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ABSTRACT

Essays on the Economics of Sponsored Research

concerns the regulation of a firm conducting R&D under
contract with a sponsor. Chapter 1 surveys the rich
economics and policy literature concerned with R&D con-
tracting. Prior to Balbien and Wilde (1980), the chief
weakness of the literature was in the analysis of dy-
namic contracting incentives and the implications of
information assymetry between a researcher and sponsor.

Chapter 2 is an empirical essay describing R&D con-
tracting by th e Department of Defense. Based on a sample
of DOD R&D contract data from 1979, several hypothesis
are tested with multivariate statistics. These hypo-
theses concern the choice of generic contract type by
sponsors, the effect of competition, and the performance
of various contractual forms.

The third chapter analyzes a dynamic model of in-
crementally funded research which is descriptive in nature
and not subject to direct econometric estimation. Never-
theless, it provides valuable insight into a firm's

behavior in revealing research progress to a sponsor,
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through targets set over a sequence of research periods.
Chapter 4's essay focuses on the influence of various
types of research assistance on a firm's internal invest-

ment in a number of private research projects.
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CHAPTER 1

A LITERATURE SURVEY

Central themes of economic research on R&D have been
1) the relationships between growth in productivity, in-
novation, énd aggregate R&D expenditures, and 2) the
extent to which market failures bring about underinvest-
ment in research. During the 1960's, an impressive body
of empirical research indicated that technical change
associated with R&D accounted for much of the observed
increase in gross output per worker during the 20th cen-
tury. More recently, the work of Grilliches (1980)
indicates that a firm's rate of productivity increase
is directly related to the amount it has spent on R&D.

With a positive relationship between productivity
growth and R&D established at both the micro and macro
level, the focus of ecnomists has shifted towards address-
ing the guestion of whether a market econamy will under-
invest or over-invest in R&D relative to some theoreti-
cal optimum. Turning to the adequacy of the nation's
investment in research and development, Mansfield wrote

in 1970:



"There is too little evidence to support a

very confident judgment as to whether or not
we are underinvesting in certain types of
research and development. However, practically
all of the studies addressed to this question
seem to conclude with varying degrees of con-
fidence that we may be underinvesting in par-
ticular types of R&D in the civilian sector of
the economy where estimated marginal returns
seem very high." (p.33)

For example, one study of 37 commercial innovations
found that the estimated median social rate of return
on investment in R&D was 70 percent and the median
private rate was 25 percent. (Mansfield,1977) Even
the private rate of return is high, suggesting under-
investment in R&D by industry.

Four sources of market failures associated with R&D
are summarized by Noll (1975) in a state of the art survey.
These sources include:

1) Indivisibility: the minimum efficient scale

of R&D operations can be sufficiently large
that the market for a particular class of
ideas cannot be competitive;

2) Inappropriability: innovators are unable to
capture the full economic value made possible
by their innovations;

3) Indirect failures: if a good must be prodgced
outside a competitive market, the institutions
created to bring this about may lead to 1neff
ficiencies in the advancement of knowledge with
respect to production and distribution of the

good;

4) Uncertainty: the economic uses of the technical
ideas that emanate from R&D activities are not



known in advance so that the search for inno-
vation is a gamble. (Noll, p:« 3)

Although recognizing the sources of market failures,
Noll cautions that existing public policies (e.g., tax
laws and research sponsorship) do on balance promote R&D

relative to other investments, at least in industries not
subject to public utility regulation. Thus, even if free
markets under-invest in research, this effect may be off-
set by other factors including current levels of government
intervention.

The reasons often cited for government sponsorship
of research and development are closely relatéd to the mar-
ket failure hypothesis. In the defense area, Scherer and
Peck (1962) observed that after World War I, industry,
with few exceptions, did not transform research concepts
into workable hardware until demand for a specific weapon
system arose. They attributed this industry anomaly to an
inverse relationship between the costs of a military re-
search and development effort and the certainty with which
R&D results could be foreseen and capitalized. Thus, for
private firms it was usually too costly to develop a highly
specialized weapon, the demand for which might never be
realized.

