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T
he bright gleaming car sat on
the dealers’ showroom f loor
beckoning to me. It was every-
thing I wanted — V-8 engine,
convertible, lush interior, a cup

holder for my McDonald’s coffee. It
was almost a match! There was that
nasty little problem of price. How to
negotiate the dealer down from his
unreasonable price of $25,500 to my
affordable price of $15,000. A large
leap?

The Department of Defense (DoD)
has the same problem. How to make
new acquisitions affordable? The latest
DoD initiative to try to tackle this
problem is “Cost As An Independent
Variable” (CAIV). Its goal is to “Reduce
the cost to acquire and operate the
Department’s equipment while main-
taining a high level of performance for
the user...” Industry is able to do this
— treat cost as a critical variable where
they make trade-offs. Can the Depart-
ment do this? Similar DoD initiatives
in the past have not proven to be suc-
cessful.

Is the Past Prologue?
Twenty-five years ago DoD faced simi-
lar problems and created a cost cut-
ting initiative — Design-to-Cost. The
purpose of this article is to examine
Design-to-Cost, its objectives and his-
tory, and discuss their implication for
CAIV. A review of a current program,
the Joint Direct Attack Munitions
(JDAM) program, provides useful
information on developing a practical
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cycle cost design as part of the DTC
goal. The thrust of the policy was to
weight cost as an equal design para-
meter with schedule/technical and life
cycle cost requirements.

Initially, DTC was used as a “goal” in
programs, but by 1973 it was mandat-
ed for all major programs, regardless
of acquisition phase. The initial policy
guidance appears to have been gener-
al, with every program developing its
own methods of implementing DTC.
Various programs applied individual
measurements and developed individ-
ual approaches to measuring and
applying DTC. Some programs looked
at the (1) total force structure; (2) the
life cycle of a weapon system; and (3)
production of system hardware.

It Should Cost Less
If I Have a DTC Goal,
Right?
I thought the answer would be yes!
Figure 1 provides surprising informa-
tion. A study by the Institute for
Defense Analyses (IDA)2 found, in
looking at data on 63 major systems to
compare cost and schedule outcomes
for DTC and non-DTC programs, that
the actual overall cost growth on DTC
programs was 19 percentage points
greater than that of the non-DTC pro-
grams. This cost growth included the
Full Scale Development and Produc-
tion of the items. Unfortunately, statis-
tical data do not always answer the
question — “Why the cost growth?” To
provide a f lavor for the various
approaches and understand the
impact of DTC and its effect on the
program cost growth, a 1989 IDA
study looked at several programs,
including the FA/18, A-10, and AH-64
programs. The following program
observation should provide insight
into the possible reason for this cost
growth. 

“The Hornet” — 
The F/A-18 Low-cost Fighter
The Navy’s Hornet was manufactured
and developed by McDonnell Dou-
glas. After the program entered Full
Scale Development (FSD) in 1976,
DTC was implemented as a goal. Insta-

approach to managing CAIV. Finally, I
offer my observations, including the
questions and issues to be considered
as your program wrestles with imple-
menting CAIV.

Guns and butter! The old saw was that
you could not have both. In the 1960s,
as a nation we decided we could have
peacetime prosperity, spend a signifi-
cant amount of the “government’s”
money in building “the great society,”
and fight the Vietnam War.

Yet the demands of financing the bat-
tlefield made a significant dent on our
ability to develop new systems. During
the later part of the McNamara era, the
procurement accounts were used to
pay for the operations of the Vietnam
War. The increasing operations and
maintenance costs, coupled with the
congressionally mandated budget 

ceiling for defense
continued into the
Nixon Administra-
tion. David Packard,
Deputy Secretary of
Defense, and John
Foster, the Director 
of Defense Research
and Engineering
(DDR&E), were faced
with the need to rein
in costs.

