the DSARC

«

uléd go this

i

decision points: at DSARC I to "see if we

m

>

(e}

way and if it is cost effective [50]"; at DSARC II to decide
between alternatives and for resource allocation; znd at
DSARC III as a last chance %o say no on the project or

decide how many to buy. In the production phase cost

estimates are made to check costs of numbers, +time/schedule

g
&
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and technical changes,

necessary if

making a cos
cycle is for new
perceived by the

purposes mentioned earlier

In summary,

with the

the budget is

t estimate

ESD SPO estimators

command (SPO,

the estimates made are
as being used throughout
HQ AFSC,

HQ AF and 0SD) for the
in this paragraph (50).
the ESD SPOs match the model in

to make an sstimate,

exception of the technigues used

rely heavily on the estimates made

estimate and on past experience with the contractor. In the
conceptual phase they match the model by using the RCA PRICE
model, which is considered a parametric technigue. In the

match the model because they use parametric technigques to

check the contractors estimate.

they again adjust the contractors
The type of data available
match the model by starting as

phase znd building to

T £ <) ~o 3 - 3 - ~ e P o~ ¥ -
The purposes of the estimates in the different phases also

conceptual, validation
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follows the sequence of the Weapon System Acquisition Process

Many of the pr

programs were already into the production phase. In some
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of data available to make estimates could not ve recon-

structed. However, cost estimates are generated following

acquisition process--in the conceptual, validation, full

scale development and production phases (52).

The SANMSO SPOs use models %o generate their cost
estimates in 2ll phases. Many SPOs do nos have cost

(51; 52). In most SPOs the project officers and/or

O

om

the requirements and policie

new major weapon systems within the SANSO SPOs

3

Sais |
-

n offices contacted reported that their

>

3 + 3 - 3 N N > - - - -
the estimating technigues used and the amount

m
O
14
ot

at how the program is defined, what the
the system, and attempt to estimate what
, electronics, propulsion, sensor, etc.--
to meet the requirements of the weapon
1lso attempt to obtain data from the
possible., Using this data, the project

n estimate of what the system will cost.
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using a parametric cost estimating model. SAMSO/ACCE has

developed two models that are frequently used--the SANSO

(@]

ecraft Cost Model and Schedule Program

2]

Unmanned Spa

Allocation of Resource anéd Cost (SPARC). The SANSC Unmanned

boosters. The SPO may also have the Aerospace Corporation
(2 captive contractor who provides engineering ané technical

support to SAMSO) generate a cost estimate, Aerospace

Corporation also uses a parametric cost estimating model to

subsystem level data while the Aerospace Corporation model

is based on component level data., In either case, the SPC

P
“The ICE should not be confused with an ICA, which is
also performed by SAMSC/ACCE, The ICE is prepared specifi-
cally for the SPO by S ANS L/Av,d personnel who will not be
involved with the ICA, he ICA is used to check the reason-
ableness of the SPO es ,-na,e. Independence between the SFO
estimate (ACCE generated ICE) and the ICA is preserved (52).




The SAMSC Unmanned Spacecraft Cost llodel was

developed between 1966 and 1969, and was revised in 12971,
1972, 1973, 1975, and again in 1977. The model uses data on

seven subsystems--structure, thermal control, propulsion,

communications, electrical power supply, telemetry tracking

i b

and command, and the attitude control system., The model uses
the weight, size (volume) and number of units required for
each of the subsystems. CERs are available for each of the

1

subsystems to make the transition from historical spacecraft

costs to conceptual spacecraft cost estimates. The SPARC
model was cdeveloped in 1968 for use with launch vehicle

and ICBMs., It was revised in 1971 and is currently under

revision for use on the MX ICBM (51; 52).

& = 1 3 oy P, 2 1 . i e G
Corporation), they go through what is called the normalization

normalizing the ICE by the use of complexity factors
subjectively derived by the SPO engineers for their

For further information on the SAMSO Unmanned
Spacecraft Cost Model and the cost ectl“atlﬁg relationships
and normalization factors, the reader is direscted to the
following SAMSO documents: SAMSO Unmanned Spacecraft Cost
Model, third Edition, July 1975 (SAMSO TR-75-22¢) and SANSO
Unmanned Spacecraft Cost Model Updated Cost Estimating
Relationships and Normalization Factors (An Interim Report)
dated Jan. 77.
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contingency planning purposes and in response to "what if"
questions from higher headquarters., SPO cost estimates are
used in planning, controlling, budgeting and decision making
at all echelons of command authority from the SPC director to
the Secretary of Defense, Congress and the President (52).

In summary, the SANSO SPUs do validate the model, as
developed in Chapter II, in all areas except for tTechnigue
used, Official SPO estimates are made in each phase of the
acquisition cycle--conceptual, validation, full scale f

development and production. The data availabl

(1)
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W
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cost estimates corresponds to the amount of data zwvailab
that was predicted for each phase. Data availability grow:
from 1little or no useful data (vague) to hard, actual

production data (historical) as the weapon system is
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1dent Cost Estimates are generated under the

direction of the Comptroller, HQ AFLC and HQ AFSC. The
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ontrol of AFLC. These are programs that involve major

3
e
®
s
O

J
n

15 o3
Od1rl

)
,J
O
e

1S to existing weapon systems
Comptroller is responsible for generating ICAs on ma
weapon system programs that are under the control of AFSC,

i.e., new weapon system acquisitions. The ICEs generated by

these organizations are used within the Independent Cos

performance parameters specified for the modification. The

estimators zlso use data from programs with similar

performance parameters. In the validation phase the same
type of data is used. However, the data is better define
and in more detail. Design specifications and enginsering
"build-up" data (specifications and/or costs for subassem-
blies) are used in the full scale development phase (38j.

H

'he AFLC Comptroller cost estimators indicated that
"

« « « technigues used are limited only by the available

data [38]." The techniques that are used in the conceptual




bulild-up/grass roots and statistical technigues when

possible. The estimators use models such as the MOD Metri

Model and

the Log

istics Support Cost

These models are

Model in the full scale

used,

in co

njunction

development phase.

th the parametric and grass roots technigues, if the

Uo]

roper data is available. The individual estimator choses
the technique which he perceives as best suited for use
with the available data (38).

{ } The Comptroller, HQ AFLC, makes cost estimates in
support of the ICA program.

the validity and reasonableness of the SFC estimate. The

ICA is reviewed by the AF CAIG and OSD CAIG in support for

the AFSARC and DSARC programs (38).