Since private risk capital has seldom been invested



in weapons research beyond initial feasibility demonstra-
tions, the Department of Defense (DOD) funds deveiopment,
testing, and evaluation of new weapon systems through R&D
contracts with private firms. (DOD also funds basic and
applied research conducted at government owned research
laboratories.) In the case of private contractors, initial
contract terms, e.g., weapon specifications, often serve

as a baseline for a dynamic quasi-regulatory relationship
between a research firm and its agency sponsor.

Once a prototype or test model is considered suffici-
ently developed, production designs satisfying DOD's speci-
fications and receiving congressional approval are purchased,
often by negotiation, but sometimes through competitive
biddings. For example, DOD contract data analyzed by the
Comptroller General (1979) shows that less than 27 percent
of the nearly 50 billion dollars in contract awards in 1977
were based on price compétition. Contracts values at 31
billion dollars were awarded to sole source contractors.

Of course, federal sponsorship of research and develop-
ment is not limited to development of military hardware.
For example, DOD funds a significant proportion of all in-
dustrial and academic research. These expenditures are
directed at improving the nation's technological base by

adding to human capital and providing advances in basic



TABLE 1

CONDUCT OF R&D BY MAJOR DEPARTMENTS AND AGENCIES*

(In millions of dollars)

1979 1980 1981
Department or Agency Actual Estimate Estimate
Defense-Miltary functions" 11,454 13,253 15,169
National Aeronautics and Space Administration 4,064 4,858 5271
Energy 4,413 4,871 5,088
Health and Human Services 3,068 3,428 3,661
(National Institutes of Health) (2,637) (2,895) (3,100)
National Science Foundation 775 853 964
Agriculture 611 652 670
Environmmental Protection Agency 337 384 413
Interior 393 396 413
Labor 102 277 374
Transportation 340 332 348
Commerce 305 347 394
Nuclear Regulatory Commission 141 182 204
Education 128 151 154
Veterans Administration 117 126 135
All other' 331 368 456
Total, outlays 26,578 30,477 2;élil

'Includes the Departments of Housing and Urban Development, Justice, Treasury and State; the Tennessee
Valley Authority, the Agency for International Development, the Institute for Science and Technological
Cooperation, the Smithsonian Institution, the Corps of Engineers, the Federal Emergency Management
Agency, the Arms Control and Disarmament Agency, the Consumer Product Safety Commission, the Federal
Communications Commission, the Advisory Commission on Intergovermnmental Relations, the Federal Trade
Commission, the Library of Congress, the U.S. Office of Personnel Management, and funds appropriated

to the President.

*
Source: "Small Business Guide to Federal R&D," National Science Foundation (August 1980):34.



and applied research that maintains America's technological
edge over potential adversaries. Other agencies also
invest in industrial, environmental and medical research.
(See Table 1) For example, a General Accounting Office
(GAO) report (1979) found that commercially directed R&D
programs, funded by the Departments of Energy,
Transportation and Health, grew in importance as a
proportion of federal spending. The goal of these programs
is the adoption and marketing by private firms of goods
and services embodying the results of federally funded R&D.
According to GAO, the government invests in
commercially directed R&D because:
"social returns are believed to be positive, but;
perceived private returns are insufficient to
justify the investments, and; uncertainty regarding
commercial success makes todays payoff too low to
justify the investment". (GAO, p. ii)
Although the free market oriented R&D policies of
the Reagan Administration may reverse the trend towards
direct federal funding of commercially directed R&D,
increased military expenditures are likely to translate
into a steady growth in total federal spending on contract
research.
Four literatures are of central importance in

formulating a theory of contract research. The first two,

concerned with theoritical aspects of appropriability and



uncertainty, require extension to the environment of spon-
sored research. A third literature which addresses in-
centives in agency affairs, is vital for integrating R&D
models with an economic theory of contracts. 2 final
body of research consists of policy oriented studies of
R&D contracting by DOD and other federal agencies. These
empirical case studies provide a bridge between economic
theory and reality.

In research contracting, the opportunity to sell in-
formation is superimposed upon the production of innovation.
Therefore, appropriability as an incentive for innovation
takes on a new dimension. With respect to the effect of
competition on appropriability and a firm's incentive to
innovate, two contradictory propositions relevant to in-
ternally funded research projects are discussed by
Rogerson (1980).

In a contracting environment, the first proposition
can be stated as follows: assuming that research progress
is unobservable to a sponsor, (except through a firm's
research reports) and a firm has market power, it should
be more able to extract rents from the revelation or sale
of research progress. Therefore, a less competitive con-
tracting environment encourages a contractor to pursue
innovation because its research advances are more appropri-

able.



