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Abstract

This thesis presents an empirical evaluation of the outcomes of a

large number of recently completed defense contracts. Profit outcomes

.and cost growth resulting from changes in the scope of the contract

and from overrun/underrun -re examined for incentive and fixed fee

contracts. Incentive featuros such as share ratios and multiple

incentives are investigated to determine their effect on -ontract

outcomes. Linear regression and analysis of variance techniques are

used to analyzb the outcot.es of 2683 Army, Navy, and Air Force contracts.

The types of contracts included in the data sample are fixed-price

incentive, cost-plus-incentivo-fee, and cost-plus-a-fixed-fee contracts.

No meaningful relationship is found to exist between cost overriin/

underrun and changes in the scope of the contracts analyzed. The

contract change percentage is found to decrease as the contractor's

portion of the share ratio increases. Also, incentive contracts with

large contractor share rates are found to have a tendency to overrun.

An examination of multiple incentive contracts reveals that contracts

with performance incentives, as well as cost incentives, tend to earn

performance incentivej, regardless of the contract cost outcome.
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AN MXAI2NATION OF

RECEIT DE.hiS UONTIULCT OUTCOI4ES IN TH!E

IN1CEN1TIVE ! NTV JO10IT

I. Introduction

The stated purpose of incentive provisions in defense contracts is

to coniunicate to a contractor the value placed on various aspects of

contract performance b-, the custoner (U.S. Government). Incentive

contracting is intended to motivate the contractor to perform in the

best interests of the government. Incentive contracting is based on

the govornment assumption that profit is the main motivating force of

the contractor. The Incentive Contracting Guide, issued jointly by the

Departmont of Defense (DoD) and the National Aeronautics and Space

Administration (NASA) states:

The Guide recognizes that profit is the basic
motivating force behind incentives, but realizes that
contractors in maximizing profit do not necessarily seek
"maximum" profit on every contra,;t even if they could.
Those "extracontracrual motivators" (e.g., follow-on
business, growth, image, etc,) should be considered in
structuring the contract. However, DoD and NASA accept
the concept that these factors are often beyond the
control of the Government and willingly subscribe to the
philosophy that to the degree that a contractor can be
motivated by profit to produce more efficiently, he is
achieving the government's objective (Ref 42:ix).

Statement of the Problem

The Department of Defense has placed strong emphasis on the use of

contracts containing incentive provisions as a means of reducing pro-

curement costs of defense hardwaie. The problem faced in the research

of this thesis is to determine if sinificant changes in defense con-

tract Post and profitability outcomes have resulted from increased DoD

i1
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emphasis on incentive type contracts.

Numerous studies have been completed concerning incentivo contract-

ing results. The General Accounting Office (GAO) has published reports

on various aspects of defense procurement, resulting mainly from

Congressional interest. DoD has explored this area in detail, primarily

through directed studies performed by non-profit research organizations

on contract to the Government, such as the Logistics Management

Institute (LMI) and the Rand Corporation. Another important source of

incentive contracting analysis is faculty and student research in

colleges and universities. A representative sample of previous research

studies concerning incentive contracting can be found in Appendix A.

Objective of the Research

The objective of this research is to provide a comprehensive

empirical analysis of recent defense contract outcomes in the incentive

environment. Through this analysis, a number of questions concerning

incentive contract results may be examined. Much interest is contin-

ually focused on defense procurement, since it involves such large

amounts of our national income and resources.

Questions ConcerninE Incentive Contracting

Has the increased emphasis n incentive contracting resulted in a

change in the relative mix of contract types? Has the increased empha-

sis on incentive contracting resulted in changes in contract cost growth,

including changes in contract scope and cost overruns/underruns?

To answer these general questions, more specific questions must be

asked. The analysis pertaining to these specific questions constitute

the primary objective of this research. These are the same questions

2
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Dr. David L. Belden proposed about contract outcomes in his study of

defense procurement (Rof 3:15,16). However, the additional data

available for fiscal years 1968 through 1970 provides a much larger

data base for examination of these questions. The basic areas examined

are contract growth outcomes, contract profit outcomes, incentive

combination outcomes, and extracontractual costs and benefits.

Contract Growth Outcomes

1. Is there a significant relationship between authorized contract

changes and ovorruns/underruns?

2. What is the relationship of contract growth and contract type:

FPI, "PIF, and CPFF?

3. What is the relationship of contract growth and the size of

the automatic incentive sharing ratio?

4. What is the relationship of contract growth and the type of

work, i.o., production or research and development?

Contract Profit Outcomes

5. Is there a difference in average profit among the different

types of contracts?

6. What is the relationship of average profit and the various

automatic incentive sharing ratios?

7. Is there a difference in average profit between contracts for

production and contracts for research and development?

Incecntive Combination Outcomes

. What is the relationship between incentive outcomes on multiple

incentive contracrs?

Extracontractual Cost and Benefits

9. Have there been extracontractual costs and benefits resulting

3
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from the incentive environment?

Approach to the Problem

The contents of Chapter I have generally outlined the problem

statement of the research, and some pertinent questicns concerning the

problem. Chapter II provides background and definitions necessary to

understand incentive contracting theory. The recent era of the "incen-

tive environment" is examined and significant areas noted. Chapter III

introduces the methodology used in this research and presents an analysis

of DoD contract cost growth. Chapter IV presents an analysis of con-

tract profits for DoD contracts.

In Chapter V, the results of the anqlysis are sumnmarized, and a

discussion of the results is included.

4
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II, The Incentive Environment

In Chapter I the philosophy of the Department of Defense regarding

contractor motivation was quoted from the Incentive Contracting Guide.

The basic premise that there are other motivational factors for the

contractor than profit is acknowledged, but since the other factors are

basically intangible, the DoD \will use an incentive system based on j
profit.

Historical Perspective

The United States has historically achieved superiority in military

balance vith her actual or potential enemies through the use of private

enterprise to produce military hardware. In colonial times the Ameri-

cans relied mainly on foreign military aid to build their arsenal and

defenses (Ref 1:176). The subsequent years saw civilian production of

small arms increase. The armsmakers could readily transfer production

to military needs as the situation demanded, and sell to the government

at a firm price, fixed in competition. The growing shipbuilding

industry began producing the first real "weapons system" - the warship.

Warships were produced both by private and Naval shipyards. Private

shipyards entered into competitive bidding for naval warships, and by

the time of the Civil War, there was serious competition between private

and government owned shipyards for the production of naval ships.

Critics of private shipyards pointed out that ships would be built for

"higher cost" in the private yards than in the publicly-owned, military-

run yards. Private producers quickly replied by pointing out the supe-

zior product produced in the private yards. The result of this

competition was ultimately a "lower cost" for private production, and a
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"higher quality" product from public shipyards (Ref 17:40,41).

The confrontation between the warships Monitor and Merrimack off

the coast of Hampton Roads, Virginia highlights the initial use of an

incentive provision in a contract for a military weapons system. The

Merrimack was built in the Norfolk Naval Yard, a public shipyard. The

Monitor was built by private industry to government specifications,

using a fixed-price negotiated contract with the incentive provision

that payment was provided only if the Monitor floated, attained a

minimum specified speed, and won its first battle. Although the

Monitor and Merrimack battle ended in a draw, and certain other pro-

visions of the contract were not met, the contractor was paid the full

$275,000 price, including a profit of $80,000 (Ref 17:41;Ref 3:8).

By the time the United States entered World War I, military con-

tracts for various weapons systems were being used. The airplanes,

ships, submarines, and tanks which were used in World War I required

large government expenditures to produce them. The switch from peace-

time to wartime production was ill coordinated, and emergency measures

were employed. Private industry was converted to wartime production,

but many problems arose which made this conversion a slow process. The

government launched a program to build and finance defense plants on

a large scale, and furnished equipment to contractors to meet defense

needs. The pressing need for defense hardware caused a new type of

contract to be introduced as an emergency measure. This contract

stipulated development and production of war Goods at cost-plus-a-

percentage-of-cost. Various measures were used to limit excess profit

due to cost escalation. Maximum fees were specified, sliding scales

were used which reduced the fee percentage as the cost grew, and

6



UGSI/S 1/71-9

bonuses wore provided for cost reductions (Rof 17:42,43).

Folloing World War I, the need for industrial mobilization and

stockpiling for defense was apparent, and various government agencies

set up plans to prevent a recurrence of the World War I fiasco. Nearly

twenty years of peace folloving World War I saw most of the mobilization

plans discarded.

The major technical advances in weapons systems which followed

World War I were primarily in aviation. The procurement of aircraft

was based on competitive prototype testing. The contractor risked

losing the competition both in terms of cost and performance. In

actual fact, the Air Corps usually bought all prototypes in order to

insure that the contractors would continue in business. These proto-

type purchases usually did not exceed $600,000 (Ref 17:44). This

concept of "fly-before-you-buy" has recently been reemphasized and

will be treated later in more detail.

The involvement of the United States in World War II again taxed

the capacity and inventiveness of American industry in providing

modern armaments. The difficulties of changing from a peacetime to a

wartime economy were again encountered. The War Production Board, an

independent civilian agency, was formed in 1942 to procure goods and

services for the military services. Formal advertising was eliminated

during the war years as a procurement technique. Negotiated contracts

calling for firm fixed prices, redeterminable fixed prices, and cost-

plus-a-fixed-fee were extensively used. The renegotiation of contract

prices was an innovation that was accepted as a result of wartime

conditions.

The "Armed Services Procurement Act of 1947" resulted from

7
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Congressional pressure to return to defense procurement through formal

advertising and to regulate the expanding purchase of defense hardware

in the marketplace. This law formed the basis for defense procurement

practices in use from then until today. These practices are assembled

* in the Armed Services Procurement Regulation (ASPR) (Ref 14:14,15).

In the decade following World War II, the United States began to

assemble a strong military organization, equipped with the most

advanced weaponry possible in the light of existing technical knowledge.

The industrial base for this technical superiority became very Iarge

and specialized.

The Incentive Era

The passage of the National Security Act of 1947 established a new

service, the Air Force. It also created the position of Secretary of

Defense to administer the National Defense Establishment. In 1949, the

centralized responsibility for national defense was further clarified

when Congress created a Department of Defense (DoD) vith increased

centralized authority over the three services (Ref 24:72,73).

Former Secretary of Defense Robert S. McNamara firmly instituted

the "incentive era" when he purposefully established guidelines and

regulations to govern DoD procurement. Belden defines the beginning

of an incentive environment as July 1, 1962, the beginning of fiscal

* year 1963. Belden points out three specific management actions which

initiated this era. These are (Ref 3:4):

1. The administrative ceiling on profits for certain types of

contracts was eliminated.

