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CHAPTER I

INTRODUCTION

RSNV

Every dollar we spend inefficiently or ineffectively is

not only an unnecessary addition to the arms race which
threatens all mankind, but an unfair burden on the taxpayer,
or an unwise diversion of resources which could be invested
somewhere to serve our national interests at home or abroad,
or a dollar that could, even if kept in the military budget,
be invested in something that would better strengthen our
military posture. =-- Robert S. McNamara (19:21)1

The world's largest consumer, the United States government, has 3
significantly altered its method for procuring a major portion of its
required goods and services. The primary purpose of the research for

this dissertation is to examine the results of this change. Specifically
this change involved an attempt to motivate the producers to more efficient

performance and the vehicle of this change was the use of contracts con-

taining provisions for automatic cost and profit sharing. The Department <

of Defense (DOD) and the National Aeronautics and Space Administration

rae . wdy

(NASA) designed and implemented this procurement policy alteration,

Resource Allocaticn

This policy shift was a part of the overall change in the manage-

ment of che DOD, forced by che leadexship of former Secretary of Defense

JoRSEeerTN

Robert S. McNamara, How automatic cost and profit sharing relates to the -

overall resource allocation management func.ion is a logical beginning.

The first number refers to the bibliography listing; the second refers
to the specific page.
1
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The DOD consumes half of the total Federal budget., Of the DCD
budget, approximately forty percent is for the research, development, and
procurcment of the aircraft, missiles, ships, and other military hardware
deemed necessary to support the defense mission. The billions of dollars
involved virtually defy being placed in a market economy context.

How these billions of dollars should be spent most effectively to
obtain a balanced force structure to meet the defense mission is a problem
of tremendous complexity. To say that decisions such as the proper mix
of manned bombers and missiles to have in the operational inventory at any
particular time are difficult would be an understatement. However, given
a relatively fixed budget, a more complex problem is to allocate resources
meaningfully between, say, strategic offensive and airlift forces. The
latter problem involves comparing, without the assistance of an obvious
common measure of value or return, alternatives which are not direct sub-
stitutes for each other,

The managewent tool ncw used by 00D in the rescurce allocation
decision process is the Planning, Programming, and Budgeting System (PPBS) .
Though it was first introduced in 1954 by David Novick's RAND publication,

Efficiency and Economy in Government Through New Budgeting and Accounting

Procedures {11:83), actual implementation of PPBS was not accomplished

until a’ter the 1961 appointments of McNamara as Secretary and Charles J.
Hitch as Assistant Secretary of Defense (Comptroller). That little hap-
pened as an immediate result of Novick's work is evidenced by the revela-

tions of General Maxwell Taylor in The Uncertain Trumpet. (18) The pre-

McNamara approach to resource allocation is succinctly stated in the

Harvard Business Review by Martin Meyerson:




Prior to 1961 and Secretary McNamara, military budget planning

was based essentially on two guidelines., The first guideline

was a basic National Security Policy document which attempted

to define U.S. foreign policy. The second guideline was a

budget celling set by the President for military expenditures

allocated as a relatively fixed percentage of the gross national
product. . . . With these guidelines, the service chiefs of

staff were asked to split up the budget. As General Maxwell

Taylor indicated: 'We put a sack worth about $40 billion in

front of four very earnest men and asked them to split it up.'

(109:112)

The PPBS demands a comparison of alternatives (elements) within
one of the nine programs. Here 'program' refers to a broad military mis-
sion or activity, The nine programs are:

1. Strategic Retaliatory Forces

2. Continental Air and Missile Defense Forces

3. General Purpose Forces

4. Airlift/Sealift Forces

5. Reserve and Guard Forces

6. Research and Development
74 General Support

8. Retired Pay

9. Military Assistance
Unfortunately, costs of alternatives are oniy estimates at the time the
alternatives are being compared. In fact they may be very rough estimates.
Peck and Scherer found that in the twelve weapon systems they analyzed,
the average development cost prediction error, as a percentage of initial
target cost, was 220%, with a standard deviation of 170%. (12:16-45)
With uncertainty of this magnitude, deterministic marginal utility theory

and deterministic cost benefit analysis in comparing alternatives are

meaningless,
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It is argued that contractors and even certain government organ-
izations had little or no motivation to properly estimate weapon systems'

costs at an early stage or to control the costs after signing the contracts.

McNamara stated, "I believe American business needs higher incentives . . ."

(104:7) He reasoned that:

A contractor's motivation for good management and tight cost
control usually varies in direct proportion to the degree of
risk he bears, CPFF contracts, being virtually risk-free,
provide no such motivation. In contrast, fixed price or
incentive contracts offer strong inducements for managerial
efficiency because they impose serious financial penalties

on the contractor who exceeds his cost estimates, defaults on
his delivery schedule, or who fails to meet the performance
specifications. (45:191)

The Incentive Environment

The cqurrent incentive environment did not just happen., It was
finely planned and charted by Defense Department policy makers. In set-
ting the stage for this environment the DOD took three specific manage-
ment actions. The administrative ceiling on profits for certair types of
contracis {the predominately used contract types are discussed in Chapter
II) was eliminated, ASPR was reawritten to emphasize preference for fixed-
price and incenative contracts, and the Cost Reduction Program was for-
mulated including an emphasis on fixed-price and incentive contracts as a
salient element. Because of the timing of these actions the beginning of
the incentive environment, as used in this research is defined as July 1,
1962, the beginning of fiscal year 1963,

The statutory limitations on profits, as a percentage of target
cost, are 15% for experimental, development, and research undertakings
and, with few exceptions, 10% for other types of work. These limitations

apply to cost-type contracts. Upon taking office, McNamara found that DOD,




through ASPR, had imposed lower administrative limits of 10% for experi=~
mental, development, and research work and 7% for other types of work.
Since maintaining low upper limits on profit is inconsgistent with offer-
ing incentives to industry, McNamara had the administrative limits removed.

Revision 8 of the 1960 ASPR was published on March 15, 1962, It
was a substantial revision in that the contractor's cost responsibility
was emphasized and preferences for certain types of contracts were stated.
As the preferred contract type, firm fixed-price was singled out while
strict limits were imposed on the use of fixed-fee contracts. In intro-
ducing the preferred contract types, ASPR 3-402 states that:

The firm fixed~-price contract is the most preferred type

because the contractor accepts full cost responsibility, and

the relationship between cost control and profit dollars is

established at the outset of the contract., Accordingly,

whenever a reasonabie basis for firm pricing exists the firm
fixed=-price contract shall be used . . . Similarly, a profit
incentive to control costs can be achieved through use of the
fixed-price incentive contract, and to a lesser degree, the
cost-plus-incentive~fee contract, where appropriate target

costs and incentive arrangements can be negotiated. (36)

During fiscal year 1962, McNamara's now famous Cost Reduction
Program was being developed for full implementation at the beginning of
fiscal ye-v 1963. In his July 5, 1962, Memorandum to the President,
McNamara outlined the program and its goals. The program's areas of
emphasis are: (35:476)

1. Buying Only What We Need

a. Refining Requirement Calculations
b. Increased Use of Excess lanventory
c. Eliminating 'Goldplating'
d. Inventory Item Reduction

2. Buying at the Lowest Sound Price

a. Shift from Non-Competitive to Competitive Procurement
b, Shift from CPFF to Fixed or Incentive Price

5

P

22 A P)

)

DGR e




AT S AL frd bl il Sl T Sam B Eaema D N

L e IR TORN . =A

c. Direct Purchase Breakout
d. Multi-year Procurement

3. Reduce Operating Costs
a, Terminating Unnecessary Operations
b.. Consolidation and Standardization
c. Increasing Efficiency of Operations

Though the three general headings are reasonable, germane, and
non-controversial, the subheadings are not all without controversy. An
example of the DOD/Congressional disagreement is included in a following
portion of this section,

The "Shift from CPFF to Fixed or Incentive Price' Contract, item
2b, was truly a motivating force in establishing the incentive environ=-
ment, McNamara established annual goals for each item in the program,
When asked about the importance of meeting the goals McNamara emphatically
responded:

This program is detailed. It has been laid out Military

Department by Military Department, item by item. Each cf

the Secretaries has accepted his share of it, I carry

around in my pocket the details of it which I discuss with

them periodically, I check to make damn sure we are on

the targets. (7:195)

That this emphasis elicited the planned response is shown in Table 1-1.
The rapid decrease of CPFF contracts as a percent of total contract awards
from over 30% to the 10% level was swift. The slight annual increase
since 1965 may be attributed to an early over-respomse or Viet Nam buying.

Not only were goals established but the outcomes were converted
to a dollar value, The savings attributed to this element of the program

are "

. . . ten cents on every dollar switched from 'cost plus fixed fee’
contracts.”" (117:5) This ten cent multiplier has no known specific basis

in fact It has been discussed and argued from industry to the Congress,
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TABLE 1-1

COST PLUS FIXED FEE CONTRACTS a
AS A PERCENTAGE OF TOTAL CONTRACT AWARDS

Fiscal Year Goal Actual
1962 - 32,5%
1963 25,8% 20.7
1964 19,1 12,0
1965 12,3 9.4
1966 9.8 9.9
1967 9.8 10.4
1968 9.8 10.8

2 source: (35:191), (38)

The following dialogue, quoted by Clark Mollenhoff from a House of Repra-
sentatives investigaiion of the Cost Reduction Program, demonstrates the
disagreement on the validity of the 10%: (10:403)

"The point here is that if this contract had been cost plus
fixed fee our belief is that it would have been ten percent
higher than it actually is teday." =- DCD Official,

"You can't prove it," -- U. S. Representative.

"You can't prove it either way." -~ DOD Official.

That McNamara believed strongly in this section of the Cost Re~
duction Program is evidenced in his submission of the 1968 Defense Depart-
ment budget.

In total, the shift from CPFF to more effective contractual
arrangements has enabled the Defense Department tc save $1,1
billion over the 5 year period, i.e., ten cents on each dollar
shifted. A valuable by-product of this shift . . . has been
the reduction of large numbers of detailed reports and con=
trols which are required for CPFF contracting., Although this,
too, produces real savings, they are not reflected in the pub-
lished results of the Cost Reduction Program. (46:192)

7
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Early Examples

Incentive contracts certainly aren't a product of the 1960's,
;' % They have been used in the procurement of American war goodis for over
; ' : 100 years., The literature frequently mentions specific contracts from
such historical milestones as the Civil War, Wright Brothers, and World
War I.

Wheri, in 1862, the Monitor fought the Merrimac, the Monitor's
contractor had $275,000 riding on the outcome., This was so because the

contract cezlled for the government to pay the contractor only if the

Monitor floated, attained a specified minimum speed, and won its first

battle. Although the battle was fought to a draw the first conditions

FRN

were met and the contractor was paid. (132:4) Assistant Secretary of

g Defense Paul R. Ignatius claims that, "The best contract we ever wrote

was in the Civil War. The Monitcr developer wasn't paid unless he de- ii

feated the Merrimac in battle., We've been working back in the direction."

(99:102)

On December 23, 1907 the Army Signal Corps advertised its speci-
ficiation for one "heavier~than-air flying machine." It required that
"the flying machine should be designed to have a speed of at least forty

miles per hour in still air, but bidd.rs must submit quotations in their

v o o 80 B S ares s ks R
, ) !

proposals for cost depending upon the speed attained during the trial
. flight, according to the following scale:

40 miles per hour, 100 percent

39 miles per hour, 90 percent

38 miles per hour, 70 percent

37 miles per hour, 70 percent

36 miles per hour, 60 percent

Less than 36 miles per hour rejected
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41 miles per hour, 110 -percent

42 miles per hour, 120 percent

43 miles per hour, 130 percent

44 miles per hour, 140 percent"
Wilbur and Orville Wright signed a contract with a $25,000 target price
for this flying machine on February 10, 1908, That contract yielded a
reward/penalty potentiai of $2,500 for each one mile per hour over or
under the target of forty. '"The Aircraft whizzed along at over 42 miles
per 'our and the Wright Brothers collected a bonus of $5,000 in addition
to the contract price of $25,000." (30:1)

One of the early cost-incentive contracts was written during World

War I, Note that the incentives used for the Monitor and with the Wright
Brothers were based upon actual performance of the hardware. In a World
War I shipbuilding contr.ict a substantial automatic incentive was included
for cost underruns. The contract provided a 50/50 cost sharing for cosc
outcomes less than target with no sharing for cost overruns. (48:3)

Shift in Contract Use

The incentive environment, as was previously shown, forced a sub~
stantive decrease in the use of CPFF contracts., Table l-Z illustratcs
this decrease and the corresponding increase in use of incentive aund
fixed price contracts. This table excludes intragovernmental purchases
and actions of less than $10,000. These two categories amount to approx~
imately 10% of the total military procurement dollars. For example, of
the $43.8 billion awarded in fiscal year 1968, $1,0 billion was for ip-
tragovernmental transactions and $3.7 billion was for actions of lesge
than $10,000. (38:48)

In fiscal year 1961, the year : - .ci McHamara became Secretary,

cost reimbursement contracts rer.cesented 42,17 of the $22.9 billiocn of

9
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contract awards of $10,000 or more. Of the cost reimbursement contracts,
7.6 was of the incentive fee type. By fiscal year 1968, cost reimburse=
ment contracts represented only 22.4% of the $39.1 billion of contract
awards. Incentive fee contracts had increased to 40% of the cost reim=
bursement category. Tor the same period fixed price type increased from
57.9% to 77.6% of the contract awa.d dollar. The fixed price and fixed
price incentive by fiscal year 1968 represented 927 of the fixed price
category,

The shift in contract types is extremely convincing when viewed

in terms of contract dollars but in terms of numbers of contracts the

shift is far less dramatic, This is shown in Table 1-3. 1In figcal year
1961 cost reimbursement contracts represented 16.8% of the 122 thousand
procurement actions of $10,000 or more. 3y fiscal year 1968 this figure
had dropped to 10.2%. The firm fixed price share of the number of con~
tracts increased from 73.3% to 82.3% while the fixed price incentive share
gslightly decreased from 4.3% to 3.9%.
Perspectives

This research examines the impact of the incentive environment
from two different perspectives. The specific questions investigated are
listed in a subsequent section of this chapter. First, the impact is
analyzed in a macroscopic sense, i.e., what has happened to the defense
and space contractors! Have they become more profitable? Second, a
microscopic viewpoint is assumed by analyzing the outcomes of a large
sample of incentive and fixed fee contracts.

The macroscopic analysis is based upcn those firms appearing on

the annval Fortune list of the largest 500 manufacturing firms during the

11
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1956-1957 period. The firms are not divided into the traditional indus-
trial classifications such as automotive, electronics, or aircraft.
Rather, they are grouped on the basis of the percentage of their total
sales represented by their combined DOD and NASA sales, Various finan-
cial ratios are calculated and examined for each group. These include
return on sales, return on assets, return on net worth, and capital turn=~
over. The ratios are compared between groups and also with the Securities
Exchange Commission/Federal Trade Commission statistics for durable goods
manufacturers.

Actual contract outcomes are examined for a total of 834 contracts
awarded and completed during the 1963-1968 period. For this pexiod this
sample represent: almost all Army, Navy, and Air Force incentive and fixed
fee contracts for which the Report of Contract Completion {DOD Form 1500)
had been filed with DOD prior to the end of fiscal year 1968,

Previous Contract Qutcome Research

Continued interest in government contracting is demonstrated by
the great number of previously completed studies, primarily government
sponsored. Many of these studies have been focused on actual contract
outcomes although they have typically examined one or at most a small
subset, of the measurable contract variables. One of the primary dif-
ficulties encountered by previous analysts has been obtaining sufficient
and current data. Unfortunately, only recently has the Defense Department
maintained the detailed data set which is necessary for a thorough con-
tract outcome analysis. Even now it is not possible to include the out=
comes of firm fixed price contracts since the actual profit earned on

each contract is known only to the contractor.
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In the literature search phase, seven studies were identified as
those providing a logical framework upon which to base this research.
Also, these studies have provided ideas for data analysis and presenta-
tion, In chronolcgical order they are:

1, Moore, Frederick T. Military Procurement and Contracting:

An Economic Analysis. June, 1962. (79)

2. Scherer, Frederic '. The Weapons Acquisition Process:

Economic Incentives. 1964, (14)

3. Deavers, K. L, and McCall, J, J, Notes on Incentive Contrac-

ting, September, 1966, (63)

4., Jones, Troy H. A Study of Selected Aspects of the Use of

Incentive Contracts in U, S, Air Force Procurement Management. 1967,

(144)

5. Logistics Management Institute, Defense Industry Profit

Review., November, 1967. (75)

6. Logistics Management Institute, An Examination of the

Foundations of Incentive Contracting, May, 1968. (76)

7. Fisher, Irving N, A Reappraisal of Incentive Contracting

Experience. July, 1968, (68) 1

Questions to be Answered ]

Has the defense and space industry experienced a relative change
in profit due to the incentive environment? Is there a noticeable dif=~
ference in profit outcomes because of automatic incentives? MHave auto-
matic incentives caused a noticeable difference in contract growth--
change in target cost and overrun/underrun outcomes? These three broad
questions provide the foundation for this research, Upon them are based

14 E |
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a get of specific questions, grouped into five areas of emphasis: indus-
try profitability trends, concract growth outcomes, contract profit out=
comes, and extra-contractual costs and benzfits, It is hoped that the
answers will jointly provide an indication of the results of the incenw
tive emphasis and contribute to the foundation upon which future DOD and
NASA contract pricing policy is determined.

Incentive Profitability Trends

adikindd i o

1. What have been the profitability trends, measured as return
on sales, assets, and net worth, of the defense and space segment of
industry compared to firms oriented to non~government customers?

Contract Growth Outcomes

2., 1Is there a significant relationship between authorized con-
tract changes and overruns/underruns?
3. What is the relationship of contract growth and contract

type--FPL, CPIF, and CPFF?

4, What is the relationship of contract growth and the size of
the automatic incentive sharing ratio? 3
5. What is the relationship of contract growth and the type of :
work~-producticn and research and development?

Contract Profit Qutcomes |

6. Is there a difference in average profit among the different LT
types of contracts? R
7. What is the relationship of average profit and the various
automatic incentive sharing ratios?
8. 1s there a difference in average profit between contracts for

production and contracts for research and development?

