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Abstract This work investigates the relationship
between the characteristics and survival probabilities
of firms, distinguishing between “involuntary” firm
exit and exit by merger and acquisition (M&A). More
in detail, we study how, and to what extent, innovation
capabilities, as proxied by patents and trademarks,
are able to shape, together with standard performance
variables, the observed dynamics at the firm level.
By using comprehensive data on Italian firms from
business registers, we separate the administrative pro-
cedures leading to “involuntary” exit from those end-
ing up with an event of M&A. We find that while
higher productivity is associated with a lower proba-
bility of “involuntary” exit, productivity increases the
chances of being the target for M&A. As far as intel-
lectual property instruments are concerned, they tend
to reduce the probability of both “involuntary” exit
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and M&A. However, the relative importance of the
two instruments differs according to the exit route:
patents are more relevant than trademarks in prevent-
ing “involuntary” exit, while the opposite is true for
M&A.

Plain English Summary We investigate firm’s exit
after a crisis. Overall innovation plays a positive role,
but the relative importance of IP depends on the
exit route: patents are more relevant than trademarks
against “involuntary” exit, while the opposite is true
for M&A. We resort to the virtual universe of Italian
limited liability firms from manufacturing, trade, and
service to investigate the determinants of firm survival
over the period 2010-2014. We scrutinize detailed
administrative data on significant events occurring to
firms to distinguish between events leading to invol-
untary exit and to M&A. In addition to the evidence
on innovation, our results show that higher productiv-
ity decreases the probability of “involuntary” exit, yet
productivity increases the chances of being the target
for M&A. Taken together, these findings warn against
a simplistic perspective on exit: the role of innovation
and firm characteristics heavily depends on the exit
route.

Keywords Firm survival - Firm exit - Mode of exit -
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1 Introduction

The economic and financial crisis in the European
Union reached its peak in terms of industrial output
in 2009, when the production level fell on average by
14%. After 2 years of recovery with positive growth
rates, in 2012, the European Union once again showed
negative industrial prospects. In 2014, the EU returned
to a positive growth, which continued in 2015 and
2016.!

Periods of crisis are expected to have an impact
on firms and industrial dynamics. For instance, credit
constraints become more stringent and might slow
down the process of growth of some firms, while oth-
ers might be even more severely affected and forced
out of business. As a result, periods of crisis might also
have an effect, at the more aggregate industry level, on
the reallocation of market shares within the industry
(see among the others, Foster et al. 2016). As far as we
know, only a few studies have analyzed firms’ dynam-
ics in the post-crisis period, most of which focus on
the short-run impact of the global financial crisis (e.g.,
Godart et al. 2012; Foster et al. 2016).

In this work, we focus on the post-crisis period
(2010-2014) for Italian firms and investigate the rela-
tionship between companies’ characteristics and their
survival probabilities. Our contribution tackles three
relevant issues that either tended to be overlooked in
the existing literature, or could not be easily addressed
simultaneously due to data limitations. First, we dis-
tinguish between events leading to “involuntary” firm
exit and a rather different mode of exit, by merger and
acquisition (M&A). Second, the analysis of the impact
associated with innovation activities on the probability
of exit accounts for the distinct role of two Intel-
lectual Property (IP) instruments. In this respect, we
focus on granted patents and registered trademarks as
a proxy of innovation. Finally, thanks to a dataset cov-
ering the complete span of economic activities, we are
able to investigate the effects associated with firms’
characteristics and with different innovation outputs
(patents and trademarks) on the probability of sur-
vival (and M&A) in three broad sectors, respectively,
manufacturing, trade, and service.

IThis is documented in the industrial production (volume) index
provided by Eurostat: Eurostat Figures.
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There is a large body of empirical literature focus-
ing on firms’ survival. Due to the usual lack of a
distinction among the various causes of firms’ exit,
most of the existing works consider both “voluntary”
and “involuntary” exits as homogeneous events, thus
analyzing a spurious group of events including not
only business failures but also events that are some-
times even related to previous positive performances,
such as mergers and acquisitions (M&A), or events
that have nothing to do with performance at all, such
as a change of sector of activity or location, even
within the same country.