2. The Armed Services Procurement Regulation (ASPR) was rewritten

8
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to emphasize preference for fixed-price and incentive contracts.

3. The Cost Reduction Program was formulated to include an

emphasis on fixed-price and incentive contracts.

This research will use Belden's definition of the beginning of the

incentive environment. Fiscal year 1963 is designated as the beginning

of the incentive environment.

Era of Transition. The announced goal of increased emphasis on

fixed-price and incentive contracts resulted in a definite substitution

of fixed-price and incentive contracts for cost-plus-a-fixed-fee

contracts, as shown in Table I.

The percentage of cost-plus-a-fixed-fee contracts (including no-

fee type), in terms of procurement dollars, droppead from slightly less

than 40% in fiscal year 1961 to less than 15% in fiscal year 1964, In

the same period, firm-fixed-price and fixed-price incentive contracts

rose from less than 45% to nearly 65% of contract awards. The cost-

plus-an-incentive-fee type of contract in that period rose from about

3% to over 14% of contract awards. The subsequent contract award mix

from Table I can be seen to have stabilized near the fiscal year 1964

percentages. This does not imply that the area of defense procurement

has been unchanging since 1964. This only indicates the continuing

emphasis which has been placed on the use of firm-fixed-price and

incentive contracts.

Incentive Contracts

The increased emphasis on incentive contracts as a means of con-

trolling cost and improving contractor performance is based on the

assumption that if a contractor shares the risk associated with contract

performance, he will be motivated more strongly toward a successful

9
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IF I

outcome. Succesr ba:;ically involves contract outcomes wnich met or

are below target costs and which produce a product which meets or

exceeds target performance. Incentive theory allows a concractor to be

rewarded for a successful outcome, and penalized for an unsuccessful

outcome (Ref 16:3-5).

The rewards and penalties of incentive contracts are primarily

related to increases or decreases in profit. Appendix B describes

the four basic typos of contracts used in defense procurement. These

are the firm fixed-price (FFP), fixed-price incentive (FPI), cost-plus-

incentive-fee (CPIF), and cost-plus-a-fixed-fee (CPFF) contracts. The

firm fixed-price contract is thought to provide the contractor with the

greatest reward or penalty, as well as the most motivation toward

effective contract management. The contractor under a FFP contract

assumes full responsibility for costs associated with the contract.

The extreme opposite situation is the use of a cost-plus-a-fixed-fee

contract, where the Government assumes responsibility for all allowable

contract costs, and the contractor is guaranteed a fixed fee, regardless

of contract outcome. The fixed-price incentive and cost-plds-incentive-

fee contracts fall between the two extremes, and the FPI and CPIF

contracts both provide for negotiated incentive provisions to enhance

contractor motivation.

Incentive Provsions

The Department of Defense instructs its contract negotiators to

consider extracontiactual incentives in awarding and structuring

defense contracts (Ref 42:2). Some of these extracontractual incent.ives

are: follow on business, increased profit margin o the other contracts

through overhead absorption, the nation's international reputation,

11
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company prestige and goodwill, maintenanc of capability, 'nd profes-

sional excellenc3. Vhile recognizing these factors, DoD has no prag-

watic method of includirng extracontractual provisions in a contract.

The prevalent method of contractor motivation used in contract

negotiation is to provide incentive provisions which are based on the

profit motive. In CPIF and FPI contricts the share ratic technique is

used to define Government and zontractor responsibility for -ast. A

70/30 share ratio, for examplc, is a percentage ratio which means the

customer (U.S. Government) accepta responsibility for 70% Lf corts above

or beloa target cost, and the contractor assumes responsibility for

30 % of the cost above or below target. The limitation of a ceiling

price is imposed under a FPI contract, ana the CPIF contract li.At6

sharing over a range of incentive effectiveness (RIE).

The concept of incentive provisions has not been limited to cost

incentives. Both CPIF and FPI contracts may include multiple incen-

tives. A multiple incentive contract provides product perfornance

and/or schedule targets, in addition to target costs. The Incentive

Contracting Guide states (Ref 42:107):

Multiple incentive contracting combines the motivation
for technological nroGress, timely delivery, and effective
cost control with the ultimate objective of attpining an
appropriate balan,.e between performance, schedule, ane cost
control -- not necessarily the lowest cost. Obviously, in
cost-only incentives, the emphasis is on the attainment of
the stated performance achievement at the lowest cost.

In theory, multiple incentives encourage beneficial tradeoffs

between the factors of cost, performance' and schedule. The incentive

provisions of the contract should be structured to communicate the

Government's objectives to the contractor. The incentive provisiona

12
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motivate the contractor to make tradeoffs which are beneficial to the

Government, since Government benefit will vary directly with the

interests of the contractor.

POESMIC. The Program Office for Evaluating and Structuring

Multiple Incentive Contracts (POESMIC) was formed as a DoD agency in

April, 1968. This office is assignod the responsibility to assist DoD

and NASA procurement officials in structuring multiple ir.entive

contracts to communicate the Government's objectives to the contractor.

The military services require all multiple incentive contracts evor

$5,000,000 to be structured using the services of POESMIC. Some

factors identified as adversely affecting multiple incentive arrange-

ments are improper ranges of incentive effectiveness, improper choice

of target levels of non-cost incentive parameters, multiple share

ratios, and complex or discontinuous formulas and graphs (Ref 15:1-3).

The POESMIC approach to multiple incentive contract structuring is the

use of computer programs which use iterative procedures to develop

incentive arrangements. The products of this iterative process are

tradeoff curves, nomographs, and cost-performance-schedule ordering

tables.

Current DoD incentive Practice

In March 1971, before a House of Representatives subcommittee

reviewing DoD apprcpi ations for 1972, Secretary of Difense Melvin R.

Laird said:

"Vie (D D) are proposing that primary development reliance
be placed on cost-incentive contracts. This vill enable us to
base development schedules cn development milestones rather
than on specific points in time. We believe that once devel-
opment progc'ams have been completed in a satisfactory way,
fixed price ccntract ng should normally be used fir production

13
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contracts. After the parameters of a product have been
carefully established and demonstrated in the development
stage, contract nogotiationt to establish a fixed price
production contract can be conducted on a sound basis"
(Ref 35:125).

David Packard, the Deputy Secretary of Defense, has emerged as the

central DoD figure in the management of defense procurement (Ref 11:24).

Before the same Congressional subcomittee, Secretary Packard outlined

the current DoD policy on defense procurement which has been termed

"fly-before-you-buy". Packard explained this policy as follows

(Ref 36:18):

"It is clear that discussions of the policy of fly-
before-you-buy often have over-emphasized a literal
interpretation and under-emphasized its real meaning.
I strongly subscribe to 'he concept and will apply it in
a meaningful way to all major projects. In my mind, fly-
before-you-buy means having'an acceptable level of con-
fidence that we know what we are doing before we move
ahead. It means development problems are in hand before
we do onGineering. It maans engineoring is ready before
we go into production. It means we have confidence in
the iecd for th:e capability before we enter into any of
theso phases. It means the management plan is sound and
the costs are described and controlled. Within these
reanings, ve must have the objective of fly-before-you-
buy on all of our prot'ams."

The Department of Defense has formalized ,he concepts cutlined by

Secretary Packard in Department of Defense Directive Number 5000.1

(Ref 40). Major programs to be designated by the Secretary/Deputy

Secretary of Dafense will be managed on a milestone basis, with program

progress subject to Secretary of Defense level review and approval.

Concertually, this procedure decentralizea and streamines program

management, with DoD acting primarily as a review 6nd final approval

authority.

This new polic cannot Lzi evaluated at this time, since no major

lbh
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procuremont actions have boon recently completed using the milestone or

fly-before-you-buy approach. The General Accounting Office (GAO)

identified the xin causes of cost growth on 52 major programs as

estimating, engineering changes, and economic factors (Rof 13:21).

'The new weapons system acquisition policy is aimed at improving

procurement practice in those and other areas. It should be noted here

that the analysis for this research does not include contracts which

have been awarded under the fly-before-you-buy policy.

Concluding Comments

The enormous costs associated vith maintaining a "peacetime"

defense capability hove historically been a matter of public and

political concern. However, the rapid demobilization that occurred

following World War I was not repeated following World War II. The -

"cold war" threat spurred technological achievement, and defense became

more costly, complex, and specialized. This chapter has emphasized the

need for a variety of contract types, and has pointed out the theoretical

benefits of incentive provisions in defense contracts. The following

chapters examine actual contract outcomes in an effort to determine what

effect the increased DoD emphasis on FFP and incentive type contracts

has had on the defense procurement process.

15
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III. Contract Outcomes - Cost Growth

The results of an analysis of contract outcomes for a large number

of defense contracts are presented in this and the following chapter.

This chapter presents an analysis of contract cost growth, while the

following chapter considers profit on defense contracts.

Cost growth of defense contracts is classified either as contract

change due to changes in the scope of the contract or as cost overrun/

urderrun.

A brief Logistics Management Institute survey of government con-

tracting personnel revealed four general motives for their use of

incentive contracts (Ref 16:3). These motives are as follows:

() Incentives motivate efficient contract management and

achievement of a high performance product.

(2) Incentives enablo the Government to reward contractors
on .ie basis of demonstrated management ability and
product performance.

(3) Incentives assign to the contractor a larger portion of
contract risk than he would bear with a CPFF contract.

(4) Incentives provide explicit communication of the

Government's contracting objectives.

These four statements form a concise statement of incentive theory.

It follows that DoD policy stressing increased use of incentives should,

in theory, result in a reduction in the likelihood and occurrence of

cost overruns. An evaluation of this theory is made using statistical

tests based on empirical data.

The methodology used in evaluating contract outcomes was developed

by Belden in his previously cited research (Ref 3). The basic differ-

ence in this analysis is the greater number and currency of contracts

available for study.

16
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Belden's sample contained 834 contracts, whereas the increased sample

contains 2683 contracts.

Description of Data

The data on defense contracts used in this analysis was obtained

from the DD Form 1500 "Record of Contract Completion", submitted by

defense contractors in accordance with the Armed Services Procurement

Regulation (ASPR). The requirements for completion and submission of

DD Form 1500 are contained in the ASPR. The data submitted by the

contractor is subject to authentication and audit by the Government

(Ref 39:para. 21-401a).

The DoD Directorate for Information Operations compiles a summary

of the information on the DD Form 1500. This summary was used in this

analysis. The data elements used and an explanation of each element is

as follows:

Department: Army, Navy, or Air Force.

