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Abstract

One of the theoretically important factors for incubator firm performance is the strength of their linkages to the research
university sponsoring the technology incubator. Herein, we focus on two types of university linkages to the sponsoring institution:
a license obtained from the university and a link to university faculty, while controlling for incubator firm linkages to non-
sponsoring research universities, among other factors. We propose that a university link to the sponsoring institution reduces
the probability of new venture failure and, at the same time, retards timely graduation. Further, we suggest that these effects are
more pronounced the stronger the university link. Due to the difficulty of obtaining fine-grained longitudinal data, the incubation
literature is characterized by a dearth of studies focusing on incubator firm differential performance. We attempt to take a first step
towards closing this gap by testing these hypotheses through following 79 start-up firms incubated in the Advanced Technology
Development Center at the Georgia Institute of Technology over the 6-year period between 1998 and 2003. We find broad support
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. Introduction

According to the National Business Incubation
ssociation, there are approximately 950 business

ncubators in North America, an increase of 160% over
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the last 5 years. Thirty-seven percent are classifie
technology incubators and 25% are sponsored by
demic institutions (Linder, 2003). The numbers sugge
that technology incubators are a growing part of
institutional infrastructure for university industry tec
nology transfer, and indeed practitioner publicati
tout the benefits of incubation for technology comm
cialization (Kalis, 2001; Tornatzky et al., 2002). There
is, however, little systematic analysis of the role
technology incubators play in facilitating technolo
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transfer and/or the success of high-technology start-
ups. In this paper, we take a step toward filling this gap
by examining the performance of 79 member compa-
nies of the Advanced Technology Development Center
(ATDC) associated with the Georgia Institute of Tech-
nology (Georgia Tech) over the 6-year period between
1998 and 2003.

The ATDC’s central function is to facilitate the
growth of high-technology start-ups in Georgia. It
offers access to laboratories and other research facil-
ities at Georgia Tech, as well as business assistance,
subsidized space, and connections to potential corpo-
rate partners, venture capitalists, and intellectual prop-
erty guidance. Eligible companies must be based on
technology that is proprietary in nature, protected by
copyright or patents, and must have a research and
development (R&D) focus. The technologies need not
be based on Georgia Tech research, however, and while
the incubator affords close proximity to university lab-
oratories and faculty, companies need not avail them-
selves of these resources. In our sample, only 14% of
the companies are start-ups based on licenses from
Georgia Tech, while 61% have links with university
faculty either informally (16%) or formally (22% with
contractual agreements and 23% with faculty in senior
management roles).

The data underlying this study come from two
sources: a longitudinal repeat survey of ATDC com-
panies and graduates starting in 1998 and ending in
2003, and data concerning Georgia Tech Licenses to
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tion 5 concludes the paper with a discussion of the
results, limitations, future research as well as manage-
rial and policy implications.

2. University knowledge-based assets and
incubator firm performance

One of the arguments for technology incubators
associated with universities is the access to knowledge-
based assets that are often needed for technology-based
start-ups. Support for this argument can be found in
an extensive empirical literature showing that knowl-
edge spillovers tend to be localized (Jaffe et al., 1993).
While some suggest that such spillovers are particularly
beneficial for small firms (Acs et al., 1994; Audretsch
and Feldman, 2004; Rothaermel, 2002), others find
that larger firms tend to rely more heavily on publicly
funded science (Cohen et al., 2002).

With few exceptions, this literature has been based
on patent and publication citations or survey data, and
has abstracted from whether firms are stand alone or
incubator residents. Two exceptions areSiegel et al.
(2003)andRothaermel and Thursby (2005). Siegel et
al. examine the effect of university science parks in the
UK on firm research productivity. While they find that
firms associated with science parks are more produc-
tive than those not so located, their data do not allow
them to examine the nature of the connection between
science park firms and the university.Rothaermel and
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easured by failure, graduation or continued in
ation, as a function of firm ties to the sponsor
niversity, controlling for other factors such as lin
ges to other, non-sponsoring research univers
rm patents, industry classification, firm size, to
mount of funding obtained, and sources of fund
e find that strong ties to the sponsoring university
easured by licensed technology or faculty as se
anagement reduce the likelihood of firm failure
lso retard graduation from the incubator. Weak tie

he sponsoring university, such as informal interac
ith faculty, do not appear to influence outright fi

ailure or timely graduation.
This article is organized as follows. Section2

xplores the role of university knowledge-based as
n incubator firm performance, Section3 discusse
ethodology, Section4presents the results, while S
hursby (2005)explore the effect of university know
dge in general, and knowledge generated by Ge
ech employees in particular, on incubator firm p
ormance. They examine two types of mechanis
i) transfer by a license to a Georgia Tech inven
nd (ii) knowledge spillovers as measured by b
ard citations in incubator firm patents to univer
atents and publications. Applying a diverse se
erformance indicators, they found little evidence

ocalized spillovers. Thus, the question of the me
y which localized university knowledge-based as
enefit science park or incubator firms remains op

Herein, we focus on the nature of different linka
o local university assets and the extent to which
ffect the performance of firms within an associa

ncubator. We examine two measures of performa
he probability that a firm fails and the probability t

firm graduates within 3 years or less. Allowing a
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year time window for graduation is conservative since
most start-ups graduate within 2 years from public
and within 1 year from private incubators (Rosenwein,
2000). The university linkages that we examine include
whether the underlying technology being developed is
university intellectual property, represented by whether
the technology is licensed from Georgia Tech, and a
faculty link indicating the type of faculty involvement
with the company.

