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TUTORIAL

SELECTING EFFECTIVE ACQUISITION
PROCESS METRICS

Aron Pinker, Charles G. Smith, and Jack W. Booher

Metrics for assessing the acquisition reform process are now being actively
sought by the DoD. It is difficult to identify meaningful metrics that can be
conveniently calculated. Using our experience from the Partnership Process
for Electronic Warfare (EW) Acquisition, we describe a reasonable approach
to effective selection of metrics. We examine DoD initiatives aimed at measuring
acquisition reform, identify a process for establishing metrics, suggest a basis
for ordering metrics, and provide examples of metrics.

“Metrics allow us to
baseline where we
are, identify the
impediments to the
process, and track
the impact of man-
agement actions on
processes and other
process changes.”

–Gen. Thomas R.
Ferguson, Jr.

his article is a result of the Secretary
of the Air Force Electronic Combat
Division’s (SAF/AQPE’s) effort to

design a new approach to the acquisition
of Electronic Warfare (EW) systems. SAF/
AQPE assembled an EW Acquisition Part-
nership team to design an acquisition pro-
cess that seamlessly integrates the
warfighter’s requirements with product
development and testing. From its incep-
tion, the EW team recognized that improv-
ing the EW systems acquisition process
requires identification of the baseline ac-
quisition process for EW systems and
definition, or development, of a new ac-
quisition process. To attain this objective
and demonstrate that improvement has
been achieved, it is imperative to have
some measures, or metrics, for compar-
ing the old process (baseline) with the new
process (acquisition reform). Here we
present some of our insights on metrics

that could be useful to the DoD acquisi-
tion community.

PROBLEMS IN DEVELOPING METRICS

Most people who work with metrics
recognize that it is not easy to identify
meaningful metrics that can be conve-
niently calcu-
lated (Dellinger,
1994).

The main con-
sideration in Air
Force acquisi-
tion reform is
whether the
new process en-
ables us to field
better weapon
systems, faster,
and cheaper.

T
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The first problem with developing metrics
for the acquisition process is that we can-
not directly measure these attributes. So
they are useless as metrics; we must use
other, quantifiable, “surrogate” metrics
instead. But it is not easy to decide what
these surrogate metrics should be, and it
is not always clear how they would con-
tribute to the goal of fielding military sys-
tems that are better, faster, and cheaper.

A second problem with formulating
metrics is the fact that a weapon system
acquisition takes place over a long period
of time. The success or failure of the ac-
quisition is determined in retrospect by
how well the weapon system has served
the military. Consequently, we can assess
the success of the acquisition process only
in a post mortem. Such an assessment
would, of course, be of merely historical
interest and little practical use. We will
later suggest a method for creating a top-
down (or bottom-up) hierarchy of metrics
that links surrogate metrics to the true
metrics by means of Quality Function
Deployment (QFD) (Fortuna, 1988) and
the Analytic Hierarchy Process (AHP)
(Saaty, 1980).

DEVELOPING STANDARDIZED METRICS

As the defense acquisition system is
being streamlined, DoD is also consider-
ing ways to measure the improvement as
it occurs. Measuring improvement starts
with identifying the changes in process
brought about by acquisition reform and
providing a comprehensive plan for es-
timating and measuring these changes.
Dr. Paul Kaminski, Under Secretary of
Defense (Acquisition and Technology) be-
lieves that the Pentagon should have De-
fense Department-wide metrics (Mead-
ows, 1995). If this standardization is
achieved, it would provide a useful basis
for comparing the various acquisition re-
form initiatives.

This raises the question of which
metrics can be shared by all commands
and which would only apply to special-
ized activities. For example, while the EW
acquisition community may have some
metrics that are shared by the general DoD
procurement community, EW may have
some unique service-specific or area-spe-
cific metrics. Additionally, if different
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commands have different senses of mis-
sion criticality, they would weight the
shared metrics differently.

Consequently, using our experience
from the EW Acquisition Partnership, we
intend to describe a reasonable approach
for selecting metrics. In the following sec-
tions we will examine DoD initiatives
aimed at measuring acquisition reform,
identify a process for establishing metrics,
provide examples of metrics, and suggest
a basis for selecting and ordering metrics.

