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ABSTRACT
Innovation is appealing and attractive, but it is a difficult and risky business. The Department of Defense (DoD) and the commercial 
sector have long struggled with transitioning and fielding innovative concepts and systems to operational use. Data show that very 
few innovations are successfully fielded. To tackle innovation, the DoD and its partners have created a range of organizations to pursue 
and apply innovative concepts. However, these may be partial solutions because innovation can fail for various reasons and innovation 
organizations tend to focus on just some of the many challenges. There are no magic solutions—Innovation requires dedication 
not only to create the ideas but to grapple with the realities of applying and fielding such capabilities. This paper identifies many 
challenges to transitioning and fielding innovative concepts and systems to operational use to illuminate the range of barriers that will 
need to be addressed to better reduce and manage innovation risks. 

TYPES OF CHALLENGES TO THE TRANSITION AND USE OF INNOVATION
Below are some specific challenges facing the transition of innovation. This list is unordered (i.e., they are numbered for ease of 
reference, not in order of importance or effect). While anecdotal, the author has experienced or witnessed each. 

1)  Not invented here. Many organizations discount or put up barriers to innovative ideas and technologies not
developed from their organization (either at the corporate level or even at the site within an organization).

2)  Disbelief that it will work. May innovative concepts simply seem “too good to be true,” and proposers often
provide insufficient or unintelligible explanations to justify that it does work (e.g., for proprietary reasons or
because many technical people are not good at discussing their concepts in ways that non-specialists can
understand).

3) Doesn’t really work. Some innovative systems sound “too good to be true”—and some are (i.e., they don’t really
work as advertised). Even prototypes can be misleading without proper technical due diligence.

4) Works, but not because of advertised technology. Some innovative systems work—but not because of the
reasons stated. Some work because the prototypes are operated by specialists, and there is no “tech magic” 
there—just really good experts.

5)  Rework in development is not as good as the original. To be fielded, the original technology or prototype
must be rebuilt for full development and production, but those developing the operational system either don’t
understand the concepts as well or are not as skilled. As a result, the system can drift into mediocrity.

6) No immediate budget available. New ideas are unforeseen and therefore are not reflected in budgetary plans
developed years ago.

7) Understanding and selecting innovative ideas take time. When an idea comes out of left field, it takes time for
due diligence. Many people have little to no time for such activities.

8) Lack of familiarity. Some innovative ideas are from technologies that are outside people’s comfort zones. For
example, a promising system that used trained pigeons that outperformed people in detecting life rafts in the
ocean1 was not pursued due to unwillingness to rely on animals.

9) Multidisciplinary. Some innovative ideas rely on multiple technical disciplines, and few developers, users, and
maintainers have multidisciplinary capabilities.

10)  Between disciplines. Some innovative concepts and technologies lay between disciplines and are thus
“outsiders” to the norm. They receive pushback from the science and technology establishment.

1  Department of the Navy, “An Investigation of Potential Uses of Animals in Coast Guard Operations,” Report No. CG-D-46-81, DTIC ADA104880, 
June 1981, pp. 105–106.  As of March 8, 2020: 

  https://apps.dtic.mil/sti/pdfs/ADA104880.pdf

CLEARED FOR PUBLIC  RELEASE



A I R C  P E R S P E C T I V E S

3MARCH 2022

ACQUISITION INNOVATION
RESEARCH CENTER

11)  Lack of trust or security. Some concepts rely on foreign or other technologies that people do not trust
(e.g., IT from China).

12)  Foreign technology, supply chains, and “Buy America.” Some innovative systems rely (at least in part)
on foreign technologies—especially with the globalization of technology development. Buy America
policies block these directly, and other policies add barriers (e.g., IT from China). This includes supply-chain
dependencies.

13)  Hard to match technology to problems. Part of the issue is the lack of people that can translate how an
innovative approach can be adapted or applied to a new area. This requires an ability to understand the
technologies, problems space, and be innovative in matching the two.

14)  Don’t know you need or can use. Some concepts are things that users don’t even know are valuable to them
now or in the future. Users tend to stick with what works for them now.

15)  Current versus future needs. Often, current needs and priorities outweigh future ones, and innovative
concepts for future needs suffer as a result.

16) Animosity to DoD. Some technologists have a philosophical aversion to working for or helping the DoD.

