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ORIGINS AND OUTCOMES: THE ROLES OF SPIN-OFF FOUNDERS
AND INTELLECTUAL PROPERTY INHIGH-TECHNOLOGY VENTURE

OUTCOMES

JENNIFER L. WOOLLEY
Santa Clara University

Spin-off firms originate from several sources including universities, existing firms, and
government research centers. Thus far, work on spin-off activity has focused on factors
that influence the creation and performance of corporate spin-offs, with recent attention
turning to those from universities. Spin-offs from government laboratories and research
centers have largely been overlooked. Additionally, little work has compared the out-
comes of different spin-off types. Using a database of all nanotechnology firms founded
between 1981 and 2002, this study examines academic, corporate, and government spin-
offs as well as other start-ups across five outcomes including firm cessation, acquisition,
liquidation, bankruptcy, venture capital, and government small business innovation
funding. The data show that lineage, both in terms of intellectual property and founder
background, does influence outcomes; however, each type of firm origin has provocative
distinctions. These findings unpack the categorization of spin-off firms to clarify the role
of early knowledge transfer mechanisms and initial resource portfolios. Implications for
the study of microfoundations of entrepreneurship are discussed.
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Editor’s Comment

The article byWoolley sheds light on the importance of various foundational inputs that can
be used in spin-off companies. Based on an excellent blending of well-established ideas for
some inputs and intuitive claims for others, the author investigates a complex array of pos-
sible effects on several indicators of success in spin-offs. The empirical findings reveal, among
other things, that intellectual property and founders from government are quite important.
These findingshaveobvious implications for future theorybuildingandempiricalwork in the
spin-off research stream, where such government origins have played relatively minor roles.
As important, the findings have implications for a number of other research streams where
the backgrounds of individuals and the sources of entrepreneurial ideas play key roles.

C. Chet Miller, Action Editor

INTRODUCTION

Firms that develop from other organizations, often
called spin-offs or spin-outs, are amainstay in industry
creation, market growth, innovation, employment and
economicdevelopment (Callan,2001;Dahl&Sorenson,
2014). For example, much of the early semiconductor
industry inSiliconValleywascreated throughspin-offs
fromFairchildSemiconductor andShockleyTransistor
(Cheyre, Kowalski, & Veloso, 2015; Klepper, 2010;
Saxenian, 1994). Indeed, high-technology industries
are particularly prone to spin-off activity (Agarwal,
Echambadi, Franco, & Sarkar, 2004). As such, spin-offs
are important to economic growth, technology devel-
opment, diffusion, and commercialization. Given the
significance of spin-offs, it is not surprising that they
have been well researched. What is surprising is that
much of our understanding is based onwork that treats
spin-offs as a relatively uniform group or focuses on
either academic or corporate spin-offs, with fairly little
attention to spin-offs with other origins.

A few recent studies compare the attributes and
performance of different types of spin-offs, with an
emphasis on academic vs. corporate spin-offs. This
stream of research tends to use the knowledge-based
view to specify how the foundational knowledge
imprinted on spin-offs by their parent organizations
at start-up influences the spin-offs’ outcomes
(Lockett, Siegel, Wright, & Ensley, 2005). For ex-
ample, Wennberg, Wiklund, and Wright (2011)
argue that the commercial knowledge inherited
by corporate spin-offs results in higher growth and
survival rates when compared to academic spin-
offs lacking such experience. Similarly, Clarysse,
Wright, and Van de Velde (2011) argue that corpo-
rate spin-offs benefit from their superior industry
knowledge to target specific markets, whereas ac-
ademic spin-offs may benefit from having a broad

technology with many applications. Differences in
knowledge conversion capabilities of academic
and corporate spin-offs lead to variations in pro-
ductivity, profitability, and revenue growth (Zahra,
Van de Velde, & Larraneta, 2007).

Although previous work has provided insight into
the knowledge-based differences and similarities of
academic and corporate spin-offs, many questions
remain. First, organizations other than universities
and firms spin-out companies, yet there is a dearth of
researchon spin-offs fromother types of organizations
(Clarysse & Moray, 2004). For example, government
research centers and laboratories generate technology
and intellectual property (IP) that is used to establish
new firms (Mowery & Ziedonis, 2001). In 2014, the
U.S. government funded 25 national R&D centers,
10 system analysis centers, and 6 system engineering
centers (National Science Foundation, 2014b), with
annual federal funding ranging from about $3 million
to $2.3 billion (National Science Foundation, 2014a).
These research centers and labs explore a wide range
of technologies, but do not seek commercialization,
leaving that objective to their spin-offs. Examples of
such spin-offs include Amtech from Los Alamos
National Laboratory, MEMX from Sandia National
Laboratory, and Sion Power from Brookhaven Na-
tional Laboratory. In fact, between 1997 and 2008,
Los Alamos National Laboratory alone enabled over
50 spin-offs (Engardio, 2008). Nevertheless, spin-offs
from government facilities are not well represented
in the literature compared to other types of spin-offs
(Carayannis, Rogers, Kurihara, & Allbritton, 1998;
Malo, 2009; Rogers, Takegami, & Yin, 2001). Given
their active and unique role in entrepreneurship and
technology transfer, government spin-offs warrant
additional consideration.

Second, studies tend to focus on a single type of
spin-off with little research comparing the varied
origins of different spin-off types. No studies to date
have compared the outcomes of academic, corpo-
rate, and government spin-offs. The dearth of com-
parative empirical work in this area limits our
comprehension of factors that influence a firm’s

Author’s voice:
What motivated you personally to
undertake this research? Why is it
important to you?
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success, particularly aspects related to technology
and knowledge transfer.

This brings us to the third set of unresolved research
questions regarding the current conceptualizations of
spin-offs. Researchers continue to identify spin-offs
as firms started using any technology, knowledge,
or idea from another organization, measured by one
of twoconduits: theoriginsof the IPbeing transferredor
the employment of the spin-off’s founders by theparent
organization (Clarysse & Moray, 2004). However,
knowledge transfer via changing IP ownership ismuch
different than that which occurs when a former em-
ployee starts a new organization since, for instance,
these founders bring tacit knowledge that ismuchmore
difficult to transmit than codified IP (Knockaert, Ucba-
saran,Wright, & Clarysse, 2011). Our current treatment
of spin-offs does not distinguish between these two
mechanisms and their potential roles in firmoutcomes.

This study examines these research questions by
focusing on the characteristics and outcomes of start-
ups and spin-offs from three different origins: those
from universities, firms, and the government. The ar-
ticle begins with a review of work on academic and
corporate spin-offs. Next, the insights from these liter-
ature streams are integrated with findings from the
fairly limited work on government spin-offs to sum-
marize the current state of understanding. Although
theexisting stateof affairsyield some firmexpectations
for what will be found in an empirical examination, it
also highlights some looser speculations in areas of
limited past work and inadequate applicable theory.
Thus, the article empirically examines the relationship
between a firm’s origins and its outcomes using a da-
tabase of nanotechnology firms that were founded be-
tween 1981 and 2002. This setting was chosen since
nanotechnology is being researched in universities,
firms, and government labs, as well as independent
start-ups, providing the ability to compare start-up or-
igins in a single domain of activity. The study de-
lineates spin-off origins by source of foundational IP
and the composition of the founding teams. The data
are analyzed using five types of firm outcomes: clo-
sure, liquidation or bankruptcy, acquisition, obtaining
venture capital (VC), and receiving government
grants. The findings highlight the heterogeneity of
spin-offs and the variety of outcomes that they ex-
perience. Significantly, the source of a spin-off’s IP
and the background of its founders, even if they have
similar origins (e.g., both from existing firms), may
act as distinct and sometimes opposite forces in
the outcomes of their firms. For instance, firms based

on academic IP are more likely to obtain govern-
ment Small Business Innovation Research (SBIR) or
Small Business Technology Transfer (STTR) grants,
whereas those with university founders are less
likely. At the same time, firms based on government
IP are less likely to obtain such government funding,
whereas those with more government founders are
more likely. These findings suggest that, indeed, all
spin-offs are not created equal and should not be
treated as homogeneous. In fact, firm’s IP and
founders influence its success in distinct and pro-
vocative ways that are not well explained by current
theory (Helfat & Lieberman, 2002).

The discovery that variation in spin-offs’ origins
influences firm outcomes (i.e., corporate vs. univer-
sity vs. government origins) points to several oppor-
tunities for new research. Specifically, comparing the
influence of lineage on firm success provides empir-
ically based insight intodecision-making by investors
with spin-off-related opportunities. I argue that using
a stakeholder perspective, such as examining the
characteristics of the foundational technology, its
adoption, the investors or the motivations and goals
of firm founders, will provide more granular insights
into how a new venture’s resource portfolios and
microfoundations influence the development of the
firm. I further argue that integrating a stakeholder
perspective, such as the motivations of acquiring
firms and venture capitalists, can clarify the market
for nascent technologies and the perceptions of
market participants. Thus, this study explicates the
microfoundations of entrepreneurship by decon-
structing firm origins and exploring both the supply
and demand sides of firm outcomes.

BACKGROUND

Spin-offs are created when IP, technology, or
knowledge, codified or tacit, is transferred from one
source, such as a firm, university or government re-
search center, to form a neworganization (Clarysse &
Moray, 2004;Parhankangas&Arenius, 2003;Agarwal
et al., 2004).1 This transfer can occur formally (e.g.,
licensing agreements or patent transfers) or in-
formally (e.g., inherited knowledge from a founder’s
previous work experience). As such, the common
conceptualization of spin-offs highlights two

Author’s voice:
Was there anything that surprised you
about the findings? If so, what?

1 Firms with origins in another organization have been
called many things including spin-off, spin-out, progeny,
and spawn (Dahl and Sorenson, 2014). The literature is
confusing since both spin-offs and spin-outs have been
associated with employee-based or incumbent firm-
backed firms (see MacGregor & Madsen, 2016). Since this
study focuses on the transfer of IP and knowledge fromone
organization and into a new one, I use the term “spin-off.”
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components: the foundational IP and the founding
team that is transferring and acting on knowledge to
start the new firm (Clarysse & Moray, 2004). These
components are often used as binary conditions such
that if a firm has IP or founding team members from
auniversity or existing firm, the spin-off is categorized
as academic or corporate, frequently without regard
to the type of technology or knowledge transfer
mechanism involved.2 This is problematic since it
aggregates two very different independent forms
of knowledge transfer. IP pertains to work or in-
ventions outside of the mind of the inventor that can
be protected by law, whereas a start-up founder is an
entrepreneurwho starts a business. As such, the IP on
which a firm is built does not need to be invented by
the founder and a start-up entrepreneur has a back-
ground and experiences not captured in codified
IP. Thus, IP and founders provide opportunities for
heterogeneity in the resulting start-up firms. In-
deed, start-ups founded by professors but lacking
formal university IP may act differently than firms
based on a technology license from a university, but
which lack academic founders. To better explicate
the potential differences of each knowledge transfer
mechanism, I first unpack the current literature.
Work on start-ups’ IP and founding teams serves as
a startingpoint for this study.3 The following section
disaggregates work on IP and spin-off founders to
guide the empirical examination of the relationship
between origins and outcomes (Tables 1 and 2).