RECENT DOD INITIATIVES

PROCESS ACTION TEAMS (PATS)
Last year Dr. Paul Kaminski and Col-

leen A. Preston, former Deputy Under
Secretary of Defense for Acquisition Re-
form, chartered several process action
teams (PATs) to recommend actions for
reforming DoD acquisition practices and
to define metrics for assessing the effec-
tiveness of the recommended reforms. The
PATs were fairly successful in identifying

simplifications and improvements to re-
form DoD acquisition practices. The defi-
nition of metrics, however, has turned out
to be a major difficulty. The PATs have
struggled to come up with at least some
metrics. Yet, they never explained the in-
terrelationship and connection of these
metrics to the over-all goal.

THE TIGER TEAM
After the PATs’ attempts at defining

metrics, the Defense Standards Improve-
ment Council formed a metrics Tiger
Team, led by the Office of the Assistant
Secretary of the Army, Research, Devel-
opment, and Acquisition (OASA/RDA),
Acquisition Reform Office, to develop
metrics and a method for collecting data for
these metrics. This team has proposed a set
of initial strategic outcome metrics for mea-
suring the impact of acquisition reform.
Preston has approved the strategic outcome
metrics in Table 1 and has authorized the
OASA/RDA to collect the necessary data.

It appears that the Tiger Team selected
these metrics because they are relatively

TYPE OF METRIC METRIC

Cost Consumable item price index, military
specification conversion price benefit

Acquisition performance Contract defaults, contract changes

Schedule Acquisition phase time, administrative
lead time, multiyear procurements;
FACNET transactions, logistics
response time

Commercial practices Contract specifications, credit card
purchases

Table 1. Initial Metrics
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easy to collect. From the warfighters’ per-
spective, the category of “system perfor-

mance” has
been omitted.
Also, the Tiger
Team has not
addressed the
issue of quick
integration of
advanced tech-

nologies. The categories of metrics in
Table 1 will probably be expanded in the
future.

Appendix A presents a list of the stra-
tegic outcome metrics that have been sug-
gested to the Acquisition Reform Senior
Steering Group. Appendix B presents the
algorithms for computing the initial set of
selected metrics.

AQUISITION REFORM BENCHMARKING GROUP
On Sept. 18, 1995, Preston established

the Acquisition Reform Benchmarking
Group (ARBG), chaired by William E.
Mounts from her office. The ARBG will
receive, assemble, and assess data from
these and other acquisition reform strate-
gic outcome metrics. The group will also
assess the suitability of other metrics pro-
posed by the various acquisition reform
PATs. Interim results can be found on the
World Wide Web at:

http://www.acq.osd.mil/ar

CONCEPTUAL CONSIDERATIONS IN
SELECTING METRICS

DEFINING TRUE AND SURROGATE METRICS
Because our interest is in the acquisi-

tion process, we have chosen to define
metrics for this process rather than metrics

in general as shown in Table 1.
Acquisition reform metrics are the nu-

merical values by which we gauge
progress toward meeting acquisition re-
form objectives.

If the overall objective of the acquisi-
tion reform is to field faster, better, and
cheaper weapon systems, then a true met-
ric would be any numerical value that en-
ables us to assess how much faster, how
much better, and how much cheaper a
given acquisition process is. Unfortu-
nately, we do not have such true metrics;
we do not know how to directly measure
these qualities. The terms faster, better,
and cheaper have so many possible mean-
ings that we must restrict these terms to
some of their more specific characteris-
tics. To do this we have to use “surrogate
metrics.”

A surrogate metric is a measurable
characteristic of the acquisition process
that presumably reflects the behavior of a
true metric.

Because surrogate metrics are not true
metrics, we need to know how strongly
they represent the true metrics. Moreover,
some metrics may be better described as
submetrics that together constitute a
higher level. This grouping leads to a hi-
erarchical structure of metrics with the
many surrogate metrics at the bottom and
a few true metrics at the top. This group-
ing also requires us to determine how the
lower-level metrics contribute to the
higher-level metrics.

BRAINSTORMING POTENTIAL METRICS

One can usually gather many potential
metrics for a process. Follow these guide-

“Because surrogate
metrics are not true
metrics, we need to
know how strongly
they represent the
true metrics.”
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lines to brainstorm for potential metrics:

1.  Identify the specific segment of the
process that is to be evaluated.

2.  Identify the pertinent properties of
what is to be measured.

3.  Identify types of potential metrics.

4.  Select a few metrics and provide a
rationale for the specific selection.

5.  Find bounds on what is being mea-
sured.

AVOIDING INEFFECTIVE METRICS

Once you have discovered several po-
tential metrics, determine which ones will
be most useful. A good metric will be
meaningful, logical, simple to express,
understandable, repeatedly and quickly
derivable, unambiguously defined, and
derivable from economically collectible
data.