2.1. Intellectual property (IP) link—Georgia Tech
Licenses

Eleven of the firms in our sample (14%) are compa-
nies founded to develop Georgia Tech inventions and
eight of these were founded by the inventor (58% of
companies based on a GT License, 10% of total sam-
ple). In all cases, the firm has an exclusive license to use
the invention, and all but three of the inventions have
patents awarded or pending (79% of companies based
on a GT License). Thus, one could argue that firms with
a Georgia Tech License have strong property rights,
putting them in a favorable position to appropriate the
returns from the inventions licensed (Dechenaux et al.,
2003). One could also make a quality signaling argu-
ment that, since the Office of Technology Licensing
(OTL) granted an exclusive license and in eight cases
filed for patents, these firms may well have a lower
probability of failure than other firms in the incubator.

There are other factors, however, that would suggest
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by the inventor(s). Agency theory would suggest that
founder involvement in a start-up should decrease the
probability of failure (Fama, 1980). Further, founder
involvement may also reflect “bold optimism” as sug-
gested by the cognitive bias literature (Camerer and
Lovallo, 1999), leading founders to remain committed
to developing the invention longer than other manage-
ment.

If the strong IP protection, quality signaling, and
inventor involvement effects dominate, we would
expect inventions licensed from the university to be
negatively related to firm failure. If the stage of devel-
opment effect is operative for this sample of inventions
(stage of development is not available from our data)
and dominates, the effect on failure rates would be pos-
itive.

With regard to the likelihood that a company will
graduate in 3 years or less, however, one could argue
that all four factors associated with a license from Geor-
gia Tech would tend to slow graduation. With strong
IP, a quality signal, an overly optimistic inventor, and
an embryonic invention, one would expect the time to
developing products and revenue, would be slow.

2.2. Faculty involvement

Although little is known about faculty involvement
with incubator firms, there is a growing body of litera-
ture on technology licensing that emphasizes the role of
faculty cooperation in successful commercialization of
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ar, university inventions are typically quite embryo
nd high risk. Survey evidence from over 60 US u
ersities and 113 businesses that licensed unive
nventions indicates that almost half of the inventi
icensed are no more than a proof of concept w
hey are licensed and three quarters are no more t
ab scale prototype (Thursby et al., 2001; Thursby a
hursby, 2003). The business survey shows that u
ersity inventions have a high failure rate, with 4
f the respondents estimating that the inventions

icensed from universities had a higher failure rate t
hose they licensed from other businesses, and
ndicating that university inventions had a lower fa
re rate (Thursby and Thursby, 2004).

The effect of the license link is further confound
y the fact that eight of the companies were foun
niversity inventions. In part because of the embry
ature of most inventions licensed, there is a real

or inventors to cooperate with licensees in the fur
evelopment required for practical use. Estimate

he extent of cooperation needed varies, with tech
gy transfer personnel in universities indicating
1% of the inventions licensed require faculty invol
ent for successful commercialisation, and licen
irectors of businesses who license university in

ions estimating that 40% of the inventions they lice
ould not be commercialized without faculty coope
ion (Thursby et al., 2001; Thursby and Thursby, 20).
ensen and Thursby (2001)interpret this to indicat
hat inventor cooperation in development increase
robability that an invention is commercially succe

ul.
It is important to note that this effect is independ

f the founder involvement noted above, but is a fu
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tion of inventor tacit knowledge that is often critical
in development. Further, while this evidence pertains
to inventor cooperation in developing their own inven-
tions, it is natural to expect the same type of cooperation
to be useful for companies developing any other high-
tech products. Indeed,Zucker et al. (2002)find that
many of the biotech firms in their sample reported star
scientists on their management team. They find that
firm success (as measured by patents, products in devel-
opment, and products in the market) is consistently
higher for firms with links to star university scien-
tists (as measured by co-authorship of university and
firm scientists). Interestingly,Audretsch and Stephan
(1996)found that the degree to which biotechnology
firms draw on local star scientists varies considerably
across firms, from 19% at the low end to 80% at the high
end. Their finding implies some variance with respect
to the availability of local knowledge spillover emanat-
ing from star scientists.

Taken together, we expect faculty involvement with
incubator firms to decrease the probability of failure.
As discussed below, we have three measures of faculty
involvement: faculty on the senior management team,
contracts with faculty, and informal ties. While a num-
ber of studies find evidence of firm learning through
informal ties and consulting contracts, we hypothesize
that the effect of faculty involvement on firm success
would be stronger when faculty are part of the senior
management team (Agrawal and Henderson, 2002;
Cohen et al., 1998; Thursby et al., 2004). We expect
t il-
u for
t

link
t link
t ely
g to
n they
a out
c ely
o
a r
( ists
s itial
p ulty
i tion.
I tar
s fore

more related to VC funding or IPO valuation. Very
few of the firms in this sample, if any, fit this profile,
so we discount the importance of this effect for our
sample.

3. Methodology

3.1. Research setting—Georgia Tech’s ATDC

The Advanced Technology Development Center
is a technology incubator sponsored by the Georgia
Institute of Technology, a public research university,
and is located adjacent to the Georgia Tech main
campus in midtown Atlanta. The ATDC also receives
legislative and financial appropriations from Georgia’s
Governor and the General Assembly of the state. The
ATDC was founded in 1980 as one of the first tech-
nology incubators in the US, and has since generated
a cumulative of 4100 jobs and US$ 352 million in
total revenues as of December 31, 1998. The ATDC
member firms had a total of US$ 12 million in annual
revenues in 1998, US$ 19 million in 1999 and US$ 18
million in 2000. In the late 1990s, Georgia Tech’s
ATDC was voted as one of the top incubators in the US
based on a survey of peer incubators conducted by Inc.
magazine (Rosenwein, 2000). The ATDC focuses on
incubating early stage companies (0–3 years), with the
company’s founding date generally coinciding with
the firm’s admission to membership into the incubator.
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For the same reasons that we expect a license

o retard graduation, we also expect the faculty
o be negatively related to the probability of tim
raduation. That is, technologies are more likely
eed research faculty input the more embryonic
re. There is also evidence that university spin
ompanies may well grow faster when they r
n non-academic entrepreneurial talent (Franklin et
l., 2001). In a different context,Darby and Zucke
2002)find that close association with star scient
peeds the progress of new biotech firms toward in
ublic offerings. Thus, one could argue that fac

nvolvement by stars could speed time to gradua
t is not clear, however, whether the effect of s
cientist participation is not reputational, and there
The ATDC managers actively solicit applicatio
rom new ventures, and admitted, during our st
eriod, between 10 and 20% of their applica
fter a fairly stringent, two-stage review process.

ndicated above, it is not necessary that the techno
nderlying the new venture is related to Geo
ech, yet, it must be proprietary in nature. During

ast few years, the size of the full-time professio
taff of the ATDC remained, despite turnover, fa
onstant at 22 managers. These managers ass
ommercialization efforts of the ATDC memb
rms.