15
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Incentive Combination Outcomes

9. What is the relationship between incentive outcomes on mul-
ciple incentive contracts?

Extra-Contractual Costs and Benefits

17, Have there been extra-contractual costs and benefits regulte
ing from the incentive environment?
Organization

This introductory chapter defined the incentive contracting en-
vironment, highlighted some historical examples, revealed the shift in
usage of various contract types, discussed the two perspectives of the
empirical analysis, and specified the questions to be answered by the
research,

Chapter II sets forth the need for a variety of contract types,
discusses the structural differences between firu-fixed-price, fixed-
price~incentive, cost~plus-incentive-fee, and cost-plus-a-fixed-fee
contracts, and provides some current examples of incentive contracts.

Profit is the subject of Chapter III. Included are various view=
points on the profit motive and other goals of the firm., Also, the con-
cept of explicit and implicit upper and lower profit limits is considered.
These limits are discussed from the custom r and the contractor points of
view.

Chapter IV examines the profitability trends for firms grouped on
the basis of the percentage of their total sales represented by govern-
ment business., These groups are also compared with a composite group of
all U.S, durable goods manufacturers. In addition, various financial

indicators such as sales, assets, and net worth are examined.

16
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Chapters V and V1 provide ar anaiysis of the growth and profit

AR

outcomes of a large sample of DOD contracts. This empirical analysis is

«

bagsed heavily upon analysis of variance and regression procedures. It
includes a grouping of contracts by type of pricing, type of work, and
size of the sharing ratio.

The relationship of the macroscopic perspective of Chapter IV and . ]
the empirical view of Chapters V and VI is discussed in Chapter VII,

This chapter reviews previous research on the extra-contractual costs

A

and benefits of the incentive contracting environment and discusses 3
additional factors.
Conclusions, recommendations and a summary are included in Chapter

VILI, R
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CHAPTER I

THE INCENTIVE CONTRACT STRUCTURE

What is an incentive contract? How does it differ from other
types of contracts? It is not the purpose of this section to provide a
detajled discussion of the many types of contracts authorized by the
Armed Services Procurement Regulation (ASPR). (The interested reader
may wish to refer to ASPR Section 3, Part 4 for complete information
about all types of contracts authorized by DOD.) The purpose here, is

to provide a general conceptual understanding of the primary structural

differences between cost-plus-a-fixed-fee (CPFF), cost-plus-incentive«
fee (CPIF), fixed-price-incentive-fee (FPL), and firm-fixed-price (FFP) !
contracts. Cost-plus-award-fee (CPAF) contracts are also introduced.

Need for a Variety of Contract Types

The very nature of the goods and services procursd by DOD and |
NASA necessitates a variety of contract types. These government agencies
consume large quantites of such items as paper, pencils, gasoline, and
automobiles; however, only 25% of the Federal government purchasing dollar
is spent for civilian~type commodities, (8:553) Obviously, complex
defense and space systems are not available as 'off-the~shelf" items
with established price schedules, Each system is researched, designed, v 3
and produced in a multiyear cycle which averages '"about eight years . . .
to complete system development.'" (106:113) Examples of these systems

are such technologically demanding procurements as the Air Force's

18




Manned Orbiting Laboratory, the Navy's Deep Submergence Rescue Vehicle,

and NASA's Appollo space capsule. For procurements of this type the risk

involved is often partially shared by the customer through certain contract

provisions, This is because cost estimating is extremely difficult and
plagued with uncertainty.

Firm~Fixed-Price Contracts

The FFP contract is conceptually simple. The customer and the
contractor agree on a price, and that price is the amount paid upon com-
pletion of the contract. The contractor's profit is primarily determined
by his management actions, Figure 2-1 shows graphically how profit and
cost are related in a FFP contract having a price of $110,000, Any point
on the solid line represents a cost and profit which algebraically sum to
equal the contract price. It is called a 0/100 share line since the con-
tractor is fully responsible for cost overruns or underruns, Note that
the FFP contract provides the potential for cost outcomes which yield a
loss., Included below the graph are three specific examples which demon-
strate profit variation as a function of actual cost. For instance,
Example 3 includes an accrued cost of $90,000 which yiéids a profit of
$20,000 for this contract having a fixed=-price of $110,000, This type of
contract should provide the greatest motivation to the contractor because
from it he reaps the full benefit of all cost reduction accomplishments,
Although it is the contract type having the maximum incentive, the term
"incentive contract" is usually reserved for those contracts incorporating
specific automatic cost sharing arrangements,

Cost-Plus~A~Fixed~Fee Contracts

On the other end of the risk spectrum from a FFP contract is the

19
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CPFF contract, Under a CPFF contract the customer agrees to reimburse the
contractor for all allowabla costs plus a predetermined fee. In cost

type contracts, the term fee is used rather than the term profit which
ASPR reserves for fixed price type contracts. The fee is normally stated
as a percentage of the target cost., The target cost is the cost agreed to
in advance by both parties as being the most likely to accrue under the
circumstances of a specific procurement, Figure 2~2 relates cost and fee
for a CPFF contract having a target cost of $100,000 and a fee of $10,000,
Since the fee is a fixed amount, the line is called a 100/0 share line.
The customer is fully responsible for the actual cost. Incliuded veiow the
graph are three examples of cost outvomes to show the independence of cost
and fee, Example 3, for instance, is the cost-fee point for an accrued
cost of $90,000 and the fixed-fee of $10,000, This type of contract is
said to provide the contractor with nw direct incentive; i.e., tangible
benefits, to control his costs.

Incentive Contracts

An incentive contract may be described by its elements: target
fee, target cost, sharing formula, and limits. The sharing formula is
usvally shown as a ratio such as 70/30 or 60/40, The numerator represents
the customer's share and the denominator represents the contractor's share
of any deviation from cost targec. In the FPI contract the limit is an
upper limit on price, In the CPIF contract uppzr and lower limits are
established on the fee and these limits define the Range of Incentive
Effectiveness (RIE).

Figure 2-3 depicts a CPIF contract with a $100,000 target cost,

$10,000 target fee, 60/40 sharing ratio, an RIE from $80,000 to $120,000,

21
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and fee range from $2,000 to $18,000. The solid line represents all
p«ssible fee and cost ortcomes, The 60/40 sharing is effective between
cost cutcomes of $80,000 and $120,000, Outside of this RIE the contract
essentially becomes CPFF, Figure 2-4 illuscrates a FPI contract with a
$100,000 target cost, $10,000 target profit, 60/40 sharing ratio, and
ceiling price of $120,000, As in the previous contract diagrams the
solid line represents all possible profit and cost outcomes., It is im=
portant to note the specific differences in Figures 2-3 and 2-4, With a
cost outcome under $80,060 or over $120,000 the CPIF contract construc-
tively becomes fixed-fee, The sharing ratio is effective only between
these preestablished cost limits., An additional term, point of total
assumption (PTA), is introduced with the FPI contract. The PTA is the
cost outcome beyord which the share ratio ceases to operate and the con-
tract constructively reverts to a FFP basis with the ceiling price becom-
ing the fixed price. Thus, the FPI has no guaranteed minimum profit,
Graphically, the PTA is the intersection of the 0/100 share line passing
through the ceiling price at zero profit and the automatic share line
passing through the target cost at target profit,

It is interesting to compare the results of similar cost outcomes
for *he FPI and CPIF examples, With cost outcomes between $80,000 and
$116,667 the price related to any particular cost outcome is the same
for the FPI and the CPIF contracts. Beyond these limits, differences
exist, For example, with an actual cost of $75,000 the CPIF price would
be §93,000 (cost plus maximum fee) and the FPI price would be $95,000
(target fee plus 40% of the underrun plus cost). With an actual cost of
$125,000 the CPIF price would be $127,000 and the FPI price would be

$125,000.
24
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Multiple Incentives -
The preceding FPI und (PIF examples include an incentive on the
cost outcome., Other features of the contract may also be subject to
incentive provisions; for example, the delivery schedule or any particu-
lar performance characteristic(s) the procuring agency wishes to emphasize,
Contracts containing provisions for incentives on more than one element ]
are called multiple-incentive and can be structured in an almost limitless
variety of ways. ASPR does require that in order to have incentivesother
than cost, cost incentives must also be included. Table 2-1 lists certain
contractual incentives contained in thirteen ma2jor procurements. These
incentives are on the performance dimension and represent sizeable fee
swings. In addition to cost and performance incentives these procurements
also have incentives on schedule. For example, the C-5A contract calls
for a penalty of $12,000 per day for late delivery on each of the first
sixteen aircraft up to a total schedule penalty of $11 million. (156:5)
An interim schedule incentive was included in the F-111 contract. The
first successful flight test of the moveable wings was conducted ahead of
schedule and resulted in an $875,000 "bonus" for General Dynamics. Fortune
notes that this sum represents approximately four and one half cents per
share of General Dynamics stock, (114:76)

The interdependencies of incentives in major multiple incentive
contracts are extremely complex. So complex, in fact, that sophisticated
tools for the construction and analysis of the incentive combinations have
been developed by DOD and NASA. They include the Tabular Model (41:73-93),
Flanned Interdependency Incentive Method (48:302-306), and the ILsofee

Analysis System devised by a group from the Air Force Academy (23).
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TABLE 2-1

EXAMPLES OF PERFCRMANCE INCENTIVES ON RECENT MAJOR PROGRAMS

FrsTE Y N -

Maximum Maximum Contractor's
Contractor and Project Incentive Incentive Total
Reward Penalty Stake In
- (-) Performance
General Dynamics //
Fo11l v v o« o o o o o « » $26,250,000 $8,750,000 $35,000,000
Lockheed
C"SA e o @ o 0o ° o o ¢ o 22’500’000 e o & & @ 22,500,000
Martin
Titan 3 & o ¢ o o o o o & 9,905,000 8,490,000 18,395,000
Ling-Temco=-Vought
A"7A e o o & e s ° o o @ . o o v o 6,000’000 6’000,000
North American
Minuteman Guidance Sys:em 4,947,558 4,947,558 9,895,115
Sylvania
Minuteman Ground Station 1,200,000 1,200,000 2,400,000
Western Electric /
Nike X .+ o o o o ¢ o o & 2,501,000 2,501,009 5,002,000
/
TRW Systems
Vela Satellite . . . . . 675,000 675,000 1,350,000
Ling-Temco~-Vought
Lance Missile . « « « . & 2,450,000 2,450,000 4,900,000
Huglies A
Phoenix Missile o « « o« o« 4,147,576 4,147,576 8,295,152
General Dynamics
Redeye Missile ., . . &+ & 415,604 416,404 832,008
North American
B-70 Flight Tests . + . . 77,000 775,060 1,550,000
Westinghouse
Mk, 48 Torpedo . . & « » +,930.00u 478,000 8.408,000

Source: Avigt

-~

1o Week and Space iz-naclcigy, February 21, 1966. p. 1Ul.
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An Example .

A relatively straight forward set of contractual provisions is
shcwn in Table 2-2, The identity of the nationally prominent space pro-
gram is intentionally withheld, This example was included because it
,y' containg incentives on cost, schedule, and performance. Note that the ;

performance incentive is based on a figure of merit which is defined as f

the ratio of commands executed to commands given. The target is 80%.

The schedule incentive is strzuctured to penalize for late delivery and

{ not to provide rewards for early delivery.

ki

Cost=Plug~Award-Fee Contracts

Ny

The cost~plus~award~fee (CPAF) contract is a cost reimbursement
o ] type of contract having a variable fee., The fee is not computed on the
oy basis of an automatic share ratio as in the CPIF contract. Rather, the
A award fee is a 'variable fee based on criteria in which purely objective
e calculations are not possible and the fee therefore is based upon the
application of subjective judgments {made] by designated high-level,

Government personnel on the basis of periodic, after-the-fact evaluations

of the contractor's performance." (51:1)

The theory is that certain procurementa such as those for launch

ﬂfiff support services and the operation, maintenance, logistic, and engineering

gervices are not amenable to an automatic cost sharing formula, A varia-
P ble award fee is designed to motivate a high level of performance in the
procurement of services and, in some cases, hardware when the usual in-
centives are not applicable.

The elements of a CPAF contract are estimated cost, base fee, - y

award fee, maximum fee, and performance ~riteria. The base fee is some

28
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TABLE 2-2
COST, SCHEDULE, AND PERFORMANCE INCENTIVES
IN AN AIR FORCE SPACE CONTRACT
Incentive Mode Method of Computation Fee Swing
Cost 80/20 Share Ratio + $930,000
Schedule RBach of the seven satellites may be - 456,000
penalized according to the following:
Days Late Penalty
0-7 0
8-14 $ 5,000
15-21 10,000
22-28 15,000
29-35 20,000
$20,000 per 7 days thereafter up to
a total of $66,429.
Performance Each of the seven satellites may be + 900,000

penalized according to the following:

Commands Executed
Commands Given

Figure of merit =

Figure of Merit Fee Differential

1.0 + $132,857
.9 + 66,429
.8 0
.7 - 66,429
.6 - 132,857

Source: Air Force Contract Summary.
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fixed amount, normally in the range of zero to three percent of the es~
timated cost., The award fee is a variable dependent upon outcomes as
measured against the performance criteria and is added to the base fee.
The maximum fee is the sum of the base fee and the maximum possible award
fee. The critical element is the performance criteria which must be
clearly defined to be meaningful, Possible areas which may be included
in the criteris are such items as timeliness, quality, and cost perfor-
mance of the work orders or goals in the contract. An example used in the
NASA CPAF guide includes the following criteria: (51:19)

a. Timeliness of response

Number of work orders completed on time
Total number of work crders

x 100 = % completed on time

be Quality of work

Number of work orders accepted on
first inspection
Number of work orders inspected

x 100 = 7 accepted oun first inspection

¢c. Effectiveness of cost management

Number of work orders completed
within 107 of estimated cost
Number of work orders completed

x 100 = 7 completed within estimated cost

Although not included in ASPR until 1968, the CPAF contract is not
new. As presently satructured it has been applied extensively by NASA and
on a test basis by the Army, Navy, and Air Force since the early sixties,
Early applications included the Navy's award fee for a portion of a log-
igtic support contract for operations at Kwajalein Island and NASA's
contract fur operation, maintenance, and engineering services for the

Mercury Manned Space Flight Netwo: (51:5=6)
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Combinations of the CPIF and CPAF types may be constructed.
This provides a great flexibility in creating a contract to fit a par-
ticular procurement situation,

Selection of the Correct Contract Type

The degree of cost certainty is the key factor influencing the
gelection of the type of contract to use for a given procurement. ASPR
states that the FFP is the most preferred type of contract. The most
recent DOD and NASA incentive guide recommends consideration of:

(i) the definitiveness of the project at this stage and its
bearing on the accuracy of cost estimates; (ii) the com~
pletion schedule required for satisfactory operational de=
ployment; (iii) the degree of uncertainty expected; (iv)
the contractor's willingness and ability to accept a higherisk
type of contract; (v) the ability to establish meaningful and
measurable incentives; (vi) the need for effort overlapping
that of earlier development stages; (vii) the desirability
of firm technical direction by the government; and (viii) the
degree of configuration control to be exercised. Any one or
combination of these factors could have a direct bearing on
the type of contract selected. (48:8)

Concluding Remarks

The vast array of goods and services required to support the
government's defense and space interests necessitates the need for a
wide spectrum of contract types. Certaintly the use of the wrong type of
contract for a specific procurement could result in the improper divi=-
sion of risk between the contractor and the government., This chapter has
briefly introduced the major contract types, and it has emphasized the
motivational aspects of automatic incentives., DOD and NASA believe that
by shifting, whenever possible, from CPFF to incentive and from incentive
to FFP contracts additional profit making opportunities will be created
for the contractor. These opportunities will motivate him to increase

his earnings while simultaneously providing a lower price to the government

customer.,
31
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CHAPTER IIT

PROFITS, OBJECTIVES, AND LIMITS

Of all the myriad aspects of business and finance, no single
one is more misunderstood than the role of corporate profits
in our economy, =- Dun's Review (113:34)

Profit is only one element of the contract price. It is a spe-
cial element in that it does not flow through the contractor's hands in
payment for the material or labor, no matter how indirect, consumed by
the specific contract for which it is paid. Rather, it is a source of
funds from which a return to the owners of the capital employed in the
firm is drawn as well as an internal source of capital to provide for the
continued growth of the firm., Thus this atypical element of the overall
price receives an improportionate share of interest from thesrists and
practitioners alike,

If profit maximization is the primary goal of the defense and
space industry and if profit is without bounds, then the consideration
of the role of profit in procurement is rather straightforward and amenable
to rigorous mathematical theory and modeling. The economics and business
literature is abundant with argument concerning the propriety of the pro-
fit maximization assumption, Further, pressures from a variety of sources
such as buyer resistance and substitutes serve as an upper limit on pro-
fits while the continued existence of the firm serves as a lower limit.
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This chapter is included to place profit in the perspective of
the current concepts of organization objectives and in the context of the
government procurement environment, It examines the question of the
role of profits in the large defense and space corporations and the ques-
tion of the limits on profit, 1t does not attempt to investigate the
adequacy of any specific profits levels or a theoretically "proper" profit.

Economists Views on the Role of Profit

One of the most fundamental assumptionsg of '"clagsical' economics
is that of the profit maximizing firm, ZImplicit in this assumption is a
notion of what motivates all industry, Milton Friedman, as quoted by
Galbraith, strongly asserte that '"Few trends could so thoroughly undere
mine the very foundation of our free scciety as the acceptance by corpor-
ate officials of a social responsibility other than to make as much money
for their firms as possible." (4:113) Henderson and Quandt state that
". . . his [the entrepreneur‘'s] ultimate aim is the maximization of profit
rather than the solution of constrained maximum and minimum problems."
(5:53) They subsequently extend the theory to firms with multiple inputs
and multiple outputs. Vickrey echoes, "The activities of the firms are
conceived to be carried out with the goal of maximizing the 'profit' of
the entreéreneur." (21:145) More examples could be provided which il~
lustrate the same assumptions, but it iz sufficient to assert here that
a noninconsequential group of econowistg hold the assumption that a firm's
objective is to maximize profits.

