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1. Executive Summary 
 

The Naval Surface Warfare Center, Crane Division, (NSWC Crane) is successfully respond- ing 
to the needs of the Department of Defense (DoD) and serves as a catalyst for region- al industrial 
development. Its ability to achieve this dual national and regional mission is an example for other 
defense laboratories in the wider Defense Laboratory Enterprise. 

 
 
 
 

The Indiana Uplands, also referred to as Southwest Central Indiana, is a rural region just southwest of Indi- 
anapolis. It is home to Indiana University, the Hoosier National Forest, and the third largest naval installation in 
the world. That naval installation hosts the Naval Surface Warfare Center, Crane Division, (NSWC Crane) which 
is dedicated to providing engineering and technical support to the United States Navy in key mission areas, 
including electronic warfare, expeditionary warfare, and strategic missions. 

 
The Massachusetts Institute of Technology (MIT) Innovation Initiative research team was asked to “conduct 
research that identifies and documents key success factors, lessons learned, best practices and recommendations 
for further enabling innovation that can be shared across the DoD Laboratory Enterprise”1. As such, the aim of the 
analysis on NSWC Crane is to provide insights and recommendations for how laboratories in the Defense 
Laboratory Enterprise can meet their dual purpose: to serve the national defense interest through innovation and, 
simultaneously, to play a role in supporting their regional innovation economies. 

 
The MIT iEcosystem Model2 separates out Innovation Capacity (I-Cap) and Entrepreneurial Capacity (E-Cap) as 
the twin engines of growth of innovation ecosystems. Using this approach, the MIT Innovation Initiative team has 
identified key lessons and recommendations based on NSWC Crane’s contribution to its region’s I-Cap and E-
Cap. Our analysis concludes that NSWC Crane is quite strong in I-Cap but has room to improve in E-Cap. We 
believe that the latter is likely common among other defense laboratories. Therefore, many of the recommendations 
to NSWC Crane can likely be applied to wider defense laboratories. Furthermore, many of the recommendations 
to the wider defense laboratories are based on understanding NSWC Crane’s best practices. The recommendations 
are categorized based on the five critical inputs into I-Cap and E-Cap: (1) human capital, (2) funding, (3) 
infrastructure, (4) demand, and (5) culture and incentives. After each recommendation, we specify to whom the 
recommendation is “Directed to”. The first organization listed is the organization responsible for implementing 
the recommendation. Subsequent organizations mentioned may wish to also consider or facilitate implementation 
of the recommendation. 

 

a)  Recommendations 
 

i) Human Capital 
 

Recommendation 1. Prioritize Workforce Development 
 

We recommend wider defense laboratories, similar to the practice of NSWC Crane, prioritize workforce 
participation in leadership and innovation coursework to build in an organizational culture that internalizes 
and champions the leadership and innovation practices taught. Prioritization can be achieved through (1) 
highlighting workforce development as part of the organizational ethos3, (2) teaching high quality work- force 
development programs using a train-the-trainer propagation method, and (3) tracking, by sub-organization, 
the number of trained participants with the expectation that all employees will be trained.
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Directed to wider defense laboratories 
 

Recommendation 2. Collaborate with Regional Entrepreneurship Communities 
 

We recommend NSWC Crane collaborate with regional entrepreneurship communities to build a supportive 
network of regional startups who have the interest, risk tolerance and skills required to mature defense 
technologies. Collaboration can be achieved through (1) presenting on Broad Agency Announcements 
(BAAs), technology transfer and licensing opportunities, (2) hosting business school exchange programs, 
internships and prototype competitions, and (3) mentoring entrepreneurs through various ‘pathways to small 
business innovation research (SBIR)’ contracts such as the National Science Foundation’s (NSF) Innovation 
Corps (I-Corps) program. 

 
Directed to NSWC Crane and wider defense laboratories 

 
ii)  Funding 

 

Recommendation 3. Engage with Risk Capital 
 

We  recommend  NSWC  Crane  connect  to  the  risk  capital  community  (including  banks,  angels  and 
others)  to  address  stymied  technology  transfer  due  to  very  low  amounts  of  financing  for  high-risk, 
high-reward technologies. Engagement can be achieved through informative public discussions regarding the 
complexities of both the defense and risk capital communities4, risk capital participation in startup prototype 
competitions5  and networking between entrepreneurs and risk capital. Providers of risk capital include but are 
not limited to venture capital firms6, SBA loans, private loans, In-Q-Tel, and the newly formed National 
Security Innovation Capital fund7. 

 
Directed to NSWC Crane and wider defense laboratories 

 
iii) Infrastructure 

 

Recommendation 4. Make World-class Equipment Available to Startups 
 

We recommend NSWC Crane make available its unique technical equipment for startups and others. This will 
improve NSWC Crane’s contribution to the ecosystem and encourage the startup community to participate in 
the National Security Innovation Base. (See also Recommendation 2.) Army Research Laboratory’s Open 
Campus may be a model to scrutinize and, potentially, replicate. 

 
Directed to NSWC Crane and wider defense laboratories 

 
Recommendation 5. Prioritize Technology Transfer through Special Programming 

 

We recommend NSWC Crane prioritize technology transfer to encourage collaboration with regional non-
traditional contractors. FedTech™ is a private company that offers an emerging practice of teaming startup 
applicants with training, market discovery and appropriate laboratory licensing opportunities based on the 
applicant’s background. This organization may be one to collaborate with or it may serve as a model to 
scrutinize and, potentially, replicate. 

 
Directed to NSWC Crane and wider defense laboratories 

 
iv) Demand 

 

Recommendation 6. Reduce Time from Pitch to Contract for Small Businesses 
 

We recommend NSWC Crane create a fast track that enables small businesses and startups to go from pitch 
to contract within 2 weeks. This will improve NSWC Crane’s engagement with startups and small business, 
thus expanding the regional innovation base. An emerging practice comes from leaders at AFWERX who 
directly coordinated with the SBIR and STTR Program Office to create a two-week pro-
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cess to get small businesses on contract. Similarly, consortiums (including a few of which NSWC Crane is 
already a member) allow for expedited contracting. 

 
Directed to NSWC Crane and wider defense laboratories 

 
v)  Culture and Incentives 

 

Recommendation 7. Establish a Director of Engagement 
 

We recommend wider defense laboratories, similar to the practice of NSWC Crane, serve as a full-time partner 
for other regional stakeholders to aid in developing regional- and state-level support. One method to 
effectively prioritize regional partnership begins with establishing a laboratory-level Director of Engagement. 
This senior leader should report directly to the Commander and is committed to working with all regional 
stakeholders in a way that synthesizes strategic regional goals. 

 
Directed to wider defense laboratories 

 
Recommendation 8. Incentivize Regional Engagement at the Individual Level 

 

We recommend NSWC Crane incentivize employee community engagement that is focused on entre- 
preneurial activities.  This addresses the need for greater connection across the community that, ac- cording 
to both the census and interviews, does not seem to arise automatically. This can be achieved by providing 
incentives for employees to attend events at the WestGate Technology Park or to participate in entrepreneurial 
community events in Bloomington and beyond. Other options might include tours or limited open house days 
to help familiarize local residents with the base’s work. 

 
Directed to NSWC Crane and wider defense laboratories 

 
Recommendation 9. Offer Entrepreneurial Sabbaticals 
We  recommend  offering  competitive  entrepreneurial  sabbaticals  to  scientists  and  engineers  within the 
workforce each year. This will empower the ~8% of the NSWC Crane workforce that is interested in 
entrepreneurship8, encourage a sense of respect toward startup communities, and develop companies that will 
benefit the region. The sabbaticals should include an offer to return to laboratory employment after a couple 
years so that the entrepreneur may effectively transition his or her technology if desired. We recommend 
ensuring a competitive process by selecting based on the most promising technologies. We see this as an 
emerging practice at the Army Research Laboratory, where the host organization offers seed funding and 
return rights after three years. 

 
Directed to the Navy 
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2. Introduction and Background 
 
 
 
 

The purpose of this case study on NSWC Crane is to: 
 
 
 
 
 
 

Conduct research that identifies and documents key success factors, lessons learned, best 
practices and recommendations for further enabling innovation that can be shared 
across the DoD Laboratory Enterprise.9                                                                                                                                        

” 
As such, our analysis of NSWC Crane provides a template for analysis of other Naval and wider defense 
laboratories and explores the various ways in which these laboratories can meet their dual purpose: to serve the 
national defense interest through innovation and, simultaneously, to play a role in their regional innovation 
economy. While a single case study cannot provide a clear rendering of best practice (given a lack of explicit 
comparison), it can provide insights into the various successful modes of engagement with other actors in the 
innovation ecosystem that will provide elements of a comprehensive playbook for other laboratories – a topic of 
considerable importance to the Federal Laboratories Consortium (who commissioned this study). 

