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Preface

This study investigates the assertion that the Cost
at Completion is bounded below by the Cost Performance -
Index-based Estimate at Completion (EAC) and above by the
Schedule Cost Index-based EAC. The hypothesis is tested

on a selective sample of 321 contracts from the Defense

" Acquisition Executive Summary Database. This thesis

checks the valiadity of this assertion and explains the
usefulness of this information.

Special thanks to Major David S§. Christensen for his

- advice and guidance throughout the entire thesis process.

Thanks to Captain Timothy J. Halloran for his assistance

with Paradoxg and thanks to QUSD(A) for providing the

original database for analysis.

Mark Terry and Mary Vanderburgh




Page

Preface . . . . . . o v e 0 e e e e ey e e e e
List Of FAQULES . . « v © + v ¢« v v v v v e e e e e o
List Of TAbles . . . . . . e e e e e e e e e e i
ADSETACE . . v v v v e v e e e e e e e e e e e e e e oWviind
I. Introduction . . . . . . . . . . . . 4 o v .01
General Issue . . . . . . v v v v v e e e e e .1
Background . . . .3
Research Problem e . .7
Specific Problem Statement . .7
Defense Acquisition Executive Summary Database .9
Investigative Questions . e e e e e . 9
Scope/Limitations 10

II. Literature Review . . . . . . . . . . . .12
Index Definitions . . . . . 15
Example of Index/EAC Realtlonshlp . .16

EAC Comparison Studies . 19

III. Methedology . . . . . ¢« . . « « v v v v v o o . .23
Introduction . . . . . . . . . ¢ . . v v e e ... 23

The Database . . . . . . . . v v v v v v v o v v .23
Descriptive Fields . . . . . . . . . . . . . . . . 24
Numeric Fields . . . . . . . . . . . . . . . . . .25

Data Definition . . T~ b
Overview of Hypotheszs Test e e e e e e e ... .28
Explanation of Approach . . . . . . . . . . . . . .29
Justification for Approach . . . . . . . . . . . . 30
Testing the Hypothesis . . . . . . . . . . . . . . 30
Index and EAC Calculations . . ... 30
Example Calculation of Three-Month Indexes ... .03
Example Calculation of Six-Month Indexes . . . . . 31
Normalizing EAC Values . . . . . . . . . . . . . . 32
Descriptive Statistics . . . . . . . . . . . . . . 32
Investigative Questions . . . . . . . . . . . . . .34

Summary . . . . . . o e e e e e e e e e e e . L40




1V, Results

Hypothesis . . .

Investigative Questlons and Hypothesxs
Test Results . . v e e e e
Graphical Analysxs of Indexes e e e e .
Graphical Analys;s ot E2Cs.

Summary. . . . . ¢ e e s s e e s

V. Discussion . . v & v ¢ v o v o o o o o o
Review of the Hypothesis. e e e e e e .
Conclusion . . . e . ..

Analysis of Results « e e .
Areas for Future Research

Appendix A: Cost/Schedule Control Systems Criteria

Definitions

Appendix B: Interpolation Process and Script.

Appendix C: Descriptive Statistics .

Appendix D: EAC and Index Ceiling and Floor Graphs

Bibliography . . . . . . . . . . .

Vi@ v v v v et e e e h e e e e e e

iv

Page

81

.102

<129

131




Figure

1. Overall EAC Ceiling and Floor .

2. Overall Index Ceiling and Floor.

3. Overall (Navy Contract Removed) EAC Ceiling
and Floor . . . . « « « e 4 e e e e e e

4. Overall (Navy Contract Removed) Index Cellxng
and Floor . . . . e e . .

S. Missile EAC Ceiling and Floor .

Liat of Figquxes

Page
. S5
.55

. 56

.56
63




Ligt of Tables

Summary of EAC Research
Contract Composition by Category .
Hypothesis Test Results by Category .

Contract Completion Stage Sensitivity
by Category . . . e e e e e e e

Contract Completion Stage Sensxtxvxty
by System Type . . . .

Page
18
26

. 42

43

45




AFIT/GCA/LAS/93S-9
abstxact

This study explores the widely held assertion that DOD
contract Cost at Completion is bounded below by the Cost
Performance Index-based Estimate at Completion (EAC) and
above by the Schedule Cost Index-based EAC.

Descriptive statistics determined the floor and
ceiling for 321 DOD contracts. The results confirmed that
the Cost Performance Index-based EAC is a reasonable floor
and the Schedule Cost Index-based EAC is a reasonable
ceiling for EAC formulas. For the contracts considered
overall, on average, the Cost at Completion was not bounded
by the floor and ceiling. The range of EAC formulas
evaluated tended to slightly underestimate the Cost at
Completion on average.

| Results were tested for sensitivity to Index Type
(cumulative, six-month and three-month), Program Phase,
Contract Type, Branch of Service, System Type, Major
Contract Baseline Changes and Management Reserve.

Graphs of the EAC ceilings and floors for several
contract categories illustrate trends in program status
throughout various stages of contract completion. These
graphs should assist program analy-ts in providing program
managers with reasonable contract completion cost estimates
for contracts in various categories across all stages of

contract completion.,
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AN ANALYSIS OF ESTIMATE AT COMPLETION MODELS UTILIZING THE
DEFENSE ACQUISITION EXECUTIVE SUMMARY DATABASE

- General lasuye

The Reagan Administration was elected in 1980 with a
primary goal of rebuilding the nation's defense
capability. A significant portion of this rebuilding
effort included the development and production of needed
major weapons systems for each of the service components
of the Depaftment of Defense (DOD).

Though similar problems in the weapons procurement
system had been identified in post-World War II systems
development, the build-up during the Reagan years brought
increased scrutiny and great criticism on systems
acquisition and, spegifically, on cost and schedule
overruns.

This heightened emphasis on cost and schedule
overruns brought concern from both the executive and
legislative branches of government. 1In March 1981, in a
memorandum to Defense Secretary Weinberger, President

Reagan voiced executive direction:

We were concerned, as I am sure you were, to
learn of the significant cost growth in a number
of Defense programs . . . (10:33)




Similar thoughts were expressed by the Chairman of the

Defense Appropriations Subcommittee, Rep Joseph P. Addabbo

(D-NY) in the same year: -
We must give a strong message to the Defense >
Department that the old way of doing business will
not be tolerated. . . . Unless we demonstrate we

are getting a2 handle on cost overruns, we'll lose

what appears to be a consensus to rebuild our

military forces. (10:34)

As the Reagan Acministration progressed, political
pressure mounted regarding the management of major weapons
systems programs. In 1985, Senators Goldwater and Nunn,
generally viewed as hawks on defense issues, produced a
report echoing the continuing concern of Congress over

cost and schedule increases. This, in part, led to a

major study headed by former Deputy Defense Secretary

David Packard, known as the President's Blue Ribbon

Commission on Defense Management. Tnis report stated
that:

. too many of our weapons systems cost too
much take too-long to develop, and by the time

they are fielded, incorporate obsolete
technology. (16:337)

This developing consensus, combined with federal *
deficit pressures and declining threat assessments,

seriously damaged the political will present in 1980 to

develop, produce and field defense weapons systems.




The A-12 program cancellation in 1991 graphically
illustrated that cost and schedule overruns would no
longer be met with additional funding and the acceptance

of slipped development and production time frames.

Background

Though cost overruns of major weapons systems gained
heightened attention during the build-up of the U.S.
defense budget during the Reagan Administration,
historical evidence indicates the presence of
comparatively higher overruns of systems produced and
developed 30 years prior (13:51). A study by Merton Peck
and Frederick Scherer of 12 major weapons systems produced
in the 1950's detailed average cost growth, from start to
. full-scale development, of 220 per cent (15:412). A
similar RAND Corporation study, published in 1986, notes a
range, in relation to current programs, of approximately
10 to 35 per cent (18:9).

One of the major factors in the decline of the amount
of cost overruns was the introduction, during the tenure
of Secretary McNamara at the Department of Defense, of a
set Hf criteria known as Cost/Schedule Control Systems
Criteria (C/SCSC). The development of this evaluation

- method occurred after it was apparent to DOD officials

that the prior methods to monitor contract performance




. were inadequate to properly gauge major weapons éystems
programs.

Prior to C/SCSC, it was not uncommon for contractors
to bid low on prospective contracts, which were based -
primarily on fixed fee assumptions, and then petition for
alterations to the contract length and price during the
performance phase stating that they had not realized how
complex and costly the system production would actually
be. The government was often unaware of these problems
-until significantly into the time span of the <contract and
therefore its leverage to mandate changes to solve these
problems was limited. This template for disastrous cost
and schedule overruns necessitated the development of an
- evaluation method to better monitor cost and schedule
performance (8:22).

A key component of the C/SCSC system is the Estimate
at Completion (EAC) calculation, the estimation of the
total program cost that may be computed throughout the
- program life-cycle based upon schedule ard cost data.
This figure is used to estimate the cost variance of a
program from its original baseline and is an essential
driver in the analysis of program efficiency and
. effectiveness.

Even with the relative improvement in accounting

measures to analyze contractor performance, the lack of )

standardization in the use and interpretation of EAC




" formulas remains a problem. Most recently, in the
Memorandum for the Secretary of the Navy, Subi: A-12
Administrative Inquiry (the Beach Report) on the factors
surrounding the cancellation of the U.S. Navy's A-12

. program, cost estimation procedures were still found
woefully lacking due in part to disagreements about
selection of and possible manipulation of EAC formulas
(1:12-13) .

As a remedy to potential EAC manipulation, the Beach
Report recommended a range of EACs be used .a future
program evaluations (1:16). A range of EACs will, due to
the relative accuracy of the various models based upon
contract characteristics and stage of completion, provide
- a wider "confidence interval® to estimate program cost
(9:3). |

Further, the Beach Report advised changes to the DOD
5000 series documents indicating the Cost Performance
Index (CPI) should be used as a benchmark formula for
programs over 15 per cent complete.

(1) Enter the range of estimates at completion,

reflecting best and worst cases.

(2) Provide the estimate at completion reflecting

the best professional judgment of the servicing cost

analysis organization. If the contract is at least

15 per cent complete and the estimate is lower than

that calculated using the cumulative cost performance

index, provide an explanation.

(3) Justify the program manager's besc

estimate (item 25) if the contract is at least
15 per cent complete and the estimate is lower




than that calculated using the cumulative cost

performance index. (7:16-H-6)

The CPI was chosen as a baseline EAC due to evidence
suggesting its relative stability as a predictor of
program cost from the 20 per cent completion point across
a variety of program and contract types (4:7).

The Schedule Cost Index (SCI) is generally viewed to

. be the high-end BEAC formula (9:9). This method is

theoretically most pessimistic because it utilizes
"equally" both schedule and cost data in its calculations
with potential performance negatives in each measure
amplifying the other, generating a higher total EAC.

Though extensive research in the C/SCSC and EAC area
has been conducted for approximately 20 years, significant
room for cost estimation process refinement and

specification remains. Specifically, while the CPI and

- SCI have been established in practice as the de facto

floor and ceiling, respectively, for EAC models, research
on a large, diverse program database has not definitely
supported these contentions.

Research supporting the EAC ceiling and floor
assertion would be most useful to program managers and the
DOD cost community as it would allow them to establish an
area in which the Cost at Completion (CAC) would most
probably be contained. Also, it would confirm existing

suspicion that program cost estimates outside this range




are unrealistic and require a heightened degree of
explanation and justification.
Finally, the trend toward declining defense budgets
- - and increasing scrutiny of defense acquisition policy
magnifies the importance of improving the management and

control of weapons system costs.

