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Abstract Grounding on the Knowledge Spillover
Theory of Entrepreneurship, this paper advances
research on innovative start-ups by studying whether
and how university knowledge fosters the creation of
these firms at the local level. First, we contend that
geographical proximity shapes the impact of univer-
sity knowledge on the creation of innovative start-ups
in a geographical area. In other words, in this context,
university knowledge spillovers are highly localized.
Second, we argue that the availability in an area of
individuals with open-minded attitudes (regional
openness) lessens the localized nature of university
knowledge spillovers, favouring the exploitation of
geographically distant university knowledge for the
creation of innovative start-ups. Results from estima-
tions of zero-inflated negative binomial regressions on
a sample of 1188 province—industry pairs confirm our
conjectures.
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1 Introduction

Young Innovative Companies (YICs) are small young
companies, intensively engaged in innovation activi-
ties. These firms have a superior ability in generating
new knowledge or combining existing knowledge to
develop radically new products and services with
significant commercial applications (Veugelers 2008;
Schneider and Veugelers 2010). Accordingly, scholars
and policymakers concur that YICs can benefit greatly
the productive system and ultimately the society as a
whole (e.g. EC-DG ENTR 2009).

To date, contributions on YICs have mainly
focused on their economic and innovative perfor-
mance. In particular, empirical studies have shown
that YICs outperform their competitors both in terms
of sales related to innovative products (see again
Schneider and Veugelers 2010) and firm’s growth
(Czarnitzki and Delanote 2013). Conversely, we know
comparatively less on the factors that drive the
creation of these firms. This paper contributes to fill
this gap by studying the role of university knowledge
for the creation of YICs (i.e. the creation of innovative
start-ups) at the local level. The central tenant of our
work is that, given the nature of innovative start-ups,
university knowledge positively affects their creation,
but geographical distance shapes this effect (see
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Bonaccorsi et al. 2014 for a similar argument in case of
local entrepreneurship in high-tech industries).
Accordingly, we first discuss and empirically docu-
ment that the creation of innovative start-ups in a
geographical area depends on the availability of
university knowledge in that area as the successful
exploitation of this knowledge requires geographical
proximity. In other words, we document that in this
context, university knowledge spillovers are localized.
Second, taking inspiration from recent contributions
within the Knowledge Spillover Theory of
Entrepreneurship (KSTE, Acs et al. 2009; Qian et al.
2013; Qian and Acs 2013), we argue that local factors
may lessen the localized nature of university knowl-
edge spillovers, thus favouring the exploitation of
distant university knowledge for the creation of
innovative start-ups. In particular, for sake of rele-
vance, we focus on regional openness, as defined by
the presence in the area of individuals with open-
minded attitudes.

In addressing the aforementioned issues, this paper
offers two main contributions. First, we replicate in the
context of innovative start-ups a well-established
result of the literature studying the effect of university
knowledge on local entrepreneurship. Bonaccorsi
et al. (2014) investigate how far university knowledge
(as measured by graduates, publications and patents)
goes to nurture the creation of new firms in knowl-
edge-intensive industries. The authors find that the
positive effect of university knowledge rapidly decays
with distance. Similar evidence is in Audretsch and
Lehmann (2005), Baptista and Mendonca (2010),
Fritsch and Aamoucke (2013)," which analyse the
impact of university knowledge on the creation of new
firms in high-tech or knowledge-intensive industries.
The value of our replication exercise stems from the
fact that all these studies refer to the creation of new
firms in specific industries, while our work analyses
the creation of a specific category of firms. On the one
side, high-tech and knowledge-intensive industries
may include firms that do not have innovation at the
core of their activity. On the other side, innovative

! The authors include in their analysis German firms in: (1)
high-technology manufacturing industries, devoting more than
8.5 % of their input to R&D; (2) technologically advanced
manufacturing industries (R&D intensity between 3.5 and
8.5 %); and (3) technology-oriented services, covering only
some selected service industries related to innovation and new
technologies.
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start-ups (i.e. new firms that have innovation as their
core mission and main source of competitive advan-
tage) can potentially emerge in any industry, although
their presence is likely more remarkable in knowl-
edge-intensive and high-tech industries. Second, pre-
vious works that have researched the localized nature
of university knowledge spillovers have not consid-
ered that territorial characteristics can reduce the
importance of geographical proximity.

In the empirical part of the paper, we test our
conjectures referring to the creation of innovative
start-ups in Italy as defined by Decree Law 179/12. In
an effort of stimulating innovative entrepreneurship,
this law contains the requirements a new firm must
fulfil to be labelled as an innovative start-up. Specif-
ically, it must be young (less than 5 years old), small
(less than 5 million € of turnover) and innovative, i.c.
its mission must be the development, the production
and commercialization of innovative products and
services (see Sect. 3 for a further details). As such, the
definition of Italian innovative start-up is consistent
with the definition of YIC used in the literature (see
Schneider and Veugelers 2010). In this context, we
estimate zero-inflated negative binomial regressions
whose dependent variable is the number of innovative
start-ups operating in 12 industries (according to the
NACE rev. 2 classification) and created in 99 Italian
provinces (NUTS 3 level?) between 2011 and 2014.
Therefore, the unit of analysis is the province—industry
pair and our sample consists of 1188 observations (see
Glaeser and Kerr (2009) and Ghani et al. (2013) for
similar approaches). The main explanatory variables
deal with the knowledge produced by universities
within and outside a focal province (Bonaccorsi et al.
2014) and with regional openness as measured by
open-minded attitudes of individuals residing in a
province (Florida and Tinagli 2005).

The paper proceeds as follows. The next section
provides the theoretical background of our study and
develops the research hypotheses. Section 3 describes
the econometric models used to test these hypotheses

2 The Nomenclature of territorial units for statistics (NUTS)
classification is a hierarchical system for partitioning the
European economic territory into sub-territories (regions,
counties, and so on). The current NUTS classification lists 97
regions at NUTS-1, 270 regions at NUTS-2 and 1294 regions at
NUTS-3 level. Further information is available at: http://epp.
eurostat.ec.europa.eu/portal/page/portal/nuts_nomenclature/
introduction.
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and the dependent and independent variables included
in the models. In Sect. 4, we illustrate the results of the
econometric analysis. Section 5 concludes the paper
by summarizing its main results, acknowledging its
limitations, and indicating directions for future
research.

