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FOREWORD

The purpose of this report is to present selected vindines
rosulting from research on contract cost growth and to indicate

the future directions to be taken in studying cost growth. It is

assumed that the reader is famiiiar with the March 1971 Army Procure-
ment Research Office publication, "Production Cost Growth® and has

a basic understanding of procurement and the subject of cost growth

in general. This report contains results of further analyses of the

dats obtained in the DD Form 1500 and Contractor Performance Evalu-
ation Forms.
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ARBSTRACY

Thic is 2 follow-on report to the Production Cost Growth Study
dated March 1971. Results of the anglysis of cost growth of major
Army weapon pragyreaeﬁts relative to the contract size, duration,
technology Tevel, and inflation are presented in some detail.

The resulls of this study Indicate that the contract duration
has a highly sfignificant effect on cost growth while the contract
size has a very mild effect. Inflation by {tself was found to have
a small effact on cost growth. It was ;cund that the contracts which
involve the highest level of technical sophistication experience
significantly more cost growth than the others for Army contracts;
but this was not found for the Navy or Air Force contracts,

This report also describes the datz collected for the next

segment of research on this cost growth project and previews the
next scheduled report.
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SUMHARY

Y. Problesm,
Contract cost increases in DOD have come under pevticulariy close 3
scrutiny within the last dacade, resuliting in criticiss from many
quarters. The implication of this criticism seems to be fnefficiency
at best, or basic dishonesty at worst., 00D s naturally sensitive to

.

this type of criticism and has reacted strongly. Hany studies and
seminars have been sponsored for the analysis of the procurement
process. Partly as a result of this, changesz in the uawieldy pro-

o

curenent sachinepy have been implamented which add a tremendous
emount of complication to the existing process. Cost growth in
programs, systews and the individual component contracts still re-
mafn. It sesms that the basic underlying causcs of cost growth are
rot compliotely knows. I7 these causes gre in fact knowns, then we in
0D are merely covering our tasks by sponsoring studies aimed at
dizcovering cayses. 1% szewms more likely that most of the grass-
rool causes are known -~ such as imefficient cost estimating procedures,
unprodictable technical prodiess and the Tike - but the relationship
aong the many causes s 50 complicated that the machinery cannot be
controlied &t present.
2. Background .

The Army Procurcsent Research Office has been assigred the study
of cost growth in the procurement of major Army weapon systemns. The i
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averall study is stati~tical {n nature, using the data contained in

the BD 1500 Forz: :or all contracts (excluding FFP) over $1,000,000,

Contractry Darformance Evaluation Reports, 2nd selected contract file

data. The resuits of the first phase of the study are contained in

the “Production Cost Growth" Report of March 1971. That research

wolved around paraieters endogencus to the procurement (contract type,

© grodity, «.r.}, and suggesi.d several arveas for continued study.
9bj v idws .

The ob} ;- r"+e of this phase of the research is to determine whether

the following factors contribute significantiy to cost growth: egontract

durat: : (from time of definitization to tima of close out), definitized

contract dol’ir amount, inflation, and the level of technology involved
in the work.

4. Data Base.

12 data described in this report is found §n the DD 1560 Forms
for all cont.acts over $1,000,00C hetwsen 1558 and 1969, and in the

data in AMC CPE files for the perfod 1966-1670. The Forms 1500 “ate

were used for the analysis of cost growth with respect to contract

initial cost, contract durztion and Inflatfun. There were 580 FPI,

CPIF, and CPFF contracts in this data set. The CPE data is composed

of 53 Army, 30 Navy, and 113 Air Force contracts, and contains a

much finer breakdown of the contract cost information. Therefove

this data set was necessary for that part of the study relating to
the techrology level.

vi
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5. Conclusions,

The findings tndicate that the contract duration and initial

Cost both have an ef{fect on cost growtih, but were found not to be

relatad to each other. (iker factors such as inflation and number

of modifications involved Y, the contract, are strongly related to

duration so thst all of tri.se effects must be studied t2parately to

assess the indiviaia) contribution of each to cost growth. In fact,

inflation was found .- iave a very small byt statistically significant

effect. It was found that, for Army contracts, there are differences

between different levais of technical difficuity with respect to
cost grewth character{stics, the highest levael o7 technical sophisti-

cation yalding the greatest amount of cost g¥owth, This was not

found to be true for either tke Afr Force or the Havy contracts.

™
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CHAPTER 1

INTRODUCTION

The total amount of defense contract cost increases of actual
money spent over and above the inftial contract price, has amounted
to many billions of dollars in the past twe decades. Estimates of
the average percent increase range as high as 400% for R&D contracts.
In one particular case, an individual contract exhibited a cost
increase of 11,667%.!

There are obviocusly many causes of this cest increase {not all
undesirable), and these have been found to be basically of 5 types
(Tisted here in order of desirability): (1} changes in quantity or
technical requirements after definitization of contract; {2) irclusion
of new techniques which are not known at time of definftization;

(3) general price increases {inflation); (4) management inefficiencies
such as the use of poor estimating procedures or lack of the required

levels of technical abiYity; and (5) the buy-in (accompanied by subse-
quent increases).

