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PREFACE

This Memorandum is part of a continuing RAND study of Air Force
procurement policy. In this particular effort, some of the difficulties
associated with incentive contracting are discusséd and the results of
252 completed Air Force incentive contracts are analyzed. Four or five
years ago, a study of this nature would have been of little interest,
for then the use of fixed-price incentive contracts was quite small.
However, data indicate that this type of contract has grown from 22.8
percent of net contract obligations in fiscal 1962, to 41.5 percent in
fiscal 1964. The growing importance of incentive contracts clearly
calls for some efforts at interpreting fhe available data aﬁd the
results of their use. It is in this spirit, and as an aid and caution
to other researchers, that this Memorandum is presented. The study

should interest Air Force personnel holding procurement responsibilities.
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SUMMARY

This Memorandum discusses two related aspects of incentive
contracting, First it describes the researcher'svproblems in in-
terpreting the results of such contracting., These problems center
around the effect of risk on contractors in weapon procurements; and
on the unknown, and presently undeterminable, effect of different
sharing rates on the initial targets that firms submit on incentive
contracts. It is impossible to distinguish between these two effects
with data currently available.

Second, an empirical analysis of 252 Air Force incentive
contracts is presented. The purpose is to explore the relationship
between sharing rates and different aspects'of contract cost, with
a view to testing some of the economic hypotheses developed in the
first part, The results of these tests are mixed, with some of the
results tending to support our hypotheses, and others rejecting them.
Thus, for the 1962-63 data, we could find no statistical evidence to
suggest that the contracts with higher sharing rates tended to be
eithef more efficient or more risky, in that the relative differences
between actual and target costs were not significantly different for
the higher and lower sharing rates. On the other hand, we did find
that the difference between actual and target costs for the contracts
during 1959-1962 become increasingly negative with increasing sharing
rate which is consistent with the risk-efficiency hypothesis. Other
differences in outcome were also noted between the two time periods,
possibly suggesting some difference in governmen;al and contractor

behavior with experience in incentive-type contracts.
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I, INTRODUCTION

This Memorandum discusses two related aspects of incentive
contracting. Section II describes the researcher's problems in in-
terpreting the results of incentive contracting. These problems
center around the effect of risk on contractors in weapons procure-
ments; and on the unknown, and presently undeterminable, effect of
different sharing rates on the initial targets that firms submit
on‘incentive contracts.

Recognizing these difficulties, Sec. III uses the results of
252 completed Air Force fixed-price incentive contracts to examine
the impact on contractor behavior of different sharing rates. This
analysis is interesting because of the apparently persistent and
consistent effects it illustrates, and because of the questions these
effects raise about the use of incentive contracting as a éool for
"risk sharing." The effect of risk on target costs or bids is pre-
sented in the Appendix for firms with three different utility functions.

A study of this nature would have been of little interest 4 or 5
years ago, for then the use of fixed-price incentive contracts was
quite small. However, data presented in another RAND study* indicate
that this type of contract has grown from 22.8 percent of new contract
obligations in fiscal 1962, to 41.5 percent in fiscal 1964. The

growing importance of incentive contracts clearly calls for some efforts

*
G. R. Hall and R. E. Johnson, A Review of Air Force Procurement,
1962-1964, The RAND Corporation, RM-4500-PR (DDC No. AD 615655), May 1965.
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at interpreting the available data and the results of their use. It
is in this spirit, and as an aid and caution to other researchers,

‘that this Memorandum is presented.



II. RISK AND INCENTIVE CONTRACTING

Two assumptions underlie almost all studies of defense procurement
policy. The first is that defense contracts are more uncertain than
production contracts in the private sector of the economy; and the
second is that business firms are risk averse, that is, firms demand
risk premiums that are positively correlated with contract risk.

The presence of large and formidable uncertainty has attracted
considerable attention in the literature of defense procurement policy.
The discovery and implementation of novel technology is frequently
mentioned as the main determinant of this uncertainty. Of course,
the impact of technological change on a purely research contract
appears direct and obvious; either a technological advance occurs or
it does not. However, uncertainty consists not only of the inability
to predict whether or not an event will occur but also to define the
event before it occurs. In production contracts, uncertainty is usually
allocated among three variables: the product's cost, the delivery date,
and the performance. Nevertheless problems in product definition still
constitute a major source of uncertainty. The initial specification of
the product assumes an adequate knowledge of the available technology
and also information regarding product use or mission.‘ Specification
changes occurring during the production period are caused by an insuf-
ficient knowledge of initial technology and product use, and changes

in technology and mission during the production period. These changes

*
The effect of risk on target costs or bids is presented in the
Appendix for vendors having three different utility functions.
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in turn affect the product's cost, delivery date, and performance, and

!account for a significant amount of contfactual uncertainty. The re-
mainder of this Section considers several problems of military produc-
tion contracts.