\FSC Independent Cost Estim

enerated by the Directorate of the Comptroller, Aeronautical

Uy

)

U
5

%
109

Systems Division (ASD), Electronics Systems Divisio

and Space and Missile Systems Organization (SANSO).
Independent Cost Estimates are used within the AFSC Inde-
pendent Cost Analysis (ICA) program. Each organization
has developed and implemented an ICA program to support
AFSC ICA requirements (43; L46; 49; 51). These organization
ICA programs are

.

1. Aeronautical Systems Division--ASD, as part of

its ICA program, prepares an Independent Cost Estimate (ICE)

for each DSARC review of a program controlled by an ASD SZC.
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DSARC III A and DSARC III B) (46).
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The purpose of the estimate generated by the
Directorate of the Comptroller, ASD, is to provide a check
of the methodology and reasonableness of the Sysze
Office (SP0) cost estimate. It provides the Air Staff,
CAIG, and 03D CAIG with an independent view of th
the proposed weapon system. The ICA estimate is revi
at the AFSARC and the DSARC (46).

2. Electronics Systems Division--ESD has an

ndependent Cost Analysis program similiar to the !/

program., Cost estimates are made at the same three

in the Weapon System Acquisition Process--conceptual,

ot

validation, and full scale development phases. ESD

maXes two ICAs during the full scale development phase

3 .

the weapon system involved nas =z long lead time betw
prototype development, production and testing and operational
system production and deployment. The second estim

an update of the estimate mace for DSARC
a completely new estimate (49),

ESD makes extensive use of parametric cost
techniques in all ICA estimates. Parametric technigu
(analogies to other systems primarily) are used to
the cost of nardware and software configurations that
be required in the weapon system. The List Price or

Catalogue Price technique is then used to price ocut

electronic components. The electronics used in radar

On
@




communications weapon systems are basically off-the-shelf
items, which lend themselves to the use of the list price

technique. The RCA PRICE model is used, in conjunction with

the list price technique, to generate the cost estimate. In
the full scale development phase, the grass roots or detailed

engineering technique is frequently used. A parametric
technique 1s also used to generate a backup estimate and +to
give credence to the grass roots/detailed estimate. ESD
estimators frequently attempt to estimate the costs of a |

weapon system using two different methods for comparative |
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AFSARC), and OSD CAIG (DSARC) as a confirmation check on |
1

the methodology and accuracy of the official SPC estimate.

It is also used tTo verify the SPO estimates' validity and
reasonableness (49),.

AT

SO/ACCE alsc makes cost estimates for

ct
7
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to
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2

sach of the DSARC reviews at the enc of the conceptual,
validation and full scale development phases (51).

SAMSO estimators are hampered by the lack of an

extensive data base, more so than their ASD and ES
counterparts. A common complaint was, " . . . data on

parameters other than weight and power weren't collected

& 1 3 -~ Ta +ha+ - - - re o+
511." A second reason is that not as many space systems




have been developed and produced as have aeronautical or

radar/communications systems. In addition, space systems

are not produced and deployed in large numbers. Each space
stem is substantially different from any other space u

system. SAMSC cost estimators are able to use standard,

actual costs for launch vehicles. The Titan launch vehicle

m

is used to launch most spacecraft systems and the cost
ell known from historical data. This reduces the

o~

requirement for new estimates of this rather costly portio

S

of the overall weapon system (51).

Parametric estimating techniques are used in all three
phases by the SAMSO estimators. Extensive use is made of
cost models which have been developed by SAMSO/ACCE, The
particular model used is dependent upon the type of program
or portion of the program being estimated (51). The SAMS

oy

Unmanned Spacecraft Cost Model is used on 2ll spacecraft

ct
o
H
wm
(1]
.3
(I)

and¢ communications programs. Estimating the cost
f

ficult because of a2

sensors used. Analogies use of data from other programs,
and the use of the ACCE models represent attempts to
overcome these provlems. The RCA PRICE model and catalogue
data are used to estimate the costs of the ground station
portion of the wezpon systems and, as stated previously,

actual production costs are used to estimate the launch

0,

vehicle portion of the weapon system. As better an

more
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n, 1t 18 used to drive the model.
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more factual d
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ta replaces the earlier estimated data which
was used in the model (51).
The SAMSO ICA estimate is used to check the validity

and reasonableness of the official
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the Air Staff, AF CAIG, and 0SD CAIG with an independent

made. The SAMSO program conforms to the model in the area
of techniques used. However, the ICA programs at HQ AFLC,

SD and ESD, do not. These organizations use grass roots/

o

detailed engineering (Research and Development
techniques in the validation and full scale development

phases whenever possible, as well as parametric technigues,
to generate their ICA estimates (38; 43; L46; 42; 51). The

$ 3 s I P s + O 3
rationale behind this difference is that to get the best

parametric CER's or engineering actuals) should be used.




Justification for this rationale comes from AF

leg 173-11

»

paragraph &4.a (35).

AF CAIG
The AF CAIG was not included in the model of the Air

Force Cost Estimating Process within the Air Force Weapon

System Acquisition Process developed in the literature review,

It was identified as a potential source of cost estimates

D)

during the data collection phase of this research effort,

()

and was therefore investigated as part of the research

effort. HQ Operating Instruction 173-3, dated 26 June,

(=N

974 " ., . . establishes the AIR Force CAIG with membership
and responsibilities parallel to those of the 0SD CAIG

[58:1]." The primary responsibility of the AF CAIG is to

" P

as an advisory body tc the Secretary of the Air

)
ct

s oW B0
Force for Financial Management and the Comptroller of th
Air Force on all matters related to weapon systems costs
to be presented to the OSD CAIG [58:1]." The AF CAIG
provides the Assistant Secretary of the Air Force for

Financial Management (SAF/FM) with cost issue summaries and
an evaluation and review of ICAs prior to their submission

to the 03D CAIG. The SAF/FM uses the AF CAIG report at the

FxJ

meeting of the AP System Acquisition Review Council (AFSARC),

a review body similiar in composition, responsibilities and
operation to the DSARC (see page 12) (30:2),.

Additional AF CAIG responsibilities include:

1. Assessing and making recommendations concerning




Papers (DCPs) and Program Decision Memoranda (PDNMs) before
they are submitted to 03D,

2. Accomplishing cost studies and other cost related
tasks as requested by Secretary of the Air Force or Chief of
Staff of the Alir Ferce.

3. Conducting direct efforts which will improve the
cost estimating capability of the Air Force and reportin 3
periodically to the SAF/FM and Comptroller concerning these

8:11).