2 Theoretical background and research
hypotheses

A well-established scholarly tradition acknowledges
that universities are a major source of knowledge and
technological opportunities (e.g. Cohen and Levinthal
1990; Klevorick et al. 1995), which, in turn, constitute
a fundamental input for the development, production
and commercialization of innovative products and
services. Accordingly, it is reasonable to expect that
university knowledge has a fundamental role in the
creation of innovative start-ups, which have innova-
tion as their core mission. In particular, we contend
that the creation of innovative start-ups in a geograph-
ical area depends on the availability of knowledge that
spills over from universities in that area. Our reason-
ing echoes contributions within the KSTE (Acs et al.
2009, 2013; Ghio et al. 2015), which have studied the
creation of new firms in high-tech and knowledge-
intensive industries (e.g. Acosta et al. 2011; Audretsch
and Lehmann 2005; Audretsch et al. 2004; Bonaccorsi
et al. 2013, 2014; Guerini and Rossi-Lamastra 2014).
According to these works, knowledge-intensive
entrepreneurship in an area is the response to the local
availability of university knowledge, which estab-
lished firms do not commercially exploit as their
knowledge filter (Acs and Plummer 2005) limits their
ability to leverage knowledge, which is too far from
their existing skills and competences (Mueller 2006).
Conversely, the knowledge filter does not affect
prospective entrepreneurs, which can exploit available
university knowledge through the creation of new
firms.

However, starting from the seminal work of Jaffe
(1989), many studies have documented the localized
nature of university knowledge spillovers. Scholars
have shown that the effects of university knowledge
on local firms’ innovation activities and on local
entrepreneurship decrease with the distance from the
university generating this knowledge (e.g. Anselin
et al. 1997, 2000; Audretsch and Feldman 1996;

Fischer and Varga 2003; Acosta et al. 2011; Audretsch
and Lehmann 2005; Bonaccorsi et al. 2013). This
consistent evidence relates to the nature of university
knowledge, which is hardly understandable by non-
scientists (Antonelli 2011) as they do not possess the
specialized languages of science, with its specific
codes and meanings (Gardner 2004; Halliday and
Martin  1993). University knowledge results from
scientists’ race to achieve first a discovery or to solve
first a complex scientific and technical problem
(Stephan 2012). Consequently, it has high cognitive
complexity and—despite scientists’ effort to codify it
in scientific publications (Agrawal 2006)—it has a
large tacit component. This makes university knowl-
edge sticky (Pavitt 1991), i.e. difficult to transfer from
scientists to non-scientists. Geographical proximity
reduces these difficulties. First, it increases the prob-
ability that non-scientists (e.g. prospective entrepre-
neurs or firms) become aware of opportunities created
by university knowledge simply by participating in
workshops and conferences and coming across scien-
tists during these events. Second, and more impor-
tantly, geographical proximity lowers the costs of
face-to-face contacts, which are the best way for
transferring tacit and complex knowledge (Desrochers
2001), while long-distance communication channels
(e.g. email or telephone) prove to be inadequate to this
end. Much of the creative thought and expertise of
scientists is indeed not reproducible in words and its
transfer benefits from visual and body language clues
and from quick exchanges of requests and provisions
of clarifications and feedbacks (Storper and Venables
2004). In particular, we contend that these clarifica-
tions and feedbacks are very important for prospective
entrepreneurs intending to leverage university knowl-
edge for creating innovative start-ups. Indeed, univer-
sity knowledge is not immediately convertible in
innovative products and services (Agrawal 2006;
Bercovitz and Feldman 2006; Carlsson et al. 2009).
To transform university knowledge into economic
knowledge having a commercial value, prospective
entrepreneurs must invest time and resources and
internalize specific skills (Bercovitz and Feldman
2006). Third, scholars have noted that people living in
the same geographical area share a common set of
norms, conventions, values and expectations, which
create geographical homophily, i.e. a preference for
interacting with individuals of the same geographical
area (Ruef et al. 2003). For instance, Italian provinces
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have historically had a strong territorial identity to the
extent that residents in a province usually prefers to
interact among each other instead of getting in contact
with individuals residing in other provinces (see
Alessandrini et al. 2009 for a similar argument). In
turn, geographical homophily has been positively
associated to the transfer of tacit knowledge within an
area (Gertler 2003), thus enhancing the importance of
geographical proximity for the exploitation of univer-
sity knowledge by prospective entrepreneurs.

Basing on the above discussion, we formulate
hypothesis H1.

H1 The exploitation of university knowledge for
creation of innovative start-ups requires geographical
proximity, i.e. in this context, university knowledge
spillovers are highly localized.

Nevertheless, we maintain that the characteristics of
a geographical area may favour the exploitation of
distant university knowledge, thus reducing the local-
ized nature of university knowledge spillovers. Specif-
ically, for sake of relevance, we focus here on the effect
of regional openness, as measured by the local presence
in a geographical area of individuals with open-minded
attitudes. According to the definition of Qian (2013,
p- 2722), these individuals are willing to understand and
respect ideas and behaviours differing or even conflict-
ing with their own, for instance being tolerant towards
minorities (e.g. homosexuals or immigrants, see Florida
2002a, b; Florida et al. 2008). Empirical studies have
found that regional openness positively relates to the
local concentration of talented individuals and high-
tech firms and, more generally, with local development
(see, e.g. Florida 2002a, b; Florida and Gates 2002;
Florida et al. 2008; Mellander and Florida 2011; among
others). We expand on this evidence and contend that
regional openness favours the exploitation of knowl-
edge from geographically distant universities for the
creation of innovative start-ups. Open-minded individ-
uals are extroverted and curious (McCrae 1987). Their
presence breeds an informal and creative atmosphere
(Stolarick and Florida 2006) and reduces communica-
tion barriers among individuals (Qian 2013), who are
thus more prone to interact with people with different
backgrounds (Spencer-Rodgers and McGovern 2002).
In such a context, it is easier to exchange experiences
and ideas and we expect that geographical proximity
has less impact on the exploitation of university
knowledge by prospective entrepreneurs. First, in a
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local environment with a dense web of personal
interactions, prospective entrepreneurs likely have
more face-to-face contacts, which facilitate the aware-
ness about knowledge opportunities despite the chal-
lenges of geographical distance. This holds particularly
true as individuals with open-minded attitudes are less
sensitive to geographical homophily (Ruef et al. 2003)
and this results in more fruitful interactions with
individuals from distant geographical areas. Moreover,
regional openness is positively associated to the
attraction in a geographical area of talented individuals
(Florida 2002a; Florida et al. 2008), including univer-
sity researchers. Such incoming flows make more likely
the occurrence of face-to-face contacts between aca-
demicians attracted in the geographical area and local
prospective entrepreneurs, thus favouring knowledge
spillovers from distant universities. According to these
arguments, we conclude that prospective entrepreneurs
in areas characterized by higher regional openness are
better able in identifying and enacting entrepreneurial
opportunities stemming from distant university knowl-
edge. We therefore put forth hypothesis H2:

H2 Regional openness favours the exploitation of
distant university knowledge for creation of innova-
tive start-ups, thus reducing the localized nature of
university knowledge spillovers.