Typically, procurement literature asserts that weapon production
is inherently more risky than private production. The documentation
used to back up this assertion often consists of a sample of cost out-
comes on a very small, highly selected series of weapons procurements.
Neglecting for the moment problems associated with definitional changes
in the weapon and their appropriate treatment, it is not clear that a
more inclusive or Maverage’ sample of weapon procurements would have
cost outcomes more uncertain than those for private sector manufactur-
ing or construction. Indeed, the opportunity to adjust the initial bid
during production is priﬁa facie evidence that defense contracting is
less risky than the underlying uncertainty suggests. Also, the rele-
vant alternative to weapons manufacture is not that of engaging in
projects with no underlying uncertainty.

Much of the risk present in weapon production contracts can be
attributed to changes in specifications during the production process.
There are several reasons for these changes. Sometimes the product
is poorly defined; when this is recognized, alterations occur. Alter-
natively, the initial product specification may include all information
(technology) available, but further technological changes may occur
during production. It is important to distinguish between risk imposed
by the buyer wvia specification changes and risk that is caused by
othef forces. When this distinction is not made, each specification

change provides an opportunity for charging the Government for not only
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the cost éf the change but also the cost of other adverse occurrences.

In the private sector, risk éversity on the part of a seller
necessitates paying a risk premium as a compensation for risk bearing.
In the defense sector, risk aversity has led to the development of
"incentive contracts." 1In these contracts the seller submits a target
cost estimate. If actual costs are less (greater) than target costs,
the seller captures (bears) a fixed percentage g of the '"profits"
("losses'") -- difference between actual and target costs. The remain-
ing "profits'" or "losses," (1-g) of the total, go to the Government.

‘Incentive contracts can be justified on the following grounds.
Sellers are so risk averse that extraordinary risk premiums would be
demanded if they were required to bear all the risk, that is, if the
sharing proportion were set equal to unity. When the sharing proportion
is less than unity, the contractor's risk is reduced and a smaller risk
premium is required. For example, if the underlying distribution of
profits and losses is normal with mean ;, and variance or risk gz, the
variance can be reduced to 5202 by establishing a sharing proportion
less than unity. The risk premium p(B;cz) for risk averse firms is a
monotone increasing function of g, the sharing proportion. The risk
premium is maximum when g=1 and minimum when g=0. Assuming that the
Governpent is insensitive to risk and wishes to minimize the expected
cost of a particular product, the sharing préportion at which the risk
premium is minimum is of'sole interest only if other costs are insensi-
tive to the sharing proportion.

There are two reasons to expect other costs to be negatively related

to the sharing proportion. First, as the sharing proportion decreases it



becomes increasingly difficult for the Government to discriminate

*

between low and high cost firms oﬁ the basis of their target costs.
Consequently, expected costs increase as the sharing proportion de-
clines. Secondly, even if the Government chooses the most efficient
firm, the firm's motivation to reduce costs is blunted as the sharing
proportion declines from unity to zero. This is especially evident

for firms that produce in both the private and defense sectors. Any

cost reduction in the private sector is reflected in increased profits

in the private sector B=l. On the other hand, cost reductions obtained
in the public sector must be shared with the Government; the sharing
proportion is less than unity. It would not be surprising if such

a4 company concentrated its cost reduction activities in the private
sector,

Aﬂfinal, unique risk that a firm runs in dealing with the Govern-
ment, especially on incentive-type contracts, is renegotiation. If the
firm does particularly well in cutting contract costs, it not only must
share a portion of its profits with the Government, but a separate
Government agency may sue to recover additional profits, thus effectively
changing the sharing rate.

The upshot of this discussion is that determining an optimal shar-
ing proportion -- one that minimizes expected costs to the Government --

*%
1s, in practice, an exceedingly difficult matter. Both the relation

*
J. J. McCall, An Analysis of Military Procurement Policies, The
RAND Corporation, RM-4062-PR (DDC No. AD 454929), November 1964,

Fek
Formally the problem is straightforward. Let C(B) denote the
expected costs of a contract exclusive of the risk premium as a function
of the sharing proportion. For the reasons mentioned, c(g) is a mono-
tone decreasing function of B, c'(a) < 0. On the other hand, p(a;cz),




between B’and the firm's efficiency and the relation between the risk
premium and B must be estimated. ‘Procurement data currently available
are not appropriate for either problem.