Requirement changes, both in performance and quantity, cannot

be considered undesirable, and changes in scope of work which are

Thote: 1In this report the terws cost growth, overruns and
underruns are as defined in Secretary Packard's Memo of August 5,
1970 for the Secretaries of the Mil{tary Departmants.
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designed to take advantage of recent advances in techrology, may in

fact, be highly desivable. It is noted that quantily changes ave

usualiy anticipated as is evidenced by the frequent use of contract
options. Technology changes are not always rore costly in them-

selves, but contractors normally cbtain additional funds for implementing
these changes.

The tax paying public is not usuaily made aware of the prevalence
and importance of cost increases of this kind. From the sensationalism
of the news media, the generai public is led to believe that cost
increases are a result of inefficienctes, infiation or graft. It must
be admitted that the massive procurement machine is not immune to
many of these charges. Unfortunately, among the categories of causes
given above, the "buy-in" seems to be {important.

The policy of “buying-in" on & contract refers to a contractor's
deliberately underbidding all competition so that he will be assured
¢f obtaining the contract. This usually means that his bid must be
lawer than his estimated costs of satisfying the work statement. Cne
way to recoup the losses incurred in this situation is to obtain
additional funds through contract modifications. For example, the
centractor may propose a change designed to increase performance at
a drastically inflated cost.

1t wouid be very optimistic to feel that all cost growth resulting

from inefficiencies, buy-ins and the 1ike could be halted by prassure




from within the governmment. As a matter of fact, as an fnvesti-
gation proceeds beyond the descriptive or conjecture stage, the
difficulty of identifying the causes by relating them to any con-
crete piece of datum, becomes epparent. Consequently, one is
forced to develop abstract or indirect methods of investigation for
such areas as the effects of {nflation or the "buy-in". Some cost
growth aspects are particularly exclusive. For example, how does
one determine whethe» it is the government or the contractor whe
actuatly initiates a particular contract modification? Whilz the
change order may indicate that it {is the government, other evidence
may cast doubt on this.

In the first report (Production Cost Growth, March 1971), many
inherent factors related to contract descriptive characteristics
{e.g., contract type, commodity, type of work. etc.) were investigated.
It was found that contract modifications account for 93% of cost
growth, while overruns account for only 7%. Furthermore, cost growth,
contract modifications and cost overruns ail differ significantly
for R&D and producticn contracts. A more detailed analysis showed:
{1) a significant difference for total cost growth and modifications
on production contracts between some contract types, and between
commodity classes; and (2) a significant div¥ference for cost overruns
on production contracts between commodity classes, and detween a sample

of 10 individual contractors.

e
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In this study the sffects investigated are move external in
nature.

It seems likaly that inflation would be a (minor) contri-

butor to cost growth. Furthermore, cost growdh might be expected

to vary with the actual duration of the contract.

well as the contract size (dollars) and the level of sophistication

of the work involved will all be investigated.

%
These effects as %
i
Part 1 of the cost 1
growth study was concerned with those effects which are somewhat ]

inherent to the contract itseif. This repert is more closely aligned
with the study of effects which are more related to contractaor be-

havior and the government reaction to it. In other words, this report

is addrassing fssues more closely related to the entrepreneurial i
behavior of the contractor. 3
i

Previously, it was mentioned that contract wmodifications account

for approximately 93% of cost growth as opposed to the 7% due to
overruns.

The most obvious question which this raises 1s: Khat x
types of contract modifications ara the main contributors to cost %

growth and of these, which can be controlled?

The data which is presently avaflable in the DD 1500 Forms does

not contain a listing of modifications. This inforsation is, however,

contained in the CPE (Contractor Performance Evaluation) reports,

initiated 1n 1965. Theze CPE forms were discontinued in FY 1971 and

56 only a very limited number of records are available. Furthermore,

numerous inaccuracies have been noted in both the CPE and the 1500

forms. This imposes the requirement of locating a new data ssurce,




Because of the requirement for asw data, it was decided to
schedule approximately 12 man weeks of travel devoted to the acguisi-

tion of information from actual completed contract files located in

the various cozmands. This information breakdown is described in

Figure i and includes a complete breakdown by modification type and

amount for CPIF, CPFF, FPI and FFP type contrscts. The FFP contract

information was not preriously available for the study, and represents

new information. The data collection imposes the further

reguirement of about 60 man weeks of affort to transcribe the data
to coding forms, coding sheets, 1BEM cards and finally to computer
tapes.
In summary, the first report presented tests of relationships
batween contract characteristics and cost growth; this report presents
the results of tests made on possible relationships between cost growth and
selected economic and technical factors; and the next report will present

results of tests of relationships between cost growth and various types
of contract modifications.

e 8 R i A M e




10.
11.
12,
13.
4.

15.
16,

COST GROYTH

Contract Mumber:

Contract Type: FFP Fpi CRIF CPFF

Contractor:

item:

Independent Govermsent Estimate:

Compatitive fegotiated Soie Source
Cost Analysis
Initial Contractor Proposal (DD-633):

Initial Govermment Counter O0ffer:

Date, Letter Contract:

Amount, lLetter Comtract: _

Date, Definitization:

Amount, Definitization:

Incantive Arrangements:

Type Procurement:
Production R&D Services  Other
Kegotiation Authority:

Modifications (14ist on separate shezets).