In addition, a good metric will indicate
trends, suggest corrective actions, and
numerically describe the progress toward
the objective.

While it is important to be able to iden-
tify a good metric, it is also important to
know what is not a metric. Metrics are not
charts, schedules, goals, objectives, strat-
egies, plans, missions, guiding principles,
counts of activity, single-point statistics,
or rankings. Also, tracking a process is not
necessarily the same as tracking a metric.
In spite of this, one IPT suggested using
the following measurements as metrics:

“Program managers should track use
of military unique specifications and
standards and report out at milestone/
program reviews” (OUST[A&T],
1994, p. 53)

“The Standards Improvement Ex-
ecutives shall be responsible for
tracking implementation of all acqui-
sition reform issues related to speci-
fications and standards” (OUSD
[A&T], 1994, p. 165).

Another IPT suggested that contractor
responses to a questionnaire would serve
as an input to a database, which would
eventually be used for developing metrics.
This proposed questionnaire included the
following questions (OUSD[A&T], 1994,
p. 27):

1.  Are there any military specifications
or standards required as a part of this so-
licitation which could be better served by
a commercial specification?

2.  Were any changes required in your
routine manufacturing process specifically
to accommodate this DoD purchase? Do
you believe that the changes added value
to the product?

3.  Did you offer alternatives to require-
ments of any military specifications or
standards? Do you feel that your alterna-
tives were given adequate consideration by
the procuring agency? Were any adopted?

4. How would you improve the solici-
tation to allow you, and other contractors,
to quote a lower product cost while main-
taining identical product performance?
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Such questionnaires may solicit ideas
for reform, but they seem to have little
value for forming metrics, because they
do not call for numerical, quantifiable re-
sponses. Could questionnaires be used for
developing metrics? Could they be used
to provide metrics that are of immediate
use? The answers to these questions are
not easy and may depend on the particu-
lar program for which metrics are devel-
oped.

THE REQUIRED DETAILS FOR A METRIC

The definition of a metric tends to be
simple, because a metric should be easy
to explain and calculate. Yet, from the
technical point of view, many details of
each metric must be specified to ensure
commonality of the derived metrics. For
each metric, at least, the following details
must be specified:

1.  Description of the population that
the metric includes.

2.  Identification of the source of data.

3.  Precise definition of key terms.

4.  Statement of the mathematical ex-
pressions that will be used to derive vari-
ous values.

5.  Specification of frequency of mea-
surements to derive the metric.

6.  Description of the graphics that will
be used to display the data.

7.  Specification of user’s tolerance lev-
els (i.e., “control limits”).

8. Listing of desired outcomes ex-
pressed in terms of a positive or negative
trend (not a numerical goal).

9. Linkage between the metric and the
activity being measured.

10. Linkage between the surrogate met-
ric and the true metric.

CREATING A METRIC

Having laid out general guidelines and
requirements for designing metrics, we
now describe a step-by-step procedure for
establishing and using metrics to assess
improvement in the acquisition process.
Follow this procedure to create a metric:

Identify the purpose of the metric.
The purpose of the metric should reflect
the purpose of the acquisition reform ini-
tiative and its mission, vision, goals, and
objectives.

Develop an operational definition of
the metric. Define the who, what, when,
why, and how of this metric in sufficient
detail to permit consistent, repeatable, and
valid measurement of the acquisition pro-
cess.

Examine existing means of measur-
ing. Check whether existing metrics or
process measuring means could be
adapted to satisfy the operational defini-
tion of the metric. In other words, do not
“reinvent the wheel.”

Generate new metrics. In the past,
most metrics were not process-oriented;
they were usually related to final outputs,
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products, or services. The focus is now on
improving the new acquisition process so
that superior final outputs are obtained.
Currently, the underlying assumption for
generating metrics is that by monitoring
changes in the process we can assess pro-
cess improvements.

Conduct a “goodness of fit” check.
Check whether the newly generated met-
ric satisfies the previously stated attributes
of a good metric. Make sure that all the
previously stated details can be provided
for this metric. Check objectivity of the
metric to ensure that the measurements or
observations do not affect the outcome.