Reservations about the profit maximizing asuumption are creeping
into moderr economic literature. In his widely read introductory text

Samuelsen discusses the issue as follows:
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1@inessmen actually Try no maximize theix
e fiims which 2ctually de manage Lo survive
cteiy ebiivicus vo the maximizavion of p ,fiis.
. » . As socn as vecomes of any considerable size [emphasis
supplied] it can afford to relsx a littla 4n its maximizing
activities., (13:544)

Baumol expressed doubts in saying that "Thare is no simple method for

devexmining the objectives of the fiiwm." (1:295) He poiuncs out that

21
I

certain commonly zssumed plausiblc goals can lead to inconsistenciss aud

then, even so, says, “it is most [empbasis sunpiied] froquently assumed

in economic analysis that the firm is trying to maximize its total pro-
fits." (1:296) He opens the door for alievnative objectives but re=
turns to the classical objective of profit maxiwization.
Scitovsky also has qualwms about profit maximizing as the para=
mount motive for the £irm. He admits that:
the actual behavicr of firms often seems to be at variance
with what one would expect their behavior to be on the
assumption that they aim at maximizing profit; and this seem-
ing incompatibility between the fir's actual market behavior
and the economists’' theory of his behavior has led to a growing
demand for a new and more realistic theory of the firm. So
far, no such new theory has been developed and none will be
preseated here, (15:111)
So he recognizes the issue, expresses a need, and chen dismisses the
problem leaving the reader unsatisfied and with no alternative cther

than to accept profit maximizing theory or seek ancother authority,

In describing the New Industrial State John Galbraith strongly

warns that '"The defenders of maximization are seen to be perpetuating,
no doubt innocently, a rather subtle trick. Profit maximization may be

agsumed. But as a concessicn to rezlity the industrial system~=the

argest, most typical and most modern part of the economy--is excluded."

(4:123) Galbraith proposes just such a theory as was idencified as

et
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missing by Baumol, Scitovsky and ctihers., OCentral te¢ an undergtanding

of Galbraith's ideas on corporate motivaticn is hiz definition of the

heads and that a precise delincation of membership is not easily found

er
[¥]

but that it exists implicitly., This technostructure iz then said
dominate the large mature corporations wihich themselves dominate U, S,
industry. {4:71=73)

After thoroughly berating the profit-maximization assumption and
ldentifying it as a convenient "simplification” used by tlaoretical econ=
omists to avoid reality, he offers his own version of reality in its
steaa. He presents a 'principle of consistency' which is defined as a
"deeply interconnected matrix of relationsghips betwecn goals of society,
the organization, and individuals." He effectively defines this principle
as the nead for consistency throughout frhis matrix. Because of the con=-
sistency ha says, ''More specifically, the geals of the corporation will
be a reflection of the goals of the members of the technostructure."
Ga'braith identifies the goals of the mature corporation as survival,
autonomy, growth as measured in sales, and technological virtuousity
(capacity for innovation). He defends this list with an argument based

on the consistency principle outlined above. <(4:159-178)

Profit and Goals of the Firm

Even business publications such as The Wall Street Journal and

Fortune have seriously questioned the profit maximizing assumption.
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Such statements «8 "The idea that pusinesses always maximize profits for
onz thing, is far from being an undisputed axiom of economice," (97:1)
and ", . ., businessmen have pretty much abandoned one familiar old for-
mulation that used (5 be very popular; the view that corporations do th

wost good for society when they iust stick to business and maximize their

P

86:8%; are strong signals from the business world,

-
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". . . managements fundamental responsibility is to manage the business

in the best leng~term interests of the firm's investors, its customers,
its employees, and the nation's general welfare." (122:14) This brcad
sense of responsibility is not universally accepted. According to Vice
Admiral Hyman 5. Rickover:

Business exists to make profit, That is its primary purpose
regardless of the large number of speeches being made by

z

business leaders~-where they say that their ccnstituency

consists of the government, the public, the local community,

their employees and their stockholdesrs, and that their loy-

alties encompass all these constituencies. (33:68)

This divergence is evidenced in the press, public presentations by govern-
ment and industry spokesmen, internal business memos, and scholarly
inquiries.

Perhaps it is best summarized by Scherer in concluding that firms
have a variety of goals held collectively or individually by those people
comprising the firm. He further states that some of these goals are in-
consistent with others while yet others are reinforcing. He suggests
the following as at least a partial list of goals: (14:7)

1. Maximization of profits

2. Organizational survival
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3. Growth of sales and employment
& Security of employment, sales, and profits

X
5. Freedom from harassment

6., Desgive for public approbation

7. Desire to contribute ts the nationsl defense

Lavicst £

8. Desirze tuv advance science and tenhuclegy

The Armed Services Procurement Regulation sets forth the £OD's

position on the role cf profit. It is a stroug reflection of the more

traditional viewpoint:

Profit, generally, is the basic motive Sf business entecprise.
Both the government and its defense contractors should be con-
cerned with harnessing this motive to work for the twuly ef-
fective and economical contract performance required in the
interest of national defense. ASPR 3-402 (a) (1}

MY AR A0 TS AT P 1 B 20

Profit Limits: The Contractor's View

L AV TN

The diversity of goals suggested in the preceding section pre-

sents an extremely complex set of feasible policiea from which the de=

fenge and space contrastor may select his profit strategy. The goals

suggest that the contractor's profit strategy may be directed to a range

g™

of profits having fairly definite upper and lower limits, Thia section
<

congidere the following list of contractual and extra-contractual factors

which iwmpact the definition of these limits:

1., Contractual

a. Statutory limits .
i

b. Renegotiation

c. General Accounting Office

.

2. Extra~contractual

a., Congressional investigations

37
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b. Prestige and reputation of the firm
c. Fcllow=an buginess
&, Flight of capital

€. Ecures of funds

For CPFF contracts, 18 U.S5.C. 2306 (d) legally limite the maximum

Ny
N

e. 37 of the estimasted cost of the contract. 'Two

LY
Pa)
M
43
sy
(¢
i3]
3
‘ rY
A
'S -l
e
o
P-‘
g
St
L.
T
¢}

Y

axceptions to ondls liwit are 157 for experimencal, developmental, or re-

A

gearch work and &% for cevtain archiiectural or engineering services fov

1

public works, 7Thua, a very defini e

o)

4y

e gstatutory upper limit exists

Inti

certaln individual contracts.

Renegotiation Board

The U.S, Renegotrstion DBoard's stated purpose is the ". . . elim=

inaiion of excessive profits on govermment centracts and related subcon-
tTacts . » ° {55:1) Contractors whose annual renegotiable sales
(goverament contvacts and related subcontracts less numerous exceptions)
ave over 81 million axe required to file repeorts with the Board., In fis-
cal year 1965, 4,552 firms wexe gbove this limit, n additional 2,328
fir=3 ziled voluntarily, {55:0) {h2 Renegctiation Board, in its exam-
ination for excess rrofits, cousiders all of a contractor's renegotiable
business for the contractor's fiscal year rather than on a contract by
contract basis. In its deliberations it considers reasonableéess of costs
and profits, sources of capital, extent of risk, nature and extent of
contribution to the defense effort, character of the business, and other

t

factors. (55:5) It does not use strict "across~the-board" limits in its

rulings.
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It is interesting here to note the net renegotiable prcfits

Xeported to the Renegotiation Board by contractors for fiscal vear 1968,

B re et Y 4

Thig pre-renegotiation data is included in Table 3-1 by type of contract,

POV

The allowances of the Board for costs differ from those allowed b~ the
procuring agency 2nd therefore the data in Table 3~1 must be used with

care,

2t Tt £ o v TV LA D € o e 2a b

NET RETURN ON RENEGOTIABLE SALES-~1968%

PSRN

(in millions of dollars) :

— »

" R Ury
Eype of Sales ?:ofitsb eturn
Contract on Sales

e ek >t

-r

Firms Reporting Ne

Renegotiation Profits
$

FFP 515,611 1,228 6.2%
FP1 3,822 227 5.9
CPIF 4,641 214 4.6
CPFF 5,258 182 3.5
Gthar 1,927 58 3.1

FFP 2,838 {187} {c.6)

FPL 140 { 16) (_.4j :
CPIF 23 ( 2 ‘8,73 €
CPFF 297 1N 0.7 i
Other 215 { 8 3.7 ‘

Firms Combinss

FFP 22,449 1,641 - 5
FPY 3,962 21z -z
CPiF 4,664 1 -z
CTFF 5,555 AN see
ther 2,142 zl e
® Source: T. S. Renegotiatiorn 3cz—z. Ta_-Zeecrtr -
Armual Report, USGPO, Decembsr 27, .30t o, ¢

b = = .
Profits belore renegotiation.

[¥5]
\O




The literature on the Renegotiation Board is extensive and there-
fore the commencs here are abbreviated. Thev were included tc illustrate
that the Board's activities definitely serve as a '"real world" constraint
on contractors' profits.

General Accounting Office

One of the responsibilities of the General Accounting Office (GAO)
is to report to Congress regarding the . , . effectivencss of contracting
agencies and contractors in carrying out their managemeut and financial
responsibilities . . ." (9:20) GAO audits advertised procuremencs hav-
ing changes over $100,000 and gll negotiated contracts. Their audits are
not limited to specific contracts==the GAO typically exar.-a< small por-
tions of a contract or contractor management actions which may apply to
all of the firm's business. In the major contractor facilities such as
Lockheed and General Dynamics the GAC maintains a full time staff of
accountants, Thelr studies have included such topics as the allowability
of cost for a contractor's executive aircraft and the acceptability of a
contractor's decision to lease rather than purchase his slectronic data
processing equiprzent,

Much has been written about the GAO and its role in defense and

space procurement, Perhaps the best reference is The Government Conctractor

and tha General Accounting Office published by the Machinery and Allieca

Products Imstitute. (9) 1In addition to tracing the history and autho-
rity of the GAC it discusses a sample of recent investigations from :z-ree
points of view: the contractor, the government procuring agency, and zhe

GAQ,
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Extra-Contractual Influences

No contractor makes decisions based solely on the framework of
a single specific contract. He must consider such diverse influences as
the Congress, general public, procuring agency, potential procuring ageti~
cies, owners of capital, and potential capital sources.

It is obviously not the purpose of this section to provide a de-
tailed discussion of business policy. Rather, it is sufficient here to
assert that a host of extra-contractual influences exist which bear on the
actione taken in the conduct of business. Firms must satisfy the owners
of the capital employed or risk the flight of cavital to another firm or
another industry. Extremely high profits will result in a flow of capi-
zal into the industry and thereby increase competition. Firms must gener=
ate capital for growth. Firms do not relish extensive Congressional in-
quiries with the concommitant potential of adverse publicity. Firms seek
prestige for many reasons., These congiderations and certainly others
serve tc establish lower and upper limits on the profit strategy of the
Zirm and thus must be considered as constraints within which the auto~
matic contractual incentives may be effective,

Profziz Limits: The Customer's View

Although the DOD and NASA publicly state that their pricing ob-
jective _s to pay a fair price for the goods and services procured, they
toc nave external —nZluences wnich tend to define upper and lower limits
on the proiits thay are willing to pay. 1t is interesting to note that
many of these limx-ting influences on DOD and NASA are the same as those

which limit the zontractor, These infiuences include:
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1, Contractual
a, Statutory limits
b. Renegotiation
c. General Accounting Office
2. Extra-Contractual
a. Congressional criticism
b, Sensitivity to the public
c. Flight of capital
d. Contract management personnel
The contractual limits operate for the government as they do for
the contractor and hence require no further discussion here. What is im=
portant is to recognize that they are constraints and that they do bound
the potencial profit range.

Extra=Contractual Limits

The popular press relishes in revealing situations in which the
government organizations are alleged to have handled public funds in a
questionable manner, The procurement personnal at all levels are cer-
tainly sensitive to this source of criticism from the public as well as
other sources such as the Congress. This sensitivity itself serves as a
damper on the range of possible profits.

The need for the continued existence of a healthy defense and
space industry is a factor which definitely serves as a lower limit on
profits. If a reasonable return on the industry's investment is not
forthcoming, the industry cannot remain responsive to the demands of
the government, That is not to say that the government is required to
keep a particular firm or set of firms in business. Rather, the govern~

ment must insure that its practices do not unfairly injure the industry,
42
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An additional factor must be considered as a profit limiter.
That factor is comprised of the thousands of government emp'oyees who
participate in contract negotiations and other contract management func-
tions, That these contract management personnel are sincerely attempting
to provide responsible government representation is not questioned. The
problem is one of measurement. This was recognized by former Secretary
McNamara and conveyed by him in a statement to the Senate Armed Services
Committee. (47:199) As Sumner Marcus discussed the problem in the

Harvard Businesgs Review:

Many contracting officers choose the expedient solution to
their quandry; through experience, they arrive at a profit
or fee rate that is well below the maximum permitted but
high enough that the contractor will accept it, and they
use these few rates over a long period for all contracts
they negotiate, regardless of contractor or situation, As
time goes on they tend to lower the rate slightly, to es-
tablish themselves as good bargainers. . ., . The virtues

of the 'magic numher' system are obvious: the contracting
officer has little risk of spurring an investigation . , .
if the rate is stable and trending downward, the contracting
officer's superiors (who are in a poor position to evaluate
the reasonable nature or the costs) are pleased at what
appears to be hard bargaining, and finally, the contractor
feels some sense of continuity-~the known fee of today may
be better than earnest negotiation on each contract may
yield tomorrow. The drawback tn this system ig that it
tends to become universal and ignores the individual char-
acteristics of each situation. (106:22)

Concluding Remarks

Economists, industry leaders, and government officials have a
variety of viewpoints on the role of the profit motive. These viewpoints
set the stage for an analysis of contract outcomes in an incentive en=
vironment.

Profit is certalnly aot an unconstrained element of the price of

goods or services., Contractors face a host of upper and lower limits on
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their profits. Some of these limits are explicitly included in government
contracts while others reflect pressures from extra-contractual sources.
The government, as party to a contract, similarly is limited by contractual
and extra-contractual cons:tcaints on the amount of profit with which it

may reward industry. These include both upper and lower pvofit limits.

The results of the industry profit analysis of Chapter 4 and the contract

outcome analysis of Chapters 5 and 6 must be considered in light of these

congtraints,
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CHAPTER 1V

INCENTIVE ENVIRONMENT OUTCOMES - A MACROSCOPIC ANALYSIS

One possible way of assessing the results of incentive contracts
is to examine the profits of those firms heavily involved in defense and
space business, The purpose of this chapter is to do just that. Of course,
it is impossible to examine the profitability, over time, of the thousands
nf firms selling to the DOD and NASA, Due to the concentration of defense
sales it is possible to examine, in detail, the profitability of a selec~
ted group of contractors and conclude, in a macroscopic sense, the result
of the switch to a much larger percentage of incentive and fixed-price
contracts.

This chapter first examines the concentration of defense sales by
contractor and by contract dollar value, It describes hcw the Fortune
500 firms are grouped by their sales concentration on defense and space
contracts. Various financial ratios are then studied for these groups.
The ratios include return on sales, return on assets, return on net worth,
total capital turnover, equity capital turvover, and sales dollars pur em-
ployee. The trends of these ratios are then analyzed to determine the
impact of the incentive environment.

Concentration of Defense and Space Market

The defense and space market is certainly not characterized by the
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large number of sellers and the large number of buyers requisite for a .
cempetitive market, Of course there are thousands of firms, large and
small, which sell to the DOD znd NASA. However, only a relatively small
numbexr of thege firms share a significantly large portion of the billious
of contract dollars awarded each year.

The distribution of the percentage of contract dollars shared by
each of the top fouxr groups of twenty-five firms and all others is de~ )
tailed in Table 4~1, In 1968 nearly 467 of the $38.8 billion of DOD con~ .
tract awards went to only twenty-five firms., One firm, General Dynamics,
accounted for 5.8%. The five firms obtaining the largest share of defense
spending obtained an impressive 20,6%, nearly seven billion dollars, The
top 100 firms continually account for approximately two~thirds of all de=-
fenge contract dollars. The sharing between groups has remained fairly
stable throughout the years.

The distribution cf NASA's contract dollars is even more unbalanced.
In 1968, for example, 24,3% of NASA's $3.4 billion of contract awards went
to one firm, The top five firms received nearly 56% of the dollars while
the top 100 firms accounted for over 927%. (50)

The nature of the goods purchased by DOD and NASA is responsible
for skewed distribution of contract dollars. The major weapon and space
gystems account for many millions of dollars each. Few firms have the a
manpower, physical capacity, and technological virtuousity required to
participate in the research, definition, and production cycle for major
systems. Thus, names such as General Dynamics, Lockheed, United Aircraft,
McDonnell-Douglias, Boeing, and North American Rockwell appear year after

vear in the roster of firms obtaining the largest portion of DOD and NASA
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dollars. In his recent Seunste testimony, Professor Murray Weidenbaum
discussed the turnover smong the major defense contractors. He found
that of the top 25 firms in 1957, 2i were in the top 25 in 1966 and three
were in the second group of 25. He concluded the "The relatively low
turnover among the top firms in tha military market . . . results in
good measure from the substantial barriers to both entry Into and exit
from the markets for major weapon systems." (154:6) He further found
that firms having smaller shares of the defense market have a much higher
turnover on the roster of major defense suppliers.

An additional approach to highlighting the concentration of de-
fense and space sales is to consider the skewed distribution of defense
dollars per contract. In fiscal year 1967 there were 229,354 contracts
awarded each having a price of $10,000 ox more. These comtracts repre-
sented a total of over $39 billion. A mere 0.2% of the contracts ac-
counted for 30.9% of the dollars. Owver 807% of the dollars were awarded
for only 10% of the contracts. Contracts having a price of $25,000 or
more represented over (% of the awards and nearly 967 of the dollars.
Table 4-2 provides the complete distribution of contract quantities and
dollars, .
With a concentration of defense and space contracts in the large
dollar awards and in a small group of firms it is possible to focus this
research on high value contracts and a relatively small number of con-
tractors, The remainder of this chapter is devoted to an examination of
the measures of profitabiiity of a specific group of defense and space

contractors. Chapters 5 and 6 examine che cost and profit outcomes of

a large group of high value contracts.
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TABLE 4-2

MILITARY PRIME CONTRACT AWARDS BY SIZE

(Fiscal Year 1367)

Contracts Dollars
Cumulative Cumulative Cumulative Cumulative
) Size in Dollare Number Percent Amcunt in Percent
;w’-j Billions
e $10,000,000 or More 475 0.2% $12.2 30.9%
5,000,000 oxr More 1,045 0.5 15.9 40.5
2,000,000 or More 3,066 1.2 21,7 55.3
1,000,000 or Move 6,036 2,6 25.5 65.1
500,000 or Mcre 11,161 4,9 28.8 73.4
300,000 or More 16,972 7.4 30.8 78.6
oy 200,000 or More 23,113 10,1 32.2 82,0
o 100,000 or More 38,121 16.6 34,1 86.8
e 50,000 or More 69,366 30,2 36.1 91.9
A 25,000 or More 119,426 52.1 37.7 95.9
' R 10,000 or More 229,354 100,1 39.3 100.0 ‘

AR Source: Military Prime Contract Awards Sizz Distribution, Directorate
S for Statistical Services, Office o: the Secretary of Defense,
December 18, 1967,

The Fortune 500

|
1
Lo ———
|
I

b x Each year Fortune publishes a listing of the 500 largest, by
total sales, industrial corporations. The primary criterion for inclu-
sion in the Fortune 500 is that at least half of a firm's revenueg must
come from manufacturing and/or mining. Summary financial data such as
sales, assets, net worth, and net profit is included for each firm.