3 Data and methodology

3.1 Econometric specification and dependent
variables

We test the aforementioned research hypotheses through
various models having the following general form:

N_START_UPS;; = f(LOCAL_UNIKNOW,,
EXT_UNIKNOW,;, OPENNESS;, CONTROLS;;).

(1)

The dependent variable N_START_UPS;; is the
number of innovative start-ups created in Italy in
industry i and province j in the period 2011-2014.
Specifically, at the end of 2012, the Italian Govern-
ment approved the Decree Law 179/12, which
provides specific measures aimed at promoting the
creation and development of a particular category of
firms, which the Law labelled as innovative start-ups.
The Decree Law 179/12 defines an [talian innovative

ijy



University knowledge and the creation of innovative start-ups

297

start-up as an independent firm, which complies with
the following criteria. It (1) has less than 5 years old;
(2) has a turnover of less than 5 million; (3) has the
development, production and commercialization of
innovative products and services as its business core
mission. Moreover, the firm must meet (at least) one of
the following additional requirements: R&D expenses/
return ratio must be greater than 15 %, atleast 1/3 of the
total workforce must possess a PhD or must have
worked for atleast 3 years in a research institute and the
firm must be the holder or the licensee of (at least) one
patent. We extracted data on the population of Italian
innovative start-ups from the dedicated website by
InfoCamere (http:/startup.registroimprese.it). From
this website, we downloaded the complete list of Italian
innovative start-ups and information on their geo-
graphical location, industry of operation (NACE rev. 2)
and foundation year. The list is updated every week
and, at the time of our extraction (On October 6th,
2014), the database provided information on 2685
innovative start-ups established starting from 2008.
As aforementioned, when estimating Eq. (1) we
limit the analysis to the start-ups created in the period
2011-2014. Furthermore, due to data constraints, we
exclude from the analysis the start-ups created in the
provinces of the Sardinia region. Finally, to avoid that
our results are driven by industries where the phe-
nomenon is negligible, we consider only those indus-
tries (at the 2 digit level of the NACE rev. 2
classification) for which the number of start-ups
created in the focal period (2011-2014) is higher than
40 (see Jofre-Monseny et al. 2011 for a similar
approach). This selection process leads us to consider
1188 industry/province pairs (12 industries x 99
provinces), accounting for 1916 innovative start-ups
operating in 12 industries. Table 1 reports the distri-
bution of these 1916 start-ups by industry, foundation
year and macro-regions. Quite interestingly, innova-
tive start-ups do not necessarily operate in high-tech
industries.* For instance, 51 and 49 innovative start-
ups operate in the publishing activities and retail trade

3 In 2011, the Italian Government re-organized the four
provinces of the Sardinia region into eight new provinces.
However, in several cases the statistical sources of data that we
use in the present study provide information on the Sardinia
region by referring to the old classification based on four
provinces. Because of these data constraints, we have therefore
excluded the provinces of Sardinia from our analysis.

industries, respectively. Furthermore, Fig. 1 illustrates
the geographic distribution of the number of Italian
innovative start-ups in our sample per million inhab-
itants (as in 2011).

We resort to a zero-inflated negative binomial
estimation technique for the estimation of Eq. (1) to
deal with the count-nature of our dependent variable
and with the presence of observations for which it
assumes value zero (in 668 out of 1188 industry/
province pairs the number of innovative start-ups is
zero). A similar approach is for instance in Baptista
and Mendonga (2010).

3.2 Main explanatory variables

The variable LOCAL_UNIKNOW;; refers to univer-
sity knowledge from universities located in the
province j that constitutes the knowledge base of
innovative start-up’s industry i. In particular, we built
LOCAL_UNIKNOW,; as the ratio between the aver-
age number (in the period 2009-2011) of full,
associate and assistant professors (i.e. the academic
staff) of the universities located in province j,
specialized in the scientific fields that constitute the
knowledge base of the industry i, and the population of
the province j as in 2011.

More specifically, we extracted data on academic
staff of Italian universities from the Italian Ministry of
Education and Research (Ministero dell’Istruzione,
dell’ Universita e della Ricerca, MIUR) database. We
consider the average academic staff enrolled in the
period 2009-2011 in the 80 Italian research-active
universities. To this end, we refer to the definition
reported in the EUMIDA database on European
Higher Education Institutions that identifies a univer-
sity as research-active if research is a constitutive part
of institutional activities and it is organized with a
durable perspective.” Data on academic staff are

4 For the list of high-tech industries as defined by Eurostat see
http://ec.europa.eu/eurostat/statistics-explained/index.php/
Glossary:High-tech.

5 The following criteria define research-active universities: (1)
the existence of institutionally recognized research units; (2) the
existence of an official research mandate; (3) the presence of
regular PhD programs; (4) the inclusion of research in the
strategic planning; and (5) the regular provision of funds for
research activities from public agencies as well as from private
institutions. For further information, see http://ec.europa.eu/
research/era/docs/en/eumida-final-report.pdf.
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Table 1 Distribution of innovative start-ups by industry, foundation year and macro-regions

No. of innovative Frequency

start-ups (%)
Industry by NACE rev. 2
C 26—Manufacture of computer, electronics and optics products; medical equipment, measuring 94 491

instruments, watches and clocks

C 27—Manufacture of electrical equipment and non-electrical equipment for domestic use 51 2.66
C 28—Manufacture of machinery and equipment 76 3.97
G 47—Retail trade, except of motor vehicles and motorcycles 49 2.56
J 58—Publishing activities 51 2.66
J 62—Production of software and IT consulting activities 711 37.11
J 63—Information service activities 200 10.44
M70—Business management advisory and management consulting services 74 3.86
M 71—Architecture and engineering activities 93 4.85
M 72—Scientific research and development 383 19.99
M 74—Other professional, scientific and technical activities 87 4.54
N 82—Office administrative, office support and other business support activities 47 2.45
Total 1916 100.00
Foundation year
2011 234 12.21
2012 373 19.47
2013 694 36.22
2014 615 32.10
Total 1916 100.00
Macro-regions
North East 527 31.58
North West 605 27.51
Centre 422 22.03
South 362 18.89
Total 1916 100.00

“South” includes the Sicilia region

disaggregated according to the 14 macro-disciplinary
areas defined by the MIUR, namely: (1) Mathematics
and computer sciences; (2) Physics; (3) Chemistry; (4)
Earth sciences; (5) Biology; (6) Medicine; (7) Agri-
cultural and veterinary sciences; (8) Civil engineering
and architecture; (9) Industrial and information engi-
neering; (10) Philological-literary sciences, antiquities
and arts; (11) History, philosophy, psychology and
pedagogy; (12) Law; (13) Economics and statistics;
(14) Political and social sciences. For each innovative
start-up’s industry considered in this study, we asso-
ciated the university disciplinary areas (according to
the MIUR classification) that constitute the knowledge
base for this industry, building on the findings of
Schartinger et al. (2002).6 For instance, for the
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manufacture of machinery and equipment (C26
according to the NACE rev. 2 classification) industry,
we consider the academic staff active in the areas of
Mathematics and computer sciences, Physics and
Industrial and information engineering.