£ -+~
efforts (

n

HQ USAF/ACM is tasked to prepa

o]

e a proposed AF CAIG

-

report which includes a summary of the cost issues that will

the ICA to the 0SD CAIG. The proposed report functions as

D

IG report, which incorporates

b=

the basis of the final AF C

the comments and recommendzations of the AF CAIG, summarizes

all cost issues, and provide the AF CAIG's overall evaluation
of the command ICA (58:1).

In depth interviews with members cof the AF CAIG
revealed that the AF CAIG accomplishes a formal review and
evaluation of all command ICAs prior to the submission of
the ICA to the 0SD CAIG, In conjunction with this review
and evaluation, the AF Comptroller (ACM) may make a cost

estimate to check the wvalidlty and reasonableness of the

command ICA and SPO estimates, The review ané evaluation




of Command ICAs take place in the conceptual, validation
and full scale development phases of its weapon system
acquisition cycle. The AF CAIG also makes cost estimates
and/or reviews and evaluations for DCPs and FDlMis. They also
make cost estimates in response to congressional inquires.
These activities can and do occur at any time during the
weapon system acquisition cycle (37). ‘
AF CAIG estimators pointed out that the amount and
type of data available for their use limited the choice of
techniques they can use. They employ models, CERs, lab
studies, regression analysis, parametrics, and bottoms up
or grass roots techniques. In most cases, however, the

stimators are limited to the use of parametric technigues,

()]

They attempt to replace the analogous data with actuzl data

as it becomes available (37).

The individual estimators also felt that they were
restricted to the use of parazmetric techniques beczuse
of time limitations. The review and evaluation of thse
command ICA and the generation of a new cost estimate, when
required, must normally be accomplished within five (3)
working days between the receipt of the ICA and the
preparation of the proposed report. This time factor
prevents the estimators from using more detailed technigues,
such as bottoms up or grass roots, which require more time to

complete than is available (37).

Another limiting factor 1is
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assigned to perform the review and analysis function.

Presently only six people are assigned as cost analysts

and Program Cost Monitors (PCMs)., These people must perform
| the cost analyses on the ICAs and prepare new estimates if

the facts warrant. They also perform the review and

evaluation for other cost estimates outside the DSARC process

that the AF CAIG requires (37).

The primary reason for the AF CAIG is to support the
SAF/FM with information for making program decisions. The
AF CAIG looks for agreements/disagreements between the SPC
astimate anéd the command ICA., If there is a major
disagreement between these estimates, the AF CAIG comments
on the reasons for the differences znd makes recommendations
to the SAF/FM. The SAF/FM makes the decision on which
estimate, the command ICA or the AF CAIG estimate, To
forward to the 0SD CAIG, Only one estimate will te forwarded.
If there are no major disagreements, the command ICA estimate
will be forwarded to the SAF/FM (37).

The AF CAIG also do their own review and evaluation,
and make cost assessments or recommendations on DCPs, ]
PDMs, or in answer to congressional inquires. These cost
estimates and/or assessments and recommendations are used
for planning in all phases of the weapon system acquisition

cycle by the SAF/FM, members of the Air Staff, and the

Program Element Monitor (37).

£
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In summary, the AF CAIG makes cost estimates and/or

(4~




reviews and evaluat
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validation and full scale development:).

estimates,

generated by other organizations in these three
in the production phase.
reviews and evaluations (and new cost
sary) increases in
progresses through the acquisition cycle.

limited to the use of parametri

because of
of
of personnel
CAIG, their

estimate,

program decisions prior to submission of the ICA

estimate to

re used by the CSD CAIG in making their recommendaticns

phases of the weapon system acquisition

the amount and type

time available to conduct the review

reviews and evaluation of the ICAs and

if required,

the 0SD CAIG,

to the DSARC.

the

planning and budgeting by the SAF/FM, members of

Staff,

to respond

OSD CAIG

-hh

prior to each DSARC review.
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F CAIG separate from the DSARC process are

and Program Element Monitors. They

to congressional inguires (37).
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ions of command ICAs in
cycle (con

They also make cost

assessments ancd recommencdations based on estimates

The data used to make these
estimates
juality and quantity as the weapon system
The AF CAIG is
cost estimating technigques
of data available, ths amount
number

and limited

assigned. The reports generated by the AF

new cost
are used by *he SAF/FM to make

and SFO
The findings of the AF CAIG i

The assessments and recommendations mace by \

0SD CAIG reviews the ICA and SPO estimates
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misinterpreted or le
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are used for planning and budgeting by both the DOD and the

Air Force. The 0SD CAIG report is also sent to the AF CAIG,

where fthe cost explanation and analysis can be used to

|
I

improve the future cost estimates (32).

D CAIG validates the model. They

Ui

In summary, the O
evaluate and review the SPO and independent cost estimates.
They also make an actual cost estimate when requested to do
so or when they believe one is required.
provides the review and/or estimate just prior to the DSARC
reviews., The most current data available is used in the
analysis of the SPO and ICA estimates. This data was
perceived to grow in cuantity and quality as the weapon
system progresses through the acquisition cycle. The data
grows from very little in the conceptual phase to scme cost
actuals in the full scale development phase (32).

It should be noted that personnel from the CSD CAIG
have found one "discrepency" in our description of them on
page 15 of this thesis. "The OSD CAIG does not resolve
differences between the ICA and SPC estimates. They only i
explain the differences [327]." With this in mind, they
believe that they have no advocacy role to play and thereby |

perceive their estimates and evaluations as more objective
is the reason their estimate changes less than the SPC and

indicates that the SPC and ICA estimates tend to approach

78

(4 -~
rn v o Ew e Dot (o e L MWL O -




the less optimistic 0SD CAIG
progresses through its weapo
Research Questions
Answered
Research guestion 1.
estimating process for n
systems can be developed
a. the organization
estimate,

[oN
("]
<
[
O -

point in
es are made,

D
mn
'J.
338 06 = ao
.
d

ct

[

3

orga
considering the
when the esti

»

s

i

0.

model to answer

i O

-—_h M

hapter II ba

review of the available
figure 2 (pages 37-38).

to validate

the AF CAIG wa

n

estimates,

Estimating Process Within

Acquisition Process" is pres

and

(

(=4
=

An "Updated Model

<he

as

to the AF cost estimatin
Research gquestion 2
developed, can it be
it realistically reflecbs
environment of the agenci
acquisition of new maj

the AF CAIG and

mate is Deeded?