Our main contribution to this strand of literature
is the way in which we delineate the exit of firms
from the market by focusing on “involuntary” exit and
M&A. In particular, we build our first definition of
firm death on the type of administrative procedure a
firm is undergoing and we only consider procedures
unambiguously leading to “involuntary” exit as causes
of the firm’s death. This way, contrary to many exist-
ing related studies, we are able to identify business
failures as costly events, clearly associated with a lack
of success.

As a reference for comparison, we also consider a
category of events that is clearly distinct from “invol-
untary” exit. As Schary (1991) points out, a merger is
a form of voluntary exit that, unlike unintended modes
of exit, tends to preserve most of the productive capac-
ity of the industry. More recently, Coad (2014) empha-
sizes that there are many cases of entrepreneurial exit,
among which M&A, that are successes rather than
failures, as the business continues its operations. As
such, it is necessary to properly classify firm exit
events to suitably address empirical questions.

Furthermore, unlike many existing contributions
that focus on the manufacturing sector, our anal-
ysis includes different types of industries. We can
thus detect potential differences in firms’ survival
across the manufacturing, trade, and service sectors.
Lastly, to the best of our knowledge, only a few
studies have investigated the effect of patent and trade-
mark activity on firms’ survival and have identified
a positive correlation between these two measures of
intellectual property (IP) rights and the expected life
span of firms (e.g., Jensen et al. 2008; Buddelmeyer
et al. 2010; Helmers and Rogers 2010; Wagner and
Cockburn 2010; Masatoshi et al. 2019). As Block
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et al. (2015, p. 1918) point out “patents serve as an
indicator of innovation performance because obtain-
ing a patent requires substantial investments of money,
time, and labor before an application can be filed and
a patent can be granted.” As for trademarks, although
they do not require comparable ex-ante investments
and are less complex, they can also play an impor-
tant role in firm performance, especially for small- and
medium-sized enterprises (SMEs), as SMEs might
not, in general, be able to afford other protection
mechanisms. According to Flikkema et al. (2014),
trademarks are better than existing indicators at cap-
turing “softer” types of (non-technological) innova-
tion, such as service, marketing, and organizational
innovation, as well as innovation activities close to
the market introduction stage. Moreover, while patents
have a finite duration, trademarks do not expire as
long as all post-registration maintenance documents
are duly filed.

Theoretically speaking, we expect the competi-
tive advantage provided by innovation activities, in
our case patents and trademarks, to contribute to
improving firm’s performance, thus reducing the risk
of business failure. In line with the predictions of
the selection models of active learning (Ericson and
Pakes 1995), successful innovations may thus increase
firms’ survival chances. Innovation activities, how-
ever, are also often associated with uncertainty, so
substantial investments may also lead to a higher risk
of failure (e.g., Buddelmeyer et al. 2010). On the other
hand, innovative firms may become acquisition tar-
gets for potential rivals either for efficiency gains (e.g.,
Perry and Porter 1985) or to increase their market
power, or even to preempt mergers by rival companies
(e.g., Brito 2003). We can thus conclude that the rela-
tionship between innovation and survival is not clear a
priori and it might change across the types of exit.

To anticipate the main findings, the empirical evi-
dence suggests that IP instruments are relevant in
increasing the survival probabilities of firms, but the
relative importance of patents and trademarks depends
on the mode of exit under analysis. If, overall, patents
appear more important against “involuntary” exit, the
opposite is true for M&A, where trademarks are the IP
instrument with the largest effect. Also, more standard
performance variables confirm that the two modes of
exit display different characteristics: higher produc-

tivity decreases the probability of “involuntary” exit,
while it increases the probability of exit by M&A.

The paper is organized as follows. We start by
reviewing the strands of literature to which we con-
tribute the most (Section 2). We then describe the
data and illustrate the variables of interest (Section 3).
Next, we present some preliminary non-parametric
evidence based on the Fligner-Policello test of
stochastic equality and on the Kaplan-Meier estimator
for survival functions (Section 4). Section 5 illustrates
our empirical strategy and discusses the empirical
results. We provide some concluding comments in
Section 6.