Similarly, the variable EXT_UNIKNOW;; refers to
university knowledge that constitutes the knowledge
base of the innovative start-up’s industry i from
universities located outside the focal province j. In line
with studies on how university knowledge spillovers
decays with distance (e.g. Anselin et al. 2000;

6 Seethe “Appendix” for Table 5 that shows the link between the
innovative start-ups’ industries and university disciplinary areas.
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Fig. 1 Geographical distribution of Italian innovative start-ups
in the sample. Geographic distribution of the number of Italian
innovative start-ups created in the period 2011-2014 per million

Bonaccorsi et al. 2014; Fischer and Varga 2003;
Howells 2002), we measure the effect of knowledge
created by universities located outside the province j

inhabitants (as in 2011), in the 99 Italian provinces considered in
this study. Classes are defined by quartiles

on the creation of innovative start-ups (in each
industry i) in province j by using a spatially weighted
measure:
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LOCAL_UNIKNOW, ;
dr ’
J.k

EXT_UNIKNOW,; = Z
=

(2)

where d;, is the geographical distance between
province j and province k, LOCAL_UNIKNOW,
refers to specialized university knowledge that con-
stitutes the knowledge base for the industry i generated
from universities located in province k, (with k # j),
and o is a distance decay parameter. We calculate
distances by considering the centroid of each province
(with 1 km as the unit of distance). Following
Bonaccorsi et al. (2014), we determine the value of
the decay parameter o empirically. More specifically,
the parameter « is set to 2.5, which is the value that
maximizes the log likelihood of the econometric
model (see Table 6 in the “Appendix” for the
estimations obtained with different values of ).

The variable OPENNESS; measures regional
openness. Grounding on the works of Florida (Florida
et al. 2008; Florida and Tinagli 2005), we build this
variable as the average of three components
(School enrollment;, Education; and Mixed families;)
which are calculated using data from the Italian
National Statistical Office (ISTAT). Specifically,
School enrollment; is the ratio between the number
of foreign children enrolled in the primary schools of
province j and the total number of children enrolled in
the primary schools in that province. Education; is the
percentage of foreign population with a university
degree in province j. Mixed families; is the percentage
of families of two or more people with at least one
foreign individual among the components.’
OPENNESS; accounts therefore for the presence in
province j of individuals with open-minded attitudes
as it measures the extent to which residents interact
with foreigners (e.g. by establishing mixed families or
being enrolled in the same schools) and in so doing
(likely) develop openness and tolerance towards new
experiences and minorities (e.g. immigrants, see
Florida 2002a, b; Qian 2013).

To assess whether regional openness favours the
exploitation of university knowledge created outside the
focal province for the creation of innovative start-ups,
we interact UNIKNOW_EXT;; and OPENNESS;.

7 Before computing the average, we standardize the value of
each component in line with Florida and Tinagli (2005).
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3.3 Controls

Following the literature on new firm creation at the
local level (see below), we control for a set of local
characteristics, which may affect the creation of
innovative start-ups at the local level. To construct
these variables, we combined data from several
sources, including Movimprese, ISTAT and OECD.
First, we control for the presence of agglomeration
economies by considering the strengths of cus-
tomer—supplier relationships (Glaeser and Kerr
2009). Following Glaeser and Kerr (2009), we
calculate the relative strength of input relationships
as:

1

INPUT;; = — Z
k=1

Eyj
E;

; 3)

Input; ,, —

where Input;_,, is the share of industry i’s inputs that
comes from industry k, with k € I (where I defines the
industries according to the NACE rev. 2 classifica-
tion) as reported in the Input—Output matrix (as in
2010) provided by ISTAT. The variable considers the
aggregate absolute deviations between the industrial
inputs required by industry i, from every industry £,
and the province j’s actual industrial composition, in
terms of share of employees (i.e. Ey;/E;). The
variable INPUT;; varies from —2 (i.e. no inputs
available in the considered province) to 0 (i.e. all
inputs are available in the considered province in
precise proportions). The relative strength of output
relationships is defined as:

!
Eyj
Z Output;_,;, X E;}

k=1

; -1
E;.
E Output _,;, X A 4)
k=1 A Ej

OUTPUT;; =

X

where Output;_,, is the share of industry i’s outputs
that go to industry k (with k € I) as reported in the
Input—Output matrix. The first bracketed term proxies
the concentration of industrial sales opportunities for
industry i in the province j, by multiplying the share of
output of industry i that goes to industry k with the
share of industry k’s employment in the province j (i.e.
E;/E;). By summing across industries, we measure
the concentration of industrial sales opportunities for
industry i in the province j. To normalize the metric,
the second term in bracket is used, which measures the
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total potential industrial sales into the province.
Accordingly, OUTPUT;; varies from zero to one,
with higher values indicating greater presence of sales
opportunities.

Second, several academic contributions have
shown that the local density of incumbent firms
significantly affects new firm creation in a geograph-
ical area (e.g. Bonaccorsi et al. 2013; Plummer and
Acs 2014). The variable INCUMBENT;; controls for
this aspect, by considering the number of firms
registered in the industry i in the province j per
inhabitants of the province. Moreover, we also con-
sider the diversity of the local industrial system with
the variable IND_DIVERSITY;;. One of the most
significant insights of seminal work of Jacobs (1969),
recently echoed by Audretsch et al. (2010), is that the
entrepreneurial activity benefits from higher degrees
of diversity of the local industrial system. Following
Gao (2004), we measure the industrial diversity of a
province j as:

I

IND_DIVERSITY; =1 = "(s;,)%; (5)
i=1

where s; ; is the share of firms in province j operating in

the industry i, with i € I. The variable varies between

zero and one, with higher values corresponding to

higher levels of diversity.

Third, we account for the effect of technological
spillovers by including the variable TECH;, which is
the number of patent applications per million inhab-
itants in the province j as in 2010. Patent activity is
often used in the literature as a proxy for knowledge
generated by incumbent firms or individuals and
having a more immediate commercial value compared
to university knowledge (Block et al. 2013; Qian et al.
2013).

Fourth, in line with Qian and Acs (2013), we
measured the local availability of skilled human
capital (SKILLED;) as the percentage of population
within the province j with either a university master of
science or PhD degree.