Type of Contract: FPI, CPIF, or CPFF (FF? contracts are
not included in the analysis since
data on cost and profit is not avail-
able on this type of contract).

Type of Work: Production or Research & Development.

Award Year: Fiscal year of contract award.

Completion Year: Fiscal year of contract completion.

Initial "ost: Originally negotiated cost (target).

Initial Profit: Originally negotiated profit (target).

Adjusted Cost: Initial cost plus the algebraic sum of
all subsequent formal contract cost
changes.

Adjusted Profit: Initial profit plus the algebraic sum
of all subsequent formal contract
profit changes.

Final Cost: Actual cost of the work.

Final Profit: Actual profit for the work.

17
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Sample Description

Contracts were selected for inclusion in the data sample based

upon various selection criteria. These criteria include constraints

on contract elements such as year of award, year of completion, type

of contract, and dollar size of contract. The contract sample includes

only contracts which were awarded and completed in the period beginning

with fiscal year 1963 and ending in fiscal year 1970. The incentive

era was previously defined as having been initiated in fiscal year 1963.

Table II presents a breakout of the total sample of 2683 contracts

according to fiscal year of award and fiscal year of completion.

TABLE II

CONTRACT SAMPLE BY YEAR OF AWARD AND YEAR OF COMPLETION

Completion Year

Award Year 63 64 65 66 67 68 69 70 TOTAL

63 7 53 54 64 108 106 26 10 428
1

64 13 64 82 125 124 54 13 475

65 12 68 151 167 76 23 497

66 13 148 221 172 47 601

67 24 164 163 57 408

68 39 119 60 218

69 12 43 55

70 1 1

TOTAL 7 66 130 227 556 821 622 254 2683

-- 18
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The types of contracts considered consist of FPI, CPIF, and CPFF

contracts. FFP contracts were not included in this analysis since

complete data on cost and profit for firm fixed-price contracts is not

available. In addition, contracts for services or construction were

excluded from the sample. The contracts studied involved procurement

of major hardware items including aircraft, missiles, ships, ammunition,

and electronics equipment. There were 1064 production contracts and

1619 research and development contracts in the sample. The contracts

are termed defense contracts because they include only Army, Navy, and

Air Force contracts. The numbers of contracts in each classification

are summarized in Table III.

Only contracts having an initial price (cost plus profit) or final

price over $200,000 are included in the contract summary data compiled

by DoD. This limitation is, therefore, extended to the contract

sample. Table IV shows the incremental distribution of contracts by

price. Although final and adjusted price are both on the order of

nine and a half billion dollars, they are about 1.5 billion dollars

or nearly 20% higher than the initial negotiated price.

Contract Growth Defined

The term contract growth is used in this research to refer to two

seperate elements. The first element is change, which implies a change

in the scope or target cost in the contract prior to contract completion.

These changes become part of the contract. Contract change is defined

as:

Change %= Ca - Ci K 100 (1)
Ci

19
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TABLE III

CONTRACT SAMPLE BY TYPE OF CONTRACT, WORK, AND SERVICE

Variable Subdivision Number of Contracts

Type of Contract FPI 439
CPIF 448
CPFF 1796

Type of Work Production 1064
R&D 1619

Service Army 1152
Navy 579
Air Force 952

TOTAL 2683

TABLE IV

CONTRACT SAMPLE BY INITIAL, ADJUSTED, AND FINAL PRICE

Price Range Number of Contracts
(6 in Thousands) Initial Price Adjusted Price Final Price

n <$ 200 417 86 42
200S < 400 696 779 803
4005 < 600 335 391 396
600< < 800 188 212 205
8o< < 1,000 130 138 149

1,000< < 5,000 648 739 747
5,000<5 < 10,000 114 161 164

10,000< < 25,000 101 108 i1
25,000<5 < 50,000 36 40 38
50,000-5 < 100,000 13 23 21

100 1000 5 6 7

TOTAL 2683 2683 2683

TOTAL DOLLARS 7.97 Billion 9.53 Billion 9.54 Billion

20
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where Ca is adjusted contract target cost; and

Ci is initial contract target cost.

The second element is overrun/underrun, and implies an actual cost

different from the target cost existing at the time of contract

completion. When expressed as a percentage, underrun is defined as a

negative overrun. Overrun is defined as:

Overrun % = Cf - Ca x 100 (2)
Ca

where Cf is final contract cost.

Table V shows the average contract change and overrun by type of

contract and by type of work.

C and Overrun/Underrun for Three Types of Contracts

As shown by Table V a, the average change for 2683 defense contracts

is 66.0%, whereas the average overrun is only 3.0%. The CPFF contracts

have the largest change, but the smallest overrun. CPIF contracts

exhibit the greatest overrun. CPIF overruns average 7.1%, while FPI

and CPFF contracts average only 2.6% and 2.1%, respectively. Figure 1

presents the distribution of overrun/underrun percentages for each type

of contract.

As Table VI shows, over one-third of the contracts have outcomes

which neither underrun or overrun their target, while over two-thirds

of the contracts are within t5% of their adjusted target costs. There

is considerable variation between contract types. For example, 80% of

21
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TABLE V

AVERAGE CONTRACT CHANGE AND OVERRUN

a. Data by Type of Contract

Type of Contract Number Mean Change Mean Overrun

FPI 439 19.5% 2.6%

CPIF 448 34.9 7.1

CPFF 1796 85.1 2.1

b. Data by Type of Work

Type of Work Number Mean Change Mean Overrun

Production 1064 51.9% 1.5%

Research & 1619 75.3 4.0
Development

COMBINED
TOTAL 2683 66.0% 3.0%

the CPFF contracts fall within ±5% of target cost, while only 37% of the

FPI contracts fall in this area. Also, 48% of the CPFF contracts have

final cost that is equal to the adjusted cost. Only 4% of the FPI

contracts are on-target. The outcomes appear nearly evenly divided

between overruns and underruns.

Change and Overrunt nderrun for Two Tyves of Work

The two types of work considered in this research are production

and research and development (R & D). The distribution of overruns

for each type of work is shown in Figure 2. As shown in Table V b,
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TAFLE VI

PERCENT OF CONTRACTS WITH

SPECIFIC OVERRU:!/UNDIMRUN PERCKITAGE

VARIATTON FROM TARGET

Number
5% of Target ±2.5% of Target 0% Considered

FPX 37% 21% 4% 439

CPIF 45 35 12 448

CPFF 80 73 48 1796

Prod. 55 43 19 1064

R & D 75 67 45 1619

TOTIL 67 58 35 2683

research and development ccntracts average greater change and overrun

than do production contracts. Table V illustrates that the greatest

change occurs for CPFF contracts and R & D contracts, and the greatest

overrun ozcurs fcr CPIF contracts and R & D contracts. Table VI shows

thiat A' & D contracts tend to meet or fall within t5% of target consid-

erably more often than production contracta.

Relationship of Contract Chane and Overrun/Underrun

Incentive theory provides for reduced potential overruns by

motivaring the contractor to control costs and improve efficiency.

Another possible means of reducing potential ovnrruns is to increase

the target cost through contract scope changes. One method to incsti-

gAte the relationship between contract change and overrun/underrun is

24



150. 1

ic

400-,

4 0071-

350-n

300--

250-- .

100 -dl I

50

_. 450-',

4~00--

oH

-20.0 -15.0 -10.0 -5.0 0 5.0 10.0 15.0 20.0 25.0

Percentage Overrun

(Interval designations are lower limits)

PROD (106_h)
!A.1 13 27 28 53 74 82187271 45 40 34 31 20 18 !1 8 6 9 54

12 4 4 15 12 23 34 67 246 846 49 42 4+2 25 24 3 15 12 16 9101

;,,3 15 17 30 40 ?6108 149 4331117 94 82 76 56 44 41 32 20 2P- 18 155

Fi-. 2. D~tstribution of Overruns for Production ard Ri & D Contracts

25



lI

GSM/S/71-9

to assume a linear relationship between overrun % and change % as follows:

Overrun % = a + b (Change %) (3)

where a and b are unkmown regression coefficients.

Regression coefficients were first calculated for the total sample

of 2683 contracts. No relationship between change and overrun/underrun

iv evident at a meaningful statistical level of confidence for the total

sample. Five other tests were made on the sample by dividing the con-

tracts according to type of contract and by type of work. The results

of these tests are shoan in Table VII.

The nall hypothesis that contract overrun/underrun is closely

related to contract change is rejected for statistically significant

levels of confidence for tests of the total sample, sample divided

according to type of contract, and divided according to type of work.

sAnalysis of Variance of Cost Growth

In Table V evidence is shown that the mean change and mean overrun/

underrun vary considerably between types of contracts and between types

of work. A two-way analysis of variance was used to determine if the

variation in statistically significant. The use of a two-way analysis

of variance eliminates statistical confounding of the results. As an

examplo, Belden points out that the average percentage change for any

particular type of contract should be independent of the percentage

change due to type of work (Ref 3:79). The unequal cell size model

for two-way analysis of variance proposed by Snedecor was used through-

out this research (Ref 30:484-488).

26
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TABLE VII

REGRESSION COEFFICIENTS FOR SIX TESTS WITH

OVERRUN/UNDERRUN PERCENTAGE AS THE DEPENDENT

VARIABLE AND CHANGE PERCENTAGE AS

THE INDEPENDENT VARIABLE

Standard Null Hypothesis
Contract Group a b Error of b Rejection Level

2683 FPICPIF,&CPFF 3.1048 -0.0015 0.0014 0.31

439 FPI 2.8152 -0.0089 0.0149 > 0.50

448 CPIF 7.2031 -0.0039 0.0146 > 0.50

1796 CPFF 2.1449 -0.0007 0.0012 > 0.50

1064 Production 1.4912 -0.0004 0.0023 > 0.50

1619 R & D 4.2054 -0.0025 0.0018 0.17

Contract Chanie. The null hypothesis that mean cnauges are equal

for the three types of contracts and that mean changes are equal for

the two types of work was tested at the 1% level of significance. The

results of this two-way analysis are summarized in Table VIII.

Note from Table VIII b that the null hypothesis was rejected for

differential due to type of contract, while it was not rejected for

the difference due to type of work. Thus, contract cost growth due to

changes in the scope of the contract is significantly different

according to the type of contract. This is consistent with incentive

theory regarding choice of contract type, considering uncertainty as

a major factor in contract selection.

