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PREFACE

The use of competition in weapon system acquisition is widely
advocated in policy statements issued by the Congress, the Office of
Management and Budget, the Department of Defense, and the military

"A services, but efficient and affective implementation practices remain
"A i poorly understood. There is a general belief that competition should be

, ,more widely utilized, but quantitative support for that belie.f is

& lacking.
In an earlier study' performed for the Office of the Under

Secretary of Defense for Research and Engineering (OUSDRE), Rand
presented some limited evidence suggesting that competition during the
hardware development phase of acquisition was instrumental in reducing
cost growth, but 4:hat the incidence of such competition had increased

Sonly slightly over the past decade. Rand then undertook for OUSDRE a
follow-on study focusing on the incentives that may affect the extent of
competi•ion throughout the acquisition cycle. This report presents a
policy-level overview of some factors that way be inhibiting more
widespread use of coMpetitio0, aMd suggests Nome Changes in policy,
regulations, and procedures. It also suggests additional quantitative
"research to provide acquisition managers with greater incentives to use
competition, and to help thum identify the circumstaitceas under which

competition is likely to pay off.

Thio s report Qmphasizes the • ole of compeitition in the acquisitine
of full weapon systew&, major subsystots and cO*BWILs. The nasultw
should be Of interest to defenn acquisitiOn s~nage4rS dad policy-level

LjURUUU DOeW ot ti. Acta d lou oicy Eietvsit VOL)~t
40#nt of Defnse L~q)orieaceq L thle 1904 Kopont I-25I6-&!tOcor

1979
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SUMMARY

This study addresses the question of how the Department of Defense
(DoD) might improve the effectiveness of competition in the acquisition

of major weapon systems. The research approach was to examine

"incentives, disincentives, and uncertainties regarding competition as

perceived by program managers and other senior DoD acquisition

"officials. This approach is rooted in the belief that competition can

be used morg? effectively if acquisition managers have a clearer

understanding of which kinds of competition are most effective and the

J •circumstances in which competition is likely to be beneficial.

As a system moves through the acquisition cycle, the application of

cowpetition changes in two major ways; in the mix of benefits sought
from competition, and in the cost of supporting such competition.

Before the begi•ning of full scale development it is common to find

competition among sevoral firms over a combination of design concept,

3• expeoted system performance and delivery schedule, and e.timated costs,

The investments required to achieve suOh coptitiion are relatively

small, aind the benefits are generally perceived to be large. In

contrast, true pricae cnpoeition is rarely ow•ud during the procurement

phase. Hbre the manager is faced with two major disine.entives; the

introduction of com-petition will usually require added invcstment in the

currenit year (with anticipated savings several years in th. future), and

the program is likely to bu lengthened, incurring additional taniagamnt

effort And workload. The not effect of these diwiincqotives varies fU00

program to program, but they ar. rarely a trivial aspect of the

antager's dcitiOin on whether or itu to introduce competition during the

p'rtcure!ent jliaso of a weiapon acquisition program.

The juitification utually postulated for introducing ao etition in

procur"#nt iti the opportunity to achieve a lover unit production cost.

Thus it isi hetssaly to predict the aiffct oni price that can be

anticipated if coepttition is introduced. Cifortwiatellly, th* existing

body of analysis has focusdd on pest procurement of relatively small

ita" (average unit cost less than $10,000), atid it does not provide an

adequate set of amaagement tools for es"tiating either the dollar
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benefits or the costs of competitive reprocurement. Furthermore, the

literature indicates that much of the conventional wisdom about

competitive reprocurement rests on shaky foundations, and that we may

know less about competitive reprocurement than we thought we did.

However, some conclusions seem warranted:

0 o Savings on electronic items reprocured competitively by the

Army have been substantial, but we d1 not yet know to what

extent these savings are dependent on (a) technological

innovations in the electroRics industry confined to a

particular time period, (b) the Army's effective management of

electronics acquisitions, (c) the relative ease of tranforring

the necessary techuology from on, electronics firm to another,
(d) the existence of a comamercsal market for similar itcms,
which motivates producers to invest their own funds to ensure

that the tochnology transfer process is successful, or mty of

soveral other exploraticuis.
"o A major doecisiont in a competitive reprocuremont is when in the

production runto introduc~ Le seon socuno. T ntormatxon
currently available on earlier procurements yields little

useful guidance on this Point.

o While productionA costs tend to decrease with irtcr~a6in;

quantlties producd %ugustin& that the originaQl pre'duera
[,should ba ab)l to win a comp•nitive award Ititmds dotn, v- find.

that moro often thati not the origioal producor lufoses when 4un

ittva is raproc~uted eomspetittvolF. Out wet do not kniov why, Wet

n4rlior study presonts swaeo eviduen t ugo etingi that theo rotlt

weights for sole-source contracts, a% do-uswd i" the

prccuretauttt rugulationt, will motivate a

producer to !Not up a Production procus that -is izwt~icient.

Thion, tthemt this producer Latou cotapetition from a iwtwid

tourtco 4 hol seUMS Unable to shif t to 4A w6or stticient. Productiodm
i ~process

0 It is not. clear wheother Cowjntitivo tepro gadIt ppy s o AS aI
financial0 IvsenonsystemS ais euwep'.At at isiv, because
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there is as yet no evidence that internal rates of return are

high enough to justify the drain on front-end funds.

o Data on competitive reprocurements are difficult to retrieve;

and adequate, comwAete, and consistent data are almost non-

existent. if data collection, storage and retrieval systems

remain as they are, our qucntitative understanding of the

• ,competitive reprocurement process is likely to remain weak into

"tile 1990s.

We thus conclude that existing research provides neither

quantitative nor quaitative guidance for designing price-competitive

reprocurement strategies--one of the simplest, and certainly the most

4 quantifiable, uses of competition. To correct this situation- further

work is needed on methods for forecasting and evaltiing the costs and

benefits of various competitive strategies--not just the effect on price

of competition in the reprocuremen't phase. Lacking such mothodologies,

program personnel are unable effectively to justify competition

"xspenditurus and the Cot is unable to dovelop criteria for selective

application of com-potition. Further, without knowting, how to 'Pvaluato

coIwptitio~t in the ctwttot of acquisition, dexisionmakors will tend to

focus on the dogree to which compotitiont is or is ittt appliod, insteaid

of how Mach it It'll or has* not incre-asod the e~~tieesof ?Aystew.

acquisit io#. Vrn 'Ževlujaet ot such mathod-ologies, will bo- neither

aimpe n~ rpid.;v~n te dideutinof retrwoviig aeut

A ; 0A hot. VA~qAbh4 ft i sdteVp mtutld bM to O"Uro that botter

ore tetainati wt curr6rit trwpotitive acquisitiuo Actions. so that

h4. et*h4t"C rA66bQ*11UYt to~ iczt odfut 'A a basud Viet of:4..0

of ~~4jQ§; veaan sv i At. dotovuintants of contract outcomes,
Cj'~ft O lo~kif%, Oly At lsAirtiQ tthflOs& 4fd C~st relatiougbi~as. The

sk~re O te..T ibe opistftcnion and the AdvlancO it reriisover

the *~~t'glvs nsi tosr PstefittklY imprtanit Attributts. The

rtalo of the contrdet itself should also be considered uSi mote detail,

Lvien when Contracts are classified is beans% of ibe same tye many
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aspects may vary widely, such as escalation clauses, penalties, award
fees, payment ceilings, and so forth.

"Finally, the underlying theory of how competion should function in

weapon system acquisition seems to be inadequately developed. Research

on the development and refinement of such a theory, would be extremely

valuable if it could provide a solid framework to guide the collection

of data and the design of future data analysis.

, 1
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Such studies generally have concluded that competition is a good thing

and more competition would be better yet.

For more than 20 years, the DoD has attempted in various ways to

increase the role of competition in the weapons acquisition process.

Secretary of Defense Robert S. McNamara viewed procurement competition

as a key element of the management innovations he introduced during the

early 1960s. After Deputy Secretary of Defense David Packard became

responsible for defense acquisition policy in 1969, he issued a series

of memoranda that not only supported competition among developers
involved in the creation of new hardware but extended the emphasis to

include subsystems as well as full weapon systems. He instructed the

three military services to adopt these memoranda as official policy and

to modify Service policies accordingly. The eventual DoD Directive, 3

it, however, muted Packard's initial endorsement of competition.

The various OMB and DoD acquisition policy directives issued since

then have generally emphasized competition during the earlier phases of
.-J. development. OMB Circular A-1094 advocates "competitive exploration

of alteriiative system design concepts." However, competition later in

the acquisition cycle is rarely mentioned, and then only advocated

"whenever economically beneficial." No specific mention is made of
competition during the production phase, nor is there any hint that such
competition may be justified for reasons other than cost savings. DoD

Directive 5000.1 and DoD Instruction 5000.2 repeat the same theme in

slightly different words.

The military services are in at least formal compliance with 0MB

and OSD policy, and in some cases make an even stronger endorsement of

competition. Army Regulation 1000-15 emphasized competitiox, oveia

'before Circular A-109 became official executive branch p,_.i&c.-The 1975

' DOD Directive 5000.1, Major System Acquisition, 1971 (revised
most recently in March 1980).

4 Circular A-109, Maor S Acquisitions, Office of Management
and Budget, April 5, 1976.

- Regulation AR 1000-1, Basic Policies for Systems Acquisition,
Headquarters, Department of the Army, April 1, 1978.

I-,;
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version of AR-1O00-1 stated in part that the early stages of the

development process. . ."should include fabrication and testing of

competitive prototypes. " (Section 5a) and that programs should

"assure contractor competition. . . [early] in full-scale production

based on a technical data package" (Section 5d). The Navy and Air

Force made no independent directives with respect to competition, but

attached DoD Directive 5000.1 to their own regulations, and endorsed its

applicability.

With such an extensive body of policy directives issued over the

"* past decade, could full implementation have been far behind? For the

Department of Defense that question is surprisingly hard to answer,

partly because the extent to which competition has actually been used in

"V weapon system acquisition is difficult to determine,' and partly

because of uncertainty about the circumstances in which competition is

reasonable and desirable. Competition is actually mandated only for

that part of the acquisition cycle that precedes the start of full scale

ervelopment (FSD). !.er the start of FSD, competition becomes

N discretionary. Nonetneless, while the actual and the preferred extent

* of competition remAin unclear, it is generally believed inside and

outside the Department of Defense that more competition is needed and

would be economically benefiac'd.

THE STRUCTURE OF COMPETITION

The quantitative evidence about the influenLe of competition on

acquisition is subject to theoretical and empirical qualification, yet

most observers argue that competition produces many significant

benefits.-

o Improved product qualiy.

o Lower unit. cost.

o Faster rates of learning by the =liufazLwrar

A dwoctiptioa of the Moasrvmtos Ukfiuhlios is afhtilt-d in
Vaito and ~htvwos. Ct~i ion Dot) u~~w~Lolt~~~n

___i oitisMngmu

11siitVAHLh a 95
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0 Greater technological progress.

o Enhanced industrial productiviity.

o Enlarged surge and mobilization capacity.

o More equitable process of awarding acquisition contracts.

In light of such claims, it is important to consider what exactly

is meant by "competition."' In the context. of systemts acquisition, Hall

and Johnson,' for example, chose to distinguish between pure price

4 competition and competition which included non-price factors such as

technical design. The former they called competýition and the latter

J rivalry. From an acquisitions viewpoint, that distinction reprenents a

clear categorization of factors on which to base competition, but it

still suffers several problems. First, the distinction has not been

widely accepted in the acquisitions community or in its literature, and

second, very few cases arise which are not riv~li-cus. In most cases,

-acors sur:h as system performance and delivery schedule play a key role

*in the competition for the contract. Thus, we coasider the hall and

Johnson definition of competition too limited for use here.

In the economic literature, competition and rivalry also are key

*concepts, but in a socnewhaiý. different way than in the Rall and Johnson

-article. Cmpetitie firms a-, those which have a very restriated

ability to affect price or pro-duct vhar~acteristics or to undert~ake oily

srae~tgic behavior. Rivalrous firms ore those which inudartake pricin~g

strategies, now advert ising, -product development, and other action,%

*which may greatly enhance their market positiis. From this viewpoint,

virtually all weapon system Asequisitions-woiudd 11%~ idenýWrad as

rivalrous r~thar thani competitive. A~aiin, huwavor, that cotcept 61 u is

ustei~d in Ttho acquisition comiwnity avid wuuld lead to confu.sion if

usoat hore.

i~trmrginthovrne 01 QV4isitibt of mjor %Ytdasi,

subtsysteas, tod Lachiiological ly %aphiis- oktud t~oapatotien*, tho warkot

difut from Old Quclonoic st uct~vral W04al tit evrdl 4ý,Utial ways,

'~I I o %,d U,. E. Johnso%. A R~ivo of Air Fotor ProZcura-
Ognt, A961- 11!6, Tho Roaid corpratiott, L4 4500-Pu, hiay 1965.
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(1) the final products do not exist at the time developers are selected,

and they usually do not exist in final form when producers are selected,

(2) there are very few buyers for these products (although it is an

error to view the "marketplace" as always having only one buyer); (3)i the buyers have very imperfect information concerning the prices and

functional specifications of the product, their own need for the product

ki.e., the threat is uncertain and changing), and the relevant budgetary

ccnstraincs, especially in future years; and finally, (4) the entry and

exit of firms in this market is often slow and costly.
To avoid confusion among the several concepts above, we will use

Lhe term comipetition in its broad, generic sense. Any acquisition

. •arrangement that requires more than one firm to compete for a particular

contract E:,111 he called competitive. When we consider competition in

development or production, in price or non-price factors, or in other

cases, it will be noted. Further, contracts that do not allow direct

competition will not be cons.,-dered competitive (for example, sole-source

follow-ons to compet.itive contraýts, at'ards in response to unsolicited

proposals, wultiple zsle-source contracts, aud so forth),

A careful re',dinr of Congressional testimqoy leads one to suspect

that in the legislative •ontext the term "compotition" usually implies

"price compettiion."' But the use of price comwpetition is uncommon (at

least since tzh total package procurement spproach foll into disfavor).