The majority of those firms in which defense and space sales are
1;? . concentrated are included in the Fortune 500, For example, the Fortune
published on June 15, 1968 contains 67 of the 100 firms receiving the

largest number of fiscal year 1968 defense doilars. The 33 firms not

included account for only 9.6% of the defense contract dollars, Utility,

.gfansportation, construction, and nonprofit consulting firme account for
v}
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20 of the 33 Zirms, The remaining 13 were not included in the Fortune
500 because their net sales were not sufficiently large. The Fortune
500 similarly contains the preponderance of the top 100 NASA contractors.

The Fortune 500 Divided

Since the summary financial data for the majority of those firms
receiving tpe largest number of defense and space dollars is readily
available it is computationally practicable to examine the profitability
trends of thoge firms., Further, it is feasible to compute the pgofiCa-

bility trends for similarly large corporations - the remainder of the

Fortune 500, The trends of firms in the defense and space market can

than be compared to similar trends of firms oriented toward the non~
government market,

For this resea.ch, the Fortune 500 is divided into three groups.
The basis of division into groups is the percentage of total sales repre-
sented by the combined DOD and NASA sales as reported in the annual DOD
ard NASA indices of their respective top 100 contractors. Average return
on sales, return on net worth, return on assets, total capital turnover,
equity capital turnover, and sales dollars per employee are then calculated
for each group. The period includes the years 1956 through 1967. The
first year, 1956, was selected, not because it was a particularly signi-
ficant year, but because a sufficient number of years of pre-incentive
environment data is required if "before and after" trends can be made.
The groups are defined as follows:

Zero {0) ~ Firms not in the DOD and NASA 100 listings.

Low (L} = Firms whose DOD and NASA sales amounted to more than

zero but not more than 507% of total sales.
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High (H) - Firms whose DOD and NASA sales amounted to more

thare 50% of total ssales,

The number of firms in each group for each year is ligted in
Table 4-3. Throughout the 1956~1967 period the number of firms in each
group has not significantly varied. The reason that in several of the
early years covered the total mu ~=r cf firms is slightly less than 500
is simply because some item of information was not made available to
Fortune. Any firm for which an item of information was missing in any
particular year was not included in any of the calculations for “hat year.

Government sales as a percentage of total sales remained fairly
stable for all'groups. This is evidenced in Table 4-4, If the percentage
of government sales were uniformly distributed, the expected values for
Groups L and H would be 257 and 75%, respectively. Group L actually has
a mean of 17.3% and Group U 76.7%. It is interesting to note that the
actual mean of Group L is significantly lower than the expected value., It
must be emphasized that the government sales percentage computed for each
firm is not a precise figure. Rather it is a conservative estimate used
to group the firms, It is conservative in that it only considers procure-
ment actions of $10,000 or more and it only includes direct government
sales,

The firms in Group L are typically the largest industrial corpora-
tions. In 1967, for example, the 54 firms in this group experienced aver-
age sales of $2.6 billion. Their net worth and assets averages were $1.3
and $2.3 billion, respectively. The group having the next highest aver-

age sales level was Group H with $1,0 billion, Group O was composed of
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TABLE 4-3

NUMBER OF COMPANIES IN GROUPS O, L, AND H

(1956-=1957)
Year Group O Group L Group H Total
1956 424 49 18 491
1957 420 57 14 491
1958 426 50 20 496
1959 430 52 16 498
1960 429 52 17 498
1961 428 46 23 497
1962 429 50 20 499
1863 433 50 17 500
1964 431 53 16 500
1965 428 50 22 500
1966 431 51 18 500
1967 432 54 14 500
TABLE 4-4

ANNUAL AVERAGE DOD AND NASA SALES AS A PERCENTAGE
OF TOTAL SALES FOR GROUPS L AND H

(1956-1957)

Year Group L Group H
4 1956 15.6% 75.2%
= 1957 17.1 86.0
N 1958 18,7 8C.6
: 1959 18.8 75,7
1960 18.8 76.6
1961 18.0 75.4
1962 16.9 72,7
1963 15.5 74,2
1564 15.5 77.2
1965 14,8 76.6
1966 17.1 78.3
1967 20.4 72,°
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the smallest of the Fortune 500, 1Its average 1967 sales were $479
million,

Profit and Return

An examination of the average net profit for firms in eacn Group
reveals interesting trends. Complete data is included in Table 4-5, The
trends demonstrate steady profit growth for firms receiving not more than
50% of their revenues from DOD and NASA. For Group H the trend is much
less stable, Figure 4~1 compares the profit growth for Groups O and H.
Since the absolute profit dollars for these two groups are so different
the values for the first year of the period are set at 1007 and trends
are shown against that base, The exceptionally low 1960 rrofit for Group
H is caused by severe losses sustained by General Dynamics, Lockheed,
Douglas and others. The Lockheed loss of $42.9 million was due to the
write-off of "development and engineering change costs on its Electra
commercial transport and the Jetstar small transport."” (149:41) Douglas
"recorded company losses of $33.8 and $19.4 million in 1959 and 1960,
respectively," (149:37) It is interesting to note that these major los-
ses are due to commercial ventures,

Absolute profit dollars by themselves do not validate a firm's
success. A large amount of accounting profit based on a very low sales
volume may be more desirable than a small accounting profit based on a
large sales volume. Similar statements about profit are true when the
terms assets or net worth are substitutcd for the term sales. Therefore,
to properly consider profitability trend:, consideration must be given to

"return'.
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Fig. 4-1. Net profit trends for groups O and K (1956 = 100%).




TABLE 4-5
ANNUAL AVERAGE NET PROFIT FOR GROUPS O, L, AND H

(1956-1967)

Year Group O Group L Group H

(millions of dollars)

1956 $14.3 $105.0 $10.1
1957 14.4 93.7 15.0
1958 12.8 78.1 10.3
1959 15.5 99.2 9.7
1960 14,9 98,4 4.5
1961 14.2 117.9 5.1
1962 15.4 130.6 18.1
1963 16.5 150.5 19.9
1964 19.7 160.0 18.2
1965 24,3 182.6 21.9
1966 27.6 190.5 25.7
1967 27.5 168.2 30.8

Return on Sales, Assets, and Net Worth

Return on sales, assets, and net worth are all guides used to
measure profitability. According to Tuckex:
Manufacturing management regards profit as the earnings it
makes on sales; the owners view profit as the earnings it
makes on investment; those who look at profit more conser=
vatively regard it as the return on the total resources used
in the business, that is the total assets. The sales mana-
ger sees profits tied to volume., (20:255)
Strong differences of opinion exist regarding the appropriateness of
using one of the ratios in lieu of the others. (146:15), (106:28),
(17:157-159) The view used in this dissertation is that ". . . the
jsolated value of a ratio is not given as much importance as its move-

ment from period to period and its interrelaticn with other ratios,"

(20:277)
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Return on Sales

Trends of annual average return on sales for Groups O and H are
shown in Figure 4-2, Also shown is a return on sales \rend line based on
the Securities Exchange Commission/Federal Trade Commission statistics
for all durable gbods manufacturers. Included below the graph is a tab-
ulation of the return on sales percentages for Groups O, L, and H in
addition to the SEC/FTC data., The trends are all comparably stable.

The return on sales percentage fcr those firms predominately
oriented toward defense sales is consistently lower than the return
earned by the other groups., With two exceptions, the return on sales
for Grep U rewmained stable within the 2.37% to 3.0% range. One exception
is the 1960-:1961 period which was previously discussed. The other excep=
tion is 1957 and is attributabie to one firm which had a return on sales
of 10,26%., 1f this one firm is eliminated, the average return on sales
drops from 3.77% to 3.27%. The low return on sales percentage for Group
H is undoubtedly the reason why aerospace industry spokesmen typically
refer to this ratio as their figure of merit. (57:20,90) It is the ratio
which may be used to support the position that the aerospace industry
profitability is the lowest,

The average return on sales for firms having little or no DOD and
NASA sales is slightly more than twice the same return for firms in Group
H. The return on sales percentage trend for the SEC/FTC firms, although
paralleling the trend for Group O, remains approximately one percent
lower. This is because the SEC/FTC group includes data for firms regard-

less of the firms DOD and NASA sales percentage.
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Percentage Return on Sales

56 57 58 59 60 61 62 63 64 65 66 67
YEAR

Group 0]6.38 | 5.68| 5.08 | 5.78 | 4.9% ]| 4.88 | 5.08| 5.0% | 5.5% | 6.08] 6.2% ] 5.5%

Group L|6.8 | 5.8 | 4.7 | 5.5 | 5.2 | 5.9 | 5.7 ] 6.0 |6.2 | S5 | 6.6 | 5.4
| Group H12.2 | 2.5 |24 [2.3 1.7 }1.8 |2.5 |24 |2.6 2.9 §2.9 |3.8
SEC/FIC|5.2 | 4.8 | 3.9 | 4.8 | 4.0 | 3.9 [uek J4e5 |51 | 5.7 | 5.6 | 4.8

Fig. 4~2, Annual average return on sales for groups O, L, H, and
the SEC/FIC durable goods firms.
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Of counsequence in this research is the trend of the return on
sales ratio for firms in the defense market relative to the firms in the
commercial market. Whether one group has a higher or lower index is in-
teresting but not directly germane. The 1963-1967 years have been marked
by no obvious increase or decrease in the return on sales figures for
firms in Group H relative to the non~defense oriented firms. Thus, the
incentive environment has had no apparent impact on the return c¢n sales
trend for defense and space firms.

Return on Assets

One measure of a firm's performance is its rate of return on the
total assets employed. The return on assets, over time, provides a guide
to determining a change in performance. As used in this research, return
on assets is a net return--computed by dividing a firm's after tax profit
by its tctal assets. For example, North American Rockwell's 1967 net
income of $68.3 million and assets of 1.1 billion yield, a return on
assets of nearly 6%. General Motors' 1967 net income of $1.6 billion and
assets of $13.3 billion provide a return of over 12%.

Comparing the return on assets for different firms is not the
intent of this section, What is of value is the comparison of trends
between the different groups. The purpose of this comparison is to
determine if the incentive environment has resulted in any relative
change in the return on assets for firms dependent upon DOD and NASA for

a large sales volume,
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It is hypothesizeq:that the increased usc of incentives will
result in a relative increaze in the return on assets for firms in Group
H. Figure 4-3 illustrates the trend for Groups H and 0. Below the graéh
are tabulated the return on aszet statistice for all groups including
the SEC/FTC durable goods group describad in the preceding section. The
low point for Group H occurred in 1960-1961 and this is attributable to
the previously discussed General Dynamics, Lockheed, and Douglas losses.
In 1967 the average return on assets for Group H firms was 5.98%. The
highest return in Group H was 11.37% while the next higuert was 7.07%.
The Group average without the high value reduces substantially to 5.56%
which is in line with the average for preceding years. It is considered
appropriate to discount the high value since it is attributable to a firm,
new to the Fortune 500 in 1967, which has recently experienced a sharp
cartridge and bomb case sales increase. These sales are obviously based
upon Viet Nam generated demands and are not representative of incentive
environment procurement.

Groups O and L in addition to the SEC/FTC group have very similar
return on assets ratios and trends. The low percentage for all three of
these groups occurred in the business recession of the early 1960's.
Since 1961 the trend has been generally increasing.

A comparison of the return on assets trends f{or the various
groups revcals nothing which would cause an acceptance of the hypothesis
of this section. Discounting the 1967 statistics, it appears that the
gap between return on assets for defense and non-defense oriented indus-
trial firms is .ncreasing rather than decreasing. Evidently the increased

use of incentive contracts has not resulted in improved management of the
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Percentage Return on Assets
&

56 57 58 59 60 61 62 63 64 65 66 67

YEBAR

o | 8.3l 7.14| 6.18] 7.28] 5.98] 5.68] 6.08] 6.28] 6.98| 7.3%] 7.7% 6.7%
L 7.5 | 7.0 | 4.9 | 6.1 | 5.7 | 6.0 | 6.2 6.5 | 648 | 7.7 | 7.8 | 605
g 156 |6t 15252 |39 39 |56 |53 |54 5557 |60
S/ | 5.6 6.9 | 5.2 6.5 |5 | 5.0 | 5.9 |62 7.0 [ 7.9 | 7.8 |6

Fig. 4=3. Annual average return on assets for groups 0, L, H, and
the SBC/FIC durable goods firms.
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2ssets of firms obtaining over half of thelr sales revenues from DOD and
NASA.

Return on Net Worth

An additional measure of a firm's performance is the trend of
its rate of return on net worth. Net worth is defined as the sum of the
capital stock, surplus, and retained earnings accounts and thus reflects
the owners' investment, After tax return on net worth is obtained by
dividing net income by net worth. The firms used in the examples of the
preceding section, North American Rockwell and General Motors, in 1967
earned respective returns of 11.0% and 17.6%.

Figure 4=4 illustrates the return on net worth trends for firms

in Groups O and H. Statistics for all groups are tabulated below the

graph. Trends for Groups O, L, and the SEC/FIC durable goods manufactur-

ers are very similar. The trends reflect the business recession of the
early 1960's and a general improvement each year thereafter. What hap~
pened in 1967? Fortune answers that "A series of events suspiciously
resembling the familiar cyclical correction of an overheated boom con~
spired to stem the long rise of corporate profits " (121:162)

What has been the relative trend between Groups H and 0?7 In
1962 the average return on assets from firms in Group H was 14.0% while
firms in Group O earned 8.9%--a difference of 5.1%. By 1966, Group O
firms had increased their average return to 12.8% while Group H firms
experienced an average return of 12.5%. Once again the 1967 ratio for
Group H must be discounted due to the same firm which caused an exces-
sively high returr on assets average. Eliminating that one firm reduces

the return on equity capital from 14.24% to 13,2%.
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Percentage Return on Net Worth

56 57 58 59 60 61 62 63 6 65 66 67

Group| % | % | % | # | ® | % | % | % | % |% |5 |¢%
0 |12.0}10.5] 9.3}10.8] 8.5| 8.1] 8.9] 9.7]10.6]11.8}12.8]11.3

L 13.6 124 | 7.2110.3 1 944 | 9.9 |10.4 | 10.8 1146 [ 13.5|14.3]12.5
H 13.4§15.7 12.5]111.2 ] 6.7 ] 2.0}14.0]12.2}11.6]12.2 J12.5)14.2

l12.4111.0}) 7.9]10.1} 84§ 7.9] 9.5}10.0]11.5]13.4113.7§11.3

Fig., 44, Annual average return on net worth for groups 0, L, K, and
the SEC/FTC durable goods fimms,
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Since the time that DOD and NASA greatly increased their emphasis
on motivating contractors by offering increased profit potential, the
relative return on net worth for the major LOD and NASA contractors ap-
pears to have decreased. The industry~wide profit results of 1967 tend
to obscure whatever trends exist., In any event, the trends certainly do
not support acceptance of the hypothesis that increased profit incentives
caused a corresponding relative increase in return on equity capital for
defense oriented firms,

Capital Turnover

A common method of evaluating the efficiency of the use of a firm's
capital is to examine its capital turnover. This ratio is computed by
dividing sales by the capital resources of interest., Total capital
(assets) and equity capital (net worth) are commonly used for this purpose.

The relationship of capital turnover and the previously discussed

return on sales, assets, and net worth ratios is straightforward:

-~ Sales _ Return on Assets
Total Capital Turnover Assets Return on Sales °
Sales Return on Net Worth
M = e =
Equity Capital Turnover Net Worth Return on Sales

Recurn on sales, assuts, and net worth have been shown for all groups for
the 1956 through 1967 period. Showing the turnover trends may be consider-
ed to be somewhat duplicative but it is of assistance in the gnalysis of
the intergroup differences.

Total Capital Turnover

The average total capital turnover for Groups O and H are plotted

63




LTS s et T et atetadias BIEL, st wd e TR ASL L

k
|
$
I
{
5

1

in Figure 4-5. Group O exhibits a nearly constant ratio of 1,5 throughout
the twelve year period. Turnover for Group L has consistently remained
slightly smaller than the Group O figure. The defense and space oriented
firms long term turnover trend has been downward. This trend was not
altered by the incentive environment. In 1956 the total capital turnover
for Group H was 2.37., By 1962 it was 2,21 and by 1967 it had dropped to
1.98.

It is hypothesized that the average total capital turnover for
Group H firms would exhibit a relative increase, or at lcast not a rela-
tive decrease, during the years defining the incentive environment. No
evidence exists which would cause the hypothesis to be accepted. The
trends truly support a rejection of the hypothesis,

Equity Capital Turnover

Equity capitzl turnover trends for Groups O and H are shown in
Figure 4-6., The trends are very similar to the total capital turnover
trends. Group O has not experienced a marked increase or decrease. It
reached a low in the early 1960's and has gradually increased since tnat
time. Group H firms evidence a substantially different trend. In 1956
the average equity capital turnover for Group H was 5.76. By 1967 it had
decreased to 4.52. The decrease occurred over the entire period studied
and showed no obvious shift during the incentive years.

Thus, it cannot be concluded that the incentive environment has
increased the average relative equity capital turnover for the major
defense and space contractors. It may even be concluded that the forces
generated by the incentive environment were not even gufficient to dampen

the already decreasing trend.
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0.5
0.0 - /
5% 57 58 59 60 61 62 63 64 65 66 67
YEAR
Group

0 1.5811.58 | 1.46) 148 145 184 | 149 21,52 ] 1.54) 1.50F 1.53 | 1.47
L 1.321.40}1.28]1.33]1.38]1.18] 1.25] 1.25]1.39] 1.29} 1.3% ] 1.36
H 2.37)2.5012.20} 2,32 2.28 ) 2.13} 2.2} 2.25]2.12] 1.98] 2.02 | 1.98

Fig. 4-5. Annual average total cap. tal turnover for groups O, L, and H.
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56 57 58 59 60 61 62 63 64 65 66 67
YEAR
Group

0 2.70] 2,74 ] 2,38 J 241 ] 2,33 2.35] 2.43 | 2.60 | 2.64 | 2.70 | 2.88 ] 2.77
L 2.55] 2,76 ] 2.39 | 2.60 ] 2.72 | 2,08 } 2,23 ]| 2.28 | 2.51 | 2.40 | 2.61 § 2.89
H 5.76 1 6420 | 5,44 | 5431 5.35] 5.53 | 5.61 ] 5.37 | 5.00 | 4.68 |4.91 | 4,52

Fig. 4-6, Annual average eguity capital turnover for groups O, L, and H.