.2. Sample and data

The sample consists of the population of mem
rms in the Advanced Technology Development C
er, a technology incubator, for the years 1998–2



1080 F.T. Rothaermel, M. Thursby / Research Policy 34 (2005) 1076–1090

A total of 79 firms were tenants of the ATDC during
this 3-year time frame. The year 1998 marks the first
year detailed data were collected for the firms in the
incubator. We drew the sample based on the years
1998–2000 to be able to observe each start-up firm for
a minimum of 4 years beginning with initial incubation
in yeart. We assessed the performance of the incubator
firms att+y, where 1≤ y≤ 3 years. For example, the
performance of an incubator firm admitted in 1999
was evaluated in 2002 or earlier if a terminal event
(i.e., failure or graduation) had occurred. Thus, the
first possible year of evaluation for an incubator firm
admitted in 1999 was 2000, while the latest possible
year of evaluation was 2002. Applying a 3-year time
window to assess incubator firm performance appears
to be conservative given the fact that incubator tenants
tend to graduate from public incubators within 2 years
and from private incubators within 1 year (Rosenwein,
2000). In t+y, the start-up firm could fall into one of
three categories: (1) failure, i.e., the firm ceased to exist
due to bankruptcy or liquidation; (2) firm remains in the
incubator; (3) successful graduation, i.e., the firm is a
stand-alone going concern or was acquired. It is impor-
tant to note, that while managers of the ATDC hope
to graduate firms in a timely manner, this technology
incubator does not have an explicit graduation policy.
Each graduation decision is made on a case-by-case
basis.

Data for the 79 firms were collected annually for
the 6-year time period between 1998 and 2003 through
a rms
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development and technology ventures, the Institute’s
director of the technology licensing office, and the
Institute’s director of its VentureLab, a center founded
to identify commercializable technologies within the
Institute.

3.3. Measures

3.3.1. New venture performance
The performance of the newly formed technology

venture att+y is the dependent variable of this study.
We coded the performance of the new venture as
a multinomial variable with three categories: failure,
remaining in the incubator, and successful graduation.
Remaining in the incubator serves as reference cate-
gory.

3.3.2. Georgia Tech (GT) Link
A firm’s link to the sponsoring research university

is the key independent variable of this study. Here, we
focused on the different strengths of a firm’s link to
Georgia Tech. First, we obtained a complete list of
firms that were started based on a technology licensed
from the sponsoring research university (GT License).
Second, each firm was asked to indicate whether (1) it
had aninformal contactto one or more GT professors,
(2) there existed acontractual relationshipwith one
or more GT professors, (3) one or more GT profes-
sors were recruited as members of the firm’ssenior
management, which includes GT professors as firm
f GT
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survey instrument that was administered to all fi
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ata for the prior year. Accordingly, data collect
egan in the spring of 1999 and ended in the sp
f 2004. This longitudinal, repeat survey appro
llowed us to obtain an unequivocal performa
utcome att+y, where 1≤ y≤ 3 years, for all 79
rms in the sample. Thus, our results are not pr
o a survivor bias, frequently observed in stud
ocusing on new venture creation and their e
erformance.

A second source of data was the Georgia Inst
f Technology’s Office of Technology Licensing. W
btained data on new ventures based on Georgia
icenses including their founding date and indus
e augmented the collection of the quantitative d

hrough semi-structured interviews with manager
he ATDC, the Institute’s vice provost for econom
ounders. When further decomposing a venture’s
enior management link, we explicitly assessed i
nventor of the technology was part of the firm’s sen

anagement (GT Inventor in Senior Management). In
otal, we employed seven different variables to tr
he different strengths and permutations of the sta
rm’s linkages to the sponsoring research universi
ttempting to disentangle the role of university linka

n predicting successful graduation from the tech
gy incubator.

The first variable (GT License) tracks whether th
rm in the sample was founded to commercializ
echnology licensed from the sponsoring univer
he second variable (GT Link—informal or contrac-
ual or senior management) is an indicator variabl
aking on the value of 1 if the firm had engaged
ny of the three possible linkages. The third varia
GT Link—contractual or senior management) tracks
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somewhat stronger linkages that go beyond mere infor-
mal involvements of GT professors, taking on the value
of 1 if the firm had either a contractual arrangement
with a GT professor and/or a GT professor was part of
the firm’s senior management. This approach allows us
to test for the impact of successively stronger involve-
ments by university professors in the new ventures.

The next three variables track university linkages
exclusively for each category, and were each coded 1 if
that specificGT Linkexisted (informal only, contrac-
tual only, senior management only). This enabled us to
test for the specific effect of each mutually exclusive
category of university linkage, while controlling for the
other linkage categories. Finally, we triangulated the
data obtained from Georgia Tech’s Office of Technol-
ogy Licensing with the data obtained from the annual
survey to construct the variableGT Inventor in Senior
Management, which is an indicator variable that takes
on the value of 1 if the inventor of the technology was
at the same time the founder or a senior management
member of the ATDC firm that attempted to commer-
cialize the new technology. This fine-grained variable
aided us in understanding the effect of the type of senior
management member (inventor versus non-inventor)
on incubator firm performance.