Choose a mode of display. Decide on
the mode for presenting the metric. This
decision will affect data collection and
availability.

Conduct a “sanity” check. Acquire
data for deriving the metric. Derive the
metric for various instances and ask the
customer to judge whether the metrics are
meaningful. Does the metric measure
what it is supposed to measure? Do the
metric values correspond to intuition? If
the answer is uncertain, return to the sec-
ond step.

Form a consensus. Obtain consensus
or buy-in from participants.

Create a database. Collect and ana-
lyze the metric’s data over time and for dif-
ferent cases. Examine trends. Can you ad-
equately explain counterintuitive metric
values? For what lengths of time does the
metric stabilize (i.e., does not deviate sig-
nificantly from its mean)?

Communicate the metric. Be open to
constructive criticism. Be ready to make
adjustments.

Employ the metric. Metrics are just a
means to an end—continuous process
improvement. If there is confidence in the
metric, then it should be used; otherwise,
look for a new metric. Employing the met-
ric allows you to refine it and make it an
even better tool. (AFSC, 1991).

EXAMPLES OF METRICS

The following  illustrate metrics at vari-
ous levels of abstraction and areas of in-
terest to the acquisition process. These
metrics were collected from various
sources, but most of them fall into the fol-
lowing categories: cost, acquisition per-
formance, schedule, commercial practices,
weapon system performance, and technol-
ogy innovation.

Program office overhead. Program
overhead as a fraction of total program
cost.

Specifications conversion. Number of
military specifications that have been re-
placed with industry standards.

Specifications elimination: Number of
military specifications that have been
eliminated; or, reduction in number of
specifications and standards specified in
a contract.

Cost and pricing data. Percentage of
competitive, negotiated procurements re-
quiring certified cost and pricing data; or,
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ratio of the number of contract awards
with cost and pricing data to the total num-
ber of contract awards.

Funding stability. The number of times
a program changes in terms of quantity or
cost, due to fiscal pressures external to
program executive officers (or an equiva-
lent management level).

Program cost. Change in program cost
as a consequence of changed acquisition
processes.

Unit production price . Change in unit
production cost as a consequence of
changed acquisition processes.

Unit life-cycle cost. Change in pro-
jected unit life-cycle cost as a consequence
of changed acquisition processes.

Operational performance versus
cost. Compare operational test results ver-
sus specified performance for accuracy
and reliability with Average Unit Produc-
tion Price Milestone I cost analysis im-
provement group estimates versus con-
tractor production proposals.

Commercial practices. Compare busi-
ness-as-usual versus commercial practices
costs.

Billing . Effect of milestone billing ver-
sus cost billing.

Oversight. Number of oversight per-
sonnel per program budget size.

Cost of performance. The kind of sys-
tem performance that can be bought for a
given cost. To derive this metric it would

be necessary in some way to quantify vari-
ous combinations of system performance.
This is a formidable task open to contro-
versy.

Commercial componentry. Percent of
commercially available componentry:
dollars of commercial material to dollars
of total obligation.

System gestation time. Time for a sys-
tem or item to progress from concept ex-
ploration and definition to start of produc-
tion and deployment phase.

Contractor’s past performance.
Contractor’s ranking relative to other con-
tractors on a predetermined set of crite-
ria.

Government-unique terms. Propor-
tion of government-unique terms and con-
ditions to total number of such terms and
conditions in a contract.

Protests. Number of bid protests per
number of bidders.

Regulatory cost premium. DoD cost
premium (%) equals contractor compli-
ance costs ($) divided by value-added
costs ($) x 100.

Value-added costs. Value added costs
as percent of total costs where value-added
costs equal total costs minus costs of ma-
terial purchases, including subcontracts
minus profit minus corporate general and
administrative allocations.

Contractor overhead. Compare per-
centage of direct and indirect costs for top
defense contractors as a group and indi-
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vidually over time. Use the ratio of per-
cent indirect costs to percent direct costs
or dollars of indirect costs to dollars of
direct costs.

Consumable item price index. Cost of
a Defense Logistics Agency (DLA) pre-
determined set of consumables.

Contract defaults. Number of contract
action defaults divided by the total num-
ber of contract actions.

Contract changes. Number of contract
changes divided by the total number of
contracts.

Contract protests. Number of protests
resolved using the alternative dispute reso-
lution process, and the number of protests
that go to GAO and the General Service
Board of Contract Appeals (GSBCA).