True price compatition, unafCýQcodl by non-prico oLe Awwts doos not

sgonarally coMa inte its own tuntil the ra-pro%41ur000nt phase--after -A

least cite full-t-c01e prodtuztiwi rwr, and ovtiu then iatorti othar Ltan

price .. usually •&ncl •id.

Wien discu.sing& C-oietition or rsucdii ,Proeur•wmt actiyii 4"-

tcmrtitw4oe. the WJ* i% typicaly roforrittg to for"s of ;wtr-prico

Dhartifi i5OVrtt Selctiou tor a eeoen iura

cepttkg proposals a** @saltic.ed ftir tuecSnical and dniatgu foaturs

Peicv Pr~jIMSala w1ioa'a &A- 6 ethv 4 but the tfinal prite is aluist

OlaL-CL**e as it they Were oav~tv tnt-racts
and iý thsWsy he prIOpeY Cle.-iiheid 4s sUch. For tadlyticL simlicity. Ue
raw •in With tho above definitio.

'?C
1
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Figure 1 depicts the several types of competition that mdy be

employed when acquiring weapon systems. Along the bottom of the. figure .

we indicate the sequence of stages by which a major system is created
and deployed--from concept formulation through development (prototype

and full-scale) to production and procurement. The ways in which

competition (over design or price or both) may be encouraged can be seen
for each vertical segment representing a stage of the acquisition

process.

During concept formulation, c€ompetition may concern only the
N. •design, as is often the case in the kind of R&D activities funded by the

k. I Defense Advanced Research Projects Agency, or (more commonly) both

design and price. At this point treating competition as "principally"

concerning either design or price can be quite misleading.

During the demonstration and validation phase, competition J
generally focuses on both design and price, The design specification

* itypically is not yet fixed, and opportunities still exist to trade
performance for price (such tradeoffs may, of course. take place in the

context of what the DoD calls a Qdosign-to-cost" gcial). Competition
among contractors may still be achieved by the buyer through the use of

4 competitive hardware demonstration programs. The Air Force's

SLightweight Fightor program (prior to :election of the F-16A for full

:*cale davalopwont) it an epample.c i m ..b

During the full-scale development phase, competition may be
retained through the use of a second source (as i• the case of the Army

|II-60 helicopter). Othhwu.ise, sole-source developmant may be completed

mid a secoad source qualified after an initial "learning buy." However,

such rointroduction of price compatition may be costly for the buyer if
he has nut .nticipated it int his origaial acquisition strategy.

reakout."' tor second-sourcing of subsystems and components

Sduring prod-uctionalso have occurrod, sotwims to achieve better price

or quality and som•times to ensure an adequate industrial baso.

Although the data or* quite i ra•ct, the dollars cowittod by the

i thlhs s-- uitition strategy, the coopatitive acquisitiot of a
subýst00 r coopotAnet is managWd directly by the Service Project Office,
rather thau by the prime system corat4ctor.
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Federal Government for such c-mpetit~ive breakouts probably have not

amounted to more than 10 or If ercv it of total procurement funds for

*major systems. Of course, the ;,I?-Me C~ontrac~or on a major weapon system

may obtain competitive bids f:.-oivj its 'bi~at~'and suppliers at the

outset of a development progrart- rk~pending oit the tyvpe of hardware

involved, the prime contractor n. ctu to use price~ competition for

some portion of his annual purch&a.t-,r- k ~ellfl , .t to Llv Government ofJ.maintaining that competitive envir-:ierit ,.ai) it%~ :~.iLVUCL Lype and

with the susceptibility of the contract to modifirc.:. in the course of

* . the program.

saeFor most acquisition programs, existiný6 't~~~e Fcr the
saemission as that planned fox- the new weapon ;ýystxv. Th,.U ax:

-~~ various stages during the production or reprocurement

competitive options exist which do not involve a singleau.to

program, but instead involve product improvement alternativas 6aseck upon

existing equipment. Examples include the various versions of the F-4

and B-52 aircraft which survived the competition with other aircraft

options. Competition of this sort, however, transcends the charter of

individual program managers, Once hardware development has begun, such

* competition can be vigorous only at the level of the Service heads, the

DoU, and the Congress.

"The possibility of introducing effective price competition during
the reprncureinent phase is dependent on appropriate preparations having

been made early in the program, while a competitive environment still

exists. (The purchase of a Technical Data Pavkage (TDP) will suffice in

some instances; arrangements for totchnical assistance to and

qualification of additional producers will be needed in others.) For

certain electronic ithems, it appears that the purchas~e of a TDP during

the development phase and an Invitation-For-Bid (IFB) competition after
the first few sole-source production runs generated substantial unit-

price redtictions in the 1960s.1' For such other items as missile

-uidanca and control units, tile necessary and sufficient conditions for

ae effective use of price competition in the roprocuremont phase are

less clear. For systems as complex as aircraft, those conditionis are

themselves complex and must be addressed very early in the acquisition

cycle. Fusiwi-fission, leader-follower, and directed licensing are

0o SeQc. III for details.



-- - -- --

9

three acquisition strategies which, if implemented appropriately,

.iprovide options for introducing competition in the production phase of

major systems. 1 1 These are complex strategies, however, and we have

little experience in their application to major weapon systems.

This overview of some of the major issues related to competition is

included to provide a framework for the subsequent discussion of

incentives and disincentives for effectively us"ni competition. It

suggests the following conclusions:

o Fo-mal policy directives support the limited use of

b competition, although the exact types of competition, the focus
I of application, and the benefits expected are ambiguous.

0 o Competition may be employed to achieve benefits other than, or

in addition to, price .reductions.

o Numerous opportunities occur throughout the acquisition cycle

4 .for the judicious introduction and continuation of competition.

o It is difficult to measure the extent to which competition has

actually been employed in weapon acquisition, but many believe

that competition should be used more extensively.

STUDY OBJECTIVES AND APPROACH

The objective of this report is to suggest how the Dot might

stimulate more effective competition in major acquisition programs.

Impressed by the difficulty experienced by previous researchers in

measuring the oxtant or the bqllefita of competition in weapon

acquisition, we adopted a different approach: i.e.. we attempt to

identify the factors loading to the u*o or rejection of compotitiun, in

- Leader-follower and directed licensing ar* variations on a
.- plan where one company develop- ;ii BA• and then prevides the tLeckical

.. assistance necessary for a second company to pro-ouc, Sit, thus Stablish-
ing a competitive posture. In one version the developer (leadorj is
paid a foe for the teochology trnnsfer s iie, and in the othor version
the developer collects a royalty on secoc•-uourco produtio-. Fusion-
fission, a relatively new technique, require% two firms to share the
development task and then each sets up a full production capability and

.i 'competes for production lots.

/i
'1 • • .
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the belief that such information would yield insights on how to enhance

the use of effective competition. Whct is sought here is a management

perspective on competition, focusing on management as a decision process

that selects from a variety of acquisition strategies, sometimes
choosing competition, sometimes not. Issues to be addressed include how

managers view competition, what problems arise, how serious they are,
what benefits can be axpected, and how the effectiveness of competition

I.Z
can be enhanced.

We undertook a series of interviews with key management personnel

to learn how they currently perceive the benefits and costs of employing

competition in the various phases of acquisition. Programs in the

sample included aircraft (F-16, F-l8), a helicopter, (AII-64) and other

S...systems (Advanced Self-Protectiun Jammer (ASPJ), M-196 Howitzer), In

addition. extensive review of background work on competition bolstered

the empirical research. The results, howaver, must be taken as

illustrative and tentative. No validation of the inter-viws was
K'• Iundertakon, and the sample of personnel and programs was small, Still,

the results ref lec the concerns of an import•at sot of acquisition

participants and provide insights and susLtiQits for improving the

effctvenssof compotitiwi. These mAnagement perspectives are

rbdin Soc. 1

Ve had vlounned, at the beginning of our research, to includo a

b reo viow of qxistirt& quaittitative research on the sa4vins achieved,

through Cwmptitive re1eretn. the topic has* received considerable

attention by others during the pnit deae.4do so uto did aot expect that it

would be notvssa4ry for us to doivote alueh effort to it. cae Cwisuquence
of our hnwwosanwicuswi.~ r, %ta the rdiaatiwt that key

doci~iofusaktrt iloce little cnidottee in either the prea~islia or

relevaceof Ut uch ortl*4tos oa sivings. Ve foufid grow",t tor this

skepticism in tho tUwevgtt quality of the quanititiativv work thin has best

dboo. Afialyts wotrkiug oh the twopic do tnot iigroo onI the "xtout at

s n reaed 0n or oIve o h"m

su"h savings should b%' ottimtod Audi vhs itt tos tOraastina

tavtit ontoniteinnlated C" titi rettoturnenhts, Anatiysts. do- hot even
agree a4&"g thesselves on whet-her it c~n be dmone let alone ow hom to do it.
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, 1 This uncertainty seemed to be a critical element in any attempt to

foster the use of effective competition in defense acquisitions. If

realized savings (or losses) on past competitive reprocurements cannot

be measured with much precision, and the expected benefits (to be

achieved several years hence) on prospective r.ompetitive reprocurements

cannot be estimated with any confidence, then the known, near-term costs

t and risks of i~troducing competition may well appear prohibitive, and in

some cases rightly so. We therefore undertook an extensive and critical

0 review of the quantitative literature on competitive reprocurement; its

implications for the use of competition are described in Sec. IU'.

Finally, in Sec. IV we suimnarize our results, state our findings,
and offer recommendations on how t3 improve the use of competition in

the acquisition of major weapon systemi.

o -

* p
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II. MANAGEMENT PERSPECTIVES

Acquisition policy-makers at the highest levels of the DoD and the

Services strongly espouse the increased use of competition in system
H 'acquisition. However, whether competition is likely to be implemented

to a greater extent depends, in part, upon hr,' closely the anticipated

benefits correlate with the fundamental objectives and perceptions of

the acquisition managers. For example, does competition help a system

to be deployed faster, minimize technical risks, develc a wider

political base, help acquisition personnel get promoted, ease, financial

and administrative problems, or speed the advance of technology? Do

program participants recognize and have confidence in the benefits of

4competition, based on sound evidence?

It is far from obvious that the answers to such questions6- invariably favor the use of competition. Thus, if we want to increase

the e.factivenes% of competition it may be necessary to improve our

" tdoirstanding of how manag.rs and other acqi.iisition executives perceive

theoff'ý'ý- O- wmptito#and whtactions Misht be t-aken to shift

thos jwrepk~~ ~a direcation fravoring greatez' u3e of competition,

whore apprupriato.

To gain a better undenitartding& of Odiat program uaaiagowoant parruivnel

porcoiva to bo- tin adv~atag& arid davzwosof cowptition, w

e'n1duetod A W~rioef Of irittrViewrS Vtdt the $eOVIiCo IPOPlo involved ina
*dosigning and carrying out a program acqui~ltion %trtatgy in their

Pwrogrw. Offito%. Th4, porsowzl lit oeah &At uttere 4othor prograw

portotnfal, The prograot. listed ýra Talde 1. spata all Survwxc and

fiat~sti aV4tioty ofsat YýA typo. loeveetteuChoton on the

bniwo the variety of tonpttition expttientt't th*ynrnFt

Quosrtions were desigyed to Asssoys th dat *ten. t which cGejtitiu

wet used ont the pvngr~a, hin it. wvs sploayW, %that the icwtne

vdeto what fiactors, "d ;~ts~visonn Weor kaAvtd !u the decision, daid tthatFp

--- ' -I
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Table 1

PROGRAMS DISCUSSED IN TIlE INTERVIEWS

AHI-64 Helicopter

LWF/F-l6 Aircraft

HARPOON Missile

MAVERICK Missile

¶ •SPARROW Missile

F-18 Aircraft

Advanced Self Protection Jammer (ASPJ)

H K-198 Itowitzer

the tonsequoncos of its use were. The questions did not seek

quantitative information, but rather insights into the d.fficulties and

advamtages of employing competition. Further, the emphasis was on full

systems (althuugh subsystews and cow-poronts wore discusgod) in all

phases of the acquisition cycle.

'thilo the sample is small, the people intarviewed were very

familiar with thuir own prograzs, and frequently had a great deal of

oeporience with weapon sy•tom ac-quisition. Thus. their doscriptions are

wt-sidered ropro'sowtative of widoly hold paruoptuns rogarding thQ use

of c=metition in acquisition p'rougr"S

The inkti'vi@W& oxp~ored four cain argas:

o Lxprionct With of ition'dsc thon of how aM Vhy

cowpotition wa& used 4 "ad to Vh~t vitmtuc

nI hContivor'n d sin*etvr-cc*plno o tuaepoitnonm

tuppurtts or threatens the obj~ietwo vn needs of inidividuals

in atquisitiou ainot

6 Cutroja cau-pnptnsof wsho keyfgrsnti

satting acquisition polity Mn 1w ieif(Active certain poticies

havo been,
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o Background and context--perceptions on objectives of the

Program Office and its position in the acquisition hierarchy,

what support was available, what contracting techniques were

used, and what lessons were considared relevant for future

program managers.

In addition to the Progrnm Office personnel, we interviewed persons

"involved in Federal competition policy (OMB, Congress) in order to gain

a higher level, polizy-oriented perspective.