 
Our analysis comes against the backdrop of the Summary of the 2018 National Defense Strategy whose objectives 
include at least two objectives of particular relevance to the Defense Laboratory Enterprise: 

 
Establishing an unmatched twenty-first century National Security Innovation Base that effectively sup- ports 
Department operations and sustains security and solvency; and 

 
Continuously delivering performance with affordability and speed as we change Departmental mind- set, 
culture, and management systems.10 

 
NSWC Crane and its sister defense laboratories must be responsive to the needs of the National Security 
Innovation Base, meeting the technological needs of the warfighter in the short- and long-term. However, it must 
also serve as a catalyst for industry (particularly in the regional economies in which these laboratories are based), 
and do so in a way that that provides more than simply technical know-how but also talent, infrastructure and a 
window into technical needs. Today’s Defense Laboratory Enterprise must meet these dual national and regional 
needs rapidly – a particular challenge given the legacy acquisitions system in place today, built on half a century 
of defending the federal acquisition system against fraud.
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3. Context and Urgency 
 
 
 
 

The Summary of the 2018 National Defense Strategy states that the US’s “competitive military advantage has 
been eroding”.11  The use of the term “eroding” in this context emphasizes the technological advancement of the 
United States in comparison to that of its adversaries. In particular, China has emerged as a “strategic competitor”12  

with its Made in China 2025 strategy dedicated to growing critical industries within its own borders and reducing 
its reliance on foreign technology.13  China’s strategic investment in nascent US technology companies (in the 
realm of $45.6 billion in 201614) specifically aligns with those critical technical mission areas that have dual use 
in both the commercial and military sectors.15  While policy-makers grapple with whether and how to restrict 
Chinese technology espionage without stifling US technology startups, organizations within the United States DoD 
can enhance guidelines and business processes to ensure the teams creating the technologies critical to winning 
future wars can perform optimally and make the best use of the wealth of innovation assets throughout the entire 
DoD system. 

 
Beyond national security, great innovation has historically begun within the walls of the national and defense 
laboratory enterprises. Technology ranging from the moon landing to life-saving vaccines all originated from 
federally-funded projects. However, policy and strategy makers have grown concerned that “[t] he current 
bureaucratic approach, centered on exacting thoroughness and minimizing risk above all else, is proving to be 
increasingly unresponsive.”16  In the 1950s the federal acquisitions process was designed with a certain level of 
rigidity to combat fraud, waste, and abuse, and it has only become more rigid in the intervening years. Given the 
current threat of losing predominance in the United States defense community’s speed of technological innovation, 
the rigidity of the acquisition framework is counterproductive. 

 
The defense community is facing a loss of technological superiority due (at least in part) to the defense 
community’s impaired speed in capability acquisition. Additionally, government has had a critical role in funding, 
sponsoring, and conducting the science and engineering research that has resulted in many mod- ern-day 
innovations, changing the lives of billions across the globe. As part of the Defense Laboratory Enterprise, NSWC 
Crane is heir to both the history of bureaucratic rigidity and the creation of groundbreaking innovation. NSWC 
Crane must find ways to mitigate the former and emphasize the latter to fulfil its mission of rapidly delivering 
complex technical solutions for warfighter use. 

 

a)  The Regional Context 
The Indiana Uplands, also referred to as Southwest Central Indiana, is a rural region just southwest of 
Indianapolis, and is home to Indiana University, the Hoosier National Forest, and the third largest naval 
installation in the world. That naval installation hosts the Naval Surface Warfare Center, Crane Division, 
(referred to as NSWC Crane for the remainder of this document) which is a tenant organization dedicated to 
providing engineering and technical support to the United States Navy in key mission areas, including 
electronic warfare, expeditionary warfare, and strategic missions.17 

 
NSWC  Crane  is  situated  in  Indiana’s  Economic  Growth  Region  8.  Within  the  region’s  boundaries, 
Bloomington, Indiana is its most populated city, with 85,071 residents.18  The largest employer in the region 
is Indiana University at 7,701 employees19, followed by combined tenant organizations on the naval 
installation at approximately 5,000 employees20. In addition to the university and naval installation, the region 
hosts a number of small- and medium-sized defense and medical instrument manufacturing companies21, 
economic development organizations and public-private partnerships committed to NSWC Crane’s success. 
For example, Radius Indiana22  and the Indiana Innovation Institute23  specifically cite supporting NSWC Crane 
as a part of their core missions.
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b) Short History of Regional Strategic Planning 
After the 2005 Base Realignment and Closure process, in which some NSWC Crane activities were under 
consideration for relocation, we observe that state and regional officials made deliberate efforts to improve 
economic development, and, presumably, prevent the threat of closing the installation in the future. For 
example, the state established the Indiana Office of Defense Development in 2013 via Executive Order.24  The 
2013 Lilly Endowment Annual Report highlights the region’s forwarding-looking approach with its section 
entitled “Unique Region Makes New Plans,”25  where it discusses some of the grant funding going to a few of 
the region’s non-profit organizations. In 2014, Battelle published [the] 
‘Strategic Plan for Economic and Community Prosperity in Southwest Central Indiana,” funded by the Lilly 
Foundation.26  In 2016, the Lilly Foundation announced $42 million for the region.27  These funds established 
the Regional Opportunities Initiative, Radius Indiana and the Indiana Innovation Institute, the latter two with 
offices at WestGate, one of two master-planned technology parks just outside the naval installation perimeter. 

 

c)  History of NSWC Crane 
Founded  in  1941  in  Martin  County,  Indiana,  NSWC  Crane  was  originally  the  Burns  City  Ammunition 
Depot. From its founding, it provided significant benefits to the United States Navy with highlights including 
the incorporation of more advanced weapons technologies in the 1970s and the development of its three focus 
areas – expeditionary warfare, strategic missions, and electronic warfare – in the 
2000s. In more recent times it is seen as contributing to the regional economy of the Indiana Uplands, 
providing 3,500 direct jobs, over 1,600 contracted jobs and offering on-the-job engineering training. 

 
This case study reflects that regional impact and identifies the areas in which leadership has made clear choices 
in ways of working e.g. in programmatic activities that can be leveraged across other laboratories in the 
Defense Laboratory Enterprise to support regional innovation ecosystems in other US locations. 

 
This case study reflects that regional impact and identifies the areas in which leadership has made clear choices 
in ways of working e.g. in programmatic activities that can be leveraged across other laboratories in the 
Defense Laboratory Enterprise to support regional innovation ecosystems in other US locations. 
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4. MIT Approach & Methodology 
 
 
 
 

The following subsections discuss the Innovation Ecosystem (iEcosystem) model we applied to NSWC Crane and 
its role in the regional ecosystem. This model is a valuable lens through which to assess and produce strategies 
that will move NSWC Crane forward in its role as an emerging hub for national and regional impact. 

 
The MIT iEcosystem model is a useful in assessing NSWC Crane for several reasons. First, with its emphasis on 
regionally bounded innovation ecosystems, it addresses the scope of the study, which specifically highlights the 
role of NSWC Crane in the regional (rather than state or national) innovation economy. Next, it outlines critical 
inputs into Innovation Capacity (I-Cap) and Entrepreneurship Capacity (E-Cap), which guide the identification of 
concrete areas of strengths and weaknesses for NSWC Crane (and the region). The rigor that goes into 
disaggregating E-Cap, specifically, has the potential to illuminate a path toward meeting the DoD’s nascent interest 
in collaborating with (and even potentially generating) highly-technical startup companies. Defense laboratories 
are typically not known for their collaboration with entrepreneurs and venture capital. This iEcosystem approach 
also emphasizes the need for collaboration between NSWC Crane and these players and again provides a template 
against which to measure the strengths and weak- nesses of such collaboration. We believe this is important so 
that the DoD gains the advantage of access to inclusive human capital, as small firms, including startups, contribute 
about half of GDP annually.28 

 
Before delving into the results of the analysis, the following subsections will precisely define and explain the com- 
ponents of the MIT iEcosystem model both in a theoretical sense, and in how we have applied them for this study. 

 

a)  MIT iEcosystem Framework 
The MIT iEcosystem model emphasizes a comprehensive understanding of the ‘system’ that under- pins 
innovation-driven entrepreneurship in regional innovation ecosystems. For simplicity, the ‘system’ is 
decomposed into four elements (see Figure below). Taken together, these elements provide a useful 
decomposition of an iEcosystem that allows for an evaluation of the strengths and weaknesses of any particular 
ecosystem (alone, over time or in comparison to others). 

 

 
 
 

Figure 4-A: 
 

The ‘system’ for 
innovation-driven 
entrepreneurship 

 
 
 
 
 
 
 
 
 
 
 
 
 

Working from the base of the system up, we explore each of these elements in turn: 
 

Foundational institutions are those institutions, rules, practices, and norms that are often taken for granted, 
yet ensure that investments in a wide variety of capacities and assets can be effectively pro-
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tected and leveraged to the benefit of the economy. At the core, they include rule of law (and, conversely, lack 
of corruption), protection of property rights (especially for intellectual property), financial institutions, 
freedom for new ideas (including scientific openness), and general ease of doing business. 

