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The Future Combat System (FCS) was to be the Army’s main next-generation 

vehicle acquisition program, replacing aging platforms such as the M1A1 Abrams tank, 

the Bradley fighting vehicle, and the family of M113-based vehicles. The goal was to 

provide a lighter mechanized capability that could be deployed more rapidly than 

traditional heavy mechanized forces, while providing superior lethality, survivability and 

sustainability.1 To do this, FCS would employ cutting edge communications and sensor 

technologies spread across Unmanned Aerial Vehicles (UAVs), unmanned sensors and 

the vehicles themselves, to provide unprecedented levels of battlefield awareness to 

warfighters. This would allow troops to spot the enemy first and engage before they 

could threaten the more lightly-armored FCS vehicles.

The development of FCS was plagued with difficulties, resulting in significant 

schedule slippage and cost overruns as the technological challenges facing the program 

proved to be greater than the Army had anticipated. On April 6, 2009, Secretary of 

Defense Gates announced a restructuring of FCS that cancelled acquisition of the 

vehicles at the core of the program, retaining only some of the UAVs and peripheral 

technologies that could be spun-out to existing systems. This has left the Army with 

vehicles that in some cases date back to the 1960s and 1970s (and with massive 

replenishment costs from fighting two grueling wars), scrambling to figure out what to do 

about the future of their ground vehicles.

In the various post-mortems that have been written about the collapse of FCS, one 

factor that has not been discussed in any detail is the development philosophies that drove 

1 GAO, 2003, 4.
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the development of FCS. Evolutionary acquisition and spiral development were not 

entirely new concepts in the defense acquisition community, but FCS represented the 

largest, most complex program ever to be attempted using these relatively untested 

development techniques. This study will examine why evolutionary acquisition and spiral 

development were used, and ultimately answer a question that has been largely ignored in 

the literature: how did the use of evolutionary acquisition and spiral development 

influence the development of the Future Combat System?2

Part I - Background – Evolutionary Acquisition, Spiral Development, and the 

Failure of the Future Combat System

What Are Evolutionary Acquisition And Spiral Development?3

Evolutionary acquisition was officially defined in the 2000 DoD Directive 

5000.1:

“Evolutionary acquisition strategies define, develop, and produce/deploy an initial, militarily useful 
capability ("Block I") based on proven technology, time-phased requirements, projected threat assessments, 
and demonstrated manufacturing capabilities, and plan for subsequent development and 
production/deployment of increments beyond the initial capability over time (Blocks II, III, and beyond). 
The scope, performance capabilities, and timing of subsequent increments shall be based on continuous 
communications among the requirements, acquisition, intelligence, and budget communities.”4

Put more simply, evolutionary acquisition called for the quick fielding of an 

initial, partially capable system while the more technologically challenging and immature 

capabilities were still being developed. Those capabilities would be introduced into the 

2 The methodology for this study is process tracing, used to examine how these development techniques 
affected the development of FCS. Process tracing is a technique used in political science in which an 
explanatory narrative of events is constructed, and “at least parts of the narrative are accompanied with 
explicit causal hypotheses highly specific to the case without, however, employing theoretical variables for 
this purpose or attempting to extrapolate the explanation for the case into a generalization.” (Bennett, 2005, 
Chapter 10.)
3 The related questions of why EA&SD were implemented, and what the consensus in the literature is as to 
their strengths and weaknesses of the two, will be explored in depth.
4 DoD Directive 5000.1, 2000, page 4.
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field in increments, once they were developed, tested and approved, eventually producing 

a fully capable system. 

Evolutionary acquisition became the official preferred DoD acquisition policy in 

2000, but the concept is not a new one to the defense community. A 1983 study by the 

Air Force’s Communications and Electronics Association investigated the applicability of 

evolutionary acquisition for command and control systems, and in 1984 the Joint 

Logistics Command officially approved it as a legitimate acquisition strategy, calling for 

further study into its possible use.5 A study produced three years later provided guidance 

for using evolutionary acquisition for command and control systems, noting that the 

technique might also be applicable to other programs.6 By 1995, evolutionary acquisition 

entered into official Army acquisition guidance as an approved alternate strategy.7 A 

series of high-level management studies in 1998, known as the Section 912 studies, 

“provided the final intellectual push justifying [evolutionary acquisition] as an 

appropriate acquisition strategy” for the challenges the DoD saw itself facing in the next 

century.8 

Around this time, attempts by Congress and the Defense Advanced Research 

Projects Agency (DARPA) to bypass the complex bureaucracy of defense acquisitions to 

take advantage of new technologies led to the development of a system called Advanced 

Concept Technology Demonstration (ACTD). Projects designated under this system 

allowed DARPA considerable freedom to experiment with technological and operational 

5 Sylvester & Ferrara, 2003, 6.
6 Ibid, 7.
7 Farkas & Thurston, 2003, 10.
8 Sylvester & Ferrara, 2003, 8.
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concepts outside the traditional acquisition system, and incorporated a number of 

concepts that are commonly thought of as part of evolutionary acquisition. The successful 

development of various UAVs (such as the Predator) under the ACTD system provided 

further support for evolutionary acquisition principles.9

The Predator program provides an excellent example of how evolutionary 

acquisition principles can aid in development. Because the initial capability relied almost 

exclusively on mature, proven technologies, the Predator was seeing field use over 

Bosnia within eighteen months of the initial contract being awarded. The success of the 

Predator convinced acquisition officials to forego traditional development and instead 

upgrade the platform incrementally, utilizing feedback from end-users, as technology and 

funding allowed. Resulting upgrades equipped the Predator with more powerful sensors, 

to allow it to fly above cloud cover and improve its survivability, and increased size, to 

allow for a more powerful engine and attack capability.10   

Spiral development was a familiar concept within the defense acquisition 

community, but it was not mentioned in the 2000 5000.1 directive. The concept came out 

of commercial software development, and is credited to Dr. Barry Boehm, whose 1988 

article in Computer sketched out the basics of spiral development. Put simply, Dr. Boehm 

called for repeated, serial development of software prototypes, which would be 

continuously tested by the prospective users. Their feedback would loop back and inform 