Fifth, we control for the size of the local labour
market. Specifically, we measure the employment in the
province—industry pair (EMPLOYMENT;;), through
the logarithm of number of employees in the industry i
in the province j (Glaeser and Kerr 2009). We also
control for the fact that labour market is not confined
into the boundaries of the province j, as individuals

can move from other provinces in search of job
opportunities. We therefore include the variable
EXT_EMPLOYMENT;;, which, mirroring the
methodology used for the variable of external univer-
sity knowledge, is calculated as:

EMPLOYMENT;
dix

EXT_EMPLOYMENT;; = Y
=

(6)

where EMPLOYMENT; ; is the logarithm of number
of employees in the industry 7 in the province k (with
k # J).

Lastly, we control for the population density (i.e.
the number of inhabitants per km?; DENSITY;) in the
province as in 2011 (Bonaccorsi et al. 2014) and we
include industry and regional (NUTS2) dummies.
Table 2 reports a detailed description of all the
dependent and independent variables, while Table 3
reports their summary statistics and the correlation
matrix.

4 Results

The Vuong test (Vuong 1989; Cameron and Trivedi
2009) confirms the superior fitting performance of
zero-inflated negative binomial technique compared
to the standard negative binomial regression.® There-
fore, Table 4 shows the results of the econometric
estimates obtained by employing a zero-inflated
negative binomial regression. In particular, column
() shows the results when considering only the direct
effects of the main explanatory variables included in
the analysis, i.e. LOCAL_UNIKNOW,;;, EXT_
UNIKNOW;; and OPENNESS;. Results in Column
(II) include also the interaction term EXT_
UNIKNOW;; x OPENNESS;. To easy the interpreta-
tion of the coefficients, in the reported estimates all the
continuous variables have been standardized (mean O
and standard deviation 1).

We first examine results in Column (I). Before
analysing our main explanatory variables, we briefly

8 Our findings are, however, robust to other estimation
techniques. Specifically, results do not change when using
negative binomial, Poisson and Tobit models (in the Tobit
model, the dependent variable is the logarithm of one plus the
number of innovative start-ups in the province/industry pair and
the left-censoring limit is zero).
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Table 2 Variable description
Variable Definition Source
Dependent variable
N_START_UPS;; Number of innovative start-ups created in the industry i in the province j in the period MOVIMPRESE
2011-2014
Main independent
variables
LOCAL_UNIKNOW;;  Average academic staff (average of the period 2009-2011) of universities located in MIUR; ISTAT
the province j specialized in scientific fields that constitute the knowledge base of
the start-up’s industry / per million inhabitants of the province j as in 2011
EXT_UNIKNOW; ; Average academic staff (average of the period 2009-2011) of universities located MIUR; ISTAT
outside the focal province j specialized in scientific fields that constitute the
knowledge base of the start-up’s industry i per million inhabitants
OPENNESS; Proxy of the local open-minded attitudes of individuals in the province j as in 2011 ISTAT
(see the text for further details)
Controls
SKILLED; Share of population in the province j with a university master or Ph.D. degree as in ISTAT
2011
DENSITY; Number of inhabitants of the province j per km? as in 2011 ISTAT
INPUT; ; Index that measures the strength of local supplier relationships for start-ups operating ISTAT
in the industry i in the province j according to Eq. (3)
OUTPUT;; Index that measures the strength of local customer relationships for start-ups ISTAT
operating in the industry / in the province j according to Eq. (4)
TECH; Number of patent applications per million inhabitants in the province j as in 2010  OECD
EMPLOYMENT;; Logarithm of the number of employees in the industry i in the province j as in 2011 ISTAT
IND_DIVERSITY; Industrial diversity index of the province j according to Eq. (5) MOVIMPRESE
INCUMBENT;;; Number of incumbent firms operating in the industry i and located in the province =~ MOVIMPRESE;
J per inhabitants of the province j as in 2011 ISTAT
EXT_EMPLOYMENT;; Logarithm of the number of employees in the industry i outside the province j as in  ISTAT

2011

discuss the evidence concerning control variables. As
regards the impact of agglomeration economies, we do
not find evidence that the relative strength of output
relationships matters for the creation of innovative
start-ups at the local level. Conversely, our findings
highlight that the relative strength of input relation-
ships among industries (INPUT;;) affects the depen-
dent variable. The coefficient of INPUT;; is indeed
positive and significant (p value <0.01). Furthermore,
the presence in province j of incumbent firms oper-
ating in industry i negatively affects the creation of
innovative start-ups in industry i and province j.
Indeed, the coefficient of the variable INCUMBENT;;
is negative and significant (p value <0.01). Con-
versely, we find a remarkable effect of the diversity of
the local industrial system on the creation of innova-
tive start-ups in a geographical area, suggesting the

@ Springer

importance of Jacobian externalities (Jacobs 1969) in
this context. The variable IND_DIVERSITY; has
indeed a positive and significant coefficient (p value
<0.01). As expected, technological spillovers influ-
ence the local creation of innovative start-ups (Qian
and Acs 2013), with the variable TECH; having a
positive and significant coefficient (p value <0.01).
Quite surprisingly, the coefficient of SKILLED;,
accounting for the local availability of skilled human
capital, is positive but not significant. Finally, the
coefficients of population density (DENSITY;) and
local number of employees (EMPLOYMENT, ;) are
positive and statistically significant (p value <0.01).
Let us now turn attention to the main explana-
tory variables. In line with Hl, we find that the
coefficient of LOCAL_UNIKNOW,; is positive and
statistically significant (p value <0.05). The average
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Table 4 Results of the econometric estimates

(¢)) an
LOCAL_UNIKNOW,,; 0.131%%* 0.115%*
(0.053) (0.053)
EXT_UNIKNOW,,; 0.092 0.004
(0.056) (0.083)
OPENNESS; 0.222* 0.198
(0.134) (0.130)
EXT_UNIKNOW;; x 0.105%:*
OPENNESS; (0.046)
SKILLED; 0.112 0.130
(0.108) (0.108)
DENSITY; 0.105%%*%* 0.098%#*%*
(0.029) (0.030)
OUTPUT,, —0.025 —0.031
(0.057) (0.056)
INPUT,,; 0.366%** 0.397%%*
(0.104) (0.099)
TECH; 0.185%%*%* 0.185%%%*
(0.062) (0.060)
EMPLOYMENT,,; 0.541%#%* 0.536%%**
(0.131) (0.128)
INCUMBENT;,,; —0.429%**  —(.455%%%*
(0.158) (0.163)
IND_DIVERSITY; 0.1927%%% 0.188%**
(0.069) (0.068)
EXT_EMPLOYMENT,,; —0.511 —0.484
(0.409) (0.410)
Constant —1.185%*%  —1.162%*
(0.499) (0.490)
Industry dummies Yes Yes
NUTS2 dummies Yes Yes
No. of observations 1188 1188
Vuong test (z) 3.22%%% 3wk
Log likelihood —1331.55 —1330.324

Standard errors are in brackets. Standard errors clustered by
region (NUTS2)

* %% and *** indicate significance at the 10, 5 and 1 % level,
respectively

marginal effect (ME) and the average semi-elasticity
(SE) of LOCAL_UNIKNOW;; on the number of
innovative start-ups are 0.21 and 13 %, respectively.’