 
Next, the two ‘capacities’ provide the twin engines of the ‘system’, resting on the foundational institutions 
and combining distinctive ‘inputs’ to ultimately drive impact, often in the form of ‘innovation-driven enter- 
prises’ (IDEs), rather than standard ‘small/medium-sized enterprises’ (SMEs). A key contribution from MIT’s 
work on innovation, entrepreneurship, and ecosystems is to separate out these two capacities: 

 
•  Innovation Capacity (I-Cap) is, in our definition, the capacity of a place – a city, a region or a nation 

– to develop ‘new-to-the-world’ ideas and to take them from ‘inception to impact’ (whether this be to 
economic, social and/or environmental impact). In other words, I-Cap covers not only the development of 
basic science and research but also the translation of their ‘solutions’ across the entire technology readiness 
continuum into useful products, technologies and/or services that truly solve problems. 

 
•  Entrepreneurship  Capacity  (E-Cap)  emphasizes  a  subset  of  the  more  general  entrepreneurial 

capability and conditions for forming enterprises: the latter supports all types of entrepreneurship (leading 
mostly to SMEs rather than IDEs). The aspects of E-Cap most of interest to iEcosystems are those 
supporting this ‘innovation-driven’ side of E-Cap, tailored to support the growth of IDEs in a specific place 
– such as a city, region or nation. 

 
Building on foundational institutions, it is the combination of, and linkages between, innovation and 
entrepreneurship capacities within a city, region or nation that drives impact. However, innovation- and 
entrepreneurial-capacity are not always general assets developed in a regional context: they are more likely to 
be specialized around areas of expertise or around particular sectors, which we view as a broader form of 
comparative advantage. 

 
Comparative Advantage of any region's economy is based on specific areas of strength that differentiate it 
from others around it (at a country, continent or global level).   For example Greater Boston has differential 
advantage in the life sciences, while New York might have advantages in Financial Services.   For 
iEcosystems, such comparative advantage is shaped by underlying strengths in both innovation and 
entrepreneurship capacities but is also distinctive. A region’s comparative advantage will often find expression 
in geographical clusters or industrial sectors – as agglomeration and specialization remain factors even in this 
latest phase of the industrial revolution – whether they be clusters in the life sciences, IT services, or education. 

 
Impact comes from the combination of innovation and entrepreneurial capacities, when combined with core 
comparative advantage. The key ‘impact’ metrics are, in part, a matter of choice and prioritization on the part 
of the decision-makers and iEcosystem stakeholders. It should be recognized that even the most profound 
interventions in the system will only drive measurable changes in impact over the longer run. 

 

b) Measuring Innovation and Entrepreneurship Capacities 
Since the purpose of this research is specifically to examine the contributions of NSWC Crane to the regional 
ecosystem, I-Cap and E-Cap are the most relevant aspects of the framework for our purposes. Together, I-Cap 
and E-Cap capture the sense that a system is capable of two particular activities: innovation and 
entrepreneurship respectively. As a starting point, we usefully think of a ‘capacity’ as a sort of ‘production 
function’ - i.e. a way of relating a series of well-defined inputs to the outputs, in this case of entrepreneurial 
or innovative capacity outputs. 

 
The framework considers five critical inputs into the I-Cap and E-Cap production functions, based on MIT 
research about the drivers of ‘innovation-driven entrepreneurship’ in a variety of locations, some within the 
United States and others from regions worldwide, including Singapore, Tokyo, Finland, Scot- land, London, 
and Israel.
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Figure 4-B: 
 

MIT I-Cap/E-Cap 
framework 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

This  simplified  framework  allows  us  to  determine  NSWC  Crane’s  strengths  and  greatest  points  of 
weakness and thus identify the points of leverage. These five components are: 

 
• Human Capital (people): the appropriate human talent (from within a region, or attracted into a region) 

with relevant education, training and experience for either innovation or entrepreneurship, or both. 
 

• Funding: a variety of types of public and private capital that support innovation and entrepreneurship both 
at their origins and also throughout the journey from idea to impact, or startup to scale-up. 

 
• Infrastructure: the physical infrastructure that is necessary to support innovation and entrepreneur- ship at 

their different stages, including physical space as well as equipment required for discovery, production, and 
supply chains, and other aspects. 

 
• Demand: the level and nature of specialized demand for the outputs of innovation and entrepreneurial 

capacities supplied by different organizations in the system. 
 

• Culture & incentives: the nature of role models and individuals who are celebrated, the social norms 
(‘culture’) that shape acceptable career choices and the incentives that shape individual and team behaviors. 

 
For each of the different inputs into I-Cap and E-Cap, we select measures which capture the strength of these 
specific elements while avoiding overlap. 

 

c)  Considerations Specific to NSWC Crane 
NSWC Crane differs from the typical case to which this framework is applied in several ways, so adjust- 
ments of the framework were made to accommodate. We can take for granted that the foundational institutions 
in this case are sufficient to support an innovation ecosystem. NSWC Crane and its region are on US soil, so 
the rule of law, protection of property rights, and similar characteristics of the region are sufficient to provide 
a stable foundational institution for the innovation ecosystem. 

 
Next, recall that the purpose behind applying this framework is to understand NSWC Crane’s contribution to 
the regional ecosystem, rather than the ecosystem as a whole. In this spirit we have adapted our approach to 
assess capacities, and then structure recommendations in a way that strengthens NSWC Crane’s contributions 
to the I-Cap and E-Cap of the region, and the network among the stake- holders to allow these resources to 
flow in ways that ultimately drives NSWC Crane’s impact.
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Many of the metrics in the iEcosystem model that provide useful information are derived either from 
national/state level data which is too coarse to be useful or from survey questions. To ensure comparability 
and similarity to other uses of this model wherever possible, we have compiled the applicable questions from 
those surveys into a single questionnaire. With the cooperation of NSWC Crane leadership, that questionnaire 
was sent out to all NSWC Crane employees. This document provides at least one metric in each of the five 
categories of input that comprise I-Cap and E-Cap. 

 
The results of the questionnaire are supplemented where appropriate by data solely on NSWC Crane. Some 
of that data, such as employment numbers and educational attainment of employees, was pro- vided by NSWC 
Crane directly or through their archives of operational reports. Other data was gathered from government 
surveys on the Southern Indiana nonmetropolitan area which contains NSWC Crane. While this data is too 
broad to perfectly represent NSWC Crane, it is a sparsely populated region and NSWC Crane is a significant 
part of it. For instance, NSWC Crane employees represent nearly 
40% of engineers in the local non-metropolitan statistical area29, and this does not count their contractors or 
other local partners. The simple fact that NSWC Crane is such a significant employer in this area means that 
government data can provide useful metrics of NSWC Crane’s impact on the region. 

 

d) Methodology 
Our methodology consisted of A) open research, B) direct data and document requests from NSWC Crane 
leadership dating back to 2005, C) semi-structured interviews with NSWC Crane’s higher head- quarters (both 
Navy and Office of the Secretary of Defense), D) semi-structured interviews with individuals of peer and non-
peer organizations working on technical problem sets, and E) both in-person and telephonic interviews with 
employees, contractors, and regional partners. 

 
First, we researched a variety of publications including academic and periodic publications. To target this 
research, we applied institutional knowledge of the DoD, organization, business and technology development. 
We conducted research into archives of Congressional hearings, referenced National Defense Authorization 
Acts (NDAAs), and the current academic literature on innovation research. 

 
Next, we conducted a series of data and document calls. NSWC Crane outreach personnel provided archives 
of Annual Reports, NISE Reports, human resources statistics and strategy documents from 
2005 to present. 

 
Then, we conducted a series of interviews. We performed semi-structured interviews with NSWC Crane 
employees and contracted personnel throughout our investigative process, optimally narrowing our questions 
to specific topics of interest. We conducted semi-structured interviews with ecosystem partners and others 
within the naval ecosystem to learn about external perceptions of the organization, typical metrics assessed in 
highly technical, mission-driven organizations, and innovative approaches that leverage current acquisition 
policy to quickly address mission needs. 

 
Finally, we assembled an online census for NSWC Crane employees. Of the 3,471 NSWC Crane employees, 
we received 429 responses for the ten-minute form, achieving results above a 95% confidence interval.30 

 
Throughout the primary data collection period, we analyzed the information we had and identified gaps to fill. 
We continued with a second iteration of data collection, followed by a subsequent analysis of information. 
Throughout these periods, we assembled a research paper outline, drafts, and final papers, sought and 
incorporated feedback from key opinion leaders and subject matter experts, and met with faculty advisors and 
post-doctoral fellows to refine our interpretations.
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5. Analysis of NSWC Crane in its iEcosystem Context 
 
 
 
 

We assess the five inputs of human capital, funding, infrastructure, demand and culture & incentives to de- rive 
the two key outputs, I-Cap and E-Cap. Assessing these five inputs for each capacity gives leadership valuable 
information on the right interventions and forms the basis for our recommendations. In the case of NSWC Crane, 
we also assess each of these inputs to identify best practices in the context of a defense laboratory for other 
laboratories across the DoD. 