Salas Dollars Per Employee

The trend of sales dollars per employee is a measure of a firm's
management of its labor resources much as capital turnover trends measure
a firm's management of its capital resources. It is hypothesized that
increased profit incentives will result in increased attention to the
management of the labor resources’ and thus yield addition .1 sales dollars
per employee,

Figure 4-7 shows the sales dollars per employee trends for Groups
O and H for the 1956~1967 period., Firms having essentially no direct
defense and space business demonstrate a consistently increasing average
number of sales dellars per employee. Their ratio of $24.69 per employee
in 1956 climbed to $33.31 by 1967.

Gr&up H firms have experienced a consistent growth in thoir avec-
age number of sales dollars per employee. Their trend parallels the
Group O trend, The ratio grew from $14,.,95 to $22.69 per employee during
the 1956-1967 period. The growth is remarkable but it cannot be attributed
to the incentive period because the trend was not perturbed during the
years of increased use of incentives in DOD and NASA contracts.

Based upon this evidence of no relative change in sales dollars
per employee for the printipal defense and space contractors, the hypothe-
sis must be”rejecteé. The incentive environment apparently did not, in
general, cause increased efficiency in the use of labor resources.
Conclusions

Archough the defense and space market involves thousands of busi-
ness firms, .t is concentrated on a relatively small number of large con-

tractors. Most of these large contractors are included in the annual
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56 57 58 59 60 61 62 63 64 65 66 67

0 24.?I 25.5 | 24.9 ] 25.3] 26.1]26.3 |27.5] 28,9 30.1] 31.8] 33.0] 33.8
L 22512343 125.1 ¥ 24,81 2347 f 2509 [ 2691 29.0 | 29.3 | 24.8 ] 27.3 | 26.9
q 15.0115.2 | 14,51 27.1 § 1644 [ 17.7 §17.318.2 [19.3] 194 | 2042 | 22.7

Fig. 4~7. Annual average saises dollars per employee for groups O, L, and H,
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Fortune 500, The other firms in the Fortune 500 provide a basis upon
whicli the defense and space contractors' profitability trends can be
measured. Annual average return on sales, return on assets, retnrn on
assets, return on net worth, total capital turnover, equity capital turn-
over, and sales dollars per employee ratios were computed for firms
grouped on the basis of the percentage of sales revenue received from DOD
and NASA for each of the years = 1956 through 1967.

If the incentive contracting environment is in fact motivating
defense and space contractors toward increased efficiency in the employ-
ment of capital and labor resources, the result should be reflected in the
firms' financial statistics. The hypothesis is that return on sales, re- .
turn on assets, return on net worth, total capital turnover, equity cap-
ital turnover, and sales dollars per employee would increase for defense
and space contractors relative to other similarly large firms and rela-
tive to their own previous trends,

Based upon the trends developed and analyzed in this chapter the
hypothesis must be rejected. No relative increase in return on sales is
detectable. Return on assets and return on net worth have not exhibited
a relative increase. In fact, these ratios have apparently experienced
a relative decrease during the incentive environment, Similarly, the
turnover trends have not demonstrated a long term relative increase for
the major defense and space contractors, Both total capital and equity
capital turnover have decreased during the incentive environment years.
Sales dollars per employee, although moving steadily upward, has not in-
creased relative to the trends for commercially oriented firms. 7Thus,

from a macroscopic analysis of the major defense and space firms it is
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not possible to conclude that the significant shift to incentive and
fixed-price contracts has resulted in increased efficiency in the use of

capital and labor resources.
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CHAPTER V

CONTRACT OUTCOMES ~ PART I

This chapter is the first of two chapters dedicated to analyzing
the actual outcomes of a large sample of DOD contracts. The data sample
used, its source, and a definition of terms are described. Specifically
this chapter examines contract changes and overruns/underruns. Incentive
theory states that the result of increasing a firm's incentive, i.e.
profit potential, is increased underruns, or at least decreased overruns.
This theory is evaluated with a series of hypothesis tests based on em-
pirical data, Classical analysis of variance is the primary technique
used fér hypothesis testing.

In addition, this chapter considers the empirical results of
contracts having incentive provisions in addition to cost incentives, A
group of contracts with incentives for cost outcomes and schedule achieve-
ment is considered. A separate group of contracts with incentives for
cost outcomes and performance levels is also considered.

Data Source and Definiticns

Contract summaries were obtained from the Direcicrate for Statis~
tical Services in the Office of the Secretary of Defense. The data was
originally submitted to DOD by the Army, Navy, and Air Force procuring
organizationg on form DD 1500, "Record of Contract Completion", as re=-

-+ired by the Armed Services Procurement Regulation,
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The following is a listing of the "Record of Contract Completion' data
elements used and explanatory information for each element:

Type of Contract: FPI, CPIF, or CPFF,

Type of Work: Production or research and development,
Department: Army, Navy, or Air Force.

Award Year: Fiscal year in which the contract was awarded.
Completion Year: Fiscal year in which the contract was completed.
Initial Cost: Originally negotiated cost (target).

Initial Profit: Originally negotiated profit (target).

Adjusted Cost: Initial cost plus the algebraic sum of all formal

contract cost changes.

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

Final Cost: Actual cost of the work,

Final Profit: Actual nrofit for the work,

Sample Description

To be included in the sample used in this research a contract
had tc meet a variety of constraints, These congtraints include such
variables as year of award, year of completion, type of contract, and
size of contract,

Although the contract summary data maintained by DOD dates back
to fiscal year 1959, the contracts selected for this research were limited
to those awarded neot earlier tuan fiscal year 1963 and completed by the
end of fiscal year 1968, This period is consistent with the previously
defined incentive environment. Table 5-1 shows the number of contracts
in the sample which were awarded and completed in each of the fiscal years

1963 through 1968, 72




TABLE 5-1

CONTRACT SAMPLE BY YEAR OF AWARD AND YEAR OF COMPLETION

Number of Contracts

Fiscal Year

Awarded Completed

1963 347 12
1964 255 77
1965 124 104
1966 85 137
1967 22 260
1968 1 244

Total 834 834

The contracts were limited to the FPI, CPIF, and CPFF types.

With the exception of the firm-fixed=-price type these are the pricing
arrangements most frequently used. No complete contract summary data is
available for the firm~fixed-price type of contract. Of the 834 con-
tracts in the sample, there are 195 CPIF, and 474 CPFF, Table 5-2 pro-
vides this and other general classifications of the sample.

The sample contains 275 Army, 129 Navy, and 430 Air Force con-
tracts. Dividing the sample by the type of work yields 370 production
and 464 research and development contracts.

The sample was limited to contracts having an initial price (cost
plus profit) or final price over $200,000. The distribution of contracts
by price is shown in Table 5-3. Nearly half of the contracts in the sam-
ple have a final price over one million dollars. The combined final price

of the 834 contracts is well over four billion dollars.




TABLE 5-2

CONTRACT SAMPLE BY TYPE OF CONTRACT, WORK, AND SERVICE

Variable Subdivision Number of Contracts

Type of Contract FPI 195
CPIF 165
CPFF 474

Type of Work Production 370
R&D 464

Department Army 275
Navy 129
Air Force 430

Total 834
TABLE 5-3

CONTRACT SAMPLE BY INITIAL, ADJUSTED, AND FINAL PRICE

Price Number of Contracts
§ in ti d
(§ in thousands) Initial Price Adjusted Price Final Price
< $200 100 17 2
$200< < 400 181 215 229
400< < 600 114 118 120
600< < 800 65 65 63
800< < 1,000 34 45 46
1,000 < 5,000 228 247 244
5,000< < 10,000 49 55 56
10,000 < 25,000 . 38 36 40
25,000< < 50,000 14 19 17
50,000< <100,000 9 13 12
100,000< 2 4 5
Total 834 834 834
Total Dollars $3.4 billion $4,3 billion $4.3 billion
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Contract Growth Defined

As used in this research the term contract growth refers to two
separate elements. The first of these elements, change, is expressed as
a percentage of the initial cost. It includes all contract modifications,
changes, supplemental agreements, etc. and is defined as:

Ca ~ Ci

(1) Change % = =i ¥ 100,

where Ca adjusted contract cost; and

Ci initial contract cost.

The second element, overrun/underrun, 1is expressed as a percen=

tage of the adjusted cost. If negative, it is an underrun. It is defined

as:
(2) Overrun % = giai—gé x 100,
where Cf = final contract cost.

Change and Overrun/Underrun for Three Types of Contracts

The average change for the 834 contracts is 58.1% while the aver-
age overrun is only 1,8%. Change and overrun data for the different types
of contracts is shown in Table 5-4. The largest average change, 76.8%,
is for CPFF contracts. FPI contracts have a 21,2% average increase in
the initial cost target. The difference in average cverrun between con-

tract types is much smaller, CPFF contracts have an average overrun of
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2.0% while CPIF and FPI overrun averages are 1.4% and 1.5%, respectively.
The distribution of overruns for each type of contract is illustrated in
Figure 5-1, It is interesting to note that 62,9% of the 834 contracts
have a final cost within % 5% of their respective adjusted costs. The
percentage varies considerably between contract types. For example, 75.4%
of the CPFF contracts have outcomes in this range compared to only 36.4%
of the FPI contracts. The outcomes are nearly evenly divided between

overrun and underrun conditions.,

TABLE 5-4

AVERAGE CONTRACT CHANGE AND OVERRUN BY TYPE OF CONTRACT

Type of Contract Number Mean Change Mean Overrun

FPI 195 21.2% 1.5%
CPIF 165 48.3 1.4

CPFF 474 76.8 2.0
Total 834 58.1 1.8%

Change and Overrun/Underrun for Two Types of Work

The two general classes of work are production and research and
development., Change and overrun data for each of these classes of work
is shown in Table 5=-5. The average change for the 370 production con-
tracts is 54.67% while the 464 research contracts exhibit an average
change of 60,9%. The difference in average change appears to be less
between the types of work than between the different types of contracts.
Conversely, the difference between the average production contract over-
run of 0.2% and the -~verage research contract overrun of 3,07 is larger
than the differences between the types of contracts.
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Fig. 5-1. Distribution of overruns for FPI, CPIF, and CPFF contracts.
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‘a- TABLE 5~5

AVERAGE CONTRACT CHANGE AND OVERRUN BY TYPE OF WORK

Type of Work Number Mean Change Mean Overrun
Production 370 54.6% 0.2%
R&D 464 60.9 3.0
Total 834 58.1 1.8

Relationship of Contract Change and Overrun/Underrun

One possible way of reducing potential overruns (or increasing
potential underruns) is to increase the target cost of the contract by
means of contract changes. One approach to examining the extent of this
misuse of contract change is to determine the relationship of contract

change percentage and overrun/underrun percentage as follows:

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

where a and b are unknown regression coefficients.

This relationship was first tested for the entire group of 834
contracts. The results suggested further research. The group of con-
tracts was then divided, by type of contract, into three subgroups for
which regression coefficients were estimated., Similar calculations were
made for research contracts and production contracts. Results of these
six tests are contained in Table 5-6,

In none of the tests of Equation 3 is the estimated value of the

coefficient b compared to its standard error such that it commands a high
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degree of confidence. Thus there is no close relationship between the

percentage of contract change and the overrun/uuderrun outcome.

TABLE 5-6

REGRESSION COEFFICLENTS FOR SIX TESTS WITH OVERRUN/UNDERRUN
PERCENTAGE AS THE DEPENDENT VARIABLE AND CHANGE
PERCENTAGE AS THE INDEPENDENT VARIABLE

Contract Group a b Standard Null Hypothesis

Error of b Rejection Level
834 FPI, CPIF, & CPFF 2,0087 ~0,0039 0.0023 0.09
195 ¥PI 1,5211 -0,0001 0.0109 > 0.50
165 CPIF 1,771 -0,0080 0.0066 0.23
474 CPFF 2,2906 -0,0034 0.0025 0.18
370 Production 0.4692 -0,0048 0.0035 0.18
464 R & D 3.2369 -0,0032 0.0029 0.32

Analysis of Variance of Contract Change

The average percentage change from the initial cost target to the
adjusted cost target appears to vary substantially for contracts grouped
by pricing arrangement and also for contracts grouped by type of work.
The important question at this point is, are the differences significant?

A two-way analysis of variance was applied to test the null hypo-
theses that, at the 1% level of significance, the mean changes are equal
for the three types of contracts and also that the mean changes are equal
for the two types of work, The two-way analysis was used to eliminate
the possible confounding of results. For example, the average percentage
change for FPI contracts should be independent of the change differential
due to the type of work., Similarly, the average v~ ‘~entage change for,

say, research and development contracts should be ...n gendent of tue change
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attributable to the type of contract pricing arrangement. The unequal
cell size model suggested by Snedecor was used for this and the other
analyses of variance in this research. (16:48.-488)

A comwplete summary of this analysis of variance is contained in
Table 5-7. Note in Table 5-7b that the average change percentages for
the three types of contracts are significantly different at the 1% level.,
The average change percentages for the two types of work are not statis-
tically different at the 1% level of significance. The salient indicator
of contract change as a percentage of initial cost is, therefore, the type
of contract, This is not intuitively objectionable since the key to the
selection of the proper type of contract is the uncertainty of various
issues of the procurement. These uncertaintiss were discussed in Chapter
II,

It is interesting to note the adjustments shown in Table 5-7c.
The adjusted average difference in contract changz due to the type of
work is 12.,4%, i.e. the average production contract change percentage is
12.47 greater than the average change percentage for research and develop-
nent contracts., Althougn this adjusted difference appears large, it is
not coneidered significant due to the large variances. The adjusted
averages of 24.1%, 48.4%, and 74.3% for FPL, CPIF, and CPFF contracts,
respectively, are very similar to the unadjusted averages shown in
Table 5-4.

Analvsis of Variance of Contract Qverrun/Undexrun

Are the average cost overrun percentages different for the three
types of contracts studied? Are the average cost overrun percentages

different for production and research types of work? Are the differences
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TABLE 5-7

ANALYSIS OF VARIANCE OF CONTRACT CHANGE
FOR 834 FPI, CPIF, AND CPFF CONTRACT3

5-7a. Number and Mean Percentage Change

Type of Production R&D
Contract Number Mean Number  Mean
FPI 144 25.3% 51 9.6%
CPIF 84 70.2 81 25.5
CPFF 142 75.2 332 77.5

5-7b. Adjusted Analysis of Variance

Source of Variation d.o.f. Sums of Squares Mean Square
Work 1 27249.27 27249.27
Contract 2 466572.72 233286.36%%
Interaction 2 64955.73 32477.86
Within 828 45350.28

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

5-7c. Adjustments

Adjusted difference in mean change due to type of work: 12.4%

FPI CPIF CPY¥F
Adjusted contract means: 24.17% 48.47% 74.3%
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significant? The apparently similar average overrun percentages shown in
Tables 5~4 and 5-5 are inconclusive due to the confounding of the type
of contract and type of work effects,

A two-way analysis of variance was applied to test for equality
of means between types of contracts and between types of work, Table 5-8
summarizes this analysis of variance., The null hypothesis for types of
contracts wag not rejected at the 1% level of significance, On the other
hand, the null hypothesis for types of work was rejected at the 17 level,
Thus, the fundamental indicator of overrun as a percentage of adjusted
cost is not the type of contract pricing arrangement but rather the type
of work.

Although both production and research contracts have average over-
runs, the research contracts average percentage is 3.1% higher than the
productions contracts. This adjusted difference is shown in Table 5-8c.
Also in this table are the adjusted average overrun percentages for the
three types of contracts: FPI 0.8%, CPIF 1,3%, and CPFF 2.7%.

Change and Overrun/Underrun for Incentive Contracts

In this section the average contract change and overrun percen-
tages are examined for a sample of incentive contracts. The sample of
159 FPI and 105 CPIF contracts is divided into three groups based upon
the size of the contractor's portion of the share ratio., The limits
used for the three groups are: 15% or less, more than 15% but not more
than 30%, and more than 30%.

Unfortunately the share ratio is not specified on the DOD ''Record
of Contract Completion", Therefore, for each of these incentive contracts

the contractor's share, o, is constructed from other data as follows:
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TABLE 5-8

ANALYSIS OF VARIANCE OF CONTRACT OVERRUN/UNDERRUN
FOR 834 FPI, CPIF, AND CPFF CONTRACTS

5-8a. Number and Mean Percentage Overrun/Underrun

Type of Production R&D
Contract Number Mean Number Mean
¥PI1 144 0.9% 51 3.42%
CPIF 84 -2.7 81 5.6
CPFF 142 1.3 332 2.4

5.8b. Adjusted Analysi-. of Variance

res Mean Square

Source of Variation d.o.f. Sums of Squa
Work 1 1666.47
Contract 2 91. 36
Interaction 2 1530.03
Within 828

1666.47%*
45.68
765.01

190.84

**Null hypothesis rejected at the 1% level of

5-8c. Adjustments

significance.

Adjusted difference due to type of work:
FPI CPIF
Adjusted contract means: 0.8% 1.3%

-3.1%

CPFF
2.7%
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o Pf - Pa

i
= Ca-ce * 100
where Pf = final contract profit;
Pa = adjusted contract profit;
Ca = adjusted contract cost; and
Cf = final contract cost.
The results of constructing the sharing ‘rcentages and grouping is showm
in Table 5-9, .
TABLE 5-9 ‘
AVERAGE AND STANDARD DEVIATION OF SHARING PERCENTAGE
FOR EACH OF THREE GROUPS OF INCENTIVE CONTRACTS
Sharing Linits of Contracts *Share. Deviation
a < 15% 106 9.9% '+ 3.3%
15% < a < 30% 100 22,2 4,6
WL <a 58 39.2 7.6
Total 264 21.0 12.2
In the group of cc ‘acts with the contractor's share less than or

]

equal to 15% there are 106 contracts whose average share is 9.9%. The
group of contracts with large contractor shares includes 58 contracts
whose average share is 39,2%.

For each of these three groups of incentive contracts the average
percentage change and the average percentage overrun/underrun are calcula-
ted. The results are delineated in Table 5-10, The average change from

initial target cost to adjusted target cost for these 264 incentive
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contracts i1s 38.7%. The group having the highest average change, 48.9%,

is composed of contiacts with the contractor's share in the 15% to 30%
range. Those contracts with a contractor’s share of 15% or less have an
average change of 27%. Are the average changes for the three groups
significantly different? To answer this question an analysis of variance
was made.