In addition to "incentives'" for lower costs, military incentive
contracts have been modified to include "incentives'" for high perform-
ance and prompt delivery. These multiple incentive contracts specify
three sharing proportioms, g, vy, and §, for cost, performance and deliv-
ery, respectively. Frequently, o is further decomposed into several
proportions, Y1° Y2°°*V¥g? and applied to significant performance'char-
acteristics like reliability, maintainability, etc. The determination
of each "optimal" sharing proportion faces the same difficulties as’
before. In addition, the optimal set of proportions can be established
only after the relative values of lower cost, earlier delivery and
higher performance have been assessed. Needless to say, this assess-
ment is no trivial matter. The data currently available cannot be used
to examine the effect of performance and schedule incentives.

In summary, the problem in interpreting the results of current
incentive contracts is the effect of risk on the target costs submitted
by firms under different sharing rates.

(a) First, as g increases from 0 to 1, the share of risk borne

by the firm increases., 1If the firm is risk averse, it will

the risk premium is a monotone increasing function of Bsp (e,cz) > 0.
The total expected contract cost is denoted by K(B,c ) > 0.

K(g502) = c() + p(pio)-

Total costs are minimized when - c'(g) = p'(B;cz) provided that K" > 0.
If K" < 0, minimum expected costs occur at g = 0 or g =
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adjust its bid upward to compensate. Thus, for contracts
with equal risk, the pfoportion of overruns should decline
as the sharing rate increases.

(b) Also, as B increases from 0 to 1, it will be worthwhile

for the firm to spend more to decrease the uncertainty

about the weapon's production costs. Thus, two contracts

with different sharing rules, written for weapons.that

initially have the same uncertainty, will lead the firms

to spend differently on learning about production costs.

This will also cause the proportion of overruns to decline

as the sharing rate increases.

(c) Finally, because of policy in the use of incentive contracts,

one would expect fewer risky contracts as p approaches 1.

This would have the same result as (a) and (b) on the pro-

portion of overruns observed.
Since all these factors operate in the same way, interpretation of the
observed decreasing proportion of overruns as g moves from 0 to 1 should
be most cautious. This is especially true when one realizes that dif-
ferent policy implications result, depending on which factor dominates
in the observed outcome.

There are also additional theoretical complications. Calculation
of a risk preﬁium is appropriaﬁe when the firm's utility function is
unaffected by third and higher order moments of the probability dis-
tribution of profits. For example, the firm may be affected by the
skewness of the distribution., More complicated utility functions would,
in general, require calculating a distribution premium that depended on

the entire distribution of profits and not only the variance.



The effect of different assumptions about the shape of the firms'
utility function on optimal incenfive rates is being explored. Pre-
liminary results indicate the optimal rates are affected not only by
the firm's (and Government's) utility function, as one would expect,
but also by the precise form of the distribution of production costs.
This being so, one is certainly skeptical of any optimizing scheme
that ignores these factors. One must also be skeptical of using
multiple, nonsymmetric, variable, etc., sharing proposals in the
midst of the ignorance that exists concerning the real incentive
effects of the most elementary sharing schemes. An attempt to discuss

these effects is made in Sec. III.
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III. EMPIRICAL ANALYSIS OF INCENTIVE CONTRACTING

; In this Section, data are presented for two groups of incentive
i

écontracts. The first contains the final settlement repdfts for 126
%contractsfcompleted between 1959 and 1962;* the second contains final
isettlement reports for 126 contracts completed in the 1962.1963 period.
Information in these final settlement reports includes: the initial ©
and adjusted target costs, actual costs, sharing proportions, and tar-
get profits. This information is not quite complete in thé first group
siﬁce, in some cases, the initial or adjusted costs were not recorded.
Most contracts are for basic weapon systems or major subsystems. The
production costs all exceed one million dollars.

The data were not pooled into a single sample first because they
were collected separately and each contained about the same number of
observations. More importantly, separate groups were retained to ob-'
serve the beﬁavior of contracts over time. Incentive contracts were
almost never used before 1958, hence the first group of contracts re-
flects ihifiéi»responses for both the government and the firms. The
second group reflects a more informed response, and it is important
to investigate whether this learning process caused either the Govern-
ment or the firms to alter their contracting behavior. Several con.
tracting characteristics iﬁdicate that some learning did occur.

The contracts in each group are divided into three subgroups.

The first contains all contracts that have sharing proportions between

*
In some of the analyses pertinent information is available for
only 124 of these contracts.
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0.025 and 0.15; the second have & proportion of 0.20; and the third
have proportions between 0.25 and 0.50.