The adjusted difference due to type of work shown in Table VIii c

is -1.30%. This means that the average production contract change

27
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TABLE VIII

ANALYSIS OF VARIANCE OF CONTR.CT CHANGE FOR

2683 FPI, CPIF, AND CPFF CONTRACTS

a. Number, Mean Percentage Change, and Standard Deviation

Type of Production R & D
Contract Number Mean Std.Dev. M mber Mean Std.Dev.

FPI 363 19.1% 46.6% 76 21.5% 69.3%

CPIF 2±5 28.2 63.8 233 40.6 80.4

CPFF 486 86.9 285.6 1310 84.5 247.4

b. Adju-sted Analysis of Variance

Source of Variation dof Sums of Squares Mean Square

Work 1 890.89 890.89

Contract 2 1699336.72 849668.36 *

Interaction 2 18706.22 9353.11

Within 2677 -6020.50

** Null hypotheasa. rejected at the 1% level of significance.

c. Adjustments

Adjusted difference due to type of work: -1.30

FPI CPIF CPFF

Adjusted contract means 19.1% 34.70% 85.5%
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percentage is 1.30% -ess than the average change percentage for R & D

contracts. The contract means, adjusted for the dif~ference due to

type of work, are 19.1%, 34.7%, and 85.5% for the FPI, CPIF, and CPFF

contracts, respectively, Note that these values are very close to the

values for the unadjusted means shown in Table V a.

Contract Overrun/Underrun. The null hypothesis that mean overruns/

underruns are equal for the three types of contracts and that mean

overruns/underruns are equal for the two types of work was tested at

the 1% level of significance. The results of this two-way analysis of

variance are summarized in Table Ix.

Table IX b indicates that the null hypothesis is rejected at the

1% level for type of contract and for type of work. Therefore,

pricirg arrangement and type of work are significant indicators of

overrun as a percentage of adjusted cost. Production contracts have an

uverage overrun percentage value 3.57 less than R & D contracts, as

shown in Table IX c. Also note that CPIF contracts have a mean overrun

of 7.00%, while FPI and CPFF average overruns are 1.49% and 2.89%,

respectively.

Change and Overrun/Underrun for Incentive Contracts

The t!tal sample of 2683 defense contracts was reduced to a

smaller sample of 726 contracts having cost incentives. This smaller

bample of 391 FPI and 335 CPIF contracts was divided into three groups

according to l the size of the contractor's portion of the incentive share

ratio. The group intervals are: 15%a for less, more than 15% but not

greater than 30%lo, and more than 30%.

Although the share ratio is not specified on the DoD "Record of

Contract Completion", it may be constructed from the data available in

29
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TABLE IX

ANALYSIS OF VARIANCE OF CONTRACT OVERRUN/UNDERRUN

FOR 2683 FPI, CPIF, AND CPFF CONTRACTS

a. Number, Mean Percentage Overrun/Underrun, and Standard Deviation

Type of Production R & D
Contract Number Mean Std.Dev. Number Mean Std.Dev.

FPI 363 2.0% 14.0% 76 5.8% 22.9%

CPIF 215 3.7 19.7 233 9.9 24.6

CPFF 486 0.1 12.6 1310 2.8 13.1

b. Adjusted Analysis of Variance

Source of Variation dof Sums of Squares Mean Square

Work 1 6744.92 6744.92 *

Contract 2 11279.31 5639.66 *

Interaction 2 1045.08 522.54

Within 2677 237.34

•* Null hypothesis rejected at the 1% level of significance.

c. Adjustments

Adjusted difference due to type of work: -3.57%

FPI CPIF CPFF

Adjusted contract means 1.49% 7.00% 2.89%
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the DoD contract summary data. The amount of final contract profit

used in the following equation is adjusted to reflect only cost

incentives. The contractor's share, a, is given by:

a = Pf- Pa x 100 (4)
Ca - Cf

where Pf is final contract profit;

Pa is adjusted contract profit;

Ca is adjusted contract cost; and

Cf is final contract cost.

Table X shows that there were 237 contracts identified as having

contractor's share ratios less than or equal to 15%. The average

contractor's share ratio for this group is 9.1%. There were 203

incentive contracts with share ratios larger than 30%16, with the average

share being 45.3%.

TABLE X

AVERAGE AND STANDARD DEVIATION OF SHARING PERCENTAGE

FOR EACH OF THREE GROUPS OF INCENTIVE CONTRACTS

Number Average Standard
Sharing Limits of Contracts Share Deviation

a e 15% 237 9.1% 4.0%

15% < a < 30% 286 22.0 4.4

30% < a 203 45.3 16.1

COMBINED TOTAL 726 2 4. 3% 16.9% 
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Table XI gives the average percentage change and the average

percentage overrun/underrun for each of the three share ratio groups.

TABLE XI

AVERAGE CHANGE AND OVERRUN/UNDERRUI FOR EACH OF

THREE GROUPS OF INCENTIVE CONTRACTS

Average
Sharing Limits Average Change Overrun/Underrun

a e 15% 35.1% 12.3%

15% < a 1 3o% 25.2 0.5

3010 < a 20.4 5.2

COMBINED TOTAL 27.1% 5.7%

Contract Change. The average change from initial target cost to

adjusted target cost for these 726 incentive contracts is 27.1%. The

group of contracts having a contractor's share ratio of 15% or less has

an average change of 35.1%, the largest change of all groups. Those

contracts with contractor's share of 30%16 or more have an average change

of 20.4%. To determine if the difference in average change percentage

between groups is statistically significant, a two-way analysis of

variance was again used. The three groups of contractor's share ratios,

and the type of work were considered as factors.

The null hypothesis that the mean change is equal for the three

groups of share ratios, and for types of work was tested at the 1% level

of significance. The null hypothesis was rejected for types of work.

As shown in Table XII c, production contracts average percentage change
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TABLE XII

ANALYSIS OF VARIANCE OF CONTRACT CHANGE

FOR 726 INCENTIVE CONTRACTS

a. Number, Mean Percentage Change, and Standard Deviation

Contractor's Production R & D
Sharing Percentage Number Mean Std.Dev. Number Mean Std.Dev.

a 15% 138 28.4% 72.3% 99 44.5% 83.5%

15% < a < 30% 199 18.3 36.9 87 41.0 82.4

30% < a 162 21.6 56.9 41 15.8 45.3

b. Adjusted Analysis of Variance

Source of Variation dof Sums of Squares Mean Square

Work 1 29572.7 29572.7 **

Share Ratio 2 15897.9 7948.9

Interaction 2 17663.3 8831.7

Within 720 3967.1

* Null hypothesis rejected at the 1% level of significance.

c. Adjustments

Adjusted difference due to type of work: -13.9%

a 15% 15 % < a ,3 0%/ 301-< a

Adjusted a group means: 34.0% 22.5% 16.3%
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is 13.9% loss than R & D contracts for contracts having cost incentives.

The null hypothesis cannot be rejected, however, for the three groups of

contracts divided according to contractors share ratio. Thus, type of

work, and not size of share ratio, is the significant indicator of the

percentage change of an incentive contract's initial cost.

Overrun/Underrun. The average overrun/underrun for incentive

contracts in the group of 726 contracts is 5.7%, as shown in Table XI.

However, the group of contracts with the least contractor sharing has

an average overrun of 12.3%, while the group of contracts with sharing

between 15% and 30% has an average overrun of only 0.5%. To test for

equality of mean overrun/underrun percentages, and to eliminate

confounding, a two-way analysis of variance was used. The null hypoth-

esis that the average overrun/underrun percentages are equal for types

of contracts and for types of work was tested at the 1% level. The

results are given in Table XIII.

The null hypothesis is rejected at the 1% level for both ranges of

sharing and for type of work. The adjusted difference in mean percent-

age overrun/underrun is found in Table XIII c to be 8.3%. Thus,

production incentive contracts average significantly less overrun than

R & D contracts. The largest overrun occurs for contracts in the group

having the smallest values of a. An average underrun occurs for

contracts with sharing between 15% and 30%, while those with an a

greater than 30% average a 2.74% overrun.

Repression of Sharing Ratio, Overrun/Underrun, and Chane

To determine if there is a statistically significant relationship

between the size of the contractor's share ratio and the percentage of

cost overrun, a linear regression analysis was applied. The relationship
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TAI'. XIII

ANALYIFIS OF WRIANCk 07' C0nTR. . 0VERRUN/UN1ERUN

FOR 726 INCENTIVE CONTPACTS

a. Nuber, Mcan Percontage Overrun/Unrerrun, amd Standard Deviation

Contractcr's Production R & D
Sharing Percentage Number Nean Std.Dev. Number Mean Std ,Dv.

a 15% 138 .7/ 24.3% 99 20.00 , 2,.

15% < a _ 30% 199 -1.5 9.9 87 5.2 14.5

30% < a 162 4.7 17.2 ;j1 7.3 Z9*

b. Adjusted Analysis of Var-f.n--

Source of Variation dof Sums of Squarer Mean Square

1o,'k 1 10476.5 10476.5

Sharc Ratio 2 14968.4 ?484.2

Interaction z 2659.0 1329.5

Wi thin 720 425.6

•* Null hypothess rejected at the 1% level of significance.

c. Adjus4me -ntc

Adjusted differcnc3 due to type of work: -8.3%

c 15% 15% < a 30% 30% < a

Adjuzted a group means: 11,5'T4 -1.09% 2-74%

35



inveatigated Is Ptv3z by:

overrun % = a + b cc (5

Vhare a. i contractor's sharing peroentege; and

a and b -re un vwn reCgr"sion coeffic.ento.

The increas3d emphasis o, incentive contracting during the

incentive cra 15 based on the assumption thqt the more responsibility

a cantracct has for cost, the more hi will attempt to contro± ;osts.

The result would be doc eased o~arruns. In equation 5 this would be

reflected h a negative value fcr the coefficient b.

Eight groups of incentive contracts, numbered . through 8 in

Table XIV, were originally identified for linear regression analysis.