The Design-to-Cost
(DTC)1 concept is
credited to Packard
and Foster who were
looking for an acquisi-
tion technique to con-
trol the spiraling costs
of weapons systems.
While there were
some test programs in
1970, DTC did not
become official policy
until July 13, 1971,
with its incorporation
into DoD 5000.1. The
original policy focus
was on the produc-
tion cost of articles.
By 1973, the Depart-
ment recognized the
need to include life

APACHE AH-64 HELICOPTER ENTERED DEVELOPMENT IN

1976 WITH HUGHES AIRCRAFT.
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bility in quantities (2300 — 1366 —
1157 units) and changes or upgrades
were complexities in measuring a
“cost” for the fighter. Even as these
changes occurred, the program office
did not continually update and track a
new DTC goal. Rather than identifying
the cost of a specific aircraft, the mea-
surement for DTC was on “the cumu-
lative average recurring cost for 800
aircraft.” The FA-18 was originally sold
as a low-cost aircraft, yet the program
office provided little or no guidance to
the contractor on the design, perfor-
mance, and cost interrelationships.
There were no contractual incentives
to motivate the contractor and make
DTC an active effort on the program.
The IDA concluded, “There appeared
to be little interest in the Navy in trad-
ing off systems requirements for
cost…the DTC goal was dropped or
faded away in program FSD.”3

“The Warthog” — The A-10
The 1970 FSD contract for the Air
Force A-10, another low-cost fighter,
was won by Fairchild Industries. The
competitive “Fly Before You Buy” effort
leading to FSD featured a competition
between Northrop and Fairchild, with
a prize of 600 aircraft for the winner.
Some of the ground work for DTC was
performed during this “fly-off” phase.
“The selection of a high-thrust engine
already developed, the extensive use of
trade studies, and the use of an itera-
tion process with the engine manufac-

turer to reduce engine costs,”4 are
examples of the types of activities
expended in lowering the cost of the
aircraft. Fairchild also placed much
effort on providing a “production simi-
lar” aircraft.5 The FSD contract was
Firm Fixed Price but was designed to
offer the opportunity for DTC trade-
offs since it was“…void of usual mili-
tary specifications, standards, and
other normal procurement require-
ments, [which] provided the contrac-
tor with maximum flexibility to trade
performance and cost.”6 The Warthog
goal, $1.5M (FY 1970), was measured
by unit production f lyaway costs,
including both recurring and non-
recurring cost for production. There
were negative penalties for failure to
meet the DTC goal — contract termi-
nation. Perhaps in a precursor to Inte-
grated Product Teams (IPT), the Com-
pany organized into design teams.

There was a feeling by both the IDA
study participants and the Special Pro-
jects Office (SPO) that DTC had been
an effective motivator of the contractor
in controlling costs. However, Figure
27 shows the total program cost
growth was still 10 percent higher than
all eight other tactical aircraft
reviewed. Would the costs have been
even higher without the DTC bogey?

“The Apache” — The AH-64
Our third program to review is the
Army’s Apache Helicopter. It entered

development in 1976 with Hughes Air-
craft as the Phase 1 winner over Bell
Helicopter. Unlike the FA-18, the AH-
64 goal reflected continual change —
1.4M unit production cost; then
revised to 1.6M unit production cost;
then $1.8M unit f lyaway cost; and
finally $3.31M (FY 87 dollars). Both
the goal and the way the program
measured the goal changed. “This sug-
gests that DTC has been used more or
less like a cost-monitoring device. The
DTC goal was changed to adjust to the
performance requirements of the sys-
tem.”8 This is probably why the DTC
goal “did not serve to discipline cost
growth, especially for nonrecurring
tooling, engineering, and program
management service costs.”9

Traditional motivational theory sug-
gests the use of award fees as an effec-
tive motivator of a contractor’s perfor-
mance. The AH-64 SPO did use an
award fee to attempt to motivate
Hughes to achieve the DTC goal.
Unfortunately, as each initial award fee
period ended, the contractor was
unable to demonstrate successful per-
formance in meeting its DTC goal and
thus, received no fee. After it became
obvious to Hughes that they would
not be able to earn the award fees, it
ceased to be an effective motivator. 