!
|
i

‘begun. During the course of production various modifications are per-

The initial target cost is established before any production is

2’formec:i. These give rise to supplementary agreements that alter the
initial target cost. %érthe‘dontfact prbgfgsses, an adjusted tar-

get cost is calculated that incorporates the effects of these supple-
mentary agreements. Unfortunately, no data are readily available on
tﬁe number and sizes of the individual supplementary agreements. In
some cases the firm suggests modifications; other times the Government
initiates the changes. For each contract it would clearly be desirable
to know what proportion of changes the firm proposed and also how fre-
quently it proposed them. The firm could use these modification pro-
posals to offset costs that were unanticipated when the initial target
cost was specified. Since the incentive to offset unanticipated costs
is positively related to the sharing proportion, the frequency of mod-
ifiéation proposals should also bear a positive relation to the sharing

* o
proportion. However, data are not available for testing this .~ =

*
More precisely, let X3 and Yy denote, respectively, the target

cost and the actual cost of producing the initially specified product;
let X; and ¥y, 1i=1, 2, ..., n, be the respective modification costs.
If YO > X5, the firm underestlmates actual costs, then it behooves the
firm to propose modifications and to overestimate their cost. Thus,
when Y5 5 Xp, the firm makes n ' modifications and Y] < Xy, Y2< X5,

» ¥n < X, so that

n n
:E:Yi &< :E:Xi.
i=0 i=0

The number of modification proposals, n, and the size of the over-~

. estimate on each Yj - Xy, £ =1, ..., n, should be positively related
- to the sharing proportion.
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conjecture. The only data available on modifications are the differ-
ences between the adjusted target cost and the initial target cost.
This difference gives only a gross measure of total modification
costs. It would be most desirable to know the firm's éxpected costs
when the initial target is submitted. The ratio of the difference
between expected actual costs and initial target cost to expected
active cost could then be calculated. This is a much more meaningful
statistic than the ratio that is calculated.* Unfortunately, infor-
métion on expected costs will probably never be available.

No data were available on either product quality or deviations
from the target delivery date. If these data were available, the
findings of this study could be significantly altered.

The data limitations enumerated indicate the constraints of this
study and the tentative nature of the conclusions. The reader is
urged to evaluate the followihg empirical analyses with these limita-

tions in mind.

ANALYSIS OF INITIAL COST ESTIMATES

The relative size of each difference between actual cost and
initial estimate is calculated by dividing the difference by fhe
actual cost. This will be referred to as ratio 1. Positive values
of ratio 1 indicate that actual cost is greater than initial cost;
negative values indicate that initial cost is greater than actual

cost. The sample mean (X) and variance(s) of this statistic are

*
The calﬁulated ratio is actual cost minus initial cost divided
by actual cost. )
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calculatéd with different sharing proportions for each of the three
groups. These calculations are summarized in Table 1 for the 124
observations comprising the 1959-1962 data and for the 126 observations
comprising the 1962-1963 data. The sample size of each group and the
sample variance of the mean are also presented. For the 1959-1962 data,
values of ratio 1 are a decreasing function of the sharing proportion;
for the 1962-1963 data, values of ratio 1 are an increasing function

of the sharing proportion. Notice also that in letting the variance

of the mean of ratio 1 (column 5, Table 1) measure uncertainty, the
more uncertain contracts tend to have high sharing proportions. This
resﬁlt is not consistent with the hypothesis that low sharing proportions

are assigned to the most risky contracts.

Table 1

MEAN AND VARIANCE OF RATIO 1
FOR EACH CONTRACT GROUP

Sample _
Mean | Variance Size Variance of x
Sharing 2 2
Proportion b4 S N S§
1959-1962
< .15 5.06 338.42 38 8.91
= ,20 -1.33 | 1123.80 71 16.05
> .25 -2.78 576.22 15 38.41
124
1962-1963
< .15 0.35 258.18 54 4.78
= ,20 0.52 192.03 53 3.62
2 .25 3.37 335.08 19 17.64
126
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A one-way analysis of variance is employed to test whether the
average values of ratio 1 are significantly different. The resulting
F-ratio is not significant at 10 percent for either set of data. 1In
fact, in both cases the within.group variability was greater than the

between-group variability. This analysis is summarized in Table 2.