3.4. Control variables

We employed a number of control variables that
could affect a firm’s probability to successfully gradu-
a

3
n a

s ikely
t ize
e the
y sed.
P par-
t use
t and
t ewly
c cted
d but
a full-
t hile
e f of a
f

3.4.2. Patents
We controlled for the intellectual property endow-

ment of each firm through a cumulative count of the
patents filed and awarded up to the year prior to which
the outcome variable was assessed.

3.4.3. Total funds
We controlled for the total amount of cumulative

funding the new ventures obtained up to the year
prior to which the outcome variable was assessed.
We constructed thetotal fundsvariable by leveraging
fine-grained data pertaining to the different financing
sources: family and friends, angel investors, venture
capitalists, private placements, equity investments, and
grants. We applied a logarithmic transformation to
enhance the normality of this variable.

3.4.4. VC funding
Different funding sources have a differential impact

on incubator firm performance. Here, funding obtained
form venture capitalists takes on an important signaling
role as it often bestows legitimacy upon the new venture
(Stuart et al., 1999). For example, at some research
universities, it is the policy of the office of technology
licensing not to issue a license to a start-up unless it has
obtained venture capital funding.1 Therefore, to control
for this important source of funding, we constructed
an indicator variable that takes on the value of 1 if
the technology firm received venture capital funding
during any time prior to the year at which the outcome
v
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te from a technology incubator.

.4.1. Employees
If new ventures grow quickly, they tend to be o

teeper growth trajectory, and are thus, are more l
o graduate successfully. We controlled for firm s
ffects through the number of employees up to
ear prior to which the outcome variable was asses
roxying firm size by the number of employees is

icularly salient when studying new ventures beca
hese firms frequently do not generate revenues
heir assets tend to be intangible. Moreover, since n
reated ventures tend to be quite small, we colle
ata not only on the number of full-time employees
lso on the number of part-time employees. Each

ime employee was counted as one employee, w
ach part-time employee was counted as one hal

ull-time employee.
ariable was assessed, and 0 otherwise.

.4.5. Industry effects
Industry effects clearly impact new venture succ

nd thus, the probability of successful graduation.
racked each firm’s industry based on four digit S
ard Industry Classification (SIC) codes. Since o
0% of the technology ventures in the sample are a

n the software industry (SIC 7372), we included
ndicator variable coded 1 if the new technology v
ure is asoftwarecompany.

.4.6. Time in incubator
While the sample is not prone to a survivor b

e are faced with the problem of left censoring si

1 This is not the policy at the Georgia Institute of Technolo
owever.
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the ATDC technology incubator was in existence prior
to 1998, the first year of our annual data collections.
To ameliorate this problem, we recorded the year that
each firm was admitted into the incubator, which gen-
erally coincides with the firm’s founding date, and the
last year the firm remained in the incubator. These two
data points enabled us to construct thetime in incu-
bator variable, which is the number of years the firm
remained in the technology incubator, to account for
left censoring.

3.4.7. Non-GT Link
When assessing the impact of different types and

permutations of Georgia Tech linkages on the perfor-
mance of ATDC ventures in a fine-grained manner,
it is critical to control for university linkages that the
ATDC ventures may have to other, non-GT, research
universities. In fact, the sample firms listed linkages
to 11 US research universities besides Georgia Tech.
To isolate the effect of different Georgia Tech linkages
on the performance of ATDC ventures, we created an
indicator variable that takes on the value of 1 if the
firm had a link to a university other than Georgia Tech,
and 0 otherwise. Some ATDC firms in the sample,
for example, maintained linkages to universities
other than Georgia Tech but did not have a link to
Georgia Tech other than their membership in the
ATDC.
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4. Results

We followed 79 firms incubated in Georgia Tech’s
ATDC over the 6-year period between 1998 and 2003.
We assessed the performance of these firms att+y,
where 1≤ y≤ 3 years. We obtained an unequivocal
outcome variable for all 79 firms, and found that 41
firms (52%) had failed, 23 firms (29%) had graduated
successfully, while 15 firms (19%) remained in the
incubator. The key independent variable of this study
represents the venture’s linkages to the incubator-
sponsoring university, Georgia Tech. The data reveal
that 11 firms (14%) were founded based on a Georgia
Tech License, while 48 firms (61%) indicated that
they had a Georgia Tech Link of any type (informal or
contractual or senior management). Of the latter, 13
firms (16%) had aninformal GT Link only, 17 (22%)
had acontractual GT Link only, and 18 (23%) had
exclusively asenior management GT Link.In eight
firms was the inventor of the GT technology also the
venture’s founder or part of the incubator firm’s senior
management (10% of all firms and 73% of firms
founded on GT Licenses). Moreover, in the year prior
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.5. Estimation procedure

We focus on theperformance outcomeof the
echnology ventures in the sample att+y, thus, the
ependent variable can take on three catego

ailure, remaining in incubator, and successful g
ation. Accordingly, we applied multinomial logis
egression, estimated with a maximum likeliho
rocedure. The outcome variable,Pj , is the probability
f falling into one of the outcome categories base
nonlinear function with three outcomes (Maddala

983):

j = eβ′
j
x

D
(j = 1, 2, . . . , m − 1)

nd

m = 1

D

o which the performance of the incubator firm w
ssessed, the average start-up in the sample h
mployees, 3 patents, accumulated a total fundin
S$ 3.3 million, and spent a little less than 2.5 yea

he ATDC.
The variance among the high-technology vent

n this sample is quite high, which enhances the va
ty of the results. Some firms graduated success
ithin the first year of their ATDC membership, wh
thers did not obtain this goal even after 6 year
embership in the technology incubator. While sev

rms had no employees besides the founder, one
ad 75 employees in their last year of ATDC mem
hip. While many firms did not obtain any patents,
rm had been awarded 13 patents. While the maj
f firms (67%) were able to obtain some external fu

ng, one firm accumulated more than US$ 30 mil
uring their tenure in the incubator.Table 1displays
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the descriptive statistics and the bivariate correlation
matrix, whileTable 2depicts the regression results.