IP and Knowledge

Spin-offs are often defined by the source of the
technology and knowledge onwhich the firm is based,
including patents, trade secrets, processes, and tacit
information,whichcanbe thoughtofmoregenerallyas
the foundational IP. This IP is a resource gained upon
creation. Table 1 summarizes work on the influence
of IP origins on start-up performance. In most cases,
studies compare firms with academic or corporate
technology origins with start-ups using internally de-
veloped IP (independent from any parent). Rarely do

studies compare the different types of origins across IP
type or include start-ups using IP from government.

Universities are fountainheads of innovation and
technology. Increasingly, universities are using a va-
riety of technology transfer mechanisms to benefit
from IP created therein (Friedman & Silberman,
2003). Academic spin-offs have been a key element in
such university efforts. Indeed, academic spin-offs
have become important contributions to not only uni-
versity funding and technology development, but also
theeconomichealthofnations (Friedman&Silberman,
2003; Vincett, 2010). Academic spin-offs can be based
on IP generated from university research, which af-
fords several advantages and disadvantages. For ex-
ample, the IPonwhichacademic spin-offs are founded
is often cutting edge (Wennberg et al., 2011),whichcan
provide a competitive advantage in the market, par-
ticularly in emerging domains of technology. Cutting-
edge IP may also provide the basis for technology
standards onwhich a nascent market is derived. Spin-
off firms can use such IP to achievemarket dominance
andafirst-moveradvantage (Lieberman&Montgomery,
1988). Still, academic IP is likely to be far from ready
tocommercialize (Jensen&Thursby,2001;Rothaermel
& Thursby, 2005; Shane, 2000; Thursby, Jensen,
& Thursby, 2001), which hinders a firm’s ability to
enter the market or survive. Pioneering technology
canbe too far ahead of its time if a supporting supply
chain has not been developed (Woolley, 2010,
2014). Additionally, academic spin-offs are based
on ideas created in a noncommercial environment
(Bathelt, Kogler, & Munro, 2010) and invented with
less regard for market application (Wennberg et al.,
2011), particularly when compared to IP generated
from corporate R&D that is market driven. As such,
university-based inventions are considered high risk
(Rothaermel & Thursby, 2005), which can deter in-
vestors who view corporate spin-offs more positively
(Munari & Toschi, 2011; Schipper & Smith, 1983;
Seward & Walsh, 1996). This reduces the likelihood
that academic spin-offs obtain funding (Clarysse,
Wright, Lockett, Mustar, & Knockaert, 2007). Being
perceived as riskier than other ventures can also reduce
a firm’s ability to survive.

Entrepreneurs also form spin-offs using IP from
existing firms. The knowledge-based view of entre-
preneurship emphasizes the role of corporate spin-
offs inproviding incumbent firmswith theopportunity
to transfer a technology to a new firm where it can be
explored outside of the confines of the existing orga-
nizational structure (Agarwal et al., 2004). In contrast
to academic spin-offs, the IP onwhich corporate spin-
offs are founded tends to be applied R&D (Singh,
Tucker, & House, 1986), created with the market in
mind, and tends to be closer to commercialization
(Chatterji, 2009; Wennberg et al., 2011). As such, IP

2 Some work identifies spin-outs as firms started by em-
ployees of incumbent firms (Agarwal et al., 2004; Franco &
Filson, 2006), whereas others calls these spin-offs (Dahl &
Sorenson, 2014; Klepper & Sleeper, 2005; Klepper, 2010).

3 This study focuses on de novo start-ups and excludes de
alio ventures that are diversifying entrants or subsidiaries
from existing firms, joint ventures, and franchises. As spin-
offs are new entrants to a market rather than diversifying
entrants, theyare considereddenovo firms (Carroll, Bigelow,
Seidel,&Tsai, 1996).This studycompares thevariousorigins
of de novo spin-off start-upswith those that are not a spin-off
as a referent category.
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originating from existing firms is perceived as being
less risky (Rothaermel & Thursby, 2005). However,
this IP is not risk free. For example, firm-based IP is
oftengeneratedwith littleoutsiderperspective.A lack
of external input can result in products that do not
meet the needs of the end user, thus limiting the
prospects for adoption. Another risk is that parent
firmssometimesdivest IP intonewventureswhen it is
believed that the resulting products have small mar-
kets or insufficient opportunities for value capture
(Franco & Filson, 2006). This IP may be deemed as
inferior and, thus, not worth further investment
(Bruneel, Van de Velde, & Clarysse, 2013). Spin-offs
based on IP that another firm has determined to be
inferior may struggle with its commercialization.

Spin-off activity from government research centers
and labs has comparatively little representation in the
entrepreneurship literature, despite the prevalence of
such activity (Carayannis et al., 1998). In fact, Smith
and Ho (2006) found more spin-offs from public labs
than fromuniversities in theOxfordareaof theUnited
Kingdom. Government labs are involved in a range of
R&D projects from fundamental sciences to commer-
cially oriented research. Thus, government research
centers and labs create technology with elements

similar to both university and corporate R&D. Gov-
ernment R&D tends to focus on specific applications
of basic science work, usually based on a proof of
concept, to get government funding (Rogers et al.,
2001). Thus, these projects are closer to commercial-
ization than academic projects based on scientific
research. On the other hand, government labs are
oriented more toward basic research than corporate
labs (Bozeman, 2000) since corporate labs are
conducting R&D on commercializable technology,
whereas government labs conduct research to solve
current problems faced by the government that may
not have immediate commercial opportunities. For
example, NASA scientists invented a padding mate-
rial in the 1960s to ensure the safety of astronauts;
manyyears later, this “temper foam”material became
widely used in bedding, helmets, and wheelchairs.4

Government projects also tend to address complex
and large-scale problems that are considered high
risk (Hruby, Manley, Stoltz, Webb, & Woodard,
2011). Projects to tackle these grand challenges can
generate IP that has both public and private values.

TABLE 1
Summary of Work on IP Origins of Start-Ups

Benefits Examples of Related Work Disadvantages Examples of Related Work

Academic Main type: basic research
Cutting-edge technology
and IP

Wennberg et al. (2011) Ahead of market readiness Woolley (2010, 2014)

Not invented with market in
mind

Wennberg et al. (2011)

Far from commercialization Jensen and Thursby (2001),
Shane (2000), Rothaermel
and Thursby (2005),
Thursby et al. (2001),
Clarysse et al. (2011),
Wennberg et al. (2011)

Originate in a noncommercial
environment

Bathelt et al. (2010)

Considered high risk Rothaermel and Thursby
(2005)

Corporate Main type: applied R&D
Created with market in mind Singh et al. (1986) Lack of outsider perspective
Closer to commercialization Chatterji (2009); Wennberg

et al. (2011)
IP from small markets deemed

unappropriable
Bruneel et al. (2013)

Investors perceived as less
risky

Schipper and Smith (1983);
Seward andWalsh (1996)

Government Main type: basic and applied
R&D
Progressed beyond basic
science toward application

Bozeman (2000) Focused, application specific
to government market

Rogers et al. (2001)

Focused, application specific
to government market

Rogers et al. (2001) Not adaptable to other markets Rogers et al. (2001)

Complex and large scale Hruby et al. (2011) Unclear market potential
Patent quality has improved
slightly over time

Jaffe and Lerner (2001)

4 See https://spinoff.nasa.gov/ for more information on
their spin-off technologies.
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Given that the funding and stimuli for these projects
often comes from government agencies, the IP gen-
erated frequently focuses on government applica-
tions (Rogers et al., 2001). This specialization may
limit the market to which the technology can be

applied; however, start-ups based on IP with gov-
ernment origins can benefit from targeting the size-
able existing government market. For example,
R&D projects at government facilities are created in
response to a problem that has already been deemed

TABLE 2
Summary of Work on Founding Teams and Spin-Offs

Benefits
Examples of
Related Work Disadvantages Examples of Related Work

Academic Scientists and other academic founders
Advanced education Burton et al. (2002),

Wennberg et al. (2011),
Watson et al. (2003),
Sapienza and Grimm (1997)

Often requires continuation of
academic founders

In-depth technical
knowledge

Ding and Choi (2011);
Clarysse et al. (2011)

Lack industry knowledge and
experience

Clarysse et al. (2011),
Wennberg et al. (2011),
Zahra et al. (2007), Ensley
and Hmieleski (2005),
Clarysse and Moray (2004)

R&D network Lofsten and Lindelof (2005);
Murray (2004)

Lack commercial
goals/incentives

Ensley and Hmieleski (2005),
Clarysse and Moray (2004),
Roure and Keeley (1990)

Lack entrepreneurship
experience, opportunity
recognition or exploitation
skills

Duchesneau and Gartner
(1990), Stuart and Abetti
(1990), Franklin et al. (2001)

Homogeneity leads to reduced
decision-making efficacy

Ensley and Hmieleski (2005),
Ruef et al. (2003), Beckman
et al. (2007), Fesser and
Willard (1990), Visintin and
Pittino (2014)

Lack industry network Zahra et al. (2007), Shane and
Stuart (2002), Walter et al.
(2006), Mosey and Wright
(2007)

Difficulty developing social
capital

Nicolaou and Birley (2003),
Corrolleur et al. (2004),
Mustar et al. (2006), Mosey
and Wright (2007)

Corporate Former employees of incumbent firm
Heterogeneous Ensley and Hmieleski (2005);

Ruef et al. (2003); Beckman
et al. (2007)

Lack technical proficiency

Industry experience Fesser and Willard (1990);
Klepper and Simons (2000);
Colombo and Grilli (2005);
Colombo and Piva (2012)

Myopic industry knowledge
and experience

Industry and market
knowledge

Agarwal et al. (2004); Klepper
and Sleeper (2005);
Wennberg et al. (2011)

Network and social capital
with industry and former
co-workers

Yli-Renko et al. (2001); Shane
and Stuart (2002); Higgins
and Gulati (2003); Sapienza
et al. (2004)

Ties with VC Shane and Stuart (2002)
Government Former government employees

Team supported by
centers with
considerable resources

Carayannis et al. (1998) Lack of business knowledge
and commercialization
experience

Audretsch et al. (2002),
Ensley and Hmieleski
(2005), Zahra et al. (2007)

Concentrated government
network

Concentrated government
network

Relationship with
government customers

Limited network scope
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significant by a government agency. During these
projects, agency experts provide feedback to ensure
maximumapplicability and adoption. As such, the IP
generated targets a particular use case that has been
vetted by potential customers. This process can focus
the technologyongovernment applications thatdiffer
from those in the general market (Rogers et al., 2001).
Although the quality of patents from government or-
ganizations has improved over time (Jaffe & Lerner,
2001), these patents are typically focused on gov-
ernment customers and may not be adaptable to
other markets (Rogers et al., 2001).