Table 2

ANALYSIS OF VARIANCE OF EACH CONTRACT GROUP
(Positive and Negative Values of Ratio 1)

Variation " 8SD af | s . F_test

1959-.1962

Between Groups 1,189.32 2 |594.66 | F(2122) = 0.726
Within Groups [99,829.54 | 122 |818.27 | Not significant
at 10 percent

1962-1963

Between Groups 195.15 21 97.58 ] F(2124) = 0.407
Within Groups 29,700.46 | 124 | 239.52 | Not significant
at 10 percent

Table 3 shows the proportion of negative values of ratio 1 in each
group for the 1959-1962 and the 1962-1963 data. Both sets show that
the proportion of negative values of ratio 1l is highest for the group
with a 0.2 sharing proportion; otherwise the findings are incompatible.
However, none of the proporgions for the 1962-1963 data are signifi-
cantly different from 0.5. The proportion of negative values of ratio
: 1 for the group with the lowest sharing proportion for the 1959-1962

~ data is significantly (at .05 percent) less than 0.5.

ANALYSIS OF ADJUSTED COST ESTIMATES

Essentially the same analysis is applied to-the adjusted target

costs. It will be recalled that these targets include the cost of
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Table 3

PROPORTION OF NEGATIVE VALUES OF RATIO 1
FOR EACH CONTRACT GROUP

Sharing . Proportion of | Sample
Proportion | Negative Values Size

1959-1962
< .15 .32 . 38
= .20 .48 71
2 25 47 15

1962-1963
< .15 .52 54
= .20 " .60 53
s .25 47 19

various supplemental agreements that occur between initiatiqn and com-
pletion of the contract. Note that the tendency for positive values

of ratio 2 (actual cost minus adjusted cost divided by actual cost)

to be less than positive values of ratio 1 is a logical consequence of
the supplemental agreements., Recall that ratio 1 is defined as actual
cost minus initial cost divided by actual cost. The actual product
cost may be divided into two parts, say x and y, where x‘and y respec-
tively denote the actual cost of producing the initially specified product
and the actual cost of the supplemental agreements. Assume that both
the firm's initial and adjusted targets, % and X + §, are estimates of
X and x + y, respectively. That is, the initial estimate makes no
allowance for any future supplemental agreements and, correspondingly,
the estimated cost of the supplemental agreements is independent of the

accuracy of the initial estimates. Then rl, ratio 1, is given by

Y

r. = Xty - x
1 x+y ?
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whereas r2, ratio 2 is

XY - (X))
2 x+y

.

The empirical analysis will show that when ratio 1 is positive,

ratio 2 tends to be smaller, that is,

r, > Ty when r; > o.

But all that this inequality implies is

or
§> 0.

All that is necessary for ratio 1 to exceed ratio Z‘is ﬁhat the esti-
mated cost of supplemental agreements be positive.

The behavior of contracts for negative values of r, can be in-
terpreted in the same way. A negative value of r, means simply that
%, the initial estimate, is larger than x+y, the actual cost. The
empirical analyses show that contracts with neggtive values of ratio
1 tended to preserve or increase the negative value via supplemental

agreements, that iS,
r r when r O
]2 27 1< ’

which can be rewritten

X+y - X > x+y - (X+9)
X+y X+y

3
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or A
¥ > 0.
A priori, it might be expected that when ratio 1 is negative, modifi-

cations would be implemented so that the adjusted target, 4y, would

decline, i.e., 1, 2> r, and § < 0. As we will see, modifications like
this rarely occur.

These algebraic relations between ratio 1 and ratio 2 say nothing
about the effect of a changing sharing proportion. Table 4 shows this
effect for the two groups of data. The effect is the same for both--
the tendency for negative values of ratio 2 is an increasing function

of the sharing proportion.

Table 4

MEAN AND VARIANCE OF RATIO 2
FOR EACH CONTRACT GROUP

Mean Variance | Sample Variance of X
. Size
Sharing 2 2
Proportion ® S N. S-
i X
1959-1962 .
< .15 0.73 186. 34 38 4.90
= ,20 -1.82 58.95 74 0.80
> .25 -12.50 336.02 14 24.00
1962-1963
< .15 -2.01 161.33 54 2.99
= .20 -3.77 38.67 53 0.73
> .25 -5.94 67.19 19 3.54

A one-way analysis of variance was performed on both sets of data
summarized in Table 4 and the results are presented in Table 5. Results
for the 1959-1962 data indicate that the average of negative values of

ratio 2 are significantly different (at 1 percent). For the 1962-1963
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Table 5

ANALYSIS OF VARIANCE OF EACH CONTRACT GROUP
(Positive and Negative Values of Ratio 2)

e

Mean .
Variation SSD df | Square F-test

1959-1962

Between Groups 1,822.67 2] 911.34 | F(2124) = 7.259
Within Groups 15,566.24 | 1241 125.53 | Significant at 1%