Stveral caveats should be noted. First, the authors have made no

effort to verify all of the observations. For the purpose of examining

the perceptions and motivations of acquisition participants, such

verification was unnecessary. A mistaken belief in the disadvantages of

competition can be a very effective barrier to its use.

Another caveat is that the views reported here were expressed by at

least one of the top-level Program Office persoprnel interviewed, but not

necessarily by all. It is unlikely that 4ll would agree with all of the

views, but wost were expressed oro thtan once. Furthr, si•nce ost

decisions involved a balancing of porceived advantages and

A disadvanogaos, instances wore found where similar applications of

competitiou were viewed in conflicting terms by different maaagers,

* Thtus, the- objectivo of the work was to develop a cumulativo ispression

of the managers' probloas, recognizing that internal areaitncn~

bound to occur.

Tho followiag diucunsiott of the perceived disadvantages of

dom-potitiwt way appe'Ar to dtrtv a difivAl picture of it* dfecdxK This

results fros u focus on the nedgative off tta, prompted by our lIttoratt

uti the peroceived dhisienteiuic for competition. hosgt of th~os

iintervioudd Latv'roG thtc uto ofT Coqetitioti, Albaeit gith discrottD4 "dI
iýAro*tt planitig, Thus. the0 iollwoi.dgitik~s~ion should not beo

in dA41torprcte asa ritquto of ca"ptitior, but flittert Isa &A 4flhviet

of thea pu c@&vd batriorr. to better "so of caqititioc.

L_.



RESULTS

The barriers to competition, as porceived by sentior program

acquisition personnel, may be- summarized under three headings;

1. Additional rime and money needed.

2. Exctra wanagoment complexity and effort required.

3. Few near-torm benefits and incentives expected with high

confidance.

Each of these barriers. or disinicetitivus, isý discussed separately be-lowL.
Thrughutrho discussion an attempt; will be made to distinguish among

'4different problem-s Lhat arise durwag differentt phase* of the acquisition

cycle.

Timeand oney

At almost every phase in the acquisition cycle. and for *fro-%

tvary, kind of eompe-tition,. 44dftigua4 Qur-rout-yir in-Ve~~n~eTt is

roquired mvmr awd above wthat tavuld beW ~ sr fsr a o sureard

Dkriua tho pl"-niue phase such fuads 4re rolativoly sv'411 inl 4bbslute

4 GermSAlthaugh larpe ia C~ma"ri%§n to the OVeral funds available in

thot bud--t ctegory. ?Wlrd iuet-Mm4t k* %ht f~at that Copitn

during, the OpceQPt. forOUla-tioa -~4Uanlysif Pha-e- i!* a

tr44itiod, so that fuadifi& 10r ttikttplt stinos isi rIatvtl for a
magrto Obtairts

'Vhen the progrA4a ,cw~o to tho- NIIt-"4Wt 4r&4ar

p t thio segitude Oi tho funding foquur4i Ot ii g.14d crm--wtitivo

&hie i~erl tat~t~e*Qt* il rtifi c ueti4 "Cu teu at tV-rky leVot i

"th fot etso et ~tnt do.4 #bt- *o4404 tt 'OfIaI C§44ot

at patiuvi gta& Vtti be twitking to put. up the iane-y to.

cbrtftiO.0 flea the tiu"iag tequ-ivud 10o Sitpot a .tt4n& .0"-ait1

so!~r~t nvý4thes the ftettl ot tew'a by !Litundfes of miflie-S Ott dotbnrs.

atvttatinttmc il 441 v*ar to to"e Itu higher up the Lheio of0$ 04W

Thil' manS Ithat, ujAy p@$ed wull hawe to Nv. *%salC 40 thbe iAuýtithw*
AtctiOc. &C aver$ level jil the d4g'Afi~tIeC then will be seeo UMh axe
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sympathetic to the request for funds, but others will see themselves as

competing for the same funds. Some groups will tend to underestimate

the difficulty of developing a particular system or have an interest in

fielding it very quickly, and thus will resist competition during full-

scale development as a waste of time and money. The situation is even

more complex in multi-service programs where all the Services must agree

to put up the extra money.

When substantial amounts of money are involved, the DoD and the

Congress must be sold on the competition as well. When there is no

great pressure for competition and when other acquisition initiatives

are being emphasized, those agencies can be difficult to convince.

Congress tends to dislike programs with heavy front-end cost, and other

less obvious political problems sometimes intrude.' Also, funding

requests are reviewed by four different Congressional committees which

"do not automatically coordinate their decisions, so each must be

persuaded separately. It is not unusual for one committee to support a

competition and another to delete the funds for it.

Further, once funding for a competition is approved, there is no

guarantee that the funding will be maintained. Money for competitive

development programs is a prime target in a budget squeeze. Even if

high-level support for competition is gained when the funding is first

made available, there is no guarantee that the support will continue.

"in the Services and in the DoD there are frequent changes in top-level

personnel, and when new people take over they often change priorities.

Written policv supporting competition remains fairly consistent, but

interest in competition changes with personnel. The result is that it

can be difficult to maintain all the funding necessary to conduct a

comprtitive development program.

Co mpetition can slow the program because of tho time involved in

testing and source selection or in qualifying a second contractor.
Schedules can also lengthen because of the itcoasod program comploxity

• -ee Michael D. Rich, C•rnmletitmon in the A iaxr,

Weapo! ýysttms: Legisltive Perspactivo.:, R-2O58-1IR. The Raiid Corporo-
tion, November 1976

S. . , , . .. .)• ., • • • • • " , -. .. . .
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and increased bureaucratic involvement 2 caused by competition.
Because program costs tend to increase faster than general

"inflation, increased program length risks increasing cost. The risk of
increased program length is itself a disincentive to competition because
there is usually a strong desire to deploy the system as rapidly as
possible.

During the production phase the funding required to qualify a
"second, competitive source appears to pose less of a problem, at least
for less complex systems or components. Perhaps this is because by the

p.time the program is in production all major conceptual issues have long
"since been resolved, and attention is more easily focused on the task of
efficiently producing the system. Furthermore, there is some belief

*" that clear evidence of financial benefit exists for competitive

reprocurement (but see Sec. III of this report).
i,

Extra Management Effort
A commonly mentioned problem with competition is that it increases

tihe workload of the Project Offite. This extra work sLems from two
sources. First. if a competition is to be beneficial. considerable
planning for the competitive steps is kccessary. The request for
proposal (RFP) must be prepared and the source selecrton proces5 must be
dksigaed. The Program Office must comply with certain regulations
designed to unsure .te fairness of the competition. This involves
special security to deal with "compeition sensitive" material, special
reports, rtc.. It also introduces the possibility of lawsuits, disputus,

'Jvfl~tinftl.*%JII wUo~mot practiT.ces~ IoluAuiot hy most 4rogrW Of-
f icou do not seem to exploit the fitoi~tial rtvatagos of dusign or price
compoititslon. WEvn where trite Competitiou exists. anid tite Compatitig
firms have adequate Intventive-s to performr 4t their highost possiblo. 1ev-
.1 of eaplsbility. tho Program Offices tenld to 1utadiago' oath contractor

I
oa the i t it w Voiced by Proram OfIt fce pui o tw axapis t use of com-

o-,e ithoAP

o -lie org - -i4
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and charges of unfairness by coiitractors who lose, so the source

*.I selection must be carried out in a way which not only chooses the best

design, but also raises a minimum number of questions about fairness.
That is not an easy task, particularly because little information or

guidance can be drawn from the experience of other programs. "Lessons

learned" reports from other programs are rarely very useful. For the

most part, the program manager must base his planning solely on his own

experience. Some program managers need no more, but in other cases lack

of information complicates planning.

If awards are r to more than one contractor, each additional

contractor that the Program Office must deal with usually moans more

work. This is especially true when cost-type contracts are involved and

the Program Office must monitor the costs of each contractor.

Competition during the production phase introduces management

complications of its own. Qualifying a second producer after production

has begun can be a major effort. It is difficult and axperisive to get a

good technical data package (TDP) for the second contractor to use in

starting production. and even woore difficult to persuade the first

producer to pass aloug to a competitor the benofits of his manufacturing

experience. The program manager can choose to develop his own TUP, but

for major programs this is almost impossible. Not all the Services have

ithe in-house capability to develop A TOP, and without this it is

difficult to judgu the adequacy of a 'WP. Even with a gooad TOP, it

frequently takes a major effort by the Program Of•ice to help the second

source through all its tachnical probloms and into productiao, In some

casms. the second source never succeods in producifg a usable product.

but Qovn in thuse canEsu the pressurd on the first contractor may still

4 wtake tho witort worthiwhile.)

Fuvthor, tho ftogratc Oh ice auist vork with both tontraetorg oil such-- -

thirngs at quality cootrol and Cofitigurfation aaeo'.It is genedrally
difficult to got two contraclr tO ptidu yw

11ýflhe0 4isus:i~ of SRAN1 ftiskflv Cotor easeo proxxlutzo i"n~i

a

14wor " . _ _ - .00 at.- a C "
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- I
interchangeable parts. If they do not do so, the Program Office faces
additional problems in spare parts procurement. Further, each

-' additional production line means an additional set of non-recurring

costs whenever there is an engineering change. Finally, if two

product±3n lines are created, the program manager must decide how hard

to push each contractor in order to ensure the benefits-of competition.

If he pushes too hard, he runs the risk of driving one of the

contractors out of the program, and then lie is back in a sole source

environment after all the work and expense of qualifying two

contractors.

SSo, one factor in program managers' reluctance to introduce

* competition is the perception that it will make management of their

program more difficult and increase their workload. Since very few

program managers believe they have enough well-qualified people to cover

the work of monitoring one source, they are reluctant to take on even

"more work or to complicate matters. (International programs such as the

F-16 add arother dimension of complication, not considered here.)

It should bh noted that under special circumstances competition can

* reduce the management workload of a Program Office. If a development

program is fixed price, and the prime contractor is obligated only to a

"%94t ef fort," then the progr'am maniaper can adopt a largely "hands off"

managoment sityle, with competition substitut~ing for a hos-t of

c.onventionial Program Office mnarc@-ent controls- ovor the contractors.

l4owvor, this acqui~sition fcor is rarely uuAd, thto Survieos preforrin&

to retain coni hrabe cotoroor contraitltr tions evon With the

attendant mnagaomnt workload. Another possibility is for thq prime
C- ~cotractor 'TO aCt a* tho agent for 0he Govermment int orgmatioig

competitti for stipulated subsystu"~ or co~ootthu& eivn the
tP Urugw ofriec of Wmost of tite burdon of wataikig lutvwpatition4

The aujor probin vith havif*g the prograo, offd kima 4gg sukh

lu-trtior coopotitions is that they dre hscvily reguiuatd. Thei Program

Office is itot As tree to doal tctth ipuppteri as. the prtlo. ciintractor

would he. and Cahnoat he AU "ruthlias" In! goctintg the bost deaL. lit
addiion th reguliations can %low downc~ the proectadiceecss

asweI ~tforce the Progra~ Office to deAl With) &uppliers %AW are
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qualified according to the criteria, but are known to be not very

capable. Also, some suppliers will not take part in a Government-

conducted competition because they do not like dealing with the
bureaucracy and the associated red tape.

Once a formal competition begins, the entire program is governed by

regulations that do not apply in other forms of acquisition. This

results in a reduction in management flexibility for the program

, manager. For example, the regulations can result in a competitive award

to a prime contractor that the program nmanager believes will not produce

a technically adequate product. The award criteria may not always

screen out a technically deficient competitor. But in the absence of a

formal competition, the program manager would have more authority in

contractor selection. He may suspect, for example, that the firm is

"buying-in" by bidding lower than its technical and economic resources

Ilk reasonably justify, and is hoping to get increased funding through later

contract modifications and follow-ons. Or, he may have enough
experie nce with or information about the firm to justify doubts about

its qualifications. The other source of constraint is that any act that

' i affects one prime contractor must ho reflacted in treatment of all other

contractors as well. Thus, the-program manager occasionally finds

himself having to operate in what lie views as a non-optimal fashion.

L a•ck ofý i h-Conftdeneear-Torm -kn•efits

Disincontives of the sort described above tend to liwit a manager's

enthusiasm for introducing competition in his project. What positive

incentives exist to counterbalance the n•gative ones? Apart from

exhortations in policy documents and the conv•ntional wisdom that

competition is good for evwryone, there are few direct incentives for

introducing cowpotitive practices. A program manager is unlikely to be
r'ardud merely for introu cition Real cost roHucUions are

difficult to prove and. in recent experiunco, are likely to be masked by

inflation. Moreover, givan a typical tenure of only about three yeas&,

a program maaager is unlikely to be around to recetiv the credit for any

bvwtofits that finally accrue. The costs of competition are short-term

and ctear. while the banefiLs are long-term and uckertain. The

'V:
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incentive structure is more likely to motivate the program manager to

look for strategies that reýturn short-term benefits.

Also, in many cases competition is seen as impractical. There may
i be iew qualified contractors to participate in a competition and many of

those wiay not wish to compete. Contractors often find that the

uncertainties about how a competition will come out and about the

criteria to be used in the source selection are sufficient to deter them

from entering a competition. Qualifying a second source can be seen as

*,impractical because the production run is too small, the tooling for the

second production line is too expensive, or the design is too complex to

be transferable. In the case of components, there simply may not be

enough money involved to justify the cost of funding another source.

One commonly expressed view on competition is that the potential

benefits are difficult to achieve because of the way acquisition is

currently conducted. During a development-phase competition the major

problems are perceived to be the too-early termination of the

competition. One school holds that the ideal way to conduct a

competitive development would be to keep two contractors in the program

until the design is set and all decisions about the production schedule

have been made. This would allow the Program Office to negotiate

contracts with fairly firm prices and with production options that keep

the prices fairly stable through the production run. It also would

- .. •maintain the price benefits of thu competition after the competition has

ended. Further, it would help to set the design while competitive

pressure still could be focused on the contractors, thus encouraging

their best design efforts.