9 Lorell et al, 2006, 8-9.
10 Gansler et al, 2008, 21-23.
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the development process, and through a succession of these spirals, a final product would 

be produced.11

There was no official definition of spiral development in the acquisition 

guidelines, however. That, combined with the multiple early concepts of evolutionary 

acquisition that had floated around the Department of Defense (DoD) over the previous 

two decades, led to a great deal of confusion within the acquisitions community about 

exactly what the two terms meant, or if they even referred to the same thing.12 A 

particular source of confusion was whether the loosened bureaucratic controls that were 

the hallmark of ACTD would be carried over to all evolutionary acquisition programs, 

which was not intended to be the case.13 

While waiting for updated guidance from the DoD, the acquisitions community 

itself attempted to clarify the issue. The most notable of these were both published in 

Acquisitions Review Quarterly. An article in the Summer 2002 issue by Col. Wayne M 

Johnson, USAF(Ret) and Carl O. Johnson, entitled “The Promise and Perils of Spiral 

Acquisition: A Practical Approach to Evolutionary Acquisition,” drew upon the examples 

of the ACTD program to explain the principles of evolutionary acquistion, and looked to 

pre-existing Air Force guidelines for a working practical definition of spiral 

development: 

“A spiral acquisition could also be defined as a set of acquisition activities incrementally incorporated into 
an evolving baseline. Each increment or spiral increases capability and does so in a rapid pace, with each 
spiral building on the previous spiral and spreading risk and development costs over a longer period of 

11 Boehm, 1988, 64-65.
12 Sylvester & Ferrara ,2003, 9-10.
13 Lorell et al, 2006, 10.
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time. Each spiral is made up of one or more projects developed independently to the maximum extent 
possible. When each of the developments is ready, it is dropped into the production baseline.”14

The similarities to Dr. Boehm’s spiral development concept are obvious. But here it has 

been adapted to fit within the evolutionary acquisition framework by accounting for the 

fact that there are going to be multiple independent projects being developed concurrently 

that will be sent into production when ready. In the Winter 2003 issue, after the DoD had 

released some interim clarifications, Richard K. Sylvester & Joseph A. Ferrara wrote 

“Conflict and Ambiguity: Implementing Evolutionary Acquisition.” This article traced 

the history of evolutionary acquisition and spiral development inside and outside the DoD 

and attempted to clarify how the strategies were different from traditional acquisition 

strategies, both in terms of how they worked and the challenges they presented to 

program managers and other stakeholders.

Finally, on May 12, 2003, DoD published its revised Directive 5000.1, along with 

the more expansive companion Directive 5000.2, in the hopes of clearing up the 

confusion. The definition of evolutionary acquisition was rewritten in Directive 5000.2 to 

make clearer the central concept of quickly fielding a capable interim system while 

continuing development of further capabilities in order to realize the original system 

concept. Spiral development was then listed as the preferred method for implementing 

evolutionary acquisition, and defined as follows: 

“In this process, a desired capability is identified, but the end-state requirements are not known at program 
initiation. Those requirements are refined through demonstration and risk management; there is continuous 
user feedback; and each increment provides the user the best possible capability. The requirements for 
future increments depend on feedback from users and technology maturation.”15

14 Johnson & Johnson, 2002, 177.
15 DoD Directive 5000.02, 2003, 4-5.
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Though there was still uncertainty about how to implement spiral development after the 

2003 directives were released, this definition and other guidance in Directive 5000.2 

successfully captured the major features: the necessity of keeping requirements fluid 

while seeking a defined capability, the iterative nature of the repeated spirals, and the use 

of constant user feedback, both within and between spirals, to inform future 

progression.16 The fact that the definitions were clarified, of course, does not mean that 

either technique was actually implemented properly.

Did the Development of the Future Combat Systems Use Evolutionary Acquisition 

and Spiral Development?

Before proceeding with this study, a fairly fundamental question must be 

answered: did the development of the FCS actually utilize evolutionary acquisition and 

spiral development? As will be detailed later, this is a more complicated question than it 

seems because one of the significant gaps in the available literature regarding FCS is how 

closely principles of evolutionary acquisition and spiral development were followed 

during the development process and how dedicated the various stakeholders were to 

holding to those principles. This study will begin to answer that question, but it is not an 

issue that can be definitively resolved with the available data. 

In fact, remarkably little of the available FCS literature discusses acquisition 

strategy at all. With that said, the literature does firmly establish that FCS was intended to 

be developed according to principles of evolutionary acquisition and spiral development. 

16 Requirements and capabilities are not the same; in spiral development, a capability is something like a 
desired effective range for a weapon, while the requirement is the precise method of implementing that 
capability. Desired capabilities are supposed to be set, while requirements can be fluid. In practice, as this 
study will illustrate, this distinction is not always held to. (Lorell et al, 2006, page 27)
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Evolutionary acquisition was introduced as the preferred acquisition strategy for all 

programs in the 2000 revision of DoD Directive 5000.1.17 Due to confusion regarding the 

precise definitions and requirements of evolutionary acquisition, the 2000 version of 

5000.1 was replaced by a new version in 2003, which reaffirmed that evolutionary 

acquisition was the preferred acquisition strategy, and listed spiral development as the 

“preferred process for executing such strategies.”18 Given that the push for evolutionary 

acquisition and spiral development were coming from the highest levels of the DoD, it 

seems likely that the major FCS stakeholders would have at least tried to work within the 

principles of evolutionary acquisition and spiral development.

Further review of the literature shows that FCS was understood at the time as 

being developed using evolutionary acquisition and spiral development. A 2003 GAO 

presentation to Congress specifically talks about the acquisition strategy of FCS as 

utilizing evolutionary acquisition and spiral development.19 It also discusses the fielding 

of an initial, partially-capable increment, a central feature of evolutionary acquisition.20 

More directly, Akbar Khan, a Program Manager for FCS at the CECOM Software 

Engineering Center, gave a presentation at the 2004 Software Acquisition Conference 

where he discussed the FCS program as utilizing evolutionary acquisition and spiral 

development, and argued that keeping to those approaches was critical to the success of 

the program.21 At the same time, while the available literature suggests that FCS was 

17 DoD Directive 5000.1, 2000, page 4.
18 DoD Directive 5000.1, 2003, 3. Note that, in the 2007 revision, incremental development, which at the 
time was listed as an alternate process, replaced spiral development as the preferred process. 
19 GAO, 2003, page 11.
20 Ibid, 15.
21 Khan, 2004, 19.
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intended to be developed using evolutionary acquisition and spiral development, a 2006 

GAO report judged that FCS was not being developed in proper accordance with the 

principles of evolutionary acquisition, in large part because of the reliance on immature 

technologies.22 As this study will show, this meant that FCS suffered from many of the 

challenges associated with evolutionary acquisition and spiral development without 

reaping the benefits.