Research Problen
The primary objective of this research is to test the
DOD assertion in DOD 5002.2-M, Defense Acquisition

| Mapagement Documentation and Reports and Office of the
Under Secretary of Defense for Acquisition (QUSD(A))

- concept that the Cost Performance Index (CPI)-based EAC is
a valid floor and the Schedule Cost Index (SCI)-based EAC
is a valid ceiling for EAC formulas (7:16-H-6).
Additionally, this research explores the position of the

Cost at Completion relative to the EAC floor and ceiling.

S £ bl
Does available program data on completed DOD
contracts establish a range of EACs consistent with DOD

policy and assumptions? The primary hypothesis to be

tested:

. Ho: Cost at completion is bounded below by the CPI-

based EAC and above by the SCI-based EAC.




The hypothesis was answered using a database
described below. In addition to'the CPI and SCI-based
EACs, the SPI-based EAC was selected, for a total of three .
EAC formulas.

The hypothesis test starts with determining the
percentage deviations of each of four EAC formulas from
the actual CAC. These percent deviations from CAC
provided a normalized set of data points for comparative
purposes. The percent deviations from CAC were averaged

- and the EAC with the highest average percent deviation
from the CAC became the ceiling and the EAC with the
lowest average became the floor.

The hypothesis was valid only if the SCI-based EAC

. was the ceiling, the CPI-based EAC was the floor, and if
the floor and ceiling bounded the Cost at Completion.

The results of the hypothesis test were tested for
sensitivity to several factors, including Index Type,
Contract Completion Stage, Program Phase, Contract Type,

| Branch of Service, System Type, Major Baseline Changes and
Manag¢: ¢% Reserve.
Tne épecific categories for sensitivity analysis are

addressed with investigative questions, following a brief

- dascription of the database used in this analysis.




Defense Acquisition Executive Summary Datahase

OUSD(A) provided program data, compiled from
contractor cost management reports since 1972, in a
database known as the Defense Acquisition Executive
| Summary (DAES). This database contains performance data
on over 500 major weapons system programs (major defined
as research, development, test and evaluation contracts
over $60 million and production contracts over $250

-million) from each of the service branches (19:5).

1. Which EAC models are most utilized in the Department
of Defense (DOD) and why?
2. Of the index-based EACs compared, is the CPI-based EAC
the floor and is the SCI-based EAC the ceiling?
3. Doces the final Cost at Completion lie within the
considered range of EACs?
" 4. Which EAC is the most accurate predictor of final Cost
at Completion?
S. Are the original hypothesis test results (answers to
questions two through four) sensitive to:
Index Type (Cumulative, Six Month or Three Month)
b. Program Phase (Pre-Production or Production)
c. Contract Type (Cost Plus, Firm Fixed or Fixed

Price)

d. Service (Army, Navy or USAF)




e. System Type (Airframe, Electronics, Engine,
EQquipment, Ground, Missile, Ship or Space)

f. Major Baseline Changes (Not OTB or OTB)

g. Management Reserve R
6. Are the original results and the results for each
category sensitive to the Contract Completion Stage?

The first question will be answered in the literature
review. The remaining questions will be answered after

analysis of the DAES database.

L .

The primary scope of this thesis is utilization of

" the DAES database to analyze the concept that CAC is

bounded below by the CPI-based EAC and above by the SCI-
based EAC. Additional analysis focuses on the sensitivity

of the ceiling and floor to various conditions as

~described in the investigative questions.

The chief limitation of this thesis is the quality
and consistency of the DAES database. The database
exhibited inconsistencies in terms of the time between
consecutive entries of program cost and schedule data. A
process of interpolation within the initial contract data
provided the information necessary to minimize this
shortcoming.

Having provided a general overview, a discussion of -

the specific problem statement and an cutline of the




investigative Questions, it is useful to expand on the

background and significance of this research with a review

of applicable literature.




II. Li Rav;

This section addresses the development of C/SCSC,
defines the data elements used in EAC calculations and
. reviews appropriate and applicable EAC comparison studies.

The McNamara Era in the DOD saw the introduction of
many concepts used in the civilian sector to the management
of national defense. Two mechanisms introduced prior to
the development of C/SCSC were attempts to solve the same
problems, but met with limited success. Program Evaluation
and Review Technique (PERT) and the Critical Path Method
(CPM) were industry and academic concepts that were
essentially techniques to monitor and osptimize the
scheduling side of the equation. Though these techniques
were a step in the right direccion‘regarding schedule
monitoring, they did not initially take into account the
cost element, and additionally were fought by members of
both the military and contractor communities due to the
implementation style of McNamara's °whiz kids" (8:23). A
by-product of the introduction of these concepts was the
initiation of DOD to the ®"earned value® theory, the
conéeptual linchpin of C/SCSC. This method of analyzing
" contract performance: .
. . . suggested the idea of planning a program -
and the necessary resources in sufficient detail
80 as to allow for the precise measurement of

performance along the way, and of having the
ability to obtain reliable estimates of the total

12




costs, and total times needed to complete the
various programs. (8:23)
The genesis of C/SCSC was the formation of a United
. - States Air Force body known as the Cost/Schedule Planning
and Control Specification Group. This group was tasked to
develop critaeria that would not replace the internal
management control systems of defense contractors but
- would rather provide the government with a means to i
evaluate a contractor's present systems in relation to
cost control and schedule performance (8:24).

In late 1967, the Air Force study group's efforts
resulted in the publication of DOD Instruction 7000.2,
Rexformance Measurement for Selected Acquisitiops. This !
document introduced 35 criteria that are partitioned into : {

5 major areas:

Organization--To define the contractual effort
with use of a work breakdown structure, assign
responsibilities for performance of the work, and
accomplish all this with use of an integrated
contractor management control system.

Planning and Budgeting--To establish and maintain
a performance measurement baseline for control of
the work.

Accounting--To accumulate the costs of work and
materials in a manner which allows for comparison
with earned value.

- Analysis--To measure earned value, t> analyze
variances of both costs and schedules, and develop

reliable estimates of costs at completion.

Revisions and Access to Data--To incorporate
changes to the controlled baseline as required,
and allow appropriate Government representatives

13




to have access to contract data for determining

contract compliance. (8:26-27)

The analysis criteria ensure that data ccllected and
maintained by the contractor include sufficient -
information to allow the government to analyze contractor

~ performance. Program managers:

. « . require a comparison of actual vs. planned

performance, calculation of variances, and analysis

of variances (if they exceed predetermined
thresholds). (11:13-18)

The measures or ratios that the government uses to deduce
the qQquality of contractor performance include Budgeted
Cost of Work Scheduled (BCWS), Budgeted Cost of Work
Performed (BCWP), Actual Cost of Work Performed (ACWP),

. Budget at Completion (BAC) and Estimate at Completion
(EAC) as defined in Appendix A. Additional useful
measures include Management Reserve (MR), Total Allocated
Budget (TAB), Percent Complete (PC) and Cost at Completion
(CAC), also defined in Appendix A.

The basic EAC formula used in this analysis is index-

based.

EAC = ACWP + (TAB - BCWP)/index (1)




. Index Defipiti
1. Cost Performance Index (CPI). The CPI is obtained by
dividing BCWP by ACWP. A ratio greater than one
(BCWP>ACWP) indicates a cost underrun. A ratio less than
one (BCWP<ACWP) indicates a cost overrun. The three CPIs
analyzed include cumulative, six-month and three-month, as

defined below.

CPIcum = BCWPcum/ACWPcum (2)
-5 -5

CPI6 = X BCWP/ I ACWP (3)
i=0 i=0

where i represents the month and goes from current (i=0)

to five months prior (i=5) to provide the six most recent

- data points.

-2 -2
CPI3 = 3 BCWP/Y ACWP (4)
i=0 i=0

2. Schedule Performance Index (SPI). .The SPI is the

' ratio of BCWP to BCWS. A ratio greater than one
(BCWP>BCWS) indicates a program is ahead of schedule while
a ratio less than one (BCWP<BCWS) indicates a program is
behind schedule. The cumulative, six and three month SPIs

. are defined below.

SPIcum = BCWPcum/BCWScum (S)




-5 -5

SPI6 = 3 BCWP/I BCWS (6)
i=0 i=0
-2 =2
SPI3 = X, BCWP/Y BCWS (7) .
i=0 i=0

3. Schedule Cost Index (SCI). The SCI is the product of
. CPI and SPI. Cumulative, six and three month indexes are

defined below.

SCIcum = CPIcum * SPIcum (8)
SCI6 = CPI6 * SPI6 (9)
SCI3 = CPI3 * CPI6 {10)

Having acknowledged the index definitions, additional
clarification of the relationship between an index and its

corresponding EAC is best illustrated with an example.

The following example meets the conditions of the

hypothesis. The relative raﬁking of EACs results in the

CAC bounded by the SCI-based EAC as the ceiling and the

" CPI-based EAC as the floor.

E ] f Index/EAC Relati hi
A typical contract might be expected to be behind
schedule and over cost. This condition is exemplified

with CPI and SPI values both less than one.

16




. Let TAB=100 BCWP=27 BCW3=33.75 ACWP=30 CAC=125

INDEX CALCULATIONS: CPI=BCWP/ACWP=.9
SPI=BCWP/BCWS=.8
. | SCI=CPI*SPI=.72

EAC CALCULATIONS: EAC = ((TAB~BCWP)/index)+ACWP
BACcpr=((100-27)/.9)+30=111.11
EACsp1=((100-27)/.8)+30=121.25
BACger=((100-27)/.72)+30=131.9

When CPI and SPI are less than one, their product
- (SCI) will be less than either CPI or SPI. This example
illustrates how the lowest index (SCI) has the highest
corresponding FAC, since the index falls in the
‘&enominator of the basic ZAC formula.

Understanding the mechanics of the indexes, the EACs,
and how they relate to each other paves the way for
further exploration intc the significance of EACs through
a review of EAC literature to date. A review of several

_ comprehensive EAC studies follows to help the reader

appreciate the variety of conclusions to date. These

‘ studies are summarized in Table 1.




SUMMARY OF EAC RESEARCH

TABLE 1

Author Year) = Source

Bright & Howard  Army
(1981)

| Covach, Haydon & Air Force
Reither (1982)

Reidel & Chance  Air Force
(1989)

Beach (1990) Navy
McKinney (1990)  Air Force

Christensen, Air Force
Antolinj &

McKinney (1992)
Fleming (1992)  Civilis

Christensen (1993)  Air Force

Heise (1993)

Topic
EAC Formulas

EAC Formulas

EAC Formuias

Cancellation

EAC Formulas

EAC Formulas

EAC Formulas

EAC Formulas

CP1 Suability

“Type/Numberof Conclusions
Contracts

11 development

15 development
6 production

16 developraent

1 development
N/A
N/A
N/A

N/A

62 development
93 production

EAC selection should be
based upon program
characteristics; SCI6
suggested opimal

'Cl’lvuiadonsmw

accurar
No single EAC method

produces optimal
estimates for all types of
programs

EAC calculatdons vary
greatly & are easily
manipulated

Provided history and
review of EAC research

Accuracy of regression-
based Jormulas over
index-based not

supported

CPlcum is middle range
formula; SClcum is high
end formula

EAC formula accuracy
depends upoo system
type. phase aud type of
cootract

CPlcum is stable frum
the 20% completion




EAC Comparison Studies

The EAC foracasts the completed cost of a defense
contract and provides a basis to systematically project
total weapons system cost, a necessary and key component.
of thé governmental oversight process lacking in the era
. prior to C/SCsC. Calculation and analysis of EAC data
provi&es the abilipy to decérmine the relationship of cost
and schedule parameters throughout the program life-cycle,
allowing the government a mechanism to ideatify and
minimize cost and schedule overruns.