the model

the *echnlcuns which are appropriate
avwon/agency in pro d“Clﬂs thelr estima
information

t model of the cost
ajor Air Force weapon
t depicts:
ncy providiag each co
h each cost estimate

isition process wher

To e
te,
available at the poin

UC
Hy‘
ne

e
or
Ol

=

O @® o O

During the course

e e =
O b= ®

&

cf L of

c a
e
14
4G
ons
Cos

g




Agency
Making
Estimate

Type of
Estimate
lMade
(Purpose)

Technique
Used to
lMake
Estimate

— =
Type of

T s
Informatio
A i o
Avallable

Concep- AFSC/AFLC
| tual
3
Contractor

€3]

IcA
F 3 AF CAIG

OSD CAIG

ROC

Evaluation
Estimate
from
Studies &
Cost
Proposals
Budget
Estimate &
Official
Program
Estimate
TEH

Evaluation

Parametric

Parametric

Parametric

Parametric
Parametric

Parametric

()

W'
0y
(4]

]
W)

o
¢ i
()

;\;.
Jt

R
@®

ision

3 Valida- Contractor Cost R &D Limited
3 ron Proposal
& Budget
Estimates
g _* I ~ .
b2 SPO Budget R &D Limited
: Estimate &
Official
Program
1 Estimate
i ICA ICE Parametric Limited
AF CAIG Evaluation Parametric Limited
7 OSD CAIG Evaluation Parametric Limited
3 DSARC II - Ratification Decision
Figure 3
Updated Model of the Air Force Cos
' Estimating Process Within the Air
e Force Weapon System Acgquisiti
Process

'3 -
s ap e pa e iy o

.

(88}

(@]




k. /

/AD'AOIH 101 AIR FORCE INST OF TECH WRIGHT=PATTERSON AFB OHIO SCHO==ETC F/6 14/1
THE AIR FORCE COST ESTIMATING PROCESS: THE AGENCIES INVOLVED AN==ETC(U)
JUN 77 E M LEWIS» E D PEARSON
UNCI.ASS IFIED AFIT=LSSR=5=TTA

END
FiLueo
|Qma77




o

"

C e 2

22

ol
L

s




Phase Agency Type of Tezhnigue Type of
Making Estimate Used to Information
Estimate lade Make Available
(Purpose) Estimate
7 : - - -
Full- Contractor Budget Engineering Detalled
Scale Estimates
Develop-
ment
SP* & - . o .
0 Budget Engineerinz Detailed
Estimate &
Cfficial
Program
Estimate
ICA ICE Parametric Detailed
AF CAIG Evaluation Parametric Detailed
0SD CAIG Evaluation Parametric Detailed
DSARC III - Production Decision
Produc- Contractor "Cost Standards Historical
tion Repecrting
o 3 7 - ey : -
SPO Cost Standards Historical
Analysis

* 2 .
The contractor & SPO can make more than one estimate during

each phase. An esti
presentatlion to

mate is made and revised until time of
the DSARC for a decision.

#*3 = .
The SPO & Contractor personnel make continual on-golng

cost estimates throughout the production phase.

Figure 3 (continued)
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Extensive field interviews with cost estimators
from each organization/agency identified in the literature
review were conducted to answer research question 2. The |
results of these interviews were analyzed above and a new
model was developed to reflect what actually happens in the
process of estimating the cost of a major weapon system
(see figure 4). The major differences found between the |
model based on the literature review (figure 3) and the
real world model (figure 4) are described below:

1. The techniques used by the System Program Cffices

do not progress from Parametric (conceptual phase) to

Research and Development (validation phase), Engineering

(full scale development phase), and Standards (production
phase) as predicted by the literature model. Instead, the
SPOs use Parametric techniques in both the conceptual and

validation phases. The data increases from vague tTo limited

during progress through these phases, but is still
apparently not sufficiently detailed or reliable to support
the use of techniques more sophisticated than those in the
Parametric category.

2. The techniques used to develop the ICA in the
validation and full scale development phases are also
different in the two models. The ICA estimators use
Parametric techniques in all three phases (conceptual,
validation and full scale development). When possible, they
also attempt to use Research and Development technigues in
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Phase Agency Type of Technigque Type of
Making Estimate Used to Information
Estimate Made Make Available
i (Purpose) Estimate
{ Concep- AFSC/AFLC ROC Parametric Vague
tual Evaluation
Contractor Estimate Parametric Vague
from
Studies &
Cost
Proposals
*
SPO Budget Parametric Vague
Estimate &
Qfficial
Program ?
Estimate |
ICA ICE Parametric Vague %
AF CAIG Evaluation Parametric Vague |
0SD CAIG Evaluation Parametric Vague
DSARC I - Program Decision ,
Valida- Contractor Cost R &D Limited ;
tion Proposal
& Budget
Estimates 3
SPC* Budget Parametric Limited
Estimate &
Official
Program
Estimate
ICA ICE Paramg;gic/ Limited
R &D
AF CAIG Evaluation  Parametric Limited
0SD CAIG Evaluation Parametric Limited
DSARC II - Ratification Decision
Figure 4
Real World Model of the Air Force
Cost Estimating Process Within
the Air Force Weapon System
Acquisition Process
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Phase Agency Type of Technique Type of
Making Estimate Used to Information
Estimate Made Make Available
(Purpose) Estimate
Full- Contractor Budget Engineering Detailed
Scale Estimate
Develop-
ment
¥*
SPO Budget R & D/ sugctailed
Estimate & Engineering
Official
Program
Estimate
ICA ICE Parametric/
R &D Detailed
AF CAIG Evaluation  Parametric Detailed j
0SD CAIG Evalustion Parametric Detailed
3¢
DSARC III - Production Decision
Produc- Contractor Cost Standards Historical
] tion Reporting
3
SPO Cost Standards Historical
Analysis

¥*

The contractor & SPO can make more than one estimate during
each phase. An estimate is made and revised until time of
presentation to the DSARC for a decision.

*3
The SPO & Contractor personnel make continual on-going
cost estimates throughout the production phase.

¥ 33
Techniques actually used will vary from program %o

program and depend upon the type/amount of data actually
avallable at the time the estimate is made.

Y pollowing DSARC III the AF CAIG and OSD CAIG monitor the

cost estimate and respond to inquiries concerning program
costs/estimates.

Figure 4 (continued)
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the validation and full scale development phases. When the
Research and Development techniques are used, they are ;
| combined with Parametric techniques. The data available |
increases in both quantity and detail from one phase to the
next in all programs. However, it is not always sufficiently
developed or available to allow the use of Research and
Development estimating techniques. Aeronautical and
electronic weapon systems are developed frequently enough

that a better historical data base exists from which to

predict costs (41). This accounts for the use of Research
Development techniques in ICAs generated for these programs.