But that is not the way competitions tend to be conducted. Often

the competition ends before the risks are resolved and the production

contracts are fully set, with major design changes tend their associated

cost increases) still to be expected. The price bonefits expected from

the compotition may thus be lost. If design changes are made after
competition has ended, eithur to deal with residual rechrnin.al problems

or to add capabilities, then any contracts will have to be renoegotiated
in a sole source environament. Prime contractors and sub-contractors

will be loss willing ru accept low prices in a solo source eiviromuent,

than in a compotitive elnvironment.
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OVERVIEW

Thus far, this section has been devoted to a review of problems and

disincentives regarding the use of competition in the acquisition of

* major weapon systems. At this point we turn to a somewhat more

speculative attempt to synthesize that information and put it into a

broader context so that we can interpret it and suggest some remedies.

Because of limited and incomplete information the following ideas must

be characterized as hypotheses rather than conclusions.

"We first observe that managers seem quite willing to employ

competition among firms prior to the beginning of full-scale

development, but generally are reluctant to establish price competition

during production. The reasons seem rather obvious: each is the path of

least resistance. The idea of receiving proposals and bids on a new

item from multiple competitors is firmly and deeply engrained in our

institutions, and it is relatively inexpensive. Despite all the work

involved in preparing bid packages and performing source selections, it

is probably easier than obtaining approval for sole-source negotiations,

and that becomes more and more true as the size of the project

increases, Note that we are here talking about competition before the

beginning of full-scale development, where the selection criteria

involve some subtle blend of design concept, perceptions of risk, and

estimates of system performance, delivery schedule, and cost. While the

formal source selection board will usually establish relative weights

for those and other criteria, the final selection is actually performed

by a few senior officials and is based on a highly intuitive blend of

such factors. Although the benefits are not easily measured, most

managers are comfortable with this process and are convinced that such

competition produces a "better" product because it encourages each

competitor to use his best people and to work very hard.

In contrast, consider price competition during the procurement

phase. Here the problems arid disincentives described earlier loom

relatively large; the introduction of competition may significantly

complicate program managemunt tasks in a variety of ways. These
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bureaucratic problems can be extremely subtle and complex, and the

present study has been able to barely scratch the surface. We are

persuaded, however, that such problems play a significant role in the

extent and success of competition in weapon acquisition and that they

deserve more careful analyisis.

These institutional disincentives are compounded by the fact that

managers have cause to be genuinely skeptical about the payoffs to be

obtained. This skepticism takes three forms:

o Doubts as to the evidence that any significant savings were in

•}' I fact obtained when price competition was introduced in previous

* .reprocurement actions.

o Even if there is some evidence that savings were achieved in

the past, doubts as to the likelihood that savings cin be

achieved "now" if price competition is introduced for the

A "particular procurement action being considered. ID other

words, skepticism about the guidance available for identifying

Sthose procurements for which competition is liKuly to yield

significant net dollar savings. The more sophisticated the

-4 executive--the more he recognizes both the costs of introducing

competition and the significance of discounting--the more

skeptical he is likely to be.

o Even where savings or other benefits seem achievable, the

program manager often doubts that the proposal for competition

can be sustained through the many layers of the management

structure, especially because the required front-end funding

may be competing with another program's very survival.

If this broad hypothesis is true (and we believe the evidence

supports it), then two implications are clear:

1. Little or no additional incentive is needed tG encourage active

competition during the concept formulation and the

demonstration and validation phases of a new weapon system.

_ I
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2. Managers would have stronger incentives to employ price
1 ]competition during the procurement phase (together with the

necessary investment during hardware development and testing)
1 if they had (a) evidence that it will in fact yield net savings

(after accounting for all costs), (b) practical guidance on how

to select promising candidates for price competition and how to

structure an acquisition strategy to best achieve expected

savings, and (c) active support for the front-end funding of

* C .1 competitive actions within the budgetary process. Provided

* with such information and support, managers may find price-

competitive procurements more attractive. Without such

inforruition, the more venturesome managers may try to introduce

competition when their intuition and judgment suggest it might

pay off, but cautious managers may find the obstacles

insuperable.

? I

4
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III. PRICE COMPETITION DURING REPROCUREMENT

One of the disincentives to the use of competition in the

development phase is that the costs are near-term and tangible, while

the benefits are long-term arid difficult to identify or measure. It is

the mixture of design and price compet±.ion. characteristic of1'

competitive development, that makes it so difficult to identify and

measure benefits. To measure the benefits of competitive development

involves comparing the price and the quality or periormance of the

winning system With the price and the quality or performance of the

"system that would have gone into production had there been no

competition. It is difficult enough. as the research reviewed in this

.isection demonstrarts, to make a quantitative comparison on price alone;

if quality and performauce are also to be taken into account, the basis

tfor comparison will be largely qualitative and possibly quite

i-< i If cwpet•itiort is int~roduced in thi ptro-uctmion phase., costs are

again na. rt and tangiblu, while 'bcnes are in tho future.. Btt tho

futro otof tsare--oratWsshudb-smea pietodnif
and measure beuse cowpatitiv@ production is usuall-pric-c itive

if price eompetitios it introucod after thero has bqnt fuffieivnt, %ola-

soutrc-o production to QUtablish a learning curve,,, th4 Any difiQron_•

bewerou the" post -coopetit ion price "nd thg ant acipatvd Sole-suia~rce pnico

for the. samo quntlt~i* •can reaonably bo attributed to cumpotitioti,

ASS=UM "PU•ht other %pmQets of the progr rcai- reAW onAtblly C.onltdnti

or that thuir effects on price can be vgtised. Thih is Aftian poLýMt

assuwption and ote that doo niot always acdord with the realitli of

co cic ivo iProcutrWt.

SA loaýruh t~urve 6s a g4ephicAl roprot-w 'iiosi of the rolAtion-
4hip boccwecn the Cast of Peodnclnio an OxrtrA w~lt Anid the ttu~ultlvo
quiontity Alroudy produced. such iurvoei uz•ul 1Y have a ncativc Slop0
ie., tho cost tff prutiktiit, say. tho zuOth Icdto it buss thin the wogt
of producing thi 100ch ites. Learnming Cutrvs arc utsilly graphod Ot ,
log-log grid beause iwi lobgaithaic iOro the Curv CtV tab reipresented is
a Stra4iILlirie~.
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Competition is sometimes introduced in the production phase for

. reasons having nothing to do with price; the decision to reprocure a

system competitively may be motivated by a desire to improve performance

or contractor responsiveness, viz. the Sparrow AIM-7F.2 Even when the

* primary motive for turning to competitive reprocurement is an interest

in lowering prices paid by the Government buyer, the introduction of

Competition can affect things other than price. In particular, -he

-0 .change from sole-source to competitive reprocurement may affect both the

delivery schedule and the performance or quality of the items delivered.

Quality and delivery schedule sre critical to system effectiveness,

J, •although analysts making cost comparisons between alternative system
o 4procurements have usually assumed that each procurement provided the

same or very nearly the same item at the same or very nearly the same

time. The real world is seldom that neat. In principle it is possible

to adjust savings estimates to reflect differences in quality and
.4 delivery schedule; in practice, however, it is very difficult. The

problems are similar to those involved in evaluating the benefits of

development competition,

Thus, while there are opportunities to measure the benefits of

compet•Ition in the production phases, thoi opportunities ara, for the

most part. limited to measuring the dollar benefits. of compettition

in th ragnurjcMent ghAs". Thoso effects are thoawost quantifiable of

-, all the effects of comp•tition; ,evertholess, it is not a simple task to

urvelop toliabl@ estites of thoso effects.
1ho iteed to predict tho pricet reductions attaitiable from

competition derivos from the *fact that (for othor than off-the-sholf

itoos) there usually aro substantial additional corsts Z~ssociatod with

tratisferrwt. production ti~nloy the costs of Technical Dlata Packages

* -(TON)., techoical assistattco, kiarnitog buys. and, not Wnrequently,

*ub'*equoht claims! arainist the Governmenut for faulty UOps or other

transfer costs aro usually btorn by the GovernmeAnt. Additionial start-up

0* D~~ealy.tstesN, and schuttling. (!'9). App. S.

t-
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costs are often, but not always,' incurred by the Government buyer

when a given quantity of an item is produced by more than one firm. F
"These additional start o costs include the duplication of tooling,

overhead costs, and work-force learning.k6

There also are added internal costs to the Government in conducting

the competitive selection process (advertising, briefings, evaluating

bids, etc.) and in managing a competitive production eiwironment. It

may sound contradictory to speak of "managing" a competitive production

environment, given that one of the purported advantages of fixed-price

competitive awards is the reduction of DoD's need to monitor costs
N incurred during the production process. While costs and the correct

*application of profit weights to various factors of production need nct

be monitored, Program Offices handling a competitive reprocurement may

nevertheless discover--to cheir chagrin--other manaZerial tasks needing

attention. These include second producers that default on their

* contracts without ever delivering an item, as happened twice, for

example, during the Army's attempt to reprocure the PV-4763/GRC power

supply r.ompetitively (APRO78, pp. 56-581. Managerial problems also

include companies which, after winning a competitive award, fail to

deliver on schedule and subsequently blame the Government buyer both for

the delays in the delivery schedule and company losses on the contract.

For example, in the case of the PEG-7? radio sot, a company submitted a

claim for $10,721.728 alleging "increased costs for everything from

specific design defucts to lost profits duo to the Mexican Peso

devaluation in September 1976" [APRISU7, p. 401. Thus the managcrial

Ifthe uantity jn'r wont to be raprocurod is sufficiently
groater titan the quanttity pwr month procaurad utider Ltu' original sole-
uource contract so that A svecond produto lin wol aet e tUp
artyvay. then ost of those additional start-up costs . would hav@. to be
inttero rd With or without the intwoduct ion of competit ion and should 1ot

be debitod fron• dh savings attributablo to c otitiou,

itpl) ory lernn when examinoic g competitive frprom•u ( ippeats to
r&t~UtQlhtnt h t~icivOC Of V01ConierbaihCUtttt InUOF fact,10Ur as we tih

more often thais not, the findings conLt4rict the th'a4o3y.

4
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iI
•: [ burden experienced by a Prograw Office is not always eased us a result

[< ] of having reprocured an item competitively.

SFor competition to have a net dollar payoff, the sum of all these7

costs must (at least) be offset by price reductions induced by the

competitive process. It is not enough simply to have faith that the

competitive process will lower prices Dy some amount. A forecast of

that amount is needed in order to judge whether gross savinigs are likely
to be sufficiently greater than the costs of opening additional sources

* . of supply to justify both the costs and the risks (of performance problems

and delayed delivery) associated with competitive reprocurement.

In this section we (a) review the findings and conclusions reported
in past studies of competitive reprocurement, focusing on work done for

or within DoD in the 1970s; (b) examine some ef the problems inivolved in

estimating the dollar benefits realized from competitive reproQuremtlont

in the past and in predictixig the price reductions that might be

attained from the use of competitive reprocuroment sLrategies under

varying conditions in the future; and (c) discuss some of the

f ; plications of these findings ansd problems.

We focuas most of our attorntion on four relatively Qomprehensiive

s~tudies done foi- or withini WD; a 1972. study by the V.4. Ar-t-y

Electronic.&- Cor~mard (COCUM72), a 1974 situdy by tho Inls.t.ute f-ar Pefenso

Aaulysos {JA74), a 1976- study by the U.S. Armty Procurement Fýs*oareh

Office (APROT&). and a se.Qnd, cwore r~ecnt k1979) study by the In%titute@

for Defense Analyses, (IDAZ49).

Utt

THE VOUK KEY M~tIMS;, KCtý0I. WVA4..APKO76. and IVAN

Quit titverogearch ini the 1970s c trtu on *overAl distinct

tt4ks, Ono iiý 4 statistical task tthlch involvoli direglpinx 4 wodoal to

1'iotorostod only th this proedetlvc togk4 tho throe mort refto~t studiesý

tAckled other tatsks At;II Chioi woong thes othor task* ini out

CpitO Althe$iugh nct n isrl to tho opinion of tho authorsdte

uork two r0eViei&'i! tduAt iwe shiill refor to as. the ounittA Tho

Acoauntilin task caoretes itself with "the battnet lintil" thchfl is th-6



appropriately discounted net dollar payoff' from an invesuuinv made to

iotrodutce competition in the roprocuromeat phase?
S OnlY APRO7S anid IDA79 addressed vtoe accounting task explicitly.

APIROIB emphasized the importance of including the costs incurred by the

Governiment buyer beoire. during, and after the introduction of

competitive roprocurewont, i.e.,* the importance of examining noat rathler

thtan gps!.s sa ings. 1flA79, on the other hand, emphasized the importance

of discounting, i.e., ci taking into a~counv the time value of money by

estimating the net pre &ent value of and/or the internal rate of return

f row investments xadaý to introduce competition during reprocuremant.'

'1 1Ue introduce eachi study by describing its obijectives, the

'sample" of competitively roprocured items analyzed. 441d the Loy

findinigs, and conclusýions related to price coeipetition in the

rcprocucement phlaseý.

4~ ~ ~h Fl..r-st Study. b hCiof lte

bo @%tvaihod'edlp. il to frat=tp ric ~u;iois 'from co pet~ti'n

reprocurwwat.