Numerous attempts have been made to compare and
contrast the performance of various EAC formulas based
upon what invariably have been rather smail and
hcmogeneous weapons systems databases.

In 1980 and 1981, the ManTech International
Corporation, in a study contracted by the U.S. Navy,
tested 24 EAC formulas on a database of 15 development and
6 production contracts. Twelve of these formulas ware
index-based with the ramainder regress.on-based ($:1-7,
62-65)., Also in 1981, Bright and Howard tested 11 EAC
formulas on 11 U.S. Army development contracts. Nine of
the formulas were index--based with the remainder

. regressicn-based. These studies concluded that
ragression-based formulas tend to perform well in the
early s-ages of completicn. The index formulas that

performed (e best across all three stages were CPI-based

19




They also recommended the SCI-based EAC as a candidate for
the most accurate predictor of Cost at Completion (3:217-
221).

In 1989, Reidel and Chance tested 6 index-based .
formulas on a U.S. Air Force database consisting of 16
development and 40 production contracts. These programs
were evaluated at four finite stages of completion versus
the early, middle and late range methods of the ManTech
and Bright and Howard studies. Their results indicated
that SCI and CPI-based models performed well across all
stages of completion (17:3-6, 72-78).

Regarding empirical support of the CPI-floor and SCI-
ceiling assertions, the available studies are suggestive
but not conclusive. Bright and Howard found that CPIcum
does tend to be the floor among the various CPI formulas
(2:16).

. + . On the average, the (EAC) technique based upon

the most recent data dominates (exceeds) over the

technique based upon less recent data (2:16).

Fleming suggests the SCIcum as a ceiling among commonly
used EAC formulas included in popular EAC software

packages.

. + . We at Micro-Frame consider this (CPI*SPI) to be *
a high end formula . . . (9:9)




Finally, the Beach Report provides anecdotal support for
the reasonableness of the CPIcum floor and SCIcum ceiling
based upon the cancelled A-12 program.

These representative studies illustrate the general
conclusions and weaknesses of the EAC rewvearch conducted
over the past 20 yeérs. While some forqulas tend to be

preferred, McKinney reviewed EAC research in 1992 and

. found a lack of consensus remains regarding the

appropriateness of the available formulas and formula
types (14:76-79).
Recall from Chapter One that the first investigative

question asked the following:

1. WwWhich EAC is the most accurate predictor of final Cost

at Completion? ' '

As indicated in the review of EAC research to date,
there is no one EAC singled out as the most accurate. ne
CPI, SPI and SCI-based EACs are most often used to

estimate program costs but there is no clear pattern of

conditions under which each index is most appropriate.

The small and homogeneous databases upon which the
comparisons are based present a significant shortcoming.
The small sample sizes reduce the certainty of statistical
conclusions and inhibit the ability to generalize results.

Wnat is missing is a comprehensive test of EAC formulas on
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a large, heterogenecus database to better ascertain the
validity ofiEAC formulas.
Our research is designed to address this limitation
by performing analysis of EAC models based upon programs .
in the DAES database. This database provides larger
sample sizes from a more complete and diverse set of
- program data than previously available to those
undertaking EAC research.
The methodology for testing the hypothesis and

answering the remaining investigative Qquestions is

presented in the following chapter.




III. Methodology

This chapter describes the procedures used to test

the hypothesis.

Ho: Cost at Completion is bounded below by the
CPl-based EAC and above by the SCI-based
EAC.

Introduction

Before discussing the methodology applied to test the
hypothesis, the database itself merits attention. A
description of the database and its fields is followed by
an explanation of the process used to prepare the database
for use (referred to as data définition). The data
description and data definition are followed by an
explanation and justification of the approach used to test
the hypothesis and an explanation of the actual EAC

calculations and graph preparations for data analysis.

Ihe Databage

A sample of 321 contracts from the DAES database was
selected for analysis to test the hypothesis. The
original database contains approximately 500 contracts and

16,000 quarterly report dates of information. The

database has various Department of Defense contracts which




- date from November, 1972 to October, 1992. The fields of

interest for testing the hypothesis include descriptive

and numeric fields as described below.

L iptive Field

1. Project Number (PNO). This identifies a group of

- contracts that belong to a particular weapon system

program.
2. Contract Number (CNO). This, in conjunction with its
corresponding PNO, uniquely identifies each of the 321
contracts used in the DAES database.

3. Submit Date. This, in conjunction with its
corresponding PNO and CNO, uniquely identifies each of the
3803 records used in the database. The submit date is

‘mportant for interpoiating missing data.

4. Phase. This identifies the phase as either Pre-

Production (PREP), Production (PROD) or Other (OTHER).

S. Contract Type (CTYPE). This identifies the type of
contract as Cost Plus (CP), Firm Fixed (FF) or Fixed Price
(FP) .

6. Branch of Service (SERVICE). This identifies the
branch of service initiating the contract: Air Force (F),
Army (A), or Navy (N).

7. System Type. This identifies the contract by the type

of system: Airframe (A), Electronics (E), Engine (N), -




Equipment (Q), Ground (G), Missile (M), Ship (S), Space
(P), or Other (OTHER).
‘8. Over Target Baseline Date (OTB DATE). This field
identifies contracts without an OTB date (S) and contracts
whose budget baselines went Over Target (in which case the
- appropriate date is recorded instead of an *S*).

Table 2 displays contract categories, their sample
sizes and basic descriptive statistics (mean and standard
deviation) of the Cost at Completion and Total Allocated

_ Budget for each category.

N ic Field
The numeric fields of interest in the database

include ACWP, BCWP, BCWS, TAB and MR, as defined in

- Appendix A. Other numeric fields of interest, as well as

the index and EAC calculations, are all computed from

these basic fields.




TABLE 2
CONTRACT COMPOSITION BY CATEGORY

"Category o. No. of CACT
Contracts | Reports | (Mean, SD) | (Mean, SD)

All Contracts 321 3803 (316,466) (292,466)
Pre-Production 112 1454 (385,596) (347,570)
Production 135 1398 (304,418) (284,294)
Othen 74 951
Cost Plus 137 709 (297.514) (276,499)
Firm Fixed 13 96 (215,127) (220,127)
Fixed Price 169 2053 (337.434) (310,410)
Other® 2 945
Air Force 127 1638 (331,365) (306,345)
Army 48 606 (214,276) (173,236)
Navy 144 1524 (346,601) (331,582).
Other? 2 35

System Type
Airframe 22 228 (792,732) (753,684)
Electronics 43 540 (227,234) (212,217)
Engine 12 117 (183,175) (184,177)
Equipment 19 212 (205,259) (195,230)
Ground 8 86 (74,70) (54,50)
Missile 43 515 (476,763) (446,746)
Ship 19 244 (610,719) (567,692)
Space 25 339 (287,285) (219,214)

_ Other? 130 1522

Stable 253 3551 (319,470) (296,451)
Unstable 68 252 (274,404) (246,369)

1 CAC refers to Cost at Completion, This is the final ACWP in each contract.

2 TAB refers to Total Allocated Budget.

3 Other refers to contracts that did not clearly fall into the appropriate sensitivity
categorics. They were therefore excluded from these categorical analyses and
summary statistics for "Other” were not pertinent.




One of the first steps involved querying the original
database for records with zero values to delete these from
consideration. There also were several contracts with
fewer than five report dates of information which were
removed from consideration. Finally, those contracts
which did not contain data from 20 to 80 percent complete
were removed from the database. These initial criteria
eliminated contracts which lacked data characteristics
necessary to test the hypothesis. This resulted in a
usable database of 321 contracts with varying numbers of
report dates, for a total of 3803 DAES reports of
- information. Once the usable data was extracted, it was
neceésary to identify logical categories for comparison in
the analysis.

Defining descriptive field entries required queries
that searched for a particular entry or set of entries a J
changed those entries to & desired character. The field
identifying Service needed no adjustments. The Contract
Types had approximately 25 different versions which were
all defined as one of four categories (CP, FF, FP, or
OTHER) . Phases were all defined as Pre-Production or
Production. System Types were derived from a field called
Contract Description (CDES). From a list of several

hundred descriptions, each entry was assigned one of the

eight categories identified above (or OTHER, where the




system fit none of the eight identified categories).
Finally, OTB was adjusted to contain an "S* for contracts
which did not contain OTB dates. Upon completion of data
definition, it was necessary to address the problem of .
migsing data through a process of interpolation. The
interpolation process is described in detail in Appendix
B.
| Having described the database composition and the
process used to prepare the database for analysis, the
focus turns to an overview, an explanation and a

justification of the approach to test the hypothesis.

Quexview of Hvpothesis Test

There were three EAC values chosen to test the
hypothesis. These included the CPI-based EAC, the SPI-
based EAC and the SCI-based EAC, all of which are defined
in Chapter Two. These three EAC formulas were normalized
into percent deviation from CAC. The EAC with the lowest
average percent deviation from CAC was defined as the
floor while the EAC with the highest average percent
deviation from CAC was defined as the ceiling.

The range of ceiling and floor was evaluated to
determine if the CAC was bounded by them. If zero average
percent deviation from CAC fell within the range of the

ceiling and floor, then it was logical to conclude that,

on average, CAC was bounded by the ceiling and floor. The




EAC whose average percent deviation from the CAC was
closest to zero was defined as the most accurate predictor

of the CAC.

Explanation of Approach
The hypothesis was tested with descriptive statistics
on the percent deviations from CAC of the three EAC
formulas. The mean was the key statistic used. The
standard deviation (SD) and coefficient of variation (CV),
where CV is the percentage represented by the ratio of SD
to the mean, were also calculated to provide additional
information about the data dispersion. The Coefficient of
Variation was calculated mainly because it provided a
measure of relative dispersion across different EAC
formulas.
. . . The standard deviation cannot be the sole basis
for comparing two distributions. If we have a
standard deviation of 10 and a mean of 5, the values
vary by an amount twice as large as the mean itself.
If, on the other hand, we have a standard deviation
of 10 and a mean of 5,000, the variation relative to
the mean is insignificant. Therefore, we cannot
know the dispersion of a set of data until we
know the standard deviation, the mean, and how the
standard deviation compares to the mean. The

coefficient of variation ((SD/Mean)*100) is one
such relative measure of dispersion . . . (12: 130)

If the CVs differ significantly among EAC formulas, this
would indicate that some EACs have wide 3jata dispersion

while others have relatively narrower data dispersion. 1If
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. two EACs have equal means, then the EAC with the smaller
CV (narrower data dispersion) would probably be a more
reliable predictor of CAC than the EAC with the larger
EAC.

] £ . E ! )

Due to data dependence, both across EAC values and
down through report dates, it was inappropriate to do a t-
test on the difference between EAC means to confirm
statistical differences among che means. However, the
mean provides the best available measure of central

tendancy to compare the EAC formulas.

. ) ) .
The three EACs evaluated were based on the CPI, SPI

and SCI. Three Index Types for each of these indexes were

evaluated (cumulative, six-month and three-month) for a

total of nine EAC formulas.

Index and EAC Calculations
Each of the nine indexes and EACs was calculated for
each of the 3803 DAES report dates. The cumulat.--e

calculations used the actual report data values.

The three-month indexes used the three most recent

months of report data.
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 Bxample Calculation of Turee-Month Indexes
CPI3 = (BCWP+BCWPL+BCWP2)/ (ACWP+ACWP1+ACWP2)

The six-month indexes used the six most recent months

; of data. .

Examole Calculati ¢ Six-Month Indexes
CPI6 =(BCWP+BCWPl+...BCWPS5)/(ACWP+ACWP1+. . .+ACWPS)

The EACs were calculated using their corresponding

indexes. The nine EACs are defined as follows.