The first group consisted of the entire sample of 726 incantiv2

contrActs. The others are FPI and CP!F contracts, production and R : D

contracts, and three groups divided according to contractor's sharing

rate. -i ree of the eight groaps have a negative slope, indicating

dec:'-asing overruns with increasing sharing. The null hypothesis that

tnere is significant ccrrelation between overrun and sharing rate, a,

canuot be rejected at a higa level of significauce for two of the-ce

groups. CPIF conmracts and contracts with (c of 15% or less both tend

to have a decrease in overrun as the share rate increases, with

rejection levels of less than 1%. The null hypothesis rejection level

is below the % level for the Dositive correlation shon for prcductioa

or FPT contracts, as well au for contracts having lar&e contractor share

ratios. Thus, on increase iiA shai.;ng for these three Croups of
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TABLE XIV

REGRESSION COEFFICIEnTS FOR TWELVE TESTS WITH

OVERRUN/UNDERRUN PERCENTAGE AS THE DEPENDENT

VARIADLE AND CONTRACTOR'S SHARE RATIO AS

THE INDEPENDENT VARIABLE

Standard Null Hpothesis
Contract Group a b Error of b Rejection Level

i. 726 FPI & CPIF 5.28 0.016 0.047 > 0.50

2. 499 Production - 0.71 0.133 0.045 0.004

3. 227 R & D 15.04 -0.149 0.119 0.21

4. 391 iPI -11.26 0.430 0.044 < 0.001

5. 335 CPIF 19.19 -0.667 0.127 < O.OO0

6. 237 a < 15% 32.26 -2.200 0.448 < 0.001

7. 489 a > 15% - 9.75 0.385 0.042 < 0.001

8. 203 a > 30% -27.39 0.718 0.072 < 0.001

9. 137 Production 20.29 -1.470 0.489 0.003
( (x :r 1501-

10. 362 Production -11.69 0.396 0.041 < 0.001
(a > 15%)

11. 99 R & D 49.13 -3.266 0.800 < 0.001
(a < 15%)

12. 128 R & D - 6.36 0.424 0.113 < O.001
(a > 15%)
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contiacts is significantly associatod with increased overru~ns.

Tho results of the original eight tests suggested further study.

Four additional regression groups, numbered 9 through 12 in Table XIV,

wore constructed from the contract sample. Production and R & D

*contracts were divided according to sharing rate. Both production and

R & D contracts with contractor's sharing rates of 15% or less have a

decreasing tendency toward overruns as a increases. Production cnd

R & D contracts with a grzater than 15% exhibit an increasing ter.dene.y

to overrun as a increases. The null hypothesis is rejected at lesz thar,

the 1% level for all four cases.

To exaiainc the correlation botween contract change and contractor's

share ratio, linear regression tests ;era perl'crmed on the firt e2.ght

grcups previously examined. The relation ship investigated is giver, by:

Change % r, a + b a (6)

wheree a is contractor's sharing porcentage; and

a and b are iu-known regression coefficients.

It has been proposed that defense contra,.too with a large

fivneicial responsibility in the outcome of the contract, i it., a large

contractor sharing rate, tend to recoup losses chrovrgh chaage o:,ders

and revised contract specifications (Ref 2':53). The reaJis of the

eight tests shoun in Table X do not support this viewpoi . T e, DY

case in whic' the null hypothesis w~s rejected at ie.so tnan the 1r; .'evel

was for the totol sample of incentive cont-acts.. e'.crally, thv change

percentage for tvh3 entire sample of incentive contracts -e'dn to dac:se
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TABLE XV

R2GRESSION Z0FFICIENTS FOR EIGFT TESTS WITH CHANGE

P CENTAGE AS THE DEPEND T VARIABLE AND CONTRACTOR' S

SHARE RATIO AS THE INDFPENDENT VARIABLE

Standard Null typothesis

Contract Group a b Error of b Rejection Level

726 FPI & CPIF 36.13 -0-372 0.139 0.008

499 Production 27,34 -0-199 0.143 0,17

227 R & 1) 50.47 -0.620 0.336 0.07

391 FPT 27.96 -0.23h 0.158 0.14

335 kPIF 36.88 -0.133 0.372 > 0.50

327? a : 15% 34.94 0.035 1.260 > 0.50

489 a > 15% 31.89 -0.277 0.157 0.08 _

203 a > 30% 28.63 -0.!84 0,238 0.44

as the contrcctor's share 7atio increases.

Multiple Incentive Contract Outcomes

IncentLve contracting cannot be thought of only in terms of cost

incentives. The cuncept of multiple incentives as pointed out in

Chapter I provides the opportunity for beneficial tradeoffs. The

Government's objective in the use of multiple incentives is optimization

of the Government's benefit, concurrenz with contractor optimization of

his Drofi: posit.on.

A quAlitative inference can be dravn from the DoD contract sumnary

cata concerning multiple incentives. This sumaary identifies contracts

which 3ainod or lost performance and/or schedule incentives, The results
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of this analysis are shown in Table XVI. These results confirm and

strengthen Belden's findings that: (1) performance incentives are

earned more frequently than lost, and (2) performance incentives are

earned regardless of the cost incentive outcomes (Ref 3:92).

Of the incentive contracts identified as having schedule

incentives, the schedule incentives tend to be lost more often than

gained. For contracts earning schedule incentives, 61% also earned

cost incentives, 11% lost cost incentives, and 28% mot their target cost.

A noticeable trend is that contracts earning schedule incentives tend to

underrun, and contracts losing schedule incentives tend to overrun.

These results are summarized in Table XVII.

Comparison With Previous Research

Two previous in-depth studies of defense contract cost growth

are compared here with the results of this research, shown in Table

XVIII.

Fisher (Ref 7) reported on 874 FPI, CPIF, and CPFF Air Force

contracts which were completed during fiscal years 1959 through 1966.

Belden's (Ref 3) study involved 834 Army, Navy, and Air Force FPI,

CPIF, and CPFF contracts awarded and completed during fiscal years

1963 through 1968. Belden's definitions of change and overrun are

identical to those in this chapter. However, Fisher used a different

convention in his computations, which is as follows:

Change % = Ca - Ci x 100 ; and (7)
Cf

Overrun %= Cf - Ca x 100 (8)
Gf

39



GSIVS/71-9 U

TABLE XVI

OUTCOlMS ON CONTRACTS HAVING COST AND

PERFORMANCE I CENTIVES

Performance Incentives

Cost Outcomes Earned Lost

Underrun 18 3

On Target 7 5

Overrun 2r  3

TOTAL 50 21

iI

TABLE XVII

OUTCOME ON CONTRACTS HAVING COST AND

SCHIULE INCENTIVEZ

Schedule Incetitves
Cost Outcomes Earned Lzst

Underrun 11

On Target 2

Overrun 5 Z:

TOTAL 18 26
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TABLE XVIII

CHANGE AND OVERRUN FOR FPI, CPIF, AND CPFF CONTRACTS

AS FCUND BY FISHER, BELDEN, AND PARKER

Type of Contract Fishera Beldenb P7rker C

Change

FPI 4.17% 24.1% 19.1%

CPIF 77.15 48.4 34.7

CPFF 60.08 74.3 85.5

Overrun/Underrun

kPI - 3.8% o.8% 1.5%

CPIF 1.29 1.3 7 0

CPFF 1.90 2.7 2.9

Z. (Ref 7:70,74)
b. (Ref 3:81,83)

c. Tables VIII aud TX

where Ci, Ca, and Cf are the same as previously defined. For purposes

of comparison, Fisher's results for change and overrun provide only a

qualitative result for comparisonx due to the difference in definitiDn.

Contract change for 721 contracts showed a substantial Increase

f_-= t'h- period of Fisher's study to that of Belden's study. This

trend appears to be slightly reversea in the current sample. Also,

C'_ :cntracts exhioit a marked trend toward a decrease in .ercentage

cnange, while CFFF contracts continue to show a trend of Lncreasing

changc. CPIF contracts also show a substantial increase in average

-:er:'un from :he earlier results.
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The relationship between incentive share and cost growth for types

of contracts was found by Fisher and Belden not to be significant at

any meaningful statistical level. The relationships shown in Table XIV

for types of contracts are basically the same as found by Fisher and

Belden. However, these relationships were found in this research to be

statistically significant. The FPI contracts evidence a positive value

for the regression coefficient, b, whereas this coefficient for the

group of CPIF contracts is negative. The primary difference between

the data samples used in this research and the two earlier samples is

number and currency of contracts.

Conclusions

The analysis of defense contract cost growth presented in this

chapter supports the following conclusions:

1. No meaningful relationship exists between overrun/underrun and

contract change (Table VII).

The theory that contractors may attempt to reduce potential

overruns by increasing target costs through changes in 'he scope of

the contract is not supported.

2. Sirnificant differences in average overrun/underrun exist for types of

contracts and types of work (Table IX).

CPIF contracts average substantially larger overruns than do FPI

and CPFF contracts. R & D contracts average larger overruns than do

production contracts.

3. Generally, the contract thange percentage of incentive contracts

tends to decrease as the contractor's share rate incre;.sas (Table X".

The theory that contractors with a large responsibility for cost
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outcomes attempt to recoup losses through change orders and revised

specifications is not supported. A negative relationship exists between

contract change and contractor share, significant at the 1% level,

4. Contracts with larre contractor share rates (a > 15%) tend to

overrun (Table XIV).

This conclusion directly conflicts with the incentive theory that

the more responsibility a contractor has for cost, the more he will be

motivated to control costs, resulting in a reduced potential to overrun.

This result implies a deficiency in the determination of contract

incentive provisions.

5. Contractors tend to earn performance incentives, regardless of

contract cost outcome (Table XVI).

Tis conclusion implies that contractor motivation may be inclined

more toward quality than toward cost.

6. Underruns tend to be associated with early product delivery, and

overruns tend to be associated with late product delivery (Table XVII).

This result is more an observation than a conclusion. It does

imply, however, that cost and schedule incentives are not independent.

The results of this research reveal some significant developments

when contrasted with the results of earlier research. CPIF contracts

have substantially smaller changes, but significantly larger overruns.

Also, the conclusive relationship between incentive share and cost

growth found in conclusion 3 and 4 was not found to be significant in

earlier studies.
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IV. Contract Outcomes - Profit

Any examination of contract outcomes would be incomplete without

including an examination of piofit. Profit is viewed by DoD as the

basis for incentive provisions in defense contracts. The actual profit

earned on a contract is termed coming-out profit and is a function of

other elements of the contract. These elements include target (going-

in) profit, contractor's sharing rate, contract change, and overrun/

underrun. This chapter parallels Belden's methodology for examination

of contract profit outcomes (Ref 3:98).

The distribution of going-in and coming-out profit for different

types of contracts is examined. Also, the statistical significance of

profit differences appearing between types of contracts and types of

work is discussed. The relationship between profit, share ratio, and

cost growth is also examined. As in Chapter III, analysis of variance

and regression tests are primarily used in the analysis.