The ECQWI7 4#4lvist, U14iving, their worch- to tWactro4@c itec'~

by £C!L wftero 4blo to fin4 d w data lIn2"ia~a so

* etopotitivt Npe-ourdea~t. They ftau" dAta i qu~antiet,~ l0ad tinot1"

Th.*4vit*~ that fei rod Uvptra ~igior ti",
~ug w~t~yea# r#ovtd ftcf tN@, i#V@t~koat- iHwaco. 4i~ei~otiAe tq

net 44-1 tar is no4d ws i#4et t te§oc~~itq&ato thd

tCumt todies g-i (1920Ot rp, III~ 4c t"q; Hirth~ifetr (1001 ýtSd I
Th Pfto thevid tsikt, o1gg§tti4#i !0y0 3yio thfo"hou p toiti

tio "ti~tt -S411 ifA th Sb-ifti4 Iatat~i~ ttase. O Ld tho4
owinite d4t~ it itg~ ditwt~bi tc4r n~t. ~ eert§ raoht

dlhd&, jt! it's aae*S~ieh igtns gwo snedtimas Pit'o up hij a siu&*

4jU42ent sttadV 4Ad int~ded ib its 'amaviw.' See, for inztan"t TQa)O t
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and delivery schedules--the predictor variables of interest to ECOM72--

for oinly 13 of the 22 cases. Table 2 lists these 22 items, along with

* their sole-source and post-competition unit-prices, and indicates which

of the items were usedi in the ECOM72 'sample' and whichi have been used

in subsequent 'samples.' These items first einte-ed production between FY

1958 and FY 1967.

ECOM172 looked at unit--price reductions on, in almost every case,

the first competitive buy. All. ECOM72 first buys were buy-outs.*

The reported arithmet-ic mean of unit-price reductions, not adjusted for

inflation or learning effects,9 was 54 percent on the data base of

22 i~tems, with a standard deviation of 15 -and a range from 12 to 78 percent.

'On the 'sample' of 13 items used in ECOM72's attempt to develop a

predictive model or methodology," a me~an unit-price reduction of 53
percent is reported. ECOM72 reported unit-price reductions on

individual items only for this subset of 13; Table 3 ranks tl~ese items
by unit-price reduction.

The ECOM72 analysts used multiple regression in their attempt to

develop a model that would predicc u.nit-price reduictipas. They used

three ratios as predictor variables: competitive lead time ove;: se)-

source lead time, competitive quantity over sole-so~urce quantity, and

competitive delivery -ate (quantity per montli) over sole-source delivery

rate. They concluded that none of the regressiost equations examined

were good candidates for a predictive.model, and that

To further pursue the attempts of-f inding more significant
causal relationships among Ivad time, quantity.. and delivery
by regression techniques appears futile, It can almiost be
conicluded that the desired relat~onsh.i.p is severely cloudud by
the other variables that would be difficult-to quantify, Also,

We se heterm "buy-out" to refor to awar~ds that go to out
producer, i.e., to distinguishx from a split-buy. The term winnor-
take-all" will be used to refer to a buy-out that is intouded to isini-jdo
all future quantities of the. item.

I DA79 derived learning curves from p~r cs o those CON72 items
Wheye there were at least two sole-souirce buys and fo .... the turvos to
be so shallow that adjustment for sole-source loarning has littlo eif~ta
on mean uplit-price reduction. [p. 52]

-. 
YY
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Table 2

ITEMS IN THE ECOM712 DATA BASE BY UjNIT PRICES AND USE !N SAMPLES

!Sole-Source IPost-
IUsed in Which 'Sample'? !Unit Price ICompeti-

I AN/ARC-31 RAdirorne95. ~ l
Radio98 es Set. x 5120. 13815.

Squa Rado: N/PR-4 x 190.58. 170.
AN/PM-23 estSet635. ?78

3. GRD-352 Multipxe xo x 93304. 39953
4. N/GRC01O Raidio Combne x 410.3 18717

1.AN/PRC-131 Radio 2e x9375. 4
~NtP~C-Z 215.132.

ATUh1-206/ TetSt 10. 5100.

10 P-465GR x1054. 61440
11.ý1K-90/PS- xx 0658. 3180.-

1 0~CS AN/AM2,2 Test Set x11 6A4 H350 ?WR0 8.
64. 1ANIRC10 Rp. _t4-So117.49.

16.~1@ ANF -9o W) (d)n
19..o S-LtI/ Shelter xb~ 3616, 127

20. N/FY-8X 2630 *41110
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,iI

Table 3
1 i ITEMS IN THE. ECOM72 SAMPLE WITH UNIT PRICE

ON FIRST COMPETITIVE AWARD, ORDERED BY UNIT-PRICE REDUCTION

'1" I Unit-Price Reduction
:" (not adjusted for Unit-Price,

inflation or sole- First Compet-
Item rsource ]earning) itive Buy

(percent) (then-year $)

* 1. AN/ARC-54 Airborne Radio Set 75. 1381.
, • 2. AN/APM-123 Test Set 67. 2078,

3. 3 K-980/PPS-5 65. 3718.
4. CV-1548 59 1440.
5. AN/GRC-103 Radia Set 59. 9995.
6. PP-4763()/GRC 58, 461.
I. MD-522A/GRC 57. 1275.
8. AN/GRC-106 Radio Set 54. 6897.
9. S-250 Shelter 52. 1827.

10. AN/PRC-77 Radio Set 48. 487.
*'l. AN/UPM-98() 44. 5150.
12. Squad Radio: AN/PRT-4

AN/P.R%-9 41, 170.
•13. %./ASN-43() 11ý, 1800.

* A-ArithmotiQ Moeai 53.

SOURCE:: I•CO72, pp. 7-6, Apps. I and IIl.

Ii

I5
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II
-the number of . . . itenm making the transition from sole-source
to competition each year is small, and to accumulate a large
"enough sample to provide sufficient degrees of freedom if the
variable list were expanded would span many years. [p. 22]

The sole objective of this study was to determine if a predictive model
could be developed. Having decided that it would be very difficult, if
not impossible, to develop such a model, the authors state in their

closing paragraph:

The only conclusions that can be drawn from this study are
that unit price is substantially reduced by competition--

J, possibly more than was thought--and that the difficulties that
might be voiced and thought to exist when dealing with the
problems encountered by the new awardee are well worth the ef-
fort in dollars saved. Also, use of the 25-30% reduction for
planning purposes appears very conservative. Larger reduc-
tions for systems consisting of a good mix of major items
could approach 40-50% with some degree of confidence since
very few occurrences were noted below this range. (p. 24]

i

The Second Study: IDA74

This study by Zusman et al. was conducted for the Advanced Reseach

Projects Agency (ARPA). It included three tasks, only one of which
concerns us here: an examination of competitive reprocurement "to measure
quantitatively the effec, of competition on selling price." (p. 451

The IDA74 team contacted 22 p'incipal agencies within DoD, and 47
divisions or offic- wtithin those agencies, in their search for data--a

search thdt turned up usable data on only 19 items."' The criteria for

"inclusion of an item in the IDA74 'sample' were not overly demanding:
retriuvablA price (not cost) data," "at least two stlo-source

production awards," "at least One CcuoMt~cio award," aod a "wii, cost

i ••::of at least $10M0" W1'ile tharo 4re only 19 hardware it~s W. the IDAN

'sample,' th4 authors usftd 20 instances of com•jtitive roprocuramont in
their i•alysis. Thoy used tho Uullpup twice: as a copoctitive split-buy
won by Hartin and a3 a wiruter-tako-ali award uou by Maxsot ($Se Table 4)

Sdescribed in WA?4s App. G.
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Table 4

ITEMS IN THE IDA74 SAMPLE WITH UNIT PRICE
ON FIRST COMPETITIVE AWARD, ORDERED BY UNIT-PRICE REDUCTION

Unit-Price Unit-Price, First
Item Reduction Competitive Buy(a)

(percent) (1970 dollars)

1. MD-522 Modulator-Demodulator 60.3 1275.
2. TD-352 Multiplexer 57.8 4291.
3. Aerno 60-6402 57.0 3030.

4. CV-1548 Signal Converter 53.7 1503.
5. MK-48 Warhead 53.2 5087.
6. TD-202 Radio Combiner 52.5 1741.
7. TD-204 Cable Combiner 50.2 1877.
8. TOW Missile 48.1 1999.
9. Bullpup (Maxson) 45.8 1474.
10. Tales Guidance and Control 42.3 87636.
11. MK-48 Electric Assembly 37.5 6027.
12. USM-181 Telephone Test Set 36.0 422.
13. APX-72 Airborne Transponder 32.6 1653.
14. FGC-20 Teletype Set. 32.0 1308.
15. TD-660 Multiplexer 30.2(b) 3524.
16. SPA-25 Radar Indicator 21.3 6619.
17. Bullpup (Martin) 13.8(b) 3725.
18, Hawk oetal Motor Parts 6.4 1014.
19. Rockeye Cluster Bomb 5.3 1641.
20. Shillelagh Missile -0.2 3041.

Aritunatic Mean 36.8

SOURCE: IDAT4. Table 10, p. 56 and Table 11-0, p. 11-3.
(a) More or less the first compatitivo buy; sett.
(b) Last digit not clear ini our copy of 10A74,

z" o

7,.

"' .' -,- -'-A
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These 20 instances include six items from the EC0M72 data base, two

of which were used in ECOM72' s regression analysis. Most of the items

in IDA74's 'sample' were procured by the Army.

IDA74 examined unit-price reductions on the first competitive buy,

as did ECOM72, but for the TOW and the second Bulipup ci~se (Maxson), the

* first buy-out following competitive dual-sourcing was used. For the

first Bulipup case (Martin), the Rockeye cluster bomb and theI

Shillelagh, the first competitive buy used is a competitive split-buy.

IDA74 used constant (1970) dollars to control for inflation and
adjusted for sole-source learning effects by extrapolating an expected

sole-source price from a learning curve based on unit prices."1 The

~ij arithmetic mean of the unit-price reductions on the first competitive

buy as defined by IDA74 is, for this group of mostly Army electronic

items and missiles, 36.8 percent. The median is 39.9 percent.
* IDA74 used multiple regression analysis to examine the effect on

* post-competition unit-price reductions of four variables: the exponent

of the sole-source learning curve, the ratio of competitive to sole-

source quantities, "type of competition," and nuimber of bidders as a

measure of "the intensity of competition." The effect of the number of

bidders was not statistically significant. IDA74 does not- proffer the

regression equation derived as a predictive tool; the authors merely

-the derivation of sole-source learning curves from

price/quantity data points, rather than production-cost/quantity data

pitis the rule rather than the exception In studies of competitive

reircurmn; D7 of fers the following justification for this pr'ac-

While progress, (production-cost learning curve) theory is
* * .. based on a relationship between cost and quantity, it was

found that the only data availabl to us were Vrice data.
Undor a sol-source contract, where the government is monitor-

* in& the conitractor's costs. margisial costs and marginal prices
are highly correlated, and it is expected that progress thoory
will accurately reflect price bha~tvj2r. Thereforo, we have
rofrred to the sole-source price-quantity relationiships as
progress curves. (Emplkasis iii the original.)

Amang the fouir studies we focu% on, only APR~O76 used production costs
rathert than prices in estimatinig learning& curves.
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summarize the nature of the three statistically significant

relationships. (1) "The steeper the progress-curve slope the less that

is likely to be saved." (2) On the first competitive buy, maximum

savings are achieved with a buy-out competition, minimum saving7 with a

* 50/50 split-buy (each competitor gets half of the total). The authors

caution that if "there are additional buys after the first co~anetitive

buy, then a (buy-out) strategy may not be optimum." (3) Unit-price

"" reduction is negatively correlated "with the ratio of the number of
I units bought under the first competitive award to the total number of

units produced under all the sole-source awards." [p. 591

A negative correlation between unit-price reduction and the ratio
of the first competitive quantity to sole-source quantity was also

reported by ECOM72. IDA74's replication of this finding on a more

varied set of items is interesting given that production-cost learning

curve theory, conventional wisdom, and the DAR 1 2 lead one to expect a

positive correlation.

The Third Study: APRO78

Lovett and Norton of the U.S. Army Procurement Research Office

wanted to "(i) develop a methodology to estimate the nqt savings

achieved due to competition, (ii) further develop the methodology to

forecast the net savings expected from introducing competition into the

* procurement of future major weapons systems, (iii) furnish an organized

"data base to support the net savings methodologies." [p. ii]

The APRO78 'sample' consists of 16 Army and Navy systems; three of

these were also in the IDA74 'sample' (the Shillelagh, TOW, and Bullpup

missiles) and two wore in the ECOM72 'sample' (the AN/ARC-131 and

AN/PRC-77 radios).

-lSection 3-108 on the Negotiation of Initial Production Con-

tracts, Paragraph Md) states:

The number of items i;o be procured under an initial production
cintract will be established only after considering all per-
tinent factors, including the practical minimum quantity suit-
able to permit the development of the production detign and a
data package adequate to establish competitive procurement of
the item at the earliest practicable date. (Emphasis added.)
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APR078 was the only study to collect production-cost data. For

systems on which such data were available, sole-source learning curves

were derived from disaggregations of and adjustments to those data. To

arrive at net savings, the APR078 analysts also collected all the data

they could find on the external costs of introducing competition. Those

were primarily costs related to the transfer of production technology

from one firm to another; technical assistance and learning buys for the

second source are included, but not the cost of TDPs. Successful claims

against the Government by the second source for faulty TDPs and the like

are also included. Due to time constraints, the APR078 analysts did not

"attempt-to collect data on the in-house costs of competition, i.e., the

additional expenses incurred by the Government buyer in setting up and

managing a competitive environment. Thus their estimates of actual

savings and losses are estimates of partly netted savings and losses.