EACl1 = ACWP + (TAB - BCWP)/CPIcum (14)
EAC2 = ACWP + (TAB - BCWP)/CPI6 (15)
EAC3 = ACWP + (TAB - BCWP)/CPI3 (16)
EAC4 = ACWP + (TAB - BCWP)/SPIcum (17)
EACS = ACWP + (TAB - BCWP)/SPI6 (18)
EAC6 = ACWP + (TAB - BCWP)/SPI3 (19)
EAC7 = ACWP + (TAB - BCWP)/SCIcum (20)
EAC8 = ACWP + (TAB ~ BCWP)/SCIé6 (21)
EAC9 = ACWP + (TAB - BCWP)/SCI3 (22)
. Upon calculating EAC values, the next step toward

testing the hypothesis was to normalize the data for

comparison purposes.




N lizi AC Val
As defined in Appendix A, Cost at Complétion (CAC)

was defined to be the final ACWP value in avcontract. CAC

is necessary to normalize the EAC data into parcent

- deviation from final cost. Failure to_nofmalize the data

would cause larger contracts to overshadow ;he shailef

ones. Percent deviation from CAC puﬁs all contracts on

. level ground for comparative purposes and is calculated as

follows.
Percent Deviation from CAC = ((EAC - CAC)/CAC) * 100 (23)

These percent deviations were analyzed in testing the
hypothesis. With the data normalized, the descriptive

statistics were the next calculations of interest.

D . S .
The mean, standard deviation and coefficient of
variation for all nine EACs were calculated for Overall

and for three Contract Completion Stages, defined by

Percent Complete (PC) as follows:

Early: PC«z.35
Middle: .35<PC<=.70

Late: PC>.70




The cutoff points of 35 and 70 peréent were chosen to
divide the data roughly into thirds to allow for
generalizationé based upon the Contract Completior. Stage.

These were made for five categories (Phase, Contract
Type, Service, System Type and Major Baseline Changes).
Thé means were éompared to decermine the floor (minimum

average) and the ceiling (maximum a§erage) for each stagé
| of completion within each category and overall. 1In
addition to determining the ceiling and floor, it was
necessary to determine if the CAC fell within the ceiling
and floor. |

The CAC was bounded by the ceiling and floor only if
the ceiling had an average percent deviation from the CAC
that was greater than ze o and the floor had an average
percent deviation from the CAC that was less than zero.
(Since an average deviation from the CAC of zero
represents the CAC itself, it can only be bounded by the
ceiling and floor if zero falls between the ceiling and
floor.) Thie general approach applied to answering the
remaining investigative questions.

The followinq portion of this methodology explains
the procedures used to answer investigative questions two
through six. In addition to explaining how these
questions are answered, a brief description is provided of
how graphs were prepared to provide additional information

for analysis of trends in the data.
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I . \ .
2. Of the index-based EACs compared, is the CPI-based EAC
the floor and is the SCI-based EAC the ceiling?

This question was answered using two procedures. The .

first was to calculate the average percent deviation from

the Cost at Completion (CAC) for each EAC. This step
normalized the data to prevent more coscly>contracts from
shadowing thé effects of less costly contracts. These
average percent deviations from the CAC were compared to
determine the maximum and the minimum average percent
deviation from the CAC. The minimum value was the floor

and the maximum value was the ceiling.

3. Does the final Cost at Completion lie within the
considered range of EACs?

This question was answered by comparing the minimum
average percent deviation from the CAC to the haximum
average percent deviation from the CAC. The CAC was

within the range of EACs only if the minimum average

- percent deviation from the CAC was less than zero and the

maximum average percent deviation from the CAC was greater
than zero. As long as the EAC floor was less than the CAC

and the EAC ceiling was greater than the CAC, the CAC was

within the range of EACs.




4. Which EAC is the most accurate predictor of final Cost

at Completion?
The most accurate predictor of final Cost at
Completion was defined as the EAC closest to the CAC. 1In

the case where both the ceiling and floor underestimated

" the CAC, the most accurate predictor of the CAC was the

‘¢ceiling. In the case where both the ceiling and floor

overestimated the CAC, the floor was the most accurate
predictor of the CAC. When the CAC was bounded by the
ceiling and f.oor, it was possible for any of the three

EACs to be the most accurate predictor of the CAC.

S. Are the original hypothesis test results (answers to

questions two through four) sensitive to:

a. Index Type (Cumulative, Six-Month or Three-Month)

This question was answered by comparing the three
cumulative index-based EACs (EAC1l, EAC4 and EAC7), the
three six-month index-based EACs (EAC2, EACS and EACS8) and
the three three-month index-based EACs (EAC3, EAC6 and
EAC9). 1In all three cases, if the maximum and minimum
average percent deviation from the CAC remained the same,
if the position of the CAC relative to the floor and
ceiling remained the same, and if the same EAC was the
most accurate predictor of the CAC, then the original

results were not sensitive to the Index Type.
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b. Program Phase (Pre-Production or Production)
This qQuestion was answered by determining the EAC
minimum and maximum average percent deviations from the

CAC for both the Pre-Production and the Production

- contracts. If the results were the same as the original

results, if the position of the CAC relative to the floor
and ceiling remained the same, and if the same EAC was the
most accurate predictor of the CAC, then the results were

not sensitive to Program Phase.

¢. Contract Type (Cost Plus, Firm Fixed or Fixed
Price)

This qQuestion was answered by determining the minimum
and the maximum average percent deviation from the CAC for
each COntract'Type'(Cost Plus, Firm Fixed and Fixed
Price). There were some contracts in the database which
contained combinations of these Contract Types. Those
contracts which contained more than one Contract Type and
those contracts whose Contract Type could not be
identified were not included in this sensitivity analysis.
If the results agreed with the original results, if the
position of the CAC relative to the ceiling and floor
remained the same, and if the same EAC was the most

accurate predictor of the CAC, then the results were not

sensitive to Contract Type. .




d. Service (Army, Navy or USAF)

This sensitivity was tested by determining the
minimum and maximum average percent deviation from the CAC
- for each Branch of Service. If the results agreed with
the original results, if the position of the CAC relative
to the ceiling and floor remained the same, and if the
same EAC was the most accurate predictor of the CAC, then

the results were not sensitive to Service.

e. System Type (Airframe, Electronics, Engine,
Equipment, Ground, Missile, Ship or Space)

This sensitivity was tested by determining the
- minimum and maximum average percent deviations from the.
CAC for each System Type. 1If the results agreed with the
original results, if the position of the CAC relative to
the ceiling and floor remained the same, and if the same
EAC was the most accurate predictor of the CAC, then the

results were not sensitive to System Type.

f. Major Baseline Changes (Not OTB or OTB)

This sensitivity was tested by determining the
minimum and maximum average percent deviations from the
CAC for those contracts which went Over the Target
Baseline (OTB) and those that did not go Over the Target
Baseline (NOT OTB). If the results agreed with the

original results, if the position of the CAC relative to
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the ceiling and floor remained the same, and if the same
EAC was the most accurate predictor of the CAC, then the

. results were not sensitive to Major Baseline Changes.

g. Management Reserve

This sensitivity was tested oan all contracts where
Management Reserve (MR) represented less than 30 percent
| of Total Allocated Budget (TAB). MR should only be a
small portion of TAB. If MR is greater than 30 percent of
TAB, then the MR data is probably incorrect and should not
be used in the analysis. This restriction provided 239
contracts and 3508 DAES reports with which to test the
sensitivity. The calculations involved subtracting MR
from TAB to arrive at Budget at Completion (BAC). BAC
then replaced TAB in the basic EAC equation. The minimum
and maximum EAC average percent deviations from the CAC
were determined, as well as the relative position of the
CAC to the minimum and maximum. Additionally, the EAC
with the average percent deviation from the CAC closest to
zero was the most accurate predictor of CAC. If the
results agreed with the original results, if the position
of the CAC relative to the ceiling and floor remained the
same, and if the same EAC was the most accurate predictor

of the CAC, then the results were nct sensitive to

Management Reserve.




6. Are the original results and thé results in each

category sensitive to the Contract Completion Stage?
This question was answered by considering the

contracts in each category during the three previously

defined Contract Completion Stages. For example, the

~contracts that were Pre-Production were analyzed at Early,

Middle and Late Contract Completion Stages. For each
completion stage, there was an EAC floor, an EAC ceiling
and .n EAC which was the most accurate predictor of the
CAC. If the results based on Early, Middle and Late
Contract Completion Stages agreed with the original
results, then the Pre-Production category was not
sensitive to the Contract Comgletion Stage.

The methodologies outlined for the investigative

- questions two through four provided the means to determine

the original hypothesis test results. The methodologies
for investigative questions five and six provided a way to
evaluate sensitivity of the original results to Index
Type, Program Phase, Contract Type, Service, System Type,
Major Baseline Changes, Management Reserve and Contract
Completion Stage.

The results to these five remaining investigative

questions are presented in the following chapter.
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This chapter reintroduced the hypothesis and
describes the database used to test the hypothesis. The
process used to prepare the database for use included .
reference to the descriptive fields and the numeric fields
used for the analysis. An overview of the hypothesis test
provided an explanation of the technique used to evaluate
the hypothesis and sensitivity to the various conditions,
as described in the five remaining investigative
Questions.

The equations for the nine indexes and EACs were
provided, followed by a description of the methodology
applied to answer each of the five remaining investigative
questions.

7 The following chapter focuses on the results of the
hypothesis test. It presents the results to the five

remaining investigative questions. Graphs of the overall

results are provided with comments and analysis.




V. Results

This chapter focuses on the results of the

methodology. The hypothesis is restated and the results

. are presented. The final five Investigative Questions are

answered, followed by a description of trends noticed in
the graphs of the EAC ceiling and floor for each category

of contracts.

 Hypothesis

The hypothesis, as stated previously, is the

following:

Ho: The Cost at Completion is bounded below by the
CPI-based EAC and above by the SCI-based EAC.

Recall from the methodology that several

investigative questions were posed to test the hypothesis.

These questions are answered in the following section.

The results to the hypothesis test and the
sensitivity analysis are presented in Table 3. Results to
Contract Completion Stage sensitivity are presented in
Table 4 and Table S. The graphs of the EAC ceiling and

floor and the corresponding index graphs for each category

are presented in Appendix D.




TABLE 3
HYPOTHESIS TEST RESULTS BY CATEGORY

Contract Category Range of Index-Bassd EACs ! .
(# of coutracts, # of reports)?

Bounds | Clo
CAC? | to CAC*

All Contracts Taken as

Who 1 )
Program Pre-Production (112, 1454)
Phase

Production (138, 1398)
Contract Cost Plus (137, 1630)
Type

Firm Pixed (13, 96)

Fixed Price (169, 2053)
Braach of Army (48, 606)
Service

Navy (144, 1420)
USAF_(127. 1638)
System Type | Aiframe (22, 228)
Electropics (43, 540)
Engine (12, 117)
Bquipment (19, 213)
Ground (8, 86)
Misciles (43, 515)
Ships (19, 244)
Space(25, 339)
Major Not Over Target
Baseline Baseline (253, 3551)

Changes
Ovar Target Basaline
{68, 252)

Q9599939%[3% 939 83 8 8§
& 8666665853565 B[is Bl 6| &

; Bﬁsasaaasafaa fisg w8 8 4

»
i |

1 BEAC=ACWP + (TAB-BCWP)Index, where index is one of these three indexes:
Cost Performance Index (CPI)=BCWP/ACWP
Schedule Performance Index (SP=sBCWP/BCWS
Scheduls Cost Index (SCT=CPI*SP1

2 # of reports refers to the sample size of DAES quarterly report dats ™-ports are a subset of
contracts. The sum of contract subcategories is less than the tc_., aumber of contracts because
some Nlelds in the datsbase were empty for some congracts.