The determination of a "fair" profit on defense contracts is

considered as essential as the choice of contract type. ASPR 3-808

points out that "the best industrial capabilities will be driven away

from the defense market if defense contracts are characterized by low

profit opportunities". The Department of Defense has adopted a

technique called the Weighted Guidelines Method to assist contracting

officers in determining equitable going-in profit rates. This method

assgns a specific weight to such factors as the contractor's input to

total contract performance, the type of contract, contractrls overall

performance, and financing arrangements (Ref 31:100). DoD policy

implies that this method will allow contractors that assume higher

44



GSM/SM/l-9

risk to benefit through higher profits.

Profit Definitions

Profit is generally reported for DoD contracts in terms of profit

.dollars or profit rato, i.e., profit dollars as a percentage of cost

dollars. Coming-out profit, rate is riven by:

Coming-Out Profit Rate (%) = PL x 100 (9)
Cf

and profit dollars for the simple cost incentive case is given by:

Pf = Pa + a (Ca - Cf) (10)

where Pf is coming-out profit dollars;

Pa is going-in profit dollars (adjusted);

a Is the contractor's sharing percentage;

Ca is adjusted contract cost; and

Cf is actual contract cost.

Going-In and Coming-Out Profits for Three Types of Contracts

FPI contracts have average going-in profit rates which appear to

be over 2% higher than for CPFF and CPIF contracts. This is shown in

Table XIX, which contains a summary of going-in, adjusted going-in, and

coming-out profit rates for the 2683 defense contracts examined. Figure

3 contains histograms of going-in profit rates for FPI, OPIF, and CPFF

contracts in the sample. The adjusted going-in profit rates for each

type of contract in Table XIX show a slight decrease from the initial

rate, with a slight increase in the standard deviation for each case.
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Adjusted Going-In Profit
(Interval designations are lower limits)

* . . . .. . . . .

FPI 0 0 1 0 2 2 9 18 73 131 117 45 28 6 5 2

CPIF 0 1 r 5 8 19 83 171 106 38 11 2 2 0 0 0

CPFF 0 7 6 24 46 136 365 559 439 159 45 7 2 0 1 0

Fig. 3. Distribution of Going-In Profits by Type of Contract.
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TABLE XIX

INITIAL, ADJUSTED, AND FINAL PROFIT PERCENTAGES

FOR 2683 FPI, CPIF, AND CPFF CONTRACTS

Contract Initial Adjusted Final

Type Number Mean Std.Dev. Mean Std.Dev. Mean Std.Dev.

FPI 439 9.8% 1.50% 9.79% 1.53% 8.94% 8.26%

CPIF 448 7.64 1.20 7.52 1.31 7.09 3.11

CPFF 1796 7.59 1.29 7.42 1.43 7.37 1.66

The average coming-out profit rates appear to be close to the

going-in rates (i1%). However, the standard deviations of coming-out

frates reflect a greater dispersion of individual contract profit rates.
The standard deviation of coming-out profit for FPI contracts of 8.26%

is over five times greater than for adjusted going-in profit. The

3.11% standard deviation for OPIF contract coming-out profit is over

twice as large as for the adjusted going-in profit rate. Figure 4

contains histograms of coming-out profit rates for FPI, CPIF, and CPFF

contracts. A comparison of Figures 3 and 4 reveals the relative

unchanged nature of CPFF profit rates, and ,he leveling that occurs

for FPI and CPIF coming-out profit rates.

To determine if the apparent differences in going-in and coming-

out profit rates are statistically significant, an analysis of variance

test was performed.

Anal-ysis of Variance of Going-In and Coming-Out Profits

The null hypothesis of equality of average profit for FPI, CPIF,

CPFF contracts and for production and R & D contracts was tested at the
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Fig. 4. Distribution of Coming-Out Profits by Type of Contract.
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1% level of significance. The two-way analysis of variance aga.n

eliminated confounding between the factors of contract and work.

The analyses of variance for initial and adjusted going-in profit

had similar results. The null hypothesis was rejected for type of

contract and type of work, at the 1% level. Thus, there is a signif-

icant difference in mean profit between types of contracts, an. between

production and R & D contracts. However, Table XX c shows the adjusted

difference due to type of work to be only 0.28%. The adjusted contract

averages are 9.75%, 7.63%, and 7.66% for FPI, CPIF, and CPFF contracts,

respectively.

The analysis for coming-out profit shown in Table XXI reveals that

the difference in average profit for production and R & D cuntracts is

not statistically significant at the 1% level. The null hypothesis

rejection level for this test is 7%. The difference due to type of

contract is si'niAcant at the 1% level. The average adjusted coming-

out profit for FPI contracts is seen in Table XXII c to be 9.04%.

CPFF contracts exhibit an average coming-out profit of 7.30%, which is

higher than the value of 7.09% for CPIF contracts.

Incentive Contract Profits

The 726 incentive contracts examined in Chapter III are subjected

to analysis concerning profits. The groups of contracts are again

divided according to contractor's share rate as in the previous analysis.

A two-way analysis of variance was used to test the null hypothesis

that the average profit is the same for three different a groups and

for two types of work. The results of this analysis are shown in Tables

XXII, XXIII, and XXIV. The results for initial and adjusted going-in

profit are seen to be practically identical.
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TABLE XX

ANALYSIS OF VARIA1CE OF GOING-IN PROFIT

AS A PERCENTAGE OF TARGET COST

FOR 2683 FPI, CPIF, AND CPFF CONTRACTS

a. Number, Mean Profit Percentage, and Standard Deviation

Type Production R & D

Contract Number Mean Std.Dev. Number Mean Std.Dev.

FPI 363 9•78% 1•55% 76 10.12% 1.20%

CPIF 215 7.32 1.01 233 7.91 1.27

CPFF 486 7.4? 1.25 1310 7.64 1.31

b. Adjusted Analysis of Variance

Source of Variation dof Sums of Squares Mean Square

Work 1 41.17 41.17 **

Contract 2 1760.98 880.49 **

Interaction 2 15.26 7.63

Within 2677 171

** Null hypothesis rejected at the 1% level of significance.

c. Adjustments

Adjusted difference due to type o.Z work: -0.28%

FPI CPIF CPFF

Adjusted contract means 9.75% 7.63% 7.66%
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TABLE XXI

ANALYSIS OF VARIANCE OF COMING-OUT PROFIT

AS A PERCENTAGE OF ACTUAL COST

FOR 2683 FPI, CPIF, AND CPFF CONTRACTS

a. Number, Mean Profit Percentage, and Standard Deviation

Type of Production R & D
Contract Number Mean Std.Dev. Number Mean Std.Dev.

FPI 363 9.19% 7.88% 76 7.76% 9.81%

CPIF 215 7.31 2.61 233 6.89 3.46

CPFF 486 7.42 1.62 1310 7.35 1.67

f b. Adjusted Analysis of Variance

Source of Variation dof Sums of Squares Mean Square

Work 1 49.38 49.38

Contract 2 737.81 368.90 **

Interaction 2 100.59 50.30

Within 2677 14.53

** Null hypothesis rejected at the 1% level of significance.

c. Adjustments

Adjusted difference due to type of work: 0.31%

FPI CPIF CPFF

Adjusted contract means 9.04% 7.09% 7.30%
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TABLE XXII

ANALYSIS OF VARIANCE OF GOING-IN PROFIT

AS A PERCENTAGE OF TARGET COST

FOR 726 INCENTIVE CONTRACTS

a. Number and Mean Profit Percentage

Contractor's Production R & D
Sharing Percentage Number Mean Std.Dev. Number Mean Std.Dev.

a 6 15% 138 7.72% 1.34% 99 8.06% 1.38%

15% < a _ 30% 199 9.22 1.66 87 8.73 1.51

30% < a 162 9.53 1.84 41 9.47 1.41

b. Adjusied Analysis of Variance

Source of Variation dof Sums of Squares Mean Square

Work 1 0.96 0.96

Share Ratio 2 317.64 158.82 *

Interaction 2 20.36 10.18

Within 720 2.50

** Null hypothesis rejected at the 1% level of significance.

c. Adjustments

Adjusted difference in mean profit due to type of work: 0.08%

ae15% 15%< aa30% 30%< a

Adjusted a group means: 7.87% 9.09% 9.54%
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TABLE XXIII

ANALYSIS OF VARIANCE OF ADJUSTED GOING-IN PROFIT

AS A PERCENTAGE OF TARGET COST

FOR 726 INCENTIVE CONTRACTS

a. Number and-Mean Profit Percentage

Contractor's Production R & D
Sharing Percentage Number Mean Std.Dev. Number Mean Std.Dev.

a ! 15% 138 7.71% 1.41% 99 8.04% 1.37%

15% < a s 30% 199 9.15 1.67 87 8.61 1.54

30% < a 162 9.52 1.84 41 9.45 1.46

b. Adjusted Analysis of Variance

Source of Variation dof Sums of Squares Mean Square

Work 1 1.69 1.69

Share Ratio 2 306.30 153.15 *

Interaction 2 22.40 11.20

Within 720 2.56

** Null hypothesis rejected at the 1% level of significance.

c. Adjustment

Adjusted difference in mean profit due to type of work: 0.11%

a115% 15%< a130% 30%< a

Adjusted a group means: 7.86% 9.01% 9.54%

5
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The null hypothesis for going-in profit is rejected at the 1%

level of significance only for difference in sharing groups. The

initial profit rates are 7.87%, 9.09%, and 9.54% for an a of 15% or

less, more than 15% but 30% or less, and more than 30%, respectively.

The null hypothesis for coming-out profit rates is rejected at the 1%

level for sharing groups and for type of work. As shown in Table

XXIV c, production contracts average a coming-out profit 1.55% higher

than R & D contracts. It is interesting that the middle sharing group,

15% < a A 30%, has the highest coming-out profit, 9.79%. The groups

having the smallest P.id largest contractor's sharing rate have very

similar coming-out profit rates, 7.13% and 7.58%, respectively.

The fundamental question arises as to the relationship of profit

rates, share rates, contract change, and overrun/underrun. Linear

regression techniques were used to investigate these relationships.