These estimates of savings and losses were not.discounted, nor were

"ECOM72's and IDA74's price reductions. They were savings or losses over

all quantities after the first buy-out competition, including expected

future buys. (Recall that IDA74's price reductions were on the first

competitive buy only, whether that was a split-buy or a buy-out.

ECOM72's were mainly on the first competitive buy, and all instances

were buy-outs.) APR078 reported, in FY 1972 dollars, these partly netted

savings and losses as a percentage of what total procurement costs would

have been if all procurement had been sole source.

These partly netted savings and losses as a percentage of total

procurement c.osts are shown in Table 5.

APR078 also computed average percentage unit-price reduction across

all post-competitive-buy-out quantities, including, as in the estimate

of partly netted savings, quantities budgeted for but not yet purchased.

This figure is proportional to gross savings on these quantities. This

measure of gross sav$ gs, also in FY 1972 dollars, was used in the

multiple regression analysis conducted by the APR078 analysts in their

attempt to develop a predictive model. These results on gross savings

are shown in Table 6.

t __
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Table 5

ITEMS IN THE APRO78 SAMPLE WITH PARTLY NETTED SAVINGS IN DOLLARS,
ORDERED BY SAVINGS AS PERCENTAGE OF TOTAL PROCUREMENT COSTS

Partly Netted Partly-Netted
Item Savings/Losses as Savings/Losses

Percent of Total (millions of
Procurement Costs FY72 dollars)

1 '! 1. Shrike Missile(a) 51,0 103.2
2. PRC-77 Radio 34.8 52.6
3. TOW Launcher 30.2 83.5
4. FAAR TADDS 18.2 2.0
5. FAAR Radar 16.6 4.8
6. Bullpup AGM-12B Missile(a) 16.0 38.3
7. Dragon Tracker 12.0 12.2
8. TOW Missile 8.5 61.3
9. Shillelagh Missile 5.9 18.3

10. UPM-98 Test Set 3.0 .08
11. Dragon Round 2.7 8.0
12. ARC-131 Radio - 2.1 - .6
13. Sidewinder Missile

AIM-9D/G GCG(a) - 2.7 - 1.9
14. Standard Missile(a) - 3.9 -11.8
15. Sidewinder Missile

AIM-9B GCG(a) - 4.0 - 6.7
16. Mark 46 Torpedo(a) -13.2 -52.9

. I Arithmetic Mean = 10.8 Total =310.38

SOURCE: APR078, Fig. 6-1, p. 93.
(a) System analyzed by Kluge and Liebermann, TRI.

A..
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Table 6

ITEMS IN THE APRO78 SAMPLE WITH AVERAGE UNIT PRICE ACROSS
ALL POST-COMPETITION PRODUCTION

Gross Post -Cornpet it ion
Savings Unit Price

k.Item (percent) (1972 dollars)

1. Shrike Missile~a) 52.8 6309.
2. PRC-77 Radio 41.9 589.
3. FAAR Radar 39.5 85805.
4. TOW Launcher 34.7 17702.
5. FAAR TADDS 31.1 2714.

*.Bulipup AGM-12B Missile~a) 26.9 3202.
*7. TOW Missile 12.4 2114.

8. Dragon Tracker 121.2 5935.
9. UPM-98 Test Set 11.5 8676.

10. Shillelagh Missile 9.4 21611 .
11. Dragon Round 2.9 1828.
12. Sidewinder AIM-9D/G GCG(a) .7 6748.
13. Standard Mi~ssileWa - 5.4 46517.
14, Sidewiader AiM-9D GCG(a) - 5.5 Z151.
15. ARC-131 Radio -16.1 3714.
16. Mar.k 46 Torpedo(a) -29.4 35785.

Arithmetic Hkan' 13.7

SflURCE,- APR078, Figur~e 4-2. p. 66,
(a) Systeras astalyzed by Kluge and Lie,6nawt TRI.

IA
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The authors, Lovett and Norton, are somewhat cautious in their

conclusions about the effects of price competition:

Much has been written about competition and how it saves the
Government money when introduced into weapons systems acquisitio:i.
Most of the studies claim substantial savings through reduced
unit prices and attribute the reduction to competition. While this
report supports the belief that savings have been made in the past
and will continue to be made in the future through competition, itF, recognizes that competition does not always result in a savings
to the Government, and that when savings do occur, not all the
price reduction creating the savings is due solely to competition.
A portion of the. price reduction is due to contractor learning.
It also recognizes the expenses incurred by the Government to
obtain a competitive environment and identifies some of the problems
that may be created by establishing competition. [p. 841

In their attempt to develop a predictive model, the APRO78 authors

checked several variables (they do not say which ones), and several

different transformations (logarithm, square, square root, etc.). They

ended up with a model in which the outcome variable was the logarithm of

.* the price after buFr-out competition, and the predictor variables were

kthe logarithms of the expected solo-source price and the ratio of post-

compotitive-buy-out quantity to total program quantity.

Lovett arid Norton were not, we believe, sufficiently cautious in

ovaluating the adeqtuacy of their predictive model. They suggostd the

model ca. be used "to forecast a competitive bid price" (pp. 70,751 and
"to determing the ratio of quantitios 4t Which the projucted (s-olo-

source) untit price tquals the forogastod (competitivo) unit price." t(pp.
73.771 Tho Authors cautioneod tttat tho "quantitative resiults. dorivod
(from thisi modLW) toust bW viowed io light of the qualitative factor%

t~hlch infrluorce paotntial %avings duo' to co-iiil" P 771 4n to

presnted t@ o mangent to4ok tnt dealingr with the qualit"Ativoe ficttirs

a to~ltLittfl ~coento be appliod botoro. the modol is useod [pp, 61-

a?) iint a "ettifo idoNk" to be used After 4L-taifitog 1*ositivo

rosult* trot the Ausitv mo I pp, ;?14l), Thoy ratofosueda th-At
tho 60, e ete 4 01yse Win thet reqttiw'd tZO~fkeitiafl

strctreto Verify it* airiabi~ity aitd Aethjracyw and, it Vetitiod,

that the moddel be adoptod by Ithe Coupiwol le of tint Army.

t4



The Fourth Study: IDA79

This IDA project, partly overlapping the period of our own study,
was conducted by Daly, Gates, and Schuttinga for the Office of the Under

Secretary of Defense for Research and Engineering (Acquisition Policy).
Its purpose was "to examine the benefits and costs of utilizing price
competition during the reprocurement phase of the weapon system
acquisition process and to determine: (i) when competition should be
considered . . ; (ii) how long multiple sources should be maintained i

*",competition is introduced; and (iii) the changes in policies and

practices which would improve the use of competition." [p. S-l1
The IDA79 analysts, in estimating gross savings and in attempting

to develop a predictive model, used data assembled by the other three
studies. After discarding items for which there were fewer than two
price-qua~ttity data points [p. A-21, IDA79 was left with 31 itens, as
shown in Table 7. Included were the six electronic items that appeared

in both the ECOfZ72 and IDA74 analyses, the three missiles included in
both IDA74 and APRO7S; four more missiles and the flARK-46 torpedo from
APRO78; seven other electronire itoms from ECOM72; and ten asserted
systems from IDA74, including two on which Zusman et al. colloctgd data

but discarded from their 'sample' b•cause thie unit prices were below
$1000 (tho Aerno 42-0750 voltage regulator 4nd the Aerno 42-2028

gonorator). Thtus this MAN 'stple' of 31 ioclude* more low unit-pc•i
ito"s and wore oeolctr¢oic ita&m th0n either the• 1AX, or the APKOUT

studies. A shwnii i Fi&. 2, over two-thirdi of the 31 h l44 4
cumulatlfvo avorage prico of lW%% than SIO0O00 at the end ofi -suc

pro~ueticn, i~e., w~hof tho priee, ospouially th@ cwaulautivo Avorago
prie*, was *till gonordlly high,

Although tho M~AN 4thortn. iW inpoting reotihts oý; 4LLIA1 tav-iugs,
scwetiees refer tt. 'otwtdsViltg%" 0nf thuir TAble 4, tot inttaeCo), tho
onily @§stts of tCietitlun tvttod out 4re 'thoeontmriaet eaansy of leArnking
buys for the scodod teuree Acid spit-award COttom"~.61J

"Saviogs r ate laueitodi. V-0 tin told, "by nbrtratbnog the actual tint
to the aerun (Ct~tr4t. pelt*2) ot all p~tosditrepfdtto
conitracts f irt tho prfice pOJi~1Pgd COn the. "t~i otT the-t soie-s*4ite

piafogrss tturVV and thou oxpressing the dtiferen" s PorcentAje Of thco



"3. -42.-

'fable 7

"ITEMS IN THE IDA79 SAMPLE, ORDERED BY GROSS SAVINGS

Gross Savings on

All Post-Competition
Item Product ion

(in percent)

1. CV-1548 64.0
2. TD-204 62.1

3. AN/APK-123 6i.2
4. AN.GRC-103 58.7
5. ND-522 58.6
6. TD-352 58.0
7. USM-181 56.0
8. MK-980/PFS-5 56.0
9. ARC-54 55.0

" "10. Aerno 42-0750 4.8
11. Aerno 60-6402 49.4
12. SPA-25 48
13. TU-202 46.8

1, 14. HAWK metal motor parts 45.7
15. TOW Launcher 44.2
16, AN/GRC-106 43.3

"4 17. PRT-4 42,3
18, TALOS Guidance & Controi 40,8

M19 T-&660 3, 3
20, Wl11pup Missila 31.7-. 1.•! AN/iM'*-2Z 27, ,

2,2 FGC- S
"213. PKIG•MS7? I,

. Af!lrio 42-2026 1M9
25. ckove Clustet' sow 1.116

27. A1K-9? G'Liwte & Cc#tro1 .

A~~f~su iitd*e & Cmtro1

al. nlW,6

$0hit, 11.A79, Tabloit", p. A-a,

(F

.4 -
:- 

~
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projected sole-source price." [p. 621 The IDA79 analysts used cumulative

average prices to derive the sole-source progress or learning curve and

adjusted to constant dollars, although they do not report the year to

which the adjustment was made. The savings estimates were not discounted.

IDA79's attempt to develop a predictive model differed from the

other three studies. The outc.ome variable IDA79 wished to predict is a

-:measure referred to as "the competitive learning curve slope." This

-measure is actually the slope, on a log-log grid, of the line running

from a point representing the cumulative.iaverage price at the end of

-: sole-source praduction to a point representing the cumulative average

"price-on the total procurement quantity. It seems misleading to refer

to this line as a competitive learning curve: it reflects post-
coinpetit~ion pric behavior only in a: very indirect fashion and it-s

relationship to post-competitt.--n production costs is unknown.

IDA79-'s exnectation was that the slope of this "competitive

learning curve coald be predicted, on the basis of a li,.ear regression,

"from the slope of the known sole-source learning curve. Sole-source

slopes were, as already mentioned,-derived from cumulative-average-

price/quantity data points. IDA79 reported that when "just one aberrant
item (the SPA-25)" was omitted from the regression, the outcome variable

("competitive learning curve slope") and the predictor variable (sole-

source ,earnirg curve slone) were unegrrelqt d. [p, A-5) This left

IDA79 having to use the mean of the measuro referred to as '"ompetiti•'eM'-

slope" in the equation which is supposed to predict gross savings on

competitive buys, The equation is the cumulative overage variat of the

standard learning curve equation: gross savings on competitive

quantities are "predicted" as a function of the ratio of total q4untit•y

to sole-source quantity, known sole-source slope derived from cumltiva

average pricas, -nd the m-an (-,414) of "compstit ivo-sopes" frm this

'sample' of 31 items.

IDA79 concluded--too optitwistically in our v Aw--that this "savings

forecasting model is only a moderately successful pradiatur of actual

savings." (p. A-7]

It is haid to tell whether 1DA79 is aictually rocoa=*adlii4 the 0---o

as a useful maiiagemorr~ tool. The model itsolf? is praoaW*. in U)A79's
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App. A and is used in App. C to estimate what the savings would have

, been had the Improved Hawk been competitively reprocured. It is,

however, not even mentioned in App. F, where stylized examples are used

"to illustrate the sensitivity to various assumptions of the estimated

savings attributed to the introduction of competition." [p. F-I] Nor is

it mentioned in the text of the report, which states:

The reduction in unit cost is the most difficult component (of

the internal rate of return) to forecast. It is in fact like-
4 ,ly that no precise and stable predictive relationship exists;

there are so many dimensions of variation surrounding each
procurement (e.g., technology, market conditions) that each

* I system is to a considerable extent unique.

Ekperience with previous systems reveals considerable varia-
tion in the realized gross savings in unlit prices after com-
petition. (Findings on split-award and buy-out competitions
are then sutinariiýed.)

Based upon this information, reasonable, yet conservative fig-
Mdres for the projection of post competition savings are 10
p peQcent for split-award buys and 20 percent for buy-outs,
These numbers can, of course, be adjusted to incorporate in-
formation regarding the circumstances surrounding Lhe procure-
mont of a parti.cular system. (pp. 83-841

Although IDA79 wakes much of the need to discount (Oh. V11 and pp.

85-861, that is. to troa•t prieo-co~potitivo rMurocureme~t as an

irwestmont dIViSWion ill Which theV time stream of costs and benef its is
d takon into account by computiuig a net presept valuo or interial rate of

return. tho authors ignore the .ofotsi oi dit,.ounuting and the

consoquon•Q.s of "etting out in-houseo a'id utn rncl costs in their ttummavy

advico to cisionakers quoted avov. If program manatey% (1,) project

4gto.s.s savinj;% bf 10 porcent an spllt-btý_, and 20 porceot on buy-outs, ai

10A79 SuggostN, (2) take into atcount thie costs of introducingr
coepetitiou, and (0) osticasto the not prosNot valuo. or intorual ratu of

roturn, they Aor watt unlikoly to to" up with nuntsb sugr eing that

ptivcto~utitivo reptoturacet it a5 4wottht~th~l@ inivotacet.