1962-1963

Between Groups 255.19 2| 112.59 |F(2124) = 1.186
Within Groups 11,771.02 | 124) 94.93 | Significant at 25%

data, the average of negative values of ratio 2 was not different at
any reasonable level of significance.
Table 6 shows the proportion of negative values of ratio 2 as a

function of the sharing proportion. Again the two sets of data yield

Table 6

PROPORTION OF NEGATIVE VALUES OF RATIO 2
FOR EACH CONTRACT GROUP

Sharing Proportion of Sample
Proportion | Negative Values Size
1959-1962
< .15 .45 38
= ,20 .64 74
> .25 .78 14
1962-1963
< .15 .56 54
= .20 .72 53
> .25 .84 19

similar results. The proportion of negative values is an increasing

function of the sharing proportion. And in both, the intermediate and
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highest sharing proportions have proportions of negative values that

are significantly (at 5 percent)'greater than 0.5.

THE INFLUENCE OF CONTRACT SIZE

The analysis of both initial and adjusted target costs has not
measured the influence of contract size on the accuracy of the esti-
mates, Using final cost as a measure of contract size, Table 7 pre-
sents the average contract size for each sharing proportion group for
both sets of data. For the 1959-1962 group this tabulation suggests

that the tendency for positive values of ratios 1 and 2 is a decreasing

Table 7

RELATION BETWEEN CONTRACT SIZE AND POSITIVE RATIOS

Positive Positive
Sharing Values Values Average Size
Proportion | of Ratio 1| of Ratio 2| ($ millions)
1959-1962
<.15 5.06 0.73 36.31
=,20 1.33 -1.82 55.43
= .25 2.78 12.50 82.03
1962-1963
< .15 0.35 -2.01 14.59
=.20 0.52 -3.77 32.50
2 .25 3.37 -5.94 26.21

function of contract size, the layger average sizes being associated
with large negative values. Closer examination, however, reveals that
this association is illusory. First, a nonparametric test is unable to
reject (at 10 percent) the null hypothesis that the sample of size
observations in the 0.25 to 0.50 class is drawn from the same popula-
tion as the sample of observations in the 0.025 to 0.15 class., More
importantly, when the sharing proportion is held constant, large con-

tracts tend to exhibit large positive values of ratios 1 and 2. This
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relation is obtained byvcalculating the Spearman rank correlation coef-
ficient between contract size and positive values of the ratios for
beach sharing proportion group. The ensuing correlation coefficients
are enumerated in Table 8 for both initial and adjusted estimates.

The coefficients indicate a generally weak but persistent positive

relationship between contract size and positive values of the ratios.

Table 8

CORRELATIONS BETWEEN RATIO 1 AND RATIO 2
AND CONTRACT SIZE

Sharing Initial Adjusted
__Proportion ] Correlation |Correlation
1959-1962
< .15 167 .052
= .20 .18a .13a
> .25 .34 .17
1962-1963
< .15 022 -.023
= .20 .02a -.09b
2 .25 .26 .36

“Not significantly different from zero.

Significantly different at 10 percent.

For the 1962-1963 data, Table 7 tasulations suggest that there
is not even an apparént relationship between contract size and posi-
tive values of the ratios. Moreover, the Spearman rank correlation
coefficients between contract size and positive ratios exhibit no
congistent tendency for positive values. In Table 8, for two cases
there is a negative correlation between contract size and ratio 2.
However, only one of the observed correlations is significant at the

1l0-percent level.
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RELATION BETWEEN INITIAL AND ADJUSTED COST ESTIMATES

When it appears likely that‘actual costs will exceed initial cost
.estimates (the firm is incurring losses relative to the initial cost
estimate), firms will probably make this fact known to the Goyernment
when estimating adjusted costs. Efforts will be made to increase the
adjusted estimate above the initial estimate. Indeed, extraordinary
efforts should be observed when the sum of the sharing and target pro-
portions is large. For as this sum increases, the rewards associated
with the alternafive activities of the firm's management become rela-
tively inferior to those of campaigning for high adjusted costs.