In all cases, Parametric techniques are used in combination

with the Research and Development techniques.

General Impressions

While conducting interviews of cost estimators
representing all estimating agencies from the SPCs up to
and including the 0SD CAIG, it was impossible not to derive
some general impressions of the cost estimating process.
These observations are summarized below:

1. DOD organizations/agencies identify the need
for new weapon systems, define the type of system required <o
fill the need, and defind the system and its funding before
Congress. It would be unrealistic to expect DCD agencies
toc develop weapon system cost estimates in any but the most

favorable light possible. The SPO acts as the official

program advocate. As such, their estimates tend to be
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optimistic is an attempt to sell the program to AFLC/AFSC,
the Air Staff, DOD, and eventually to Congress (47; 50; 52).
The ICA estimates are used to check the reasonableness of

! the SPO estimate. The ICA estimate is generally relatively
close to the SPO estimate. This is to be expected since
both estimates are generated from the same data base (38; 43;
L6; 49; 51). The AF and 0SD CAIGs normally only compare the

SPO estimate with the ICA estimate to insure that no major

discrepancies or differences occur that cannot be explained.

e ke s

The CAIGs also check to insure that the methodologies
employed by the SPO and ICA estimators are adequate and
appropriate (32; 37). In fact, our information indicates
that the SPO, AFLC/AFSC ICA, and the AF and OSD CAIGs all
act in varying degrees as program advocates in the majority
of weapon systems acquisition cases. The tendency is to
present the cost estimates for weapon systems in a
favorable/optimistic light which allows the program to
continue through eventual acquisition to an operational
status. This viewpoint is supported in the literature also.
J. Ronald Fox, a former Assistant Secretary of the Army, in

his book, Arming America: How the U, S. Buys Weapons,

expresses the thought that all levels of management within
the DCD attempt to provide overly optimistic estimates to
decision makers (10:159-164),

2. The organizations apparently have few or no

mechanisms established which would motivate cost estimators
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to develop estimates that accurately reflect the eventual
total cost of the weapon system. A large number of estimators
perceived that pressure was exerted for them to generate an
estimate that was "reasonable and sellable”. Some
individual estimators felt that their superiors, as well as
personnel at higher headquarters, were primarily interested
in obtaining an optimistic (i.e., a low) estimate, one
which was close to previous estimates made on the program
and one which frequently reflected a need to achieve an
optimal pattern of "luck" on all program activities (46;
4L7; 49; 50; 51; 52). Fox also supported this view. He
commented that program managers frequently perceived that
they had great difficulty transmitting reasonable estimates
to higher headquarters. They reported that higher level
managers tended to reduce the cost estimates to a low, more
optimistic figure (10:160). This is not to say that any
estimator or program manager falsifies any cost estimaze.
The estimator 1is merely internally motivated by the
organization to provide an estimate which will help sell
the program, one which assumes everything questionable will
turn out well for the program.

3. Each organization involved in the study iden-
tified the lack of an adequate data base as a major problem
faced by the individual estimator. The data in those data
bases that do exist is not standardized from one program

to another, nor is the methodology used fto generate past
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estimates included in the data base. As one estimator

put it, "This makes the entire data base worthless, to say
the least.” This feeling that the data bases which are
available are of little value prevailed in many of the
organizations,

4. The authors encountered a major problem with
the semantics involved in the techniques used by the
estimators. DMany estimators had different conceptions as
to what the techniques actually were, or used different
terminology for the same technique. The semantics problem
occured in almost every organization involved in this
research effort and was evident between the individual
estimators within an organization. This confusion was also
noted in the literature (reference pages 22 *to 36).

5. The individual estimators are not held accountable
for the accuracy of their estimates. In no organization
visited could the authors establish the existance of a
track record of an individual's estimates. In fact, the
majority of the cost estimators were provided no feedback
relative to thelr estimates on either an individual or a
program basis., No feedback on the individual's estimates
were formally made available to him. No data on estimates
made by other individuals within his organization on the
same program was provided to him, The estimates made by
other organizations relative to the same program were not
routed back to him. A few estimators in the SPCs took it
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upon themselves to attempt tracking their own records, but
this was the exception rather than the rule. In these few

| cases, it was individual initiative and not official
organization policy to do so. Further, the estimator was
not rewarded by the organization for this extra effort
(47; 50; 52). An estimator in one organization reported
that his organization did attempt to keep a track record of
estimates. However, he indicated that the record was kept
by program and did not identify the individual making the
estimate. He further stated that the information kept was
unofficial,

6. All cost estimators generally indicated that it
was highly important to generate an accurate estimate.
However, there was virtually no consensus from organization
to organization (or from estimator to estimator for that
matter) on how to define accuracy. The response %o the
question "What do you mean by accurate?" ranged from "Plus
or minus 25% of final total cost." to "It varies from phase
to phase." %o "It's a relative thing."” to "How close the
estimate you make comes to the final cost for the system."
Many interviewees could not/would not attempt to provide a
definition of the term accurate--they responded instead with,
"I don't know." When the measurement of accuracy was
pursued, the question of whether or not it would be most

appropriate to use actual dollar differences between the

estimated and actual costs or to use percentage figures left
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some estimators perplexed and uncertain, Many would prefer

to provide a cost range rather than a point cost estimat

@™

Almost without exception though, each estimator indicated
that the estimates generated at his level of the estimating |
process provided the most accurate estimates (32; 37; 38; 39;
L3 L4; L46; L47; 49; 50; 51; 52). Without a standardized

definition of what "accuracy" means; it is difficult at best

to determine if any of the estimates reflect actual program 1
costs, let alone which estimate is most accurate.
One reason frequently given by many of the
estimators for track records not being maintained by the |
organization are the continual changes that occur in each
program. This reason was also put forth as the cause for ﬁ
not knowing how accurate the individuals cost estimates

are, The estimators perceived this to be a major hindrance

to providing accurate estimates for the program. Again,
only a few estimators took the time to go back to their
original estimates and update them to reflect the new
information resulting from program changes.