 

a)  Innovation Capacity and Entrepreneurial Capacity for the Region 
 

i)   Human Capital 
 

(1)  I-Cap 
 

Our I-Cap Assessment of Human Capital reveals that NSWC Crane has made deliberate strides to improve 
technical expertise among their staff. Since 2005 NSWC Crane has tripled the percentage of PhDs in the 
workforce. This is in contrast to the state of Indiana which has remained constant and the nation which has 
less than doubled. More generally, NSWC Crane has increased the share of its workforce with a Bachelor’s 
Degree or higher. However, in that same time period the percentage of engineers compared to the total NSWC 
Crane employee population decreased by 9% while administrative and clerical employees increased by 6%. 
Despite the frequently cited challenges of hiring new employees in a rural area, 65% of respondents to our 
survey indicated that scientists and engineers were available for hire as needed. 

 
 

Figure 5-A. 
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Figure 5-B: 
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NSWC Crane employees also benefit from robust workforce development outside of degree-producing 
programs. Crane Division University, the education center at the facility, develops and administers 
coursework in leadership, team dynamics, and innovation. The NSWC Crane leadership team implements 
successful policy to encourage its workforce to participate. For example, NSWC Crane includes in its annual 
strategic goals certain amounts of participation for its leadership courses. Commenting on a course completed, 
one employee said, “That was a truly enriching course which I honestly believe has changed my perspective 
for the better, likely for the rest of my career.” 

 
(2) E-Cap 

 

In terms of Entrepreneurship-Capacity, we find that the region hosts one of the top twenty-five business 
schools in the nation in the Kelley School of Business at Indiana University Bloomington.31   Of those well-
trained graduates, fully half find jobs in the mid-west upon graduation.32  While the quality of entrepreneurs is 
similar or superior to comparable regions that include large swaths of rural area, the value of the connection 
between NSWC Crane and these entrepreneurs remains weak. Historically, the DoD has had little to do with 
technical startups. In 1953, the federal contracting environment created the small business set-aside.33  This act 
defines a small business as having average annual receipts less than $38.5 million.34  Connecting with 
entrepreneurs enables companies a fraction of the size of larger federally-defined small businesses, and 
relatedly creates connections with the individuals who create and lead companies with high rates of dissolution 
in those first few vulnerable years. 

 
Increasingly, the DoD has expressed interest in enabling technical startup participation in the National Security 
Innovation Base. This is indicated in DoD’s establishment of the Defense Innovation Unit (DIU) with its 
flagship office in the heart of the richest innovation ecosystem in the world, the San Francisco Bay Area’s 
Silicon Valley. While DIU contracts often attract larger companies, the DoD’s subsequent establishment of 
programs such as MD5, AFWERX and the funding of commercial companies like Fed- Tech, has helped 
entrepreneurs connect with marketable and dual-use federal IP enriches the land- scape. For NSWC Crane, if 
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deepened this connection may prove valuable in enabling startups to take higher risk IP and mature to desirable 
and useful levels without tying up limited internal human capital.
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While the broader DoD context supports engagement with entrepreneurs, when we assessed NSWC Crane 
employee E-Cap, we determined that E-Cap human capital is low. Only 40% of survey respondents said they 
were sure of their ability to successfully start a business, compared to 55% of US citizens overall. Many cited 
a lack of knowledge as the reason for their uncertainty around the skills necessary to start a business. 
Considered together, it becomes clear that, despite an educated workforce with nearly 30% having degrees in 
business or related fields, NSWC Crane employees have a notable lack of confidence in their ability to start 
businesses which likely leads them to be less effective in sup- porting early-stage businesses in the community. 

 
While E-Cap human capital is currently low, NSWC Crane partnered with the Purdue Research Foundation 
and the WestGate Authority to produce Purdue@WestGate. This organization includes, among others, 
“Firestarter” a 6-week program to develop entrepreneurial ideas run by Purdue Foundry. This has the potential 
to strengthen E-Cap in coming years, and thus contributes to a medium-to-long term plan for the region. 

 
ii)  Funding 

 

(1)  I-Cap 
 

The Office of Naval Research has a policy that requires NSWC Crane and its fellow laboratories within 
NAVSEA to function on a working capital model, where program offices may enlist NSWC Crane’s as- 
sistance by funding specific work on major defense acquisition programs. The key distinction is that within 
the working capital model, NSWC Crane must compete with other government laboratories as well as industry 
to perform engineering services. 

 
NSWC Crane, like its sister organizations within the Office of Naval Research, may conduct internal research  
and  development  projects  under  219  funding.  This  funding,  specifically  under  the  NISE program, 
allows naval research organizations to take a small percentage of revenue, somewhere be- tween two and three 
percent, and apply that funding to workforce development and technical projects that don’t immediately 
impact existing naval equipment. These projects allow engineers to develop and compete for funding their 
own advances that may have a more radical or transformative impact in naval engineering. These projects are 
not currently and specifically sought by a naval program man- ager, as they may be considered not fully mature 
and a higher risk of technical infeasibility. This is in contrast with the more traditional incremental innovation 
that occurs by the NSWC Crane staff on major defense acquisition programs. 

 
Outside of federal monies, the Lily Foundation granted $42,000,000 in 201535  to improve economic 
development opportunities in the Indiana Uplands. Specifically, the grant money helped establish an Applied 
Research Institute to the amount of $16,225,000.36  This institute, dubbed the Indiana Innova- tion Institute, or 
IN3, bridges government, academia, and industry on the technical areas on which the ecosystem has particular 
expertise: microelectronics, hypersonics, and electro-optics.37 

 
(2) E-Cap 

 

In terms of Entrepreneurship-Capacity for the region, the availability of risk capital comes predominantly in 
the form of credit and traditional bank loans. The SBA reported $506,714,229 in approved loans for Indiana 
small businesses in 2018.38  Indiana’s 8th Congressional District, home of Crane, had 122 small businesses 
with approved loans worth $29,125,457 in the same year. However, these numbers don’t distinguish 
technology companies nor which region they operate. Approximately 76% of venture capital funding is 
isolated to three communities: Silicon Valley, Boston-Cambridge, and New York City39; therefore, we assess 
Indiana understanding that it’s generally competing for the remaining 24%. According to the 2018 PWC 
Report on venture investment, Indiana as a whole had 46 venture capital deals for a total of $220.1 million. 
This is approximately 0.2% of total US VC funding.40
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“We need venture capital,” stated Kirk White, Indiana University’s Assistant Vice President for Strategic 
Partnerships, in reference to the region as a whole. “Indiana University has a small VC ecosystem in 
Bloomington, but around Crane it’s still pretty sparse yet there’s the potential for it.” 

 
When NSWC Crane employees were asked about how hard it would be to get VC funding, over 60% reported 
that they didn’t know how easy or hard it would be. Similarly, over 50% of survey respondents stated they 
don’t know how easy or hard it would be to get a bank loan. 

 
iii) Infrastructure 

 

(1)  I-Cap 
 

NSWC Crane faces several challenges with I-Cap Infrastructure, both internally and with regard to the local 
community. Within the base, 50% of survey respondents said that new technology was slow to be adopted, 
and many specifically cited challenges with the acquisition process as an area that limited their work. This 
applied even to the use of well-established technologies. One respondent had hoped to use a specific Python 
programming language package - one that was first released in 2012 - and was told by others who had 
attempted the process that it was impossible to get approval. Traditional infrastructure areas vary widely in 
quality. Internet connectivity, at 80-200 Mbps is sufficient, but a com- mon refrain in interviews and from 
NSWC Crane IT staff was that cellular coverage on the installation does not meet peak demand. 

 
External  to  the  base,  NSWC  Crane  could  serve  as  a  source  of  innovation-enabling  infrastructure for 
the region using their extensive catalogue of specialized research equipment. However, those granted access 
to the equipment tend to be national companies, and it is rarely made available in service to regional innovation 
players. As an example of this, the nearby Battery Innovation Center would benefit from occasional access to 
electron microscopes, but have found that progress in that direction doesn’t exist41. Two of our more critical 
interviewees independently used the term “Cranified” to refer to a reputation of over-promising and under-
delivering. NSWC Crane would benefit from putting significant effort into both improving their own 
infrastructure, and in improving access to it for regional research projects. 

 
Similarly, external access to NSWC Crane’s intellectual property is another area where progress has been 
made, but small improvements could produce significant benefits. NSWC Crane does put patents available 
for license online. However, they use sites that are not particularly well known. Addition- ally, there is no 
obvious link between NSWC Crane’s website and the websites where they list their patents. Work has clearly 
been done in creating the list in the first place and finding a place to host it. A small effort to make that list 
more findable could be very beneficial to NSWC Crane’s ability to leverage its IP infrastructure for the benefit 
of the region. 

 
(2) E-Cap 

 

NSWC Crane’s E-Cap infrastructure is developing, but has room to grow. During the 2005 BRAC process 
two of the cited flaws of NSWC Crane were (1) the lack of an interstate highway for easy access and (2) the 
lack of a local technology park to foster innovative business. The state and regional stake- holders have since 
addressed both of these concerns. 