In summary, each source of IP and knowledge, aca-
demic, corporate, government or internal, has its own
advantages anddisadvantages.The founding team that
can act as a transmission mechanism of such IP is
heterogeneous as well, with its own set of advantages
and disadvantages. In some areas, existing work and
ideas suggest clear expectations for empirical out-
comes, whereas in other areas, the outcomes remain
uncertain. The next section explores the role of
founding teams in knowledge transmission and how
they affect the firm’s outcomes.

Founding Team

Spin-offs are also defined by their founding teams’
human capital as social actors and knowledge
transfer agents. Most research examining founding
teams, particularly spin-off teams, is based in top
management team and knowledge-based view per-
spectives. The top management team literature em-
phasizes the role of human capital demographics in
firm success, whereas the knowledge-based view
links a founder’s expertise with the ability to lead
high-potential ventures (Wennberg et al., 2011). Both
perspectives argue that a firm benefits by having
a strong fit between the founders’ backgrounds and
education and the firm’s technology and industry.
These arguments and related empirical work are
discussed here. Table 2 summarizeswork on the role
of the founding team on spin-off performance.

Start-ups benefit from having professors and re-
searchers on their founding team since academic
founders bring advanced education (Burton,
Sørensen, & Beckman, 2002; Sapienza & Grimm,
1997; Watson, Stewart, & BarNir, 2003; Wennberg
et al., 2011) and in-depth technology knowledge
(Clarysse et al., 2011; Ding & Choi, 2011). An aca-
demic founder’s education and tacit knowledge
about the firm’s foundational technology can help to
establish a competitive advantage in the market and
to sustain further product development. Academic
founders also bring network ties that are particularly
rich in R&D knowledge (Lofsten & Lindelof, 2005;
Murray, 2004). Academic entrepreneurs may act as

facilitators of precommercialization research that
traditionally does not fit either the role of the uni-
versity nor the commercial firm. This is a scarce
skillset that benefits the spin-off and thereby im-
proves its likelihood of success.

However, although academic founders provide
skills and knowledge that can create a competitive
advantage, theymayconstrain the start-upactivity.For
one, by being among the few people who understand
the important tacit knowledge on which the firm is
founded, they are embedded in the fabric of the firm
and their continued involvement is required. If the
technology onwhich a firm is founded is controlled by
one academic founder, the firm’s growth prospects are
limited. Also, academic founders often lack industry
experience, which limits market knowledge (Ensley &
Hmieleski, 2005; Wennberg et al., 2011; Zahra et al.,
2007). Academic inventors, due to commercial in-
experience, may overemphasize the technical aspects
of the innovation insteadofbusinessviability leading to
inefficient resource expenditures. Similarly, academic
founders may not have the commercial goals and in-
centives to bring inventions to market, particularly if
they remain employed at the university (Clarysse &
Moray, 2004; Ensley & Hmieleski, 2005; Roure &
Keeley, 1990). Academic founding teams often lack
entrepreneurial experience, which can limit their op-
portunity recognition or exploitation skills and impede
the firm’s development (Duchesneau & Gartner, 1990;
Franklin, Wright, & Lockett, 2001; Stuart & Abetti,
1990).Managers are commonlymissing fromacademic
founding teams, which dissuades investors because
of the team’s lack of industry experience (Clarysse &
Moray,2004).Allof thesedeficienciescanbe thesource
of conflicts between founders and investors and may
slow product development, thus impeding a firm’s
likelihood of success.

The top management team literature has identified
that heterogeneous founding teams perform better
than those that are homogeneous.Visintin andPittino
(2014) find thatheterogeneity in the founding teamsof
university spin-offs exhibit superior employee and
sales growth. However, academic spin-offs tend to
have homogeneous founding teams in terms of edu-
cation and experience, which leads to the lack of di-
versity in knowledge and skills (Beckman, Burton, &
O’Reilly, 2007; Ensley & Hmieleski, 2005; Fesser &
Willard, 1990; Ruef, Aldrich, & Carter, 2003). Such
founding teamhomogeneitycan reduce theefficacyof
their decision-making. Further, academic entrepre-
neurs often lack an industry network (Mosey &
Wright, 2007; Shane & Stuart, 2002; Walter, Auer, &
Ritter, 2006; Zahra et al., 2007) and have difficulty
developing social capital in the market (Corrolleur,
Carrere, &Mangematin, 2004; Mosey &Wright, 2007;
Mustar et al., 2006; Nicolaou & Birley, 2003). A
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founding team with a homogeneous network that
lacks industry ties and social capital impedes a firm’s
ability to obtain resources needed for developing and
commercializing products. Thus, academic spin-offs
can be hindered by the very people that make them
special.

In contrast, the founding teams of corporate spin-
offs are more heterogeneous and have more industry
savvy than those at academic progeny. This hetero-
geneity can lead to better decision-making by in-
cluding awider range of voices (Beckman et al., 2007;
Ensley & Hmieleski, 2005; Ruef et al., 2003). The
founding teams of corporate spin-offs also have
industry experience (Colombo & Grilli, 2005;
Colombo & Piva, 2012; Fesser & Willard, 1990;
Klepper & Simons, 2000) that generates market
knowledge benefiting their spin-offs (Agarwal et al.,
2004;Klepper&Sleeper,2005;Wennberg etal., 2011).

Corporate spin-offs also benefit from the networks
of their founding teams. Founders from firms are
more likely to have industry-related networks
(Higgins&Gulati, 2003;Yli-Renko,Autio,&Sapienza,
2001), including social ties with former co-workers
(Sapienza, Parhankangas, & Autio, 2004) and po-
tentially the VC community (Shane & Stuart, 2002).
Asmentioned, academic founders aremore likely to
have R&D-related networks (Lofsten & Lindelof,
2005; Murray, 2004). Although both types of net-
works can be useful, corporate spin-offs benefit
commercially from relationships with customers
and market knowledge. Similarly, corporate spin-off
founders often have social capital related to industry
such as ties with VC investors (Shane & Stuart, 2002).
Thus, corporate spin-offs have a higher likelihood of
success than those from universities (Lindholm
Dahlstrand, 1997). However, founderswith business
backgrounds are not without disadvantages. For
example, the heightened industry experience may
come at the expense of technological proficiency.
Similarly, heightened industry knowledge and ex-
perience can prove overly focused resulting in
missed opportunities. Despite these challenges,
founding teams with business experience and net-
works tend to be better suited for venture survival
and growth.

The founding teams with government research
center and lab origins are unusual in that they tend
to be composed of federal employees who leave
relatively secure positions at facilities that have con-
siderable resources (Carayannis et al., 1998). These
founders worked in supportive environments with
a range of resources, including those at other gover-
nment research centers. Therefore, government
founders may have inexperience with harsh start-up
conditions, suchas limitedresources,whichcanprove
particularly detrimental to the firm. Government

foundersmay also have less business experience than
founders of corporate spin-offs (Audretsch, Link, &
Scott, 2002) and less business knowledge (Ensley &
Hmieleski, 2005; Zahra et al., 2007). Government
founders tend to have networks concentrated in gov-
ernment relationships with fewer ties in industry,
which limits themarket and funding opportunities for
the firm. However, a well-established network with
the governmentmarket is useful for firms in industries
that target government customers (e.g., defense-related
industries). Thus, spin-offs with government founders
are bothhelped andhinderedby the founders’ focused
knowledge and experiences (Table 3).

Synthesis

As discussed, each type of IP and founder has its
own set of advantages and disadvantages. Table 3
summarizes the IP and founding teamcharacteristics
of different types of start-ups. In general, start-ups
with IP foundations based on technology or knowl-
edge spun out of existing firms or those that create
their own IP are likely to have a strong market ori-
entation, shorter time to commercialization, more
focused application and lower perceived risk
(Rothaermel & Thursby, 2005; Schipper & Smith,
1983; Seward & Walsh, 1996). Since venture capi-
talists look for firms with strong market opportuni-
ties and less risk, it follows that start-ups using IP
from another firm or internally generated IP aremore
likely to obtain VC funding (Munari & Toschi, 2011).
Similarly, firms based on commercial knowledge
inherited fromparentsmay close less often than spin-
offs with academic origins (Wennberg et al., 2011).

Although we know a lot about spin-offs and their
characteristics (Tables 1 and 2), we do not have
a strong understanding about how these similarities
and differences might translate into other varia-
tions in performance. Take, for instance, a firm’s
likelihood of being acquired. Firms that havemarket
ready technology are desirable acquisition targets for
firms looking to enter the market or complement
their ownportfolio. Alternatively, because academic
and government IP tends to be basic science and
early-stage applied R&D, spin-offs based on such IP
need more resources and time to reach commer-
cialization. Thus, the earlier stage of technology of-
ten pursued by academic and government research
may not foster firms that are desirable acquisition
targets and may challenge their longevity.

Author’s voice:
Table 3 - Origins and Outcomes
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Considering the background of a start-up’s found-
ing team, those with founders from established
incumbent firms benefit from those individuals’
previous market experience and industry network.
More broadly, start-ups that are spin-offs from
existing firms tend to have a stronger portfolio of
knowledge-based resources for success. Logic in-
dicates that firms based on either IP from another
firm or that have a founder with business experience
have the foundation needed to support their ability
to obtain VC funding and be acquired. Thus, these
firms should be less likely to go bankrupt or liquidate
their assets. Firms with academic founders, on the
other hand, benefit from those individuals’ extensive
education and technological proficiency. Thus, the
experience of academic founders may shield such
start-ups from negative closures as well. Conversely,
government founders may not have the business ex-
perience nor technological expertise necessary for
firm survival and growth. Given the lower levels of
business experience and market readiness, govern-
ment spin-offs may be the least likely to survive
overall.

Firms based on IP from government labs must nego-
tiate the transfer the technology from the government.
Venture capitalists focus their efforts on fields inwhich
they have experience and few have experience with
government research.Thus, firmsbasedongovernment
IP may be less attractive to venture capitalists. Indeed,
the first VC fund dedicated to government start-ups,
Govtech, was created in 2014. The process of technol-
ogy transfer can prove challenging given the bureau-
cracy inherent in government,whichmay reinforce the
unattractiveness of the IP. Likewise, networks are
critical to obtaining VC due to the necessity for re-
lationships and trust between the funders and founders.
Start-ups with government founders may lack the con-
nectionsneededtofacilitateVC,butgovernmentfunding
may be easier to obtain.