3 Does the range of index-based EACs svaluaind bound CAC? CAC refers o Cost at Completion,
defined ss the final ACWP in each contrect. If tho MIN BAC is Jower than CAC and if the MAX
BAC is bigher than CAC, then the answer is YES.

4 Tbe BAC closest o the CAC is the most accurste predictor of CAC.
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TABLE 4

CONTRACT COMPLETION STAGE SENSITIVITY BY CATEGORY

pa———
Coatract

Range of Index-Bassd EACs!

Cno.o_r!

Completion Stage*
(# of contracts, #
of re

Al

Bounds
CACY*

Closest to
CACS

Contracts Teken a2 2
¥haola
Baly (321, 302)
Middle (321, 1073)

Late (321, 2428)

—ﬁma-
Phase

868

sc1
s
SP1

Pre-Production

Early (112, 100)

Middle (112, 406)

Lam (112, 948)
Broduction

Barly (136, 113)

Middle (13$, 354)

Lata (135, 931)

888 888

s
sC1
SP1

sl
sl
SP1

Coatract
Type

Coat Plus

Early (137, 90)

Middle (137,466)

Late (137, 1074)
Eion Fxed

Barly (13, 5)

Middle (13, 25)

Lawm (13, 66)
Fizad Prica

Barly (169, 2053)
Middle (169, 195)
Lat (169, 578)

88 868 HE6

Brasch of
Service

Amy
Early (48, 41)
Middls (48, 17)
Lats (43, 354)
Nayy
Early (144, 112)
Middle (144, 411)
Lam (144, 1001)

Barly (127, 148)
Middle (127, 471)
Law (127, 1019)

Major
Bageline
Changvs

499 489 498 399 838 293 [489 4438 EQQ
Eﬁﬁ BBA BBS [A68 354 A68 (868 BES |88

88 666 654

288 288 668 (368 338 {84

Not Over Target
Bascline

Early (253, 272)
Middle (253, 993)
Late (253, 2286)

Early (68, 30)
Middle (68, 80)

Late (68, 142)

%49 ¥3%
AB6 BBA

685 &858




TABLE 4 (Continued)
CONTRACT COMPLETION STAGE SENSITIVITY BY CATEGORY

1 BACsACWP «+ (TAB-BCWP)Index, where index is one of thess thres indexes: «

2 Completion Stage refers 10 Percent Complets (PC) where PC=BCWP/TAB.
Early: PC<n33
Middls: 33<PC<=. 70
Late: PO>.70

3 # of reports refers to the sample size of DAES quarterly report data. Reports are a subset of
coatracts. The sum of contract subcategories is less than the total number of contracts becsuse
soms fields in the databass were empty for some coatracts.

4 Does the range of index-based EACs evaluated bound CAC? CAC refers to Cost at Completion,
defined as the final ACWP in each contract. If thé MIM EAC is lower than CAC and if the MAX
BAC is higher than CAC, then the snswer is YES.

5 Tbe EAC closest to the CAC is the most sccurste predictor of CAC.
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‘ TABLE S
CONTRACT CC .LETION STAGE SENSITIVITY BY SYSTEM TYPE

System Type Renge of Index-Based EACs !

Completion Stage® Miz Max Bounads | Closest to
(# of comtracts, # of "1 CACHM CACS

reports))
Airframe
Early (2, 18)
Middle (22. 55)
Laws (22 15%)
Electronics
Early (43, 43)
Middle (43, 160)

Late (43,337)
Engings

Early (12 5)
Middle (12,31)
Late (12 81)

3949 9838 ]384

Lats (19 136)
Ground

Early (8,7)

Middile (8, 20)
Lats (8 59)

Missilas

Easly (43, 40)
Middle (43, 152)

Late (43, 373)

S8 888 (68

(19, 24)
Middls (19, T7)
(19, 143

499 [999 [e99 499 (399 [s99 |39 l9gs
lea8 889 |s88 B8 SRR SKE K69 SRS
&6 683 @aa 588 (5856 (668 (685 [6i5

B88 N8R




TABLE S (Continued)
. CONTRAC_'I'-_C_QMPLETION STAGE SFZNSITIVITY BY SYSTEM TYPE

1 BACRACWP + (TAB-BCWPYIndex, where index is one of thess thres indexes: )
Cost Pecformance Indez (CPTy=BCWP/ACWP

Middle: 35<PCcn.70 "J

3 # of reports refers to the sampls size ot TAES yarterly report data. Reports are a subset of
contracts. The sum of contract sabcategories is less than the total sumber of contracts because
some flalds in the database were empty for some coatracts.

4 Does the range of index-based EACs svalusied bound CAC? CAC refers 0 Cost ot
defined as the final ACWP in each contract. If the MIN EAC is lower than CAC and if the MAX
EAC is bigber than CAC, then ths snswer is YES.

5 The BAC closest w0 the CAC is the most sccurats predictor of CAC.




r . ‘ . . 1 H hesis T F ]
The first investigative quéstian was answered in
Chapter Two with the review of EAC research to date. The
rémaininq questions are answered here. The Questions are
restated as they appear in Chapter One and Chapter Three,
followed by a discussion of the results and an answer to

each question.

2. Of the index-based EACs compared, is the CPI-based EAC
the floor and is the SCI-based EAC the ceiling?

Of the EACs compared, the CPI-based EAC was the
minimum and the SCI-based EAC was the maximum., This
confirmed the CPI-based EAC as the floor and the 5CI-based

EAC as the ceiling for the entire set of contracts.

OVER-ALL FLOOR: CPI-BASED EBAC
OVER-ALL CEILING: 8CI-BASED BEAC

3. Does the final Cost at Completion lie within the
considered range of EACs?

The final CAC d4i4 not 1lie within the
considered range of EACs. On average, the CAC was

slightly higher than the range of EACs.

4. Wwhich EAC is the most accurate predictor of final Cost

at Completion?




The SCI-based B2C wasgs the most agccurate

predictor of the final eAC. On average, the SCI-based

'EAC underestimated the CAC with an average percent

~deviation from CAC of -1.01 percent. ‘

S. Are the original hypothesis test results (answers to

Qquestions two through four) seusitive to:

a. Index Type (Cumulative, Six-Month or Three-Month)
The cumulative CPI-based EAC and the cumulative SCI-based
EAC bounded the cumulative SPI-based EAC. The six-month

and three-month results had the same EAC rank order as the

. cumulative results. Since these results for each Index

type agreed with the original results, the original
results wnfc not sensitive to the Index Type.
Another important observation resulted from analysis

of the EAC average percent deviations from the CAC

| according to Index Types. The cumulative CPI, six-month

CPI and the three-month CPI all tended to be very close
together. Likewise, the cumulative, six-month and three-
month values for SPI were close together and the
cumulative, six-month and three month SCI values were
close together.

As explained in the justification for the methodology

in Chapter Three, it was not appropriate to apply a t-test

on the significance of the difference between means across




~ the EACs. However, it did seem apparent by visual

inspection that the CPIs are close to each other, SPIs are
close to each other and SCIs are close to each other,
while the groups of CPIs, SPIs and SCIs all seem to
estimate in three distinct groups.

b. Program Phase (Pre-Production or Production)
Both Pre-Production and Production contracts had the same
ceiling and floor as the original results. The CAC was
bounded by the floor and ceiling for Production contracts
only. The most accurate predictor of the CAC for Pre-
Production contracts agreed with the original results
(SCI-based EAC). The most accurate predictor of the CAC

for Production contracts was the SPI-based EAC. Thesa2

findings indicated that the original results were

sensitive to the Program Phase.

c. Contract Type (Cost Plus, Pirm Fixed or Fixed

- Price)

The floor and ceiling for all three Contract Types agreed
with the original results. The position of the CAC
relative to the ceiling and floor differed among the three
contract types.

The ceiling and floor for Cost Plus contracts
underestimated the CAC and had the SCI-based EAC for the

most accurate predictor of the CAC. The ceiling and floor
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for Firm Fixed contracts overestimated the CAC and had the

CPI-based EAC for the most accurate predictor of the CAC.

The ceiling and floor for Fixed Price contracts bounded

the CAC and had the SCI-based EAC for the most accurate .
predictor of CAC. These findings indicated that the

original results were sensitive to the Coantract

. Type.

d. Service (Army, Navy or USAF)
The results for the Army and USAF contracts agreed with
the original results. The Navy results indicated the
floor was the SPI-based EAC and the ceiling agreed with
the original results. The Navy ceiling and floor both
slightly overestimated the CAC-and the SPI-based EAC was
closest the CAC. These findings indicated that the
- original <results were sensitive to the Branch of

Service.

e. System Type (Airframe, Elactronics, Engine,

. Equipment, Ground, Missile, Ship or Space)

Results of this sengitivity agreed with the original
results, with the following exceptions. The floor for
Airframe contracts was the SPI-based EAC. The ceiling and
floor bounded the CAC.

The ceiling and tloor for both Engines and Equipment

agreed with the original findings but they overestimated




| the CAC, making the CPI-based EAC the most accurate
predictor of CaAC.

The floor for Ships was the SPI-based EAC and the
ceiling and floor overestimated the CAC, making the SPI-
- based EAC the most accurate predictor of the CAC. These
findings indicated that the original zesults were

sensitive to the System Type.

f. Major Baseline Changes (Not OTB or OTB)
The Over Target Baseline contracts had the SPI-based EAC
floor. This indicated that resuli¢s were sensitive to

Major Baseline Changes.

g. Management Reserve
The results with MR removed from the calculations agreed
with the original results, suggesting that the original

results were not sensitive to Nanagement Reserve.

6. Are the original results and the results in each
category sensitive to the Contract Completion Stage?
The answers to this question are briefly summarized below

and are presented in Table 4 and Table S.

Original Results: The original results remained the
same in the Early and Middle Contract Completion Stages.

The SPI-based EAC became the floor in the Late Stage, with

Sl




the SPI-based EAC as the most accurate predictor of the
CAC. Thesé_findinqs indicate that the original results

were sensitive to the Contract Completion Stage.

Program Phase: The Pre-Production and Production
results differed from the original results in the Late
Completion Stage. They had the SPI-based EAC floor and
- the SPI-based EAC was the most accurate predictor of the
CAC in both cases. These results suggest that Program
Phase results were sensitive to the Contract

Completion 8Stage.

contract Type: Cost Plus and Firm Fixed Contracts all
showed slightly different results across the Early, Middle
and Late Completion Stages. Cost Plus had the SPI-based
EAC as a floor in the Late Completion Stage while Firm

' Fixed Contracts had the SPI-based EAC as a floor in the
Early Completion Stage. These findings suggest that
Contract Type results were sensitive to the

Contract Completion Stage.

Service: The Army Contracts started with the SPI-based
EAC floor and switched to the CPI-based floor in the
Middle Completion Stage. Air Force Contracts started with
the CPI-based EAC floor then switched to the SPI-based

floor in the Late Completion Stage. These findings

52

ik sl e it




suggest that the Branch of Service results were

sensitive to the Contract Completion Stage.

System Type: The SPI-based EAC was the floor in the
Early Completion Stage for Ships and in the Early and
Middle stages for Airframes. The SPI-based EAC was the

" ceiling for Electronics Contracts in the Early Stage. The
CPI-based EAC was the ceiling for Ships in the Early
Stage. These results suggest that System Type results

were sensitive to the Contract Completion S8Stage.

Major Baseline Changes: The rloor for contracts
with no major baseline changes (not OTB) was the SPI-based
EAC in the Late Completion Stage. The SPI-based EAC was
also the floor for OTB contracts in the Middle and Late

| Completion Stages. These results suggest that the
results based on Major Baseline Changes were

sensitive to the Contract Completion Stage.