Administrative lead time. The aver-
age time from the signed formal require-
ments document to contract award.

Production lead time. Time from con-
tract award to acceptance of first item or
delivery.

Engineering changes. Number of en-
gineering change proposals by program
phase (demonstration and validation, en-
gineering and manufacturing develop-
ment, production startup).

Alternative specifications and stan-
dards. Number of contractors offering al-
ternatives to military specifications and
standards per 100 proposals.

Alternative specifications and stan-
dards with incentives. Percentage of so-
licitations resulting in incentive contracts
where alternatives to military specifica-
tions and standards are offered.

Dissemination time. Time for process-
ing and dissemination of requests for pro-
posal, statement of work, and specifica-
tions and standards.

Degree of use of simulation and mod-
eling. Percentage of contracts over $5
million using simulation and modeling to
achieve cost performance tradeoffs.

Degree of activity-based costing and
management. Percentage of contracts and
contractors that use activity-based costing
and management. (Activity-based costing
identifies each category of cost [direct or
overhead] and relates it to the specific
product [e.g., military specification or
standard, statement of work task, etc.] or
product line that causes the activity to be
needed and performed.)

Marginal ownership cost. Cost di-
vided by operating time.

Technology gestation. Time from tech-
nological innovation to operational sys-
tem integration.

Cost as an independent variable. Sav-
ings in a program when cost is used as
independent variable.

Operational goals. Probability of
achieving or exceeding stated operational
profiles in a specified regime.



Acquisition Review Quarterly—Spring 1997

198

Reliability goals. Probability of
system’s satisfactory operation in given
conditions.

Maintenance goals. Proportion of
maintenance activities requiring a given
level of maintenance.

Integrability . Ease of integrating the
new system into an existing frame or or-
ganizational unit.

Mean time between failures (MTBF).
The average number of operating hours
between system failures.

This list is not exhaustive. Though most
of these metrics have been taken from
DoD sources, it is not clear whether all of
them could serve as metrics for a specific
service’s acquisition process. Still, these
examples provide some insights into the
types of metrics that are being considered
and the levels of abstraction that are
needed.

QUALITY FUNCTION DEPLOYMENT AND
ANALYTIC HIERARCHY PROCESS

The metrics in the preceding section are
clearly at different levels of abstraction.
For instance, “commercial practices” is
more abstract than “oversight,” and “in-
tegrability” is more abstract than “mean
time between failures.” Metrics that are
not very abstract are usually easier to mea-
sure. Yet, highly abstract metrics are of-
ten more useful for assessing a process.
We propose using the analytic hierarchy
process (AHP) and quality function de-
ployment (QFD) to create a top-down (or

bottom-up) hierarchy of metrics that trans-
lates what we can measure into what we
are interested in measuring.

USING QFD AND AHP TO WEIGHT METRICS
QFD is a structured process that facili-

tates a team approach to identifying and
prioritizing customer requirements and
translating these requirements into appro-
priate company requirements at each stage
of the product life cycle—from research
and development to manufacturing and
support.

QFD’s structured process consists of a
set of interrelated matrices. These matri-
ces are constructed by starting with the
general goals (the “whats”) that are to be
achieved and then selecting the various
means (the “hows”) for achieving those
goals. In the next step, the current “hows”
become the goals (i.e., the “whats”) and
new “hows” are identified for achieving
the new “whats”. This process is repeated
as many times as necessary to reach a de-
sirable level of detail.

For any one matrix, the elements of the
matrix are intuitive ratings (using the scale
weak = 1, medium = 3, high = 9) of the
contribution of a column means (“hows”)
to a row goal (“whats”). The relationship
between the matrices is twofold: the col-
umns (HOWs) of a matrix become the
rows (WHATs) of the subsequent matrix,
and the computed weights of a matrix’s
column become the weights of the subse-
quent matrix’s rows. Thus, if a matrix en-
try is mij and the row weights are wi then
the computed column weights are:

∑ wi mi1 /Ν, ∑ wi mi2/Ν, ∑ wi mi3/Ν,
∑ w

i
 m

i4 /Ν, . . . ∑ w
i
 m

ik
/Ν,
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Figure 1. Quality Function Deployment (QFD) for Acquisition Metrics
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where k is the number of columns and Ν
= ∑∑ wi mik is the normalization factor.
These weights become the weights of the
rows for the subsequent matrix. Thus, at
any given step the analyst can readily as-
certain the relative contribution of a means
to the end goals. An example of the QFD
process for metrics is shown in Figure 1.