We would like to emphasize that the independent
variables are characterized by a low bivariate correla-
tion (Table 1). The bivariate correlation is generally
well below 0.70, suggesting discriminant validity of
the different university linkage variables (Cohen et al.,
2003).2 For example, when considering the univer-
sity linkages in isolation, their bivariate correlation is
belowr < 0.30. A high discriminant validity of the inde-
pendent variables is also reflected in the fact that the
maximum variance inflation factor was 1.8, well below
the suggested cut-off point of 10 (Kleinbaum et al.,
1988). Therefore, multicollinearity did not affect our
results.

We hypothesized that a link maintained by a tech-
nology incubator venture to the incubator-sponsoring
university reduces the venture’s probability of failure,
but at the same time retards its timely graduation. We
proposed that these effects are the more pronounced
the stronger the link maintained to the incubator-
sponsoring research university. We assessed these two
hypotheses based on the results obtained inTable 2.
Model 1 includes the control variables only, and rep-
resents the baseline model. In model 2, we added the
indicator variable for a start-up based on a Georgia Tech
License (GT License). In line with the first prediction,
we find that a venture founded explicitly to commer-
cialize a technology of the incubator-sponsoring uni-
versity is significantly less likely to experience outright
f o
fi tion
s re no
l ator
v

eor-
g may

L
L
L -
t hese
s e two
c mon
v study
i ated
b ssion
m

ailure (p< 0.05; Exp(B) = 2.20). However, we fail t
nd support for the hypothesis of retarded gradua
ince start-ups based on Georgia Tech Licenses a
ess likely to graduate within 3 years than incub
entures not based on Georgia Tech technology.

When assessing the effect of the more general G
ia Tech linkages that the technology ventures

2 In two cases (bivariate correlations between (1)GT
ink—informal or contractual or senior managementand GT
ink—contractual or senior managementand (2) betweenGT
icenseandGT Inventor in Senior Management) are the respec

ive bivariate correlations above 0.70 (r = 0.75 and 0.83). T
omewhat elevated bivariate correlations are expected since th
onstructs each share by definition a significant amount of com
ariance. Nonetheless, they do not affect the result of this
n any way since the two pairs of constructs exhibiting elev
ivariate correlations are not included in the same regre
odels.
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Table 2
Results of multinomial logit regression predicting incubator firm failure and graduation, with remaining in incubator as reference category

Model 1 Model 2 Model 3 Model 4

Fail Graduate Fail Graduate Fail Graduate Fail Graduate

Employees 0.670* (0.455) 0.679** (0.400) 0.618* (0.458) 0.678* (0.417) 0.685* (0.461) 0.688** (0.405) 0.684* (0.460) 0.694** (0.406)
Patents 0.379 (0.308) −0.288 (0.609) 0.328 (0.323) −0.305 (0.632) 0.368 (0.311) −0.175 (0.608) 0.396 (0.317) −0.166 (0.622)
Total funds −0.999** (0.444) −0.478 (0.478) −0.972** (0.462) −0.460 (0.487) −1.036** (0.457) −0.458 (0.484) −0.985** (0.460) −0.444 (0.484)
VC funding −0.452 (0.399) −0.150 (0.377) −0.349 (0.405) −0.116 (0.386) −0.451 (0.400) −0.148 (0.378) −0.444 (0.399) −0.140 (0.376)
Software 0.156 (0.348) 0.117 (0.340) −0.034 (0.364) 0.033 (0.361) 0.159 (0.349) 0.137 (0.342) 0.110 (0.371) 0.084 (0.350)
Time in incubator −0.956*** (0.408) −1.011** (0.466) −0.803** (0.404) −1.003** (0.490) −0.974*** (0.416) −1.033** (0.467) −0.959*** (0.410) −1.038** (0.469)
Non-GT Link 0.208 (0.294) −0.871** (0.408) 0.172 (0.304) −0.922** (0.425) 0.205 (0.296) −0.889** (0.413) 0.215 (0.295) −0.883** (0.410)
GT License −0.787** (0.447) −0.162 (0.328)
GT Link (informal or contractual or senior

management)
0.106 (0.355) 0.161 (0.342)

GT Link (contractual or senior
management)

−0.091 (0.368) −0.217 (0.353)

GT Link (senior management only)
GT Link (contractual only)
GT Inventor in Senior Management

PseudoR2 0.40 0.43 0.40 0.40
−2 LL 139.08 135.05 138.42 138.69

Model 5 Model 6 Model 7

Fail Graduate Fail Graduate Fail Graduate

Employees 0.755* (0.487) 0.786** (0.438) 0.738* (0.491) 0.774** (0.439) 0.591* (0.459) 0.631* (0.415)
Patents 0.501* (0.341) 0.149 (0.579) 0.496* (0.338) 0.122 (0.593) 0.357 (0.333) −0.158 (0.592)
Total funds −1.014** (0.445) −0.528 (0.482) −1.056** (0.458) −0.570 (0.487) −0.946** (0.465) −0.453 (0.495)
VC funding −0.274 (0.438) 0.133 (0.408) −0.235 (0.451) 0.170 (0.419) −0.245 (0.412) 0.007 (0.394)
Software −0.051 (0.383) −0.142 (0.369) −0.011 (0.391) −0.124 (0.375) −0.018 (0.362) −0.015 (0.354)
Time in incubator −0.882** (0.403) −0.925** (0.446) −0.861** (0.403) −0.884** (0.452) −0.765** (0.406) −0.849** (0.465)
Non-GT Link 0.205 (0.302) −0.911** (0.417) 0.193 (0.305) −0.915** (0.419) 0.196 (0.304) −0.886** (0.423)
GT License
GT Link (informal or contractual or senior

management)
GT Link (contractual or senior

management)
GT Link (senior management only) −0.448 (0.416) −0.825** (0.426) −0.395 (0.431) −0.767** (0.438)
GT Link (contractual only) 0.167 (0.376) 0.186 (0.363)
GT Inventor in Senior Management −0.796* (0.522) −0.627* (0.461)

PseudoR2 0.43 0.44 0.44
−2 LL 135.05 134.75 134.23

Standard errors in parentheses.
* p< 0.10.