The Current Wisdom on FCS – What Went Wrong?

A great deal has been written about FCS in the realms of 

strategic/operational/tactical theory, debating the potential usefulness of the system. 

Parallel work from a budgetary perspective, debating whether FCS would be worth the 

cost, is similarly robust. Unfortunately, most of this literature is tangential to the specific 

issues at play in this study, and there is a severe dearth of discussion in the literature on 

the development of FCS. There is also almost no discussion of the role acquisition 

strategy played in the development of FCS in either the FCS literature of the general 

acquisition theory literature.

This provides an opportunity for this study to begin to fill a gap in the literature, 

but it also severely limits the scope of the conclusions that can be reached. Almost all of 

the available information on FCS development comes from reports by the Government 

Accountability Office; most of the other sources on the subject refer back to GAO 

studies. Much of the specific details on FCS development, the challenges encountered, 

and the degree to which the principles of evolutionary acquisition and spiral development 

22 GAO, 2006, 18 & 21.
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were held to are still either classified or simply not publicly available, and those involved 

in the program who might be able to answer such questions are not in a hurry to do so. 

There have been a few post-mortems written in the wake of Defense Secretary 

Gates’ April 16, 2009 speech, calling for the cancellation and reevaluation of the bulk of 

the FCS systems, to try and explain what happened to derail the program so severely. 

Gates himself cited the growing conventional wisdom that FCS vehicles would be 

unsuited for the kinds of counterinsurgency missions the Army was performing in Iraq 

and Afghanistan, which he saw as the near-term future for the Army. He also decried the 

tendency of the services to seek systems with “exquisite” capabilities that were so 

technologically challenging and expensive to develop that they could not be fielded in a 

timely manner or in sufficient numbers to make a difference.23

A June 2009 GAO report went into more specifics. Overall, the report found that 

the Army simply bit off more than it could chew, trying to field the system too fast with 

technologies that were too immature.24 The report also cited the use of a Lead System 

Integrator (LSI), under which responsibility for managing the project was delegated to 

defense contractors, as a problem area. The LSI relationship made performing proper 

oversight on development more difficult, especially when the LSI contractors became 

responsible for both development and production simultaneously.25 

A July 2009 study by Andrew J. Krepinevich and Evan Braden Montgomery at 

the Center for Strategic and Budgetary Assessments arrived at many of the same 

23 Gates, 2009.
24 GAO, June 2009, 3.
25 Ibid, 7-9.
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conclusions, but also pointed to two other factors: the reliance of FCS on unrelated 

programs in other services, such as the Air Force’s Transformational Satellite, which was 

supposed to provide the backbone of the FCS network capabilities and was itself recently 

cancelled; and the budgetary concerns stemming from the enormous 30 to 40 percent 

share of the Army procurement budget that FCS would eat up starting in 2015 for a 

program that would equip one brigade a year and eventually only fully equip one third of 

the Army’s active combat brigades.26 And, as mentioned in passing in a March 2009 

Congressional Research Service report, the recent economic crisis undoubtedly played a 

role. Absent budgetary constraints, the FCS might have been given more time to try and 

correct course.27 

This study acknowledges that most of these factors likely played some role in the 

failure of FCS development, and doubtless there are others which have not yet been 

identified in the literature. Acquisition strategy is one such factor that has not, to this 

point, been discussed, and this study will show that the use of evolutionary acquisition 

and spiral development belongs in the discussion when more formal, detailed post-

mortems are done on the FCS program.

What Advantages Were Evolutionary Acquisition and Spiral Development 

Supposed to Provide Over Traditional Development Strategies?

The traditional mainstay method of DoD weapons system development is known 

as Single Step to Full Capability, or SSFC. Under this system of development, production 

26 Krepinevich & Montgomery, 2009, 5-7. Cost growth was the primary factor behind the plan to fully 
equip only one-third of brigades with FCS equipment.
27 CRS, 2009, 16.
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is not supposed to start until all technologies are mature, tested, and ready to be fielded, 

and all desired capabilities had been fulfilled.28 Unfortunately, this approach has led to a 

host of problems, largely related to the issue of technological roadblocks. If production 

has to wait for all capabilities to be field-ready, then a delay in any major capability can 

hold up the entire project.29

This trend plays a role in many of the major problems plaguing defense 

acquisitions. Increases in cycle times have been a growing problem. Between 1969 and 

1998, the average cycle time for a DoD development project has jumped from around 

eighty months to nearly a hundred and seven.30 Meanwhile, a March 2007 review of 

twenty-seven selected weapons system development programs by the GAO showed an 

average cycle time of fourteen years, with average growth of cycle time of over 23 

percent. These delays played a large role in the problem of cost growth in defense 

acquisitions. The same GAO study noted average overall cost growth of over 19 percent 

and pre-procurement cost growth of over 33 percent.31 Another factor is that, by statutory 

requirement, detailed life-cycle cost estimates, covering the entirety of the development 

and procurement process must be completed early on in development. Unsurprisingly, 

given the length and complexity of procurement programs, these estimates have proven 

not to accurately reflect program costs.32

28 CRS, 2004, 2.
29 Lorell et al, 2006, 6.
30 Gansler et al, 2008, 6-7.
31 GAO, 2007, 9.
32 Lorell et al, 2006, 7.
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Related to the problem of technological roadblocks is the problem of 

requirements creep.33 Traditional acquisition strategies required identification of detailed 

requirements at the very outset of a program. It became very difficult to alter these 

requirements out of a justified desire to avoid flagrant lowering of requirements to meet 

deadlines and cost targets, resulting in platforms that could not perform the missions they 

were being purchased to perform. At the same time, requirements set at program outset 

would sometimes turn out not to be feasible, either from a technological or cost 

perspective. A parallel problem is that initial requirements would not be sufficient to 

meet operational needs by the time the platform was ready to go into production, either 

due to obsolescence or changes in the operational environment during long development 

times. This has led to tension when program managers try to alter requirements to keep 

development on time and under budget, sometimes sacrificing capabilities that were 

critical to justifying the procurement of the platform in the first place.34

Evolutionary acquisition was seen as an appealing alternative because of its 

potential to get around these technical roadblocks and thus reduce program cycle times, 

by providing an improved ability to manage risk. Risk management has long been an 

important feature of the defense acquisitions process. Nonetheless, there have been 

numerous instances of programs put in jeopardy because a particular technological hurdle 

could not be surmounted.35 Evolutionary acquisition offered the ability to better manage 

33 Though requirements and capabilities have separate meanings, the term ‘requirements creep’ mostly 
refers to alterations in projected capabilities.
34 Lorell et al, 2006, 7.
35 Coyle III, 2000, 2-3.
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risk by allowing the fielding of an initial increment of a platform, with partial 

capabilities, while more difficult technological challenges were being worked out.