What Were the 
Major Problems in DTC?
The Hornet, Apache, and Warthog
offer insight into the implementation
of DTC and a start in understanding
the problems of DTC. The initial prob-
lem in the DTC implementation was
that the policy was mandated on all
major programs (after 1973) whether
or not it made sense for the phase of
the program. This creates three prob-
lems. First, after an FSD (now Engi-
neering and Manufacturing Develop-
ment Phase) contract was awarded,
and in particular, after the Critical
Design Review was completed, it was
highly unlikely that a program office
would be willing to make change.
Since cost and schedule are two of the
key measurement parameters of a suc-
cessful program manager, the incen-
tive is to continue with initial design.

Figure 1. Total Program Cost Growth — DTC vs. Non-DTC
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Redesign takes time and money. Thus,
DTC becomes a cost monitoring
device, changeable as “new require-
ments” become part of the program.

Second, applying an initiative to a pro-
gram (or programs) where it will not
work, robs the initiative of its integrity.
It becomes “just something to do”
rather than a central part of the pro-
gram’s focus. Another researcher
found that DTC was considered by
many as just another initiative — “just
some clause that had to be put into
the contract.”10 Third, the application
of DTC to already awarded contracts
resulted in sole-source negotiations. In
these types of situations, it is difficult
to develop a realistic target.

A variety of DTC approaches was used
by program offices. “They used
incentives for achieving the cost goals,
performance-validation plans, and
price-index adjustment clauses… Con-
siderable variations were found among
programs in the requirements for pro-
duction-cost tracking and reporting
during the development phases. Other
government DTC requirements varied
widely among programs.”11 There
seemed to be no central guidelines nor
training on how to implement, mea-
sure, or motivate [the contractor]. Each
program was on its own to invent its
approach to DTC. While a “one size
fits all” program would probably have
failed, it might have been useful to

have provided some tenets and  train-
ing to those responsible for imple-
menting the DTC requirements. Addi-
tionally, the selection of pilot programs
and monitoring and promulgation of
lessons learned could have provided
valuable insight for future programs.

Key to making DTC work, as well as
CAIV, is the willingness to make
requirements trade-offs. None of the
programs reviewed seemed to have a
clear cut process for making this hap-
pen. The user does not appear to
have been a part of the process, at
least not in a formal way. In most
cases, as witness the Apache, there
were continual requirements changes.
This makes it hard to measure and
reward when your goal is always
changing. Some authors felt that who-
ever would make the changes would
make a difference as to how effective
DTC would be — if you wait until the
time comes to make a change, then
start the process with the users, you
are too late. The engineering changes
must be made quickly, or as time
passes changes become more costly.
This approach would put the authori-
ty to make changes into the hands of
the program manager. An effective
Integrated Product Team (with the
empowered user as part of the team),
or another approach where the user
and the acquisition organization
agree to a speedy process for han-
dling changes, would meet the con-

cerns of the need for reasonably
quick decisions and contract
changes.

Some programs set unrealistic goals.
One Army program had a Design to
Unit Production Cost of $3564.00 per
unit, while the contractor was estimat-
ing the cost was closer to $20-30,000
per unit. Eventually it was dropped as
a contract requirement.12

What was the contractor’s response to
DTC? An IDA study concluded that
most contractors did not have DTC
policies or operating procedures.13 It
appears that contractor management
personnel believed that their normal
mode of operations would be ade-
quate to accomplish the DTC require-
ments, and that the DTC process
would be handled on a demand basis
by project or program staff personnel.
Oscar Solar, current Joint Direct
Attack Munitions (JDAM) Program
Director, related his experience on the
Advanced Medium Range Air-to-Air
Missile (AMRAAM) program’s DTC
efforts. “During design reviews, the
engineers were going over the individ-
ual design of each board, explaining
how they had allocated the technical
values of each part on the board.
When I asked how had they allocated
the DTC goals to each part, it quickly
became obvious that DTC had not
penetrated into the engineering design
process. To make DTC work we need-
ed the design engineers and the engi-
neering department to be a part of the
process.”14 To make CAIV work, it is
critical that the contractor’s engineer-
ing personnel see this as part of their
job. 