However once a single firm possesses an innovation,

a sponsor may pay more for the revelation of reséarch
progress than if several firms have knowledge of an inno-
vation. Thus, an incentive to innovate derived from future
market power may lead, expost to a slower dissemination

of information.

On the other hand, a competing proposition is that a
monopolist might face less of an incentive to both inno-
vate and reveal research progress than if a rival firm
is holding or pursuing a research contract with the spon-
sor. As a result, innovation may be maximized at an inter-
mediate level of competition, where some appropriability
exists, but rivalry limits a firm's ability to fully ex-
ploit its research position.

When a contractor's research progress is observable
to a sponsor, the appropriability of a new innovation can
depend on the terms governing ownership rights to new know-
ledge. Historically, almost all federally sponsored re-
search has been in the public domain (excluding defense
R&D).l However,the trend in recent legislation and execu-
tive branch policy is towards granting the United States
a free license but otherwise awarding inventors or their
employers exclusive rights to the results of federally

sponsored research.2 The hope is that a more generous



patent policy will encourage innovation by contractors
and commercial application of government owned patents.
This position is supported by presidential science ad-
visor Simon Ramo (Smith, 1980), who notes that in re-
turn for surrendering public rights the government

would receive half the revenue from an innovation through
the corporate income tax.

Despite a recent shift in government policy toward
a more generous patent policy, there is considerable con-
troversy in the economics literature with regard to the
value of exclusive patent rights as an incentive for in-
novation in research contracting.

In theory, to the extent that a firm's disclosure of
proprietary and other information to a sponsor could com-
promise its technical position or result in the sponsor
asserting property rights over commmercially useful inno-
vations, private firms are less likely to participate in
sponsored research programs.3

However, a firm that holds a research contract
has an incentive to limit observability of its research
progress and thereby maximize its control over dissemina-
tion of information. This is the essence of a firm's sales

strategy which has been neglected in much of the literature.
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For example, a researcher may choose to temporarily
withhold knowledge in order to sign a new contract with
the sponsor when the current contract expires. (Balbien
and Wilde 1980) Alternatively, it may be in the firm's
long term interest to completely capitalize commercially
useful information developed at government expense by
treating new knowledge as a trade secret. A decision

to capitalize will depend on 1) the extent to which an
innovation can be reverse engineered and 2) the likeli-
hood that other firms will claim the same innovation as
their own.

One indication that capitalization occurs can be
gleaned from a standard defense in patent encroachment
suits against the United States. The federal government
often argues that the relevant innovation was developed
under a government grant or contract, but was not reported
to the sponsor as required by federal law.4 In such a
case, the contractor forfeits all rights.5

Other evidence is also suggestive of capitalization.
Historically, it is reported by Utterback and Murrary (1977)
that. far fewer patents have resulted from defense or space
supported R&D than from commercially funded R&D, and a
far smaller proportion of those which have resulted from

defense support have had any commercial application. This
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suggests that either government sponsored research is
less productive from a commercial standpoint, perhaps
because of inefficiency and adverse selection of projects,
or altermnatively, firms participating in sponsored re-
search are more likely to prefer capitalization, i.e.,
industrial secrecy, to a public patent. To the extent that
this latter argument is trde, a more generous patent and
licensing policy may have a minimal impact on perceived
levels of innovation. Moreover, policy makers may be un-
derestimating the benefits of existing intervention.

Critics of exclusive patents, for example, Rubenstein
(1980), add that in such high technology fields as elec-
tronics, the speed of entry, proprietory know-how, ongoing
R&D, and other factors may mean much more than the posses-
sion of a patent. Rubenstein concludes that it is not
clear that manipulation of the patent system as such will
make a tremendous impact on the rate of innovation or the
adoption and utilization of innovations from federally spon-
sored research. ©Noll (1975) notes that the patent system
is costly to operate and may encourage wasteful effort to
invent around an innovation.