FIGURE 1
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THAPYER 11
ARATIUH ARD SIZE GF CORTRACTS

&5 one begtns to 1ist possible stanivicanmt contributors to
cozt yrowth, ene of the first that comes to aind is the time
duration of the contradt. This is reinforced by the fact that
teversl ather apparently contriduting effects are relsted to it.
For enzaple, inflstion obviously has a longer time spar in which
to take effect in longer contracts. Also, there s more time to
intreduce contract modifications, the major contributor to cost
growith. As 2 matter of fact, cduration would appear to be related
to the total dotlar amotnt of the contract which presumably is
related to cost growin.

Before the data cen be subjectad to a regression amalysfs, it
should be noted that while the contract sfze in our sample varies
from $71,000,000 ¢tc about $55,000,000 and the contract duration ranges
fro= 0 to 19 years, the percent cost crowth varies from about -10
to 2,000. This would make the slope of the respective regression

lines approximately .00003 and .0000004, and would almost certainly
yield ron-significant statistics. In order to overcome this difficulty,
the coatract sizes and durations are scaled dmenward by dividing by




the average contract sfze and duration Yor the entire sample, snd
the percent cost growth is divided by 100 vielding fractional cost
growth. In this way, each scaled variable hat z range of about &
or 10, This procedure will transfory the dats in such a way that
any reiationship betwsen cost growth and contract duration will be

detected for prascribed confidence lavels; however, if no significent

The de*aiis of the preceeding paragraph can be expressed
symbolically in the following way. Denote the initizl, adjusted and
final contract costs by Cy, Cy and C¢. Then the fracticnal cost
growth, modifications and overruns are:

Ce-Cy Ce-Ca Ca-C
& u ™ i

respectively.
Let y4 represent the contract duration for zoniract number {.
n
Then the sample average duration is y = %- L. y; and the normalized

i=]
contract duration for the contract is:

yi = vi/y .

relationship exists, then none will be introduced in this =ay. i
!

The results of a regression analysis and the ascociztad one wayv
analysis of variance are given in Table I1.1. The contract initia’
cost scaled with the average initiai cost is included in the regression

analysis. The scaling yields cost data with the approximetz range J

0 to 5.

I
|




Independent Variable: Cost Growth

Variable Coefficient Standard Error  F Values

Constant -.265

Inftial Cost -.176 .038 3.24*

Duration 2,237 .363 37.84%**

independant Varizble: Overruns

Constant -.056

Initial Cost -.010 .009 1.29

Duration 172 .003 26 .34*%%
Independent Yariable: Modifications

Constant -2.08

Initial Cost -.168 097 2.89*

Duration 2,065 .363 32,38%u*
Independent Variabie: Initial Cost

Constant 1.054

Duration -.054 .155 J22

Fi.1.577 =272  F.05,1,57723.85 '.00, 1,577 = 6.66

—_
ROTE:

In al1 of the tables in this text one, two or thiwe asterisks

denote statistics which are significant 2 ihe 10%. 5%, or 1%

Jevels, respectively.
TABLE 11.%

5
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The multi-1inear model is used in the regression smalysis:

Vi = 3, + a3x1’1 + agxz" + ey, wherse

¥y = fractional cost growth, or fractional cost overruns,
or fractional contract modifications.

X] = normalized contract duration
xp = rormalized contract inftfal cost
¢f = the associated error (randomiess)

ap = the constant term or overall average

This regression analysis was backed up by an analysis of varfance,
ANOVA, in which the contracts were divided into treatment groups by
duration, a total of 14 groups. The resuits of the analysis of variance
are gqiven in Table I1.2.

The analysis indicates that the contract duration fs strongly
related to cost growth, overruns and modifications. While the con-
tract initial cost does have a statistically significant effect on
modifications and cost growth, its effect is extremely mild. It
must be remembered that the effect of inflation is related to duration,
so that this effect must be investigated further for significance as
one of the underlyfng causes. (See Chapter I1l) Furthermore, the
total number of contract modifications could reasonably be expected
to increase with the time duration of the contract. This will also

te investigated at a later time in this study.

10
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ANOVA: Cost Growth Vs, Duration

Ss DF F
Between 2179.9 13 4,63%%+
Within 20486.8 566
Total 22666.6 579

Overruns Vs. Quration

Be*ween 3.7 13 g,92e%e
Within 152.3 566
Total .87.0 579

Modifications Vs. Duration

Between 2031.7 13 4, 35%w
Hithin 20320.3 566
Total 22352.0

F o1, 13,500 = 2.17

NCTE: SS means sum of squares and DF means degrees of fresdom,

TABLE II.2

12




1t is very surprising that the contract size and duration

are not related (Table [1.1), since cost growth §s related to both.
Intuitively, it would seem that larger dollar amounts wouid be

spent over longer time spans on the average, but, this does not
seem to be the case.