In summary DTC did not succeed for
a variety of reasons: the perception by
many that it was just another initiative;
lack of a process for making require-
ment trade-offs; desire for achieving
the last 2 percent of performance; and
lack of management attention, both
contractor and government.

CAIV Can Be a Success!
The JDAM program provides a poten-
tial example of a program that foresaw

Figure 2. A-10 Schedule and Cost Outcomes vs. 
All Tactical Aircraft Outcomes
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many of the problems DTC encoun-
tered and developed management
strategies to make cost-effective trade-
offs an important part of the program.
“We were doing CAIV before DoD
coined the term,” said Terry Little, for-
mer Program Director for the JDAM
Program. As the program entered into
the competitive Demonstration/Vali-
dation phase, it faced a significant cost
problem. The program office costs
estimates ranged from a high of $68K
to a low of $48K. Even then, this made
the system unaffordable within the Air
Force budget.

Management focus on the cost of the
system was critical to success of the
program. Early on, the JDAM program
office set aggressive, but achievable
cost/price objectives. Their cost/price
production objective included all
recurring costs, warranty price, Engi-
neering Change Proposals, and
unamortized tooling/test equipment.
In an unusual approach, they made
the cost objective part of the contract
systems specification. It was important
to focus the need to make cost versus
performance design trade in the con-
tractor’s technical community. This
helped provide organizational penetra-
tion into the contractor’s engineering
community.

As a necessary adjunct to the organiza-
tional penetration of the contractor
was the need to have “heavy” user
involvement and their willingness to
trade performance for cost, as neces-
sary. The JDAM’s program office and
the user created “Live or Die” require-
ments — those that the user was
unwilling to trade off. They were accu-
racy, aircraft compatibility, aircraft car-
rier suitability, captive in flight retarget-
ing, warhead compatibility, and low
unit cost. With the user agreement to
the “Live or Die” requirements, every-
thing else was a trade-off. The contrac-
tor was thus provided guidance on
where to focus its attention and where
to make its design trades.  

The contractor’s motivations must also
match our goals. Part of the JDAM
“CAIV” approach was to make selec-

tion of the two competing contractors
based upon achievement of the
cost/price goals. There was a require-
ment to have the contractors sign up
to a price commitment on future con-
tracts with both rewards and penalties
for failure to live up to that promise.
The contractor and government made
mutually agreeable, early and chal-
lenging, long-term pricing commit-
ment to one another. Using a “carrot
and stick” approach, the government
agreed that if the contractor meets its
commitment to the unit price, then
the government would:

• not require cost data;
• nor require negotiation;
• not ask for new technical proposals

for each production lot ordered; 
• not mandate subcontractor competi-

tion (goal was to encourage a long-
term, collaborative relationship, thus
providing stability for capital invest-
ment and encourage supplier war-
ranties); and

• no in-plant oversight.

The contractor was also given the right
to make unilateral changes to reduce
cost as long as it was transparent to
the user, but with government notifi-
cation. 

But what if the contractor does not live
up to its promise? The answer — the
“stick” — government business as
usual: oversight, technical proposals,
cost data, and potential loss of future
business, since the contractor is
required to deliver engineering data to
allow the government the ability to
compete future buys.

There were several other lessons
learned from the JDAM program
efforts . During the competit ive
Demonstration/Validation phase, the
JDAM program originally included
an Award fee to motivate the con-
tractor. Their findings, similar to the
Multiple Launch Rocket System,
were that during the competitive
phase, as they strove to achieve cost
goals, the award fee was not effec-
tive; rather, competition drove the
contractor’s efforts.

Teaming was also a critical part to the
success of the program’s efforts. Dur-
ing the Demonstration/Validation
phase of the program, two Integrated
Product Teams (government and
industry) each struggled with the
issue of lowering the cost of the pro-
duction items. This created a sense of
teamwork, an understanding of the
“real” Air Force issues, and a buy-in to
the need to lower the cost of the sys-
tem.