The authors recognize that changes in program
requirements and weapon system designs do occur, and that
these changes do represent a major problem to the individual
estimator. This is not, however a valid reason for the
organization not attempting to keep individual track records,

or not maintaining a data base which reflects the changes

in past estimates resulting from these program changes.
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Nor should these program changes confuse the issue of
accuracy. There are, after al_, many more cstable aspects
of a program than there are changes for the individual
estimator. It may well te that the estimator should not
be expected to be 100% accurate, particularly when program
changes effect the items estimated. This does not, however,
reduce the value of an accepted measure of accuracy and a
formal system of feedback to provide accuracy data. Only
by comparing the accuracy of one set of estimates to
another can any real information be generated on what
estimating technigues or models provide the most useful
estimates for specific types of weapon systems in various

weapon system program phases.

Summary. Within the AF cost estimating process, cost
estimates are developed in an atmosphere of optimism. The
cost estimator is provided organizational motivation to
develop an estimate which can be used to advocate the new
weapon system to the DOD and Congress. The individual
estimator is hampered in his efforts to develop estimates

o) ~

by the lack of an adaquate, standardized data base; lack of

b}

feedback on the accuracy of his estimates; and little o

m

no feecdback on how changes have effected prior estimate

(51

e

]

Further, while the estimators recogni the importance of
"accurate" estimates, the authors could find no concensus as

to what "accuracy" means.
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CHAPTER V

CONCLUSIONS AND RECOMMENDATIONS

=~

ummary

The purpose of this thesis was to investigate the
cost estimation process within the Air Force. The study

identified the organizations/agencies which make cost

ct

estimates and the points in time when they do so. The amoun

of data available for making cost estimates and the technigues

+

emplcyed to generate the estimates were zlso identified. The
information collected in this investigation can be

valuable in understanding the cost estimating process

=
ct

within the AF. It will also provide some insight into the
quality and the limitations inherent in the Air Force's
system for generating cost estimates on new major weapon
system acquisitions.

The thesis was organized into a two phased effort:

1. ©to build a model of the cost estimating process
for new major AF weapon systems from available literature
sources, and

2. to demonstrate whether the model could be
validated as realistically reflecting the real world
estimating environment within the AF weapon system acquisition
process. If not, to develop a model reflecting the actual

AF estimating environment.
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An extensive literature review was conducted to

build the original model. Four phases of the weapon system
acquisition process (the conceptual, validation, full scale
development, and production phases) were identified as

T

periods during which Air Force and Department of

Defense organizations/agencies make cost estimates.
Therefore, the weapon system acquisition cycle was used zas
the basic framework upon which the models were built.
Approximately 80 individuals involved in cost estimating,
from the SFO level through the DCD level, cooperated in

extensive interviews during the validation effort.

Conclusions

A model of the Air Force cost estimating process
for new weapon system acquisitions was constructed from the
literature availasble. The model is presented in figure 3
(page 80). This model cepicts what the concerned and
industrious reader can interrupt from the available

B
£

literature relative to the Air Force's cost estimating

e

process for majcr weapon system acquisiticns. The criteria

stablished for this research effort, regquired that the real
world estimating environment match the literature model

100% of the time for: (1) when an organization/agency would
make an estimate; and (2) what techniques the organization/

agency actually used., The literature-based model cid not

e real worlcd estimating environment

h

s criteria, The cost estimating
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techniques used by the SPO and ICA estimators in the
validation and full scale development phases of the weapon
system acquisition process did not support the model. The
real world estimating environment, based on actual field
interviews, is depicted in figure 4 (page 83). It is
concluded, therefore that the available literature does not
accurately reflect the "real world" of cost estimation for
major AF weapon systems acquisitions.

It was found that the AF/DOD does not have an
adequate definition of an "accurate" estimate. Further,
the Air Force does not even recognize a standardized method
of measuring accuracy. This deficiency has led to confusion
among the individual cost estimators.

The feedback system for estimating accuracy within
the AF i1s totally inadequate for the individual estimator's
needs. Specifically, no structured feedback system exists.
The limited amount of feedback available is not standardized
or tailored to the individual estimator. If the estimator
is to improve his estimating ability, he must be provided
consistent, standardized reports. Preferably this will
occur on an individualized basis and will indicate how well
he has done in his previous estimating efforts.

The authors concluded that, in the majority of
cases, the organizations/agencies involved in cost
estimating for new major AF weapon systems act in a progranm
advocacy role., It appears the ICA program as currently

oL
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implemented does not produce a *truely independent cost

estimate as originally intended. AFSC, which conducts the
majority of the ICAs, uses the Directorate of the Comptroller
of the division (ASD, ESD, or SAMSO) to which the prcgram

is assigned to conduct its ICA. Thus, the same individual
(division commander) is basically responsible for producing
both the ICA and the SPO estimates. The authors perceive it
as unlikely that under these circumstances, widely ciffering
estimates could possibly be generated and forwarded for
comparison.

The majority of cost estimates made within the AF

e

cost estimating process are optimistic, and are apparently
based on an optimal contractor and Air Force level of
performance in the development, production and operation of
the new weapon system. These estimates ostensibly result
from the program advocacy roles assumed by the majority of
AF/D0D personnel involved in weapon system acquisitions,

It is apparent that over time, such optimistic cost
estimates can cause the Congressional and Executive branches
of the government to question the credibility of the Air
Forces estimating system.

inal conclusio ea S the estimators
A final lusion reached was that th s %

do nct agree among themselves on the terminology to use in

Q,

escribing/naming the available estimating techniguss, what

<

they involve, and into which category a particular technique

B

should be placed. In fact, agreement could not be found as

n

z
cq
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to how many categories of technigues there really are.

In summary, the material gathered in this study leads

the authors to believe that AF organizations from the SFO
level up to and including the DOD do not create the conditions
necessary to motivate estimators to develop estimates which
truly reflect final total system costs for new major weapon
systems. It should be emphasized that the authors are
speaking of new weapon systems where little "hard-core"
production data is available. The individual estimator is
without an adequate data base from which to better the
accuracy of his estimates: he is not provided feedback on
the accuracy of his estimates, and how changes which have
occurred effect prior program estimates; he is provided no
feedbackx on how his individual estimates, which are part of

the total estimate forwarded to higher level agencies

compare with previous program estimates--his own, those made

by others within his organization, or those made by

estimators from outside his organization; and he is no%
provided with data on what the program final costs were or
how his estimate compared with them (normally by the time the
final costs for a program are avallable, the individual
estimater is no longer associated with the program). The
individual estimator is internally motivated to provicde an
cptimistic estimate which can be used to advocate the weapon

system to Congress,

Finally, while the estimators indicated they felt it
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was critical that the estimate be "accurate"”, there is no
consensus as to what "accuracy" means. A renetorical question
might be appropriate at this point. "What motivates the
individual estimator to generate an accurate estimate if he
doesn't know what an accurate estimate is?" Further, "How

can an estimator be expected to improve his estimates over
time when he receives no feedback to indicate the type or
amount of error which exists in his earlier estimates?"