° The average ME is the average increase in the number of
innovative start-ups in the province/industry due to a one
standard deviation increase in the variable of interest
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Hence, one standard deviation increase of
LOCAL_UNIKNOW;; in the focal province leads to
a0.21 increase in the number of innovative start-ups in
each industry/province. This corresponds to a 13 %
increase in the number of innovative start-ups in
percentage terms. Conversely, the effect of university
knowledge created outside the focal province
(EXT_UNIKNOW, ) is not significant. These results
suggest that, in line with H1, the exploitation of
university knowledge for the creation of innovative
start-ups requires geographical proximity and univer-
sity knowledge spillovers are highly localized in this
context. Finally, the coefficient of OPENNESS; is
positive and (weakly) significant (p value <0.10): the
presence of individuals with open-minded attitudes in
an area seems to influence the creation of innovative
start-ups in that area. Despite the low significance of
the coefficient, this result is in line with studies
showing that a higher level of regional openness is
associated with a higher presence of high-tech start-
ups (Florida and Gates 2002; Florida et al. 2008).
Column (II) reports the results when introducing
the interaction term between external university
knowledge and regional openness (EXT_
UNIKNOW;; x OPENNESS;). With respect to results
shown in Column (I), the effects of other explanatory
variables remain substantially unchanged. The aver-
age ME and SE of LOCAL_UNIKNOW;; are 0.19
and 11 %, respectively (p value <0.05). Again, these
findings support hypothesis H1. The effect of
EXT_UNIKNOW;; is still non-significant, while the
coefficient of the interaction term EXT_
UNIKNOW;; x OPENNESS; is positive and statisti-
cally significant (p value <0.05). Given the nonlinear
specification of the zero-inflated negative binomial
model, looking at the estimated coefficient of the
EXT_UNIKNOW;; x OPENNESS; is not enough to
determine both the magnitude and the statistical
significance of the interactive effect. To ascertain
whether OPENNESS; positively moderates the effect
of external university knowledge on the creation of
innovative start-ups, we therefore report the average
ME and SE of EXT_UNIKNOW;; as OPENNESS;
varies (the solid lines in Figs. 2 and 3 respectively).

Footnote 9 continued

(LOCAL_UNIKNOW,;), while the average SE is the average
percentage increase of the dependent variable due to the same
variation of LOCAL_UNIKNOW; ;.
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We consider increasing values of (the standardized
value of) OPENNESS;, from —1.87 (the minimum
value of its distribution in the sample) to 1.85 (its
maximum value). We estimated the 95 % confidence
intervals (the dashed lines) by the delta method.

As Fig. 2 shows, the ME of EXT_UNIKNOW,; on
the creation of innovative start-ups in the focal
province j increases as OPENNESS; increases. When
OPENNESS; is set at its mean value (i.e. its
standardized value is zero), one standard deviation
increase of EXT_UNIKNOW;; leads to a non-signif-
icant increase in the number of innovative start-ups in
the focal province j. However, when OPENNESS; is
set at one standard deviation above its mean (i.e. its
standardized value equals 1), the increase in the
number of innovative start-ups in the focal province j
becomes statistically significant (at least at the 5 %
level). Specifically, in this latter case one standard
deviation increase of EXT_UNIKNOW;; leads to an
average 0.19 increase in the number of innovative
start-ups. The corresponding figure is 0.42 when (the
standardized value of) OPENNESS; is 1.85 (i.e. its
maximum value).

In order to assess the effect EXT_UNIKNOW,; as
OPENNESS; varies in percentage terms, Fig. 3 reports
average SEs. The percentage increase in the number of
innovative start-ups due to a one standard deviation
increase of EXT_UNIKNOW;; switches from 11 %
when (the standardized value of) OPENNESS; is 1, to
20 % when (the standardized value of) OPENNESS;
reaches its maximum value (1.85). These results
provide support to our hypothesis H2. External

Average ME of External University Knowledge
0

Openness

Fig. 2 Marginal effect of external university knowledge, as
regional openness varies
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Fig. 3 Semi-elasticity of external university knowledge, as
regional openness varies

university knowledge has an effect on the creation of
innovative start-ups in a province only when the
regional openness is high.

5 Conclusions

In this work, we have built on the KSTE framework to
discuss and empirically investigate the role of univer-
sity knowledge in fostering the creation of innovative
start-ups at the local level. In accordance with recent
contributions (e.g. Audretsch and Lehmann 2005;
Acosta et al. 2011; Laursen et al. 2011; Bonaccorsi
et al. 2014), our results highlight that knowledge
generated by universities located in a geographical
area has a strong impact on the creation of innovative
start-ups in that area. However, this positive effect
vanishes when considering knowledge generated by
distant universities. In other words, the exploitation of
university knowledge by prospective entrepreneurs for
the creation of innovative start-ups requires geograph-
ical proximity pointing to the fact that university
knowledge spillovers are highly localized. However,
the presence in the area of individuals with open-
minded attitudes reduces the importance of geograph-
ical proximity as it favours interpersonal interactions
and weakens geographical homophily, thus facilitat-
ing the exploitation of distant knowledge.

Our work offers two main contributions to extant
literature. First, it illustrates theoretically and confirms
empirically the effect of localized university knowl-
edge spillovers in fostering the creation of innovative
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start-ups. In so doing, it extends to these firms the
overarching idea of KSTE that entrepreneurship is a
powerful mechanism for transferring university
knowledge to the productive system (Audretsch and
Lehmann 2005; Ghio et al. 2015; Mueller 2006). More
specifically, we have replicated in the context of
innovative start-ups consolidated results on the local-
ized nature of university knowledge spillovers, which
scholars have obtained studying new firms creation in
knowledge-intensive and high-tech industries (Fritsch
and Aamoucke 2013; Acosta et al. 2011). In dis-
cussing the mechanisms through which knowledge
from proximate universities stimulates entrepreneur-
ship in a geographical area, these studies have
implicitly assumed that start-ups in knowledge-inten-
sive and high-tech industries have innovation as their
core mission (e.g. Fritsch and Aamoucke 2013).
However, this is not always the case and innovative
firms can potentially arise in any industry. Focusing
our work on innovative start-ups, we have reaffirmed
that firms must meet criteria well beyond the industry
of operation to be labelled as innovative.