The resson for this can ba seen in the second column of Tabie

I1.1. The coefficients for ‘nitial contract cost versus percent

[ cost growth, percent overruns, and percent modifications are all

negative while the corresponding coefficients relative to the dura-

tion are positive. This means that the three effects listed above

increase with contract duration (on the average) and decrease with

contract initial cost. This helps account for the lack of dependence

between duration and fnitial cost. A giver change, say increase,

in the average cost growth would almost have to be a result of an
increase in duration, but this could be accompanied by either a
jarge increase or large decrease in initial cost.

While the results of the preceeding analysis should not be used
for prediction, owing to the present indefiniteness in the model,

some statements can be made from it.

Table I1.1 is:

The regression equation from

)
Yo = -.265 - .17 .Séﬁ. +2.237. 3 \
k) & ]

where y = fractional cost growth. The appropriate transformation

then yields:

12
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Z cost growth = -.265 -.000027 - C: + 60.5 - D,

This means that for each year increase in rontract duration, there
is a corresponding 60.5% increase in the rate of cost growth. Also,
for each miliion dollar {nerease, there is a corrasponding decrease

o 37% in the rate of cost growth.

13
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CHAPTER 111
INFLATION

The investigation of the effects of inflation on cost growth
requires special attention because of the lJack of a direct indi-
cator of infiation in the contract ¥ile data. Usually, inflation
is taken into account in major procurement pricing procedures.
Therefore, if the rate of infiation does not differ from that
anticipated at the time of contract definitization, there wiil be
no cost overrun or underrun as a direct result of inflation. It
is ressonablie, then, to search for a poscible relationship between
overruns and the difference between actual and anticipated inflaticn.

It is impossible to tell from the 1500 and CPE data, how much
inflation was anticipated in & given procurement. Furthermore, it
is unreasonable to assume that a relationship exists between the
total dollar amount of contract modifications {for changes in scope,
quantity increases, etc.} and inflation. This suggests attempting
to obtain an indirect measurement of inflatisnary 2ffects (with an
apparent increase in the significance level of the subszguent statis-
tical tests).

The main hypothesis in this section, is that overruns are

positively correlated with increasing inflation. It also seems

14
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reasonable to assume that estimat2s of "future" inflation, are
based on past and present inflation indices. Finally, it is con-
venient to assume that if there are other contributors to cost
overruns, (such as defective cost estimates) then all effects are
additive with respect to inflation.

Obviousiy, in a quantitative analysis of an effect as compli-
cited as inflation in the procurement process, if is necessary to
develop a model which is easy to program (both in time and level of
sophistication) and which on the average, yields accurate results.
Fer the remainder of the mathematical analysis and the associated
assumptions, the reader is referraed to Appendix I.

The ANOVA based on the previous assumptions, and those in

Aopendix I, is given in Table III.1 below.

Overrun Vs. Inflation

3 Sotrce d.f. M.S. F. R, t
Treatments ] 2.67 5.85 A7 2.42
Error 198 0.46

Constant term = -.82 toy = 2.345

Linear coefficient = .82 F.OS = 3.89

TABLE III.}

15
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The results - e encouraging. The estimated correlation
coefficient R = .7 {s somewhat low, but this is net surprising
because of the gross assumptions involved. Furthermore, the
associated t-value is highly significant fndicating that the
true correlation is not zero with 99% confidence.

There is another fndication that the results are usefui Notice
that the sum of the constant term and the 1inear coefficient fis
zero, which should be the case if the model is an accurate descriptfon
of inflation. In a perfod of no inflation, the infiation index, I,
is equal to 1.C (see Appendix I). 3Since infiation is the independent
variable and the associated overrun is the dependent one, the model
is y = ag + & X, where X = the inflation index and y = contract over-
run, When X = 1 and a, = -ay,then y = 0. This means that during
periods of no inflation, the expected overrun is zero.

The iafiation analysis was broken down further by type of
contract for the following reason. Inherent in the analysis 15 the
assumption that the contractor attempts %o plan for inflation. The
different types of contracts reflect, to a certain degree, different
levels of risk involved in the contract costs due to uncertaintins. It
seems reasonable to suppose that as the risk increases, cost planning
becomes more detailed. Because of the nature of the contract mechanism,

the following order, FFP, FPI, CPIF, and CPFF reflects a decrease in
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risk to the contractor from FFP to CPFF. Of course, FFP contracts
dc not have the overrun option. In any event, different overrun
characteristi. , are expected between the different types. The
results of the ANOVA's are given in Table III.2.

The analysis indicates that the FPI overruns are more highly
correlated with inflation than are the other types. The R value is
.26 which is significant at the 95% level. This is surprising
because of the nature of the FPI coatract overrun precedure. In
this contract type, payments are not made above the ceiling price
(which is usually about 120% of the target price). Regardless of
the severity of the inflation experienced during a contract, the
overruns are limited to approximately 20% of initial target costs.
One would expect this to obscure the estimate of the correlation
coefficiant during periods of high inflation for FPI contracts.

The preceeding analysis is based on many simplifying assumptions
and is admitt>diy coarse. The ne. result indicates a statistically
significant small positive correlation betweea inflation and cost
growth and no further analysis is indicated at this time. If it is
found desirable to do so, 2 lot of specialized data will be required

toe further refine the analysis.