Regression of Profits, Sharin Rates, and Contract Growth

The relationship between target profit, share rate, and contract

growth was investigated using the following regression equations:

Change % = a + b (Pi) + c a; and (11)

Overrun % =a1 + bI (Pa) + c a (12)

where Pi D. initial contract profit;

Pa is adjusted contract profit;

a is the contractor's sharing percentage; and

a, b, c, a,, b,, and cI are undetermined regression

coefficients.
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TABLE XXIV

ANALYSIS OF VARIANCE OF COMING-OUT PROFIT

AS A PERCENTAGE OF FINAL COST

FOR 726 INCENTIVE CONTRACTS

a. Number and Mean Profit Percentage

Contractor's Production R & D
Sharing Percentage Number Mean Std.Dev. Number Mean Std.Dev.

a f 15% 138 7.47% 3.02% 99 6.35% 3.46%

15% < a --, 30% 199 10.16 4.19 87 7.91 4.14

30% < a 162 7.32 10.61 41 6.30 12.86

b. Adjusted Analysis of Variance

Source of Variation dof Sums of Squares Mean Square

Work 1 363.30 363.30 *

Share Ratio 2 1003.92 501.96 *

Interaction 2 49.51 24.76

Within 720 44.60

•* Null hypothesis rejected at the 1% level of significance.

c. Adjustments

Adjusted difference in mean profit due to type of work: 1.55%

ar15% 15% < a.30 30% <

Adjusted a group means: 7.13% 9.7% 7.58%
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Equation 11 gives change as a function of initial target profit

and share rate. The 726 incertive contracts were tested first for the

totpl sample, then for two types of work, two typLs of contracts, and

for three groups .f sharing rates. The results of these eight tests of

equation 11 are summarized in Table XXV. In each of the eight tests

no significant relationship between change and gong-in profit was

found. The results for the coefficient of a were similar to results

in Table XV.

The tests for equation 12 on the same eight groups of contracts

provided interesting results. The results are shown in Table XXVI. An

indication was found that overrun percentage is inversely related to

adjusted going-in profit rate. This relationship was found to ba

significant at less than the 1% level for four of the eight tests.

These results are only indicative, and nct conclusive. The implication

that higher negotiated going-in profit rates are associated with

decreased overruns is consistant with DoD pricing theory.

Conclusions

The Pnalysis of defense contract profit relationship presented in

this chapter supports the following conclusions:

1. Going-in Rrofit rates on defense contracts are significantly higher

for FPI contracts than for cost-plus type contracts (Table XX.

FPI contracts average 9.75% going-in profit and CPFF and CPIF con-

tracts average 7.66% and 7.63%, respectively. This difference bevween

fixed-price and cost-plus type contracts is consistent with DoD profit

policy on defense contracts. Since contractors assume more risk under

fi:ced-price type contracts, they are awarded higher goingrin profits for

fixed-price type contracts than for cost-plus type contracts.
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2. Production contracts average slightly less going-in profit than do

R & D contracts (Table XV).

This conclusion is consistent with DoD profit policy on defense

contracts. R & D work normally involves greater uncertainty than

production work. The risks inherent in R & D work result in higher

going-in profit rates for contractors willing to undertake such work.

3. Coming-out profit rates on defense contracts are significantly

higher for FPI contracts than for cost-plus type contracts (Table XXI).

The coming-out profit for FPI, CPIF, and CPFF contracts is 9.04%,

7.09%, and 7.30%, respectively. However, the standard deviation of

average coming-out profit for FPI contracts is larger than for either

CPIF or CPFF contracts. This larger standard deviation indicates a

significantly wider range of individual contract profit outcomes for

FPI contracts. The fact that CPFF contracts have a higher coming-out

profit than CPIF contracts raises a question as to the effectiveness of

incentive provisions in the sample of CPIF contracts.

4. Contractor share rates higher than 30% have not generally resulted

in higher average coming-out profits for contractors (Table XXIII and

Table XXIV).

The initial going-in profit rates for small, medium, and large

contractor share rates are 7.87%, 9.09%, and 9.54%, respectively.

The adjusted going-in rates are nearly identical to the initial rates.

However, the coming-out profit rates are 7.13%, 9.79%, and 7.58% for

small, medium, and large contractor share rates, respectively.

5. Production contracts containing cost incentive orovisions geaerally

average larer coming-out Profit rates than R & D contracts (Table XXIV).

This conclusion may reflect the existence of technical uncertainty
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in the type of work accomplished using R & D contracts.

6. Defense incentive contract cost growth resulting~ from chanres in the
scope of the contract is not sijpnificantly related to the initial

igoin ~in profit rate (Table XXV).

The insensitivity of contract change to the initial negotiated

going-in profit is reflected in this conclusion.
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V. Summary of Conclusions, Observations, and

Recommendations

Summary of Conclusions

The following conclusions were drawn from the analysis of defense

contract outcomes in Chapters III and IV:

No meaningful relationship exists between overrun/underrun and

contract change.

Significant difference in average overrun/underrun exist for types

of contracts and types of work.

Generally. the contract change percentage of incentive contracts

tends to decrease as the contractor's share rate increases.

Contracts with large contractor share rates (a 15%) tend to

overrun.

Contractors tend to- earn performance incentives, regardless of

contract cost outcome.

Underruns tend to be associated with early product delivery, and

overruns tend to be associated with late product delivery.

Going-in profit rates on defense contracts are significantly higher

for FPI contracts than for cost-plus type contracts.

Production contracts average slightly less going-in profit than do

R & D contracts.

Coming-out profit rates on defense contracts are significantly

higher for FPI contracts than for cost-plus type contracts.
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Contractor share rates higher than 30% have not generally resulted

in hipher average coming-out profits for contractors.

Production contracts containing cost incentive provisions generally

averare larrer coming-out profit rates than R & D contracts.

Defense incentive contract cost growth resulting from changes in

the scope of the contract is not significantly related to the initial

going-in profit rate.

The conclusions summarized above were previously presented in

Chapters III and IV. A brief discussion of their implications concludes

each chapter.

Observations

The first step in gaining an understanding of today's defense

procurement process is to look back at the historical origins of this

process. The system of weapons acquisition in use today in the United

States has evolved through necessity. This was evident at each stage

of this nation's growth from a colonial union to a world power.

The U.S. has historically depended on private enterprise to provide

military hardware. The limited numbers of government owned and operated

shipyards and arsenals have traditionally faced competition from the

private sector. The Civil War projected the United States Government

into the role of a major customer for military equipment. The contract

for the warship M contained a provision that allowed the

contractor to increase his profit through successful production. This

negotiated contract highlights the early use of an incentive contract.
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The U.S. entry into World War I again forced the national

Government to meet emergency conditions with emergency" defense measures.

Private industry was called on to meet wartime needs, but the terms were

determined primarily by the Government.

During World War II, the Government acted as national coordinator

of defense production, and again assumed the role of a customer of

private industry. Formal advertising was replaced during the war by

negotiated contracting. The renegotiation of contract prices was

introduced during these years.

Following World War II, the increased threat to national security

prompted the establishment of a lasting defense capability. Congres-

sional action formed the basis for a permanent and fully regulated

process of organization for national defense.

The rapid changes in technology following World War II caused a

defense industry to develop. This industry became very specialized and

complex. The process of defense contracting became more complex$ also.

The use of artificial incentives in contracts to replace the competition

of the marketplace has become accepted because of the specialized nature

of the defense industries.

In the early 1960's, an attempt was made to improve economy in

defense procurement t,,rough increased use of firm fixed-price and

incentive type contracts. This has been previously identified as the

"incentive era'?.

In the first chapter, some specific questions were proposed that

were intended to direct this research. These questions were directed

toward contract growth outcomes# contract profit outcomes, incentive

combination outcomes$ and extracontractual costs and benefits of the
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"incentive era".

An examination of a large number of recent defense contracts

revealed no significant relationship between authorized contract changes

and overruns/underruns. This result does not support the theory that

contractors may attempt to reduce potential overruns by increasing

target costs through changes in the scope of the contract.

The three types of contracts examined in this analysis have

significantly different results in terms of contract change. As

expected, CPrF contracts have the largest change, and FPI contracts

have the least change. This is consistent with their use according to

conditions of contract uncertainty.

Overruns were significantly larger for CPIF contracts than for FPI

or CPFF contracts. R & D contracts were found to have larger overruns

than production contracts. Since both R & D work and work done under

cost-plus type contracts is normally subject to greater uncertainty

this result is-not surprising. However, the results for difference in

overrun between CPIF and CPFF contracts conflicts with incentive theory.

CPIF contracts would be expected to have less overrun than CPFF contracts.

Generally, it was found in this research that the contract change

percentage of incentive contracts tends to decrease as the contractor's

share rate increases. This result does not support the theory that

contractors with a large responsibility for cost attempt to recoup

losses through changes to the contract. Actually, contractors with

large share rates demonstrated a tendency to generally have cost

overruns.

No significant difference was detected in change percentages for

production and R & D contracts. However, production contracts did
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exhibit significantly less overrun than R & D contracts. This is

probably explained by the greater uncertainty associated with R & D

contracts.

The question of differences in average profit between types of

contracts was examined in this research. Both going-in and coming-

out average profits for FPI contracts were found to be significantly

higher than for cost-plus type contracts. This is consistent with

the theory ;f incentive contracting. Fixed-price type contracts with

incentive provisions are intended to provide greater rewards to

contractors who assume greater responsibility for costs. Production

contracts were found to average slightly less going-in profit than

R & D contracts. Coming-out profit for production incentive contracts

was found to be higher than for R & D contracts. These results again

are probably related to t e greater uncertainty inherent in research

and development work.

Contracts'with multiplk incentives are by their nature complex.

This research only provides a qualitative statement concerning contracts

having multiple incentives. Contractors tend to earn performance

incentives, regardless of the cost outcome of the contract. This

observation probably indicates that extracontractual factors influence

contractor performance. The fact that a quality product appears to be

more important to contractors than cost considerations suggests that

reputation, follow-on work, and prestige may affect contract outcomes.

Recommendations

1. Additional efforts must be made to identify and eliminate the causes

of improper contract selection and structuring.
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2. In structuring contracts with multiple incentives, contracting

officers should be aware that cost incentives and performance or

schedule incentives may not be independent.

3. Two suggestions for further study resulted from this research.

First, a similar study should be performed on small defense contracts,

i.e., less than $200,000. This group of contracts may exhibit character-

istically different results than for large contracts. In any event,

these smaller contracts comprise a significant share of procurement

effort and should not be ignored. Second, the DoD contract summary

affords the opportunity to compare contract outcomes for defense

contractors. This type of study could provide an interesting insight

into the characteristics of the defense industry.

Concluding Comments

The fact that this nation has successfully preserved its way of

life over nearly two centuries is a tribute to the citizens who produce,

procure, use, and pay for defense goods and services. There are

deficiencies in the defense procurement system. The effort to correct

these deficiencies is sincere and continual. This was shown by the

recent emphasis that the Secretary and Deputy Secretary of Defense

placed on the implementation of the recommendations of a Blue Ribbon

Defense Panel appointed by the President. This panel recommended a

major overhaul of defense procurement methods. Many of these

recommendations are included in the DoD fly-before-you-buy policy

outlined previously (Ref 36:39).