The results of this analysis thus led an unbiased observer

to question, "What should be the AF's standardized and

measurable definition of accuracy?"

Recommendations

A publication that shows the actual relationships
between the organizations/agencies involved in the cost
estimating process is required. This publicztion could
be used to indoctrinate new individuals entering the cost
estimating field. It could also be used to corient
individuals currently functioning in the cost estimating
fisld on how all facets of the system impart the final
estimate generated on a weapon system. Such a publication
would depict where the specific organization/agency fits into
the overall AF cost estimating process. This thesis could
te used as a basis for the publication. If the 14
organizations/agencies interviewed in this study, which are

involved in making cost estimates for new weapon acquisitions,

12 requested copies of the final thesis. They expressed =
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hope that the thesis would provide an insight into the cost
estimating process which could benefit their estimators.

! Unfortunately, this thesis will not carry the weight of an
official AF document. Further, the organization of a thesis
is not appropriate for providing the informaticn in an
efficient package for use by these organizations. A logical
extension of this thesis would result in an approved
compendium of cost estimating technigues which could
establish a standardized AF terminology. This compendium,
when developed, should be included in any publication

i developed to depict the AF cost estimating process.

The AF needs to establish a feedback system which

identifies the individual generating the estimate, the phase

of the weapon system acquisition cycle during which the

estimate was generated, and the technigques/methodology used
? in generating the estimate, all in a standardized and
| comparable format across weapon systems. Developing and
implementing this feedback system would facilitate the
development of a standardized data base for use by all
estimators when working on the cost estimates of future
weapon system acquisitions.
The AF/DOD should begin to manage the cost estimating
process as an entity in i1tself with the objective of
improving cost estimating accuracy. To do this, four actions

as a minimum are required:

1. Establish a consistent measure of accuracy based

98




upon a standardized definition of the term.

2. Develop and implement a feedback system based on
the individual estimator and organizational program
estimates.

3. Free the estimator from his perception of a need
to produce optimistic estimates based upon an optimal
performance in all facets of the program,.

4, Develop and implement a positive/negative reward

system based upon obtaining accurate estimates.

Recommendations for

Future Studies

Based upon the absence of any concensus about the
terminology of cost estimating techniques in the literature
reviewed, and backed by the same finding among the individual
estimators interviewed, the authors strongly recommend that
future research be conducted to develop a compendium of the
techniques used in cost estimating. The study should
identify the techniques, explain how the technigues are
used, and standarcdize the terminology relevant to each
particular technique. Hopefully, the rationale for a
categoerization of the technigues could be developed wit
assistance from all levels within the AF cost estimating
process for inclusion in the compendium. This compendium,
when completed, should be included in the AF document

recommended earlier.

BEased upon the conclusion that the ICA program may

g9




not be functioning as originally intended, further research
into the independence and use of the ICA estimate appears

~ warranted. One of the possibilities to be investigated
would be whether the ICA should be conducted by an agency
completely divorced from the MAJCOM which produces the SPO
estimate or perhaps by an organization totally independent
from DOD!

Further research should be conducted to determine the

design and content requirements for a standarcized data
base. The currect data basis shw analyzed to determine
their shortcomings as well as their benefic features.

u

olve fhe individual estimators to :

The resear ould

N,

ascertain "U! ts/desires relative to the

information needed.

A final area which reguires further research is the
motivation of the individual estimator. Extensive research
should be accomplished to identify the factors which motivate
the estimator to generate good estimates. The pros and
cons of a reward system based upon the measured accuracy of
the individual estimator and/or his organization should be
included.

The cost estimating process within the AF is
typified by confusion and uncertainty in what is involved
and how it works. This confusion and uncertainty is found
among the estimators, those who act upon the estimate made,

and at the Air Staff/DOD level. Additional research is
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necessary to further explain the process and thereby reduce
the confusion and uncertainty. Air Force publications are
needed to orient both new and experienced estimztors to the
realities of the Air Force estimating process. A better
understanding of the cost estimating process is necessary if
the AF/DOD is to reduce "apparent" cost growth and regain
public and Congressional confidence in their ability to

estimate accurately the costs of new weapon systems,
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APPENDIX A
MANAGERIAL INTERVIEW SCHEDULE
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MANAGERIAL INTERVIEW SCHEDULE

Type Interview

Tape Number

Date

I. General:

A,

Personal and Organizational Data:

1. Name?

2. Organization/Division?

3. «ob Bitle?

L. Length of time in current position?

5. Length of time as a cost estimator?

Purpose of Study: To clarify and document the
overall cost estimating process used by the Air
Force in the acquisition of major new weapon systems,
Purpose of Interview: To obtain your help in under-
standing what organizations/agencies provide cost
estimates, the purpose for which the cost estimates
are made, when in the acquisition process these coszt
estimates are generated, and what techniques are
appropriate to each organization/agency in producing

a cost estimate.

L. Specifics:

A,

When are cost estimates generated?
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During which phase of the weapon system
acquisition process does your organization make
cost estimates?

a. Conceptual?

b. Validation?

c. Full-Scale Development?

d.  Preduction?

Can you differentiate between the phases when
you make a cost estimate?

How do you differentiate?

Do you make more than one cost estimate during
any one phase?

a. Which phase?

b. How many estimates are made?

c. Why do you make more than one estimate?

d. How are they different one from another?

B. Amount of Data Available.

£

How much data is available for making cost
estimates in each of the following phases?
a. Conceptual?

b. Validation?

c. Full-Scale Development?

d. Production?

What type data do you use to makxe cost estimates
in each of the following phases?

a. Conceptual?




b. Validation?

c. Full-Scale Development?

d. Production?

What data would be required to make cost
estimating easier?

a. Why would this data be required?

b. How would this additional data help?

C. Techniques used to make cost estimates.

L

What technigues are available to you to make

cost estimates?

What techniques do you use to make cost

estimates in each of the following phases?

a. Conceptual?

b. Validation?

¢c. Full-Scale Development?

d. Production?

Do you feel that the technique(s) currently usecd

in each phase is the most useful cne available?

a. Why/why not?

b. What techniques would be more useful?

c. Why do you feel the technigues you
suggested would be more useful?