A study by Arthur D. Little (1963) found that in
electronics, the two to five year delay between invention

and receipt of patent is normal, and by the time the patent
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is received, the cycle for a product is almost over.
Utterback and Murray (1977) add that in electronics the
mobility of engineers and scientists has led to tech-
nology being rapidly shared among firms and to rapid
diffusion of innovations. These factors tend to reduce
the value of exclusive patents as an incentive for inno-
vation in both contract and internally funded research.
The second major literature relevant to a theory of
R&D contracting is concerned with the impact of uncertainty
on the behavior of firms and competitive markets. It is
the nature of research work that the amount of progress
that can be achieved over some contractual period is un-
certain. Nevertheless, economic theory provides the insight
that uncertainty should not preclude firms from pursuing
risky endeavors provided they have access to insurance.6
Unfortunately, there are two reasons one would not
expect a firm to be able to privately insure its internal
R&D activities, or alternatively, insure its contractual
research obligations to a sponsor. Difficulties arise be-
cause of both moral hazards and an unwillingness on the
part of a researcher to share all information with a po-
tential insurer. A contractor whose potential gains and
losses from a research project were fully insured might

not have an incentive to succeed. Secondly, potential
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insurers are likely to receive incomplete information on
the research project, because otherwise they might have
an opportunity to sell knowledge to others. As a result,
the insurer's subjective uncertainty may dominate his
lesser aversion to risk and result in no insurance being
provided by the marketplace.

The likely failure of insurance markets to develop
in the research area has two important implications.
First, less R&D (both contractual and internal) than is
optimal may occur to the extent that owners of firms are
risk averse and cannot self-insure through diversification,
nor shift financial risk to potential sponsors. Secondly,
a large firm participating in several research programs
may conduct more research and accept greater financial
risk on any one project, ceteris paribus, than several
small firms. This assumes that organizational disecono-
mies, associated with bureaucratic structure, do not off-
set risk taking encouraged by diversification.7

vThe Principal Agent Literature (Harris and Raviv
(1976) , Shavell (1979) and others) provides an analytical
framework for studying the impact of risk and appropriability
in simple contractual relationships between a research firm
and sponsor. Most models assume that both parties to an

agreement can observe the output of a single research or
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production period. While this is a strong assumption for
basic and applied research, observability may be a useful
assumption for answering certain questions about highly
visible hardware development programs. In addition, it
is assumed that the firm can act to reduce the cost of
making research progress, but this effort may not be mon-
itorable by the sponsor. For example, the firm could
assign its brightest or alternatively its least imagina-
tive engineers and scientists to a project and pursue low
risk research strategies that offer marginal payoffs to
the sponsor. Another integral part of the model is that
the final cost of achieving research goals is uncertain.
Thus, a contractual commitment by a researcher to achieve
a given level of progress for a fixed fee subjects é firm's
future profits to considerable risk, e.g., larger than
expected research costs and possible damage for breach.

Nevertheless, one of Shavell's (1979) major results
implies that if the researcher is risk neutral, a contract
that pays a fixed fee conditional on a firm's success is
optimal, providing both a maximum incentive for cost con-
trol and an optimal allocation of risk.8

When an agent is risk averse, but must accept fixed
price contract terms in order to obtain the contract, a

large premium will be demanded in the fixed fee to
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compensate for the uncertainty in the firm's research
costs. As a result, if the sponsor is the less risk

averse of the two parties, both could be made better off

if the sponsor insured the firm against cost growth by
reimbursing some R&D costs, while paying a lower fixed

fee that is conditional upon successful completion of the
contract. Of course, if the principal insures the re-
searcher against all financial risk (e.g., by refunding

all costs and paying a fixed fee independent of the outcome
of its research), no incentive is provided for cost control
and the accomplishment of research goals.

In summary, there are two important results from the
static Principal Agent Literature. First there is a
tradeoff between incentive maintenance and optimal risk
sharing. A second best contract must stike a balance
between the two. The emphasis of one factor, risk shar-
ing, at the expense of another, incentives for cost con-
trol, carries with it the penalty of sharply higher con-
tract price per unit of research progress. Secondly, if
the owner of a firm is risk averse, contract terms should
require that a firm's profits depend to some extent on
the outcome of its research, but the firm never bears all
the risk.