 
Since 2005, Interstate 69 (I-69) has been expanded from Evansville past Crane and Bloomington to 
Martinsville with plans to reach Indianapolis. Cell service has improved in and around NSWC Crane, 
particularly in areas close to the interstate, though as mentioned above it is still not sufficient to meet all of 
NSWC Crane’s needs. The interstate allows for easier collaboration and visits from partners in Bloomington 
and Evansville. Once extended to Indianapolis, this interstate may spur strong innovation and entrepreneurial 
growth.
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While the expansion of I-69 has been an unalloyed good, the technology park at WestGate has faced challenges 
in generating sufficient growth. Spaces meant for conferences, training, or presentations are instead rented for 
community events such as weddings. That said, WestGate has contributed to the development of modern 
startup infrastructure. Beginning in the 2009, National Institute for STEM Education (NISE) initiatives have 
emerged at WestGate to encourage use of office and makers spaces. After initial struggles, the Purdue 
Research Foundation was brought in to manage WestGate, and it has generated momentum in creating an 
ideal space for companies. Other organizations, most notably Radius Indiana, were founded largely to support 
economic development around NSWC Crane and have a presence at WestGate. Through regional 
organizations and the generous support of the state by way of the Indiana Office of Defense Development, the 
prerequisite elements are being established for NSWC Crane to then grow the infrastructure for entrepreneurial 
activity. 

 
iv) Demand 

 

(1)  I-Cap 
 

Due to the Working Capital model, we have a clear demand signal for NSWC Crane technical work. Below 
we showcase volume of the business base completed by NSWC Crane employees, as well as the volume of 
contracting dollars that NSWC Crane issues from that business base to facilitate their work through additional 
technical staff, low rate manufacturing off-installation, or other similar tasks. Based on these numbers, demand 
for NSWC Crane technical work is substantial, particularly in volume of dollars for research and development 
in a rural region. 

 
Table 5-A: Vendor contracting (in $millions) 

 
 

Vendor Contracting (in $millions)42 
 

FY18            $1,392 
 

FY17            $1,165 
 

FY16            $777 
 

FY15            $884 
 

FY14            $917 
 

FY13            $719 
 
 

Additionally, the region hosts Indiana University, a large, public research university with a research budget 
approaching, if not surpassing, $1 billion.43  According to the survey, 67% of NSWC Crane employees state 
there is high or somewhat high degrees of collaboration with universities. This is also demonstrated  in  the  
volume  of  CRADAs,  EPAs,  WPPs,  and  other  contract  vehicles.  Since  FY  2010, the volume of 
information exchange agreements has grown more than twofold. When asked about collaboration with 
industry, 58% of survey respondents indicated a high or somewhat high degree of collaboration, and 59% of 
respondents indicated a high or somewhat high degree of collaboration with Other Research Institutions. 

 
The only caveat to this positive indicator is the time it takes to establish any of the contract types dis- cussed 
here. Interviews revealed a mixed impression of NSWC Crane’s time to contract. Some, particularly the larger 
universities such as Indiana University, praised the relative speed of NSWC Crane at setting up additional 
contracts once the overall partnership was established, especially in the last five years. Others, mostly smaller 
universities and private companies, lamented the lengthy wait times inherent in the process. This problem is 
not unique to NSWC Crane, and they have certainly made strides, but there is definitely room for 
improvement.
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Table 5-B: Volume of agreements by contract vehicle 
 
 

CRADA    PLA          PIA           EPA          WPP         Total         Disclosed    Filed         Issued 
 

FY18    123            20             17              70             30             260          33                 44             34 
 

FY17     58             21              19              69             23             190           33                 52             51 
 

FY16    41              23             18              63             35             180           26                 71              34 
 

FY15    25             23             19              60             30             157            35                 86             18 
 

FY14    12              18              17              49             33             129            68                 68             25 
 

FY13    21              15              12              49             33             130            37                 38             36 
 

FY12    27             12              9               45             43             136            19                  20             37 
 

FY11     20             7               5               42             54             128            28                 36             24 
 

FY10    18              7               4               35             56             120           26                 39             8 
 
 

(2) E-Cap 
 

With regard to E-Cap Demand, NSWC Crane and the other two major regional players are the best sources of 
regional demand. Since 2010, NSWC Crane has offered roughly 20% in its small business set-aside portfolio 
(by contract value obligated) with 2018 numbers valued at $314,252,276. 

 
Table 5-C: Total contract awards, small business awards and small business set-aside ratios44 

 
Total Contract 
Awards 
(in $millions) 

Small Business 
Awards 
(in $millions) 

Small Business Set-aside Dollars 
in terms of total contracting dollars 
(as percentage of total contract obligations)

 

FY18       1,392.0                         314.2                            22.5 
 

FY17       1,165.6                          239.5                           20.5 
 

FY16       777.0                            170.1                             21.9 
 

FY15       884.8                           176.3                            19.9 
 

FY14       917.3                            190.5                            20.7 
 

FY13       719.6                            176.8                            24.5 
 
 

The DoD has awarded 313 projects (261 SBIR and 52 STTR)45 to Indiana since 2005 to total $117 million. In 
2009, the DoD awarded 35 projects, but there have been fewer than 20 projects awarded funds each year since 
2014 in the state of Indiana, ranking it 23rd in states funded via SBIRs and STTRs. Un- fortunately, these data 
points aren’t specific to NSWC Crane-funded opportunities. 

 
v)  Culture & Incentives 

 

(1)  I-Cap 
 

NSWC Crane has a strong internal culture of innovation. As a research institution, NSWC Crane has a very 
high percentage, almost 70%, of employees with STEM degrees. Moreover, NSWC Crane employees place a 
very high value on the mission guiding their work. Over 60% said that the mission of
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NSWC Crane is very clear in everyday work. In interviews, former employees spoke highly of NSWC Crane’s 
focus on innovating for the warfighter. It is unquestionably successful as a research institution, and the entire 
region views its capabilities in that sphere with pride. 

 
The culture around NSWC Crane is more mixed in opinion with regards to its role in the region’s wider 
innovation culture. Regional development organizations and universities comprise a very pro-NSWC Crane 
culture, one that seeks to enable the base at seemingly any cost, perhaps for fear that a future Base Realignment 
and Closure (BRAC) process might remove it entirely. The view of NSWC Crane as a positive place to work 
or conduct research is not uniformly held by the people living in local communities, partially due to a lack of 
familiarity with the base. One NSWC Crane staff member who had grown up in the region recalled having no 
awareness of NSWC Crane’s work, despite noting their presence at career fairs.46  Another longtime resident 
of the region fondly remembered that the base held an open-gate event on Armed Forces Day, providing a 
welcoming way for the community to see NSWC Crane as less of a figurative black box.47  Considering the 
significant number of employees with local personal ties, it might be fruitful to examine methods to align the 
NSWC Crane pro-innovation culture with the perspective of the local residents. 

 
Though opinions were mixed on NSWC Crane as a whole, NSWC Crane’s Office of Engagement was 
universally well regarded, even when those interviewees also spoke negatively of the base in general. The 
most negative respondent took the time to note that the Office of Engagement was making all the right moves 
in correcting what that person saw as NSWC Crane’s deficiencies. We understand this office to be unique to 
NSWC Crane, in scale at the very least. Other laboratories, particularly those that would like to replicate 
NSWC Crane’s extensive support from government and local organizations could  form  Offices  of  
Engagement  of  their  own.  However,  merely  forming  the  office  would  not  be sufficient. NSWC Crane 
invests significant resources in and attention to the office, and the community responds to that level of 
emphasis. As one example, the Office of Engagement made first contact with a number of interviewees 
external to NSWC Crane to request that they participate in this research. The vast majority of people contacted 
in this way were willing to undergo hour-long interviews with very little prior notice. This is emblematic of 
the buy-in NSWC Crane receives from the community. If other defense laboratories want that level of support 
from their communities, a significant step toward getting it would be developing an Office of Engagement 
similar to that of NSWC Crane. 

 
(2) E-Cap 

 

NSWC Crane does not have a strong entrepreneurial culture. As can be seen from the table below, employees 
at NSWC Crane have around half the entrepreneurial intent of the US population at large. More fundamentally, 
NSWC Crane employees are dramatically less likely to view entrepreneurship as a desirable career choice 
than the US population in general. Both interviews and survey comments portray employees who are content 
with their stable government jobs and uninterested in the uncertainty entrepreneurship represents. 