A two-way analysis was used with the three groups of share ratios
and the two types of work as the factors. Results of the analysis of
variance are shown in Table 5-11, The mean change of the production con-
tracts is significantly different, at the 17 level, than the mean of the
research contracts. The adjusted difference reveals that production ccn=~
tracts in this sample have an average change percentage 17.1% higher than
research contracts. The mean change percentages for the three different
o groups are also significantly different at the 17 level, The adjusted
averages for the two groups with a high «, over 15%, are 52.0% and 46.9%,

respectively. The low o group's adjusted mean of 29,1% is quite different,

TABLE 5-10

AVERAGE CHANGFE AND OVERRUN/ULBERRUN FOR EACH
OF THREE GROUPS OF INCENTIVE CONTRACTS

Sharing Limits Average Change Average Overrun/Underrun
a < 15% 27.0% 1.7%
15% < a < 30% 48.9 - 1.3
30% < a 42,2 0.7
Total 38.7 0.4
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TABLE 5-11

ANLLYSIS OF VARIANCE OF CONTRACT CHANGE
FOR 264 INCENTIVE CONTRACTS

%-ila,  Number and Mean Percentage Change

Contractor's Sharing Production R&D
Percertage Number Mean Number Mean
« = 15% 66 23.7% 40 32.5%
15% < @ = 302 68 60.2 32 25.0
302 < a 45 51.6 13 9.5

5-11b.  Adjusted Analysis of Variance

Source of Variation d.o.f. Sums of Squares Mean Square
Work 1 236781.25 236781.25%*
Share Ratio 2 253848.06 126924 ,00%*
Interaction 2 30141.24 15070.62
Within 258 887C.36

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

5-11c.  Adjustments

Adjusted difference due to type of work: 17.1%

@ =157 15%Z < a = 302 30% < a
Adjusted a group means: 29.1% 52.0% 46.9%
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Thus, both the type of work and the size of the contractor's sghare are
significant indicators of the percentage change of an incentive contract's
initial cost,

The average overrun/underrun percentages shown in Table 5~10 ap-
pear to be unequal. To test for equality and to eliminate confounding, a
two-way analysis of variance was applied, The two factors are type of
work and the size of the contractor's portion of the share ratio. Table
5-12 presents a complete summary of this analysis., As in the previous
analysis of variance, the null hypothesis was rejected, at the 17 level,

for both Zactors, Production contracts exhibit an average underrun while

research contracts overrun. The difference in percentage attributed to
the type of work is 8.1%. The adjusted averages for the three o levels
are shown in Table 5-12c. It is important to note that contracts having
a small o tend to overrun while contracts with a higher o tend to underrunm,

Regregsion of Sharing Rates, Overrun/Underrun, and Change

The significant difference in average overrun percentages for
groups of contracts with different incentive shares suggests the existence
of some correlation between the size of the contractor's sharing percentage
and the percentage of cost overrun. Linear regression analysis was used to

investigate the relationship defined by: ¥

(5) Cverrun % = a + bo ,

where @ = contractor's sharing percentage; and

a and b are undetermined coefficients,
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TABLE 5-12

ANALYSIS OF VARIANCE OF CONTRACT OVERRUN/UNDERRUN
FOR 264 INCENTIVE CONTRACTS

5-12a. Number and Mean Percentage Overrun/Underrun

Contractor's Sharing Production R&D
Percentage Number Mean Number Mean
o« £ 15% 66 -2.7% 40 9.0%
<
1% < o = 30% 68 -2.8% 32 1.9%
30% < @ 45 -0.9% 13 6.17%

5-12b. Adjusted Analysis of Variance

Source of Variation d.o.f. Sums of Squares Mean Square
Work 1 4008.52 4008,52%%*
Share Ratio 2 3291.64 1645,82%%
Interaction 2 606.97 303.49
Within 258 71.05

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

5-12c. Adjustments

Adjusted difference due to type of work: -8.1%
< <
a = 15% 15% < o = 30% 30% < o
Adjusted o group means: 0.7% ~-2.8% -1.6%
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The theory is that large contractor sharing percentages will
motivate the contractor to underrun or at the least decrease overruns.
Thus, the expected sense of the coefficient b is negative.

Eight regression tests were performed. The incentive contracts
included in each test were grouped in order to determine if differsnces
exist between FPL and CPIF contracts, production and research contracts,
as well as between contracts with different contractor sharing percen=
tages. The results of these tests are summarized in Table 5-13., In four
of the tests the estimated value of b is negative, indicating that for
these contract groups an increase in sharing, a, corresponds to a decrease
in overrun. It is surprising that three of the positive estimates of b
are for contract groups with high values of o. All eight estimates of b
were tested for statistical significance. In no case was the null hypo-
thesis rejected at the 1% level. It should be noted here that inference
based upon the estimate of b is equivalent to inference based upon the
significance of the correlation coefficient, (16:184)

The significant difference in average contract change for the
three groups of incentive contracts suggests the existence of some corre=-
lation between the size of the change percentage and the contractor's
sharing rate. Fisher suggests that, '"Contractors may request changes
more frequently for contracts with large sharing rate values in order to
compensate for the increased financial risk."” (68:30) Linear regression

analysis was used to investigate this relationship:

(6) Change % = a + ba ,
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TABLE 5-13

REGRESSION COEFFICILENTS FOR EIGHT TESTS WITH OVERRUN/UNDERRUN
PERCENTAGE AS THE DEPENDENT VARIABLE AND CONTRACTOR'S
SHARE RATIO AS THE INDEPENDENT VARIABLE

Contract Group 2P prererd  Rejection Lew:
264 FPI & CPIF 1.106 -0,036 0,079 > 0,50
179 Production -3.705 0.064 0.074 0.40
85 R&D 8.091 -0.119 0.187 > 0,50
159 RPI -2,214 0.080 0,075 0,20
105 CPIF 5.787 =0,321 0.234 0,18
106 a < 15% 11.664 -1,007 0.574 0.09
158 a > 15% -4,942 0.154 0,093 0.10
58 a > 30% -13.137 0.353 0.230 0,13

where a = contractor's sharing percentage; and
a and b are undetermined coefficients.

Regression tests were again performed on the previous eight groups
of incentive contracts to determine if differences existed between contract
types and between different values of o, The results of these eight tests
are shown in Table 5-14, 1In no case was the null hypothesis rejected at
the 1% level, The group of 159 FPI contracts, with an estimated value of
b significant at the 2% level, provides an interesting case. For this
group a 10% increase in sharing corresponds to an increase in change of
nearly 15%. The meaning of this statistically significant relationship is
not clear. The primary reason for the lack of clarity is the weakness of

the relationships in the other contract groups.
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TABLE 5-14

REGRESSION COEFFICLENTS FOR EIGHT TESTS WITH CHANGE PERCENTAGE
AS THE DEPENDENT VARTABLE AND CONTRACTOR'S SHARE
RATIO AS THE INDEPENDENT VARILABLE

Contract Group a b Efﬁiidfﬁdb giﬁicgiﬁﬁtiiiii
264 FPI & CPIF 26.361  0.587 0.856 0.50
179 Production 22,221 1.011 1.236 0.20
85 R & D 38.510 -0,668 0.528 0.40
159 FPI -12.172  1.462 0.587 0.02
105 CPIF 36.293  1.619 2.831 > 0,50
106 « < 15% 38.918  ~1.201 1.867 > 0.50
158 @ > 15% 43,865 0,091 1.679 > 0.50
58 @ > 30% -114.493  4.000 2.402 0.10

Multiple Incentive Contract Outcomes

The incentive contracting literature contains many cautions re-
garding the importance of having multiple incentives finely halanced
within a contract. Once again, the theory is that contractors will
maximize their profit dollars on a ccntract regardless of how they have
to "trade" potential profits on the cost dimension for, say, potential
profits on the schedule dimension. Some analysts conclude that these
trade-offs are largely theoretical in nature and are subordinate to
stronger operational pressures. For example, Jones concludes that,
"Program pressures outside the contract are stronger than contractual
incentives and overall program success is the overriding consideration

which tends to swamp decisions indicated by trade-off aralysis." (43:8)
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Some evidence is available regarding the outcomes of contracts
with 1ncentives on the cost outcome as well as incentives cn schedule
and/or perforimance., Of the 264 incentive contracts discussed in the
previous sections, 42 have multiple incentives. The DOD contract summary
data discloses contracts in which perfomance or schedule incentives are
earned or lost but does not permit inference regarding multiple incentive
centracts in which the performance or schedule incentives fail to add or
detract from contract profit,

An examination of those contracts in which performance incentives
have been earned or lost reveals two strong tendencies, First, perfox-
mance incentives are earned more frequently than lost. Of the contracts
in this sample, 76.5% earned at least a portion of the performance incen-
tive. Second, performance incentives are earned regardless of the cost
outcomes. Of the contracts earning performance incentives, 34.67% earned
cost incentives, 38.5% lost cost incentives, and the remaining 27% neither
overran or underran their target costs. These relationships are based on

the data shown in Table 5-15.

TABLE 5-15

OUTCOMES CN CONTRACTS HAVING COST AND PERFORMANCE INCENTIVES

Pexformance Incentives
Cost Outcomes

Earned Lost
Underrun 9 1
On Target 7 4
Overrun 10 3
Total 26 8
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The inferences regarding the relationships of outcomes between
cost incentives and schedule incentives are interesting but not strong
due to the limited number of contracts in this sample, Of the twelve
contracts, eight received schedule penalties. Seven of these eight con-
tracts also experienced cost overruns. Thus, bearing in mind thke sample
size, there appears to be a tendency for schedule incentives to be lost
more frequently than earned and also a tendency for late deliveries to
be positively correlated with cost overruns,

Comparison of Results With Other Research

Contract changes and overruns have been examined by Fisher (68)
and Jones., (144) The results of their work are now compared with the
results contained in this chapter.

The 948 FPL, CPIF, and CPFF contracts included in Fisher's study
were completed during fiscal years 1960 through 1966. Jones' sample
group A of 345 FPI, CPIF, and CPFF contracts was comprised of contracts
completed during calendar years 1963 through 1965. His group B included
44 FPL, CPIF, and CPFF contracts with five contractors., Both Fisher and
Jones consider only Air Force contracts. Jones computes change and over-
runs as they are defined in this research., Unforcunately, for the sake

of comparison, Fisher uses slightly different definitions:

(N Change 7% = QEE%_QL x 100, and
(8) Overrun % = 926%—25 x 100,
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where: Ca = adjusted contract cost;

Ci

+ initial contract cost; and

Ct

final contract cost.

The average change percentage and overrun/underrun percentage as
found by Fisher and Jones for each contract type are shown in Table 5-16,
Due to the difference in definition, Fisher's averages must be positively
increased before being compared with the other results. Unfortunately,
it is not possible to convert from one definition to the other without
the original data.

The relationship between the sharing pzrcentage and contract

growth was also examined for types of incentive contracts by Fisher.

TABLE 5-16

CHANGE AND OVERRUN FOR FPI, CPILF, AND CPFF CONTRACTS
AS FOUND BY FISHER, JONES, AND BELDEN

Type of Fishera Jones Ab Jones Bb Beldenc
Contract
Change
FPIL 4.17% 13.7% 18.5% 24.1%
CPIF 17.15 51.8 34.1 48,4
CPFF 60.08 314.6 68.4 74.3
Overrun/Underrun
FPI -3.18% -1.9% ~1.3% 0.8%
CPIF 1.29 5.3 6.2 1.3
CPFF 1.90 0.1 0.6 2.7

a. (68:21, 29).
b. (144:59, 67).
C. Tables 5-6 and 5-7.
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He conclucluded that "overruns/underruns seem to be unrelated to the
value of the incentive sharing rate". (68:27) He similarly concluded
that contract change was "not closely related" to the sharing percentage.
Thus, the results of the series of regressions discussed in this chapter
are consistent with the previous analysis which considered contracts
grouped by type of pricing arrangement but did not consider those con-
tracts grouped by the size of the sharing percentage.

Two interesting differences exist between earlier results and
the findings in this chapter. First, the average contract change pex-
centage has substantially increased for FPL contracts and decreased for
both CPIF and CPFF's. Secondly, overrun has replaced underrun as the

sense of the FPL contract outcome. This change appears to be the critical

difference which permitted Fisher to reject the null hypothesis of equal-
ity of overrun/uaderrun means at the 17 level of significance while the
same hypothesis for the current sample could not be similarly rejected.
The piimary difference in the Fisher, Jones, and present groups
of contracts is time. Apparently, the procurement environment of the
mid~1960's is producing contract growth outcomes measurably different
from the results of the late 1950's and early 1960's.
Conclusions
The following conclusions are primarily based upon the results
of the analyses of variance and regressions used ic investigate the con-
tract change and overrun/underrun cutcomes of the DOD contract sample;
1. 1t was not possible to conclude that target costs were

increased in order to reduce potential overruns or increase potential
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underruns. No close relationship between the percentage of contract
change and the overrun/underrun outcome was found.

2. The significant indicator of the size of contract overruns/
underruns is the type of work and not the type of contract. The opposite
is true for contract change. These outcomes suggest that some lack of
congistency existed when decisions were being made regarding the type of
contract to use for the various procurements represented by the 834 con-
tracts studied.

3. The relationghip betwsen the size of the contractor's shar-
ing percentage and the change in target cost is not clear. For most of
the tests conducted, no meaningful relationship could be found. However,
for the group of 159 FPI contracts and, to a lesser degree, the 58 FPL
and CPIF contracts with large share ratios evidenced a direct relation-
ship between the percentage change in the target cost and the size of the
share.

4, The overrun/underrun contract outcome is independent of the
size of the sharing ratio, Large contractor sharing percentages have
not resulted in decreased overruns or increased underruns.

5. A strong tendency exists for performance incentives to be
at least partially earned. This tendency holds regardliess of the cost
overrun or underrun outcome. Schedule incentives tend to be at least
partially lost rather than earned. Also, a tendency exists for late
deliveries and cost overruns to occur together, These comments regarding
schedule incentives are at best weak due to the extremely small sample

size examined.
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6. A comparison of the results of the recent, 1963-1968,
contract outcomes with the results of previous research provides some
interesting trends. Recent FPL contracts have a higher average change
percentage while CPIF and CPFF contracts exhibit a lower average change
percentage than indicated by results of earlier research. Also, recent
FPL contracts evidence an average overrun while ecarlier FPI contracts

have had an average underrun.
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CHAPTER VI

CONTRACT OUTCOMES - PART IX

; : This chapter examines an additional comtract ocutcome dimension--
profit. The actual profit earned, referred to as coming cut profit, is
a function of several cther variables. These variables include the tar-

get (going in) profit, sharing ratio, and overrun/underrun. Thus, the

2 1 examination of coming out profits in relation to the other variables
provides an additional view of the results of the incentive environment.

Specifically, this chapter compares the distribution of going in

profits for different types of contracts. It examines the statistical
;, 1 significance of the differences attributable to the type of contract
pricing arrangement and the type of work for going in and coming out
o profits. The relationship of the contractor's sharing percentage and
profit is also examined. Analys3is of variance and regression are the

principal testing procedures employed.

Profit Definitions

Profit on DOD and NASA contracts is normally referred to as a
percentage~--profit dollars as a percentage of cost dollars. Profit

dollars, :n the simple cost incentive case, are determined as follows:

(9 Pf = Pa + a(Ca - Cf) ,
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where Pf = coming out profit dollavs; 3
Pa = going in profit dollars (adjusted);
a = contractor's sharing percentage;
Ca = adjusted contract cost; and f
Cf = actual contract cost.

Going In and Coming Out Profits for Three Types of Contracts 3

R "

Ty

The going in profit rates are based upon a system of '"weighted
guidelines" contained in ASPR 2-808. The guidelines provide, among
other things, increased going in profits for increased contractor cost
responsibility. ASPR states that "The first and basic determination of
the degree of cost responsibility assumed by the contractor is related
tc the sharing of total risk of contract cost . . . through the selection
of contract type.”" (36:365)

Table 6-1 contains the mean going in, adjusted, and coming out

profit percentages for 834 FPI, CPIF, and CPFF contracts. The profit

TABLE 6-1

INITIAL, ADJUSTED, AND FINAL PROFIT PERCENTAGES
FOR 834 FP1, CPIF, AND CPFF CONTRACTS

Contract Number Initial Adiusted Final
Type Mean Std.Dev. Mean Std.Dev. HMean Std.Dev.
FPL 195 9.69%. 1.39% 9.597%, 1.62% 9.10% 6.57%
CPIF 165 6.94 1.23 6.84 1.30 7.28 2.67
CPFF 474 7.17 1,09 7.08 1.19 7.03 1.35
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rates for FPI contracts are consistently higher than the CPIF and CPFF
rates. The mean FPI going in rate is 9.69% while the CPIF and CPFF rates
are 6,69% and 7,17%, respectively. The standard deviations of going in
profit appear to be very similar. Figure 6-1 contains histograms of the
going in profits for each of the three types of contracts. This figure
illustrates the going in profit differences between FPI and the CPIF and
CPFF contracts.

The adjusted going in profit rate means shown in Table 6-1 are
all slightly lower than the corresponding going in rate, This most pro-
bably reflects decreased uncertainties involved in the contract changes
as compared to the original contracts. The standard deviations for ad-
justed going ir. profits are slightly larger than the corresponding mea-
sure for the initial profit targets.

The wmean coming out profit rates for FPI, CPIF, and CPFF contracts
are 9.10%, 7.28%, and 7.03%, respectively. The standard deviations for
the coming out rates evidence an increased dispersion for all types of
contracts. The 6.57% standard deviation for actual FPI profit rates is
four times as large as for the adjusted going in rates. Similarly, the
2.67% CPIF standard deviation is twice as large as the adjusted going
in rate. Figure 6-2 contains histograms of the coming out profits for
FPI, CPIF, and CPFF contracts., Figures 6-1 and 6-2 provide a very inter-
esting contrast,

Once again, the important issue is the significance of the ap-
parent differences in the going in and also in the coming out profit

rates. The following section examines this quescion.
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Coming Out Profit

(Interval designations are lower limits)
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6 10 22 16 23 17 21 11 7 8 20

6

9 8 2 4 5
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0

0 2 5 111 10 13 27 36 14 22 1010 1 1 2
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0 0
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0 0 1 2 5 22 65126141 83 20 7 2
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Distribution of coming out profits by type of contract.