17
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Ovarvun Vs. Inflation

Source d.f. H.S. F. R. t
FPL
Treatment 1 148 2.88 .26 1.704
Error 40 .051
Constant term = -4.16 t s = 1.68
Lirear Coefficient = 4,13 Fy ~2.84
CPIF
Treatmeat 1 .024 170 07 .403
Error 33 139
Constant temm = -1.75 ty =13
Linear Coefficient = 1.75 F ; = 2.87 i
CPFF
Treatment 1 2.64 .87 a7 1.898 °
Error 121 0.68 3
Constant term = -10.8 t o5 = 1.66 :

Linear Coefficient = 10.8 F y = 2.75

TABLE I1l.2

18
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CHAPYER IV
TECHNOLOGY LEVEL

It is highly probable that the degree of technical difficulty
involved in the contract work would have an effect on cost gqrowth.
A high technical performance level impifes greater uncertainty
in the work, and hence a greater chance for unsuspected cost
increases. while 2 low level of technology fmplies fewar unknowns
and qreater certainty in cost estimating.

The CPE reports include 3 measure of the level of technology
invoived in each contract. The centract officer assigns a grade
from one of three levels. A rating of (1) impiies the highest
level of engineering sopnistication (frequently invelving new and
untested scientific procedures), while grade {3) is used for the
lowest level of sophistication.

A one-way AMOVA was conducted for the 53 Army, 20 Navy and 114
Air Force contracts separately and entire sample of 202. The results
are glven in 7Tables IV.1 and 1VY.2.

The computad F-ratio for Army contr2cts is highly significant

and indicates a difference in the percent cost qrowth between different

19




AKOVA On Technology Level

Source d.f. #.S. F
ARKY CORTRACTS
Treatments 2 153,798, -~ 12,2244
trror 55 12,581.21
Total 57
F_os = 3,15
NAVY CONTRACTS
Treatments 2 3,491.0 1.08
Error 27 3,239.8
Total 29
F" . 2,52
AIR FORCE CORTRACTS
Treatwents 2 35,193.2 1.72
Error M 21.904.6
Total 113
F.! = 2.35
ALL CONTRALTS
Treateents 2 16,603.448 .948
Error 169 37,510.73
Total 20%
F.OS = 3.0’l
KOTE ¢

NS refers to the mean square.

TABLE 1VY.1
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technology levels., The average percent cost growth for each cate-

gory is given in Table IV.Z. HNeotice that the average for the Army

contracts for level {1) is about 7 times the average for the two

Tower levels. It is noted that there are only 6 contracts in

this category, and the standard deviation is quite high which could

indfcate an outlier (one highly uncharacteristic observation). For

this reason, the individual observations within this group are
given in Table IV.3,

Hotice that the ANOVA given in Table IV.2 indicates no difference
in cost qrowth between technoloqy levels for the entire sample and

for the Navy and Air Force contracts separately. While this report

is not intended to compare cost arowth characteristics between ser-

vices, this last result s somewhat surprising and suggests a compari-

son study in this area, Of course this difference might reflect

merely a different reporting system batween services, or something

less drastic. Finding out the reason behind this seems a worthwhile

endeavor.

21




ry—
—_— e ———— =

Group Data for Technology Level

Techndlogy Level 1 2 3
ARMY CONTRACTS
Sampie Size 6 12 40
Mean 286.2 35.6 51.7
Standard Deviation 322.0 60.6 58.4
r-——_
NAVY CORTRACTS
Sample Size 10 5 15
Mean 25.8 3.6 58.0
Standard Deviation 37.1 30.7 71.4
AIR FORCE CONTRACTS
Sample Size k1 27 53
Mean 54.6 14.7 55.9
Standard Deviation 72.4 233.8 119.1
ALL CONTRACTS
Sample Size 50 44 108
Mean 76.6 83.7 54.7
Standard Deviation 143.6 188.8 63.9
TABLE IVv.2
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Army Convracts of Technclogy Leve) (1)

i
Contract No. Cest xtés % Cost Growth Type Contract

] 10 48.6 Production
18 9.7 42.9 Adv. Dav,

[ 26 .46 665.4 Production

; 33 26 ' 60.5 0.5.D.
% 7 172.0 Adv,/bev.
[i 60 { 4.8 727.0 Adc. Dev.
/
TABLE 1v.3
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CHATTER ¥
CONCLUSIONS AND FUTURE HWORK

The varicus effects which irnfluence the cost growth associated
with procurement contracts can be classified generally as endogenous
or exoqenous. Examples of endogenous effects are contract type,
initial cost and level of technology. Inflation is an example of
an exogenous effect. There are some ef'fects which would be difficult
to classify exactly; for example contract duration possesses elements
of both types of effects. Phase I of this research project involved
endogenous effects. Phase Il {the work covered it this report) involves
effects which are more exeqenous in nature.