Tabie 9 attempts to measure this effect. Column 2 presents a
measure of the relative amount by which adjusted costs exceed initial

costs when actual costs exceed initial costs. Column 3 shows the relative

Table 9

RELATIVE AMOUNT BY WHICH ADJUSTED COSTS EXCEED (ARE LESS THAN)
INITIAL COSTS WHEN ACTUAL COSTS EXCEED (ARE LESS THAN)
INITIAL ESTIMATE

D1 + D2
Actual Costs Actual Costs
Sharing Greater Than Less Than
Proportion {Initial Estimate | Initial Estimate
1959-1962
< <15 0.55 0.17
= .20 0.99 0.57
> .25 1.43 0,22
1962-1963
< .15 0.44 0.20
= .20 1.08 -0.10
> .25 1.58 0.22

NOTE: D,(adjusted costs - initial costs)

+-D2 (actua

costs - initial costs).
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amount by which initial costs exceed adjusted cost when initial costs
exceed actual costs. Both calculations are made for each type of in-
centive contract. For each class of contracts, the percentage move-
ment toward actual costs is substantially greater when actual costs
--exceed initial costs than when initial costs exceed actual costs. For
the 1962-1963 data, it appears from Column 2 that the pressure the

firm exerts is an increasing function of the sharing proportion when
actual costs exceed initial estimates. Column 3 reveals that the
Govermment does not respond to the sharing proportion in any systematic

fashion when actual costs are less than initial estimates.

CONTRACT GROWTH

The influence sharing proportion has on contract growth will now
be measured. The adjusted cost estimate includes the costs of sup-
plemental agreements; hence a relative measure of éontract growth is
adjusted cost minus initial cost divided by adjusted cost. Assume
that the firm's behavior is guided by purely economic considerations.
Then contracts with high sharing proportions are likely to grow more
than contracts with low sharing proportions.

Table 10 shows the relationship between contract growth and
sharing proportion for both sets of data. For 1959-1962, the most
growth occurs for the contracts with the highest sharing proportion.
This confirms the purely economic hyéothesis. However, contracts with
the lowest sharing proportion grow more than those with a 20=-percent
proportion. The 1962-1963 data give unambiguous support to the purely

economic hypothesis; contract growth is positively related to sharing
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proportion. It may be tentatively concluded that between the two
time periods, differences occurred among firms having contracts with

a 20-percent sharing proportion.,

Table 10

RELATIONSHIP BETWEEN CONTRACT GROWTH AND SHARING
PROPORTION FOR BOTH SETS OF DATA

a
Relative Contract Growth

Sharing
Proportion 1959-1962 | 1962-1963
.05 4,36 2.31
.20 0.48 4.13
.25 8.64 8.79

%The ratio of adjusted minus initial
to adjusted expressed as a percentage
in the table can be calculated directly
from ry and ry. The percentage contract
growth, G, is given by:
adjusted - initial

¢ = adjusted x 100

(r; - 1,)(1 - r,) "} (100).
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IV. CONCLUSIONS

This Memorandum discussed two different aspects of incentive
contracting. The first was a presentation of several interpretative
problems that arise in implementing incentive contracts. One of the
main difficulties is predicting both the efficiency and risk effects
of different sharing arrangements. These effects are present and
intertwined in all incentive contracts. Data that are currently
collected are not sufficient for distinguishing between risk and
incentive effects. Multiple incentive contracts, where incentives
are awarded not only to low costs but also to prompt delivery and
high performance, are plagued by similar difficulties.

The second part of the Memorandum presented an empirical analysis
of 252 incentive contracts, 126 contracts having been completed during
1959-1962, and 126 completed in 1962-1963. The purpose was to explore
the relationship between sharing rates and different aspects of
contract cost, with a view to testing some of the economic hypotheses
developed in the first part. The results of these tests are mixed,
with some of the results tending to support our hypotheses, and others
rejecting them. Thus, for the 1962-1963 data, we could find no sta-
tistical evidence to suggest that the contracts wi£h.higher sharing
rates tended to be either more efficient or more risky, in that the
relative difference between actual and target costs were not signifi-
cantly different for the higher and loyer sharing rates., On the other
hand, we did find that the difference between actual and target costs
for the contracts during 1959-1962 become increasingly negative with

increasing sharing rate which is consistent with the risk-efficiency
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hypothesis., Other differences in outcome were also noted between the
two time periods, possibly suggesting some difference in governmental
and contractor behavior with experience in incentive-type contracts.
The implication of this study is that the factors influencing
contract outcomes are very complex, and that a study utilizing more
complex economic models and richer sources of contract data may be
required to secure better agreement between theory and experience.
Considering the large administrative effort now expended on contract
hegotiation and administration, as well as the significénce of the
product and its cost to our national security, it behooves us to

undertake such further investigations,
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APPENDIX

This Appendix calculates a lower bound on the bid a vendor submits
for an incentive type contract. If the contracts are let under
competitive bidding the bids will tend to be equal to this lower
bound. The vendor is assumed to have a constant attitude toward
risk; that is, the risk premium required for a particular risk is
independent of the firm'é wealth. The firm may have constant risk
aversion, constant risk indifference, or constant riskkpreference.
Bids that firms submit are conditioned by the alternative opportuni-
ties available to them. In particular, it is assumed that the bid
is calculated so that the expected utility of the incentive contract
is no less than the expected utility of the best alternative oppor-
tunity. A lower bound on the bid is obtained by equating these"
expected utilities. The cost, C, of producing for the incentive
contract is a random variable with an arbitrary probability distri-
bution. Similarly, the profits, [, obtainable on the best alternative
opportunity are also a random variable with an arbitrary probability

distribution.