For the first matrix, the row weights
could be derived using the pairwise com-
parisons of the AHP. The analytic hierar-
chy process, introduced by Saaty in 1971,
applies a structured process in which only
two factors are compared at a time (i.e.,
pairwise comparisons ) to a complex prob-
lem that is broken up into manageable
super structures forming a hierarchy
(Saaty, 1980). The preferences in a
pairwise comparison are denoted numeri-
cally by a scale of one to nine. One de-
notes equal preference; nine denotes ex-
treme preference. The mathematical algo-
rithm of AHP converts these pairwise pref-
erences into rankings of relative impor-
tance for each level. AHP provides a
framework for the selection of a preferred
alternative in a context of conflicting cri-
teria. For the mathematical procedures and
details of the process see Saaty (1980).

Our implementation of QFD for a hier-
archy of metrics consists of the following
steps:

Step one: Form an IPT. Organize an
integrated product team (IPT) consisting
of members that adequately represent the
concerned community with respect to the
system under consideration.

Step two: Construct a hierarchy of
metrics. Charge the IPT with developing
a hierarchy of metrics. For instance, the
IPT could start with the first set of “whats”

consisting of “better system,” “cheaper
system,” and “faster fielded system.” For
the “hows”, the IPT could choose the ar-
eas that Preston believes warrants the defi-
nition of metrics and some areas that are
of importance to the warfighter. Thus, the
IPT’s initial set of “hows” could consist
of cost, acquisition performance, sched-
ule, commercial practices, system perfor-
mance, and technology innovation.

It is possible that an IPT would come
up with a different QFD matrix. However,
we believe that it is best to have as much
commonality as possible within the DoD
community. In the next QFD matrix the
“whats” are cost, acquisition performance,
schedule, commercial practices, system
performance, and technology innovation.
See Figure 1 for an example of a hierar-
chy of metrics that the IPT could create.

Step three: Derive initial weights. As-
sign a numeric value to the metrics for
“better system,” “cheaper system,” and
“faster fielded system” that corresponds
to their relative importance. In this case
the IPT must decide the relative impor-
tance of only three metrics. This can be
done directly without using AHP. How-
ever, each IPT member should perform
this assessment individually and the IPT
should average the values using the geo-
metric mean.

Step four: Fill out the first QFD ma-
trix. Using the scale weak = 1, medium =
3, high = 9, each IPT member fills out the
first QFD matrix by answering the ques-
tion “How strongly does the particular
‘how’ reflect the particular ‘what’?” The
IPT average matrix entry is the geometric
mean of the corresponding individual en-
tries. Note that we assume that any “how”
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reflects any “what” to some degree, how-
ever weak. Thus, mij ≥ 1.

Step five: Compute the weights of the
“hows.” If a matrix entry is mij and the
row weights are wi, then the computed col-
umn weights are:

∑ w
i
 m

i1 
/N, ∑ w

i
 m

i2
/N,

∑ wi mi3/N, ∑ wi mi4 /N,
… ∑ wi mik/N,

where k is the number of columns and N
= ∑∑ w

i
 m

ik 
is the normalization factor.

These weights are the weights of the rows
for the subsequent matrix.

Step six: Repeat this process. Repeat
steps four and five as many times as
needed to develop a QFD structure that
links the true metrics to measurable sur-
rogate metrics.

BENEFITS FROM APPLYING QFD

Application of QFD to a hierarchy of
metrics can provide the decision maker
with significant insights. In the following
we list some of these insights and illus-
trate them by means of the example in
Figure 1 (see the first two matrices). Note
that the entries in the QFD matrices of the
figure are notional and that the rankings
were derived using the QFD algorithms.

Application of QFD to a hierarchy of
metrics provides indications of the
metrics on which to concentrate the
data collection effort. The first matrix in
Figure 1 ranks the “hows” that contribute
to the true metrics that measure the attain-

ment of better EW systems, cheaper EW
systems, and faster fielded EW systems.
Metrics that pertain to schedule and com-
mercial practices appear to have been
ranked lowest (.10). This could indicate
to a decision maker that his efforts should,
perhaps, not be focused on these metrics
if his resources are limited. The decision
maker may wish to defer any such deci-
sion in the first step of the QFD process
and wait to see the rankings in the second
step, where a finer substructure is as-
sessed. In this case, they will find that such
metrics as contractor defaults, administra-
tive lead time, and logistic response time
rank very low. Now the decision maker is
at a level of abstraction and detail that
permits him to reconsider the collection
of data for the measurable surrogate
metrics.