Another acquisition philosophy, known as knowledge-based acquisition, 

underpins how evolutionary acquisition would accomplish this. Promoted heavily by the 

GAO, knowledge-based acquisition calls for the seemingly common-sense practice of 

holding off advanced development until all critical technologies are deemed sufficiently 

mature.36 In theory, this would lower program risk by reducing the possibility that, in the 

midst of development, program managers would find themselves with a critical 

technology that either did not work or could not be made to work on schedule. 

Technological maturity would be measured on a nine-point scale known as Technological 

Readiness Level, or TRL.37 TRL 6, at which point a prototype or representative model 

had been successfully tested in a relevant environment, was deemed the minimum TRL 

for all critical technologies before a program would enter full development. Ideally, 

however, the GAO recommended that all critical technologies be at TRL 7, wherein a 

prototype has been successfully tested in an operational environment (such as in a test-

bed aircraft.) The TRLs represent significant leaps in technological maturity from one to 

the next, especially from 5 to 6 and from 6 to 7, which is why it is so important for these 

recommended minimum thresholds to be reached before entering development.38

This focus on mature technology is a critical aspect to the mechanism by which 

evolutionary acquisition was intended to improve the development process. Using a 

36 Dillard & Ford, 2007, 13-14.
37 See Appendix A for a chart describing the TRL categories.
38 Dillard & Ford, 2007, 14-15.
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combination of commercial off-the-shelf technology and mature technologies coming out 

of the early development process, evolutionary acquisition would allow for the rapid 

fielding of an initial capability, with 50 to 70 percent of the intended full capabilities of 

the platform.39 This initial increment would allow the fielding of a useful, survivable 

system that would get the latest technology into the hands of warfighters. Meanwhile, 

capabilities that were more technologically challenging would be delayed until future 

increments, organized as separate but parallel development programs. This is similar to 

the way the Predator was developed under ACTD, except that the future upgrades are 

planned for based on the technological maturity of various capabilities at program 

initiation. In theory, splitting the program into multiple planned increments would 

mitigate risk by ensuring that no single technological challenge could hold up the entire 

program; particular capabilities could always be moved to later (or earlier) increments as 

developmental realities necessitated.

At the same time, spiral development techniques would help to mitigate risk 

within each of the later increments in general, and within the development of each 

capability specifically. By allowing requirements for each capability to remain fluid, 

spiral development held the promise of avoiding some of the problems discussed earlier 

relating to the setting of requirements at program outset. If the initially intended method 

of achieving a capability was determined to be unworkable, spiral development would 

allow stakeholders to quickly switch gears and try something else. If changing 

operational needs meant that a capability needed to be altered, the requirement could be 

39 Farr, 2004, 1-2.
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adjusted as necessary without the burdensome bureaucratic process that has been the 

norm. Spiral development also allows for adjustments as technology improves. Given 

that the cycle times for major advances can be as short as a half a year for IT software 

and between three and five years for sensors, the fluid requirements and constant 

feedback built into spiral development can help ensure that the technology in a platform 

is not obsolete before it is ever fielded.40 The close consultation required between 

developers and users would help ensure that any changes made would not produce a 

system unable to perform the missions for which it was intended.

What Are the Challenges Posed by Evolutionary Acquisition and Spiral 

Development?

The goal of evolutionary acquisition was to reduce average cycle time by a factor 

of four, fielding an initial increment with around 50 to 70 percent capability within 

approximately five years of entering full development.41 The basic logic of evolutionary 

acquisition, however, means that only programs that can function in the field with partial 

capabilities should be developed using evolutionary techniques. The initial increment is 

supposed to be functional and survivable in its own right, even without the capabilities 

that are to be integrated in later increments. It is expected that these later increments will 

enhance the ability of a platform to perform its designated missions, but evolutionary 

acquisition is pointless unless the initial increment can stand on its own. This imposes an 

implicit requirement that the initial increment must include any technologies that are 

critical to the system’s usefulness or survivability.

40 Ibid, 2.
41 Farmer et al, 2003, 28.

16



This becomes even more critical in so-called man-rated systems, where the end-

user is in the field with a system (as opposed to non-man-rated systems, like UAVs). If an 

initial increment of an UAV, such as the Predator, turned out to be less capable or 

survivable than anticipated, it could cause some serious difficulties, but it would most 

likely not directly endanger any end-user. The same cannot be said about a man-rated 

system like a vehicle; if the initial increment of a troop transport or a fighter jet turns out 

not to be sufficiently capable or survivable, it could very easily put lives in direct 

jeopardy. For man-rated systems, then, robust initial increment is even more critical, and 

if one cannot be generated, evolutionary acquisition may not be an appropriate 

acquisition strategy.42 For cases where it is deemed to be appropriate, there are several 

additional challenges.

The influence of major stakeholders can challenge fidelity to evolutionary 

acquisition principles. The concept of an initial, not-fully-capable increment being fielded 

under a program using evolutionary acquisition is a stark change from the usual method 

of single step to full capability, which by definition does not get fielded until all 

capabilities are in place. In tandem with the challenge of man-rated platforms discussed 

above, this can lead to tension with end-users about how much to include in the initial 

increment. A RAND review of evolutionary acquisition in space programs noted a great 

deal of pressure put on program managers “from user communities to maximize 

capability targets for the initial segment, thus pushing the first phase increasingly toward 

something approaching a traditional single-step-to-capability program with internal block 

42 Dillard & Ford, 2007, 36.
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upgrades.”43 An unstated implication of that finding is that there will be parallel pressure 

to push technologies into development before they are mature, to get as much capability 

as possible into the initial increment. This is extremely dangerous as it goes against the 

principles of knowledge-based acquisition that underpin evolutionary acquisition.