In addition to anwering the investigative questions
by analyzing the EAC average percent deviations from the
Cost at Completion, there were several noteworthy trends

apparent in the graphs of the indexes and the EAC average

percent deviations from the CAC.




Graphical Analvsis of Indexesg

' The indexes followed a predictable pattern, with the
exception of the SO0 to 60 percent completion point. There
was a pronounced upward spike in SPI and SCI for All
Contracts, Production, Fixed Price, Navy and OTB
' Contracts.

Further analysis revealed one Navy contract which
had extremely high SPI values between S0 and 60 percent
complete. This one contract caused the upward spike in
. the SPI and the SCI. This increase in the SPI and the SCI
was not large enough to noticeably affect the EAC average
percent deviations from the CAC.

Figures 1, 2, 3 and 4 illustrate the overall results.
Figures 1 and 2 represent the overall EAC ceiling and
 floor and the corresponding indexes with this Navy
contract included. Figures 3 and 4 represent the same
overall results, with this Navy contract removed.
Comparison of Figures 1 and 2 to Figures 3 and 4 revealed
- that this one Navy contract had a significant impact on
the graph of the indexes but it did not significantly
affect the graph of the EAC ceiling and floor.
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Graphical Analvsis of EACS
Analysis of the EAC graphs revealed several
noteworthy trends among various contract categories, as

described below.

1. EACs tended to estimate the CAC quite. accurately prior
to the 25 percent completion point. Between 25 and 65
percent, the EACs took a fairly pronounced downward dip,
then approached the CAC at the 75 percent completion
point. The EACs slightly overestimated the CAC between
the 75 and 95 percent completion points. This *dipper*
effect occured among all the contracts taken as a whole,
Pre-Production, Cost Plus, Army, Over Target Baseline and

Not Over Target Baseline contracts.

2. Several contract categories estimated fairly close to
the CAC throughout the entire contract life. These
- included Production, Navy, Air Force, and Missile

contracts.

3. A few categories overestimated the CAC in the Early
Completion Stage, then underestimated the CAC between 35

and 75 percent completion and finished in the Late Stage

close to CAC. These included Engines, Equipment and Space

contracts. -
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4. There were also some categories which estimated low in
the Early Stage then recovered to estimate close to the
CAC in the Middle and Late Stages. This trend occured in

Alrframe, Electronics and ship contracts.

S. Firm Fixed contracts tended tec overestimate the CAC
- throughout the entire contract, while Fixed Price

contracts tended to underestimate the CAC.

Summary

This chapter answered the remaining investigative
' questions and presented results of the hypothesis test.
Overall, the CPI-based EAC and the SCI-based EAC were
confirmed as the boundaries to the range of EACs. The
SCI-based EAC was confirmed as the most accurate predictor
- of the Cost at Completion. These overall results were not
sensitive to Index Type (cumulative, six-month or three-
month) or Management Reserve. The results were sensitive
to Program Phase, Contract Type, Branch of Service, System

Type and Major Baseline Changes.

Having provided the results of the hypothesis, the
final chapter discusses these results and their
significance to program managers. Areas for future

related research follow this discussion.
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V. Di .

This chapter summarizes the research by reviewing the
hypothesis and restating the conclusions and implications
for program managers. The discuscion recaps the data

analysis followed by recommendaticns for further research.

Revi £ ¢ hesi
This thesis explored the hypothesis that the Cost at
Completion (CAC) is b -unded below by the CPI-based
Estimate at Completion (EAC) ar . above by the SCI-based
~EAC. The hypothesis was tested on 321 contracts.
Descriptive statistics provided a method for testing the
hypothesis. Aoditional information resulted from
analyzing trends in graphs of the range of EACS by

category.

Sonclusiop

Of the EACs evaluated, the CPI-based EAC was
confirmed as the floor and the SCI-based EAC was confirmed
as the ceiling. On average, the range of EACs tended to
slightly underestimate the CAC, thus the CAC was not
bounded by the range of EACs as hypothesized. The SCI, on
average, was the most accurate predictor of the CAC.

The results were tested for sensitivity to Index Type

(cumulative, six-month and three-month), Contract




Completion Stage, Program Phase, Contract Type, Branch of

Service, Syétem Type, Majdr Contract Baseline Changes and
Management Reserve. The results were sensitive to all of

these conditions except Management Reserve. With '
' Management Reserve removed from the calculations, the

results agreed with the original results.

Analysis of Results

The hypothesis test methodology consisted of
analyzing descriptive statistics cf the DAES database.
The mean was the key statistic nised and the standard
deviation and coefficient o ::-iation were also
calculated to provide information on data dispersion for
each of nine EACs over 3803 DAES reports of information.

.The values for three and six month indexes were
interpolated from existing data for each of the DAES
reports. This was accomplished with a script written in
Paradoxp Application Language (PAL), presented in Appendix
B.

Upon completion of interpolating needed values for
trree and six month indexes, the EACs were calculated for
each of the 3803 DAES reports.

The resulting EACs were normalized into percent
deviations from the CAC. These percentages were then

averaged over early, middle, late and overall stages of

completion. Additionally, the standard deviations and




ccefficients of variation were calculated over these
. stages.

The EAC with the lowest average percent deviation
from the CAC was defined as the floor and the EAC with the
highest average percent deviation from the CAC was defined

as the ceiling. The CAC was defined to be bounded by the
| floor and ceiling if the floor was less than the CAC and
the ceiling was greater than the CAC.

The results show that on average, the EACs are
bounded below by the CPI-based EAC and above by the SCI-

" based EAC. Because the range of EACs tended to
underestimate the CAC, the CAC was not bounded by the
floor and ceiling. However, it is important to note that
for the contracts overall, the range of EACs had an
~average percent deviation from the CAC of less than five
percent. This made the CPI, SPI and SCI-based EACs very
close predictors of the CAC, despite the fact that the CAC
was not actually bounded by them.

Analysis of the EACs over different contract
completion stages by category resulted in EAC average
percent deviations from the CAC which ranged from -17
percent to +30 percent. 1In addition to the range, an
important observation involved the groupings of each
index.

The CPIs were fairly close to each other, the SPIs

were fairly close to each other and the SCIs were fairly




close to each other. This had important implications.
Although the six-month CPI-based EAC was the actual EAC
floor, it differed from the cumulative CPI-based EAC by
~ less than one percent average deviation from the CAC.

This made the cumulative CPI-based EAC a very close
approximation of the floor for EACs. The cumulative CPI
is much easier to ascertain from report data because it
requires only current information. The three and six-
month EACs require several consecutive months of previous
report data, which may not always be available.

The bottom line for program managers is that the
cumulative CPI-based EAC and the cumulative SCI-based EACs
are very close approximations of the floor and ceiling for
EAC formulas. Overall, the actual CAC, on average, is not
bounded by the range of EACs. The SCI-based EAC is the
most accurate predictor of the CAC.

The graphs of the EAC ceiling and floor for each
category show the program managers how the range of EACs
relates to the actual Cost at Completion. These graphs
should help program analysts predict reasonable completion
costs for different categories of contracts.

For example, an analyst working on a missile contract
estimate could refer to Figure 5 the graph for Missile
Contracts. If the contract was in the Early Completion
Stage, the analyst would know that the SCI-based EAC would

provide the most accurate predictor of the final Cost at
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Completion. The analyst would also know that an estimate

' lower'than the CPI-based EAC would be overly optimistic.
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Figure 5. Missile EAC Ceiling and Floor

The arrows on the horizontal axis (X axis-Percent
Complete) represent transition points between Early,

' Middle and Late Contract Completion Stages. Specifically:

Early: Contract Percent Complete < .35
Middle: .35 < Contract Percent Complete <= .70
Late: Contract Percent Complete > .70
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Areas for Future Regearch

One limitation of this research effcrt is that the
Management Reserve sensitivity analysis was not extended
to the individual categories at early, middle and late
stages of completion to see if eliminacing MR might have
made a difference in one or moie of tnese isolated
- circumstances.

Additional sensitivity analysis might also prove
useful by further stratifying the categories. For
example, a program manager might wish to make inferences

about a Missile program which is Pre-Production and Cost
| Plus. Further sensitivity analysis on putting the data
into constant dollars by eliminating inflation from the
data would strengthen the final results.

Finally, a more detailed statistical analysis of the

" DAES database would be very useful for future research.
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Anpendix A: Cost/Schedule Control Systems Criteria

This Appendix presents photocopied pages frocm DOD
5000.2-M displaying official C/SCSC definitions of terms
used in this thesis. Also presented are definitions of
terms not included in DOD 5000.2-M but relevent to this

- research effort.
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Feb 23, 91
5000.2, PART 11

SECTION 8
ATTACHMENT 2 .
COST/SCHEDULE CONTROL SYSTEMS DEFINITIONS .
1. Actual Cost of wWork Performed (ACWP). The cost incurred and recorded in

accomplishing the work performed within a given time period.

2. Actual Diregt Cists. Those costs identiflied specifically with a
contract, based upon the contractor's cost identification and
accusmlation sy:tem as accepted by the cognizant Defense Contract Audit
Agency representatives. (See definition 14, below.)

3. Allocated Budge:. (See definition 32, below.)

4. Apolieq Direct Cost. The amount recognized in the time period
associated with the consumption of labor, material, and other direct
resources, without regard to the date of cor .tment or the date of
payment. These amounts are to be charged to work-in-progress in the
time period that any one of the following coccurs:

a. When labor, material, and other direct resources are actually
consumed .

b. When materi:l resources are withdrawn from 1mr§ntory for use.

¢. When materi:sl resources are received that are identified uniquely to
the contract and scheduled for use within 60 days.

d. When major components or assemblies are received on a lLine flow
basis that are identifled specifically and uniquely to a single
sarially numbered end item.

S. Apportioned Effort. Effort that is not readily divisible into work
packages, but i: related proportionately to measured effort.

6. Authorized Work. Effort that has been definitized and is on contract,
plus that for which definitized contract costs have not been agreed Lo,
but for which uritten authorization has been received.

7. Bageline. (See definition 28, below.)
8. Budgeted Cogt for Work Performed (BCWP). The sum of the budgets for
completed work packages and cumpleted portions of open work packages,

plus the applicrdle portion of the budgets for level of effort and
apportionsd effcrt.

9. Qudgeted Cogt (cr Work Schedyled (BCUS). The sum of budgets for all 1

work packages, [ lanning packages, etc., scheduled to be accomplished
(including ln-process work packages), plus the amount of level-of-effort
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10.

1.

12'

13.

4.

15.

16..

17.
18.

19.

20.

21.

22.

a3.

and apportioned ertort scheduled to be accomplished w-thin A given time
period.

Bugdgets for Work Packagez. (Sev definition 36, below )

Contract Budget Base. The negotiated contract cost plus the est imated
cost of authorized unpriced work. .

. An entity tn private industry which enters into contiacts
with the Government. In this [nstruction, the word also may apply to
Government-owned, Government-operated activities that perform work on
defense programs.

t. A management control point at which actual costs may be
accumulated and cempared to the budgeted cost of the work performed. A
cost account is a natural control point for cost/schedule planning and
control, since it represent: the work assigned to one responsible
organizational element on one contract work breakdown structure element.

ts. Any costs that may be identifled specifically with a
particular flnal cost objective. This term is explained in the Federal
Acquisition Regulation (reference (f)).

Actual direct costs, plus indirect costs
allocable to the contract, plus estimate of costs (direct and indirect)
for autherized work remaining.

. Costs, which because of their incurrence for- common or
Jjoint objectives, are not subject readily to treatment as direct costs.
This term is further deflined in the Federal Acquisition Regulation
(reference (f)).

Initial Budget. (See definition 22, below.)