2 Related literature

Due to the lack of appropriate data, most of the exist-
ing studies analyze firms’ exits without the possibility
of focusing on the specific reasons driving firms to
leave the market. As a result of data limitations, “vol-
untary” and “involuntary” exits are generally pooled
together and treated as homogeneous events (see,
among others, Jensen et al. 2008; Carreira and Teix-
eira 2016).

Nevertheless, several attempts have been made
to address the issue of firm death more in detail.
With this aim, some studies analyze firms’ demo-
graphic dynamics excluding mergers, acquisitions,
and the change of legal form from the causes
of exit (e.g., Pérez et al. 2004; Esteve-Pérez and
Mafiez-Castillejo 2008; Helmers and Rogers 2010;
Tsoukas 2011; Delmar et al. 2013; Fackler et al. 2013;
Colantone et al. 2015). Others analyze determinants
of firms’ survival, focusing only on certain modes of
exit. For example, Giovannetti et al. (2011) evaluate
the impact of size, innovation, and internationalization
on Italian firms’ survival, considering winding-up,
failure, or end of activity as causes of the firms’
exit; Godart et al. (2012), using Irish firm-level data,
study the effect of the global financial crisis on multi-
national and domestic firms and define as exiting
firms the companies that are in liquidation, dissolved,
or in receivership. Similarly, Helmers and Rogers
(2010), when investigating the relationship between
UK firms’ innovative activity and their demographic
dynamics, identify as inactive firms the companies
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dissolved, liquidated, in receivership, or declared non-
trading. Amendola et al. (2012) and Ferragina et al.
(2012) analyze the relationship between Italian firms’
involvement in international activities and their sur-
vival, by using information from the AIDA Bureau van
Dijik (BVD) dataset. These authors called firms’ death
due to both bankruptcy and liquidation “true exits”; in
particular, they do not include among exiting firms the
companies that changed their legal form, ownership,
sector, or province. Although these works are based
on a less spurious definition of firms’ death, compared
with those used in the studies mentioned above, they
still pool together “voluntary” and “involuntary” exits
and treat them as homogeneous events.

Within the same stream of literature, some papers
examine the effect of firms’ characteristics on their
probability of leaving the market, distinguishing
between different types of exit. For instance, Cefis and
Marsili (2012) examine the impact of Dutch manufac-
turing firms’ innovative activity on their probability
of exiting the market as a consequence of, in turn,
failure, radical restructuring, and M&A; Wagner and
Cockburn (2010), considering a sample of Internet-
related firms that became listed on NASDAQ in the
late 1990s, analyze the effect of innovation on the
probability of delisting from the NASDAQ due to, in
turn, bankruptcy and M&A. Similarly, Esteve-Pérez
et al. (2010) focus on the impact of firm and industry
characteristics on firm survival in a sample of Spanish
firms, distinguishing between firms’ death due to lig-
uidation and bankruptcy and firms’ exit due to M&A.
More recently, Balcaen et al. (2012), using data on
Belgian firms, identify firm-level characteristics that
impact firms’ probability both of bankruptcy and of
voluntary exit (i.e., exit which occurs through vol-
untary liquidation or M&A). Masatoshi et al. (2019)
also distinguish between bankruptcy, voluntary lig-
uidation, and merger to investigate the survival of
new firms in the Japanese manufacturing and infor-
mation services sectors. Headd (2003) studies closure
rates of new firms, distinguishing between successful
and unsuccessful closures as defined by the owners
(US survey data). Finally, Elfenbein and Knott (2015)
consider two forms of exit: failure (a *“paid-out” or
a “forced merger,” according to the Federal Deposit
Insurance Corporation), and unforced merger of firms
that are acquired or merge voluntarily. These authors
review the main theories of firms’ exit delays and
test the importance of different delay mechanisms by
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investigating the exit timing of US banks between
1984 and 1997.2 All these works found that the deter-
minants of firms’ exit vary according to different types
of exit considered.