The budgetary process also presents challenges to an acquisition system set up for 

single step development. Traditional full-cost estimates, done at program outset, are 

based on requirements set around the same time. Though these estimates have 

traditionally not been particularly accurate, the fluid requirements of a spiral development 

program makes projecting costs even more difficult.44 In an environment of constrained 

defense budgets, this cost uncertainty has the potential to erode support among political 

leaders used to more firmly-projected programs.45 Uncertainty about future budget 

priorities has the potential to increase pressure to push immature technologies into 

development in early increments, in order to try to get the program to a point where 

Congress and DoD feel too deeply committed to the program to reduce funding. Program 

managers may also be tempted to use money budgeted for later increments to cover 

present cost overruns, causing problems down the road.46 At the same time, the flexibility 

of an evolutionary acquisition program could make it easier to target for funding cuts, 

since fielding of capabilities is already being spread over multiple increments If funding 

cuts delay development of a capability, it can always be shifted to a later increment.47

43 Lorell et al, 2006, 91.
44 CRS, 2004, 3-6.
45 Lorell et al, 2006, 91-92.
46 Ibid, 27.
47 Johnson & Johnson, 2002, 182.
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Evolutionary acquisition and spiral development also exacerbate the existing 

challenges of oversight and navigation of the bureaucratic acquisition process. Each 

increment in an evolutionary acquisition program is a separate, but interconnected, 

development program. One implication of separating a program into multiple smaller, 

simultaneous development projects is that an evolutionary acquisition program will 

require significantly more resources to manage. Each increment must perform all of the 

paperwork of a full development program, and each one must adhere to all review and 

reporting requirements, whether in-house or statutory. Meanwhile, each capability within 

the increments has its own development spiral, with required feedback cycles between 

developers and end-users. All of this represents a significant increase in the bureaucratic 

work that must be done overall.48 Each additional review, required report, and other such 

bureaucratic process present another opportunity for a program roadblock, which runs the 

risk of delaying key capabilities.49

Such reviews cannot be skimped on, because oversight is critically important to 

the success of a program using evolutionary acquisition and spiral development. Each 

increment of the program will be at some stage of development simultaneously. While 

each increment is its own separate development program, all of the capabilities are 

eventually going to be integrated into one system. Oversight thus has to ensure that 

interoperability concerns are being addressed between increments. The fluid requirements 

inherent in spiral development make this even more important, since a requirement 

change for one capability in one increment can have implications on another capability in 

48 Ford & Dillard, 2009, 148-149.
49 Ibid, 156.
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a separate increment.50 Those same fluid requirements, which earlier were discussed as 

reducing requirement creep, can also cause requirement creep if they are kept too fluid 

and proper oversight is not performed. And since requirement creep is historically 

associated with both cost growth and schedule overruns, vigorous oversight must be 

undertaken within each development spiral to ensure that any requirements changes are 

justified and do not negatively impact important capabilities.51

Part II - How Did The Strengths and Weaknesses of Evolutionary Acquisition and 

Spiral Development Match Up With the Particular Development Challenges Posed 

by the Future Combat System?

Air Mechanization – Operational Doctrine Influences FCS Development

The FCS was designed to provide a light mechanized alternative to traditional 

heavy mechanized units, with superior firepower and survivability, in order to allow 

forces to be deployed more rapidly. The operational doctrine underpinning this is known 

as air mechanization:

“According to the concept, some portion of future Army forces would be designed specifically for quick 
transport to a key location on the battlefield (“intra-theater aerial maneuver”) using aircraft of roughly C-
130 size. In theory, this capability would enable Army forces to conduct rapid aerial maneuver of medium-
weight mechanized units over a distance of several hundred miles to place the units suddenly on an 
enemy’s flank or in his rear areas. Recently, retired Army Major General Robert Scales publicly endorsed 
the theory, asserting that “the challenge of future warfare on land cannot be met without building modular 
FCS [Future Combat Systems]-equipped aero-mechanized brigades that form the aerial blitzkrieg force of 
the future.”52

50 Dillard & Ford, 2007, 42.
51 Lorell et al, 2006, 27-28.
52 Gordon IV et al, 2007, 63.
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The desire for light vehicles that could be transported by a C-130 or its equivalent meant 

that the FCS vehicles had to weigh less than twenty tons. This, in turn, meant that an 

alternative to the type of armor used on the M1A1 Abrams tank and the Stryker would 

have to be developed in order to give the FCS vehicles equal or greater survivability.53

This need for heavy vehicle survivability on a light vehicle drove some of the key 

capabilities to be built into the FCS. Central to FCS survivability was an advanced 

network keyed into similarly advanced sensors, gathering information from multiple 

sources of sensor data, feeding it to each vehicle, and allowing for high-level situational 

awareness that would allow FCS units to identify threats before they could get off a shot. 

If the FCS vehicles did come under fire, they were to be outfitted with an active 

protection system that could shoot down incoming anti-tank weapons, along with a new 

lightweight armor.54 The importance of those three capabilities to FCS survivability 

became extremely significant, because those three capabilities were among the most 

technologically challenging. The two critical technologies of the active protection system, 

for example, were at TRLs 5 and 4 in 2007, and had not been validated as having reached 

the minimum threshold TRL 6 that should have been established before entering full 

development as of late 2008.55

Given the technological challenges facing FCS, it seems unlikely that a proper 

initial increment could have been fielded for FCS. As previously noted, the purpose of 

the initial increment was to take advantage of available mature technology to get 

53 A M1A1 Abrams tank weighs about 69 tons, while a Stryker weighs between 36 and 41 tons, depending 
on the configuration.
54 GAO, March 2009, 10.
55 Ibid, 51.
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enhanced capabilities into the hands of end-users rapidly, while capabilities based on less 

mature technology were developed further for later increments. The FCS’s main thrust 

was the vehicles, which are man-rated systems, meaning that it was not enough for the 

initial increment to merely be functional. An initial increment of the FCS vehicles would 

have needed to be capable enough and survivable enough to safeguard the soldiers in the 

vehicles. The focus on air mechanization, and the resulting capability demand for sub-

twenty-ton vehicles, meant that the vehicles’ survivability was entirely dependant on the 

network and sensors, the active protection system, and the new lightweight armor.