Internal Replanning. Replanning actions performed by the. contractor for
remaining effort within the recognized total allocated budget.

Lavel-of-Effort (LOE). Effort of a general or supportive nature that
does not produce definite end products.

r_Management Reserve Budget. An amount of the total
allocated budget withheld for management control purposes, rathsr: than
designated for the accomplishment of a speciflic task or set of tasks.
It is not a part of the performance measurement baseline.

Negotiated Contract Cogt. The estimated cost negotiated in a cost plus

fixed fee contract, or the negotiated contract target coat in either a
fixed price incentive contract or a cost plus incentive fere contract.

Qrigingl Budget. The budpet cstablished at, or near, the time that the
contract was signed and based on the negotiated contract cost.

Querhead. (See definition 16, above.)
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fed 23, 91
$000.2, PART 11

SECTION 3
ATTACHMENT 2

24. vPerformance Megayrement_Hasglinc. The time phased budget plan against
which contract perturmance (s measured. [t is formed by the budgets
assigned to scheduled cost accounts and the applicable indirect budgets.
For future effort, not planned to the cost account level, the
performance measurement baseline also includes budgets assigned to
higher level contract work breakdown structure elements and
undistributed budgets. [t equals the total allocated budget less
management reserve.

25. Performing Orranization. A defined unit within the contractor's
organizational structure, which applies the resources to perform the
wrk.

26. Planning Package. A logical aggregation of far term work within a cost
account which may be identified and budgeted in early baseline planning,
but is not yet defined into work packages.

27. Procuring Agtivitv. The subordinate command in which the Procuresant
Contracting Officer is located. It may include the program office,
related functional sunport offices, and procurement offices. Examples
of procuring activities are the Army Missile Command, Naval Sea Systems
Command, and Air Force Electronic Systems Division,

28. Replannipg. (See definition 18, above.)

29. Reorograpming. Replanning of the effort remaining in the contract,
resulting in a new budget allocation that exceeds the contract budgst
base. ;

30. Responsible Organizacion. A defined unit within the contractor's
organizational structure that is assigned responsibility for
accomplisiiing specific tasks.

31. Significant Variances. Those differences between planned and actual
performancs requiring further review, analysis, or action. Thresholds
should be estabilshed as to the mgnitude of variances that will require
variance analysis, and the thresholds should be revised as needad tO
provide meaningful analysis during execution of the contract,

32. Total Allocated Budggt. The sum of all budgets allocated to the
contract. Total allocated budget consists of the performance
measurement baseline and all management reserve. The total allocated
budget will reconcile directly to the contract budget base. Any
differences will be documentad as to quantity and cause.

33. Undistributad Budget. Budget applicable to contract effort that has not
yet been 1dentified to contract work breakdown structure elements at, or
below, the lowest level of reporting to the Covernment.

34. Variapces. (See definition 31, above.)

35. Work Bregkdown Structure (WBS). (See Section 6-8.)
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36. Work Package Budget3. Resources that are assigned rormally by the
contractor to accomplish a work package, expressed in dullars, hours,
standards, ocr other definitive units.

* 37. Work Packuges. Oetailed tasks or matarial items identified by the
contractor for sccomplishing work required to complate the centract. A
work package has the following characteristics:

a. It represents units of work at levels where work lg perfcrmed.,
b. It is clearly distinguishable from all other work packagss. '
a. It is assignable tc a single organizational ~lement.

d. 1t has scheduled start and completion dates and, as applicable,
interim milestones; all of which are representative of prysical
accoapl ishment.

e. It has a budget or assigned value expressed in terms of collars,
manhours, or other measurable units.

f. Its duration is limited to a relatively short time :pan cc it is
subdivided by discrete value milestones to case the objective
measurement of work performed.

g- It is integrated with detailed engineering, manufacturing, or other
schedules.
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Budget at Completion (BAC): BAC is the amount planned to
be spent in completing the entire contract.

Coat _at Complation (CAC): CAC is the final cumulative
dollar figure spent in completing the contract. This

- figure is obtained by taking the maximum (final) ACWP
entry in each contract.

. Darcent Completa (PC): PC represents the portion of the
entire contract that is complete to date. .There are
several ways to calculate PC. This thesis defines PC as
the ratio of BCWP to TAB.




2 Jix B:  Int larion P 1 Script

This Appendix explains the procedure used to
intexpolate values for the six-month and three-month
indexes. The overall process explanation is followed by

a copy of the actual script used to ingemclate the

values,written in Paradox Application Language (PAL®).




Quezall Process

Data definition and calculations were accomplished with
personal computer database and spreadsheet software. The
DAES database is a relational database which lends itself
well to calculating and comparing subgroups of data to test
the hypothesis. While it is not necessary to cover in great
detail how the software works, it does help to have a basic
understanding of database structure and functions in refining
and calculating data.

A database is organized into rows or records (report
dates, in this case) and columns or fields (the indexes, EACs
and data elements defined in Appendix A). The basic data set
never changes. There are numerocus ways to manipulate the
data, obtain subsets of the data, and categorize the data
through use of database tools.

A Query is perhaps the most useful anc most powerful of
the database tools. A qQuery is a request for a subset of the
'daca, based on criteria established by the user. The result
of a query is called the answer table. Some queries are
calculations performed on existing fields while other Queries
are comparison operators, such as °less than,® °*greater than*
or ‘equal to.* The notable attribute of queries and answer
tables is that the original data remains unaltered. Further
queries can be performed on the new answer tables until the

user gets the needed information. The spreadsheet software

comes is most appropriate for statistical calculations. When




used in conjunction with the database software, it is a
smooth process to export Qqueried data hetween the database
gnd the spreadsheet software for ease of calculation and
graphing.
loterpolatioo

As mentioned in Chapter One, a shortcoming of the
database was the lack of consistent reporting pericds in the
data. For eight of the twelve indexes selectec .or
evaluation, monthly data was necessary for calculating the
indexes and their corresponding EACs. This monthly data was
obtained by linear interpolation. Wwhile it is noé kniown with
certainty that the data increased linearly between submit
dates, this assumption is necessary to obtain the most recent
three months of data and the most recent six months of data.
The interpolation process is based on the notion that the
ratio of successive data points ‘3 the same as the ratio of

their corresponding submit dates.

Example: Given the fcllowing contract, calculate BCWP1l for
02/25/77, where BCWP1l = the value for BCWP one month prior to
02/25/78. -

SUSMIT DATR BCWP

07/25/77 71
10/25/77 108
02/25/78 205
04/25/78 205
08/31/78 323
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DATEl = 02/25/78 - 30 days = 01/25/78
P = immediate predecessor in the contract to DATEl = 1)/25/77

S a immediate successor in the contract to DATEl = 02/25/78.

SUEMIT DATE scwe
P 10/25/77 108 )
DATEL 01/25/78 BCWP1

s 02/25/78 205

To interpolate the missing BCWPl value, a set of ratios is

set up and solved for BCWPL.

Solving this equation for BCWPl provides the basic algorithm
for interpolating missing values in the database.

BCWP1 = (01/26/78 - 10/28/77) * (205-108) + 108 = 180.75
(02/25/78 - 10/25/77)

The same besic formula was used to calculate BCWP2, BCWP3,

ECWP4 and BCWPS. Similar steps were taken to interpolate the

five months previous data for each submit date in the .
database for ACWP and BCWS, which eventually allowed for the

calculation of three and six month indexes and corresponding

EACs.




The script in Paradox Application Language (PAL®) used
to interpolate the values for one month prior, two months
"prior, three ronths prior, four months prior and five months

) prior to each report date of data is provided.in the

remaining pages.
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it ass .lesate( ‘MO, CIA_ME, ‘QD¢, GE W0 ) thea
‘Nars‘s Thasis Pregrae‘,
‘ERAOR - Lesste la Lailed* }
enils
Y Teim 1; Taacs T raseit tmtr
[} | 1 e 18 A0 PLOVIOUS Fepudt dute
recasn .
olse
1 Lowp wARL' lmonunm carguc date
MEY;:08 _ICHE o o s
AZVIONS ST, 2 % fm . SUBMTIONTE
u-sﬂmmuuc-s ‘M, CR_MD, ‘ON°, CRL_Or) ) then
asgiter ( 8'9 ThEgLN -

‘SRS - l.ouu— n M..ﬂ (aileg® )
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andlt
while TC_SOURCE_TNT. smnman < TARGET_OATE
PREVIOUS_SCWS » TC_SOURCE_INT.BCWS
PREVIOUS_SUBMITDATE « _nuu:t.nfr SUBMITOATE
i ane TC_SOURCET_!IT.locacadaxt( *PNO*, CUR_ MO, "QI*, CUR.CNO ) then
eQStop( "NATa'S Thesis frogram’,
“"m - vocateNext in m_m failed® )

andbile

; determine {f iacerpolation is necessary
u TCSOURCE_ INT. SUMITDATE o TARGET, OATE chen
x CASE II: £xact match of ¢ suomit date vich the target dace
return TC_SOURCE

olse
14 TC_SOURCS _TWP. SUBNITDATE » TARGET_OATE then
1 CASE 1117 Meed to interpoiace a value
ANEWER » ((Nusber{TARGET_OATE - PREVIOUS _SUBMITDATE} °
(TC_SOURCE_INT.9CWS - PREVIOUS _BCWS)) /
Wumpet (TC_SOURCE_ DT . SUBMITDATE - PRAVIOUS _SUBMITDATE)) o
s

1 This sbould be isposaible
m:n( "Macrs's Thesis Program’,
;mm FATAL ERROR - uvouualo Condition in INTERPOLATE_OCWE* )
andlf
endlf
andfroc

INTERIOLATE 3CHP

This proceduce decernines what cha KCWP was & nusber

of daye ago (speciflied by DAYS_AGO)

This {8 done usi=g Chree cases:

e CASE  I: If =0 contract subeit dace exists before tbe
cargec OCWP date. Che ICWP of che firsc
conzract submit dete (s recurned

e CASE II: If a contzec: submit dace macches the carvet
‘.m tltt axactly, Cbe BCWP of cha¢ submit

ce is .

o CAE III: If =2he cargec BCWP dace (slls Decwesn tw
concract subuit daces. the returned WP Ls
facerpolaced {som che ICWP valuee of cthe thewe
Cwo contract subsic daces.