Periodic application of QFD to a hi-
erarchy of metrics provides a means for
assessing the sensitivity of lower-level
rankings to changes in higher-level
rankings. Suppose that the DoD’s empha-
sis has changed. Cheaper EW systems
become more important (e.g., .40) and the
faster fielding EW systems become less
important (e.g., .20), while better EW sys-
tems remained as important as before.
How would this change effect the rank-
ing of the various metrics? The decision
maker may feel that this change in em-
phasis is considerable and would affect the
rankings of the metrics. However, the re-
calculation of “hows” rankings would
show that they did not change, and change
in current practices is not warranted.

Suppose that there is another change in
DoD’s emphasis. Cheaper EW systems
become more important (e.g., .45) and the
faster fielding EW systems become more
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important (e.g.,.45), while better EW sys-
tems become less important (e.g., .1). In
this case the importance of the cost metrics
jumps to .39 while that of system perfor-
mance drops to .08. Clearly, the decision
makers would have to make some adjust-
ments and shifts in their efforts if they are
constrained by budgets.

Application of QFD to a hierarchy of
metrics provides a means for monitor-
ing the relative importance of the
metrics as a function of time. As time
passes, the “whats,” the “hows,” or both

may change. If
the QFD com-
putations are re-
peated at fixed
intervals of
time we may
observe a shift
in the impor-
tance of various

metrics. Such indications could provide
the decision maker with the necessary time
to prepare to shift from one set of metrics
to another.

Application of QFD to a hierarchy of
metrics provides a means for compar-
ing the metrics for the acquisition of two
distinct weapon systems. Suppose that
the QFD matrices in Figure 1 were ob-
tained for an airframe and a similar set of
matrices (with different entries and initial
weights) was obtained for the avionics of
this airframe. The differences in the
rankings could then provide the decision
maker with interesting information on
potential problems with integration of the
two systems.

Application of QFD to a hierarchy of
metrics provides a link between what
we can measure and what we are inter-
ested in measuring. Figure 1 indicates
that the metric “contract changes” (.12
weight) is more strongly linked to the true
metrics better EW systems, cheaper EW
systems, and faster fielded EW systems,
than the metric “logistic response time”
(.04) weight.

UNDERSTANDING THE USE OF METRICS

STATISTICAL SIGNIFICANCE OF CHANGE
Suppose that we have identified a met-

ric for a task or a process. Next, suppose
that this metric is higher for the current
process than for the previous process, and
higher is better. Does this mean that the
current process is better than the previous
process? Not necessarily.

First, we must prove that the difference
is statistically significant. However, this
requires us to have a sizable sample of
similar cases, make assumptions about the
population probability distribution, and
choose the statistics that will be used.
Unfortunately, this kind of information is
not available for military-unique pro-
grams. Consequently, we can rarely say
with certainty that a positive change in a
metric indicates a real improvement. We
could say that an improvement was
achieved only if the change in the metric
was spectacular.

We have already noted that many
metrics can be usually defined for a task
or process. If all these metrics are inde-
pendent and point in the positive direc-
tion, then we would be more certain that a
positive improvement had occurred. On
the other hand, if the metrics point in dif-

“If the QFD compu-
tations are repeated
at fixed intervals of
time we may ob-
serve a shift in the
importance of vari-
ous metrics.”
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ferent directions, we cannot form any defi-
nite conclusion.

MEASURING VARIATIONS
While a set of metrics often does not

allow us to draw solid conclusions, the
comparative metric values could still ben-
efit the acquisition process by indicating
process variations that cause unsatisfac-
tory performance. Thus, linkages between
metrics of the left column and metrics of
the right column in Figure 2 could serve
as indicators of process variations. How-
ever, such linkages can be established with
reasonable confidence only if data from
repeatable processes is available.