Thus far, IP and founders have been treated sepa-
rately.Andalthougheach is crucial to theperformance
of a start-up, their roles differ greatly. For one, the
foundational IP can only get a company so far. There
are plenty of examples where a superior technology
did not win out in the market (e.g., Beta vs. VHS,
QWERTY vs. Dvorak keyboard). Indeed, the decisions
and actions of the founding team influence everything
from the choice of qualified suppliers and employees
to marketing and customer relationships. This is why
investors look for experienced, knowledgeable teams.
A common saying in Silicon Valley is that venture
capitalists invest in people before technology. It fol-
lows that founding teamsmay havemore influence on
the outcomes of firms than the foundational IP.

METHODS

Data and Research Setting

To examine how a firm’s origins influence its
outcomes, this study analyzes nanotechnology firms
started in the United States. Nanotechnology is the
R&D of materials and products between 1 and 100
nanometers (National Science and Technology
Council, 2000). Nanotechnology has applications in
nearly every industry, ranging from semiconductors
to optics to biotechnology (NationalNanotechnology
Coordination Office, 2007). In fact, over 1,800 con-
sumer products were listed by the Project on
Emerging Nanotechnologies (nanotechproject.org)
at the end of 2014. Additionally, nanotechnology
entrepreneurship is particularly useful for dis-
tinguishing between different types of start-ups and
spin-offs since nanotechnology is being researched
in universities, firms, and government labs, as well
as independent start-ups.

To study these firms, a comprehensive database
was compiled on U.S. nanotechnology firms, which

TABLE 3
Overview of Start-Up and Spin-Off Characteristics

Foundation

Academic Corporate Government Non-Spin-Offs

IP Type Basic sciences
and applied

Applied R&D Basic sciences
and applied

Applied R&D

Market orientation Low Strong Medium Strong
Time to commercialization Long Short Short-Medium Short
Market application Technology based,

industry agnostic
Industry or
application specific

Applied or
government related

Industry or application
specific

Relative perceived risk High Low Medium Medium
Founders Profile Professors, scientists Business Scientists, government Mixed

Education Extensive Mixed Mixed Mixed
Industry knowledge Low High Mixed High
Network focus Academia Industry Government Industry
Technological proficiency Scientific Applied Mixed Applied
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began being founded in 1981. The database is ap-
propriate for this study since all nanotechnology
firmswere established after the 1980Bayh–DoleAct,
which allowed universities and government labora-
tories to own the IP created therein that was sup-
ported by government funding. Additionally, the year
1981 marks a fundamental milestone in nanotechnol-
ogy. That year, two IBM researchers invented the
scanning tunneling microscope (STM), the first in-
strument that enabled scientists to see and manip-
ulatematerial at the nanoscale (Smalley, 1999). The
STM is considered the foundation of nanotechnology
(Woolley,2010).Likewise,nonanotechnology-specific
firmwas foundedbefore1981, thusprovidinga starting
date for this study.This ensures that thedata arenot left
censored, whereby the origins of an event occur before
the opening of the observation window (Blossfeld &
Rohwer, 2002; Yamaguchi, 1991).

In 2000, the National Nanotechnology Initiative
(NNI) was passed in the United States, which pro-
vided researchers in the field with almost a half-
billion dollars the first year and contributed five
billion cumulatively over the next 5 years into
nanotechnology R&D (National Nanotechnology
Coordination Office, 2007). Prior to the NNI, the cu-
mulative government funding of nanotechnology
R&D (including commercialization) totaled less than
what was invested in 2001 alone. To avoid the in-
fluence of the environmental change sparked by the
NNI, only firms founded through the year 2002 were
included in this study. Additionally, using firms
founded in this time period allows for over 10 years
of post-start-up outcomes to be observed.

A master list of nanotechnology firms was com-
piled from industry lists, directories, press releases,
publications, and websites related to nanotechnol-
ogy. For example, lists and directorieswere obtained
from (1) Nano Science and Technology Institute
(NSTI), (2) NanoInvestorNews (market research), (3)
NanoMarkets (market research), (4) NanoTechWire,
(5) Small Times Media, and (6) Foresight In-
stitute. These resources obtain data directly from
nanotechnology-related organizations. Data from
these sources were aggregated and augmented
with information about firms discovered in a
search for nanotechnology in PR Newswire and
PriceWaterhouseCoopers’ VC site.

Of the firms that claim participation in the
nanotechnology community, many do not operate
at the nanoscale. To be truly a nanotechnology firm,

the technology used, by definition, must be less
than 100 nanometers. For example, in 2006, Lux
Research, a nanotechnology research and advisory
firm, found that out of 66 firms that claimed to offer
sensors using nanotechnology, only 13 harnessed
the size-dependent properties at the nanoscale
(Hebert, 2005). Unless the firms utilize technology
to manipulate components at the nanoscale, they
are not considered nanotechnology firms and are
excluded from this study. Thus, each firm was an-
alyzed to determine if it fit the criteria for being
a nanotechnology firm: single-business ventures
founded to develop, produce, and sell nanotech-
nology products on the merchant market. Thus,
captive producers, divisions, and subsidiaries of
existing firms, as well as distributors, designers,
custom engineering, software, and consulting firms
were excluded. Furthermore, included firms must
havemore than 50percent of their activities, such as
products, IP, R&D, or sales, derived from or related
to nanotechnology. As some new firms either had
no sales or financial data available, data related to
products, patents, and other technology were used
as evidence of nanotechnology activity. Several
sources of data supplied these details such as the
firms’ websites, the United States Patent and
TrademarkOffice, press releases, and news articles.
The classification process used in this study is
similar to previous works that also identified new
technology firms (e.g., Schoonhoven, Eisenhardt, &
Lyman, 1990).

The final list of nanotechnology firms was com-
pared to that compiled by a colleague who had un-
dertaken a similar process to identify such firms in
an independent study at a different institution.5 The
databases had an interrater agreement of 89 percent.
Any firms not in agreementwere examined using the
previously identified criteria for nanotechnology
firms. No additional firms met the criteria since they
either did not have nanoscale capabilities (e.g.,
products used micron-level technology, which is 10
times larger than nanoscale) or were software mod-
eling firms. Given the extensive search, it is probable
that nearly all new nanotechnology firms have
been captured in this database. Nonetheless, if the
founders of a nanotechnology company were not
involved in the nanotechnology community, elected
not to expose their existence, and were not known
to others in the community, this firm would not be
discernible and not be included. However, as nano-
technology is science based and there are very
few people with the substantial knowledge of the

Author’s voice:
How did the paper evolve and change
as you worked on it?

5 I gratefully acknowledge the collaboration of JueWang
on this task. For resulting work, please see Wang and
Shapira (2012) and Shapira, Youtie, and Kay (2011).
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technology needed for such a commercial endeavor,
it is unlikely that a firmwould remain undetected by
the community.

Dependent variables. Scholars studying survival
and death of firms often take a dichotomous view:
either the firm succeeds and is alive or fails and is
dead (Wennberg, Wiklund, DeTienne, & Cardon,
2010). For themost part, firm exits have been treated
in the literature as a failure. Recent work has started
to distinguish between firms that end in distress (low
performance) and those that are closed while
performingwell (Bates, 2005;Wennberg et al., 2010).
For instance, Rothaermel and Thursby (2005) dis-
tinguished between a negative outcome, cessation,
and two positive outcomes: survival and graduation
from a technology incubator.

To provide a more nuanced analysis of firm out-
comes, this study uses five dependent variables
of interest: firm closure, acquisition, liquidation/
bankruptcy, VC, and SBIR and STTR funding. Firm
closure was measured as the cessation of business
activity as an individual entity (0 5 alive, 1 5 the
firm had ceased operations). For firms that ceased to
exist, the year of cessation was recorded and the
number of years from founding to death was calcu-
lated. Since firm closure cannot provide insight into
the performance of the firm, two additional variables
were constructed: closure by acquisition and closure
due to liquidation or bankruptcy. Firm acquisitions
are a type of firmexit inwhich all of a firm’s assets are
purchased by and incorporated into another firm. In
contrast to other forms of business cessation such as
distress liquidation, bankruptcy, or dissolution, an
acquired firm is not necessarily performing poorly.
In fact, firms with knowledge and IP valued by the
industry and other firms are likely to be the target of
an acquisition. Acquisitions also provide investors
with a mechanism to exit and potentially profit. Al-
though acquisitions can be hostile or friendly (i.e.
with or without cooperation from the firm’s stake-
holders), the purchase of a firm indicates value. This
suggests that we should not hold acquisitions in the
same light as other firm exits (Fortune & Mitchell,
2012). In cases such as this study, when financial
metrics are not available, information about a firm’s
acquisition canprovide insight into if a firmclosed in
distress. Here, firm acquisition was measured as
a dummy variable (0 5 not acquired, 1 5 acquired),
and the time from founding until acquisition was
recorded. Similar variables were constructed to
identify firms that closed due to liquidation or
bankruptcy, which indicate ceasing operations
while in distress.

Just as firm closure does not always indicate pos-
itive performance, firm survival does not always in-
dicate success. Thus, two additional variables were

constructed to indicate two positive outcomes: VC
funding and government funding through SBIR and
STTR grants. VC refers to an investment by a com-
pany in exchange for partial equity ownership of the
focal firm. Venture capitalists not only provide
funding, but also often mentor the management of
the firm through their own investors who have years
of business knowledge. VC funding is a positive
signal to themarket and helps firms build legitimacy
for emerging fields (Aldrich & Ruef, 2006), which is
critical for nascent technologies. A binary variable
measured if a firm had obtained VC funding and the
time to first funding was calculated.

SBIR and STTR are government grant programs
funded by 11 of the largest government agencies in
the United States and administered through the U.S.
Small Business Administration.6 One of the main
goals of the SBIR and STTR programs is to help or-
ganizations cross the “valley of death” between in-
vention and commercialization: the point at which
an innovation is promising, but too expensive for
private investors to pursue (Bonvillian, 2011).
Awardees are chosen through a competitive process
that focuses on firms believed to be viable and to have
the potential to successfully bring their technology to
market.7 These programs provide financing that in-
creases a firm’s ability to improve staff skills and
conduct long-termresearch (Cooper,2003).Obtaining
a SBIR or STTR grant also enables recipient firms to
better competewith larger firmswithmore resources.
The vetting process also helps to establish legitimacy
and credibility for SBIR and STTR recipients. In the
present study, abinaryvariablemeasured if a firmhad
obtained an SBIR or STTR grant and the time to first
grant was calculated.

6 The 11 agencies are theU.S. Department of Agriculture
(USDA), Department of Commerce - National Institute of
Standards and Technology (DOC-NIST), Department of
Commerce - National Oceanic and Atmospheric Admin-
istration (DOC-NOAA), Department of Defense (DOD),
Department of Education (ED), Department of Energy
(DOE), Department of Health and Human Services (HHS),
Department of Homeland Security (DHS), Department of
Transportation (DOT), Environmental Protection Agency
(EPA), National Aeronautics and Space Administration
(NASA), and National Science Foundation (NSF).

