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ABSTRACT

This paper focuses on comparing and predicting cost experiences
of weapon system acquisitions, using cost factors (the ratios of actual
to predicted costs) as a basis. A model is set out that considers
several of the more pertinent influences of the development program
and system involved on the magnitude of a cost factof. Basically, the
length of the development phase of the new system acquisition and the
technological advance sought for the new system are related to the
cost estimation inaccuracy or real cost growth of the system.

The model 1s analyzed using two sets of data on aircraft and mié-
siles systems -- the first composed of systems developed in the 19505,
and the second from the 1960s. If the parameter estimates for the
model can be characterized as descriptive of the system acquisition
process, then the gtatistical results show essentially no {(net) change
in the process over the last two decades. That is, for programs com—
parable in length and advancement sought, 1960s acquisitions would have
resulted in actual costs exceeding estimates by roughly the same pro-
portion as had those of the 1950s. However, there 1s evidence that
the "typical" program of the last decade was structured somewhat dif-
ferently from the previous experience. When the (different) "typical"
program of each decade is predicted by the acquisition process (equa-
tion) characteristic of the decade, the cost factor for the 1960s is
somewhat lower. There is thus some indication of less bias in cost
estimation or overrun of actual costs in the 1960s than previously.

In the future as in this past experiencg, seeking major technological

advances is likely to involve quite uncertain cost outcomes.
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Two questions have been important to analysis of weapon acquisi-
tion process in recent yeafs and are especially relevant to an environ-
ment of constrained military budgets: What is an appropriate acquisi-
tion strategy for a particular proposed system? How can we increase
the reliability of cost effective comparisons between systems with un-
certain costs? While this paper is pertinent mainly to the second
question, it provides some important implications for the first ques-
tion.

This study of acquision cost experience has been based on the use
of cost factors, defined as the ratio of actual to predicted costs for
a weapon system. ; will deal only to a limited extent with the data
base used in this research;[l] rather I will primarily develop the
methodology by which comparisons between weapon system acquisition
experience of different time periods and predictioms: of future outcomes
can be made. In particular, I will concentrate on the modeling itself
and on the possible directions of extension of the model rather than

on the actual empirical results.

*Any views expressed in this paper are those of the author. They
should not be interpreted as reflecting the views of The Rand Corpora-—
tion or the official opinion or policy of any of its govermmental or
private research sponsors. Papers are reproduced by The Rand Corpora-~
tion as a courtesy to members of its staff. An early version of this
paper was presented at the Twenty-Sixth MORS Symposium, Monterey,
California, November 1970.
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Let me begin by establisﬁing a few fundamentals. First, although
cost factor ratios can be greater or less than unity, past experience
has shown that in the usual case actual costs exceed predicted costs.
Cost factors having a value greater than unity can be caused by in-
accurate cost estimates (implying that estimates are, on the average,
lower than efficiently executed actual outcomes would be) or by cost
growth arising from such factors as scope change (alteration of goals
or specifications subsequent to the start of a development program),
technological uncertainty (the general unpredictability of cost for
risky new technology), or various inefficienciles. Cost factors alone
do not provide sufficient information to distinguish among such con-
tributors.

Also, cost factors are not adequate by themselves for making cost
comparisons, since different types of systems may be more or less dif-
ficult to estimate accurately. For example, one weapon system may
have a cost factor of 1.2 and another a cost factor of 1.4, But if
the first was a brief program involving essentially off-the-shelf
technology and the second required a major advance in technology and its
cost had to be predicted very early in the conceptualization stage of
the program, the apparent 40 percent increase in costs of the second
might well in retrospect be considered to be money well spent and the
20 percent increase of the first could be considered as evidence of
unacceptably poor estimation or inefficient management.

Finally, cost factors are mainly useful in understanding the
bias aspect of the accuracy of our understanding of weapon system

acquisition costs. Achieving a method for predicting what the cost



factor of a proposed system will be is tantamount to being able to
"de-bias' our estimate of the costs. Yet, if the dispersion of our
cost estimate is likely to be high, we should be less confident of
correct cost-effective comparisons between contemplated acquisitions
because we would be less confident that current de-bilased estimates
(on which a decision must be based) are sufficiently close to what the
systems will actually cost. In these cases, the first priority must
be given to taking steps to reduce the uncertainty (dispersion) before
making the decision. I will deal with this further below.