The recently completed research uncovered several fateresting
results, some of which are surprising 2nd informative as well. O0Of
the effects studied, the one with the most pronounced eff2ct is the
contract duration, that is the lenqth of time from the definitization
to the claseout. Th!s\§ not unexpected, since there are so many

other effects which are confounded with this one. For example, both

inflation and total number of\modifications {ncrease with the

contract duration. These last effects require separate treatment,
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therefore, tc assess the importance of the effect of time. An
analysis of total numbar of modifications and the number of modi-

fications per year should be performed to see if this effect i3
significant,

Inflation was studied separately in this report. Since there

are no direct indicators of inflation in the contract file data,
an indirect mathod of analysis was adopted, and it was found that

overruns and changes in rate of inflation are positively correlated,

although the correlation is small. It was further found that differ-

ent types of contracts exhibit different correlation coefficients
with inflation.

The effect of contract size (initial negotiated cost) was studied

and was found to have a statistically significant but very mild effect

on cost growth. One surprising result is that contract duration and

size are not related., That 1s, "larger” contracts do not necessariiy

require more time to complete,

Finally, the effect of the level of technical difficulty of the

contract work was studied. It was found that the Amy contracts

which involve the highest degree of technical difficulty also suffer

the most cost growth., This is not true for the Navy and Air Force

contracts, however.

Phase 111 of the study has begun and the results will be

ready for publication in about Novesber 1971. The new data collected

during the months of March and April 1971, should be available on
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tapes for analysis by late July 1971.

At that time, the analysis
of the contract modifications will begin, and will comprise the

major part of the remainder of the analytic effort. Furthermore,

econcmic indicators for 100 of the largest corporations involved in

procurement wiil be obtained for an analysis of cost growth relative

to carporate economic strength. It is hoped that this analysis will

yield information about the relative importance of the "buy-in"
policy.

If there is enough time, the effect of inflation will be studied

in more detail. Its effect has been detected, but the exact degree

of the effect is still uncertain,

Several other parameters will be subjected to analysis. The

authority to negotiate, the contractor's original position as
reflected in the Independent Government Estimates and the contrac-
tor's original bid, the effect of sole 3zource versus a competitive
procurement, and the total number and annual frequency of the

contract modifications will all be analyzed for effects on cost
qrowth.

The new cost analysis data includes in“ormation from many FFP

contracts. Since no previous analysts has been conducted on this

type of contract, some of the Phase I and Phase Il analyses will be

repeated on this new data. It is felt that a comparison of cost

growth characteristics between FFP and all other types of contracts
will be most beneficial.
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The inflation figures used in this study are obtained from the

Federal Reserve Bulletin, January 1971, page AG2, and are given in

Tabtle Y,

YEAR
195]
1952
1953
1954
1955
1956
1957
1958

1959
1960
1951
1962
1963
1964

1965

1966

1967

1968

1969

T = T T PR TR

APPENDIX I
INFLATION INDICES

WHOLESALE COMMODITY

SEQUENTIAL INFLAYION RATIO

96.7
9.0
92.7
52.9
93.2
%.2
99.0
100.4
100.6
109.7
10C.3
100.6
100.3
100.5
102.5
105.9
106.1%
108.7
113.0

27

.972

.987
1.002
1.003
1.032
1.023
1.014
1.002
1.00
.996
1.003
.997
1.002
1.020
1.033
1.002
1.025
1.040
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The base period for the data of Table 1 is 1957-19569, Column
three consists of the ratio of the inflated dolliar value for the
prasent year to the iimedfately preceding year. This figure represents
the "inflation index" fer each year and will be denoted by I], Iz, ceep
I;g for 15 years (1951 through 1969).

7o obtain an estimate of the conditionz]l expected cost growth
due to inflation given the iaflation indices, let the expected total
contract doilar amount which is affected by inflation be C, and leot
)y Bpy vo0s A be the amounts expected to be spent during the n years
of the contractural period. Finally, let m; and m, represent the number
of months involved in the initial and final years of the contractual
period, and let initial year be represanted by j. Then the final

contract cost, CI is given by:

= fr m]

m
Ijﬂlji-Z“’Ij'én-Z (]i' [Ij+n_]‘,3 Tg) an

For analytic convenience and because the a; are virtually impossible
to obtain, it is conveniént to assume that the a; are equal, and that

ml =m2=6.

#




The assumpiion of equal 2y is certainly not exact, but theare
are compensating effects which tend to make it more nearly so.
For example, a Yarge part of the initial contract amount is
usuzlly expended initially and toward the end of the contractusl
period. But, this s at least partially ccmpensated for by the
subsequent contract modifications which terd to distribute the
expenditure of funds more uniformly over the contractual period.

Equation (1.1) then reduces to

S 1 C 1
(1.2) C = }(Ijﬂ) 2*} nT1 [?:"" 134,]4'1:]” . Ij+2 + ...

N\ 1
* L - B2 Ll Yiepe2 (“J«*ml”‘] §> z‘]

Cf is considered the best feasible estimate of the expected contract
price at termination of contractual period if there are changes due
only to inflation.

The numbers I3 are easily used to calculate future estimates of
inflation including 1inear and higher order trends by a simple
weighted average procedure.