CONSTANT RISK AVERSION

When the firm has constant risk aversion its utility function

with respect to profits, ]|, may be denoted by

U1<H) = a]. = bl e-pn’ p > O b

N
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where p measures risk aversion, i.e., the risk aversion function is

*
simply

u

o(ln) = - T P

SRR [

Profits, HZ’ from the incentive contract are

t
¥
H
It

I, =opt B(p-C), 0 s o<1, 0<pg<1,

where ¢ is the target proportion, p is the bid or target cost, B is

the sharing proportion, and C denotes the actual costs. If II1 is

opportunity profits, then both are random variables with arbitrary

cumulative distribution functions (c.d.f.), say Fl and F,, respectively.
A lower bound on the bid, p, submitted by the firm is obtained

by equating thelexpected value of ul(nl) with the expected value of

ul(nz) and solving for p, where the first expectation is with respect

to Hl and the second expectation is with respect to C. Symbolically,

- pnl
E. u/(l,) =a, - b, E
o 1 1) 1 1, € s

-p(ap + g(p-C)) .
- b1 EC e P B

Bgu () = a)

E . . .
quating EHl “1(H1) and EC ul(nz) and solving for p yields

- 1n Y(Sz) - In Y(Sl)
pla + B)

2

P

- .
See John W. Pratt, "Risk Aversion in the Small and in the Large,"
Econometrica, Vol. 32, No. 1-2 (January-April 1964).
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where Y(Sl) denoteé the moment generating function of Fl (the c.d.f.
of Hl)’ Y(Sz) denotes the moment generating function of FZ (the c.d.f.
of C), S, = =p, and S, = pBs For example, if Fi and F, are normal

, . 2 2 .
with mean and vari ance, M5 Oy and My5 Tys respectively, then

22 22
 Sym+sSia) _ mpmytEpTo)
¥(5)) =e =e

and

22 2.2 2
s Smy eS80, _ P B
2 *

*
It follows that

2 2 2
(ml + Bmz + %p[s oy - 0'1] n, >0
q+B ’ .
b =
22 2
By * %olE 0p - 9] m <0
\ @t g ’ !

2 2 2 . . .
where %p(B oy - cl) can be interpreted as the risk premium. Notice
that when g = ol/cz, the risk on the incentive contract is identical
to that of its alternative opportunity and the risk premium is zero.

The risk premium is positive when g > cl/c2 and negative when g < cl/oz.

*
See McCall, op. cit., It is assumed that if expected alternative
profits are negative, the firm will not produce and will reduce its
expected profits to zero.
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Also, assuming m. > 0, the bid for a fixed-price contract (g'= 1)

1
with ¢ > 0 is given by

o
0

2 2
m; +m, + %p(0, - a7)
= Similarly, the bid for a cost-plus-fixed-fee contract (B = 0) with

o> 0 is given by

2
e U %p0;
P p ’

which, of course, may be negative.

CONSTANT RISK INDIFFERENCE

For constant risk indifference,
uz(n) = a, + b2H
and

Euz(n) = a, + b2 ETl.

It follows that a lower bound on the bid the firm will submit is

ETl, + BEC

@+ B ) Enl >0

_BEC,  mp <O.

at g
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CONSTANT RISK PREFERENCE

Finally, if the firm's utility function exhibits constant risk

preference,
u3(n) = a, + b3 epn, p>0
E (m,) = + b o
IIlu3 Hl ag 3 Enl e
= plapt8(p-C)) .
ECu3(n2) a3 + b3 EC e ’
and

~ 1n Y(Sl) - 1n Y(SZ) ,
L pla + B)

= pB. For example, if F, and F, are normal with

where.S1 = ps and S 1 2

2

. 2 2 .
mean and variance, mys 995 and M5 Oys respectively, then

2 2
pm1+%p o'l
¥(s)) = e
and
2
'PBm2+%P 6202
Y(Sz) = e .

It follows that a lower bound on the bid this risk preferent firm

submitted is given by

2] 2 2 2
at B

» My > 0

22 _ 22]
Bn, * %p I;’l B o m < 0
2 1
at g
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