To the best of our knowledge, only a few stud-
ies focus on the analysis of “involuntary” exits, and
yet they could do this only by focusing on a partic-
ular subset of firms and on specific forms of firm
exit. Bottazzi et al. (2011) investigate the role of
firms’ financial and economic performances as deter-
minants of firm exits from the market over a large
sample of Italian firms. The authors proxy “involun-
tary” exit by firms’ financial default and recall that
“Like firm failures, default events are both a signal of
business troubles and a costly condition that should
be in principle avoided. Even if default is not directly
related with exit, it constitutes the main requisite for
initiating the bankruptcy procedures” (Bottazzi et al.
2011, p. 375). More recently, Mueller and Stegmaier
(2015) give exclusive attention to “involuntary plant
closures” defined as exit from the market due to the
conclusion of bankruptcy processes. As stated by the
authors, however, the main weakness of their approach
is the exclusion from their definition of firms’ death
of all the “involuntary” closures which are not due to a
bankruptcy filing. As we mentioned above, we seek to
overcome this weakness in the definition of firms’ exit
by considering, as causes of firms’ closure, only the
administrative procedures that unambiguously lead to
an “involuntary” exit, or to M&A. Furthermore, we
can also resort to the virtual universe of Italian lim-
ited liability firms, independently of their size. The
absence of a size threshold is particularly impor-
tant when investigating firms’ demographics, as small
firms are the big player when it comes to entry and
exit.

3 Data and variables of interest

The empirical analysis is based on a firm-level panel
dataset for Italian companies built on the merger

2The delay is defined with respect to the Marshallian exit
decision rule with perfect information, and the delay mecha-
nisms are: uncertainty about firms’ efficiency or market demand
and/or the presence of sunk re-entry costs (rational delay);
cognitive bias that induce managers to overestimate future prof-
itability relative to rational benchmark (behavioral delay); and
agency problems in case of multiple stakeholders or non-owner
manager (organizational delay).
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of AIDA (Analisi Informatizzata delle Aziende)
and AMADEUS data, respectively Bureau van Dijk
(2019a) and Bureau van Dijk (2019b).

The AIDA dataset includes detailed information on
Italian limited liability companies operating in both
the manufacturing and services sectors, which have
to report their balance sheet to the Italian Cham-
bers of Commerce. The data provide financial and
economic information for Italian firms, as well as a
wide set of relevant indicators, including number of
employees, incorporation year, sector of activity, and
administrative procedures underwent by the firms.

AIDA, due to its nature, covers virtually3 the uni-
verse of Italian limited liability firms* independently
of their size, thus representing the ideal set of data
to study the dynamics of firms and industries. This
peculiarity is crucial for the accurate analysis of firms’
entry and exit from the market as typically newborn
firms are characterized by a smaller size. As a con-
sequence, employing a dataset with a threshold on
firm size would misrepresent entry and exit processes.
The absence of size threshold is also reflected in the
high number of observations per year, around 600
thousands (refer to Table 7).

We integrate AIDA data with information on the
stock of granted patents and registered trademarks owned
by firms in each relevant year derived from the other
BvD sources. As for patents, AMADEUS provides some
relevant information, including international patent clas-
sification (IPC) codes, the application date, the num-
ber of citing documents, and whether a patent has been
granted or not; while, for filed trademarks, one can
resort to NICE classification code, the filing date and
information on their registration.

In the remainder of this section, we provide detailed
information on the definition of the variables related to
exit and to innovation, as well as descriptive evidence
on the dataset. Further information on the construc-
tion of the dataset and its representativeness of the
Italian economy are included in a self-contained Data
Appendix at the end, while the step-by-step proce-
dures that allow the replication of the full dataset are
reported in Grazzi et al. (2018).

3To comply with the law, limited liability firms have to report
their financial statement, together with additional information,
to the local Chamber of Commerce. Hence, as reported on the
homepage of AIDA, at least in principle, the database includes
all limited liability firms.

4The unit of analysis is the firm, not the plant.