It might also be pointed out that if Hy, Hials oooy Hj+k are a
set of coefficients, derived from the wholesale commodities W1, Wo,
..., Hyg in Table 1, similar to the I3 but all normalized to the
year (j-1)(instead of sequentially by preceeding year), then
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I3 Ij+1 Ij+2 ik W59 Hisge

This equation (1.2) reduces to:

PN 4 c 1 ‘o 'S
(1.3) ¢ = = [;'"j + Hjﬂ + Hj+2 + + Z'Hj+n-£}

Although the computational burden associated with 1.3 is far less

than that associated with 1.2, the former requires a new set of

coefficients, Hy, for each possible contract initial year and forfeits

the advantage of the previously mentioned averaging process for
extimating linear trends with the 1.
The contract cost, C, in equation 1.2 car be factored out of the

right hand side and the remainder of the term may be denoted simply

by I. Then this equation may be written,

(1.4) ¢; = C'1

I is the aggregate inflation index for the contractual period
used in this analysis.

in periods of constant inflation,

i = Jepy = ... = 1 [and this is 1 during periods
M 3*-1 "of no inflation].

CI then reduces to,

30
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= L Jli1s +1+1)«
CI — {2. 1+ ...+ 5 C.

Therefore, 1f no inflation occurs throughout the entire contractual

period, and the contractor uses the present inflaticn index as an

estimate of the aggregate index I, then the expected increase (or decrease)

due only to inflation {or dsflation) is zero.

The analysis in Chapter III will consist in examining the contract
data for correlation between overruns and the individual contract
aggregate inflation indices. The amounts spent per yee (the ai), the

quantities mj and my and the amount of inflation planned for at the time

of contract definitization are not known to us. It is therefore

impossible to analyze in detail the relationship between the Ci corrected
and uncorrected for inf:ation and the corrected amounts of money spent
for each modification and for the final closeout which is directly

attributable to inflation. For this reason, the coarser analysis has

been undertaken in an attempt to detect inflation. If complete and

accurate data were available, the exact amounts of the effect of inflation
towards cost growth could be assessed. However, the coarse analysis can

be expected only tn detect the presente of infilation. Mote that, if the

analysis does not indicate the prasence of an inflationary contribution to

cost growth, then because of the crudeness of the model (due to the

assumpticns which were caused by a lack of data), it can not be said
with conficence that the effect does mot exidst.
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APPENDIX 11
ELEMENTS OF MODEL BUILDING

Statistical analyses can be classified roughly into one of
twn cateqories. “fne category is that which occurs when the
statistical analyst has a set of data which is generated by a
known model. This model may, of necessity, contain many para-
meters; but all possible parameters are accounted for. The
analysis is usvally straightforward and inferences are drawn
about the relative importance of the various parameters.

The analysts in this study is of the second variety. The

data is generated by an unknown process; that {s, the process may con-

tain parameters which are not known, or not even suspected to
belong to it. Frequently, the analyst pretends that the
model is known and proceeds with the standard statistical tests,
overlooking the fact that the model must first be constructed

and then the analysis conducted. Ideally, the statistician can
employ the methods of experimental design to partially overcome
this problem, but it is rarely possible to desian an experiment for
agathering economic data. The following is presented to aid the
uninitiated reader in interpreting the results of this study.

To introduce the problem, assume that the data points (xy,yy).

RN (xn,yn) have been generated by an unknown model which we
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assume to be y; = 50 + B‘xi + €y where the Xy are known numbers

and the ¥y are the cbhserved random variables subject to the
irdividual error, £4. It is well known that the total sum of

squares can be decomposed as follows:
- - -~ Z
tlys-9)? = 2lys-79)? + 2(54-9)

fy; and ¥4 represents an estimate of 8o + Byxj or

- R

vhare § =

E(y;). In words this can be described as,

Sum of suuares) = Sum of squares Y , Sum of squares
about the meanj about regression due to regression

e sum of squares about the mean is constant {does not depend on
which model is used to obtaim 9*). Intuitively, it seems clear
that reducing the sum of squares about regression by using a more
accurate model would increase the sum of squares due to regression.
This would increise the value of the F-ratio. However, the degrees
of freedom associated with a "larger” model, then nas a compensating
effect on this ratio. The following remarks should make the pre-
ceding slightly less qualitative.

Suppose that 8°= (Bg. By «ees Bp) is a se” of parameters which

generates data acrording to the linear statistical model y = X8 + ¢

where




= LI F %p1

1 X2 X922 .o sz

X = and

S (6 5 e, ).

The elements of the matrix X are known and the £, are random i
error with E{(€{) = 0, and Var (€;) = o2 1t is well known

E (Graybil1) that the least square estimates for the ¢i are obtained

& by the equation

X°Xg = X-y, or & = (X°X) Xy

i XX is full rank. Also, E(B) = 8 and Lov (B) = o2(xx)").

1
the regression due to 8 is B°X"y and the usual F statistic is:
= a-x- .
i Fo = . (n:m} " Pt nep-1 i
(yy - 8%%y) ;
Suppose now, that a sta” “fcal anailysis has been conducted
1 on data qenerated by the above mudel, but that only r < ntl of the parameters
have been included in the analysis. That is, the model used is,
1
34
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y = X;xlée where

7]‘ = {30, 8?' voey Br]

-0 LSO SO Bp]
87 = [ryivsl

X} bl . . see .
. . e .