Fig . 6-2 L]
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Analysis of Variance of Going In and Coming Out Profits

To test the hypothesis of equality of profit means for FPI, CPIF,
and CPFF contracts and for production and research contracts two-way
analyses of variance were performed, These are summarized in Tables
6~2 and 6-3,

The first and second analyses of variance had similar results.
The first was performed for going in profit for the three types of con-
tracts and the two types of work, The second considered adjusted going
i~ profite for the s me factors. In both of these tests the null hypo-
thesis for contract means was rejected at the 1% level of significance.
Similarly, the tests found that the prwfit differences for the two types
of work are not statistically significant at the 1% level. The infer-
ences for going in profits are detaiieé in Tables 6~2b. In short, these
two tests revealed that the negotiated target profits differ by contract
type but not by type of work.

The outcomes for coming out profits are different, Both the null
hypothesis for contract type and the null hypothesis for type of work are
rejected at the 1% level, This is evidenced in Table 6~3b. Production
contracts average coming out profit is 0.67% greater than the profit for
research work. The mean coming out profit for FPI contracts is 9.26%
while the corresponding figures for CPIF aad C?FF contracts are 7.28%
and 6.89%, respectively. These adjusced means are shown in Yable 6-3c.

The preceding set of results is substantive., Lt shcws that going
in profits are significantly different for the different types of con-
tracts as are the coming out profits. Even more revealing is that for

coming out profits there is a significant difference between producticn

103




TABLE 6-2
ANALYSIS OF VARYANCE OF GOING IN PROFIT
A5 A PERCENTAGE 0f TADNGET COST FC®R
3 834 FPI, CPIF, AND CPFF¥ CONTRACTS

6~2a. Number and Mean Profit Percentage

Type of Production ' R&D
Contract Number Mesn Number Mean
FPI 144 9.67% 51 R.74%
CPIF 84 5.75 81 7.1&
CPFF ia2 7.19 332 7,20
6.2h, Adjusted Anslysis of Variance

Source of Variation d.o.f. Sums of Squarec Mean Square
Work 1 4.28 4,28
Contract 2 941.08 47G,54%%
fnteraction 2 3.21 1.61
Within 828 1.42

*% Null hypothesis rejected

6-2c. Adjustments

at the 1% level of significance.

Adjusted difference in mean

Adjusted contract means:

profit due to type of work: -0.15%

FPI CPIF CPFF
9.65% 6.347% 7.20%
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ACTUAL COST FOR
CPFF CONTRACTS

6-5a NMumber and Mean Prufit Percentage

Type of Production RED
Contract Number Mean Number Mean
FPI 144 6,58 51 7.73
CPIF 84 7.72 81 6.82
CPFF 142 7.311 332 6.99
635, Adjusted Analysis of Variance

Source of Variation d.o.f. Sums of Squares Mean Square
Work 1 80.48 80.48%%
Contract 2 408.14 204,07%*
Interaction 2 84.26 42.13
Within 828 12.39

*#% Null hypothecis rejected at the 1% level of significance.

6.3c. Adjustments

Adjusted difference in mean profit due to type cf work:

Adjusted contract means:

FPI
9.26%

CP1iF
7.28%

0.67%

CPFF
6.89%

105




and research contracts while no weaningful diffarence exists between
typee of work for going in profits.

Profits for Incentive Contracts

The 2?64 incentive contvacts considered in this gectici are the
same as those used in the incentive contract analysis of the praceding
chapter. The division into tiiree groups based upon the size of the

contractor’s sharing percentage is also the same.
A two-vsy analysis of varionce was performed for going in profit,

adjusted going in profit, and coming out vrofit using three different o

(2]

groups and two types of work as the factors, Details of the geoing in and
coming out analyses are contained in Tables 6-4 and 6-5. Results of the
three analyses may be simply summarized, he null hypotheses for size
of ~1e contractor's sharing percentage and for the type of work wers re-
jected at the 1% level of significance for all three tests. The going
in as well as coming out profit rates are higher for production than
they are for research and development contracts., Also, the groups of
contracts with a sharing percentage greater than 157% evidence a signifi-
cantly higher going in and coming out profit rate than does the group
with smaller sharing rates.

The interesting question is rnet whether or not the coming out

profit rates differ between sharing ratios but rather whether there is

il

a cause and effect relationshir between these two variables. This section
has included an analysis of the former question as background material,

The latter question will be addressed in the next sections. .
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TABLE 6-4
ANALYSIS OF VARIANCE OF GOING IN PROFIT

AS A PERCENTAGE OF TARGET COST
FOR 264 INCENTIVE CONTRACTS

6.4a. HNumber and Mean Profit Percentage

Contractor's Sharing Production K&D
Percentage Number Mean Number Hean
a = 15% 66 7.70% 40 7.50%
15% < o = 30% 68 9,22 32 8.77
30% < a 45 9.26 13 9.77

6-4b. Adjusted Analysis of Variance

Source of Variation d.o.f. Sums of Squares Mean Square
Work 1 10604.03 10604 .03%%
Share Ratio 2 11955.13 5977.57%%
Interaction 2 5.06 2.53
Within 258 0.87

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

6-4c. Adjustments

Adjusted difference in mean profit due to type of work: 0.197%

@ S 157 15% <o = 30%7 302 < «
Adjusted a group means: 7.65% 9.11% 9.50%
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TABLE £-5

ANALYSIS OF VARIANCE OF COMING OUT PROFIT
AS & PERCENTACE OF FINAL COST FUR
264 INCENTIVE CONTRACTS

6-3a. humber and Meav Profit Percentage

Zamam

Contracter’e Sharing Production R&D
Percentage Number Meaan Number Mean
@ = 15% 56 B.57% 40 6.75%
< L)
15% < a = 30% 58 10,56 32 8.83
0¥ < o 45 10.53 13 7.26

6-5b. Adjusted Analysis of Variancge

Scurce of Variation d.¢.£. Sums of Squares Mean Square
Work 1 12078.95 12078.95%*%
Skare Ratio 2 13370.71 6585, 36%%
Interactlion 2 13,01 9.50
Witain 258 7.26

—

** Null b, otnesis rejected at the 1% level of significance.

6-5c. Adiustments

Adiusted difference in mean profit due to type of work: 2.02%

2152  15% < a = 307  30% < o
Adjusted a group means: 8.15% 10.37% 10.35%
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Regregsion of Profits, Sharing Rates, and Contract Growth

What is the relationship of the target profit, share ratio, and =
contract growth? Could it be that a large contractor sharing percentage -
coupled with a small target profit would strongly motivate efficient
contract performance? Would the same large sharing rate in combination i}
with a different target profit achieve the same result? 3

The significant differences found in the preceding section and
Tables 5-10 and 5-11 suggest the use of regression analysis to determine
the relationship of growth, profit, and sharing rates. The regression

equations studied here are as follows: 3

(10) Change % = a + b(Pi) + ca , and E -

(11) Overrun % = a; + bl(Pa) T,

where ¥1 = initial contract profit; A
Pa = adjustad contract profit;

contractor's sharing percentage; and

2
0

a, 2, ¢, al, 1 and c1 are undetermined coefficiants.

Equation 10 rela tes percentage change, initial profi-. and che <3
contracter's sharing percentage., Eight different tsscs =mece pev-ormed
asing this equaticn %o determine if a meaningful relazicmship Zoes o
fact exist., The resulzs zI these tests are listed in Taslke =
2%4 incentive contract: were examined first as a single zZTous  Trwld LV

e sharing racte, and by the = 3 w2

oS

-

o
5]
(21

contract type, by siz

involved. In none of tne subsamples examined is the astimated ia-.r L
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the coefficlent of the going in profit, b, significant such that it could
be concluded that change is determinable from the going in profit. Sim-
ilarly, in none of the cases is the estimated value of c¢ significant at
the 17 level. As in Chapter V, the group of 159 FPI contracts has an
estimated value of c significant at the 27 level, “he meaning of this
significance 1is not clear when the results of the other tests are con~-
sidered. It must be concluded that the cuntract change as a percentage
of the initial cost target is not a function of the going in profit or
the contractor's incentive sharing rate.

Overrun/underrun, adjusted going in profit, and the contractor's
sharing rate are related in E~uation 11, Again, eight diffeient tests
were performed in order to determine if the adjusted going in profit and
sharing rate have a meaningful relationship with the overrun/underrun out-
come. Table 6-7 summarizes these eight tests. None of the estimated
values of the coefficients b1 and ¢, are significant at the 1% level.
Thus, the contract overrun/underrun outcome is also independent of the
going in profit and the contractor's incentive sharing rate.

Hisrorical Profit Information

Information regarding DOD profit rates for years prior to 1960
is at best sketchy., The weason for this is that nc coantinuous data col-
lection system existed. Samples of contracts were assembled when re-
quitred for specizl stuaies or congressional inquiries, The often quoted
works of Moore ‘79) and Scherez {14) were bazsed on groups of these
samples which nac been gathsred Isr otrer purposes. ILn the early 1960's
summary data was, at least Zcr nigh value contract, collected by DOD,

Zven so, information about actual coming out profits was not typically

ot
(o=
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made available to the public until the end of 1968, This release,

Profit Rates on Negotiated Prime Contracts, by DOD provides detailad

going in and coming out profit information for fiscal years 1959 through
1968. (40)

Table 6~8 summarizes going in and coming out profit information
from the DOD release which is relative here. Note that the information
is split into two time periods--before and after the end of calendar
year 1963, It should also be noted that the profit figures are dollar
weighted means and therefore a comparison with corresponding unweighted

mean data in Table 6~1 should be accomplished with caution.

TABLE 6-8

GOING IN, ADJUSTED, AND COMING OUT PROFITS
FOR DC5 CONTRACTS: 1959 - 1968

(Doliar Weighted Means)

Type of Going In Adjusted Going In Coming Out
Contract  ppiough  After Through  After  Through  After
CY 63 CY 63  CY 63 Y 63 CY 63 CY 63
FPI 9.1% 9.7%  9.1% 9.5% 9.1% 8.5%
CPIF 6.7 6.9 6.5 6.8 7.7 7.3

CPFF _ 6.3 6.8 6.3 6.5 6.0 6.5
n.'} i

Source: U, S, Department of Defense, Directorate of Statistical
Services, Profit Rates Nagotiated on Selected Prime Contracts--
Fiscal Year 1968, December 10, 1968, p. 12.
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The information released by DOD provides a consistent tasis upon
which to evaluate what has happened to the various profit rates due to
the incentive environment. For all types of contracts the going in pro-
fit rates have increased from the early to the later period. For example,
the wean FPI going in rate has increased from 9.1% to 9.7%. The coming
out rates have not followed suit for all types of contracts. The mean
coming out rate for CPFF contracts has increased while the rates for
incentive contracts have decreased. These results are certainly unex-
pected because they are inconsistent with the basic motivational theory
of incentive contracting.

Conclusions

The following conclusions are primarily based upon the restvlts
of analyses of variance and regressions performed on actual contract
outcome information:

1, Fixed-price and cost type contracts have significantly
different going in profit rates. However, producticn and research con-
tracts do not. This suggests a possible inconsistency in the matching
of contract type and the work to be accomplished. It further suggests
the possibility that greater attention may be paid to the form of the
contract than the uncertainties of the subject work.

2. The coming out profit rates differ significantly between
FPL., CPIF, and CPFF contracts. Production contracts earn a small but
significant premium over research and development contracts, This is
consistent with the finding that research and development contracts have

a higher average overrun,
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3. The going in profit rate does not significaantly effect the
percentage change in target cost or the overrur,/underrun outcome. In a
very broad sense this may be interpreted as a lack of sensitivity to a
small incremental change in profit,

4, FPL, CPIF, and CPFF contracts awarded during the incentive
environment years have higher mean going in rates than did similar con-
tracts in previous years. However, the realized profits for incentive
contracts have decreased while the actual profits for fixed-fee contracts

increased.
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CHAPTER VII
THE QUANTITATIVE RESULTS AND OTHER OBSERVATIONS

Despite the results of the empirical analysis, incentive contracts
have a basic intuitive appeal. Are there other factors which have influ-
" enced the contract outcomes? This chapter contains a series of other fac~
tors included in the findings of previous DOD sponsored, NASA sponsored,

and unsponsored research, Additional considerations are introduced,
These are based upon a search of the literature, extensive interviews with
industry and government procurement officials, and personal experiences.

Relationship of Industry Trends and Contract Outcomes

The results of the financial ratio analysis of the defense and
space industry firms are consistent with the results of the examination of
actual contract outcomes. The defense and space oriented firms have not
experienced relative increases in return on sales, assets, or net worth,
total or equity capital, and siles dollars per employee. The contract
outcomes indicate that the percentage of cost overrun is not differeat for
fixed and incentive fee contracts. The evidence shcws that although the
recent (1963-1968) incentive contracts have higher going in profits their
coming out profits are lower.

Perhaps tche apparent difference between the industrial profit rates

and the contract profit rates needs clarification. The average coming out
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profit for the sample of 834 contracts examined is 7.56%. Thiz percentage
is based upon before tax profits divided by allowable costs. It is equiv-
alent to an after tax profit on allowable cost of approximately 3.78%.
This percentage reduces even further when total costs are considered and
when it is converted from return on costs to return on sales, Thus, the
return on sales industrial data shown in Figure 4-2 are consistent with

the coming out contract profits included in Table 5-1,

Factors Identified in Previous Research

Many other studies of incentive contracting have been completed.
A review of the findings of six of these studies (14, 42, 61, 130, 141,
144) was included in the Logistics Management Institute's recent document,

An Examination of the Foundations of Incentive Contracting., (76:11=14)

These findings related to factors in addition to direct contract outcomes.
The eleven findings "on which most of the six studies concur, and on which
none takes exception" follow:

l, Extra-contractual considerations dominate over profit or
fee. A contractor rarely seeks to maximize profit during
the short run of a single contract. He is more inierested
in taking actions that will expand company operations, lead
to increased future business, enhance company image and
reputation, benefit his non~-defense business, or relieve
such immediate problems as loss of skilled personnel and
a narrow base for fixed costs,

2, No significant correlation can be found to exist between
cost sharing ratios and overrunms or underruns.

3. Incentives have not been significantly effective as pro-
tection against cost growth on programs,

4., Contractors establish upper limits on profit cn government
contracts. Those limits pertain to individual contracts
and to overall business with the Government. A large
profit or fee on a contract arouses suspicions of cost
padding and profiteering, making future negotiations more
difficult and possibly damaging company reputation. . . .
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Contractors go to great lengths to avoid investigation
and to avoid refunds resulting from renegotiation.

Incentives are ccstly to negotiate and administer. " Tae
process of making a contract change is much more complex
when an incentive arrangement is involved.

Contractors will not sacrifice performance attainment for
profit, Performance is of sach importance to company
image and future business acquisiti-n that all performance
incentives provide little, if any, additional motivation
to the contractor. [This is actually an extension of the
first finding.)

It is often difficult to pass incentive motivation to the
people who carry out the contract effort on a day-to-day
basis, because it is difficult to relate individual acti-
vity with gpecific contracts, Many workers' time cannot
be associated with specific contracts in such a way that
they usually know what contract they are working on and
what the incentive arrangement is,

Incentives do not work to the disadvantage of the Govern=-
ment except in administrative costs. 'When a contractor
digcovers that his incentive arrangement does not corres-
pond to the Government's interest, he ignores the incentives.

Incentives serve as a planning discipline for DOD personnel.
When an incentive arrangement is to be negotiated, require-
ments analysis is more thorough and the work statement is
more precise,

Incentive structures clearly communicate the Government's
objectives to the contractor, They attract special manage-
ment attention to the objectives and explicitly show their
relative importance.

When it is possible to associate activities of individuals
with specific contracts, incentives provide a useful tool
foi motivating workers.

The IMI report qualifies finding 2 and 3. They "cannot be con-

sidered conclusive because they are based on contracts negotiated early

in [and prior to] the DOD effort to increase the use of incentives. A

learning period uaually is essential for both government and contracter

personnel before any substantial change in policy is successfully
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implemented." Thus, the need for tle analysis contained in Chapters IV
through VI is further subgtantiated.,

Bo information found during the literature search phase of this
study is in opposition to the findings summarized by IMI except for the
previously discussed beliefs on the profit maximizing objective., Further,
unstructured interviews conducted with government and indusiry procurement
officials revealed nothing which could e construed as being inconsistent
with the eleven findings.

In addition to those summarized by IMI, other significart factors
remain, They include intercontract dependencies, an incentive dilution
effect, the tax effect, and the proper mating of cype of ccntract and
uncertainty, Each of these topics is discussed in this chapter.

Intercontract Dependencies

At any given point in time each deferse and space contracter is
working on more than one and usually a large nuamber of contracts. These
centracts typically are with several differeat government procuring agencies
and have different periods of coverage. The set of contracts, for the
large defense and space contractors, coutains virtually every type of
pricing arrangement available from the spectrum of authorized types.

Of course many priority oriented problems exist due to z multi~
plicity of contracts. This is certainly not a completely original thought
but for some unknown reason it never receives attention, The 1265 NASA

Incentive Contracting Guide discussed a portion of the problem: ". , .

if for every dollar of cost incurred the contribution tec fixed overhead
is greater than the amount by which fee is reduced, it may be to the con-

tractor's advantage to increase costs." (52:206) Backe, in Aviation Week
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and Space Technology, showed how a profit maximizing contractor, with a

certain mixture of CPIF and FFP contracts, could increase hls overall
profita by overrunning the CPIF work. (88:69-72) In his 1966 study for
the Navy, Hill included in his conclusions a statement that the "assump-
tion that the contractor behavior is independent of his contract mix is
falacious." (141:3) 1In his "Incentive {ontracts' chapter of Defense
Management, Moore asserts that "A combination of contract-types obviously
provides circumstances in a firm's operations that may make incentives
less than fully operative." (3:29)

The question is, in a multi-contract firm, which contract (or
portion of a contract) should receive the greatest management attention?
Is it the contract which offers the greatest reward for cost reduction;
i.e. the firm-fixed price contract? Should direct cost be scrutinized
more carefully than indirect cost? If the firm is a profit maximizer,
obtaining answers to these questions becomes computati n.'ly feasible.

The philosophy behind incentive contracting is that firms are
profit maximizers. Thus a paradox exists. The profit maximizing assump-
tion for each contract is in ASPR and other government publications while
nothing about the possibility of intercontract tradeoffs is made available
for government contracting officials. The most recent DOD/NASA incentive
guide states that "the negotiator can only [emphasis added] be concerned
with the instant ceuntract." (48:18) It appears that the procurement
policy's concept of industrial profit maximization may be actually sub-

optimal since it is not clear that maximization on each contract is the
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policy that provides overall maximum profit. The basis of this situation
is the accounting category of fixed costs.