Repeatable processes, highly desirable
for drawing statistical inferences, are usu-
ally unavailable for a weapon system ac-
quisition. Such an acquisition is in most
cases a unique event. Moreover, the suc-
cess or failure of the acquisition is deter-
mined in retrospect by how well the
weapon system has served the military.
Consequently, we can assess the success

of the acquisition process only in a post-
mortem. Our challenge is to define metrics
that show how the pieces of the process
are doing and then to extrapolate these re-
sults to the entire process.

CONCLUSIONS

We have outlined requirements and pro-
cedures for defining meaningful metrics
for the acquisition process. It does not pro-
vide a prescription for the generation of
metrics, however. For some processes
useful metrics come readily to mind, for
others one must employ substantial in-
sight and creativity. But in each case the
methods presented should be of practical
use.

Since directly computable metrics tend
to be limited in scope and specific in na-
ture, we need to know how to combine
the various metrics into one big picture.
We propose to accomplish this by appli-
cation of QFD or AHP. In these processes
we do not actually combine the metrics,

Figure 2. Causes of Process Variation
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but rather gauge the relative contribution
of a metric at one level to the metrics at a
higher level. This seems to be a more pru-
dent path to follow, because past efforts
to combine metrics numerically have usu-
ally failed.

QFD offers interesting opportunities for
linking metrics from one level of abstrac-
tion to a higher level. The ranking of
metrics in the QFD process allows one to
select the relatively important metrics.
This prioritization could lead to more ef-
ficient strategies for assessing the acqui-
sition process.

Definition of a metric is the beginning
of a process of continual refinement for
measuring process outcomes. As data for
a metric is collected and the metric is used,
much is learned that could shape an even
better metric. Efforts to define useful
metrics for the acquisition reform process
must focus on measures that give insights
into reform effects, not specific acquisi-
tion program indicators. Employing the
methodology outlined in this paper should
help to keep the focus where it ought to
be—on reform processes.
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APPENDIX A

This list of strategic outcome metrics
that has been proposed by the Defense
Standards Improvement Council’s Tiger
Team.

Cost. Contractor overhead, cost premium
for government unique requirements, con-
sumable item price index, government
administrative oversight, military speci-
fications conversion price benefit.

Acquisition performance. Stability, con-
sumable on-time deliveries, contract pro-
tests, contract defaults, supplier survey,
contract changes.

Schedule. Acquisition phase time, ad-
ministrative lead time, production lead
time, multiyear procurements, FACNET
transactions, logistics response time.

Commercial practices. Commercial con-
tracts, cost and pricing data reduction,
commercial content, contract specifica-
tions, commercial market share, credit
card purchases.
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APPENDIX B

COST

Consumable item price index. Total cost
to DLA customers for representative sam-
pling of consumable items expressed in
constant dollars (FY$).

Military specification conversion price
benefit. Cumulative cost avoidance using
commercial specifications (performance
specs, define (NGS), commercial item de-
scription (CIDs) and percent cost avoid-
ance each year for Defense Logistics
Agency (DLA) order. Applies only to
items converted to commercial specifica-
tions since previous order.

ACQUISITION PERFORMANCE

Contract defaults. The total number of
contract action defaults divided by the to-
tal number of contract actions.

Contract changes. Waivers and devia-
tions of major significance and Class I
Engineering Change Proposals (ECPs).

SCHEDULE

Acquisition phase time. Time for a sys-
tem or item to progress from concept ex-
ploration and definition to start of the pro-
duction and deployment phase. The met-
ric is the average number of days between
milestones (e.g., number of days between
the signatures of MS 0 and MS I).

Administrative lead time. The average
time from the signed formal requirements
document to contract award. This excludes
contracts for services and base support.

Multiyear procurements. The number
and dollar value of multiyear procure-
ments.

Federal Acquisition Computer Network
(FACNET) transactions. The dollar
amount of FACNET transactions divided
by the total dollar amount of transactions
in which simplified acquisition procedures
have been used; the number of FACNET
transactions divided by total number of
transactions in which simplified acquisi-
tion procedures have been used.

Logistics response time. The time be-
tween customer order and customer re-
ceipt of DLA items.

COMMERCIAL PRACTICES

Contract specifications. The number of
specifications and standards placed on
contracts stratified by type: performance
specifications (military performance
[MIL-PRF], CIDs, Product Unique);
NGS; old MIL-specs (assumed to be de-
tailed); and, MIL-stds.

Credit card purchases. The number and
dollar value of credit card purchases.



Acquisition Review Quarterly—Spring 1997

208

APPENDIX B