The available literature does not provide enough information to determine if FCS 

stakeholders expected these capabilities to be mature by the time the first unit was to be 

equipped with FCS in 2008. However, by early 2003, the date for first unit equipped had 

been pushed back to 2011, and even that was scaled back so that the unit would not be a 

fully FCS unit.56 Even in early 2003, it was apparent that the aforementioned critical 

technologies were going to be among the most challenging; an April 2003 GAO report 

identified those capabilities as among the biggest challenges facing the FCS going 

forward.57 Even with all of the survivability capabilities fully mature, there has been 

heavy skepticism among observers as to whether the FCS vehicles would be sufficiently 

survivable. Critics believed that the network and sensors would not allow the FCS 

sufficient situational awareness to offset its light armor, especially in an urban 

environment.58

56 GAO, 2003, 29-30.
57 Ibid, 24-26.
58 Cordesman & Kaeser, 2009, 9.

22



Regardless of whether the fully capable FCS would have been sufficiently 

survivable, it certainly would not have been without a fully-functional network, along 

with mature active protection system and lightweight armor. Given the relative 

immaturity of the technologies behind these capabilities at the start of development in 

2003, it should have been apparent that there was significant risk of further delays in the 

development of these (and other) key capabilities. The shifting of the fielding date for the 

initial increment from 2008 to 2011 provides reasonable circumstantial evidence that 

there was some awareness of the problem. And absent a clear picture of when these 

critical technologies would be ready, an initial increment that followed the principles of 

evolutionary acquisition was not possible.

Oversight Challenges and the Lead System Integrator

Oversight is one of the greatest challenges in successfully implementing an 

evolutionary acquisition/spiral development strategy. This challenge was to be even 

greater with the FCS because of the sheer complexity of the program. With fifty-four 

critical technologies spread over an indeterminate number of increments, covering 

capabilities meant for all branches of the Army, FCS was perhaps the most ambitious 

acquisition program the Army had ever undertaken.59 Early on, the Army determined that 

it simply did not have the resources, manpower, or expertise to develop such a complex, 

software-intensive system, and decided to outsource management of the FCS to defense 

contractors using a method known as Lead System Integrator.60 This was made even 

more pressing by the aggressive schedule the Army set for FCS development, which 

59 GAO March 2009, 50-51.
60 Cordesman & Kaeser, 2009, 30-31.
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would have made it virtually impossible for Army acquisition to staff up sufficiently to 

manage the program itself.61

As a Lead System Integrator (LSI), defense contractors are given responsibility 

for setting requirements, conducting testing, selecting subcontractors, and virtually every 

other aspect of the development process.62 The benefits, as described above, are that the 

contractors can more easily assemble the manpower and expertise necessary to manage 

the development of a program such as FCS than could the Army, since they do not have 

to abide by federal government hiring practices. The use of a LSI, in bypassing the 

traditional Army acquisition regime, was supposed to prevent turf wars between the 

branches of the Army (i.e., infantry versus artillery) that had the potential to cause 

disruption in the development of FCS, which spanned the gamut of the Army’s diverse 

capabilities.63

Several additional challenges have been identified as resulting from the LSI 

relationship, however. The question of conflict of interest looms large because of 

concerns that the goals of the contractor might not necessarily align with the goals of the 

acquisition program. Contractors have to be expected to put primacy on their corporate 

financial interests, even if they come in conflict with the interests of the development 

program.64 LSI contracts are structured as cost-plus contracts, meaning that the contractor 

will be reimbursed in most cases of cost overruns, and in many cases the contractors are 

entitled to their full fees even if the program is significantly delayed or fails completely, 

61 Gansler et al, 2009, 49.
62 Cordesman & Kaeser, 2009, 29.
63 Ibid, 30-32.
64 GAO, June 2009, 7.
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so long as the contractor puts forth their ‘best effort.’65 With regards to FCS, the Army 

testing community expressed concern about allowing the LSI responsibility for testing 

the systems it is responsible for developing, expressing concern that the LSI might fudge 

tests in order to keep the program moving forward.66 This particular concern was at least 

partly born out; several technologies the LSI had certified as achieving TRL 6 were sent 

back for further justification, and in one case, Army reviewers actually downgraded the 

TRL back down to 5.67

Such incidents highlight the importance of oversight by the services in their 

relationship with a LSI, but the nature of the LSI makes such oversight difficult. These 

problems include “the government becoming increasingly vested in the results of shared 

decisions.”68 Once an LSI is chosen and development is underway, it would be extremely 

difficult (and expensive) to replace them. LSIs are given the authority to set 

requirements, which holds the potential for abuse in a spiral development program where 

little initial guidance on requirements is given. The separation between government 

oversight and the private development staff presents further issues, both on a 

communications basis and on a more general basis of authority to compel cooperation. 

Another factor is simply the sheer size and complexity of the LSI organization as 

compared to the resources of the service acquisition staff that is supposed to be providing 

oversight. Just as the Army believed it did not have the capability to manage a program 

65 Ibid, 32-33.
66 Ibid, 34-35.
67 GAO, March 2009, 9.
68 GAO, June 2009, 7.
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as complex as FCS internally, some critics believe the Army lacked the resources to 

effectively oversee the contractors managing the program for them.69 

Oversight for FCS was made even more challenging because three capabilities 

critical to the function of the FCS network were being developed independently. The 

Joint Tactical Radio System (JTRS) and the Warfighter Information Network – Tactical 

(WIN-T), which were key components of the communications infrastructure 

underpinning the FCS network, were being developed as separate programs.70 

Additionally, the Transformational Satellite, which was supposed to provide the 

bandwidth to allow for the rapid, reliable, and secure information flow the network would 

require, was actually being developed by an entirely different service, the Air Force.71 

Compounding the oversight challenges inherent to an evolutionary acquisition/spiral 

development program and the importance of ensuring interoperability between separately 

developed capabilities, the increased coordination challenges posed by dealing with 

independent development programs and other services’ acquisitions staff probably posed 

yet another barrier to effective oversight.  

 Regardless of whether or not the FCS should have been developed in the first 

place, if it was going to be developed, it almost certainly would have needed to be done 

using a LSI. Given that, and given the known oversight challenges associated with a 

program as complex as FCS and the LSI relationship in general, all efforts should have 

been made to make oversight as robust and easily implemented as possible. Perhaps 

69 Cordesman & Kaeser, 2009, 34-35.
70 GAO, June 2009, 7.
71 Cordesman & Kaeser, 2009, 27.
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making the FCS dependant on independent development programs was also unavoidable, 

even though doing so likely complicated oversight. Considering all of those factors, it 

raises the question of whether evolutionary acquisition and spiral development were the 

best choices for developing the FCS, given the huge oversight challenges those methods 

themselves carry.

Part III - The Role of Evolutionary Acquisition and Spiral Development in the 

Failure of the Future Combat System

Reliance on Immature Technologies in FCS Development Violated Core Principles 

of Evolutionary Acquisition

The importance of waiting until technologies are mature before entering 

development in an evolutionary acquisition program, as called for under knowledge-

based acquisition, cannot be overstated. Every benefit of evolutionary acquisition, from 

the ability to rapidly field a capable initial increment to the improved risk management 

capabilities, depends on the acquisition community having the patience to hold off full 

development until the technologies necessary for the initial increment are at least at TRL 

6, if not TRL 7 or higher. A program that pushes immature technologies into 

development is not a true evolutionary acquisition program.