3.1 “Involuntary” exit and M&A

Concerning the investigation of firms’ death, we start
by focusing on “involuntary” exit and we build our
definition of firms’ exit on the type of administra-
tive procedures underwent by the firm. In particular,
we identify the following administrative procedures
that unambiguously lead to an “involuntary” exit:
bankruptcy, cancellation due to communication of
allocation plan, cancellation ex officio from the reg-
ister of companies, cancellation from the register of
companies, composition with creditors, compulsory
administrative liquidation, court order of cancellation,
failure to meet prerequisites, impossibility of fulfill-
ment of the company object, initial failure to meet
the prerequisites for a company, no longer meeting
requirements, post-bankruptcy composition with cred-
itors, removal ex officio, supervening failure to meet
the prerequisites for a company, and winding up by
official order. Accordingly, we label an exit as “invol-
untary” if caused by one of the administrative proce-
dures listed above. Most importantly, our definition of
“involuntary” exit does not include all the events of
exits that can be assimilated to “voluntary” exit, or
that are merely related to complying with bureaucratic
procedures, that is, more in detail: “voluntary” exit
(e.g., “approved by all partners” and “voluntary lig-
uidation”), firms’ change of sector or province (e.g.,
“cessation of business within a province” and “trans-
fer to another province”), and merger and acquisition
(included “demerger,” “duplication,” ‘“‘contribution,”
“lease of company,” and “transfer of firm”). More-
over, we do not account for administrative procedures
which do not unequivocally lead to an “involuntary”
exit. For example, we do not consider “liquidation”
and “closure due to bankruptcy or liquidation” as
cause of firms’ failure, among others. Note that lig-
uidation can be both voluntary and involuntary; thus,
we do not account for “liquidation” and “closure due
to bankruptcy or liquidation” because the data do not
provide any other specification and do not allow us
to make a clear distinction between voluntary and
involuntary liquidation.

Note that in Italy, the administrative procedures
leading to firm exit are lengthy, they might take several

SThis lack of information implies that we might underestimate
the number of “involuntary” exits.
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years,® and might be particularly intricate, meaning
that our source of information, which ultimately is
the business register, might report several administra-
tive procedures initiated by any single firm before the
final exit. It is also common that several years elapse
between the start of the first procedure and the for-
mal exit from the market. In order to correctly identify
the time of “economic” exit, and not of the formal or
legal exit, we focus our attention on the first year in
which such procedures have been initiated, for those
firms that eventually exited the market also formally.
Note that by construction, this determines a drop in
the number of exits in the last two years of obser-
vations, as apparent from Table 1. In particular, if a
firm underwent more than one procedure generating
an “involuntary” exit, we impute the firm’s exit to
the year of the first relevant administrative procedure.
Moreover, we anticipate the year of exit to the last year
in which the firm reported the balance sheet if it is
prior to the year in which the firm underwent one of
the relevant administrative procedures.’

In Appendix A, Table 8, we report how adminis-
trative procedures determine firms’ “involuntary” exit
in our analysis. The table shows that the administra-
tive procedures that mainly lead to “involuntary” exit
are the following: “Cancellation from the register of
companies,” ‘“Bankruptcy,” “Composition with cred-
itors,” and “Compulsory administrative liquidation.”
This evidence is suggesting that, in each year, for most
of the firms that had not initiated procedures related to
“voluntary” exit, the first procedure that is reported in
the business register is cancellation.

Furthermore, for the sake of comparison, we iden-
tify a second type of exit, that is, firms’ exit through
M&A. We label an exit as M&A if caused by the
administrative procedure “merger by incorporation
into another company.” Note that while there of course
exist other routes to firm exit, the two modes that we
identify, “involuntary” and M&A, are mutually exclu-
sive, hence for instance, a firm that reported “merger

SThis is especially the case for firms which are employers, as
those we are considering in the empirical analysis.

7t is worth noting that AIDA removes from the dataset com-
panies not reporting the balance sheet in the previous 5 years.
Thus, we do not consider firms which do not report any relevant
administrative procedures but that exit from the dataset at some
point during the period of analysis.
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by incorporation into another company” did not initi-
ated any of the administrative procedures associated to
“involuntary exit.”