IýMAT CUS Se LEARI("ED VR013 VIM~ k$Ah $WDIE5

'hs Our bttudius conaributa to our utdvrSt4.tmdin oll thn

t"O~wtitf~t rep'"Uotnevt. pruc~t.s U ut thuy do not, (W~ith the vnSS-ble,

1!"

i"U
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exception of electronic items) provide convincing evidence of savingsf. due to competitive reprocurement, nor do they provide reliable

quantitative tools for decisionmaking.
C

j Credibility Problems Associated with Savings Estimates

if a decisionmaker is awaxe of the problems that may arise in

transferring a complex production technology, of the additional

administrative costs that will be incurred in setting up and managing a

Competitive productlov, environment, and of the sisnificance of

discounting, he is likely to decide that competitive reprocurement is a

risky investment indeed, And the doubts acquisition decisionmakers

o 4harbor about the dollar benefits derivable from competitive

reprocurement are likely to be increased rather than decreased by a -

careful perusal of the existing quantitative research.

"Savings estimates made by different analysts on a single system

often vary enormously. Table 8 illustrates this phenomenon in the case

of the Shillelagh missile. Different savings estimates calculated on

the Shillelagh run all the way fraw 79 perceat to -14 percent. Some of

the reasýPs for this extreme variability on the Shillelagh arid on other

systoms are (1) some analysts have calculated savings on the first

competitive buy while others have ostimuated savings auross all post-

competition production; (2) where adjustments for sole-source learning

have been made, different methods have been used to estimate the sole-

source curve; and (3) some 9aalyst.s have njetteod out some costs while

* others report gross sawings. 1alf the estimttos in Table 6 (those from

p. 58 in lDA79) wore in fact calculated by IDA79 to show the sensitivity

"of savings estimates to (2) and (3). If these five estimates that are a

result ot IDA?9's is•.itivity analysis are omitted, results still range

from 79 porcont to -48porcent.

"Swe of tho variation in results ulhun on Table ki stew from

difforent definitions of saviogs, but differences in batic data

-iiito•prt~titot also exist. The result is that a program manager looking
for evidence of savings in previous programs can find a bowildering

variety of aiisiwrs, lWadig to serious data credibility problems and

-, coufAquoat disincentivas to the use of competition.

I\
.il.
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Table 8

DIVERSITY OF SAVINGS ESTIMATES ON THE SHILLELAGH

Percent I
Savings Source M Method
Estimate

79 Yuspeh (1976), Lowest price [Martin's] on second split-buy
p. 111. compared with last sole-source price, in 1970

A".dollars. No adjustment for sole-source learning.

32 Carter (1974), Sole-source learning curve projected from data in
p. 120 Yuspeh (1973), and savings computed as "the

"difference between the competitive bids of the
developer and the second producer" [Martini,
in 190 dollars.

22 IDA79, p. 58(a) Savings on competitive b'.y-out, recurring costs
4 ".only, presumably in 1972 dollars. Sole-source

lear:.ing cl'rve exponent of -0.233 reported in
APRO7S used to project sole-source price,

6 APR068, p. 33 Savings on all post-competition production minus
S746,000 in technology transfer costs Gs a
percentage of total procurement costs, in 1972
dollars. Sole-source learning curve expottent of
-0.233 derived from cost data for first two sole-
source buys.

V IDAI9, A 0. 58(a) Savings o4t all post-corpvetizion produaitn., re,
APR078 p. 68 curring costs only, in 1977 doll•rs Sole-source

learning Curve exp.Wof, of -0,233 from APS078,

o 1OA74, p. 3'5 vig on f irst comtiitv split-buy, 4nt 1970
dollars, Sole-souree lernting curvo expoent. 4f
-Q.395 dvrived Eves% price dota.

-l IUATQ, p.sB(aý aving*s on £ir~t conpotitive. Ppt't , prsmbly
W i 1912 dollars, ulitug th3 AP807a nxponiscl a:
-0-l35 b'~r tttý solo-source learning curve,

p.;[ a n; nalp~~cuei~nprda~n e

cuffing aw-only n tty, 0in a loarni.1p (curve @xp~mvntt
Ivalqo "Ot Atven) tlorivo4il %. WAT9 $roA &PSON

-a IDAJ9. p. A-4. $avlnes on All Vo- ptiit rdust e
currtigcoss oly.using cuffilativte average p~iin
ler~~curvp ONPOIetit @st:&sAted at -0.340.

toftstal dollar*, YtvdC cot givot.

derivdd 1by InAll trot 0143I~ dtn. ?cosun",ly

(a) These etilds-ates Coero. alculated by I*A1 to d te4trite the *eesi-
tivity of skAvting 0*tisat0s "to4 tUtffent 60t14%s(if eat witti-A ptesb %

curesa~t~tothe nlsino difetrent (a,:stt%. dse teuiss4 other
o,*~ttS~tp5 o" the shlelogh itat twlte4" hibto MWd 0tiiV-denth sstlfrs ot
estintles tor all the inthor sYstots Ift tho AjNM1A %tty see ID'10A? S*-
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Another indication of these credibility problems is the lack of
ordinal agreement among studies analyzing the same subsets of items. As

/ I Table 9 indicates, there is disagreement in the rank-orderings by

percentage gross savings (on all post-competition production) reported

by APRO78 and IDA79 on the subset of items analyzed by both studies.

This lack of even Q.,dinal agreement between tI1u findings f rom two

studies using the same basic data is at least as worrisome as the

disagreement among studies on a single system. The major stated

difference between AP42O78's method of estimating gross savings and

IDA79's lies in the derivation of sole-source learning curves: APR078

used unit product~ion costs, whereas IDA79 used cumulative average

prices. Savings estimates are, as IDA79 pointed out [pp. 57-791, very

sensitive to the method of doeriving the sole-source learning curve; it

appears that even rank-orderings of savings are quite radii.aljy affected.

T n~ into Account the Time Value of_ Money
T...i ..... __

The decision to reprocure competitively should be, as TDA79 argues.

looked upon as an investment decision: costs are incurred in the present

with the expectationA of obtaining, savingS% in the future. Because the

Table 9

RANK ORDERING B~Y POST-CQOtPUTlION GROSS SAVINGS REFORME BY APRO78
AND ID479 Q% ITPIS INCLUOM4 IN BOTH SAW9P"E

- APROTA IP~A79
t, ~~APRO76 R~ak IDAT9 Rank Z~oGrrv

PRG-77 Patlio I 1 4119 Z

V W Vtk*~

S 4o -.-90/0

'6Toip~do 9 9-9'
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savings will begin to accrue several years after the initial investment

in competition is made, it is important to take into account the

opportunity cost of Government funds. Savings realized from competitive

reprocurement will, when discounted at even the 10 percent rate

suggested by OMB (let alone at the higher rates that would reflect the

perceived scarcity of front-end funds), look much less impressive than

undiscounted savings.

Among the studies we are familiar with, IDA79 is the only one to

have examined the effects of discounting and then for only two systems:

the Sparrow AIM-7F Guidance and Control System and the TOW Missile. The

"only obvious omission from IDA79's estimates are the additional in-house

costs of introducing competition. 1 3 An internal rate of return of 12

percent, computed from data collected by 1DA79, is reported on the

Sparrow AIM-7F Guidance and Control System [p. B-9], a system that was

competed for non-price reasons. On the TOW Missile, IDA79 reported an

estimated internal rate of return of 24.2 percent, computed from data

collected by APRO78. Using the 10 percent discount rate recommended by

OMB, the net present value calculated by IDA79 for the TOW Missile was

$19 million in 1972 dollars. (pp. 75-761

By considering the APROi8 results on gross savings, we can get a

rough idea of the effect of discoui•ting when a portfolio of relatively

*• complex systems, especially missiles, is being reprocured. The mean of

&Foss savings on all post-compoe~tion production-for APRO78's 'sample'

of 16 items, mainly Army and Navy missiles, was 13.7 percent. Titus if
. •thu in-house and exto|rnal costs of introiucing competition were taken

into account and if costs and savings wttoe duly discounted, the not

present valuo of invaostwonts in competition for this portfolio of

systaw, would b negative--a fairly sizable losb, in fidt. tiietter this

loss uihould bt attr-buttxi to compotition or to badly dosigned and

~ estiodtv docis tike int~o dCcoQunt the Costs ofa
V contrec with tttu Naval 6ev&pons Center at China Lako, Vhie those costs

aro tochnically in -ho4 cot*, ard are tso listed by 10M79, thoy covo rud
the 1rrvparatiost of a TOP *nrt tichtittcal support to the Necond source.
Thus thay aro a%0*soatv4 with tho techoology transfor process that would

UiOrcfU11j be oxtornal, rorlntr t;ano with 1.1w sddltitwinl adw*iaisr.'ativu

load placed on ate~gnaw OUfhlss .sntaging competitivo -%#ironoitt.
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implemented acquisition strategies (for instance, the failure of a

program to prep-re well in advance for the introduction of competiton in

the production phase) remains an open question at this stage of our

analysis.

Predicting Price Reductions

Only two of the four studies--APRO78 and IDA79--claimed to have

some success in developing a model that decisionmakers could use to

predict price reductions attainable from competitive reprocurement.

APR078 offered a5 a predictive model an equation in which the outcome

SJ variable is the logarithm of the price after buy-out competition, the

predictor vzriables are the logarithms of the expected sole-source

price, and the ratio of the post-competitive-buy-out quantity to the

total quantity. The choice of average post-competition unit-price as

the variable to be predicted was not, unfortunately, a wise choice. A

better choice would have been the difference betwee., the expected sole-

source price(s), itself a prediction, and price(s) iiader competitive
conditions. To go after post-competition price directly, as APR078 did,

means that expected sole-source price is used as a predlictor variable.

The correlation between expected sole-source price and actual post-

competition price is so high (.979 between the logarithms of the two

prices in the APRO78 study)"• that it swamps the effect of other

variables.

The APR078 authors stated that their model should be tested "on a

system meeting (certain qualitative criltria) to verify its

applicability and accuracy" before being adopted by the Comptroller of

the Army as "approved procedure for independently (i.e., independent of

Lthe program manager) forecasting savings expected from competition." [p.

96) Testing the model on only one additional system, as APR078

recommondad, would not even come close to validating it."

.,-APRT8 actually reports the correlation as being 1.00. (p. 70)
SOur recalculation was 0.979.

S .OOSee MOsLller atd Wallace (1964) for a good case study of how
to validate models on additional data.
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The IDA79 approach was interesting and worth exploring but, given the

lack of correlation between the sole-source slope and the "competitive

learning curve slope," it turned out to be a blind alley. IDA79's fallback

position, using the mean of the mea ure referred to as the "competitive

learning curve slope" to predict gross savings, has all the weaknesses of

any attempt to predict from a mean. In addition, the way the "competitive

learning curve slope" is defined reflects the one-time effects of

: .ompetition more than it reflects learning in the post-competition phase.

IDA74 estimates of post-competition learning curve_• from post-competition

• •price behavior show them to have shallow slopes, whereas the mean of the

measures IDA79 refers to as "competitive learning curve slopes" is very

steep--75 percent.

IDA79's predictive model is, as previously mentioned, a variant of

the standard learning-curve equation. It is not a result of IDA79's

regression analysis. It is, therefore, misleading when the authors, in

discussing the implications of the equation, state: "As one would

intuitively expect, the greater the quantity competed, the greater the

expected percent savings." [p. A-5] The effect of the quantity ratio in

IDA79's equation is determined solely by the assumptions of learning-

curve theory; the quantity ratio in this equation must behave exacLly as

those assumptions say it should behave, i.e., with utter disregard for

the data. IDA79's equation sets the exponent of the "competitive

learning curve' equal to -. 414, a slope of 75 percent, for all time.

That is a rapid rate of learning. Few sole-source slopes will be that

steep, so it is little wonder that the greater the quantity assumed to

be produced under a 75 percent curve, the greater the gross savings.

These two studies (APR078 and IDA79) which claim to have achieved

some success in developing a model to predict price reductions from

competitive reprocurement, placed heavy reliance on prodiction-cost

learning curve thieory. They accepted the conventional wisdom, as do the

Defense Acquisition Regulations (DARs), that the greater the post-

competition quantity relative to the sole-source quantity the greater

the price reductions from competition. Yet the multiple regression

results reported by the two earlier studies, ECON72 and IDA74, show the

reverse: the greater the post-coMpetitioni quantity relative to the
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sole-source quantity, the smaller the unit-price reductions on the first

competitive buy. ECOM72 and IDA74 results also indicate that the effect

of the quantity ratio is minor, i.e., the coefficient of the quantity

ratio in the regression equations is (relatively) small. The IDA79

results provide no empirical information about the effect of the

quantity ratio. The APRO78 results do: they are consistent with the

ECOM72 and IDA74 results in showing a small coefficient for the quantity

ratio and inconsistent in showing a positive correlation between the

ratio of post-competition to sole-source quantities and unit-price

reduction.

This one positive correlation seems to suggest that production-cost

learning curve theory is not wholly irrelevant when it comes to

predicting price reductions, but all the other findings indicate that it

has not been helpful in explaining the results of competitive

reprocurement. It may even have been a hindrance. IDA74 sounded a

warning about production-cost learning curve theory. The authors

pointed out that learning curve theory leads one to expect that the

original vendor, the sole-source producer, should be able to win a

competitive production contract easily because of the learning that has

Learning effects presumably need to be taken into account in any

model of competitive reprocuroment. but how that should be done ro.A~insj all open question. And a more impoprtafat question is: 6hat other
varlablits should be taken Into account iii order to predict the price

reductions to bo e.spected frum cnwpetition?