Often small efforts can lead to signifi-
cant cost savings. The JDAM $25
Power Transistor is a good example.
The original requirement was for a
2500 in-lbs. stall torque requirement.
The first trade came when they were
asked to ease the 2500 in-lbs. stall
torque requirement to 1600 in lb. The
prime agreed with the subcontractor’s
recommended change in requirement,
and the cost dropped to $15 per tran-
sistor. The next change — could we
live with a commercial part? Would it
meet our environmental require-
ments? Answer — yes. This lowered
the cost to $4.05. This may not seem
like much, but saving 20.95 per tran-
sistor, times the 24 in the system and
the 74,000 units to be bought, equates
to a $37.2M program savings. It is the
small things that add up to the big
things!

The final price commitment —
$14K per unit!

According to Little, “CAIV can work
when everyone is an owner of the
issue — that includes the users and
engineers, rather than just the bean
counters and managers.”15

Observations On 
How to Implement CAIV
Affordability will be a key requirement
of any future weapon system. This
translates into a need for making cost
as an independent variable with per-
formance and schedule at the depen-
dent variables. Design to Cost was not
a success for a variety of reasons, but a
primary problem was the unwilling-
ness to make cost, performance, and
schedule trade-offs. Cost as an inde-
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pendent variable means cost is, and
must be, in the tradespace. It can be
traded for requirements verification
(Military Specifications and Stan-
dards), performance (that last 2 per-
cent), and schedule (accelerating or
decelerating).

How Would You 
Structure a Successful Cost 
As an Independent Variable
Approach?
Start early. If your system is in the
demonstration/validation phase, then
CAIV provides an early opportunity,
for industry and the government, to
focus on a goal. Performance and
design trades are made easier, and at
less cost then, once the contractor has
designed and tested the item.

Get your hands on the real require-
ments. Most discussion of require-
ments focus on the user requirements,
but technical requirements with cost
implications are also mandated by the
SPO when they translate the users’
requirements into a statement of work
or a specification. The contractor also
imposes requirements on the system
by his design process. The program
office must keep these issues in mind
as it implements CAIV. First, a system-
atic process that ties the SPO and the
user together, must be in place to eval-
uate requirement changes and provide
expeditious response. The user also
needs information — what is the real
cost of his or her requirement? A small
increase in reliability may not provide
enough military usefulness when trad-
ed off for the cost of its achievement.
The JDAM’s “Live or Die” approach to
requirements provides one example of
incorporating the user into a real eval-
uation of his or her requirements. By
being flexible about the design and
ranking performance parameters, the
contractor is provided trade-off guide-
lines. 

If the relative importance of specific
performance requirements can also be
identified, the contractor can focus its
efforts in the most fruitful areas for
which the government is willing to
consider changes. The second issue is

SPO-issued requirements. As seen in
the A-10 example, the move to perfor-
mance statements of work and specifi-
cations and/or statement of objectives
helps in the design trade-off process
by again providing the contractor with
f lexibility. Finally, the contractor,
through its engineering design prac-
tices, can also impose non-cost con-
scious requirements on the design. It
is critical that part of the contractor’s
design engineering practices be cost
consideration. I would also not restrict
the analysis to just the design engi-
neering portion of the contractor’s
organization. The production process
and environment are just as important
in attempting to achieve lower costs. 

The recent PBS special, “Accidental
Empires, Triumph of the Nerds,” high-
lights DTC in action. In designing the
original Apple II Computer, Steven
Wocsniak achieved a “model of effi-
cient engineering.” Because of the large
demand for chips, traditionalists
would have known it was impossible
to design a “personal computer.” Not
knowing it was impossible, “Woz”
ended up using his own sense of
design. Rather than two memory
chips — one for the TV screen and one
for the computer — he combined
them. For the floppy disc drive con-
troller, he needed only eight versus the
traditionalist’s 35 chips. This model of
efficient engineering made for a sleek
looking model and created the “Per-
sonal Computer.” It is this type of con-
tinual technical evaluation of design,
technical effectiveness, and cost trade-
offs that are necessary to meet CAIV
goals. Just as in the Commercial mar-
ket Cost/Price is the independent
variable, so too in the government it
must be one of the program’s design
parameters.