This distinction across exit modes allows us to
verify whether firms’ characteristics differently affect
firms’ probability of exit due to business failure
(“involuntary” exit) and firms’ successful exit (M&A).

In this work, we can resort to balance sheet data
information from 2005 to 2014 that we employ to
study firms’ exit in the post-crisis period, from 2010
to 2014.8 To provide a comparison with other sources,
consider that figures for “gross” exit rates (thus not
restricted to “involuntary”) are much in line with the
official statistics reported by Infocamere, which gath-
ers data from all Italian Chambers of Commerce. In
2013, 5.161% of firms exited according to data from
BvD and 5.410% according to Infocamere, see also
Table 7 in the Appendix.

Table 1 resumes entry and exit dynamics for the
period 2010-2014 based on our definition of entry,
“involuntary” exit and exit by M&A. We show statis-
tics distinguishing between firms operating in the
manufacturing, trade, and service sectors.’

Data show that, irrespective of the sector consid-
ered, during the period of interest, the rate of firms’
entry, defined as the ratio of entrants on active firms,
is higher than the rate of “involuntary” exit, defined
as the ratio of exiting firms on active firms. Moreover,
as expected, data suggest that the rate of exit through
M&A, defined as the ratio of firms involved in M&A
on active firms, is much lower than the share of “invol-
untary” exit. The share of “involuntary” exiting firms
is about 2.4% for all sectors, while entry rates differ
across sectors: they are higher for trade and services
(on average, around 7.8% and 8.4%, respectively) than

8We use two AIDA DVDs available in December 2015 and
December 2016, respectively. The resulting dataset covers the
period between 2005 and 2014; however, valuable information
on firms exit are only available for the years 2010-2014. Indeed,
as suggested by the BvD, the data section about administra-
tive procedures has been added in AIDA only in December
2010. Moreover, preliminary exploratory analysis reveals that
in most cases there is a reporting lag of about 2 years; hence,
in the AIDA dataset the last available year for firms’ exiting
information is 2014.

9 In the manufacturing sector, we do not account for firms oper-
ating in the 2 digit sectors 12 and 33 of Nace Rev. 2. In the trade
sector, we only include firms in Section G. We do not include in
the service sector firms operating in the following Nace Rev. 2
Sections: D, E, F, I, K, L, O, T, and U. See Appendix A, Table 6,
for more details.
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Table 1 Entry and exit according to our definition of “involuntary” exit and exit by M&A

Year Entries Invol. Exits M&A Active % Entries % Invol. Exits %o M&A
BOX A: Manufacturing sector

2010 4762 3287 594 106,326 4.479 3.091 0.559
2011 4517 3137 577 107,129 4.216 2.928 0.539
2012 4689 2890 553 108,375 4.327 2.667 0.510
2013 5698 1639 372 112,062 5.085 1.463 0.332
2014 6200 1284 412 116,566 5.319 1.102 0.353
BOX B: Trade sector

2010 9294 4,85 540 127,658 7.280 3.592 0.423
2011 9427 4233 579 132,273 7.127 3.200 0.438
2012 10,065 4108 514 137,716 7.309 2.983 0.373
2013 12,393 2077 394 147,638 8.394 1.407 0.267
2014 14,453 1817 426 159,848 9.042 1.137 0.267
BOX C: Service sector

2010 14,246 5914 859 168,751 8.442 3.505 0.509
2011 13,880 5770 1034 175,827 7.894 3.282 0.588
2012 14,462 5531 938 183,820 7.867 3.009 0.510
2013 16,808 2549 622 197,457 8.512 1.291 0.315
2014 20,307 2475 739 214,550 9.465 1.154 0.344

Note: We only consider firms operating in manufacturing or service sectors with information on both their entry and exit (“involuntary”
or M&A)/survival (we exclude firms operating in the 2 digit Nace Rev.2 codes 12 and 33 and in the following Sections Nace Rev.2:

D,E,FLK,L,O,T,U)

for manufacturing firms (around 4.7%). Conversely,
the rate of firms exiting by M&A does not signifi-
cantly differ across sectors and it is on average around
0.4%.