Current und-irstaniidlI of the competitive repracurometu procesti 1
meaiger. 1I. would, for example. be ant undarstatotuett to 5ay. that rtho

doterwinartts of pos -compot ition pripao difooets have itot yet bouil

ideiit,ýfied. We ware unable to discover a relatively toumilate )itit of

avaiien ti g~untikl doterininants.
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From these four studies, we do have some quantitative information

on several proposed determinants: the ratio of post-competition to pro-

4 competition quantities, lead-time ratios, delivery-schedule ratios, the

exponent of the sole-source learning curve, split-buys versus buy-outs,

a •and the number of bidders. There is some additional quantitative

information on these and one or two other variables in other studies we

are familiar with. 1 6 Some studies also provide, between the lines as

it were, more qualitative information on several other potential

* :predictor variables: complexity of the item, technological innovation
(both rate and type) in the relevant industry, opportunities to market

* similar systems in the private sector, management of the technology

transfer process, type of sole-source contract, etc.

Price differences (they are not always reductions) following the

introduction of competition appear to be determined by many factors

interacting in a complex fashion. To develop a model that can explain

and predict these differences may require a thorough search through a

varied literature: work on technology transfer, techitologic-al

innovation, 'defense industry cost management and pricing strategios,

etc, We have not undertýakn this search, nor have we attempted arty

secondary statistical analyses of the data asseWblad by LCUN, APRO and

IDA.17

SU~aMARY

Tho existing body of anadlysiv, h4% not Provided Cm Adoquato teot of(

MWantgoitftst took for ostinating ditber tho untf its, or tho costik of

cueputitivo reprocuruesant. Furthortore, it uridleatos that tuch of tho

Soo, for instanto. Brfnww (Nh ) ItiA'14l~ritt~ by
Gatos ot 0.l' (1Q71 NeAto and Surgom 0Q?)ý,A8 nd- Sol~k (W$'S), tu
to VArious jn'oprtetary Arnd ptliltitAl Cfcos, hoto, Ps*eionibly e*iy, ý*tq-
dies that h.4 heA Conduetesi for p.ogr.. ofv'. f, rto '%. for 40tofen ,
Contratturt. Ott, aro taesio ehp if sUQch Studites Vor wve
jenvrally avoilAhWble orrogrs could be wftt it uldiotstaaWitt& cow-

1* If these dAte Aro to beteiý tr~ tho4 *houlýd b#@K--01tl
r-e-iaked. Thisi wUhaI hwivlve oiettg AdditiptiAl tsiten;*kwi At the

Stistronir5 betvoeen the infaxcatiolt teporte do 4k aParitulgt ptogrfl by
dtieirent studies.
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conventional wisdom about competitive reprocurement rests on shaky

foundations, and that we may know less about competitive reprocurement

than we thought we did. However, some conclusions seem warranted:

o Savings on electronic items reprocured competitively by the

Army have been substantial, but we do not yet know to what

extent these savings are dependent rin (a) technological

innovations in the electronics industry confined to a

particular time period, (b) ECOM's or the Army's effective

management of electronics acquisitions, (c) the relative ease

of tranferring the necessary technology from one electronics

firm to another, (d) the existence of a commercial market for
similar items which motivates producers to invest their own

funds to ensure that the technology tz-.,sfer process is

,successful, or any of several other explanations."1

o One of the major decisions in a competitive reprocurement is

when in ;he production tutn to introduce the second source. if

it is done too early, there is an inadequate experience base

with the solo source; his costs are not wall establishead, and

the designa itsolf may Still be urduraoiac !,owoa evolution. If

tlw svcond source is introhuced too lato, oo tho other hand,

opportu~nitips tot &-avittgs may have boon forgane. Tho WMR 04y

no epre'sulgating tht wist PQxt=iaically b'@ct1fi4i1 advice ini

~suA.tit'sg that quautitia% procurod uuder 4n insitial s~olc-

sOUWQ§ prtodutkion (ofWtrt4c* bo kopt to a a~owAwm to that

toapot itwo roprocuroeent cwn -4d Iotroducod ab ktarly a1ý

jtra~abo.~tiimnn sloig-oucco qaiqk4tioti Andoxitý:h

pttePttitiat& 4quAUnt4f5 dues- hot APjitAr to g#cwr.ato tho

lates pstcwrtti~tp~P v rductibon . ithoot Voritymft

44d to-afi~lyaits. tho eAxisotifg d~taI, h&-c4Wd, flo CýLt~tiLsy iit~t

shtould bd duon itsteLoad "- 'e cannodt UVen be sturo that a to-

4aitaysis of exiistig data hi;ýUld tel)i ", VAti? n a~pak

~'~eeGats t iai (1004, Electt-uic 44 41l discussion of
'so" at theseo ksbties
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conf ida.ýce intervals, what we would need to know. It may be

necessary to collect data on additional tnstances of

competitive reprocurement to understand the relationship

between quantity ratios and price reductions.

o While production costs tend to decrease with increasing

quantities produced, suggesting that the original producer

should be able to win a competitive award hands down, we find

that the original producer often loses when an item is

reprocured competitively. But we do not know why. IDA74

presents some convincing evidence suggesting that ASPR profit
weights for solo-source contracts will motivate a profit-

maximizing producer to set up a production proc.ess that is
inefficient. Then when this producer faces competition from a

. second source, he seems unable to shift to a more efficient

prduQction process.
0io It is not clear whether compotitive reprocu'ement pays off as a

i, fiacil invosetmwant systems as ompltx M missiles, btcause

Q

t-er. is ass yet no evidgnce that intern.al rates of returu are
high enough to justify the draint on front-end funds.

o More might be iearrugd ico0 a re-analysis og' the data al1ready
assatbied. ass~~~U01i -that at loast themjotnwitniead

mtsssots in tttnq@ data could beuwti td it is nnt posbuibIQ

at this point to @4ti~mato hut -much saore bve,,mi data problvm*
6-are oQ~d 0t n Cafs~titive aet~uee t#sa difficult

otoreiovol a4W 4doquto, Qospieto1 4nd caotsistent dat# ate

ai #itno-OlNent~t. Accurdirn& to thes wo t have as-44d th4
C-curftet dald b~ý If d~t COllection 4, bt-tsAU. 4#-* retrieVal

tho CnPetitivv ej~~uen ft it, likegly to rashf tteak
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V IV. CONCLUSIONS AND RECOVIENDATIONS

As a system moves through the acquisition uycle, the application of

competition changes in two major ways: the benefits sought from

competition change, as does the perceived ratio of costs incurred to

benefits obtained. Thus an analysis of the role of competition in

weapon system acquisition must examine individually at least three

' : distinct acquisition pihases. Prior to the beginning of full-scale

* •,developmcnt, the benefits sought from competition are a complex blend of
* i desires to improve the design concept, reduce performance and schedule

*M risks, and minimize cost. In this phase the dollar investments needed

to establish and maittain competition are rather small, although

;dditional managemeent burdena are imposed on the Program Office.

ConIvOesely, the benefits of competition are widely perceiv..d as being

valuable. This perception appears to be rooted in "conventional wisdom'

rather thaw the re.sults of any quantitative comparisons, dud tt fact

quantiudtivto ana-lysis is virtually impossible due to thle mu0ple

obiactivesý- #nd tho difficulties* of cosparin& outcomest in go-mpetitive and

nor~eopwttiv ~w~ras.Rwowvor, thg pettrcept*io of benofits* ib widely

auid strwi,~Xy kwsd, Aad coopotitlion is the ucts undo;, thesie

As the d@*i&# tokwo-i! tit full-uecalo hdrd44.ara dvowlupwart.t, di

*_ e ,#t cip Qttpt Aferarrte ("U.4ttly to 4 si~.d@%ip) Aud

the 4n~tZcip~tte bonefits oi *o~ttc hdft toward roducatiou of fiskt

aMtets In this ias# heeMqth W 4 autlit ttipi@

f~~5tpNdly la01tae 4hd the belierin 10 4qivalent W-40fitt

&Aiftdlies Agpig th@ 4ite Wsr eneitst i* highy ~etv 4 wt

quaoit~tvt C*"-rhU~gtww solk al-surce a

titvod0V1VC,-#tpygrd"rs @totsittflti it rar§ 4t thit sttale

~~raap~~A aytc ae00~in

ait teduýIaiti go'stg tho bat tiot ther bo fitt 4f4 psio-4blo

ikC~vowt, io Uthis jta%4o vv 4#tcow~t tot tho filist ties 4i Ujip6rtuaity wo
A
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collect quantitative evidence on the benefits of Itstroduclng competition.

A price pat,,ern established by an initial, soole-source prodiuction program

can be compared with actual bid prices whent competitive sources are brought

into the program. LUnfortuntately. duo to inadequacie% lit both theory and

data, such comiparisons have not yet produced a methivdology eniabling a

program manager to confidently predict post-competition prices and thusi

potential savings. Oin the other Itaud, at. least some of thet costs of

qualifying a second source (transfer of eochnology. production anid test of

initial qualification quanitities, etc.) are quite apparent,. and the0 manager

f inds in the UA~s anld Lithe policy directivesi only narrou ~~it'ain for
competition. Thto combined result is that cthe introduction of cmpt itL ion,

Sinto an o.n-goinig production program appears risky to a program manager.

N'Thus it is not the common practice. especially in the more complex "major"

system acquisitiort pirograms. The divearsity of costs, desired b its. and

levels of perceived uctinyrog-arding the introductiou of it ion.

$during those three phasies of acquis~ition illus5trate- the ditficuty of

* ~~~changing, the awmout and utilitty of cwexin

* f I ~~~Although considerablo rosearch onxt opetition h4% beenper md

reliable guid"linesi for acquisitioo wuangýýrs have not F-t- beenA

devi~pd~ xintn; ro'%odarh providosb llither qu~atitative, 4or

qua I jat ivo guidanc for des i4CAnUp4 c-cee i erpo mn

s~egw '040- Of th0 suPlext, and Qrttttnl the must quanrknbl.

* ~~A*, Qf compotuie tttwalge ihoa e t Wmie t@. forecan AtI

evlut teeotnati nffsot varioUt cmntiiari t .f

jusrt tire of fvt oni pric e. of N topitict itt tho femufeeu

for i~ lee-ctv aPPlI cati4# of &.4tex, rttu Pirhor os$u4t kn-ir4ý hbii

willi rend to focu toide degree~r to okh @ titi~'@a orn i

aPIihe46 itt*ttad of h"- du A ik, hLqs Cor- but n kiýii4~ the

-:mehdooie.hweroetb Vifll ý4e tweithert *4*11 "t rapid. Atwoti the

difficulties t of foei-Iog a4eýqnre it*kmatiltn a&t Past pctt~ras;
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* One simple but valuable step would be to ensure that adequate

records are retained on current competitive acquisition actions so that

future analysis can benefit from an adequate data base. Such a data

, ibase, and the subsequent analysis, should focus on a broad-set of

characteristics of individual weapon systems as determinants of contract

outcomes, as opposed to only learning curves and cost relationships.

The following are examples of the kinds of information that would be

useful to the analyst but that are not now collected in any systematic

way:

o The degi-ee of technological sophistication involved in theJ
system, and the technical advance it represents over the

-°previous-goneration system.

o The program environment, in terms of the various risks

perceived, the urgency of development, the number of competing

firms involved and their relative capabilities.

o The business approach used (the organization of the Service and

contractor management teams, types of contracts used).

o The expected size of the production run, both formally stated

and informally expected by the participants.

o The business posture of the compeLing firms (business base,

av~tilability of key personnel to work on the subject project,

existence of spezial facilities or other elements that might

give it a compecitive edge, etc.).

o The extent and type of competition that existed before Lhe

beginning of FSD, or the beginning of production.

o The quality of the resulting product, and the reasons for any

quality or other major shortfalls.

The role of the contract should also be considered in more detail.

Even when concracts are classified as being of the same type, Many

aspects may vary widely, such as escalation clauses, penalties, award

fees, ;,aymcnt ceilings, and so forth.

Finally, the underlying theory of how competion should function in

weapon system acquisition appears to be inadequately developed.
& ,:,
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Numerous important questions have not been adequately examined,

including:

o In what circumstances does competition lead to cost reductions

in production, or profit reductions, or some combination of the

two?

o Does competition influence a fiim's efficiency by inducing it

to invest in capital equipment, manufacturing technology, or

prod-ict development? Under what circumstances?

o How does the firm's general business situation and alternative

W investmnent strategies affect the impact of competition?

-.. Reseirch on the development and refinement of such elements of a theory

would be extremely valuable if it could provide a solid framework to

4 •guide the collection of data and the design of future data analysis.

1.9
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IUC~ITY LAWICATI N Of TI4S PAWOf(t, 0al0 &;aend)

is report examines methods for improvinq
the effectiveness of competition in the
acquisition of malor weapon systems. Use
of competition at the concept desiqn staqe
is known to be inexpensive 'relative to
benefits. However. competition is rare
durinq procurement when the expense is
immediate and any savinqs are delayed.
Existinq analysis provides no means for
evaluatino competitive reprocurement.
Savinas on competitively reprocured
electronic items have been substantial but
the factors explaininq this are unknown.
The bes;t point in production at which to
introduce a second source cannot nov be
determined. Also unclear is whether
competitive reprocurement pays off for
complex systems. Because price-competitive
reprocuresent stratedies are one of the
simplest and most quantifiable uses of
competition, this study recommends improved

" data collection on current competitive
acquisition, and further theoretical study
of the function of competition in such
acquisition.
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