The main thrust of these fundamentals is that to make adequate cost
comparisons, we must take into account the influence on costs of other
aspects of acquisition -- including especially development program

duration and the degree of technological difficulty of the system.

MODELING ACQUISITION COSTS

The two basic dimensions of the development of a new weapon system
that I will relate to the cost of the system are the length of the

[1-6]

program and the performance requirement. For a given program, the
upper part of Figure 1 depicts that in reality actual costs may vary
according to the length of time allowed for the development phase (L).
The idea behind this well-known relationship is that 1f the develop-
ment stage is extremely short, designers may have to make use of short-
cut subsystems that they are confident will satisfy tﬁe\performance re-
quirements (and perhaps exceed them) instead of tailoring the sub-
system performance to the specific need. As the program length in-

creases, the minimum cost design for that particular system can be

obtained. If the program length is stretched out far enough, one could



(a) Actual costs

C*—

(b) Estimated costs

Fig. 1—Relationship of cost to program length



imagine diseconomies being incurred; for example, resulting from the
extra management procedures necessary to keep track of a program that
is being developed over a very long period of time. In the figure,
the minimum cost C* is achieved with program length L*.

This cost-schedule curve can also be viewed as an envelope of
curves each of which depicts a particular development strategy, as in—
dicated by the broken curve. The term "strategy" of development in this
context involves a rather broad range of characteristics. Viewed from
before the initiation of a development program, it will include such
factors as the type of contractor environment (e.g., number of contractors
and contract types) and the degree of later flexibility in reappraisal
of the system or its scheduling (e.g., provision at the outset of non}
trivial decision points for program reassessment). Different original
program strategies will imply different possibilities for cost-schedule
tradeoffs when the development phase is in progress.

The lower part of Figure 1, on the other hand, suggests that when
the cost estimator tries to identify this relatiomship beforerthe pro-
gram has begun, there are a number of reasons for him to underestimate
the curve. For example, there may be a number of apparently technically
feasible ways of achieving the required system and it is quite natural
to believe that one of the less expensive ways will be adequate. Past
experience has, of course, demonstrated that expectation to be incorrect.

Now consider the influence of performance specifications. I have
depicted this simply as a one-dimensional characteristic rather than
a series of characteristics in the upper part of Figure 2. The multi-

dimensional characterization of performance would be more realistic
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approach but is much harder to deal with graphically. This figure
shows that performance advance requested may be at a particular level.
The fact that the system has to undergo development implies that there
will be a range of uncertainty of how much technological advancement
(A) from the current state of the art will be required to achieve that
specification. Conceptually we can think of initiation of a develop-
ment program as starting off toward the objective of achieving a cer-
tain level of technological advance within that range of uncertainties.
[This objective should also influence the shape of the "strategy" curve
selected from within the envelope in Figure 1.] Then the lower part
of Figure 2 illustrates that for each of various development program
lengths a certain intensity of effort in development (E) will be re-
quired. For example, L3 may be that program length that requires a
minimum intensity of effort per month to achieve the technological ad-
vance sought. A combination of program length and intensity of effort
must be selected to achieve the weapon system desired.

This tradeoff between program length and intensity of effort is
depicted by the curve on the "floor" of the three-dimengional diagram
in Figure 3. A certain technological advance sought implies various
combinations of program length and intensity of effort that will be
needed to achieve the program. Optimism in estimated costs or growth
of actual costs may vary with program length (as depicted in Figure 1)
which would result in a curve such as portrayed on the back wall of
the figure, and similarly for levels of intensity of effort om the
left-hand wall. Thus a surface exists which identifies various cost

factors [F = Ca/Ce] for the various combinations of intensity of effort

and program length.