Reviewing the history of FCS development, it becomes apparent that, even if FCS 

was planned as an evolutionary acquisition program, in no way did it adhere to the core 

principles of evolutionary acquisition. The degree to which FCS depended on immature 

technologies cannot be overstated. In 2003, at the start of full development, not a single 

critical technology was at TRL 7, when best practices say that every technology to be 
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included in the initial increment should be at that level. Ten were at TRL 6, and forty-two 

were at TRL 5 or below. The gap between TRL 5 and TRL 6 is a large one: TRL 5 calls 

for the functionality of the technology to be established in a laboratory environment, but 

does not require the technology to be in its final physical form or configuration. TRL 6 

calls for a full prototype, to be tested in a far more stringent lab environment to simulate 

relevant real-world conditions, and requires significant work before TRL 7 can be 

achieved.72

By 2006, the situation appeared to have improved somewhat, as thirty-four 

technologies were rated as TRL 6, one was rated as TRL 7, and only eleven were rated at 

TRL 5 or below.73 One year later, however, technological maturity had arguably 

regressed; while two technologies were rated at TRL 7, only thirty were rated at TRL 6, 

and two were rated at TRL 5 or below. Not only were two technologies cut, but one 

actually regressed down from TRL 6.74 This goes back to the issue discussed earlier 

regarding oversight and the LSI; in several cases, technologies that the LSI had certified 

as qualifying for TRL 6 were sent back for further justification, and in one case the 

review downgraded the technology back to TRL 5.75 And the technologies in question 

were not part of peripheral capabilities that could be shifted to later increments; as of 

2007, the technologies at TRL 5 or less included the WIN-T component of the 

communications network, the lightweight engine, both components of the active 

72 GAO, March 2009, 8-9.
73 Note that the total number of critical technologies included in the FCS program varied as some 
capabilities were cut in 2006 and 2007.
74 GAO, March 2009, 8-9.
75 Judging the true TRL of some critical technologies right before program cancellation cannot be done with 
the available information, because several important techs had been claimed as TRL 6 in 2008 but not yet 
certified as such.
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protection system (one of which was still at TRL 4), the new lightweight armor, and mine 

protection systems.76 All of these, according to best practices, should have been at TRL 7 

before the start of development in 2003 because the survivability and functionality of the 

system would have been severely compromised without their inclusion in the initial 

increment. 

The most recent projections for when these critical technologies would have been 

ready to field show just how far they were from maturity. In late 2008, Army officials 

were projecting that the FCS network would not be fully functional until approximately 

2013 due to immaturity in technologies including the JTRS and the WIN-T, along with 

problems developing the software to run the network. Network scalability testing had 

only gone forward with thirty nodes, while the fully-functional network would have to 

support around five thousand nodes.77 The active protection system was claimed to be at 

TRL 6 in regards to its ability to defeat short range threats, but that had not been 

confirmed. Meanwhile, the ability to defeat longer-range anti-armor weapons, which was 

part of the planned capabilities, was not supposed to even be tested until 2011 or 2012. 

The lightweight armor was not projected to reach TRL 6 until 2012, and even then it 

would not have the desired weight or survivability; the fully-capable lightweight armor 

was targeted to reach TRL 6 in 2014.78

Switch from Spiral to Incremental Development Suggests That Spiral Development 

Was Negatively Affecting Development Performance 

76 GAO, March 2009, 50-51.
77 Ibid, 16.
78 Ibid, 10-11.
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The 2007 revision of DoD Directive 5000.1 made a major change that has been 

largely ignored in the literature. Incremental development replaced spiral development as 

the preferred technique for implementing evolutionary acquisition.79 Incremental 

development differs from spiral development, according to official DoD definitions, 

primarily in that requirements are set from the beginning. Instead of utilizing iterative 

loops, incremental development acts almost like a smaller-scale version of evolutionary 

acquisition, with a capability being developed over the course of defined increments, 

each utilizing mature technology.80 In late 2008, the Army was directed to continue the 

FCS program using an incremental approach.81 This change came too late to save the core 

FCS program, but it is worth exploring why the change was made.

According to Army officials, the switch to an incremental approach is intended to 

provide better risk mitigation in terms of technological development, cost growth, and 

schedule changes.82 Given that spiral development was intended to mitigate risk in those 

areas, the switch to incremental development is a fairly serious indictment of the 

performance of spiral development overall, and with FCS in particular. While gaps in the 

available literature prevent a full analysis of the degree to which spiral development 

principles were actually implemented in FCS and other programs, the switch to 

incremental suggests that acquisition officials must not have liked what they were seeing. 

One recent article noted that the switch to incremental as the preferred technique came 

about because, within individual programs, development was taking on a more 

79 DoD Directive 5000.1, 2003, 3.
80 DoD Directive 5000.2, 2003, 5.
81 GAO, March 2009, 7.
82 Ibid, 31.
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incremental approach, likely due to the problems associated with fluid requirements.83 It 

should be noted that, even though spiral development was designed for software 

development, and has been proven effective in that realm, the FCS software has been 

plagued with delays, ballooning from a then DoD record thirty-three million lines of code 

to over one hundred and fourteen million lines, in large part due to the shifting 

requirements that are the hallmark of spiral development.84 This failure may help explain 

why spiral development was seen as not working for FCS, and why the switch to 

incremental development was made.

Knowledge-Based Acquisition and Schedule-Based Acquisition

Absent access to high-level program officials, it can only be speculated how 

committed FCS stakeholders were to evolutionary acquisition principles. The available 

evidence shows fairly conclusively that the principles of knowledge-based acquisition 

were not followed. If FCS was not going to adhere to the technological maturity 

guidelines that were critical to the success of evolutionary acquisition, it seems strange 

that they would ever bother to label the program as such. The fact that evolutionary 

acquisition was named as the preferred approach under DoD guidelines may have 

influenced the decision; evolutionary acquisition was the hot new thing, and there was 

likely pressure, real or perceived, to utilize it in order to get a program taken seriously. 