7 The first phase of SBIR and STTR funding is limited to
about $150,000 (originally $50,000 in 1982, which in-
creased to $100,000 in 1992 and to its current level in 2013)
over 6 months and focuses on projects that evaluate the
feasibility and commercial potential of an R&D effort.
STTR grants require the participation of both a small
business and a nonprofit research institution. Additional
information regarding the SBIR and STTR programs is
available at www.sbir.gov.
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Independent variables. The independent vari-
ables of interest in this study focuson firmorigins. In-
depth data were collected on each firm including its
foundational technology or IP and its founding team.
Data were collected from firm, university, and gov-
ernment documents, websites, and patent files, as
well as articles from FACTIVA and sources listed
above. Data sources also included Dun and Brad-
street, Hoover’s, and NAICS listings. Separate di-
chotomous variables identified whether the firm’s
foundational IP was from (1) a university research
center, (2) an existing firm, (3) a government research
center, or (4) internal development. Spin-off firm
origins are also distinguished by background of their
founding team members. Thus, the employment of
each founder was gathered through university re-
cords, company documentation, resumes, and pro-
files. From this set of information, four proportion
measures were calculated for each firm: the pro-
portions of founders from universities, businesses,
and government labs, and founders without experi-
ence in any of these three settings.

Control variables. Since the year a firm was star-
ted can influence itsmortality (Singh et al., 1986), the
models in this study control for the year of the firm’s
founding. Thenumber of nanotechnology firms alive
each year and the square of that number were in-
cluded to control for density dependence (Carroll &
Hannan, 1989; Hannan & Freeman, 1988). The level
of resource munificence influences a firm’s ability
to obtain the resources needed to survive. Thus,
the models control for the total amount of federal
nanotechnology-related funding each year. To ensure
that the closure or acquisition of firms is not simply
a reflection of overall firm activity in the economy, the
number of all firm closures each year in the United
States were included (Hannan & Freeman, 1988).
Models with VC as the dependent variable included
a control variable for the total amount of VC in the
United States. All such environmental control vari-
ables were taken at a 2-year lag to provide time for the
macro-level condition to have an effect.8 Closure,
negative closure and acquisition models include con-
trols forobtainingVCfundingoranSBIRgrantby2012.
Finally, allmodels included controls for the number of
firm founders, industries, and obtaining a patent.

Analysis

Event history analyseswere conducted on the data
using STATA with maximum likelihood estimation
and robust standard errors. Data with consistently
decreasing survival prospects are best modeled with

Weibull, Gompertz, and/or exponential distribu-
tions. The data for nanotechnology firms did not
have a continuously decreasing hazard function (2
years had the same hazard), which eliminated the
possibility of using a Cox regression model that re-
quires that the hazard function have no flat periods.
The Weibull distribution was chosen to accommo-
date the monotomic effect of time since the hazard
rates observed in these data were not constant.
Models can be compared by considering the differ-
ence in the log-likelihood ratios using the chi-square
distribution (Blossfeld & Rohwer, 2002). This com-
parisonshowedthat thebest-fitting survivalmodel for
the data was the Weibull failure (event) time model.
Hazard ratios were estimated such that values over
one indicate an increase in the likelihood that the
covariate influenced the dependent variable, and
values under one indicate lower likelihood of influ-
ence. Specifically, the effect size of covariates is cal-
culated as 1003 (hazard ratio2 1), which equals the
percentage change in the hazard for a one-unit in-
crease in the variable (Allison, 1984). As a robustness
check, all models were run usingWeibull, Gompertz,
and exponential estimations as well as discrete time
hazard models, and these estimations were highly
consistent with the findings presented here.

All firms were included in all models. The time
at risk is different for each outcome; since firms
reached the various outcomes at different times, the
total firm years are different. For example, all firms
were included in the models regarding acquisition,
but only those acquired were coded as such. Thus,
the other firms that ceased to exist were in the
models, but did not experience the event of interest.

Robustness Checks

Several additional robustness checks were con-
ducted and details are available from the author
upon request. To control for the level of environ-
mental munificence, the annual federal spending on
nanotechnology, and the NASDAQ and DJIA values
at year endwere considered. Since theNASDAQand
DJIA variables were moderately correlated with the
number of nanotechnology firms (0.83 and 0.63,
respectively) and federal nanotechnology funding
(0.66 and 0.54, respectively), each dependent vari-
able was analyzed with the three variables sepa-
rately. Neither NASDAQ nor DJIA significantly
influenced the dependent variables so they were
subsequently removed. The models remained con-
sistent with those using federal spending.

Next, all models were tested with a more parsi-
monious set of control variables. The models shown
here use control variables driven by extant literature
as discussed earlier and are logically relevant to the

8 Geographic controls were tested, but did not show
significance and were thus not included in the models.
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dependent variables. However, some of the tradi-
tional control variables for analyzing firm closure,
such asmarket density, environmentalmunificence,
and founder count, are not significant in the models
fornegativeclosureandacquisitions,eventhoughthese
are forms of firmclosure.Variables lacking significance
add little to modeling the covariates of interest, but are
included here for comparison to traditional modeling.
Parsimonious models for acquisitions without such
controls indicated the same sign and significance for
the hazard rates as those with the controls. One differ-
ence was that parsimonious models without such
controls indicated that academic professors are more
likely to suffer negative closures for their firms.

As discussed, the NNI was announced in 2000 and
launched in 2001, causing the landscape for nano-
technology ventures to change greatly. Although the
models include a control for the year the firm was
founded, a sensitivity analysis was conducted to ac-
count for the influence of theNNI on the environment.
Each dependent variable was modeled using only
firms founded before 2001 and, for robustness, with
firms founded between 2001 and 2002. The main dif-
ference in thesemodelswas that the significance of the
hazard ratios tended to decrease, but the directions
remained the same across all models. For example, in
the closure model (1B in Table 7), the p value of the
hazard ratio for government founders was .002 for the
full sample, but .045 in themodel for the subsample of
firms founded before 2001. Overall, themodels for the
smaller samples had hazard ratios in the same di-
rection as the full sample and the results were highly
consistent with those presented here. One difference
was that in the models using firms founded between
2001 and 2002, start-ups with internal IP were less
likely to close than business-based start-ups.

As discussed, Weibull, Gompertz, and exponential
distributions for the analysis were compared. As a ro-
bustness check of discrete time-hazard techniques,
thedataweremodeledusingboth logit and the log–log
distributions. Both resulted in estimates parallel with
those reported here. Additionally, I tested the poten-
tial forVC tomediate thedependentvariables.VCwas
only significant in the models analyzing the likeli-
hood of closure (Model 1). Using the Sobel–Goodman
Mediation Test (Sobel, 1982; Sobel–Goodman Medi-
ation Test, 2016), I tested each independent variable
that significantly influenced firms’ closure: govern-
ment IP, and the proportion of founders with univer-
sity, business, government, and other experience. The

test shows that VC mediates 24 percent of the influ-
ence of founders lacking academic, business, or gov-
ernment backgrounds (p , .01). The other tests
showed no mediation effect (Table 4).

Findings

By the end of 2002, 226 nanotechnology firms had
been started, of which 42 percent were based on aca-
demic IP, 12 percent based on corporate IP, and 8 per-
cent based on government IP, as shown in Table 4. The
remaining generated internal IP. Table 4 also indicates
the relationship between the source of IP and the back-
grounds of founding team members and shows that
these were often not the same. For example, almost
10 percent of the firms had a university founder, but
used internal IP instead of academic IP. These de-
scriptive statistics underscore the variety of firmorigins
and the importance of refininghowwedefine spin-offs.

The firms included several different industries: 33
percent were in the materials industry, 20 percent in-
strumentation, 12 percent biotechnology, 11 percent
pharmaceuticals, 3 percent optics, 3 percent electron-
ics, and 3 percent semiconductors. The remaining
firmswereactive inother industries suchas energyand
various consumer products. Table 5 shows the means
and standard deviations of the variables and Table 6
show the correlation matrix. Figure 1 shows the num-
ber of nanotechnology firms each year between 1988
and 2002 by origin. Academic spin-offs with either
academic IP or founders, and start-ups with business
backgrounds enjoyed the largest growth, especially af-
ter 1995. Table 6 reports the correlation matrix. To
checkformulticollinearity, thevariance inflated factors
(VIF) for all of the variables were calculated. Themean

TABLE 4
Nanotechnology Firm Origins by IP and Founders9

Founders

University Business Government Sum

IP Academic 34.1% 19.5% 1.8% 42.4%
Corporate 2.2% 11.1% 0.0% 12.4%
Government 0.9% 4.4% 5.0% 8.0%
Internal 9.7% 31.4% 1.3% 38.5%
Total 46.9% 65.5% 7.1%

Author’s voice:
Table 7 - Origins and Outcomes

9 Grand sums do not total 100% since a small percentage of
founders had more than one type of occupation previous to
founding the venture studied here. For example, some founders
had previously been both professors and entrepreneurs immedi-
ately subsequent to founding the focal venture, and would be
classified in each category. Similarly, STTR grants require par-
ticipation by both small businesses and nonprofit research facili-
ties such as universities and national labs. Thus IP generated from
STTR grants were classified in both categories.
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VIF was 3.94 indicating a lack of multicollinearity
(Belsley, Kuh, &Welsch, 1980; Greene, 2012).

The event history analysis models for each of the
dependent variables arepresented inTables 7–11.The
tables are organized by the outcome and referent
group. The outcome of firm closure is shown inModel
1, negative closure is shown inModel 2, acquisition is
indicated in Model 3, VC funding in Model 4, and
SBIR/STTR funding in Model 5. The models desig-
nated with an “A” are the control models for each
dependent variable (Table 7), “B” models are those
using firmswith internallydeveloped IPas the referent
group (Table 7). For comparison and robustness,
Tables 8–10 provide the models using different refer-
ent groups: “C” models use university-based firms
as the referent (Table 8), “D” models use firm-based
start-ups as the referent (Table 9), “E” models use
government-based firms as the referent (Table 10).

Although showing tables for all four referent groups
may appear redundant, their inclusion provides for
easier comparisons.Table11summarizes the findings.