Shifts of A
" change in scope"

Fig. 3—Combined theoretical description of cost factors



To this point, I have not even considered the possibility that
the level of technological advance sought does not lead to achievement
of the performance characteristics chosen (recall that Figure 2 depicted
a band of uncertainty). If it does not, or if the performance demands
are increased, there may be a decision in the course of the program to
increase A. Thus, in Figure 3, the arrow on the "floor," depicting an
outward shift in the possible effort and program length combinations,
can be considered a characterization of technological uncertainty or
of what is often called '"changes in scope." This latter expression is
usually used to describe either the customer's or the developer's changes
in the objectives of a program during its development phase. The effect,
whether large or small, is to alter the configuration or performance of
the article being designed or tested and tﬁus to change the optimal
program length or intensity of effort. It is a reasonable assumption
that the development program is even less "optimally" structured to
achieve the modified system with minimum cost than it was to achieve
the original configuration. Attempts are usually made to capture the
tendency for scope change in the cost estimate. Nevertheless, scope
change almost always appears as an addition to estimated program costs
and is an importamnt contributor to cost growth.[G]

In summary, this model presents a simplified representation of
‘the influences of performance, technological advance, and scheduling
on the degree of bias or overrun in costs. The scheme relates the three

dimensions of cost growth, program length, and intensity of effort.
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POST-WORLD WAR II DEVELOPMENTS

Before undertaking the description of the empirical formulation
of this model, let me briefly deal with the type of data available for
the empirical exploration. The samples for the comparisons involved
the weapon systems developed during essentially the 1950s and the 1960s.
For the 1950s, only Air Force systems were available; whereas for the
1960s sample, the coverage included Army, Navy, and Air Force. For the
empirical explorations reported here, only aircraft and missile systems
are included in the samples for each of the two decades.[ll This was
the most comparable subset of systems of the 1960s to those available
‘for the 1950s.

Some basic adjustments had to be performed on the data to derive
cost factors, Of course, if the ratio of actual to estimated program
costs is to be calculated as a cost factor (F), the same production
quantity should be involved. Also, it is appropriate in making com~
parisons of cost growth between systems to abstract from the variation
between actual and estimated costs resulting strictly from inflation
that has been experienced in the economy during the period of the
program. The cost factors for the 1950s systems are the ratios of
unit cost of production but with amortization for the development cost,
while the 1960s programs were total costs of development and production;
these are felt to cover essentially the same range of costs. Finally,
for some of the programs in the 1960s data base, the "actual cost' used
is in reality the latest estimate of what actual cost will be. These
estimates are the latest available as of December 1969. For a more

detailed discussion of these adjustments, and the sensitivity of the
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results to the methods used, see the appendix of my report.tl]

A proxy (M) was used for the length of the development programs;
it essentially involved a calculation of the number of months from the
date of the estimate to the initial operational delivery (IOD). Several
coat estimates at different points in the development programs were
usually available for the system, so several cost factors (based on the
ratio of actual cost to a particular estimate) were used for a system
with the associated time dimension mentioned above. This proxy was
employed mainly because there was no clear point at which development
programs began for the systems in the 1950s sample. The most reason-
able comparison between decades is obtained by including data over a
range of time for each program of the two decades. [For the 1960s
systems, the results from this procedure could be compared with those
from one cost factor for each system and a time measure spanning the
length of time from the approval of initiation of engineering develop-
ment to IOD; sensitivity of the results to these different measures of
program length is discussed below.]

A measure of technological advance sought has been obtained for
each system from two surveys conducted within Rand. Figure 4 presents
the results of these surveys for the aircraft and missile samples for
the two decades. The 1950 systems were rated through a survey con-

ducted in the early 1960s. 22>

This survey provides a relative
ranking of the various systems; the range of this variable, dubbed
the A-factor, was from 7 to 16. Since there is good reason to believe

that, for example, the Atlas was more than twice as difficult as the

C-130A, various "stretchings" of the "A" axis (as measured by these
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Fig.4-—Measure of technological advance sought for aircraft and missiles



=13~

surveys have been investigated. The programs of the 1960s sample were
rated to be comparable to the ranking for the 1950s systems, and range
from 5 to almost 15. The clusters conform with our‘general knowledge

that more recent decisionmaking has in general avoided the more advanced
and risky programs that were common in the 1950s. (See [1] for a complete

presentation of the data.)