** p< 0.05.
*** p< 0.01.
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have, we found that strong ties based on Georgia Tech
faculty involvement in the venture’s senior manage-
ment had the most significant effect on retarded gradu-
ation. Model 3 assesses the effect ofany typeofGeorgia
Tech linkage, and reveals that having any type of link,
without explicitly assessing the strength of the tie to
the sponsoring university, is not significantly related
to either the probability of the venture’s outright fail-
ure or its successful graduation. Model 4 depicts the
results for firms whose linkages go beyond informal
contacts as they comprisecontractual linkageswith
GT professors and/or GT professors as part of the
venture’ssenior management team. The results indi-
cate that these types of somewhat stronger linkages
do not impact the probability of firm failure nor do
they appear to retard a venture’s successful gradua-
tion. These non-results provide an important observa-
tion because many studies do not disentangle different
university linkages based on their strength and other
characteristics of the venture–university relationship.
These results, however, indicate that we ought to look at
each type of linkage individually, as done explicitly in
this study.

Therefore, model 5 assesses the impact of Georgia
Tech professors in the venture’s senior management
team in isolation. We find that having a GT profes-
sor as a senior manager does not affect the venture’s
probability of outright failure, but it does significantly
retard the venture’s timely graduation from the incuba-
tor (p< 0.05; Exp(B) = 2.28). To assess the robustness
o we
i the
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Against the backdrop of the significant individ-
ual effects of the new venture holding a GT License
(reduced likelihood of failure, model 2) or having a
GT professor in its senior management team (retarded
graduation, model 6), the results obtained in model
7 are particularly interesting. Here, we assessed how
having a GT professor, who is also theinventorof the
technology, in the venture’s start-up company (which
includes GT professors as firm founders) affects new
venture failure and graduation. We find that aGT
Inventor in Senior Managementhas a marginal sig-
nificant effect onboth new venture failure and suc-
cessful graduation. Having a GT inventor in the ven-
ture’s top management team, reduces the probability
of outright failure (p< 0.10; Exp(B) = 2.22) and, at the
same, retards the venture’s timely graduation (p< 0.10;
Exp(B) = 1.87).

4.1. Results of control variables

Some of the results for the control variables are also
noteworthy. Incubator firms that grow faster, as prox-
ied by their number of employees, are, not surprisingly,
somewhat more likely to graduate in a timely fashion.
As expected, incubator firms that are able to accrue
more funding are less likely to fail altogether. Inter-
estingly, the variable for an incubator firm’s university
linkages to other universities than the one sponsoring
the incubator is consistently significant when predict-
ing successful graduation. The results obtained across
a er-
s r in
a rds
s out-
r ce
o s
w s to
a firm
p

-
t ion
u ime
e his
fi ich
t over
t roba-
b
i e,
f this finding against the other types of linkages,
ncluded the variable for having a GT professor in
enture’s senior management team (GT Link–senio
anagement only) and the variable for maintainin
contractual relationship with a GT professor (GT
ink–contractual only) simultaneously into model
hile having an informal link to Georgia Tech (GT
ink–informal only) servers as reference category. T
pproach allows us to isolate the effect of the GT se
anagement link on the start-up’s performance m

ully. As indicated in model 6, the results for havin
T professor on the incubator firm’s top managem

eam obtained in model 5 remain robust. When c
rolling for the different types of university linkag
xplicitly, we find that an incubator firm’s link to th
ponsoring university through inclusion of a GT prof
or in its top management team reduces the proba
f successful graduation (p< 0.05; Exp(B) = 2.15).
ll models indicate that having a link to a univ
ity other than Georgia Tech, either in isolation o
ddition to a Georgia Tech Link, significantly reta
uccessful graduation, while it has no effect on
ight failure. This finding highlights the importan
f explicitly controlling for other university linkage
hen investigating the relationship between linkage
n incubator-sponsoring university and incubator
erformance.

Finally, the significance of thetime in incuba
or variable in predicting both failure and graduat
nderscores the importance of controlling for t
ffects to mitigate the problem of left censoring. T
nding could be viewed as a Markov process in wh
he likelihood of failure and graduation decreases
ime, and commensurately increases the residual p
ility of remaining in the incubator. In addition, thetime
n incubatorvariable is highly correlated with firm ag
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and thus, inversely correlated with the unobservable
probability of firm failure (Jovanovic, 1982). Alterna-
tively, time in incubatorcould also be correlated with
the embryonic nature of university technologies, which
is not observable in our data.3

4.2. Robustness checks

Since 15 firms (19%) remained in the incubator
at t+y, there is some right censoring in the sample
when attempting to predict the probability of failure
and successful graduation. In unreported regressions,
we assessed the possibility whether this biased our
results through applying a binary logit model on the
reduced sample (N= 64) for which we have either a
negative (failure) or positive (graduation) outcome at
t+y, where 1≤ y≤ 3 years, and found that the results
remained robust.

Moreover, we defined successful graduation as
either the new venture is a stand-alone going concern
or was acquired att+y. Among the 79 firms, only
three (4%) were acquired att+y. The results are robust
to dropping the few acquisitions in the sample. This
robustness check is prudent because acquisitions might
be a sign of failure rather than success, in particular,
when the firm is acquired short of liquation (Shane and
Stuart, 2002). In this study, however, the three acqui-
sitions in this sample appear to be reflecting success
rather than failure based on input received in our inter-
views with ATDC managers.

tors
p ion
i fall
i ur-
d 13
fi in
m lth-
c ach
i es,
a h in
m deo
i

y-
i and
f e of

ights
w

industry effects when employing a telecom industry
dummy variable. It is also worth noting that these two
industries make up about 60% of the entire sample, and
thus, we are quite confident that any omitted industry
effects did not bias the results. Moreover, we suggest
that the results do not appear to be directly influenced
by the Internet boom and bust in the late 1990s and
early 2000s since only three firms in the sample are
Internet firms.