Other authors have also contributed to the Principal
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Agent Literature. 1In a revision of their earlier paper,
Harris and Raviv (1978) recognized that even impeffect
information about an agent's effort can make both parties
to a contract better off. This may explain why cost
accounting standards and audits of a firm's research
costs are often incorporated into a negotiated contract
price as crude indicators of cost control. However, one
problem facing government research sponsors is that mon-
itoring research cost is in itself costly. Moreover,
accounting audits tend to be out of phase with the track-
ing of a firm's research progress. This is because of
division of labor within the contracting organization and
imperfect observation of research output and research costs
as a project unfolds.9
Harris and Raviv also outlined the usefulness of
dichotomous fee arrangements, (i.e., those which penalize
the agent discontinuously when effort lies in an unaccept-
able region). Cummins (1973) obtained similar results
when he showed that a modified contingent sharing ratio
in providing both desirable risk sharing and marginal
incentives for cost control. Finally, Lewis (1980) showed
that lump sum bonus and penalty payments contingent on

performance may be preferable to contracts in which an

agent's reward depends continuously on observed performance.
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This suggests that a research sponsor's threat to ter-
minate a contract if observed performance falls below
some threshhold may be a useful control strategy.

Besides prescribing desirable contract terms for
sponsored research, the Principal Agent Literature pro-
vides one theory to explain the observed behavior of
firms holding government R&D contracts. As predicted
in simple agency models, case studies of government
research contracting indicate that cost reimbursement
contracts let by the Department of Defense (DOD) and the
National Aeronautic and Space Administration (NASA) have
introduced incentive problems that may be reflected in
observed cost growth. For example, in one sample of
twelve aircraft and missile development projects spon-
sored by DOD (5, p. 429) the average ratio of actual to
estimated cost was 3.2, and the avérage ratio of actual
to estimated time was 1l.4. LikeWise, an unpublished re-
port by the National Aeronautics and Space Administration
(1981) examining a group of seventeen representative pro-
jects found that the average ratio of actual cost to planning
estimates was 2.0 during the 1960's, 1.41 from 1970-74,
and 1.39 between 1975-79.

Interestingly, cost estimat® for civilian R&D planning

have also proven inaccurate, especially when projects attempt
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large technical advances. They may indicate that incen-
tive problems often associated with contracting by govern-
ment agencies apply to some extent to privately funded
research projects. Alternatively, all researchers may
be prone towards underestimating R&D costs. For example,
in?study involving a proprietary drug company, the average
ratio of actual to estimated development costs was 2.1 and
the average ratio of actual to estimated development time
was 2.9.lO
Most studies of cost growth have concluded that high
average cost ratios for R&D projects undertaken by govern-
ment agencies result from a combination of three factors:
real "overrun" associated with inefficiency, biased es-
timation of initial project costs (because of technical
uncertainty and adverse selection of optimists), and im-
proper use of competitive bidding.ll
Cost growth associated with overruns and schedule
slippages in achieving research and development objectives
have been encouraged by the attractiveness of the cash
flow aspect of cost reimbursement contracts. Many policy
makers have failed to recognize that "economic profits"
may be more akin to accounting cash flow than accounting

definitions of profit.

For example, it is widely recognized in industry and
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academics that when a government agency reimburses a com-
pany for overhead associated with a research cost overrun,
a contractor is encouraged to perform additional research
in other areas, write new research proposals, and maintain

12 These invest-

excess capacity in its technical staff.
ment activities tend to enhance a firm's future research
opportunities and chances of survival in the unstable bus-
iness environment that characterizes the aerospace and
defense industry. Perhaps, cost growth in one research
project may also benefit fifms in future negotiations with
the same sponsor by empirically justifying a higher future
contract price for similar work.

However, Scherer (1971) notes that both government
and industry often find cost plus administrative contract-
ing beneficial. Risk averse firms are insured against po-
tential financial losses associated with unexpected in-
creases in research cost. In addition, the government
sponsor is spared the political heat associated with re-
warding a clever firm large accounting profits.13

Nevertheless, in the early 1960's Defense Secretary
McNamara rebelled against what was perceived as wasteful
and politically expedient cost plus fixed fee (CPFF) con-

tracting. As a result, DOD revised its procurement regu-

lations to encourage the use of so-called "incentive"
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contracts. The government's objectives in using this
new contract instrument was to improve efficiency and
raise industry profitability. The government hoped to
redistribute the financial risk of a project through
cost (profit) sharing when actual costs exceeded (were
less than) targeted costs, and raise targeted profit
rates to reward firms for risk taking. (Scherer, 1971,
P. 531)