. .o

)] x‘n e X,n

S *4
F"— —
XH] ’] "o xﬁ’}
Xp = . el and
Xrt1,n e Xpn
\— —
X = [X]’Xz].

If the reduced mode} §s assumed correct, then the apparent

least square estimate of Y; is:
it - 1 -
n o= (X537%) Xy,
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It is readily apparent that {3 is not in general unbiased. Note
that,

4 o1 - i td
(4) L Pl ] - x| %%
| 2 RN | X ’

and the "normal” equation X-Xg = Xy ylelds Xy X1y = X¥1°y. so

that E(yy) = yy + (xi'x;)~‘x;‘x212. Only when X1°X, = 0 is ¥,

unbiased for vyy. This cannot be assumed in the above situaticn.

The F-ratfo which would be used in this situation (incorrectly)
is:

uhY  (per1) .
®) o "lyy-umy =™

The expected value for the denominator {mean square) is:

E E_‘fl-xl(zg'xﬂ’lxa,‘1»/{,—.-r-i) =
of + ZZ'Xz'{I-X}(X]‘x1)'7x"] XY/ (n-r-1)
The numerator expected mean square is:

E(yy Xy y)/e+l = EQy Xy (X17X7) 7 X “y) /e

¢+ =g+ KXt Xokiy

& v %o Xy (X X7) 71X Xarpd/ra
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The apparent £.M.S.'s are 02 and 02*5 'X] 'ij/rﬂ respectively,
which means that the true critical points could change drasti-
cally from the apparent cnes, In order to qain more insight

1 into this problem, we should compare the F-statistic used in

» ‘ the analysis with the F-statistic derived from the true model.

The true F ig:

XY - B o)
(6) F = vy - 8Ky r+l i

Compare this with the apparent F. equation (5), To simplify the j

comparison, one is tempted to decompose into its components X

and X3. We note that,

-
17 ! X1 %;
X27X) l X2 Xz ’

L

and this may be Shown to be:

(xx)
vty v yelyy -] TR i
DX -2xa(x2%2) x50 17" ~(xy%y) XXX XX, (X% ) AT

L T L A
~(Xp%a) XXy DX X -X{ X (X 5,) Xg% 17t [XpXp-XpXs (X747 ) %, 371

v

{ : Now consider this from the multilinear model used in the present

research.  The model is:

Yi = By ¢+ 8}X“ R Boxpf *oeg.

37




The "corrected" model is morve mathematically tractable and is:

yi = Bg + B{X14-K1) + ..+ By(Kpe-Kp) ¢ 5.
It is assumed that the analysis is conducted without knowledge
of all parameters so that the analyst actually uses the following

model : - -
¥y = 85 ¢ BI(XH-X}) + .04 Br(xri’xr) + €

where O<r<p+i. Then,
Yy = (Bgs Bys --y Bp)  and

Y2 = (Bpays «ves sp). The normal equations are:

XXB = X‘y  and

X{Xfﬁ = Xyy  respectively. Specifically these are:

e T S — —
N 0 . 010 .. 0 §° ny
1?
] -
0 Spp wer Sypi Stpq -0 Sip || B Sty
R : ;
. L4 1 *
i .
0 Sy Srri Sp,rel - Srp B. Sry
.................... SR N A
'
‘ -~
O St Se el Sretraris g L L e Seel Ly
, :
. e .
o :
: L d
4 PS
o St Srp} Set,p coc Spo || B Spy
) — b — oo —

where S, = Ly (Xyq-Xy}(X,4-X,) and

SUY = zf (xgi'iu)(Y1‘9)-
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The F-statistic for the hypothesis 81 = 0 is:
3} SU(n-r-} )
Fo = 7)2 - BySy. + + 85 ;
° Eyi-y) (BiSpy + ..o + 8, ry

where the éj are ~otained through equation (4) with x;xz = Xéx] = 0,

and 8= [y, 1v,]. The F which should be used is:

By5 y (n=p-1)
0 -—

IS 2 “ " R .

Now, each of the terms EjSJy > 0 since they are of the form yX-y =
Y'XX Y > 0. Thus, when testing a simple hypothesis with the incomplete
model, the denominator of the F-statistic will not include the terms
'(ér+lsr+},y*"'* BpSpy)- This has the effect of decreasing the valye
of the test statistic itself, while the coefficient n-r-1 >n-p-1, and
this tends to increase the value of the test statistic. The two effects,
however, are not completely compensating if n is rather large, say 200.
Even if p=20and r = 1, (n-r-1}/(n-p-1j = 1.106. a rather small
increase. In this case, the neglected terms in the denominator could
easily deflate the F-statistic below the significance level.

The above remarks are qualitative, but the following conclusions

are worthy of note. The present study is of the "model building"
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variety. There are unquestionably many causes of cost arowth,

therefore many parameters in the model. Initially, when testing

a parameter for significance, 3 great deal of latitude should be

allowed in comparing the F-ratios with the critical values at a

aqiven confidence level. As more and more significant effects are

found, the F-ratios become more accurate as the previous discussion

indicates. This implies that as important “contributors" to the

model are discovered, they are included in the model for further

analysis. At this point, that capability has not been included in

this research.
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