 
Table 5-D: Survey results from questions related to entrepreneurship of NSWC Crane employees 

 
 

United States48       Crane 

Entrepreneurship as a desirable career choice     75%                        16.88% 

Entrepreneurial intention                                          15%                         8.33% 

Fear of failure rate                                                     33%                        33.65%
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Local  entrepreneurs  and  accelerators/training  programs  such  as  the  Purdue  Research  Foundation at 
WestGate noted that, aside from NSWC Crane leadership, employees are unlikely to attend local meetups or 
discussions of technology-based business opportunities such as the WestGate First Tues- day events. NSWC 
Crane staff have demonstrated an unwillingness to serve in an advisory capacity to local startups. While it is 
understandable that NSWC Crane is not meant to be a factory of startup technology, it is our opinion that 
greater connection between NSWC Crane staff and the broader entrepreneurial community at WestGate, in 
Evansville, and in Bloomington may benefit the entire region. 
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6. Findings and Recommendations 
 
 
 
 

The  MIT  Innovation  Initiative  research  team  has  identified  recommendations  based  on  NSWC  Crane’s 
contribution to its region’s Innovation and Entrepreneurship Capacities as specified in the MIT iEcosystem 
Model.49  These capacities are based on five inputs, of which the recommendations are categorized: (1) hu- man 
capital, (2) funding, (3) infrastructure, (4) demand, and (5) culture and incentives. After “Directed to”, the first 
organization listed is the organization responsible for implementing the recommendation. Subsequent 
organizations mentioned may wish to also consider or facilitate implementation of the recommendation. 

 

a)  Human Capital 
Investments in I-Cap human capital have elevated the status of NSWC Crane and its host communities. With  
education  levels  that  are  considerably  above  national  levels  for  rural  regions,  NSWC  Crane’s influence 
has a lifting effect for the region. In comparison, E-Cap human capital lags behind, though it may be advanced 
by concerted effort among the region’s present and future stakeholders, particularly anchor stakeholders such 
as Indiana University, industry and government entities. 

 
A recurring theme supported by survey and interview data was the high level of workforce satisfaction. Many 
employees remain at NSWC Crane for the majority of their careers, leaving occasionally to gain experience 
or education before returning.  Additionally, NSWC Crane offers classes on a diverse range of topics through 
what is referred to as “Crane Division University.” A unique feature of this program is that it is taught by 
current NSWC Crane employees, many of whom first took the classes themselves, and then adopted a train-
the-trainer style program. 

 
Handling Crane Division University internally is a key success factor for creating a sense of ownership for 
the program and ensuring accurate educational and cultural messaging. The program also gives employees the 
opportunity to teach and apply leadership principles. While many defense laboratories have similar workforce 
development programs, these subtleties go a long way in improving employee morale. Crane Division 
University specifically could be leveraged by detailing NSWC Crane employees who currently run the 
program to other laboratories to implement the program and by so doing build I-cap human capital in other 
locations. This would have the added benefit of strengthening connections among the different laboratories. 

 
Defense laboratories appear wary of re-prioritizing efforts to increase engagement with startups in their 
communities. In NSWC Crane’s region there is a top-25 Masters of Business Administration (MBA) pro- 
gram at Indiana University, and additional entrepreneurial demand is created via NSWC Crane’s own Small 
Business Innovation Research (SBIR) program. However, the incentives for engaging with start- ups, or 
entrepreneurs interested in creating startups, are inconsistent.   Fortunately, organizations like Defense 
Innovation Unit (DIU), National Security Innovation Network (NSIN), and AFWERX Technology 
Accelerator effectively build these relationships in major innovation hubs.   It is possible that they can provide 
a guide to improving NSWC Crane’s performance in this area, particularly via NSIN. Crane Division 
University may also wish to partner with Indiana University’s Kelley School of Business to provide 
entrepreneurship courses to staff and students. 

 
Adding relevant technical startups capable of solving complex problems to an existing inter-organizational 
team benefits not only the startup, but also the defense laboratory and, ultimately, the warfighter as  well.  
These  entities  can  tackle  problems  with  new  ideas  and  mature  technology  predominantly using private 
funding, all with the understanding that, once matured, the U.S. DoD will be a buyer. This may also expand 
human capital in other ways as entrepreneurs’ careers progress, boosting economic gains for the region and 
applying the technology to commercial applications. The DoD tackles some of
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the most complex problems, and the more diverse the cross-disciplinary minds working to solve them, the 
better chance they will be solved. 

 
Recommendation 1. Prioritize Workforce Development 

 

We recommend wider defense laboratories, similar to the practice of NSWC Crane, prioritize workforce 
participation in leadership and innovation coursework to result in an organizational culture that internalizes 
the leadership and innovation practices taught. Prioritization can be achieved through (1) highlighting 
workforce development as part of the organizational ethos50, (2) internally teaching high quality work- force 
development programs using a train-the-trainer propagation method, and (3) tracking by sub-organization the 
number of trained participants with the expectation that all employees will be trained. 

 
Directed to wider defense laboratories 

 
Recommendation 2. Collaborate with Regional Entrepreneurship Communities 

 

We recommend NSWC Crane collaborate with regional entrepreneurship communities to result in a 
supportive network of regional startups who have the interest, risk tolerance and skills required to mature 
defense technologies. Collaboration can be achieved through (1) presenting on broad agency announcement 
content, technology transfer and licensing opportunities, (2) hosting business school exchange programs, 
internships and prototype competitions, and (3) mentoring entrepreneurs through various ‘pathways to small 
business innovation research (SBIR)’ contracts such as the National Science Foundation’s (NSF) Innovation 
Corps (I-Corps) program. 

 
Directed to NSWC Crane and wider defense laboratories 

 

b) Funding 
The working capital model performs best when applied to maintenance and engineering support services of 
high technology readiness level (TRL) technologies for major defense acquisitions programs. As a result, 
NAVSEA organizations such as NSWC Crane are better candidates for an effective use of working capital 
than, for example, the Naval Research Laboratory. By attributing between two and three percent of laboratory 
revenue to independent research and development (IRAD) projects, the Navy’s funding model incentivizes 
large work volume in a competitive environment while offering a small amount of funding to higher risk but 
related technical projects.  This funding composition works well in supporting NSWC Crane’s funding I-Cap. 

 
Challenges  arise  outside  the  gates  of  NSWC  Crane.  Opportunities  for  technology  transfer  may  be 
stymied by very low amounts of financing for high-risk, high-reward endeavors, such as business ventures 
formed to mature and deploy advanced technologies into the marketplace. NSWC Crane’s technology 
portfolio, including, but not limited to, patents, must be presented with greater transparency for commercial 
and defense purposes. This will encourage entrepreneurs and risk capital to leverage such technologies, 
resulting in opportunities for NSWC Crane’s work to be deployed more widely. Additionally, attention and 
support will still be needed to improve the E-Cap of NSWC Crane’s host region, since budding local 
entrepreneurs and their funders lack the resources of the DoD funding ecosystem and are consequently more 
susceptible to remaining at the economic status quo. 

 
Recommendation 3. Engage with Risk Capital 

 

We recommend NSWC Crane engage with the risk capital community to address stymied technology transfer 
due to very low amounts of financing for high-risk, high-reward technologies. It may be worth- while starting 
with angel investing networks, some family offices or large endowments as a starting point. Engagement can 
be achieved through informative public discussions regarding the complexities of both the defense and risk 
capital communities51, risk capital participation in startup prototype competitions52  and networking between 
entrepreneurs and risk capital. Providers of risk capital in-
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clude but are not limited to venture capital firms53, SBA loans, private loans, In-Q-Tel, and the National 
Security Innovation Capital fund54. 

 
Directed to NSWC Crane and wider defense laboratories 

 

c)  Infrastructure 
NSWC  Crane  unquestionably  represents  a  significant  concentration  of  capabilities  and  equipment. 
Similar to the previous recommendation, NSWC Crane could make more of an effort to engage with the 
community in the technical realm. NSWC Crane has made its innovation infrastructure available to national 
corporations in the past, and is connected to local universities by an ample volume of Cooperative  Research  
and  Development  Agreements  (CRADAs)  and  Education  Partnership  Agreements (EPAs).  However, 
these capabilities have not been used to benefit local technology companies.  Additionally, startups in the 
region are advised not to bother reaching out to NSWC Crane for equipment time or technical advice because 
the process takes too long for a young company and is unlikely to be successful in the long run. 

 
Furthermore, the Defense Laboratory Enterprise has tremendous amounts of intellectual property (IP), some  
of  which  is  available  for  licensing.  While  Broad  Agency  Announcements  and  multiple  listing websites 
do exist, it is important to provide clarity on where regional industry and startup partners can search and 
license patents. Without clarity on licensing opportunities, companies and the DoD are hindering opportunities 
to leverage private funds and market forces in maturing inventions through the often costly final, high-utility 
stages of the technology readiness levels (TRLs). 

 
Recommendation 4. Make World-class Equipment Available to Startups 

 

We recommend NSWC Crane make available its unique technical equipment for startups and others. This will 
improve NSWC Crane’s contribution to the ecosystem and encourage the startup community to participate in 
the National Security Innovation Base. (See also Recommendation 1.2.) Army Research Laboratory’s Open 
Campus may be a model to scrutinize and, potentially, replicate. 

 
Directed to NSWC Crane and wider defense laboratories 

 
Recommendation 5. Prioritize Technology Transfer through Special Programming 

 

We recommend NSWC Crane prioritize technology transfer to encourage collaboration with regional non-
traditional contractors. FedTech™ is a private company that offers an emerging practice of teaming startup 
applicants with training, market discovery and appropriate laboratory licensing opportunities based on the 
applicant’s background. This organization may be one to collaborate with or it may serve as a model to 
scrutinize and, potentially, replicate. 