Incentive contracting can be described by the follow-
ing simple equation: Realized Profit = Target Profit +
R (Target Cost - Actual Cost), where R is the sharing
ratio. In a CPFF contract, R=0. The government benefits
from cost underruns, but pays all cost overruns. In a
fixed price contract, R=1, so that the firm has maximum
incentive for cost control. Incentive contracts represent
a compromise between CPFF and fixed price contract with R
often taking on values between .2 and .35. (Scherer, 1971,
pis 528)

McNamara's policy did reduce the value of CPFF con-
tracts from thirty-seven percent of military prime contracts
in 1961 to less than ten percent in 1965. In addition, in-
centive contracts, predominantly those with a linear shar-
ing of cost overruns and underruns, rose from fourteen per-

cent to thirty percent of total prime contracts' value,
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while the value of firm fixed price contracts rose to

fifty percent, up from thirty-two percent. (Merow, et al.,

1976)

However, most researchers have concluded that incen-
tive contracting during the 1960's had only marginal im-
pact on the growth in total contract price required to
achieve government R&D objectives.14 Nor did it restore
defense industry profitability. (Scherer, 1971, p. 582)

One explanation in the literature for the inability
of incentive contracts to control cost growth is that policy
makers did not recognize the motivation of firms and gov-
ernment contract officers to modify contract terms. At
DOD, it is reported that costs, fees and R&D objectives
were béing frequently altered in renegotiations which often
involved little competition. Thus, as R&D costs accumulated
in a project, it is hypothesized that technical events and
an absence of competition encouraged contract modifications.
These contract changes often shifted financial risk away
from a firm and towards the sponsor, so as to reflect new
knowledge, unforeseen technical problems, premature optimism,
and changes in contract objectives. However, these hypo-
theses concerning the factors influencing modifications
have not been empirically tested (Merow, et al., 1976, pp.

153-166)
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Although risk sharing ratios between 0 and 1 seemed
to have marginal influence on cost growth, Parker;(l97l),
did find a strong relationship between cost growth and
cost type, as opposed to fixed price contracts. However,

this correlation was attributed to an allocation of pro-
jects to contract types according to prior expectations
of uncertainty, rather than incentives for cost control
inherent to fixed price terms. Perhaps fixed pfice con-
tract terms also provide the government with a slight ad-
vantage in future renegotiations.

Scherer (1971) takes the macro viewpoint that contin-
uous renegotiation of incentive contract terms during the
1960's was an indirect symptom of underlying defense and
aerospace industry excess capacity rather than an exogen-
ous cause of cost growth. According to this theory, in-
tensive competition for programs forced firms to accept
increasingly optimistic and unrealistic cost and technical
targets. As a result, most incentive contracts ended in
cost overruns accompanied by a failure to achieve initial
specifications. (Scherer, 1971, p. 532)

It should also be noted that McNamara's incentive
contracting policies encouraged firms and government con-=
tract officers to negotiate fixed price contracts and/or

incentive provisions which presuppose well-defined sets



23

of baseline specifications. As a result, when uncertainty
dictated more general specifications, costly renegotiation
of initial contract terms were required, often in a non-
competitive environment.

The problems posed by after-the-fact modifications are
not limited to R&D contracts let by DOD. A review of the
Atomic Energy Commission's (AEC) prototype-reactor-develop-
ment program confirmed that contract modifications moti-
vated by unforeseen technical problems and industry per-
suasiveness enabled firms to circumvent risk sharing im-
posed on the researcher by initial contract terms. (Merow,
et al., 1976. pp. 61-66)

It is reported that where the AEC contracted for con-
struction of reactors, four out of five projects suffered
major overruns in reactor costs and substantial project
delays, regardless of contract type. (Merlow, et al., 1976,
p. 64) Three out of five projects included cost-reimburse-
ment-type contracts, and two projects involved fixed price
contracts. In all cases, initial contract terms were mod-
ified to reduce losses to the firms.

Cummins (1973), in one of the most sophisticated econ-
ometric studies of cost overruns, investigated the thesis

that "overruns" are not necessarily inconsistent with

efficiency, i.e., accomplishing contract objectives at the
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lowest possible cost.

Cummins analyzed 118 multi-million dollar arﬁy con-
tracts completed between 1965 and 1970. His theoretical
model assumes that 