17)  Suitability (-illities). Often, the innovative technology developers focus on the “interesting” technology but
do not address the full range of practical aspects that must be addressed before a system can be funded.
This includes aspects collectively called suitability by the operational test community (i.e., security, safety,
availability maintainability, reliability, quality, interoperability).

18)  Maintenance. Some ideas are just too hard to maintain (at least initially, until the maintenance issues can also
be addressed), for example, keeping the tiny holes open in active flow control for aircraft.

19)  Operational effectiveness. While sounding good, it is not always clear that new ideas will be as effective in
real-world operational situations. Often, new innovative ideas have not been tested in the real world. Even
technology readiness level (TRL2) 9 systems may not have been exposed to the full range of operational
situations.

20)  Already have a system. While new, innovative ideas may be better, it is very hard to switch to the new
innovative ideas given the political and financial capital invested in the current system and that the innovative
system may not perform significantly better in the end.

21)  Complicated. Some innovative ideas are more complicated and thus harder to deal with, develop, field, or truly
assess their value (cost/benefit).

22)  Complex. In addition to being complicated, some systems involve complexity and, thus, their performance
cannot be predicted (i.e., they are sensitive to initial conditions, in the Santa Fe Institute’s sense of complexity).

23)  Lack of priority. While an innovative system may sound good and its benefits sound useful, they simply may
not rate when compared with other needs given that resources are almost always limited.

24)  Sequencing of work. Related to priority, sometimes even if the innovative approach is acknowledged to be
important, other developments are set to come first (either because they are already funded, because they
have a “comfort zone,” or because they are considered enablers).

25)  Imperfect or biased assessors and peer review. Assessments are done by humans. They often either lack
expertise in or understanding of an innovative, novel area or are biased towards their own disciplines and
approaches.

2   See Technology Readiness Level | NASA.
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26)  Cost and affordability. Some innovative systems are just too expensive, especially initially (before
manufacturing scale and continued technology development can bring prices down). Consider the initial costs
of CD players and other innovative systems. Is the cost really affordable?

27)  Logistic tail, diversity, and legacy. There is a cost to having a diverse set of systems; the DoD logistics system
must deliver parts to maintain the system. This is less of a problem for disposable systems, but many (but not
all) systems are too expensive to be disposable. Also, some systems must be kept for a long time, exacerbating
these issues.

28)  Quantity. In many DoD situations, the systems have to be available in large numbers to have an effect on the
battlefield. Often, systems cannot be delivered (scaled) in sufficient quantity to be worthwhile.

29)  Quality. Innovative systems (being new and underfunded) often lack quality that comes from longer
development and use.

30)  Immediate versus eventual quality. Many (especially commercial) approaches field initial innovative systems
that are buggy or somewhat unreliable. Many commercial users can tolerate initial bugs, but in at least some
DoD situations, lives are at stake and system failures cannot be tolerated. For example, past new Windows
operating systems were usually not considered stable until Service Pack 2; some users can tolerate glitches
while others cannot.

31)  Training. The workforce and warfighters must be trained to operate the innovative system. There is only so
much training time available.

32)  Lack of workforce expertise. In addition to training, the workforce may need special skills, capabilities, or level
of performance to utilize the new technology.

33)  Too labor intensive. Some innovative systems sound great but are (at least initially) too labor intensive to
operate or maintain.

34)  Net system-of-system effects. While an individual innovative system may sound great, it often adds to existing
systems and may become burdensome or overload the users. In one example, small devices that signal the
position of firefighters if they become disabled are one more device on top of 10s of devices they must wear,
enable, and maintain. As a result, firefighters just ignored them in the end despite the potential benefits.

35)  Technology is immature. Some systems are at lower TRL levels, and the cost, effort, and time to bring them to
TRL 9 is overwhelming.

36)  Lack of needed infrastructure or support systems. Some systems work fine but need a support infrastructure
or system that does not exist, is too nascent, is not extensive enough, technologically immature, or is too
expensive, or requires a widespread shift. For example, providing hydrogen for hydrogen-powered cars.

37)  Supporting infrastructure is immature. Some innovative systems are fine, but the needed complementary
systems or infrastructure are immature.

38)  Uncertainty in remaining steps to operationalize—technology, workforce, training, quantity, etc.
Sometimes the problem is just not fully knowing what it will take to field the innovative system.

39)  Bleeding edge. Some ideas are just too much before their time. Timing is important. The field must develop
further, and many of the points raised here must advance first.