STRUCTURE FOR THE MODEL

Based on the model presented in the first section, the empirical
function that has been explored is
Fe=ael'E, ' (1)
This specification for the model captures the increasing influence of
program attfibutes on cost factors (under the hypothesis b > 0) and

(1] It relates the

tends to alleviate the heteroséedacity problem.
cost factor to a function of program length (which will be approximated
by M, the months from the date of estimates to imitial operational
delivery) and the intensity of effort in development (which will be
approximated by a function of this measure of program length and A,

the survey measure of technological advance sought).

Throughout the empirical results, I will be referring to two basic
questions. The first involves the relationship between M and A and
intensity of effort characteristic, E. The second involves the
functional form by which A should enter that relationship. These
questions are addressed through the various structures of the empir-
ical formulation of the model (1).

The first structure for the model is called the "additive" struc-

ture since M and f(A) enter additively:
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F = gebMreE(A)

[My terminology may be somewhat comfusing since the entire functional
relationship between the cost factor and the program characteristics is
certainly not linear or additive; it is multiplicative between M and E
and it is an increasing function in the sense that it is log of F that
is related to the product of M and E. Please bear that in mind as I
use these descriptive identifiers.] When M and a function of the tech-
nological advance measure are entered additively in the model, the
implicit expression for intensity of effort i1s a function of the tech-
nological advance sought per month of development. The other form of
the model is called the "multiplicative' structure:

P = aebM'f(A).
In this structure, the function of the technological advance sought
variable alone is used as the proxy for intensity of effort.

Four different functions of A were investigated for the "additive"
and "multiplicative" structures. These were log A, A, A2, and e ;
that is, four functions, each of which i1s a more in&reasing function
of A than the previous. It turned out that eA provided the best fit
of the data and was therefore selected as the appropriate transforma-
tion of the technological advance survey measure or relative rankings
of the various weapon systems.[l] I will describe some of the com-
parisons between the various transformatiocns depicted here as £(a)
when discussing the multiplicative form of the model shortly. But
first, Figure 5 provides a description of the potential differences

between the "additive" and "multiplicative' structures in terms of

hypothesized values for the parameters of these equatioms.
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The "additive'" form of the model allows for separate coefficients
for the program length measure and the technological advance sought.
Therefore, as shown in the first drawing, one might ;xpect that the
cost factor (i.e., the extent of estimation optimism’or real cost growth)
would increase as the technological advance sought increased, whereas
it is conceivable that as program length is increased; holding the tech-
nological advance constant, our ability to avoid optimism or control
costs might remain the same or even 1ﬁpfove. There still would be an
inherent uncertainty of thé development program; this surface repre-
sents an ''average" experience about which there would be some dispersion.
On the other hand, the "multiplicative" form enters M times £(A) with
one parameter for them both and therefore -- by assumption -- implies
a symmetric surface with respect to both of those axes (except for the
scaling of A). The more gemeral structure portrayed in the lower figure
has not been explored, basically because of the very limited quantity
and quality of the data so far available for this research. In this
figure there is a possibility for cost factors to increase with tech-
nological advance but possibly decrease and theﬁ iﬁcrease with program
length, and be the same level for various combinations of these two
attributes. In a sense, this is a figure depicting a desirable direc-
tion to restructure the acquisition process so that a stratggy of
development can be selected for each program that is best suited to
that program in terms of the ability to monitor and control actual

costs.
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EMPIRICAL RESULTS

Let me now indicate some of the empirical results from three dif-
ferent formulations. The first is the "additive" structure with the
function of A being eA; the second the "multiplicative" structure where
the function of A is simply A; finally, and perhaps the best of the
empirical results I have obtained so far, is the "multiplicative"
structure with the function of A being eA. The ordinary least squares
fits of these structures of the model are presented in Table 1.