How Will You Establish a CAIV
Goal?  
If the acquisition is competitive, the
contractor can be asked to propose, or
our “goal” (hopefully based upon
some reasonable estimate) could be
provided. I like the JDAM approach to
apply the goal to unit one. The price is
then set for future buys, tied to the

learning curve costs (with rewards and
penalties). It is also important to allo-
cate CAIV goals down the Work
Breakdown Structure and track costs
regularly for both primes and subs (60
percent of work may be with subs).
Consideration should be given to hav-
ing a goal for subcontractors. It is criti-
cal that Life Cycle Cost impacts always
be considered as part of contractor
trades. If the acquisition is sole-source,
an integrated effort, government and
contractor, is necessary to develop a
goal that both parties can agree is rea-
sonable and achievable. 

How Will You Manage CAIV?
Government management emphasis
and organizational penetration into
the contractor’s organization are the
main keys to success of DTC and by
extension to CAIV. The emphasis on
CAIV must start with the source selec-
tion process. The request for proposal
and the source selection criteria both
must emphasize the importance of
cost trade efforts. Once the contract is
awarded, government management
must continually follow up with con-
cern for the contractor’s efforts in
implementing CAIV. As seen in the A-
10 and the JDAM cases, a competitive
phase provides an opportunity to suc-
cessfully motivate a contractor to focus
on cost. Management interest in CAIV
should be part of design review, pro-
gram reviews, and other government
industry meetings. It should be
stressed to the contractor that this
needs to be a part of its engineering
design process. Once a single contrac-
tor has been selected, the use of award
fees provides an effective tool to moti-
vate contractor’s efforts. 

Certainly, CAIV will not happen by
putting it on contract. The contractor’s
management personnel have conflict-
ing motivations. Not only do they
want to perform on the current con-
tract, but they are interested in win-
ning the next contract. They also must
deal with organizational and person-
nel issues, and a reward system that
may actually conflict with successful
performance (as seen by the govern-
ment) on your contract. For example,
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companies often pay bonuses based
upon increase in cash f low and
increase in orders or new business.
Additionally, as illustrated in the
AMRAAM example, the contract DTC
requirement got lost in the “contract-
ing or finance shop” and did not “flow
down” to the person designing the
equipment. This is why the govern-
ment must demonstrate to the con-
tractor that CAIV is important and
must be in the forefront of the con-
tractor’s management of the program.
One final thought — use technology to
lower cost, not increase performance
— this is aimed at engineers who have
for years been encouraged to rank per-
formance over cost.

What Type Of Feedback 
is Needed to Accomplish 
Your CAIV Goals?
Will you receive monthly, quarterly
reports? How will you handle feedback
in the SPO? Who is the person respon-
sible for making the process work?
How will feedback be evaluated?

What is the Contractor’s
Approach to CAIV? 
Does it have a separate design trade-
off process? Are you satisfied with it?
Do its designers buy into process?
Does it have “redesign” built into the
production process?16 Can it make
changes without SPO concurrence?
What is its reward for CAIV?  Will it
increase or decrease profit by CAIV? Is
anyone other than the “bean counters”
aware of CAIV? Is CAIV a manage-
ment issue at the company? What
actions to be taken by contractor
employees are critical to success? How
much of the work is being subcon-
tracted? What are the incentives for
the subcontractors — award fees and
performance penalties? What are the
penalties if the contractor fails?

CAIV May Require 
More Up-front Money!!
How do you handle that if you don’t
have it? Could Value Engineering
Change Proposals be used?

Remember Problems With DTC:
• Unwillingness to make trade-offs.

• Perception that government was not
interested in making trade-offs.

• Contractor’s motivations versus
ours.

• Often used only as a cost-monitor-
ing device.
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