-

L R I U U,

TARGET OATR ace
Wumber

«@dVar
TARORT_DATE o CUR_SUBNITOATE - DAYS_AQOD
1C_SOURCE_IWP . opsna ( SOURCE )
TCGICK_LI?. haney )
| Leate the £irse repert date in Che CurTWN Preject/ceatTast
ll .lesace( **MO*, CUR_MKD), *QI0°, COR N0 ) chea

m ‘“ars’'s Thesis Progras’.
‘CAROR - Locmce in INTERFOLATE _BCWP failed® )

it
if R_m . SUBNITOMIE »e TARGET _OATE Chen
ﬁuﬂ 18 ne previous repest date
ru-m ‘lc 1we. sCwP

1 loop until & dste after the carges date
PREVIOUS_SCHP » TC_SOURCE_INT, SCWP

wa-m A U n.m' =TT . SUSMEITOATE
if asg TC_ SOUACE_INT. iecacaiext( *PMO®, CUR_MD, ‘CO*, CUR_CNO ) then
aggstepl “Nara‘s Thasis Pregras’,
;ﬂll - Lecscaent in LNPERFOLATE_ACWS (ailed® )
vaile TC_SOURCT_NY.SUBNITOATE < TARGET_DATT
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PREVIOUS _IGWP « 7C_SOURCE_INT.ACWP
PREVIOUS_SUBMITOATE » TC_SOURCS _UNT. SUBNITOATE
1l sot TC_SOURCE_.NT.locatelext( *PND*, CUR_MD, "CNO°, CUA_QX ) tben
asqstop( *Maca's Thesis Program®.
*TAROR -~ LocateNext in DNITERFOLATE_BCWP failed® )
endlt
andlile

1 dacernine {f incerpolation is neceasary

1f TC_SOURCE_INT.SUBNITDATE s TARCES_ OATE them
 GASE II: Exact macch of 4 submiC dace vith the L ahiad dace
regurn TC_SOURCS_INT. SCWP

alse
it Rm..!ﬂ' SUBSHITOATT > TARGET DATE then
1 GASE IIl: Need to Launoun 4 value
NIBWER o ( (NuSper (TARGET _JATE - FPREVIOUS_SUBRITDATE) *
(TC _SOURCT INT.BCWP - nmooa.acnn /
MaDar (7C_SOURCE_INT. SUBMITOATE - PREVIOUS_SURMITOATE)) o
PREVIOUS oV
TeCuLn ANSWER
olae

; Thie should de i1mpossidble
asggtop( °Mara's Thesis Progras*®,
*MAJOR PATAL IRROR - lspossible Condition o INTERPOLATE BCWP®

jevesermcateseanemeratertomrmmarmrenanceesnanan emecsemcsnen
1 This proceduce decer3ines what the ACJIP was a mumder
of days &g0 (specified by DAYS_AQO)
This 18 done using :5ree Cases)
o CASE  I: If no contract subsit date exists before ths
cargat ACWP date. the ACWP of che Iirsc
CONCTACT submit date 18 recusned
¢ CASE I1: I{ a concrasct submit dace saccbes the tasget
P dace exactly, the ACUP of that muwait
i dace L9 recurned.
) o CASE 1111 If che zarget ACWP dste {alls batwemn two
] contoaot subBiC dates, Cbe securmned ACWP is
] incarpoieced fron Che ACHP values of the Chose
] Cwo concract subaic daces.
1
¢

toc DITERPOLATE_ACWR ( DAYS_AOO Wusbert,
CUR_MIO usbe

LY AR,

TANGET OATE = m_,wnxﬂm DAYS_AD

| Lessge cha firse ceport date in the GUCTERC project/comtract
Ll oot TC_ SOURCE_INT.locate( ‘MO, CURAD, "G, CURGIO ) chen
mt ‘ars‘'s Thanis Pregras’,
‘SAROR - Lecace in faileg® )

it a:m . SUSMITDATE >+ TAAGET _OATE Chen
CASS 1, There is no Drevious repott dace
.mla-:n.m

1 loop until s dace after the taryet dece
MEVIQUS_ACVP o 1IT - N . ACWP
L]

mgvicue SOURCE LT . SUBNITOATR
if oot TC_SOURCE_INT.locscalext( *PWD°, CUA_MD, “CO0°, CUR_OND ) cthem
agitep( ‘Mara‘s Thesis Program’,
;w - ocacelsxt in LMTERPOLATE _ACYY (ailed® )
vaile TC_SOURCE _INT. SUNNITDATE « MM
MEVIOUS_ACWP » °C JOUNCE
PREVICUS_SUSMITDATE o 'I!:m M STNITDATE
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il noc TC_SOUACTZ_INT.locatefexc( °PMO°, CUR_FNO. *Q0°, CUR_QD )} than
mt”( *waca’s Thesis Program’.
‘TRACR - Locacedexc in W tailed® )

andlf
onBinile
1 decormine if incerpolation is necessacy
1 DC_SOURCE_INT . STBMITOATE « TARGET,

'<PATE chen
; GASE 111 Exact aacch of a subait data with the targec dace
mmvcman.m

u mmm SUBNITDATE » TARGET DATE then
;1 GASS :Il: Need to interpolace a wvalue
m o ((MumDet (TARGET_OATE - PAEVIOUS_SUBMITDATE) *
(TCFOURCEINT . ACWP - mvxeu_mn /

waper (TC_SOURCE_INT . SUBMITOATE - OUS_SUMIITDATE!) «
PMREVIOUS_ACWP
zoturn ANSWIR
else

; This should Se imposeible
asqgftop( °Mara‘s Thesis Program’,
*NAJOR FATAL IRRCR - [mpossible Condition in INTERPOLATE_ACWP®
endlf
andl?

ondz?
andproc

; .-
1 THE WAIN PROGRAM

[emveesmeene DO uhivi - ——e
; The Lnput comes fTom the table ‘source.db’ in the WORK:
;1 directory. and the outDut is VIiLZaen to ‘remit.db’.

;1 The *tesult.db* cable is clesred if it exists.

-ued ran(ver evenclafo Svent)

‘l'c SUNCE cirsor

’.ml.‘ Tadle

TC..\BSULT curser
andvas

1 laicialize globsl veriabloe
VORKINGSTATE « TROE

; Chasx thac the SOURCY table exists than sctach to it
if aec ieTable( ‘source.dd’ ) then
W0gStop( ‘Marza‘s T2asis Prograa’.
‘CRAOR - { can‘t f{ind the SOUNCE.DB ctable’ )

; Dalete the records (rom Che RESULT table (if necessary)
if {sTable( “sesult.ds’ ) chen
.atcach({ ‘cemiit.ddb* )
-u:,umu own( RESTLY )

)
mmuz el. ]
::ulo( ‘“ara’ - ‘hasis Progrea’, °Clearing the AESULT cable’ )
.
AZSULT o czesce “Tesuls.dd*
with *

53335858352233

AR IR R T N
es s ea

“ e s
L T T T TVt S S,

Y
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edCreata
endtf

TC_SOUNCE.opan( SOURCT )
ﬂm“(m)

1 Scan the SOURCE table
scan C_SOURCE: " .

1 Md a siagie regerd to the ARSULT table
mmur.uu( ) {

3. insercAftarhecord( |
m. o TC_SXRCE . 7NO N
TCAESULT.O0 o TC_SOURCE.COR
m;m s 1C_0URCE. SUSMITDATE
. - _SOURCE .
TC_XESULT. BOMEL - (1 °0ars rn_m TC.SOTACE .. O,
TC0UNCE . Q. 1\‘: SOUNCE . SUBMITDATE ) .
TC_ALSULT. BOWE2 - 1mnun ICWE( 2 ° OAYS_PER_VONTH, TC_SOURCE.PMO,
1C_S0URCE.QO, TC_ TSUBMITOATE )
TCABSULT. BCWS) s INTTRPOLATE_ICWS( ) * DAYS_OEZR_NOMTH, TC_SOURCE.PNO,
TC.J0URCE. . TC_SOURCT. SUBMITOATE )
TCAESULT. BONS4 o INTERPOLATIE _SOME( 4 * OAYS_PER_MONTH, TC_SOURCE.MNO,
. N -} - SUBMIZDAIE )
TCALSULT. CUES o INTERPCLATE_SCWS( § ° DAYS_?ER_MONTH. TC_SOURCE.PNO,
TCSOURCE.CNO, TC_ .SUBM

“C_\MSULT.BCWP 1C_s5URCE. 3C4P
TCAUGULT. SCWPL INTERPOLATE_ICWP( 1 * DAYS_PER_MONTH, TC_SOUNCE.PNO,
TC_SOURCT.CNC, 1C_SOURCE.5USHITDATE )

TC.ARSULT. BCWP2 o INTTAPOLATS_ICWP( 2 * DATS_PER_MOMTH. TC_SOURCE.PNO,
TC_SOURCE.CNO, TC_SOURCE.SUBHITDATE )
TCXESULT . BOWP) o INTERPOLATE _ICWP( ] °* DAYS_ER_MONTH, TC_SOURCE.MMO,
TC_SOURCS.C0., TC_SOURCE. SUBMITDATR )
TCAENULT. P4 o DTTRPOLATE _SCWP( ¢ ° OAYS_PER_MONTH, TC_SOURCE.MD,
TC JOURCS.CNO, 1T, SUBMITDATR )
TCARSULT. SCWPS o INTERFOLATE_SCWP( § ° OATS_7ER_MOWTH, TC_SOURCE. MO,
TC_SOURCE.CD, TC_SOURCE. SURMITDATE )
1C./4BULT. m = ¢, . ACWP
ICAERULT . ACHTL o INTERPOLATE_ACWP( L < DAYS_PER_MOWTH, TC_SOURCE.PNO,
TC0URCE.CN. TC_SOURCE. SUMITDATE )
TCABSULT. ACH?2 o DTERPOLATEACHP( 2 ° OAYS_PER_OWTH, TC_SOURCE. D,
. " z'c.:gtms.cn. (‘l?.. M".mumn )E o
AESULT . ACWD. o INTERFOLATRE AOWP PER_MOWTH, TC_SOURCE. MO,
. TC_SOURCE.CHO. TC_SOURCE. SUBNITDATE
TCRESULT . ACWPY o INTERPOLATE_ACHP( 4 * QAYS_PER_MONTR, 1C_SOURCE. WD,
TC_SOURCE. MO, TC_SOURCE. SUBMITDATE )
TCARSULT .. ACHPS o INTERPOLATEACWP( § ° DAYS_PER_MONTH, TC_SOURCE. D),
TC_SOURCE.COI0, TC_SOURCE. SUBMITDATE |

TCAESULT . endR4LE( )

WORKING( ) ; show che user chat Che computers noc locked upi
anriScan
TC_UNCE . clowe( )
TC_ALSULT .close( )

sestage( °All Domw.. )
esqlnfoy ‘Mara‘s a-u Prograsa. ‘Tome Creacing the RESULT Table...° )
endiiethod
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Appendix C: Descriptive Statistics

This appendix contains the descriptive statistics used to
rest the hypothesis. Each row is labeled in the far left column
and the column entries are labeled below each column of values.

(All,.Barly, Middle or Lats)

MRAM

s>

coef of Variatioca

Mo

o NMev BAC1 Nav EAC3 . . . Vdev EAC9 CAC TAB' BCWP ACWP

Each page contains one category of contracts. The All, Early,
Middle and Late Stages are indicated in the upper left corner of
the far left column.

The MEAN refers to the average percent deviation from Cost at
completicn. It is calculated for each EAC.

n
MEAN § deviation from EAC =Y (((EAC-CAC)/CAC)*100]}i/n
isl

The first ‘row of values in the table are the average percent
deviations from CAC for each of the nine EAC formulas, plus the
average values of CAC, TAB, BCWP and ACWP.

~ The SD refers to the Standard Deviation. The SDs are the
second row of values in the table.

The Coef of Variaticn refers to the Coefficient of variation.
This is the ratio of SD to MEAN, presented as a percentage. The
third row of values are the coefficients of variation.

The N represents the number of contracts in the category

while n represents the number of reports in che ~ategory.
(Reports are subsets of contracts.)

*The TAB is replaced with BAC for the page with Management Reserve
removed from the calculations.
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Ennendix R: EAC and Index Ceiling and Floor Graonhs

This appendix presents graphs of EACs and their
corresponding indexes. Each page contains two graphs.: The
top graph presents EAC average percent deviation from cost at
completion. The bottom graph presents the indexes that
correspond to each EAC in the preceding graph.

The arrxows on the lhorizontal axes (X axis-Percent
Complete) represent transition points between Early, Middle
and Late Contract Completion Stages. Specifically:

Early: Contract Percent Complete < .3S
Middle: .35 < Contract Percent Complete <= .70
Late: cContract Percent Complete > .70

The first six pages present results based upon each

index type (cumulative, six-month and three-month). The
first three pages represent all contracts (cumulative, six-
month and three-month). The next three pages represent all

contracts with Management Reserve removed. The remaining
graphs present the EAC ceiling and floor and their
corresponding indexes for each category.
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