One possible explanation is that, instead of being knowledge-based, the 

development of FCS was primarily schedule-based. Evolutionary acquisition offered the 

promise of being able to field a capable initial increment within five years. As discussed 

83 Dillard & Ford, 2009, 238.
84 GAO, June 2009, 5.
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earlier, the original plan for FCS would have had the initial increment fielded in 2008, 

five years after the start of development. Such a schedule would have been laughable 

under traditional single-step development, where it was not unusual for a complex 

program like FCS to take fifteen-to-twenty years to field.85 With an aging fleet of vehicles 

that urgently needed replacement, having new vehicles in the field within five years, 

instead of two decades, was doubtless an attractive proposition for Army officials. If they 

wanted FCS quickly, calling it an evolutionary acquisition program would have allowed 

them to set a far more ambitious schedule than would have been possible under single-

step. This is not to imply that Army officials deliberately set a schedule they knew the 

state of the technology could not support; rather, it appears as if they convinced 

themselves that the technological issues could be surmounted, despite the warning signs 

that critical technologies were far from mature. 

Limitations, Implications and Avenues for Future Study

The conclusions of this study regarding spiral development should be seen as far 

more tentative then those regarding evolutionary acquisition, simply because there was so 

little available in the literature about how spiral development was actually implemented. 

At the same time, the decision by DoD to replace spiral development with incremental 

development as the preferred strategy for implementing evolutionary acquisition is 

powerful circumstantial evidence that, inside the acquisitions community, spiral 

development was seen as a problem.86 Further study as to the circumstances that led to 

85 Under such a timeline, the projected readiness dates for delayed components like the network and 
lightweight armor would likely have been considered ‘right on schedule.’
86 As Henry David Thoreau said, “Some circumstantial evidence is very strong, as when you find a trout in 
your milk.”
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the switch would help illuminate to what degree spiral development itself was a problem, 

and to what degree implementation and the lack of organizational knowledge on how to 

do so were responsible.

This study should be seen not as the last word on the issue, but merely as a first 

step. Researchers with access to top-level decision makers and stakeholders in the FCS 

program will be able to answer questions that were outside the scope allowed by the 

available literature. Most interesting will be the question of how seriously evolutionary 

acquisition and spiral development principles were taken by those in charge of FCS 

development, which will go a long way to explaining how big a role the strategies had in 

the fall of FCS. In-depth study of the attempts to develop some of the most troublesome 

technologies, such as the FCS network and the active protection system, would help shed 

light on what could be done to improve such efforts in the future. And further study 

should be done on the role of the LSI in FCS, to see if perhaps the added oversight 

challenges associated with the LSI make it unwieldy when paired with a program 

utilizing evolutionary acquisition and spiral development.

Some lessons can still be drawn from this preliminary research. This study has 

detailed how mismatched FCS was to the strengths and weaknesses of evolutionary 

acquisition and spiral development. At the same time, this study has also shown that FCS 

did not especially adhere to the principles of evolutionary acquisition; the information is 

not available to support a determination of how closely the principles of spiral 

development were followed, but it would not be surprising if spiral development was not 

implemented in an ideal manner. If neither evolutionary acquisition nor spiral 
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development were implemented properly, can they really be said to have played a role in 

the downfall of FCS?

Based on the analysis in this study, the answer is a tentative yes. Even if spiral 

development principles were not faithfully adhered to, its use allowed for the fluid 

requirements that seemed to cause major issues for the program in terms of cost overruns 

and schedule slippage; this is born out by the switch to incremental development DoD-

wide and within FCS. With regards to evolutionary acquisition, one of the major factors 

in the failure of the FCS was that the development schedule was simply too ambitious. 

But such a rapid developmental schedule was only possible because evolutionary 

acquisition held out the promise of being able to field an initial capability within five 

years. With a projection of not being able to field a robust increment until 2013, FCS was 

seen as a failure because of the raised expectations for quickened readiness under 

evolutionary acquisition. Under a single-step development plan, fielding the system in 

2013 would have meant that FCS would have been gone through development and 

procurement in ten years, significantly faster than similarly complex platforms have been 

fielded historically. 

In the end, budgetary pressures and questions about the cost and usefulness of 

FCS may have doomed the program even if it had been done as single-step. Absent the 

budgetary constraints of a faltering economy and two wars, however, it is unlikely that a 

single-step FCS development program would have been terminated as quickly. The 

ambitious schedule for FCS set up high expectations that were not met, leaving the 

perception of FCS as being yet another defense acquisition program that had fallen 

34



woefully behind schedule. As a single-step development, by contrast, major stakeholders 

would have expected a fifteen-to-twenty wait before the system was fielded, based on 

past experience with large defense acquisition programs. If FCS had actually been ready 

by 2013 or 2014, as the Army was projecting near the end, FCS development would have 

been seen as a miracle, bringing perhaps the most complex system the Army had ever 

attempted into the hands of warfighters in just over a decade. Instead, FCS is seen as a 

symptom of everything that is wrong with the defense acquisition system.

Even if it seems likely that FCS would not have failed in the manner that it did, as 

rapidly as it did, without the label of evolutionary acquisition to allow for its too-

ambitious development schedule, the result does not invalidate evolutionary acquisition 

as a potentially useful development strategy. What it does point to is that more oversight 

is needed to ensure that programs purporting to use evolutionary acquisition principles 

actually hold to them. If the Army had held up full development of the FCS until 

technologies were more mature, it might have given them time to realize how huge the 

technological challenges were, and they could have either adjusted the schedule as 

necessary or altered the program to fit the technical realities. The UAV programs, like the 

Predator, which were developed under the ACTD system, showed that evolutionary 

acquisition can be successful. At the same time, some of the most troubled DoD 

acquisition programs, like the Navy’s DD(X) next-generation destroyer and the Littoral 

Combat Ship, are in theory being developed according to evolutionary acquisition 

principles.87 

87 CRS, 2004, page 3.
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This points to the conclusion that more organizational knowledge on how to 

implement evolutionary acquisition is needed before attempting to use it for large, 

complex acquisition programs like FCS. The FCS experience didn’t highlight any major 

flaws in the theory behind evolutionary acquisition, but this study has shown that there 

were major problems in its application. At the same time, it seems as though spiral 

development may not be appropriate for general use in defense acquisitions. The fluid 

requirements that were supposed to eliminate requirement creep, and the associated cost 

and schedule problems, actually seemed to make the issues worse. DoD has pulled back 

on the use of spiral development, and further inquiry will help reveal if the technique has 

any future in DoD acquisitions.
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Appendix A – Chart of Technology Readiness Levels (TRLs)  88  

88 Dillard & Ford, 2007, 15.
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