Since the independent variables are modeled over
multiple outcomes, the interpretation of the models
must be adjusted for the increased likelihood of type I
errors or false positives. Several methods to adjust
for multiple outcomes include the Bonferroni correc-
tion, Sidak method, Tukey–Ciminera–Heyse, Dubey/
Armitage-Parmar, R2 adjustment, and Holm and
Hochberg methods. The most widely used adjust-
ment is the Bonferroni correction, which evaluates
the significance based on the number of tests being
performed. This study uses five tests/dependent
variables and thus the threshold for significance is
divided by five. For example, if the threshold is
typically a p value of less than .05, the Bonferroni
correction requires that the threshold for significance

TABLE 5
Descriptive Statistics

Variable Mean Standard Deviation Minimum Maximum

1 Closed 0.49 0.50 0 1
2 Negative failure 0.14 0.34 0 1
3 Acquired 0.27 0.44 0 1
4 VC 0.46 0.50 0 1
5 SBIR or STTR funding 0.63 0.48 0 1
6 Year founded 1,998.56 3.32 1981 2,002
7 Nanotech firms (density) 547.74 164.66 67 684
8 U.S. funding nano 1,438.46 386.08 40 1,912
9 U.S. firm closures 424.58 22.37 386.55 499.80

10 U.S. VC funding 27.22 6.89 8.02 105.01
11 Instrumentation 0.20 0.40 0 1
12 Materials 0.33 0.47 0 1
13 Bio pharma medical 0.27 0.44 0 1
14 Electronics semi optics 0.12 0.33 0 1
15 Founder count 1.86 1.06 1 9
16 Patent 0.64 0.48 0 1
17 Academic IP 0.42 0.50 0 1
18 Firm IP 0.12 0.33 0 1
19 Government IP 0.08 0.27 0 1
20 Internal IP 0.38 0.49 0 1
21 University founders (proportion) 0.38 0.44 0 1
22 Business founders (proportion) 0.55 0.45 0 1
23 Government founders (proportion) 0.05 0.19 0 1
24 Other founders (proportion) 0.01 0.08 0 1

Author’s voice:
Table 9 - Origins and Outcomes

Author’s voice:
Table 10 - Origins and Outcomes

Author’s voice:
Figure 1 - Origins and Outcomes

Author’s voice:
Table 8 - Origins and Outcomes
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be a p value of less than .01. However, the Bonferroni
correction tends to be the most conservative method
such that by reducing the likelihood of a type I error
with a higher p value threshold, the likelihood of
a type II error is increased (Gelman, Hill, & Yajima,
2012). Tables 7–11 show the original significance
levels reported by STATA. To present the most con-
servative results, the following findings section high-
lights thevariables thatmeet theBonferroni correction
threshold of a p value of less than .01 as significant
and notes those variables that meet the threshold of
.02 as moderately significant. I also identify mar-
ginally significant covariates that may not meet the
Bonferroni correction threshold, but have a p value
of less than .05 when not adjusted.

Asdiscussed earlier, the literature suggests that start-
ups benefit from using IP from another firm compared
to start-ups that are based on internally generated IP.
Thus, start-ups based on firm IPwould be less likely to
close and be more attractive to VCs compared to non-
spin-offs. Firm-IP based start-ups should also be more
attractive acquisition targets compared to non-spin-
offs. The data tell a different story. Table 7 shows that
firmsbasedonuniversityand firmIParemore than four
and five times as likely to suffer a negative closure (re-
spectively, Model 2B, marginal significance), whereas
those based on government IP are half as likely to close
than non-spin-offs (Model 1B, marginal significance).
Government IP-based firms are also three times more
likely to be acquired than non-spin-offs (Model 3B,

marginally significant). Firmsbasedonacademic IP are
twice as likely to obtain a government grant than non-
spin-offs,whereas those basedon government IP are 63
percent less likely (Model 5B).

Turning to firm founders, the data show that firms
with more academic founders or business founders
are over eight times more likely to be acquired and
over three times more likely to obtain VC funding
than non-spin-offs (Models 3B and 4B, respec-
tively). However, firms with business founders are
30 timesmore likely to suffer a negative closure than
non-spin-offs (Model 2B). Compared to non-spin-
offs, start-ups with a higher proportion of govern-
ment founders are much more likely to close and
suffer a negative closure (Models 1B and 2B). Con-
versely, firms with government founders are more
likely to obtain VC and government grants (Models
4B and 5B, respectively).

Table 8 shows the analysis using academic IP and
university founders as the referent. Start-upsbasedon
government IP are 81 percent less likely to obtain
government funding (Model 5C), 53 percent less
likely to close (Model 1C, marginal significance), and
three timesmore likely to be acquired than academic-
based firms (Model 3C, marginal significance). In
contrast, start-ups with more government founders
are six times more likely to obtain government fund-
ing (Model 5C). Firms with more government or
business founders are also more likely to suffer
a negative closure (Model 2C,moderate significance).

TABLE 6
Correlation Matrix

Variable 1 2 3 4 5 6 7 8 9 10 11 12

1 Closed 1.00
2 Negative failure 0.30 1.00
3 Acquired 0.57 20.04 1.00
4 VC 0.03 0.07 0.12 1.00
5 SBIR or STTR funding 20.12 20.07 20.06 0.11 1.00
6 Year founded 0.05 20.04 20.02 0.16 20.06 1.00
7 Nanotech firms (density) 20.84 20.25 20.49 0.04 0.17 0.02 1.00
8 U.S. funding nano 20.56 20.16 20.32 0.03 0.14 0.11 0.88 1.00
9 U.S. firm closures 0.35 0.07 0.26 0.06 20.06 0.07 20.06 0.32 1.00

10 U.S. VC funding 20.05 0.03 20.06 0.15 20.08 0.01 0.03 20.06 0.01 1.00
11 Instrumentation 0.01 20.11 0.27 20.12 20.02 20.12 20.01 20.03 20.01 0.07 1.00
12 Materials 20.17 20.01 20.19 20.15 0.11 20.13 0.10 0.05 20.09 0.02 -0.36 1.00
13 Bio pharma medical 0.02 20.01 20.09 0.13 0.12 0.17 0.00 0.02 0.01 20.10 20.31 20.43
14 Electronics semi optics 0.16 0.17 0.06 0.20 20.20 0.06 20.16 20.15 0.05 0.05 20.19 20.26
15 Founder count 0.01 20.03 0.02 0.08 0.01 0.16 0.00 0.00 20.05 20.03 0.09 20.11
16 Patent 20.01 0.01 0.16 0.22 0.14 20.25 0.04 0.05 0.02 20.07 20.01 20.11
17 Academic IP 20.02 0.02 20.05 0.15 0.18 0.09 0.06 0.05 20.01 0.09 20.01 20.04
18 Firm IP 0.03 20.03 0.11 0.05 20.10 20.03 20.09 20.07 0.04 20.08 20.06 20.01
19 Government IP 0.10 0.03 0.16 20.08 20.01 20.04 20.12 20.12 20.03 20.06 0.01 0.04
20 Internal IP 20.03 20.02 20.08 20.12 20.11 20.05 0.04 0.06 0.01 20.02 0.03 0.00
21 University founders (proportion) 20.12 20.07 0.00 0.07 0.19 20.01 0.08 0.02 20.11 0.03 0.01 20.03
22 Business founders (proportion) 0.11 0.16 0.02 0.00 20.18 0.03 20.08 20.02 0.13 -0.05 20.01 0.00
23 Government founders (proportion) 0.05 20.05 0.06 20.02 0.05 0.02 20.04 20.04 20.02 20.03 20.02 0.04
24 Other founders (proportion) 0.02 0.03 0.03 20.06 0.00 20.11 20.04 20.04 0.01 0.07 20.02 0.08
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However, firms with a higher proportion of business
founders are more likely to obtain government fund-
ing than academic firms (Models 5C, moderate sig-
nificance). Table 9 uses firm IP and business founders
as the referent and shows that start-ups based on
government IP are 55 percent less likely to close than
business-based start-ups (Model 1D, moderate sig-
nificance) and 73 percent less likely to obtain gov-
ernment grants (Model 5D). Notably, firms based on
academic IP are more likely to obtain government
grants,whereas thosewithacademic founders are less
likely to obtain such funding than business-based
start-ups (Model 5D). Start-ups with government
founders are three times more likely to obtain SBIR/
STTR funding, but also much more likely to close
operations compared tobusiness-based firms (Models
5Dand1D, respectively).Table10usesgovernment IP

and founders as the referent and shows that firmswith
academic IP are four times more likely to obtain SBIR
or STTR funding, and start-ups based on firm IP are
over twice as likely to obtain this funding (Model
5E, moderate significance). Firms with more aca-
demic founders are 80 percent less likely to close
and 64 percent less likely to obtain SBIR or STTR
funding than government-based firms (Models 1E
and 5E, respectively). Firmswith business founders
are much more likely to suffer a negative closure
than government-based firms (Model 2E).

DISCUSSION

Spin-offs are an important segment of entrepre-
neurship. This study shows that over half of the
nanotechnology firms started in the United States

TABLE 6
Correlation Matrix (continued)

Variable 13 14 15 16 17 18 19 20 21 22 23 24

13 Bio pharma medical 1.00
14 Electronics semi optics 20.22 1.00
15 Founder count 0.03 0.05 1.00
16 Patent 0.11 0.05 0.08 1.00
17 University IP 0.12 20.01 0.11 0.05 1.00
18 Firm IP 20.02 0.07 20.09 0.09 20.30 1.00
19 Government IP 20.11 0.09 20.04 20.08 20.19 20.11 1.00
20 Internal IP 20.03 20.07 20.04 20.05 20.68 20.30 20.23 1.00
21 University founders (proportion) 0.10 20.07 0.05 0.09 0.56 20.21 20.20 20.34 1.00
22 Business founders (proportion) 20.09 0.08 20.03 20.07 20.49 0.25 20.05 0.37 20.83 1.00
23 Government founders (proportion) 20.02 0.05 20.02 0.05 20.08 20.10 0.56 20.15 20.19 20.24 1.00
24 Other founders (proportion) 20.07 0.04 0.03 0.00 20.02 20.05 0.06 0.01 20.08 20.13 0.04 1.00

FIGURE 1
Number of U.S. nanotechnology firms by origin from 1988 to 2002
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before 2002 were spun off from other organizations,
using IP or founders as an indicator (Table 4). Extant
work has neglected spin-offs from organizations out-
side of universities and corporations. Analysis that
also includes spin-offs fromgovernment labsalongwith
non-spin-offs provides insight into the role of
knowledge-based resources gained at founding. Fur-
thermore, few studies have compared outcomes for
different typesof spin-offs.Assuch, this studybuildson
the knowledge-based view and top management
team literatures byclarifyingtheheterogeneityofspin-
offs and how our conceptualization of firm origins may
shape the outcomes that we observe. Also, by decon-
structing the definition of spin-off, I challenge the pre-
vailing practice of broadly classifying spin-offs as firms
with anyprevious ties to other organizations (Clarysse &
Moray,2004;Mustaret al., 2006).This studyempirically
examines the fates of nanotechnology firms with differ-
ent origins in terms of IP source and founding team
composition. The results are provocative, showing
that the origins of a high-technology spin-off do
influence its likelihood of closing, going bankrupt
or liquidating, being acquired, obtaining VC, and
receiving government funding. By distinguishing
that IP and founding teams are different types of
knowledge transfer mechanisms and that as such
have different roles in firm outcomes, this study

contributes to our understanding of the micro-
foundations of entrepreneurship and entrepreneurial
outcomes. These discoveries open new territories for
research and practice, which are elaborated below.