In the analysis, we explicitly controlled for the
time the firms spent in the incubator. Alternatively,
we employed a variablelast year in incubator, which
tracks the last year prior to which the firm’s outcome
variable was assessed (i.e., year =t), to control for year
effects. The results were consistent.

5. Discussion

In this study, we investigated the effect of differ-
ent university linkages on incubator firm failure and
graduation. In particular, we assessed the effect of a
technology license from the sponsoring university and
linkages to faculty of the sponsoring university on the
probability of incubator firm failure and timely grad-
uation from the incubator within 3 years or less. We
suggested that an incubator firm founded to commer-
cialize a technology from the sponsoring university
based on an exclusive license might be less likely to
experience outright failure due to strong IP protection, a
q ve-
m that
t ad-
u nd
a el-
o

to
i ve-
m cili-
t ould
b ch-
n ’s
s ents
a ely
g fac-
u to
t both
f t of
We also investigated whether other industry fac
lay a role in predicting firm failure and graduat

n some more detail. The 79 firms in the sample
nto 14 different industry categories based on fo
igit SIC codes with 34 firms in software (43%),
rms in telecommunications (16%), 6 firms each
anufacturing and communications (8%), 5 in hea

are (6%), 3 Internet businesses (4%), 2 firms e
n agriculture, biotechnology, environmental servic
nd general services (3% each), and 1 firm eac
icroelectronics, paper industry, robotics, and vi

ndustry (1% each).
We explicitly tested for industry effects by emplo

ng an indicator variable for software companies,
ound no support. Likewise, there was no evidenc

3 We thank Professor Adams for sharing these valuable ins
ith us.
uality signaling effect and potential inventor invol
ent in the new venture. Moreover, we suggested

his type of incubator firm might also be slower to gr
ate due to a potentially overly optimistic inventor a
technology that is likely to be embryonic in its dev
pment.

When highlighting linkages of university faculty
ncubator firms, we hypothesized that faculty invol

ent reduces the likelihood of failure because it fa
ates the transfer of tacit knowledge. This effect sh
e particularly pronounced if the inventor of the te
ology is also the firm founder or part of the firm
enior management team. Similar to the argum
dvanced when relating a university license to tim
raduation from the incubator, we suggested that
lty involvement may slow graduation mainly due

he early stage of the technology. With respect to
ailure and graduation, we posited that the effec
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faculty involvement is the greater, the stronger the link-
age to university faculty of the incubator-sponsoring
university. In sum, the baseline hypothesis we inves-
tigated was that university linkages to the incubator-
sponsoring university not only reduce the probability
of firm failure, but also retard timely graduation.

We tested these notions on a longitudinal sample
of 79 technology ventures incubated in Georgia Tech’s
Advanced Technology Development Center, a technol-
ogy incubator, over a 6-year time frame (1998–2003).
Overall, we found that a new venture’s university
linkages through a GT License and/or through hav-
ing a GT professor on the firm’s senior management
team significantly reduce the new venture’s chances
of outright failure, but also retard the firm’s gradu-
ation from the incubator to a significant extent. The
fine-grained analysis applied allowed us to attribute
the probability of reduced new venture failure to
the venture being founded on a technology licensed
from the university sponsoring the incubator, while
retarded graduation stems from links to faculty from
the incubator-sponsoring university. The results indi-
cated that a new venture founded to commercialize
a technology licensed from the incubator-sponsoring
university (Georgia Tech) is 2.20 times less likely to
fail outright than a new venture that is not based on a
license of the incubator-sponsoring university. When
disentangling the effects of different strengths of link-
ages between the incubator firm and the sponsoring
university, we found that only strong ties matter when
p ing
d ring
u ity
p age-
m ith
a ment
t ely
f ith
a than
t sful
g nal
m

nol-
o nior
m ssed
i ility
o re,
w the

incubator firm’s senior management reducedboth the
probability of outright failure and the likelihood of
timely graduation from the incubator within 3 years
or less. The cognitive bias of “bold optimism” poten-
tially experienced by firm founders might be particu-
larly prevalent among inventors turned entrepreneurs
(Camerer and Lovallo, 1999), and thus, may explain
why having an inventor in the incubator firms’ senior
management team retards both the probability of out-
right failure and the likelihood of timely graduation.
Moreover, there appears to be a trade-off between the
evidently necessary tight-coupling between the tech-
nology invention and the start-up through a strong
university tie versus the explicitly stated goal of many
technology incubators to graduate firms in a timely
fashion (Linder, 2003).

While prior research highlighted the importance of a
university start-up founder’s ties to venture investors as
critical in obtaining funding (Shane and Stuart, 2002),
we focus on the ties of the incubator firm to the sponsor-
ing university in predicting firm failure or graduation.
The results contribute to the growing literature on uni-
versity industry technology transfer, as well as to the
literature on technology incubators. While the former
has examined the role of university faculty or univer-
sity alliances in the performance of new ventures, it
has largely ignored incubator-based ventures (see for
example,Nerkar and Shane, 2003; Rothaermel and
Deeds, 2004; Zucker et al., 2002).