The overall description of the two decades from the "additive"
structure is not too bad, as shown by the R2; about half of the varia-
tion in cost experience over each of the decades is explained by this
very simple three-parameter structure. In the 1960s the coefficient
of the program length attribute is essentially 0, as was described as
a possibility in the last figure. That is, there is no increase or
decrease in a cost factor for changes in program length in the 1960s
(holding the A-factor comstant). In the 1950s program length was an
important influence on larger cost factors —- longer programs were
associated with much larger cost factors. On the other hand in the
1960s there is a considerable increase on the cost factor for greater
technological advance sought -- about four times as much of an increase
in the cost factor for a given increase in technological advance sought
as in the 1950s. The final line shows the ‘estimates with the two decades
combined. Using an F test, the hypothesis that the experiences of the
1950s and 1960s are essentially the same (as represented by significant
differences between all of the cocefficients in the equations in each
of the two decades) is not rejected by usual statistical criteria of

(1]

5 or one percent significance levels.
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Table 1

*
AIRCRAFT AND MISSILES ESTIMATION RESULTS

(a) Additive Structure

log F = log a + bM + ceA

log a b c R2
1950s -.153 .0112 .34x1077 .40
(-1.3) (4.2) (1.8)
1960s ~.182 -.0001 1.60x10"7 .62
- (2.6) © (=.01) (5.3)
Combined ~.096 .0088 .46x10"7 .37
(-1.0) (4.2) (3.0)
(b) Multiplicative Structure
log F = log a + bM*A
log a b . R2
1950s -.087 .00087 .42
(-.8) (6.2)
1960s .086 .00046 .26
(1.2) €2.6)
Combined -.058 .00083 A2
(=.7) (7.3)
(¢) Multiplicative Structure
log F = log a + bM.e?
log a b R2
1950s .159 .15x10”2 .46
2.2) (6.7)
1960s .179 .36x10"2 .69
Combined .180 .lelO_8 .46
(3.5) (8.0)

Nota:

*The sample sizes are: 55 (1950s), 21 (1960s), 76 (combined).
The t statistics are presented in parentheses below each coefficient.
In structuring (a) and (c) the coefficients are very small (since eA
is usually very large); the coefficients' values are listed in
scientific notation.
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For the "multiplicative" structure with the function of A being
simply A, the R2 for the 1960s is somewhat lower than for the "additive"
structure. For the 1950s the R2 is slightly higher, as is the case in
the combined equations. Since one less parameter ié involved in this
structural specification than in the "additive" one, and since the |
sample size is really quite low for the 1960s —- these are preliminary
reagsons for considering the multiplicative structure to be the most
succinct description of acquisition experience in the two decades.

Finally, for the "multiplicative' structure in which the function
of A used is eA as it was in the "additive" structure, the R2 for both
the 19508 and the 1960s 1is higher than for any of the other structures
investigated. Since this 1s true even when fewer parameters are used
than in the case of the "additive" structure, this "multiplicative"
structure -- with the eA transformation of technological advance sought
into intensity of effort -- is deemed the best overall specification.
In this form of the model the influence of these program characteristics,
program length and technological advance sought, on the cost factor is
more than twice as high in the 1960s as in the 1950s. Alsoc the inter-
cept is larger for the 1960s than for the 1950s. So, in terms of the
point estimates of these parameters, the 1960s is represented as having
uniformly higher cost factors for a given program than would have oc-
curred in the 1950s. However, when the test of significance of changes
in the equations between the two decades is performed, the hypothesis
of no change between the two decades is not rejected by standard sta-

tistical criteria.
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Two further questions about this structure are quite important.
First, how sensitive are the results to the measure of program length
that has been used; and second, how sensitive are the results to the
weighting of the programs within the sample?