 
Directed to NSWC Crane and wider defense laboratories 

 

d) Demand 
Demand is one of NSWC Crane’s strongest points.  The base demonstrates its success in this metric through 
positive performance under the working capital model, the high level of demand for region- al  innovation,  
success  at  meeting  that  demand,  and  the  number  and  variety  of  university  partners brought in for their 
innovative capabilities.   Demand for E-Cap is also significant and the state as a whole is doing reasonably 
well in this sector. 

 
One caveat is that several industry and university partners referenced the speed of getting on contract a 
hindrance to a more steadfast partnership. In general, the pace of paperwork is a Navy-wide problem, and one 
that a great many people are attempting to solve.
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Recommendation 6. Reduce Time from Pitch to Contract for Small Businesses 
 

We recommend NSWC Crane create a fast track that enables small businesses and startups to go from pitch 
to contract within 2 weeks. This will improve NSWC Crane’s engagement with startups and small business, 
thus expanding the regional innovation base. An emerging practice comes from leaders at AFWERX who 
directly coordinated with the SBIR and STTR Program Office to create a two-week process to get small 
businesses on contract. Similarly, consortiums (including a few of which NSWC Crane is already a member) 
allow for expedited contracting. 

 
Directed to NSWC Crane and wider defense laboratories 

 

e)  Culture and Incentives 
With regards to culture and incentives, NSWC Crane’s strength is also its weakness. The organization has a 
very strong culture around innovation and serving the warfighter. The people who self-select into this culture 
by choosing to work at NSWC Crane also tend to be less interested in entrepreneurship. If NSWC Crane 
wishes to increase their E-Cap, they should encourage greater participation by all parts of their workforce, 
particularly those already interested in entrepreneurship, and attempt to make that participation as easy as 
possible. 

 
In the regional culture, NSWC Crane has a mixed reputation. Regional organizations and larger universities 
view it as an essential part of the region and are willing to put in the work to avoid the threat of base closure. 
Smaller universities and members of local communities are either ignorant of NSWC Crane’s operations or 
feel disregarded by the base. However, the Office of Engagement specifically is uniformly well respected for 
the work that office does and has laid the groundwork for building regional connection. 

 
NSWC  Crane  unquestionably  represents  a  significant  concentration  of  capabilities  and  equipment. 
However, its ties to the region beyond simple economic and contractual mechanisms could be improved. Much 
as it has worked to shed the reputation of “the Pentagon’s best-kept secret”55  among the region, it can and 
should also work to change that reputation among the local communities, both by exposing more of NSWC 
Crane’s work to the community, and by encouraging employees to be more active locally. 

 
Recommendation 7. Establish a Director of Engagement 

 

We recommend wider defense laboratories, similar to the practice of NSWC Crane, serve as a full-time partner 
for other regional stakeholders to aid in developing regional- and state-level support similar to NSWC Crane. 
One method to effectively prioritize regional partnership begins with establishing a Director of Engagement. 
This senior leader should report directly to the Commander and is committed to working with all regional 
stakeholders in a way that synthesizes strategic regional goals. 

 
Directed to wider defense laboratories 

 
Recommendation 8. Incentivize Regional Engagement at the Individual Level 

 

We recommend NSWC Crane incentivize employee community engagement to elucidate base activities and 
address the need for greater connection in a community that, according to both the census and interviews, does 
not appear to arise automatically. This can be achieved through providing incentives for employees to attend 
events at the WestGate Technology Park or participate in events at entrepreneurial communities in 
Bloomington and beyond. Other options might include tours or limited open house days to help familiarize 
local residents with the base’s work. 

 
Directed to NSWC Crane and wider defense laboratories
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Recommendation 9. Offer Entrepreneurial Sabbaticals 
We recommend offering competitive entrepreneurial sabbaticals to scientists and engineers within the 
workforce each year. This will empower the ~8% of the NSWC Crane workforce that is interested in 
entrepreneurship, encourage a sense of respect toward startup communities, and develop companies that will 
benefit the region. The sabbaticals should include an offer to return to laboratory employment after a couple 
years so that the entrepreneur may effectively transition his or her technology if desired. We recommend 
ensuring a competitive process by selecting based on the most promising technologies. We see this as an 
emerging practice at the Army Research Laboratory, where the host organization offers seed funding and 
return rights after three years. 

 
Directed to the Navy 
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7. Conclusion 
 
 
 
 

NSWC Crane provides tremendous benefit to the DoD, the Navy and its region. In the context of the MIT 
iEcosystem  Model,  our  analysis  concludes  that  NSWC  Crane  is  quite  strong  in  I-Cap  and  has  room  to 
improve in E-Cap. Many of the recommendations to the wider defense laboratories are based on NSWC Crane’s 
best practices, while many of the recommendations to NSWC Crane can likely be applied to wider defense 
laboratories if they are not already implementing those practices. 

 
The MIT iEcosystem Model, through a defense lens, puts more onus on collaborating with entrepreneurs and risk 
capital than the defense community has historically. These two stakeholders are likely new stake- holders for many 
of the defense laboratories across the nation. But we see these stakeholders as holding key roles: maturing high-
risk, high-reward technologies using private money, showcasing defense problems to a new population, bringing 
new ideas to a system traditionally fraught with bureaucracy and commercializing breakthrough technology that 
originates within the defense sector. 

 
We also see an emerging appetite from the defense community in engaging with startups and risk capital. We were 
able to apply many emerging practices from across the DoD that will have lessons learned and assessments of 
these new programs and policies in the near future (if not already). These practices, when impactful, must be 
shared across the DoD. Collaboration for the new National Security Innovation Base must be across not only 
traditional defense engineering minds, but also those with new ideas from other industries. 

 
As such, our analysis of NSWC Crane is meant to provide a template for analysis of wider defense laboratories 
and ultimately explore the various ways in which these laboratories can meet their dual purpose: to serve the 
national defense interest through innovation and, simultaneously, to play a role in their regional innovation 
economies. While a single case study cannot provide a clear rendering of best practice, it can provide insights into 
the various modes of engagement with other actors in the innovation ecosystem.
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B. Defense Innovation Mini Case Studies 
AFWERX is a subunit of the Air Force Research Lab (AFRL) that works within the SBIR framework to offer 
contracts under “Other Transaction Authority”.  AFWERX is located within technology hubs like Silicon Val- ley, 
Las Vegas, Boston and DC and reaches out to emerging companies of interest that wouldn’t typically think to 
work with the DoD. 

 
Army Research Lab (ARL) offers Entrepreneurial Sabbaticals with 3-year return rights and $200,000. This not 
only attracts more talent, including those interested in entrepreneurship, but allows technical experts inside the 
organization to mature and de-risk higher-risk technologies that may not be on ARL’s priority list in its original 
form with minimal funding. 

 
Defense Digital Service (DDS). Created in 2016, DDS is a sub-unit of the United States Digital Service which 
repaired healthcare.gov in its time of need. Being a relatively young organization, DDS has applied OTA and 
SBIR contracting mechanisms to work within the Federal Acquisition System to deliver digital services in an 
effective manner. DDS also created TechFARHub, a website and downloadable playbook to help other federal 
organizations efficiently execute digital contracts. 

 
Department of Defense Ordnance Technology Consortium (DOTC). DOTC is partnership between the Na- tional 
Armaments Consortium and the DoD to quickly put on contract those industry partners within the consortium that 
offer a specialized technical need to DoD laboratories. Registering as a consortium mem- ber, much of the 
contractual rigamarole is complete before a specific need is identified, easing and accel- erating the contracting 
process. 

 
FEDTECH. FEDTECH is a private company contracted through the National Security Technology Accel- erator 
to run 2-month entrepreneurship courses for those interested in starting a company that applies licensed IP from 
federal laboratories. Startup teams are encouraged to work rigorously to identify targeted markets both in the 
defense and commercial spaces. 

 
MassChallenge. A competition-style accelerator, MassChallenge offers programs in Boston, Rhode Island, Texas, 
Israel, Switzerland, and Mexico. MassChallenge collaborates with external partners with specific topics of interest. 
For example, MassChallenge in Boston is partnering with various DoD, DHS, police and safety organizations to 
determine a theme helpful to collaborators. Startup teams preset their technologies in a well-attended event and, 
even if not a finalist winning prize money, may be approached by VCs or other funding agents with specific 
technology interests. 

 
SOFWERX. SOFTWERX is a private subsidiary of the DooLittle Institute. It hosts competitions to companies to 
present technical solutions based on a special theme. Special Operations Forces (SOF) work with SOF- WERX to 
determine a specific theme and problem frame in a way that encourages ingenuity. All sizes of companies are 
welcome to participate. Prize monies are typically about $10,000 to winning teams with the potential for 
subsequent follow-on work.
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C. Patent Data 
We received complete patent information for one of three of NSWC Crane’s strategic mission areas. Based on 
assessing the geographic affiliation of the listed patent inventors, we were able to group the patents into those that 
were invented by a) NSWC Crane only, b) through regional collaboration, and c) through trans-regional 
collaboration with individuals not affiliated with the Indiana region. Our analysis determined that most patents 
were filed solely by NSWC Crane between 2008–2011. This is based on analysis per- formed by the authors with 
assistance by Dr. Mercedes Delgado, Senior Lecturer at MIT Sloan School of Management and Research Director 
and Research Scientist of the MIT Innovation Initiative Lab for Innova- tion Science and Policy. 