There are many factors which influence defense procurement that were

left untreated in this research. One aspect that should be mentioned is

the Government's ability, by law, to renegotiate coming-out profits for
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defense contracts. Renegotiation Acts have been passed by Congress

since 1942, These laws allow a government board to make determinations

of excessive profits of defense contractors (Ref 12:27).

Throughout this research the intent was not to find fault, but to

objectively examine the results of increased emphasis on incentive

contracting. The superior defense capability that the United States

has today has in part resulted from active pursuit of improved defense

procurement methods. The nature of today's defense needs challenge

those responsible for defense procurement more than at any previous

time. The ultimate test of our defense procurement system is how well

it succeeds in providing the goods and services for deterring a

potential enemy. In this respect it has been very successful to date.
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Appendix A

Represeotative Previous Research Studies

Concerning Incentive Contracting

i

"S'



GSM/SM/71..9

Appenidix A

04 m to414 co a
5 0 0 $4 4) 4 o 0 -H c
0 ) 0a 0) Or '0~. 0 -0(HO 0 ~0440 4J .(fr k P4.- r.

Vq dH P 4(0 0 54V to0 0 0% (D
49d 0+ 0 40 0 0.~04.~~~~ *tP 0. 000*~ 5 1 0 4

V5 + 04 0+)+) Oco c 0 5o w0'C3
*4 ( 41 0* 00(01U 0+1W$4 U1 . 4 0 %D 4- 1 i dCH94-) ~ 4- to ON,- (d4 0 ~ 0 t 0) N NO Hri0 0( 0 ~ ( O.Of' C0'.D 00 ~ -r 54 

0)Q ~ h 0 ):* ' . g .4) H4~ . 0 4 r-f 0 (0 tor 0 U\094 0 b. AjO 040 0 0 ~ * to P0 54 ' ~o Cd900p 4) 10 N 0. *r4 *w400

A4'd *4-)0% ) 
0~l 0~~ 4J+1. 0. .05 0o 0+ a%4)~~~+)l cd t H0+ 3 I

Hd 0 
0H0 

o 4

54b 0 4.b 4 0 :3 $0 0d% 4 j 1?D1 3% 4 0 0 H 4H 0 L4. 0 N - 0N . d 04 CO 3C 3 60o 0 0 P, 4J a 0

0- .0H

Nu- 000

I- %D~ 01 i)
to 0% r40 0

094 04

4) 00 ci b )
P41 0 0 0O N +1 4 94 - 5 C0 0.ic4or-co k 04) 93 d) (
H4 00 9.
0 CO) :3hIt J1

$4 1 0 00 40r-o'4 0 - d o 3 C0 0 01o0

(I I H000 V
40 0 0

11 0 rq 540N14 P 0
4.3 le-

0 00 0 0
a 0 (

4.1 044 
1 000 (D 4 A 540if 

W 4) C 4

0r40~0 
00 .;0; g,

00~~ 
0.. $

73



GS1/SM/71-9

Appendix A

00

0 >2 -I 0

0 W2 0 44

04) P440

cyo 44
0 r. 0

44 0 P d

0>

A 4

0

of

4.74



-H.-
GSSX/817?i-9

Appendix B

Basic Types of Procurement Contracts

(Source: Ref 42)

Section 
Tita

B-1 76 Firm Fixed-Price Contract (FFP)

B-2 78 Fixed-Price Incentive Contract (FPI)
B-3 80 Cost-Plus-Incentive-Fee Contract (CPIF)

B-4 82 Cost-Plus-A-Fixed-Fee Contract (CPFF)
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Appendix B-1

Firm Fixed-Price Contract (FFP)

Application. The firm fixed-price type of contract is recommended
when performance has been demonstrated and cost and technological
uncertainty is low.

Elements. The following elements apply to FFP contracts:

Contract Price - This applies to the price agreed to by the
customer and contractor and is unchanged throughout the
life of the contract.

Characteristics. The firm fixed-price contract requires the
contractor to accept full cost responsibility and his final cost in
turn determines his final profit. The effectiveness of the contractor
in total management of the contract theoretically determines the
existence and size of profit or loss on the contract.
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Appendix B-i

*30

20
0/100 Share Line

1t 
oV

0

Profit

Loss

-10-

-20 II
160 180 200 220 240

COST (S-thousands)

Fig. 5. Firm Fixed-Price Contract Cost-Profit Curve.

1 3

Contract Price $200,000 $200,000 $200,000
Final Cost 1859000 200,000 215,000
Final Profit 15,000 -0- (15,000)
Final Profit % &11% 0% -6.98%
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Fixed-Price Incentive Contract (FMI)

Application. The fixed-price incentive contract can be structured
to provide incentive provisions for cost only, or for cost, product
performance, and/or schedule. The FPI contract with only a cost
incentive provision is recommended when confidence in achieving contract
performance is high, but some uncertainty as to technology or cost does
reasonably exist. The FPI contract with multiple incentive provisions
is recommended when improvement in contract performance is desired, and
some uncertainty as to technology Jr cost does reasonably exist.

Elements. The following elements apply to FPI contracts:

Target Cost - an estimate of final contract cost with
theoretically equal probability of overrun or underrun.

Target Profit - a reasonable profit for target cost at target
performance.

Target Price - target cost plus target profit.

Ceiling Price - the total dollar amount for which the customer
will accept liability. This ceiling price in turn helps !
define the Point of Total Assumption (PTA). Exceeding
the PTA in effect causes the contract to revert to a
FFP contract.

Share Ratio - a descriptive formula reflecting a Joint
responsibility for costs. A share ratio of 70/30
indicates that 70% of any dollar difference between
target and final cost is the responsibility of the
customer, and 30% is the responsibility of the
contractor.

Characteristics. The fixed-price incentive contract theoretically
allows the customer to structure incentive provisions which communicate

to the contractor the areas in which the customer desires improved
contract performance. It differs from the FFP contract in that the
customer assumes Joint responsibility for risk up to the ceiling price.
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Appendix B-2

1,200

70/30 Share Line

Target

800" Point of Total
800 /Assumption (PTA)

0 0/100 Share Line

40

E40

Profit
Ceiling

0 -Price

j Loss

99000 10,000 11,000 12,000 13,000

COST ($-thousands)

Fig. 6. Fixed-Price Incentive Contract Cost-Profit Curve.

a ,a.. 4- Share Ratio 70/30

1 2 3

Target Cost $10,000Co0 $10,000,000 $10,000 000

Target Profit 850,0( 850,000 850,000

Target Price 10,850,OO 10,850,000 10,850,000

Ceiling Price 11,500,000 11,500,000 11,500,000

Final Cost 9,600,000 11,775,000 10,500,000

Final Profit 970,000 (275,000) 700,000

Final Price 10,570,000 11,500,000 11,200,000

Final Profit % 10.10% -2.34% 6.67%
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Appendix B-3

Cost-Plus-lncentive-Fee Contract (CPIF)

Application. The cost-plus-incentive-fee contract can be
structured to provide incentive provisions for cost only, or for cost,
product pe ,formance, and/or schedule. The CPIF contract witb only a
cost incentive provision is recommended when a given level of contract
performance is desired and confidence in achieving that performance
lIevel is high, but where uncertainty in technology or cost is too high
to allow use of a fixed-price incentive contract. The CPIF contract
w.Jth multiple incentive provisions is recommended when conditions are
similar to the above, but ths customer desires improvement over some
given level of porformarce.

-a.Iements. The following elements apply to CPF contracts:

Target r3ost - the most probable cost for target performance.

Ta 'get Fee - a r~asonable fee for target performance.

Maxlmum Fee - upper limit of fee based on the most pesaimistic
estimpte of cost.

Minimum Fei - lower limit of fee based on the most uptomistic
estimite of cost.

Range of Incertive Eif> ctiveness (RIEo - the rangr from most
,opt.omistioi to most pessimistic cost over which an
incentive provision is efftentive.

Share Ratio - L deocriptive formula reflecting a joint
responsibili"y for costs. A share ratio of 70/30
indiv,t;e that 70% of any dollar differente between
target and final cost 4.e the responsibility of the
customer, and 30% is the responsibility of the
contrc tor.

CharacteLsticj_. The co*t-plus-incentive-tea contract theoret-
ically allows the customer to strvcture incentive provisions which
communicate to the contractor *ho areas in which the customer deaires
improved contract performance. It differs frnm the FPI contract
because there in no price ceilings, but a range of incentive effective-

ness -Ls specified.
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AppendIx B-3

1,50 Max Fee

85/15 Share Line
1,00-

0

Los

69000 89000 100O 12: 000 149000

COST ($- housands)

Fig* 7* Cost-Plus-Incentive-Foe Contract Cost-Profit Curve

M3are Ratio '.5/15 oyp.r Range of incentive Effectiveness)

Target Cost 1O,0900O00 $101000S000 $108000,00
Target Fee 750,000 750,000 750,000
IF.nal Co st 9,000,000 I0,000,000 ),58000,000
Final Fee 900,000 750v000 300,000
Final Price 98900,000 10v750,000 15,300, 000
Final Fee % 1010% 7.5% 2.0%
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Appendix B-4

-Cost-Plus-A-Fixed-Fee ,Contract (CPFF)

Aptlication. The cost-pius-a-fixed-fee contract is recommended
when a given lovel of effort is required or where uncertainty regarding
technoloy or cost is extremely high.

Elements. The following elements apply to CPFF contracts:

Estimated Cost - the most probable cost for total effort.

Fixed Fee - an amount agreed upon by the customer and
contractor as reasonable to be paid to the contractor
by the customor, regardless of the final cost.

Characteristics. The cost-plus-a-fixed-fee contract requires the
customer to accept full cost responsibility, while the contractor's
profit is in effect the fixed fee. The CPFF contract theoretically
allows the contractor minimum cost responsibility, and thus, a minimum
incentive to control costs,
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100/0 Share Line

i.._o _ i--. Estimated Cost
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Loss
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COST (8-thousands)

Fig. 8. Cost-Plus-A-Fixed-Fee Contract Cost-Profit Curve.

Example

1 2 3

Estimated Cost $15,000,000 $15,000,000 $15,000,000

Fixed Fee 900,000 900,000 900,000

Final Cost 12,000,000 15,00D),000 20,000,000

Final Fee 900,000 9C0 000 900,000

Final Price 12,900,000 15,900,000 20,900,000

Final Fee % 7.5Z 6.0% 4.5%
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