As mentioned above,. the best available measure of program length
for the 1960s is the number of months from the data of the estimate
established near the time of DoD approval of initiation of development
to the initial operational delivery. This amounts to using only one
estimate for each system in the sample -~ the earliest. In Table 2,
this same selection of observations from the sample has been used for
the 1950s, although these do not necessarily establish the beginning
of development; in some cases they are merely preliminary guesswork at
an early stage of gystem conceptualization. Thérefore, this form of
the data is not considered to be as appropriate as that using all the
estimates for comparison of system acquisition experience between the

deéade;. _Tabie 2 presents the equations using this "earliest estimate'
developmenﬁ length for each system as a surrogate for L. It shows that

by comparison with the results in Table 1, there are only quite minor dif-
ferences: the intercepts for the 1950s and combined samples are somewhat
higher. The results of the statistical tests are essentially unchanged.[l]
Therefore, the results on the whole appear to be reasonably insensitive to
the particular choice of a surrogate for development program length.

The second part of Table 2 displays the results of estimating the
1960s with each system's observation(s) weighted by the size of the

program (measured as total dollars actually spent). It is quite con-

ceivable that the results from this could differ from those reported
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Table 2

SENSITIVITY TESTS FOR STRUCTURE (c):

leg F = log a + bM-eA

DEVELOPMENT PROGRAM LENGTH:
*
"™" for Earliest Estimates Used to Approximate "L"

log a b R2

1950s .268 .15x10"8 .48
(2.2) (4.2)

1960s .180 .33x10°8 .62
(4.5) (4.0)

Combined .240 -15X10'8 .51
(3.2) (5.7)

OBSERVATIONS WEIGHTED BY PROGRAM SIZE

log a b , R2

1960s .226 .32x10"8 .83
(7.4) (9.5) '

Notes: The t statistics are presented in parentheses below coefficient
estimates.

*
Sample sizes for the "earliest estimate" equations are 21 (1950s),
12 (1960s), 33 (combined).

*
Sample size for the equation is 21 observations as in Table 1.
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above, since about 50 percent of the total dollar costs of all systems
are accounted for by the F-111 and C-5A alone. However, the results
indicate only a slight upward shift of the curve from that presented
in Table 1; the "b" coefficient is slightly lower but the intercept

is higher.

IMPLICATIONS

To summarize these results, the coefficient estimates in the
various structures for the model can be described as characterizations
of the system acquisition process in each of the two decades. Average
values of the program characteristics -- '"M" (months between date of
estimate and IOD) being used as a surrogate for development program
length and "A" being a measure of technological advance sought —-
characterize the way in which developments have differed between the
decades. The statistical results lead to the implication that there
has been no significant difference in the process between the two dec-
ades; one even finds that the process seems to have ''deteriorated" for
aircraft and missile development programs in the sense that for a given

set of development program characteristics the cost factor for the 1960s

implied by structure (C) would be higher than for the 1950s. Despite
this implication for the process, the programs' outcomes —— which can
be characterized as having resulted from programs in the 1960s that
were somewhat shorter and of somewhat lower technological difficulty
on the average —- have shown a '"typical' 1960s program to have a some-
what lower cost factor than a "typical" 1950s program. Thus, Table 3

displays the '"typical" factor for average values of the aircraft and
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Table 3

"TYPICAL'" COST FACTORS FOR AIRCRAFT AND MISSILES

"Typical" Cost Factor for

Average Value Structure

M A (a) (b) (e)
1950s 42.8  12.2 1.40 1.44 1.19
1960s 39.2 8.7 1.20 1.27 1.20

"Typical' Cost Factor for

1
Average Value Structure

M et (@ 0
1950s 42.8  el%+® 1.49 1.35
1960s 39,2  el2+4 1.24 1.24
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missile program characteristics for each of the three structural
specifications. ["Typical" cost factors for structures (a) and (c)
could be derived equally plausibly from the average of the program
effort measure (E, which is approximated by functions that include eA).
The results of this exercise show a reduction for "typical" 1960s cost
factor for structure (c) also.] For consistency of presentation, the
graphic comparison of the decades by each of the three structures
(Figure 7) will make use of the average "A'" results.

To gain an appreciation for the implications of these results
consider Figure 6. It is most convenient, in presenting a figure in
two dimensions, to consider first the equation for each of the three

formulations of the model that was obtained for the two decades combined.