On the other hand, the literature on technology incu-
b sity
t nce
( l.,
2 f
s the
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l rms
p lity”
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s ng of
s , yet,
M le
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el
d ning
redicting graduation within 3 years or less. Analyz
ifferent strengths of ties to the incubator-sponso
niversity, ranging from informal ties to the univers
rofessors to having a professor in a senior man
ent position, we found that an incubator venture w
Georgia Tech professor as part of its top manage

eam is significantly less likely to graduate in a tim
ashion. In particular, the average ATDC venture w

Georgia Tech professor at its helm was more
wo times (2.15) as likely to not achieve succes
raduation than an incubator firm led by professio
anagement, for example.
In several instances, the inventor of the new tech

gy was also the firm’s founder and/or part of its se
anagement team. We therefore explicitly asse

nventor versus non-inventor effects on the probab
f incubator firm failure and timely graduation. He
e found that having a Georgia Tech inventor in
ators has largely overlooked the effect of univer
ies, and in particular faculty ties, on firm performa
for reviews seeHackett and Dilts, 2004; Siegel et a
003). An exception isMian’s (1996)case study o
ix incubators (including ATDC) which examines
mportance to member firms of having access to
ersity faculty. His results, however, as well as th
f Culp (1996), point to the main benefit of universit

inked incubators as reputational, with member fi
erceiving the highest value added as the “credibi
ssociated with the university connection. Both of th
tudies have certainly enhanced our understandi
ome of the benefits of incubators for new ventures
ian (1996)andCulp (1996)rely on a small samp
mploying a qualitative descriptive method, and t

ack econometric analysis.
In contrast, we relied on longitudinal, firm-lev

ata, which allowed for testing hypotheses pertai
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to the role of university faculty on incubator firm fail-
ure or graduation.Phan et al., 2005highlighted, among
others, the dearth of firm-level data for incubator firms
and concluded that it is “difficult to conduct an econo-
metric analysis of the antecedents and consequences
of the performance of firms” in technology incubators,
who play an increasingly important role in the inno-
vation infrastructure and regional economic growth. In
this study, we attempted to take a first step in clos-
ing this gap in literature on incubator firm-differential
performance through explicitly highlighting the role of
university linkages on firm failure and graduation.

5.1. Limitations and future research

Rather than interpreting the result that faculty
involvement retards graduation, one could also view
this result as indicating that the probability of incu-
bator retention is higher if the start-up has a strong
link to a faculty member of the incubator-sponsoring
university, because remaining in the incubator allows
faculty members to conveniently exercise the double
role of university researchers and start-up managers
due to geographic proximity as well as institutional
linkages and networks. This is an interesting propo-
sition with important policy implications, and thus,
should be investigated in further research more thor-
oughly.

The advantages and disadvantages of the dataset
underlying this study are important to note. It is the
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should attempt to rely on longitudinal surveys con-
ducted in multiple incubators, preferably in and outside
the US, to enhance the validity and generalizability of
our findings. Such an approach would also help to clar-
ify the issue of whether the results are idiosyncratic to a
high-performing technology incubator at a top research
institution or more broadly generalizable to the incu-
bator population at a variety of universities.

Another potential limitation of this study concerns
the sample selection. There is some debate in the litera-
ture of what type of firms seek membership in technol-
ogy incubators. Some argue that incubator managers
select on the most promising firms, while others sug-
gest that incubators provide nothing but subsidies to
otherwise failing ventures (for a discussion seeHackett
and Dilts, 2004). Clearly, incubator managers appear
to apply strict due diligence prior to admitting new
members, and the ATDC is no exception. Yet, evi-
dence from our field work with incubator managers
and firm founders (both ATDC members and non-
members) lead us to believe that incubator managers
sample on promising firms that are in need of help and
assistance. Thus, the typical technology venture admit-
ted to an incubator is likely to be neither a firm that
would otherwise have no chance to survive nor a firm
that does not need any support. Thus, our results, as
other incubator-firm performance research, has to be
interpreted within this context.

More work is clearly needed to further disentan-
gle the reasons for a reduced probability of failure and
d ong
u per to
s n of
g ime,
t r a
c en-
t ally,
s ntee
l rad-
u the
d per-
f

5

and
i e-off
t ture
ongitudinal nature of our data that allow us to exa
ne the relationship of university linkages and incub
rm performance. As noted above, the lack of d
as been a limitation to the literature on incubat
hich, except forWesthead and Storey (1997), Siege
t al. (2003), Rothaermel and Thursby (2005), has bee
ased on incubator-level data, one-time surveys
ualitative descriptions. We were able to study in
ator firm failure and graduation over time, yet
tudy’s context was limited to one incubator due
he necessity of accessing the fine-grained, longi
al data needed to conduct the econometric ana
equired to test our hypotheses. While we thus co
or incubator-idiosyncratic effects through drawing
ample exclusively from Georgia Tech’s ATDC, o
lear limitation of this approach is that we cannot d
mplications for incubator differential performance
o Colombo and Delmastro (2002). Future researc
elayed graduation of technology ventures with str
niversity ties. Future research needs to delve dee
ee whether the reduction in failure and retardatio
raduation is based on characteristics of the IP reg

he underlying technology, the university faculty, o
ombination of thereof. Here, a focus on the inv
or as firm founder is a necessary first step. Fin
uccessful and timely graduation does not guara
ong-term success. Future work should go beyond g
ation, which is clearly an important milestone in
evelopment of a new venture, and investigate the

ormance of these ventures post graduation.

.2. Managerial and policy implications

The results seem to indicate that entrepreneurs
ncubator managers need to be aware of the trad
hey might encounter when incubating a new ven
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that relies on a strong university link either through
a technology license and/or having one or more uni-
versity faculty as part of the senior management team.
Incubated firms without such ties were more likely to
fail but also more likely to successfully graduate within
a timely manner. Perhaps, a balanced approach combin-
ing the necessary university link for some start-ups with
professional managers might ameliorate some of these
challenges (Franklin et al., 2001). The combination of
professional management and a strong university link-
age through a university license might reduce incubator
firm failure, while still allowing for timely graduation
from the incubator.

Since over 70% of the sample firms experienced
a unequivocal outcome (i.e., either graduation of fail-
ure) within 3 years or less post-incubation, an explicit
policy forcing graduation might be counter productive.
One tentative recommendation concerning graduation
policies flowing from these results, therefore, would
be not to institute iron clad policies, but rather to make
graduation decisions on a case-by-case basis.
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