40)  First to market. Often, the first system of a kind to establish a presence in the market wins—even if it is does
not offer superior capabilities to its competitors.

41)  Politics, lobbying, advertising, back-room deals. Sometimes even the first system to market fails because of
politics, advertising, lobbying, connections, etc.
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SOME EVIDENCE SUPPORTING THESE CHALLENGES
These challenges are not just in the DoD; they abound elsewhere. Here are some qualitative and quantitative data that show the net 
results of innovation in the marketplace.

•  Most innovative companies fail. Most innovative companies (start-ups and even small companies) fail. Yes, the 
spectacularly successful ones sound great, but most die quietly.

•  Most companies buy rather than invent due to risks. Existing companies tend not to be innovative internally but rather 
buy successful start-ups after the value of these is proven in the marketplace. Perhaps this is not just a cultural issue but a 
reality that it is very risky to innovate, and it is easier to let the market do the creating and vetting.

•  Venture Capital “win” rates are very low.  Most venture capital (VC) investments are not very successful. About half are 
complete write-offs, nearly all of the remaining half have very modest returns. Only about 1 out of 1,000+ are wildly successful. 
The seminal data shown in Figure 1 illustrates the general profile of wins and losses. While this is just a single historical sample 
of data from three venture firms, these data illustrate the “rare but spectacular performance” of few big wins in a VC portfolio.3 
Table 1 illustrates this typical profile behavior.

3   Barry, Christopher B., and Vassil T. Mihov, “Debt financing, venture capital, and the performance of initial public offerings,” J. Banking & Finance,  
  Vol. 58, 2015, Pages 144–165. As of March 8, 2020: 

   https://doi.org/10.1016/j.jbankfin.2015.04.001.

SOURCE: Huntsman, Blaine, and James P. Hoban. “Investment in New Enterprise: Some Empirical Observations on Risk, Return, and Market 
Structure.” Financial Management, vol. 9, no. 2, 1980, pp. 44–51, https://doi.org/10.2307/3665167.

NOTES: VC firms are reticent to share actual data of the performance of individual investments within their portfolios. The historical data 
presented are a few exceptions but are generally acknowledged to be representative of the general behavior within VC portfolios and 
remain cited as seminal insights. It is shown that many investments are losses (even complete losses) while the others (especially the “big 
wins”) make up for those and provide the relatively high average return for a VC portfolio. Red bars are losses (returns below zero). Light 
green bars have moderate rates of returns (between 0–20 percent). Dark green bars represent returns.

Figure 1. General Profile of Venture Capital Investments (Wins and Losses).

# Investments
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(SOURCE: Zider, Bob. Harvard Business Review. Nov/Dec 98, Vol. 76 Issue 6, p131-139.)

Table 1. Typical Breakout of Portfolio Performance per $1,000 Invested.

IMPLICATIONS FOR DoD OUTREACH ORGANIZATIONS
The DoD and its major prime contractors have created a range of organizations to pursue and apply innovative concepts. These 
include outreach organizations (e.g., DIU, NSIN, and the various x-WORX organizations), innovative development and application 
organizations (e.g., DARPA, Skunk Works, Phantom Works, Big Safari, Rapid Capability Offices), engineering organizations that  
(at least in part) explore or create innovation and attempt to match it to problems (e.g., the DoD Labs, FFRDCs (such as MITRE, 
Aerospace), UARCs (such as JHU APL, GTRI, SERC/AIRC)), and innovative fielding organizations (e.g., the Air Force’s Rapid Development 
Integration Facility).

While these organizations work to address innovation, the anecdotal information outlined above indicates that these DoD 
organizations generally address a few of the challenges listed but not all. Thus, they appear to be partial solutions; the DoD still 
has remaining challenges to address. More research is needed to understand how much of the challenge space they address, what 
remains, and how the DoD can best facilitate innovation and transition. 

In addition to being partial solutions, it can be very difficult to maintain these organizations or the expertise within them. Often, they 
are viewed as overhead that is unnecessary or have intermittent needs and successes. These can (and often are) targets for budget 
cuts (often within the veil of “efficiency” cuts), so long-term stability is difficult to maintain.

Innovation offers the potential for enhanced and novel capabilities. Applying and fielding such breakthroughs is difficult business 
that requires understanding and addressing the full range of barriers.
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