Do you feel that the techniques currently used

in each phase provides the btest estimate

possible?

a. Why/why not?
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b. What techniques would provide a more
accurate estimate?
, c. Why do you feel that the technigue suggested
would be better than the one currently used?
d. How accurate ares your estimates?
e. Can you tell how accurate your =stimates
are?
f. How can you tell?
5. Do outside organizations/agencies attemp® %o

influence you in the choice of the technique to

use”?

a. Who?
b. When?
c. Why?

D. Why are cost estimates made?

1. Why do you make cost estimates in each of the
four phases?
a. Conceptual?
b. Validation?
c. Full-Scale Development?
d. Production?

2. Who uses the cost estimate made by ycu in each
of the four phases?
a. Conceptual?
b. Validation?
c. Full-Scale Development?

d. Production?
106
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What are the cost estimates used for?
a. Conceptual:

(1). Planning?

(2). Controlling?
(3). Other?
b. Validation:
(1). Planning?
(2). Controlling?
(3). Other?

c. Full-Scale Development:

(1). Planning?

(2). Controlling?
(3). Other?
d. Production:

(1). Planning?

(
\

n
~—

Controlling?

(3). Other?

Importance.

ll

How important do you feel it is that the cost
estimate you generate be accurate?

What do you mean by accurate?

How do your estimates compare with those made
in other organizations?

Do outside organizations/agencies attempt to
influence the outcome of your estimate?

a, Who?
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APPENDIX B
ORGANIZATIONAL LISTING OF INTERVIEWEES




ORGANIZATIONAL LISTING OF INTERVIEWEES

The following individuals, from the organizations
listed, were interviewed in the process of validating the

model developed in Chapter II and updated in Chapter IV,

AF CAIG (HQ AF/ACMC)

1. Fitzgerald, Major Dan (28 & 29 March 77)

2. Krushinski, Joseph (28 & 29 March 77)

5 Pu§year, Captain Franklin G. (28 March & 19 April
(i

AFLC Comptroller (HQ AFLC/ACRC)

1. Jones, Captain Charlie E. (g February 77)
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GLOSSARY CF TERMS

‘ Advocacy Package: The documents necessary to present the

conclusion of the Conceptual Phase study and the various
conceptual alternatives, along with the studies and tests of
these alternatives. The package recommends one particular
alternative concept. The advocacy package is used to "sell"
the program to CSD,

Budget Cost Information: Information on proposed alternative

solutions, costs, and schedules for satisfying a RCC,
Normally prepared by AFSC and/or AFLC in response to a
published ROC,

Budgzet Costs: Costing used in budget submissions as

distinguished from costing used in program documents.

Budget costs represent the specified total obligation
authority requirements for funds in a particular fiscal
period and generally represent a refinement of program costs.

Configuration Item: An aggregation of hardware/software, or

any of its discrete porticns, which satisfies an end use
function and is designated by the Government for configuration
management., During development and initial production, CI's

are only those specification items that are referenced

directly in a contract (or an equivolent in-house agreement).

Cost Analysis Improvement Group (CAIG): An OSD (AF) advisory

body, responsive to the DSARC (AFSARC) on matters relating to

i il




cost. The CAIG provides the DSARC (AFSARC) with a review

and evaluation of independent (ICA) and program (3PC) cost
estimates prepared by the Military Services, Established
to develop uniform criteria to be used by all DOD units
making cost estimates.

Cost Category: One of three types of costs into which the

total cost of a program element is divided (1) research
and development, (2) investment, and (3) operations.

Cost Estimate: The product of an estimating procedure

which specifies the espected dollar cost to perform =
stipulated task or to acquire an item. It may be stated
as a single value or range of values.

Cost Estimating Relationship (CER): An analytical expression

which describes, for predictive purposes, the quanity or
cost of an item or activity (either in physical units or
dollars) as a function of one or more explanatory variables,

Defense Svstem Acquisition Review Council (DSARC): An

advisory body, within the Office, Secretary of Defense,
which is chartered to review and evaluate the status of
each appropriate system acquisition program at three tasic
milestone points. DMembership is composed of The Director,

Defense Research & Engineering (DDR&E), the Assistant

[&}]

ecretary of Defense (Comptroller (ASD Comptroller) ), the
Assistant Secretary of Defense (Installations and Logistics
(ASD (I&L)) and the Assistant Secretary of Defense (Systems
Analysis) (ASD (SA)). The three milestone points in the

116

B T R SO i




weapon system acquisition process which require DSARC review
and evaluation are:
‘ 1. When initiation of Contract Definition (or
equivalent effort) is proposed;
2. When transition from the Contract Definition Phase

to full scale development; and

3. When transition from the development phase into
production for Service deployment is proposed.

Development Concept Paper (DCP): Memoranda from the

Secretary of Defense expressing his decisions on the
initiation of, or changes to, major R&D programs.

Five Year Defense Plan (FYDP): The official program whic!

summarizes the Secretary of Defense approved plans zand

programs for the DOD.

Independent Cost Estimate (ICE): An estimate of program

cost developed outside normal advocacy channels by a

team which generally includes representation from Cost
Analysis, Procurement, Production Management, Engineering
and Program Management. Synonomous with Independent Cost
Analysis (ICA) in this paper. An ICA generally involves
maximum use of parametric technigues but may use other

cost estimating techniques.

Industrial (Detailed) Engineering Estimate: A cost estimate

based on manufacturing, assembly, and test costs generated
from system description operations, or standards designed

from time and motion studies or vender quotes. Also xnown
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as industrial buildup or grass roots estimates,

Official Program Estimate: The estimate prepared by a

System Program Office of Aeronautical Systems Division,

Electronics System Division or Space and Missile System

e

Division.

Parametric Cost Estimate: A cost estimate which is based on

the development and utilization of estimating relationship
Detween historical costs and other program variables such

as system physical/performance characteristics, contractor
output measures, manpower loading, and facility floor space.
Planning/Programming/Budgeting System (PPBS): An integrated
system for the establishment, maintenance, and revision

of the FYDP and the DOD budget,

Program Management Directive (PMD): A USAF document which

transmits to AFSC the "go-azhead" and guidance for the new
weapon system following the DSARC I decision,

Required Operational Capability (ROC): A formal, numbered

document, used to identify an operaticnal need znd to
request a new or improved capability for the operating
forces, The capability sought is described in terms of
operational objective, operational environment, support
and maintenance concerts, and concept of operation.

System Program Cffice: An AFSC management organization set

up to manage the acquisition of a new weapon system,

osts
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Total System Cost: Total system cost sncompasses

development, procurement, operation, and support, and
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where applicable, disposal, Total system cost is analogous

with life cycle cost,
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