Thus, each part of Figure 6 presents a single equation plotted for 4
different values of A. For structures (a) and (c) -- those with the
transformation of technological advance sought (A) to effort per month
of development (E) involving eA -~ the increases in A have little effect
until A gets to the largest end of the sample range. Since these are
the preferred structures_(in the statistical sense of having the larger
"st"), the implication is that seeking very large technolog;cal advance-
ment is the main reason for serlous underestimation or actual cost over—
runs. However, the results may also indicate that the survey measure
used for A is not very sensitive to lower levels of technological ad-
vance, but can only distinguish these from the very highest. [Resolu-
tion of this question of the quality of the measure versus a real im-

plication about our range of past experience must await more refined

measurement of A.]
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In Figure 7 as in the previous one, a horizontal line at the
level of unity (cost factor = 1) would be interpreted as a perfect cost
estimation or as perfect cost control at the level of the cost estimate
for any length of time prior to operational status of the system. The
feature that has been observed and that this analysis has been directed
toward is that cost estimation or inefficiency typically leads to actual
cost exceeding estimated cost. The extent of bias in each of the two
decades is conveyed by the height of the curve above the line at the
unity level.

The band around each regression line corresponds to one standard
error of estimate. The shading range along the horizontal axis indi-
cates each sample's range of timeé of estimates (used in calculating
M); broken lines beyond the shading indicate extrapolations from these
sample ranges. The 1950s curves are plotted for the average value of
A for that decade (12.2), while the 1960s curves are at the level of
that decade's average value of A (8.7). The graphic interpretation
of the statistical insignificance of the differences between the equa-
tions is that the curves for the 1960s fall almost entirely within the
19508 equations' one standard error bands over the entire range of
1960s values of M. The bands themselves indicate a narrowing of the
dispersion aspect of accuracy in predicting costs; the 1960s equation
has a narrower one standard error band for each structure than does
the 1950s equation.

Structure (a) reveals that when the separate effects of program
length and technological advance on cost factors are measured, only

the 1950s experience seems to have been sensitive to program length.
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In this part of Figure 7 the height of the 1950s curve for a 42.8
month development program is 1.40, the "typical" cost factor for struc-
ture (a) presented above. Moving along the 1950s curve, the height at
39.2 months of the same technological advance level is 1.34. The
shift to the 1960s curve and the lower average level of A leads us
to the height of the "typical' cost factor for the 1960s from struc-
ture (a), 1.20, Thus, the statistical result that the system acquisi-
tion process is essentially unimproved over the two decades is com-
patible with the result that cost factors of (different) "typical
programs have declined for the last decade from the preceding.

One can, of course, use such equations to generate a prediction
of possible cost growth and uncertainty of costs before the beginning
of a new program -- provided that the cost estimate and the acquisition
procedures are to remain approximately the same as for those in the
current samples. What would be required is an estimate of the length
of the development program and an assessment of the technological ad-
vance being sought.

A hypothetical fighter, for example, might be anticipated to take
5 years to develop and have an A of 12 (relative to the "A"s assigned
to the systems in the current sample). Then based on past experience
of weapon system acquisition we would estimate that the actual cost
of the program would be 28 percent higher than the cost currently being
predicted. On the other hand, we could take as a range of uncertainty
of costs one standard error about the regression equation and a possible
schedule slippage of six months; then a range of costs from 15 to 43

percent above the estimate could result (for details, see section V of
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[1]). That is a rather large interval of uncertainty of costs and
it would get much worse if the technological difficulty of the system
under consideration were even greater.

While results such as this may be useful in Improving cost-
effective comparisons between systems to be acquired by our present
procedures, the basic message in these implications is not that cost
estimates should be adjusted upward by x percent in every case.
Rather, the basic structure of system acquisition may have to be
significantly modified if we are to achieve viable weapon systems in
sufficient quantity in the face of impending budget reduction. (How
to achieve this major modification in the system acquisition process
is the subject of a number of other inquiries; e.g., [8,92]).

An important implication of these results is that for major tech-
nological advancement there is very great uncertainty of the actual
cost outcome. This range of weapon system acquisitions is the one
most likely to result in major cost savings if we devise new acquisi-

tion strategies tailored to each such system.
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