3.2 Innovative activities

The analysis of the effects of innovation activities on
firms’ performance has a long tradition in the liter-
ature, with most contributions focusing on the role
of R&D and patents, especially among large and
medium firms. Starting with Griliches (1981), many
authors investigated the relationship between firm’s
market value and its R& D expenditures and number
of patents, often focusing on large quoted companies
(see, e.g., Toivanen et al. 2002; Hall 2000). More
recently, scholars also started to investigate the role
of other IP instruments, with a particular focus on
trademarks, see for instance (Mendonga et al. 2004).
Trademarks, beside patents, provide a useful proxy
for firms’ innovation activity. This is even more true
for SMEs and for “softer” types of (non-patentable,

non-technological) innovation like service, marketing,
and organizational innovations as well as innova-
tion activities closer to the market introduction stage
(see, e.g., Flikkema et al. 2014, 2019; Helmers and
Rogers 2010).

Moreover, scholars started to analyse not only how
innovation activities might improve firm performance
but also their impact on firm survival, on the one side,
and on the mode of exit, on the other (see Fontana
and Nesta 2009; Cefis and Marsili 2012; Bgring 2015;
Landini et al. 2020, among the others).

In contributing to the two strands of literature
recalled above, we focus on the role of innovation out-
put as proxied by patents and trademarks in shaping
the survival probabilities of firms.!% In this respect,
we focus on granted patents that have been applied
at the United States Patent and Trademark Office
(USPTO) or at the European Patent Office (EPO) and

10Note that in order to exploit the universe of firms, we would
rather not resort to innovation surveys or other proxies of inno-
vation efforts, such as R&D expenditures whose coverage in
terms of available data is limited.
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on registered trademarks that have been filed at the
United States Patent and Trademark Office (USPTO)
or at the European Union Intellectual Property Office
(EUIPO), formerly known as Office for Harmoniza-
tion in the Internal Market (OHIM). Moreover, given
the low propensity of Italian firms to apply for patents
on international markets, we even consider granted
patents that have been applied only at the Italian Patent
and Trademark Office (IPTO). In order to define the
stock of granted patents for each firm, in each relevant
year, we consider only patents applied before or in the
year of interest; also, as the dataset does not provide
information about the patent expiration date, we con-
sider a 20-year maximal time span of validity, that is,
the stock of patents for each firm, in each year, does
not include patents applied more than 20 years before
the year of interest (i.e., if a patent has been applied
in the 1991 by a firm, we include it in the count up
to 2010).!" The 20-year time span for patents seems
reasonable in order not to account for patents which
are too “old” as a proxy of firms’ technological capa-
bilities. Furthermore, 20 years also corresponds to the
time span of the legal protection granted by law. We
are aware of the depreciation of patents over time (de
Rassenfosse and Jaffe 2018, see among the others);
however, given the very small number of Italian firms
holding patents, we opt for not discounting patents, in
order to not further restrict the sample.

In addition to patents, we identify the stock of
registered trademarks for each firm, in each rele-
vant year, by only considering trademarks applied
before or in the year of interest that expire after
the year of interest. Based on the yearly number of
granted patents and registered trademarks, we build
two dummy variables which indicate if a firm, in
each year, is holding granted patents or registered
trademarks, respectively.'?

Note that this time span is not binding for firms younger than
20 years, so that this choice does not reduce the sample. The 20-
year time span is also in accordance to international standards
(see among the others Gallini 2002; Ginarte and Park 1997).

12As we employ the counts of patents only to define dum-
mies, we are confident that applying a depreciation rate does not
significantly affect results.
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3.3 Other variables and descriptive statistics

In this section, we provide a brief illustration of the
other variables employed in the empirical analysis,
together with descriptive evidence to appreciate trend
over time and differences across sectors.