Second, the paper adds to emerging conversations
on whether and how the characteristics of an area
shape the exploitation of knowledge spillovers by
prospective entrepreneurs in that area. Plummer and
Acs (2014) have studied the negative role of local
competition on the exploitation of locally available
knowledge for new firm creation. More in line with the
theme of this paper, Qian and Acs (2013) and Qian
et al. (2013) have put forth the concept of en-
trepreneurial absorptive capacity (EAC), which
brings the notion of absorptive capacity (Cohen and
Levinthal 1990) in the entrepreneurship field. The
authors have defined EAC as the ability of individuals
in an area to recognize, value and commercialize
knowledge available in that area through the creation
of start-ups. They have measured EAC by the local
presence of graduated individuals (as proxy of the
local endowment of business and scientific skills)
finding that it positively moderates the exploitation of
local knowledge embodied in industrial patents for the
creation of high-tech start-ups. Showing that the open-
minded attitudes of residents favour the conversion of
distant university knowledge into local entrepreneur-
ship, we highlight regional openness as another
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possible dimension of the EAC. Indeed, regional
openness breeds a creative and cosmopolitan atmo-
sphere that favours interpersonal contacts and reduce
geographical homophily, thus making individuals able
to identify, assimilate, transform and commercialize
(Zahra and George 2002) valuable knowledge located
beyond the “comfort zone” of province boundaries.
As any other, this work has limitations, which open
interesting avenues for future research. First, we move
from the premise that universities spread across
territories new knowledge and technological opportu-
nities and that these opportunities are a fundamental
input for the development of innovations, thus foster-
ing local innovative entrepreneurship. However, we
have not directly assessed the degree to which the
knowledge produced by a given university enters into
the creation of innovative start-ups. In other words, we
cannot directly gauge whether and how innovative
start-ups use university knowledge for the develop-
ment of their new products and services. For instance,
do these products and services result from the
combination (Schoenmakers and Duysters 2010) of
pieces of university knowledge with pieces of knowl-
edge from other sources? Do prospective entrepre-
neurs identify pieces of university knowledge, which
are closer to commercialization and build their start-
ups on them? Further studies should try to provide
answers to these questions also taking advantages of
qualitative research methods. Second, we focus here
on the moderating effect of regional openness on the
exploitation of distant university knowledge. Despite
the relevance of this dimension, we encourage
research on other territorial characteristics, which
may affect the exploitation of university knowledge
spillovers for the creation of innovative start-ups. For
instance, scholars may consider variables like the local
endowment of infrastructures (Piva et al. 2011), the
local availability of industrial knowledge (Guerini and
Rossi-Lamastra 2014) or the local presence of tech-
nological incubators (Colombo and Delmastro 2002).
A third set of limitations relate to data unavailabil-
ity. Specifically, we have computed regional openness
by aggregating individual-level data on residents’
open-minded attitudes towards foreign people. In so
doing, we have not accounted for individuals’ toler-
ance and open-mindedness towards homosexual
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individuals (Florida 2002b; Florida et al. 2008; Qian
2013). Anyway, several studies have documented the
high correlation between the local presence of indi-
viduals with open-minded attitudes towards homo-
sexual individuals and the local presence of foreign
people (see, e.g. Florida 2002a; Florida and Tinagli
2005). Moreover, our data on innovative start-ups
refer just to the Italian case and thus country-level
characteristics may bias our results by influencing the
ways in which prospective entrepreneurs leverage
university knowledge spillovers for new firm creation.
For instance, due to its history and cultural heritage,
Italy has a particularly strong geographical homo-
phily, which likely boosts the importance of geo-
graphical proximity for the exploitation of university
knowledge spillovers. Thus, the question is: Does this
hold true for other countries? We welcome studies that
will answer such a question by replicating our analysis
using databases on other countries. In addition, given
the novelty of the observed phenomenon (Law no.
221/2012 implementing the Decree 179/2012 became
effective only December 2012 19th), data on Italian
innovative start-ups prevent us of performing time-
varying analyses. Repeating our analyses using panel
data will allow investigating whether time-varying
effects are at work.

Despite the aforementioned limitations, our work
offers interesting indications to policymakers. Stimu-
lating innovative entrepreneurship ranks as a top
priority in the current economic debate, and it is
especially important in countries like Italy, where the
economic growth is struggling to recover and the
unemployment rates are very high.'” Indeed, new
firms can be important sources of new job creation and
economic development (Audretsch 1995). In particu-
lar, the second pillar of the Entrepreneurship 2020

10 At the end of 2014, the Italian unemployment rate among
individuals who are less than 25 years old was 42.7, while the
corresponding figure in Europe was 21.9. Data available
in the Eurostat website: http://ec.europa.eu/eurostat/web/Ifs/
data/database.

Action Plan promoted by the European Commission
highlights that EU Member States should support
entrepreneurship by “creating the right business
environment” which helps people in leveraging their
creativity and innovative capacities.'' Universities
can significantly contribute to create this business
environment by spreading knowledge and technolog-
ical opportunities across territories. However, to
unleash universities’ potential, policymakers should
design initiatives that promote the interactions
between scientists and prospective entrepreneurs.
For instance, policymakers may favour the mobility
of scientists, who enter new regions by bringing with
them their personal endowment of university knowl-
edge. According to our results, this incoming flow of
distant university knowledge can benefit local
entrepreneurship, especially in areas where regional
openness creates a dense web of interpersonal inter-
actions and reduces the constraints of geographical
homophily. In this latter regard, it is worth noting that
public campaigns intended to develop openness and
tolerance towards minorities may have the unintended
side effect of stimulating new firm creation, especially
in areas with a limited endowment of local knowledge.
Indeed, these campaigns breed open-minded attitudes,
which, according to our results, are conducive to the
search and recognition of entrepreneurial opportuni-
ties outsides regional boundaries.

Appendix

See Tables 5 and 6.

" See http://ec.europa.eu/enterprise/policies/sme/entrepreneurship-
2020/index_en.htm for further details.
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Table 5 Link between the start-up’s industry and university disciplinary areas, based on the studies of Schartinger et al. (2002)

Start-up’s industry Industry Scientific fields (Schartinger University disciplinary areas
(Schartinger et al. 2002) (MIUR)
et al. 2002)

C 26—Manufacture of computer, Manufacturing  Electrical engineering; Physics, (1) Mathematics and computer sciences;
electronics and optics products; medical of mechanics and astronomy (2) Physics; (9) Industrial and
equipment, measuring instruments, computers, information engineering
watches and clocks; C 27— office
Manufacture of electrical equipment & machinery

non-electrical equipment for domestic
use; C 28—Manufacture of machinery
and equipment

G 47—Retail trade, except of motor
vehicles and motorcycles

J 58—Publishing activities

J 62—Production of software and IT
consulting activities

J 63—Information service activities
M 70—Business management advisory
and management consulting services

M 71—Architecture and engineering
activities; N 82—Office administrative,
office support and other business
support activities

M 72—Scientific research and
development; M 74—Other
professional, scientific and technical
activities