 
Figure A-C: 

 

Patent filing volume by inventors associated with A) Crane, B) Crane and regional collaborators, and C) Crane 
and trans-regional collaborators. 

 
 

Patent filing volume by inventors associated with A) Crane, B) Crane and 
regional collaborators, and C) Crane and trans-regional collaborators 
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D. List of Abbreviations 
 

Entities 
 

AFRL                   Air Force Research Laboratory 
 

ARL                     Army Research Laboratory 
 

DARPA               Defense Advanced Research Projects Agency 
 

DDS                    Defense Digital Service 
 

DHS                    Department of Homeland Security 
 

DoD                    United States Department of Defense 
 

DOTC                  Department of Defense Ordnance Technology Consortium 
 

IN3                      Indiana Innovation Institute 
 

IODD                  Indiana Office of Defense Development 
 

IU                        Indiana University 
 

MIT                      Massachusetts Institute of Technology 
 

MITii                   MIT Innovation Initiative 
 

NASA                  National Aeronautics and Space Administration 
 

NAVSEA             Naval Sea Systems Command 
 

NDIA                   National Defense Industrial Association 
 

NSF                     National Science Foundation 
 

NSWC                 Naval Surface Warfare Center 
 

NISE                    National Institute for STEM Education 
 

SBA                     Small Business Administration 
 

Acts and Programs 
 

AFWERX            US Air Force AFWERX Technology Accelerator 
 

DIUx                   US DoD Defense Innovation Unit 
 

I-Corps               Innovation Corps 
 

MD5                    US DoD MD5 National Security Technology Accelerator 
 

NDAA                 National Defense Authorization Act 

SBIR                    Small Business Innovation Research 

STTR                   Small Business Technology Transfer
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Contracting Vehicles 
 

CRADA               Cooperative Research and Development Agreement 
 

EPA                     Education Partnership Agreement 

PIA                      Partnership intermediary agreement 

PLA                     Patent license agreement 

OTA                     Other Transaction Authority 
 

WPP                    Work for Private Parties 
 

Terminology 
 

BRAC                  Base Realignment and Closure 
 

E-Cap                  Entrepreneurship Capacity 
 

FY                        Fiscal year 
 

HQ                      Headquarters 
 

I-69                     Interstate 69 
 

I-Cap                   Innovation Capacity 
 

ICBM                  Intercontinental ballistic missile 

IDE                      Innovation-Driven Enterprise 

iEcosystem        MIT Innovation Ecosystem 

IP                         Intellectual property 
 

MBA                    Master of Business Administration 
 

Mbps                  Megabits per second 
 

MEM                   Microelectromechanical systems 
 

NAICS                North American Industry Classification System 
 

PhD                     Doctorate of Philosophy 
 

SME                    Small/Medium-Sized Enterprise 
 

SOF                     Special Operations Forces 
 

STEM                  Science, technology, engineering, and mathematics 
 

VC                       Venture capital
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E. Interview Protocols 
 

Crane Employee Interview Protocol 
 
 

Topic                  Questions 
 

Intro                   • What makes Crane great? 
 

• What makes Crane different? 
 

• What is your role in Crane? 
 

• Why do you work at Crane? 
 

• How long have you been here? 
 

• How did things change in 2005 (near shut down) and in last 5-10 years? 
 

Innovation         • Walk us through the research process at Crane for a successful project 
 

        ◦ Pick a specific project and answer with that in mind 
 

• When starting a new project does your team have a strong idea of what the end point 
would be? 

• Where is your team’s endpoint compared with the endpoint of the entire 
research process? 

• How are you connected to local economy? Payment of staff? Direct investment? 
Collaboration with industry? Startups? 

• Are there unstructured connections with non-Crane people? Maker spaces, 
county fairs, etc.?

 

Leadership/ 
Organization/ 
Culture 

 

• Do you collaborate regularly with colleagues outside Crane? 
 

• What are the growth opportunities for Crane employees? 
 

• How does being a working capital funded research lab affect 
your operations? 

• What is your acquisitions strategy? How do you find sources of new projects? 
 

• What are the organizational bottlenecks and how do you deal with them? 
 

• Walk us through the contracting process. Why do you do it this way and is this 
different from other similar locations? 

• (If interviewee is recently from industry) How is Crane different from a 
corporate lab? 

• What is the onboarding process for a new Crane employee? How do people come 
to fit with the organization? How long before they contribute?
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Topic                  Questions 
 

Metrics               • Do you have specific metrics you use to compare yourselves to other labs? 
 

• What other internal metrics do you use?  What metrics do you use for individ- 
ual or team performance evaluations? 

• What is the common delta of TRL level from bringing tech in to passing it off? 
 

• How many and what type of partnerships do you have with industry? 
 

• What feedback mechanisms are there, how often are they used, and how de- tailed 
are they?  Both to and from supervisors? 

• Are there any metrics you use to specifically track engagement with the 
community? 

 

Challenges        • Looking back, what are some challenges Crane has faced during your time here? 
 

• Can you think of a project that was stumbling and then had a significant turn- 
around? What was the process for that? How did leadership react internally to the 
project failure? 

• What would you change about your interactions with the local community? 
 

• As a rural facility, have you had challenges developing industry connections ei- ther 
locally or at a distance?  How have you overcome those challenges? 

 

Open-ended • Are there things we didn’t ask that you think we should? Are there people we 
should talk to? 

• How is Crane different? For each question, come back to what makes Crane 
different. Specific project or methods that is unique to Crane? 

• How do you see yourself interacting with the innovation ecosystem? Does it exist 
internally, externally, or both? 

• How do individuals stay up to date on their field of science? Is there any back-to- 
school or other educational programs? 

• Do people leave and come back? 
 

• What type of organization do you envision being? If you were leader of Crane what 
would you change? 

• Is Crane research primarily top down or bottom up?
 

Others 
(If need 
more) 

 

• What has changed at Crane during your time here? 
 

• Where do you see Crane in 3-5 years? In 20? 
 

• What is the biggest issue currently being debated in Crane (water-cooler talk)? 
 

• What would be one of the most challenging developments for Crane now? What field 
would it be in, military, technical, political, etc.? 

• Would you feel comfortable speaking to senior staff about serious concerns? 
 

• What are some of the best practices developed at Crane (if needed to prompt 
discussion)?
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External Interview Protocol 
 
 

Topic                  Questions 
 

Intro                   • What is your organization, role, how long worked there, why joined? 
 

• How has your organization changed over the past 15 years? 
 

• Who are your major competitors or comparable agencies? 
 

Essential            • Walk us through you/your organization’s relationship with Crane 
 

• Past, present, future 
 

• Describe how you view the role of Crane as a fellow member of the 
innovation ecosystem 

• What type of partnerships appear to work well with Crane? Work not so well? 

Innovation         • What do you view as innovative about Crane? 
• What does innovation mean to you? Examples? 

 

• What technologies (“innovations”?) have you seen spin-out of Crane? 
 

• Who, what, why, how, result? 
 

• How is your interaction with Crane different than your interactions with a 
corporate lab? 

• Have your staff members engaged with Crane members in a non-work setting? If so, 
how and where? Maker spaces, mixers, etc? 

• How do does your organization find talent (technical, etc.)? With whom might you 
compete for talent? 

• Are you or anyone you know interested in using Crane facilities (instruments, etc.) 
for R&D? How would you look into it to find what services are available? 

 

Metrics • What metrics do you use to track engagement of the community? How effective do you 
feel these are? What is not being captured by these metrics that you feel is important? 

• What is the rate of ingress/egress of people into/out of Uplands region 
(SWC Indiana)? 

 

Challenges        • What is one of the big economic issues being discussed in the Indiana Uplands? 
 

• What are the most challenging developments for the region? 
 

• As an organization outside of a major metro (except Indianopolites), have you had 
challenges developing industry connections either locally or at a distance? How have 
you overcome those challenges? 

• How is your organization funded? (e.g. Lily Endowment, sales, etc.?) 
 

• Have you, or anyone you know, had any interaction with risk capital (VC)? 
What was the interaction like? 

• Has the regional infrastructure been sufficient to meet your needs? 
(Internet access [fast.com], cell phone service, roads)
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Topic                  Questions 
 

Open-ended • What advice might you suggest to Crane, business community, politicians, or 
others to help advance the economic uplift in the region? 

• How is Crane different? For each question, come back to what makes Crane 
different. Specific project or methods that is unique to Crane? 

• Are there things we didn’t ask that you think we should?  Are there people we 
should talk to?

 

Others (If 
need more) 

 

• What has changed in the region during your time here? 
 

• How do you see the Uplands region changing over the next several years?



 

F. Survey 
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