Incentive Dilution

Are contractual incentives perceived as incentives by industry?
Are they perceived as incentives by the government? Are they transform-
atle intc management actions? If the answers to these salient questions
are negatiy “he results of the empirical analysis are not surprising.
No claim is made as to the independence of these questions.

Scherer discusses the first of these three questions. He states
that "A government agency can profess that .t will reward contractors who
perform efficiently and penalize those who perfrom inefficiently, but if
the contractors do not believe it, the agency's expectation wlll have
created no incentive for efficiency." (14:6)

If the government contract administrators and program management

officials at the working level do not consider the incentive provisions of

a contract to be true motivators the value of automatic incentives will
be diminished. This is due to the amount of control actually executed on
large defense contractors by government program management and resident
contract management personnel, The perception of motivation ia the minds
of officials at the policy level is less important.

It is relatively easy for an entrepreneur to transform a si?gle
business opportunity into management action. As the number of opportuni-
ties avallable increases, the set of actions necessary to transform op-
portunity into successful realization becomes complex. The transformation
problems of a huge defense firm with its multiplicity of goals, contracts,
incentives, organizational elements, etc. become immense. This problem is
directly related to the IML finding number 7.
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In a complex environment the incentives from any single contract
are diffused. What does an 80/20 sharing ratio mean to a contractor in

relation to his other business? What does it mean in relation to other

ratios such as 85/15, 70/30, and 60/40? Statements in the coordination

) draft of the DOD/NASA 1969 Incentive Contracting Guide allude to the pro-
blem of sharing rate differences:

1. ". . . it is inconceivable that there might be a variation
n in the effect between a 60/40 , . . and a 58/42 sharing
; rate. At the same time, it is easy to understand the ef-
T fect of the difference between a 50/50 rate and a 65/35
B rate; however, studies to date have not determined an exact
correlation between overruns/underruns and the sharing
rate." (48:147)

- 2. “Certainly, a 72/28 . . . can be traded-off for a 78/22
; sharing rate in orxder to reach agreement on a target fee
¥ amount, and either arrangement can attract equal manage-
B ' ment attention." (48:206)

o N

: Evidentally, the government recognizes the lack of sensitivity to
sharing rate differentials, A difference of two percentage points is not
considered substantive: 42% - 40%. A difference of six percentage points

'Qi is not considered substantive: 28% - 22%. For some reason the difference

between 50% and 35% is "easy to understand". These comments are directed
to the effects of various sharing ratios in one contract. When this cost
; sharing sensitivity problem is compounded with incentives on performance
and schedule the perception of the subtle differences in sets of outcomes
must become obfuscated.
Now consider the contractor who has several fixed price, several
incentive fee, and several fixed fee contracts on his books. What is his
reaction to an additional contract having, say, a proposed cost sharing

. 3 of 75/257 1Is it probable that the 257% sharing potential of the additional
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contract will attract his attention? Would he react differently if the
sharing on the new contract were changed to 60740? 100/0? The results
of the empirical analysis indicate that the contractor's degree of cost

responsibility does not change correlative to,a change in the sharing rate.
1

Tax Effect

Income taxes paid by industry typicaliy amount to approximately
fifty percent of gross earnings. This basic fact in effect cuts in half
the contractor's portiou of an incentive sharing vatio. This simple ef-
fect causes a difference in the customer and contractor perceptinns of the
incentive, The customer perceives his actual reward as being twice as
large as the reward is perceived by the recipient, This is due to the
flow of dollars from a procuring agency to a contracter followed by tax
dollars flowing from the contractor to the Internal Revenue Service and
other tax collecting organizations. The procuring agency actually does
pay, 'in profits, twice as much as the contractor is allowed to keep.

For example, with an 80/20 share ratio, a $100,000 cost reduction
results in the government prdcuring agency paying a $20,000 bonus to the
contractor. The contractor, other things being egual, receives the
$20,000 bonus and pays an additional $10,000 in taxes. He constructively
operates with a 90/10 rather than an 80/20 sharing arrangement.

The tax effect could be attributed to every profit dollar a firm
receives but it is a special cas: in government procurement. since the
buying agency and tax collecting agency are both elements of the same
organization.

Mating of Contract Type and Uncertainty ]

A recent Aerospace Industries Association report gn the "Essential

[
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Technical Steps and Related Uncertainties in DOD Weapon Systems Development"
states that ". ., , the existing contractual policies and regulations are
not compatible with the inherent technical uncertainty in the weapon

system development process . . ." (128:22) A vice president of one of

the largest aerospace firms reenforces the AIA conclusions:

This gap between the form of the development contract and

the substance of development work is the most serious flaw

in today's operating procurement gystem. . . . Our ability

to make accurate quantitative judgments as to the cost of

monumental engineering projects has quite obviously not

kept pace with either our ability to do the job or our

facility at constructing complex contract forms. On either

side of the equation we seem to do well; we send men around

the moon and we devise multi~dimensional, inter-related

incentive clauses, We do not, however, match the contract

form to the job., (131:4)

Industry is not alone in concluding that the selection of the type
of concract has not always been accomplished with sufficient coasideration
of th: risks involved. Fisher's recent RAND weport states that ", . .
incentive contracts have been applied in numerous cases in which the tech-
nical uncertajuties were so large that they precluded any meaningful target
cost determination." (68:46)

The results of the empirical analysis are consistent with these
concerns. 1t was found that the contracts with the greatest degree of
uncertainty, research and development, actually experienced a significantly
greater average percentage cost overrun than did the production contracts.
Although both research and development and production contracts had sim-
ilar going in profits, production contracts had significantly higher com-
ing out profits.

What has caused the increased concern about matching the contract

type with the applicable risks" The declining profits on research and

development are really only symptoms.
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It is possible that industry and government have both contributed
to the problem. The defense and snace industry inCeg§§;m rivalry for
contracts strongly influences each ind{vidudf'firm toward accepting what-
ever type of contract the government desires to use., The fact that higger
cost risk contracts have”siénificancly higher coming out profits certainly
does not mitigate aga t the iﬁfluence of rivalry. »

The government's possible contribution to the problem can be
traced back to the beginning of the incentive environment. Contracting
experience from the preceding years of intense missile and space capability
build-up convinced top level government procurement officials that policy
changes were in order. The newly adopted resource allocation procedures
demanded tighter cost control. As previously discussed, the result was
an increased emphasis on "cbst resporsibility". The DOD established goals
to reduce the use of fixed-fee contracting were dramatically met as shown
in Table 1-1. Even today, subordinate procﬁring organizations are closely'
monitoring the percentage of fixed-fee contracts awarded. The selection
of the proper contract type has thus been influenced Ey a type of quota
system, If the individuals involved in the selection of the type of con-
tract to use for a specific procurement are unduly influenced by a quota
system a resulting mismatch should not Be surprising.,

A Caveat

As with all empirical investigations, caution must be exercised
in interpreting the results of the contract outcomes analysisf First of
all it must bquecalled that the sample of contracts was coﬁ;trained by
time, dollar value, and government procuring agency. Therefore, the

results are based on the outcomes of large DOD contracts in the incentive
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environment years. Known influential characteristics of the incentive
environment have been discussed; however, others, at present unknown,
certainly may exist.

What would the cost outcome have been if a fixed-fee contract had
been used in lieu of an incentive fee? An incentive fee in lieu of a
fixed-fee? A 60/40 sharing in lieu of 80/20? The answers to these quec-
tions will never be known. Also, it must be noted that, except for the
contracis containing performance incentives, nothing has been said regard-
irg the quality of the products procured. Throughout this research it
has been assumed that the quality ievel is independent of the type of
contract,

Contracts were not randomly selected for each individual procure-
ment. A variety of considerations influenced the selection of the contract
elements including type of pricing arrangement and size of the contractor's
sharing percentage. If the considerations were improperly applied the
contract outccmes could definitely be prejudiced. Similarly, if the
conside;htions, theriselves, contained some invalidity the outcomes could
provide improper inferences. The empirical analysis reflects aggregate
outputs from the environment., A great deal of judgment is required to

relate characteristics of the environment to specific outputs.
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CHAPTER VIII

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

Summary

The Department of Defense and the National Aeronautics and Space
Administration have altered the policy for procuring a significant por=
tion of the goods and services required by the world's largest consumer,
the United States government. This change involved an attempt to moti-
vate the preoducers to more efficient performance. The vehicle of this
change was the emphasized use of contracts containing provisions for auto-
matic cost and profit sharing. The primary purpose of this study is to
examine the results of this change.

The study embraces the results for a period, defined as the incen=~
tive environment, beginning in fiscal year 1963, Three specific manage-
ment actions set the stage for this environment. The administrative ceil-
ing on profits for certain types of contracts was eliminated, the Armed
Services Procurement Regulation was rewritten to emphasize preference for
fixed-price and incentive contracts, and the Cost Reduction Program was
formulated including an emphasis on fixed-price and incentive contracts
as a salient element, The shift away from fixed-fee contracting was
dramatic. In fiscal year 1962, fixed-fee contracts represented 32.57% of
all DOD contracts. This figure dropped to 9.4% by fiscal 1965 and has

remained fairly stable ever since.
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Profit is placed in the perspective of the current concept of
organizational objectives and in the context of the government procure=-
ment environment. Various factors limiting the range of available profits
are discussed. Contractors face a host of upper and lower limits on their
profits, Some of these limits are explicitly included in government con-
tracts while others reflect pressures from extra-contractual sources.

The government is similarly limited by contractual and extra-contractual
congtraints on the amount of profit with which it may reward industry.
These viewpoints provide a framework on which the anélysis of actual con-
tract outcomes can be based.

The results of the attempt to motivate more efficient performance
are viewed from two different perspectives, First, the effects of the
incentive environment are examined in a macroscopic sense; i.e., have the
defense and space industry firms evidenced increased efficiency through
more effective use of their capital and labor resources? Second, a micro-
scopic perspective is assumed by analyzing the outcomes of a large sample
of recently completed incentive and fixed-fee contracts,

Due to the concentration of defense sales it is possible to exam=-
ine, in detail, the profitability of a selected group of contractors and
conclude, in a broad sense, the results of the switch to a much larger
percentage of incentive and fixed-price contracts. For this examination
the Fortune 500 firms are grouped on the basis of the percentage of their
total sales represented by their combined DOD and NASA sales rather than
the traditional classifications by industrial product line. Various
financial ratios are calculated for each group for each year during the

1956-1967 period. The ratios are return on sales, assets, and net werth;
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total capital and equity capital turnover; and sales dollars per employee.
It is hypothesized that if the incentive contracting environment mntivates
defense and space contractors toward increased efficiency in the use of
their capital and labor resources, the group of firms receiving over 50%
of their sales from DOD and NASA would exhibit a relative increase in the
various financial indicators.

The microscopic analysis of the results of the incentive environ-

ment is based upou a large sample of completed DOD contracts. These 834
contracts, all priced at over $200 thousand, were awarded not earlier than
fiscal year 1963 and completed not later than fiscal year 1968, A series
of questions are investigaled to provide insight into contract growth
(contract change and overrun/underrun) and profit. The relationships
investigated include: (1) contract change and overruns/underruns, (2)

contract growth and contract type, (3) contract growth and sharing ratio

size, (&) contract growth and type of work, (5) profit and contract type,
(6) profit and share ratio size, (7) profit and type of work, (8) cost
and other contractual incentives,

In addition, this research considers a group of other factors

which can influence the effectiveness of incentive contracts., A large

number of these factors were found in previous research during the liter-
ature search phase. A few of them, such as communication of the govern-
ment's objectives to the contractor and a more thorough requirements an=
alysis, are beneficial, Others, such as the domination of extra=-contractual
congiderations and increased cost of negotiation and administration, de-
tract from the benefits of incentives. Four additional factors are post=

ulated and discussed in this research: (1) iatercontract dependencies, .
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(2) incentive dilution, (3) tax effect, (4) mating of contract type and
uncertainty.
Conclusiong

Defense procurement outcomes in the incentive contracting environ=~
ment have not reflected well on the use of incentive contracts., This, of
course, does not necessarily mean that selectiveiy applied, properly
structured, and appropriately controlled incentive contracts would not
be effective, It does mean that the firms and contracts included in this
analysis did not evidence the results associated with the "cost respon-
sibilicy" theory of incentives. This position is based upon the follow-
ing findings:

1, Firms receiving over 507 of their sales revenues from DOD
and NASA have not evidenced increases in the selected management indicators
relative to other large firms during the years of incentive emphasis. The
indicators suggest that the group of large defense and space firms has, at -
best, maintained its relative position with other large industrial firms.

2. Target cost change (increase in target cost due to authorized
additions to the contract) and cost overrun/underrun (actual cost less ad-
justed target cost) provide an interesting pair of outcomes. Change, as
a percentage of target cost, differed significantly between types of con=-
tracts while cost overrun/underrun outcomes differed significantly between!
/
gypes of work. This suggests the possibility of a mismatching of contract
type and type of work, The lack of difference in overrun/underrun out-
comes for the different types of contracts shows the lack of a motivating

effect in incentive contracts.
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3. No conclusive relationship between the percentage change in
target cost and the size of the contractors sharing ratio was found. In
most of the tests performed, no significant relationship was determined.
However, for a group of fixed-price incentive contracts a statistically
significant relationship did exist; an increase in the sharing percentage
corresponded with an increase in the percentage change in target cost.

4, Contracts with contractor sharing percentages greater than
157% evidenced a small average underrun while contracts with smaller shares
evidenced a small average overrun. Except for this very gross relatﬁ?nship
no gignificant relationship was found between the size of the sharing }atio
and the overrun/underrun outcome.

5. A strong tendency exists for performance incentives to be at
least partially earned. This tendency is independent of the overrun/
underrun outcome, Conversely, schedule incentive tends to be at least
partially lost. The lost schedule incentives correspond with cost over=
rungs. The schedule incentive--cost incentive findings are weak due to the
extremely small sample of these contracts included in the sample.

6, A comparison of information from this research and the re~
sults of earlier studies shows that recent FPI contracts have a higher
average change than before while CPIF and CPFF contracts exhibit a lower
average change percentage. Also, recent ¥PI contracts evidence an average
overrun while earlier FPL contracts had an average underrun.

7. Greater attention may have been focused on the selection of
the type of contract pricing provision itself than on the matching of the
type of contract and the type of work. This is evidenced by the fact that

fixed-price and cost type contracts have significantly different target
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(going in) profit rates while production and research and development do
not., Earned (coming ocut) profit rates differ significantly between FPIL,
CPIF, and CPFF contracts and also between production and research contracts.

8. A lack of sensitivity to small differentials in profit poten-
tial has been shown. The going in profit rate does not significantly ef-
fect the percentage change in target cost of the overrun/underrun outcome.

9, FPI, CPIF, and CPFF contracts awarded during the incentive
environment period have higher going in profit'rates than did similar con-
tracts in previous years. However, the realized profits for incentive
contracts have decreased while the realized profits for fixed-fee contracts
increased.

Recommendations

1. The continued use of incentive contracting must be accompanied
by a change in cmphasis and a reexamination of the criteria for pricing ar-
rangement selection. The decision as to the type of contract to use for a
given procurement must be more selective than it has been, The uncertain-
ties invglved must be considered and reflected in the pricing arrangement
to avoid mismatches. The resulting decrease in the number of incentives
chould reduce the dilution effect. The use of any type of quota system for
selecting the pricing arrangement to be used must be discontinued.

2. The emphasis on the use of multiple incentive contracts may
be reduced. The mathematical theory of incentive tradeoffs is not in ques-
tion. The lack of evidence regarding the transformation of that theory
into management action supports the decreased emphasis as does the evidence
regarding the achievement of performance and schedule incentives. This
reduced emphasis will also decrease the dilution effect and take advantage

of extra-contractual motivators.
132




3. Consideration must be given toward the effects of inter=-
contract dependencies., Government program management and contract ad=
ministration personnel should be provided with the necessary guidance as
to how these dependencies should be considered in the sgtructuring, nego-
tiation, and administration of contracts. i

4, Some minimum contractor sharing arrangement, say 30%, should
be established for incentive contracts, This would eliminate the use of
very shallow share ratios and force incentive contracts into a form aub-
stantively different than rixed~fee. If this recommendation were to be
adopted, a follow-up analysis should be performed to determine if the
actual contract outcomes evidence any mganingful relationship to the
limjited incentives.

5. Some data base should be established for profit achievement,
and hence cost performance, for firm~fixed-price contracts. Without this
information it is impossible to validate the theory that fixed~-price con-
tracts provide the customer with the best possible price. This informa-
tion would provide further knowledge of the workings of the profit motives
of the defense and space industry,

6. Research should be undertaken to determine the outcomes of the
incentive environment for small firms. The findings in the current study
are primarily based on large contracts and large contractors. Perhaps
the empirical results are not applicable to small firms. It is quite pos-
sible that the motivations of giant corporations are substantively different
than the motivations of smaller organizations dealing with the government,
Properly structured procurement policy must provide for these differences

if indeed they do exist.
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The DOD and NASA are continually searching for ways to improve the
procuremeut process, The fact that a masgsive attempt was undertaken to
motivate increased contractor efficiency through contractual incentives
is consistent with this desire for improvement and should be applauded.
However, the outcomes of this undertaking must be analyzed in order for
the experiment to provide meaningful information for future action.

Accordingly, the spirit and intent of this research has certainly
not been to criticize by finding fault., Those thousands of individuals
responsible for‘E;veloping, implementing, and executing government pro-
curement policy are faced with the seemingly impossible task of obtaining,
in an efficient manner, the myriad of highly complex systems and equip-
ment deemed, by others, to be necessary. Their problem is compounded by
limitation in cost estimating capability by both the customer and the
contractor, anticipated inclusion of as yet unknown technology, and pos-
sible procuring agency and contractor benefits from using an optimistic
estimate strategy. The real intent of this res. irch has been to contri=-
bute to the foundations upon which procurement policy will continue to
improve. The basis and direction are perhaps best summarized by Lee:

DOD has not solved the basic problem of the correct contract

types to use in purchasing major weapons. In fact, this is

a problem which can never be fully solved. Solution of the

problem is impossible because the basic responsibility of the

nation's largest buyer is to defend well--to buy well must

come second, . . . The fact that the problem of contract types

cannot be fully solved should not prevent DOD from working
toward the goal of an improved situation. (8:570-571)
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