Retail trade

Printing and
publishing

Software and
related
activities

NA
Business
services

NA

Research and
development

Pharmacy, Toxicology

Other interdisciplinary Social sciences;
Geography, Linguistics, Literature

Mathematics, informatics; Chemistry;
Traffic and transport science; Other,
interdisciplinary technical sciences;
Economics Economic science; Spatial
planning; Applied statistics, social
statistics

NA

Mining, metallurgy; Economics;
Engineering Technical science;
Geodesy; Other, interdisciplinary
technical sciences; Architecture; Spatial
planning; Electrical engineering; Traffic
and transport science; Construction
techniques; Other, interdisciplinary
social sciences; Jurisprudence; Animal
production; Political science;
Mathematics, informatics; Physics,
mechanics and astronomy; Sociology;
Hydrology, hydrography; Biology,
Botanic and zoology; Psychology;
Educational science

NA

Mining, metallurgy; Engineering;
Construction techniques; Architecture;
Electrical engineering; Economics;
Geodesy; Traffic and transport science;
Other, interdisciplinary technical
sciences; Spatial planning; Other,
interdisciplinary social sciences;
Political science; Jurisprudence; Animal
production; Political science;
Mathematics, informatics; Physics,
mechanics and astronomy; Sociology;
Hydrology, hydrography; Biology,
Botanic and zoology; Psychology;
Educational science

(6) Medicine

(4) Earth sciences; (10) Antiquities,
philological-literary and historical-
artistic sciences; (11) History,
philosophy, psychology and pedagogy;
(14) Political and social sciences

(1) Mathematics and computer sciences;
(3) Chemistry; (8) Civil engineering and
architecture; (9) Industrial and
information engineering; (13)
Economics and statistics

(9) Industrial and information engineering

(1) Mathematics and computer sciences;
(2) Physics; (5) Biology; (8) Civil
engineering and architecture; (9)
Industrial and information engineering;
(11) History, philosophy, psychology
and pedagogy; (12) Law; (13)
Economics and statistics; (14) Political
and social sciences

(4) Earth sciences; (5) Biology; (6)
Medicine; (8) Civil engineering and
architecture; (13) Economics and
statistics

(1) Mathematics and computer sciences;
(2) Physics; (4) Earth sciences; (5)
Biology; (7) Agricultural and veterinary
sciences; (8) Civil engineering and
architecture; (9) Industrial and
information engineering; (11) History,
philosophy, psychology and pedagogy;
(12) Law; (13) Economics and
statistics; (14) Political and social
sciences

The industry is not considered in the study

NA not available

@ Springer
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Table 6 Estimation of the decay parameter
(AD (AID) (A.IID) (AIV) (AV) (A.VD) (A.VID)
LOCAL_UNIKNOW,,; 0.131%:* 0.126%* 0.120%* 0.115%* 0.111%* 0.109%# 0.109%*
(0.054) (0.055) (0.054) (0.053) (0.052) (0.050) (0.049)
EXT_UNIKNOW,,; 0.216 0.122 0.056 0.004 —0.031 —0.050 —0.056
(0.164) (0.119) (0.094) (0.083) (0.081) (0.086) (0.091)
OPENNESS; —0.024 0.020 0.068 0.105%* 0.124%%* 0.125* 0.115
(0.042) (0.041) (0.042) (0.046) (0.056) (0.068) (0.077)
EXT_UNIKNOW;; x 0.224 0.211 0.200 0.198 0.203 0.211 0.218
OPENNESS; (0.144) (0.138) (0.132) (0.130) (0.131) (0.135) (0.139)
SKILLED; 0.110 0.115 0.123 0.130 0.133 0.133 0.131
(0.108) (0.108) (0.108) (0.108) (0.108) (0.109) (0.110)
DENSITY; 0.109%%*%* 0.107%%%* 0.102%%* 0.098*%*%* 0.097%#** 0.099%%%* 0.101%%*
(0.031) (0.030) (0.030) (0.030) (0.030) (0.030) (0.031)
OUTPUT,, —0.020 —0.027 —0.031 —0.031 —0.029 —0.026 —0.024
(0.058) (0.057) (0.057) (0.056) (0.056) (0.057) (0.057)
INPUT,,; 0.345%%% 0.365%%* 0.385%** 0.397%#%* 0.398%#%** 0.391%%%* 0.382%%*%*
(0.110) (0.105) (0.101) (0.099) (0.101) (0.104) (0.109)
TECH; 0.185%:#* 0.184%** 0.184%*% 0.1857%#* 0.187%** 0.189%%%* 0.190%%**
(0.060) (0.061) (0.061) (0.060) (0.059) (0.058) (0.058)
EMPLOYMENT,,; 0.542%3%* 0.547%#%%* 0.545%%* 0.536%%*%* 0.527%%%* 0.523%#3%%* 0.5227%%%*
(0.133) (0.131) (0.129) (0.128) (0.128) (0.129) (0.131)
INCUMBENT;,,; —0.414%*%  —0.438*** —0.452%*%* —(0.455%**% —(0.448*** —(0.440%** —(.432%%*
(0.171) (0.169) (0.166) (0.163) (0.161) (0.160) (0.160)
IND_ DIVERSITY; 0.2097#*%* 0.196%** 0.188%** 0.1887%%%* 0.192%%* 0.197%#%%* 0.200%%**
(0.071) (0.068) (0.067) (0.068) (0.069) (0.070) (0.071)
EXT_EMPLOYMENT,,; —0.524 —0.496 —0.484 —0.484 —0.486 —0.485 —0.482
(0.410) (0.410) (0.409) (0.410) 0.411) (0.413) (0.415)
Constant —1.269%*  —1.235%*%  —1.197**  —1.162*%*  —1.145%*  —1.144%*%  —].153%*
(0.521) (0.505) (0.492) (0.490) (0.496) (0.504) (0.512)
Industry dummies Yes Yes Yes Yes Yes Yes Yes
NUTS2 dummies Yes Yes Yes Yes Yes Yes Yes
No. of observations 1188 1188 1188 1188 1188 1188 1188
Vuong test (z) 3.1 8wk 320k 3.2k 3.2 ek 3,20 3.1k 3,185k
Log likelihood —1331.800 —1331.492 —1330.790 —1330.324 —1330.461 —1330.992 —1331.579

Standard errors are in brackets. Standard errors clustered by region (NUTS2). Reported coefficients are obtained with zero-inflated
negative binomial regression as the Vuong test confirms its superior fitting to the classic negative binomial regression. Columns A.I,
AL, AL, A.IV and A.V report the coefficients as well as the log likelihood of the models estimated with the decay parameter o set
at 1, 1.5, 2, 2.5 and 3, respectively. The model which maximizes the log likelihood is A.IV, o = 2.5

* %% and *** indicate significance at the 10, 5 and 1 % level, respectively
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