Firm Origins, the Supply-Side Perspective

As discussed, spin-offs can be created with IP that
is transferred from one organization to a newly
established firm. Table 11 summarizes the findings of
this study. Using the traditional outcome measure of
firm closure, the findings show that firms based on
government IP are surprisingly less likely to close,
whereas start-upswith government founders aremore
likely to close, across referent groups. Additionally,
firms based on academic or firm IP are generally more
likely to suffer a negative closure than non-spin-offs.
These findings are intriguing given that academic and
government IP tends to be farther from commerciali-
zation than market-driven R&D created in firms
(Chatterji, 2009; Jensen&Thursby, 2001;Rothaermel&
Thursby, 2005; Shane, 2000; Thursby et al., 2001;
Wennberg et al., 2011). Additionally, start-ups based
on government IP are more likely to be acquired than
non-spin-offs and university-based firms. The focus
and application of government technologies (Rogers
et al., 2001) may prove attractive as acquisition targets

TABLE 8
Event History Analysis of Firms Origins Using Academic IP and Founders as Referent

Closure Negative Close Acquisition VC SBIR/STTR
Model 1C Model 2C Model 3C Model 4C Model 5C

Hazard Ratio Hazard Ratio Hazard Ratio Hazard Ratio Hazard Ratio

Firm IP 1.00 1.03 1.05 1.12 0.63
Business founders 1.29 18.49* 1.17 0.95 1.83^
Government IP 0.47^ 0.75 3.28^ 2.60 0.19***
Government founders 11.31*** 36.98^ 0.98 1.63 5.97***
Internal IP 1.03 0.13** 0.97 1.02 0.43**
Other founders 0.11 4.74 0.18 0.01*** 2.06
Year founded 0.99*** 0.99*** 1.00*** 1.00*** 1.00***
Nanotech firms 0.77 0.28 1.87 0.68 1.31
Nanotech firms sq 0.04*** 0.12 0.75 0.02*** 0.02***
U.S. funding Nano 2.79** 3.44 0.16 2.13 1.61
U.S. firm closures 0.70** 0.79 1.39
Founder count 1.30** 1.73 1.11 1.17* 1.11
Patent 0.32*** 0.34 1.05 0.45** 0.87
VC 2.03** 5.29^ 1.80 1.01
SBIR/STTR 1.04 0.75 0.99 1.15
U.S. VC funding 0.99
Wald chi square 472.67 199.80 321.73 470.13 410.72
df 19 19 19 18 17
Log pseudo-log likelihood 244.86*** 211.48*** 2121.02*** 2109.19*** 2149.50***
No. of failures 111 31 60 105 142
Time at risk 2,801 3,327 2,361 2,377 1,707

Notes. n 5 226. Fixed effects for industry are included in the models, but not shown here.
* p , 0.02.
** p, 0.01.
*** p , 0.001.
^ p, 0.0.5.

2017 81Woolley



compared to firmswith technologies that are either too
close or too far from the market, which is more
likely in those based on corporate or academic IP. A
driving factor in such acquisitions may be the de-
velopment stage of government IP, which tends to
bridge basic science and commercial application
(Bozeman, 2000). These results indicate that our
current understanding of negative closures and
acquisition dynamics for spin-offs is incomplete
and in need of research on the characteristics and
commercialization of technologies from different
sources. Additionally, work is needed to examine
other outcomes related to technological adoption
and advancement. For instance, the type and life-
cycle phase of a spin-off’s technologymay limit the
firm’s scalability and thus initial public offering
(IPO) prospects. Further deconstruction of foun-
dational technology will explicate the role of re-
source stocks in start-up success (Agarwal et al.,
2004; Clarysse et al., 2011; Druilhe & Garnsey,
2004; Wiklund & Shepherd, 2003).

Firms based on academic IP are more likely to ob-
tain SBIR or STTR grants than all other categories of
start-ups, whereas firms based on government IP are
universally less likely to obtain such funding. How-
ever, start-ups with government IP can improve their
chances compared to non-spin-offs by including

founders with business or government experience.
Indeed, IP and founder have different types of influ-
ence depending on the outcome of interest.

Previous work on founding teams tends to look
at founders’ backgrounds and experiences as in-
dicators of conduits for knowledge transfer and firm
success (e.g., Agarwal et al., 2004). Yet, previous
experience only tells the story of the past, not the
future. Although work has examined personal mo-
tivations to start a firm, few studies explore how in-
dividual or team objectives for the firm influence its
outcomes [anotableexceptionbeingDahlandSorenson
(2014)]. The findings here show that academic
founders tend toobtainVCandbeacquiredmoreoften
than non-spin-offs. This suggests that academic
founders of nanotechnology firms tend to enjoy
positive outcomes on multiple fronts. Shane (2004)
found that scientist-entrepreneurs are driven by
wealth, the desire to commercialize their technolo-
gies, and independence. These motivations are in
line with the ability to attract funding to stay in busi-
ness and may help to explain this study’s findings.
The findings do not support the general argument in
the literature thatuniversity founders lackan industry
network that facilitates VC funding (Shane & Stuart,
2002). Research examining entrepreneurs’ motiva-
tions and firm outcomes is fraught with challenges

TABLE 9
Event History Analysis of Firms Origins Using Firm IP and Founders as Referent

Closure Negative close Acquisition VC SBIR STTR
Model 1D Model 2D Model 3D Model 4D Model 5D

Hazard Ratio Hazard Ratio Hazard Ratio Hazard Ratio Hazard Ratio

Academic IP 0.97 0.77 1.14 0.94 1.70^
University founders 0.74 0.23 1.05 1.10 0.51*
Government IP 0.45^ 0.42 3.88 2.48 0.27***
Government founders 8.55*** 3.42 0.88 1.73 3.19**
Internal IP 0.98 0.19^ 1.14 0.96 0.69
Other founders 0.08^ 0.31 0.14 0.01*** 1.10
Year founded 0.99*** 0.99*** 1.00*** 1.00*** 1.00***
Nanotech firms 0.79 0.14 1.94 0.65 1.42
Nanotech firms sq 0.04*** 0.28 0.71 0.02*** 0.02***
U.S. funding nano 2.74** 3.53 0.16 2.18 1.55
U.S. firm closures 0.70** 0.82 1.43
Founder count 1.31** 1.60 1.12 1.17^ 1.10
Patent 0.32*** 0.52 1.09 0.45** 0.87
VC 2.02** 4.14^ 1.72 1.02
SBIR/STTR 1.05 0.80 0.96 1.13
U.S. VC funding 0.99
Wald chi square 482.88 245.69 321.29 464.55 398.33
df 19 19 19 18 17
Log pseudo-log likelihood 244.70*** 215.31*** 2121.07*** 2109.19*** 2148.79***
No. of failures 111 31 60 105 142
Time at risk 2,801 3,327 2,361 2,377 1,707

Notes. n 5 226. Fixed effects for industry are included in the models, but not shown here.
* p , .02.
** p, .01.
*** p , .001.
^ p, .05.
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since study requires information about the founders’
initial conceptions of their objectives as well as
long-term firmperformancedata.The increaseduseof
social media and improvements in datamining ca-
pabilities provide theopportunity to gain insight into
the motivations and goals of founders with less

retrospective bias than interviews conducted years
after launch. These tools will prove exciting in the
endeavor to further explicate the microfoundations
that influence entrepreneurial outcomes.

A founder’s prior experience may influence firm
outcomes beyond what is captured in the literature.

TABLE 10
Event History Analysis of Firms Origins Using Government IP and Founders as Referent

Closure Negative close Acquisition VC SBIR/STTR
Model 1E Model 2E Model 3E Model 4E Model 5E

Hazard Ratio Hazard Ratio Hazard Ratio Hazard Ratio Hazard Ratio

Academic IP 1.51 0.93 0.34 0.57 4.24***
University founders 0.20** 1.71 2.14 0.62 0.36**
Firm IP 1.45 1.07 0.35 0.63 2.77*
Business founders 0.26* 20.30** 2.37 0.60 0.62
Internal IP 1.58 0.16 0.31* 0.55 1.88
Other founders 0.03** 5.76 0.73 0.01*** 0.67
Year founded 1.00*** 0.99*** 1.00*** 1.00*** 1.00***
Nanotech firms 1.06 0.19 1.05 0.60 1.44
Nanotech firms sq 0.03*** 0.21 0.97 0.02*** 0.02***
U.S. funding nano 2.24* 3.28 0.25 2.28 1.55
U.S. firm closures 0.75* 0.85 1.31
Founder count 1.33** 1.72^ 1.11 1.16^ 1.11
Patent 0.36*** 0.43 1.03 0.47** 0.90
VC 1.92* 4.10 2.02 1.00
SBIR/STTR 1.07 0.77 0.93 1.14
U.S. VC funding 1.00
Wald chi square 463.34 300.83 311.67 457.16 403.10
df 19 19 19 18 17
Log pseudo-log likelihood 247.44*** 213.00*** 2122.11*** 2110.47*** 2151.62***
No. of failures 111 31 60 105 142
Time at risk 2,801 3,327 2,361 2,377 1,707

Notes. n 5 226. Fixed effects for industry are included in the models, but not shown here.
* p , 0.02.
** p, 0.01.
*** p , 0.001.
^ p, 0.05.

TABLE 11
Summary of Findings

Referent Group

Non-Spin-Offs University Based Firm Based Government Based

Start-up foundation Academic IP 1 Obtain SBIR/STTR 1 Obtain SBIR/STTR 1 Obtain SBIR/STTR
1 Negative closure

University founders 1 Acquired 2 Obtain SBIR/STTR 2 Obtain SBIR/STTR
1 VC 2 Close

Firm IP 1 Negative closure - Obtain SBIR/STTR
Business founders 1 Negative closure 1 Negative closure 1 Negative closure

1 Acquired 1 Obtain SBIR/STTR 2 Close
1 VC

Government IP 2 Close 2 Close 2 Close
2 Obtain SBIR/STTR 2 Obtain SBIR/STTR 2 Obtain SBIR/STTR
1 Acquired 1 Acquired

Government founders 1 Close 1 Close 1 Close
1 Negative closure 1 Negative closure
1 Obtain SBIR/STTR 1 Obtain SBIR/STTR 1 Obtain SBIR/STTR
1 VC

Note. Bold font indicates relationships that are significant after using the Bonferroni correction. 1 indicates an increased likelihood of the
outcome,2 indicates a decreased likelihood.
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This study shows that firms with founders that have
business backgrounds are more likely to experience
a negative closure than all other referent groups. One
explanation is that business founders may be more
familiar with and therefore more comfortable with
negative outcomes such as bankruptcy. In fact, their
familiarity reduces their perception of any stigma
associatedwith the closure of a firm. If the possibility
of closing a firm by bankruptcy or liquidation is not
perceived as potentially harmful to one’s career, the
founder may be more likely to follow this course of
action. Similarly, founders who lack industry expe-
rience may fear these types of business cessation as
potentially career ending or resulting in increased
difficulty reentering their previous profession. Thus,
these foundersmay avoid closure, even if thismeans
survival with low firm performance. Furthermore,
founders with business backgrounds have industry
networks (Higgins & Gulati, 2003; Sapienza et al.,
2004; Shane & Stuart, 2002; Yli-Renko et al., 2001).
Instead of enhancing the firm’s likelihood of sur-
vival, an extensive industry network may provide
alternative career opportunities should an entrepre-
neur’s venture be performing poorly. The attrac-
tiveness of these opportunities is heightened in the
face of the stress and challenges of entrepreneurial
life. Currentwork identifies industry experience and
networks as positive assets for founding teams
(Colombo & Grilli, 2005; Phillips, 2002); however,
thesemay provide access to many opportunities and
alternatives beyond the continuation of a start-up.
Future research is needed to consider the founder’s
perception of success as it relates to opportunity
enactment and potential outcomes.

Government founders are more likely to obtain
government funding, in contrast to firms based on
government IP that are less likely, across all referent !
groups. This may be due to their experience with the
government system,particularly fundingopportunities
for nascent ventures. Thus, the relationship be-
tween firms with government founders and gov-
ernment funding could simply be that founderswith
such experience and knowledge may be more likely
to seek this funding. These findings highlight the
mechanisms of prior experience and knowledge in
the shaping of firm outcomes. What is particularly
valuable from this finding is the relevance of
outcome-specific experience and knowledge. Spe-
cifically, previous work has looked at experience
and knowledge as it applies to firm performance such
as survival and growth. Here, we see that a founder’s
background is also tied to other outcomes such as the
recognition and development of certain funding op-
portunities. Future research bridging entrepreneurial
agency, experience, and motivations with firm out-
comeswill provevaluable forboth theoryandpractice.

Thedifference in outcomes foundhere alsomaybe
due to differences in the founders’ time horizon—a
factor largely unexplored in current research
(Bluedorn&Martin, 2008). For example, founderswho
previously worked at firms may be more concerned
with the fast pace of the investment community who
typically want to cash out within 5–10 years. These
founders may make decisions to optimize short-term
returns and attractiveness to potential acquirers. In-
deed, spin-offs with business founders are more likely
to be acquired than non-spin-offs. Alternatively,
researchers whowork on projects that require years
for results may see no urgency to cash out. For
example, it took 32 years for NASA to launch the
Space Infrared Telescope Facility in 2003 (Rottner,
2010). Founders with experience in long-term pro-
jects may make decisions with a longer term con-
ceptualization of success in mind. Thus, it is
important for start-up founders and early investors to
identify the outcomes they are seeking. Furthermore,
aligning these goals may influence the success of
their venture, by any measure.

Firm Outcomes, Stakeholders, and Outcomes

Another unique contribution of this study is the use
of five types of outcomes, one of which is considered
negative. The findings suggest that our current state
of understanding based on survival models may be
inadequate given that firms close for many different
reasons. Just as we have treated all closures as nega-
tive in the past, work tends to treat all firm survival as
a positive outcome. However, this provides a limited
view of firm outcomes since it does not account for
closures when a firm is performing well, such as an
acquisition (Fortune & Mitchell, 2012). By differenti-
ating betweennegative andpositive outcomes, I show
that the use of closures as an outcome measure is ex-
tremely problematic. For example, firms founded
using government IP are more likely to be acquired
and less likely to close than other firms, whereas
government founders are more likely to have a firm
that suffers a negative closure. As stated earlier, being
acquired is a positive outcome that would be lost if
closure were the only outcome of interest. Similarly,
although business founders are less likely to close
their firms than government-based firms, they are
more likely togobankruptor liquidate.Differentiating
between the types of outcomes provides much
needed clarity.

The inclusion of acquisitions,VC, andgovernment
funding as indicators of success also provides in-
sight about outcomes from multiple angles. This is
particularly useful since success means different
things to different stakeholders. For some founders,
being acquired after achieving breakeven or a
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considerable market share is what they want for
themselves and the company. Even so, founders and
investorsmayhavedifferent andsometimesconflicting
objectives (Graebner&Eisenhardt, 2004), such aswhen
founders want to continue organic growth and in-
vestors need to realize monetary gains from their in-
vestment. Some founders find that they have investors
whopush for the firm to be acquired since theywant to
obtain a returnon their investment or “cashout.”From
the founders’ perspective, firm survival and growth
may signify success. From the investor’s perspective,
a firm’s success isnotonlymeasuredbysalesormarket
share, but also in the firm’s ability toprovidea return to
its investors, usually by acquisition or IPO. Thus, it is
important to include the role of the investor in our
analysis of firm outcomes.

We can also look at the results concerning acqui-
sitions from the lens of the acquirer. Inparticular, it is
useful to consider how the motivations and objec-
tives of an acquiring company drive its choice of
targets. For example, firms often use acquisitions to
obtain capabilities (Capron, Dussauge & Mitchell,
1998; Nelson & Winter, 1982) and complementary
assets such as technology (Ruckman, 2005). A recent
phenomenon seenmainly in the technology sector is
acqui-hiring or acqhiring: the purchase of a company
primarily for their employees (Chatterji & Patro,
2014; Helft, 2011). Indeed, it is not solely the per-
formance of a firm that is of interest to a potential
acquirer, but also its IP and employees. The findings
of this study point to government IP as a particularly
valuable asset of interest for acquisition. Firms
foundedusing government IP are especially valuable
to firms seeking cutting edge, albeit nascent technol-
ogies that are closer to application and commerciali-
zation than basic science from universities. As such,
government IPmay also be at the stage at which other
firms can integrate it into complementary product
development. Additionally, start-ups based on gov-
ernment IP are attractive acquisition targets when
their products have been adopted by the government
market. Experience in the development of gov-
ernment contracts is a valuable asset given the
considerable market size. Surprisingly, firms with
government IP are not more likely to obtain SBIR
funding, but firms with government founders are
more likely. This suggests that these firms’ expe-
rience with the government provides knowledge
about the requirements of such funding programs.
From the demand side, the agencies providing the
SBIR grants may use this experience as a measure
of familiarity with the program and an under-
standing of what is necessary for success.

In terms of VC investment, it is interesting that the
findings did not show a relationship between corpo-
rate IP and VC funding. Instead, firms with founders

with experience, seemingly any experience, are more
likely toobtainVCsupport thannon-spin-offs (Table7).
Arguably, government foundershave the least industry
experiencecomparedtoother founders.However, their
background may be tied to the opportunity being
enacted and should not be discounted. At the same
time, academic founders have the in-depth knowledge
base needed to cultivate nascent technologies. Should
theVC firmhave investments in other high-technology
firms in complementary fields, the addition of aca-
demic spin-offs to the portfolio is strategically prag-
matic.Thus, it is useful to consider themotivations and
needs of the VC firm in the interpretation of VC as
a dependent variable.

Limitations

As with any empirical study, several limitations
providecaveats for interpreting thiswork.Forone, this
study focuses on nanotechnology firms across all
industries. Such a specialized field requires specific
knowledge related to the technology. The sample of
firms here represents what are considered the “hard
sciences” suchasengineering,physics, chemistry, and
biology. Thus, this study is limited to only a portion of
potential spin-offs, excluding those from the “soft
sciences” such as psychology, humanities, and busi-
ness.An interesting lineof researchcouldcompare the
types of spin-offs in terms of product or service sector.
Further research should attend to thedifferent types of
spin-offs aswell as thewide variety of outcomes, good
and bad, to provide a richer understanding of the
dynamics at play.

Thestudymayalsobe limitedby thenascencyof the
technology. As described, nanotechnology emerged
in the early 1980s. Although it has developed over the
last five decades, thismaybe too short of a timeperiod
to observe the full dynamics of the market and the
results observed here may be different from those in
more mature settings. Although we are certainly not
able to examine the dynamics of a mature technology
with these data, the nascency of the technology pro-
vides insight into the spin-offs that develop during
market emergence.As such,work comparing the roles
of IP and founders across early and mature markets
can illuminate the temporal aspectsof entrepreneurial
origins and outcomes.

Although the findings are thought-provoking, the
datacannotprovide further insight into themotivations

Author’s voice:
What was the most difficult or
challenging aspect of this research
project and paper?
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of founders, investors, and acquiring firm executives.
Although research has shown that entrepreneurial in-
tention can help predict the likelihood that someone
starts a new venture (Krueger, Reilly, & Carsrud, 2000),
work regarding the influence of intention and objec-
tives on new venture growth are mixed (Birley &
Westhead,1994;Cliff, 1998;Davidsson,1991;Delmar&
Wiklund, 2008). Thus, questions concerning the role of
an entrepreneur’s personal motivations and agency
remain.Similarly, theempiricalanalysishereusesonly
a subset of variables that could unpack different types
of spin-offs, IP, and founders. I hope that this article
stimulates further research that appreciates the nu-
ances of spin-off heterogeneity and explores ways to
further unpack these differences.

Another limitation of this study is that it includes
only firms from theUnitedStates. Given thatmethods
and laws regarding IP transfer vary around the
world, it would be useful to examine how regula-
tions and industry norms influence spin-offs based
on different types of IP across countries. Increas-
ingly, work is examining the context-specific factors
that influence entrepreneurship, particularly as it
relates to national systems (Acs, Autio, & Szerb,
2014). These context-specific factors will surely
prove useful in explaining the variance in firm out-
comes by location.

CONCLUSIONS

The practice of transferring knowledge and tech-
nology into new ventures to create spin-offs is an
important phenomenon with deep implications for
both theory and practice. This study advances the
literature by building on the knowledge-based view
and top management team perspectives to explore
the heterogeneity of spin-off origins. First, the study
includes government origins in the analysis, an
area underdeveloped in the literature. Second,
five outcome variables are analyzed to provide
insight into both positive and negative results.
Third, the study examines two different knowl-
edge transfer mechanisms that create spin-offs: IP
and founders. Fourth, I provide further depth by
explicating the employment backgrounds of these
founders.

The findings confirm that the current treatment
of spin-offs as a homogenous group is misleading
such that academic, corporate, and government
spin-offs differ greatly in their long-termprospects.
The results also show that the use of survival rates
as an outcome variable is limited, particularly if more
information about how a firm closes is available.
Moreover, I show that howwedefine a spin-off, using
its source of IP or its founding team, shapes the results
concerning outcomes that we observe.

These discoveries open several avenues for new
research. Specifically, work is needed that exam-
ines the relationship between the type of founda-
tional IP and firm outcomes. Research is also
needed to better understand how the initial goals
and motivations of founders shape the outcomes of
their actions. We need to consider the founder’s
perception of success, as it relates to subsequent
opportunity enactment and potential outcomes. By
unpacking the categorization of spin-off firms and
highlighting the relationship between types of
knowledge transfer mechanisms, founder motiva-
tions, and firm outcomes, this study provides an
initial step to further our understanding of the
microfoundations of entrepreneurship and entre-
preneurial outcomes.
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