Table 2 shows some descriptive statistics in each
year of the analysis (2010-2014), and for each sector.
Manufacturing firms are, on average, almost twice as
big as service firms, while firms in trade sector are
the smallest. Size is here proxied by the number of
employees (Empl). As expected, firms’ size distribu-
tion is much asymmetric irrespective of the sector in
which firms operate (plots are not reported).

The average value added (Value Added) is slightly
decreasing over time in all sectors. As expected, value
added is higher in manufacturing than in trade or ser-
vice sectors.!3 There is no noteworthy trend over time
in terms of return on sales in each sector (ROS), as
measured by operative profits over sales (in percent-
age points). On average, firms’ profitability is 3%
in the manufacturing and service sectors and 2% in
the trade sector. Firms’ financial stability is measured
by the solvency ratio (SolvRatio), which is calculated
by dividing total equity by total assets (in percent-
age points). The solvency ratio is stable over time: on
average, the share of assets that are internally financed
is around 28%, 26%, and 31% in the manufacturing,
trade and service sectors, respectively.'* We use firms’
age (Age), defined as the difference between the year
of interest and incorporation year plus 1 (Age is equal
to one in the incorporation year), as proxy for firms’
experience.

Firms’ innovative capacity is measured by two
dummy variables taking value one if firms own
granted patents (val_pat_d) and registered trade-
marks (val_trade_d), respectively, and zero other-
wise. Data show a low propensity of Italian firms to
file for patents or trademarks. Indeed, only a small
fraction of firms can be defined as innovators, accord-
ing to such definition, over the period considered.

13In the following analysis, we will employ labor productivity
(LP) as measured by the ratio between value added and number
of employees.

I4AIDA data only provide firms’ solvency ratio ranging
between —50 and 100.
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Table 2 Descriptive statistics by sector of activity

2010 2011 2012 2013 2014
Box A - manufacturing
Empl 22.960 24.882 23.855 23.170 22.156
(157.110) (158.173) (138.419) (154.939) (159.402)
Value Added 1439.384 1408.727 1318.095 1322.652 1317.429
(10918.86) (10615.28) (9851.12) (10063.48) (10439.96)
ROS(%) 3.098 3.365 2.719 3.091 3.412
(9.520) (9.475) (9.877) (9.816) (9.951)
SolvRatio 28.047 27.960 28.657 28.672 28.605
(25.203) (25.232) (25.724) (25.895) (26.230)
Age 18.079 18.424 18.702 18.725 18.735
(14.916) (15.093) (15.264) (15.413) (15.577)
Val_trade. d 0.065 0.069 0.074 0.075 0.071
(0.246) (0.254) (0.261) (0.264) (0.258)
Val_pat_d 0.060 0.059 0.057 0.052 0.047
(0.238) (0.236) 0.231) (0.222) 0.213)
Box B - trade sector
Empl 8.872 10.493 9.648 9.338 8.499
(121.198) (141.972) (110.644) (122.248) (106.245)
Value Added 510.38 490.511 434.433 412.611 386.512
(6456.577) (6264.428) (5900.42) (5975.445) (5944.292)
ROS (%) 2.472 2.481 1.839 1.869 2.010
(9.250) (9.351) (9.768) (9.944) (10.161)
SolvRatio 26.439 26.384 27.030 27.024 26.988
(25.811) (25.966) (26.461) (26.786) (27.261)
Age 13.966 14.064 14.106 13.927 13.670
(13.086) (13.176) (13.258) (13.286) (13.295)
Val_trade.d 0.017 0.019 0.020 0.021 0.019
(0.129) (0.136) 0.141) (0.143) (0.138)
Val_pat._d 0.009 0.009 0.008 0.007 0.006
(0.096) (0.093) (0.090) (0.085) (0.079)
Box C - service sector
Empl 12.607 15.137 14.572 14.127 13.096
(467.411) (415.032) (394.135) (377.871) (350.906)
Value Added 798.699 757.204 690.577 643.385 602.015
(36552.44) (33729.72) (30328.66) (26785.14) (23946.08)
ROS (%) 3.428 3.566 2.922 2.820 3.035
(11.667) (11.619) (11.944) (11.931) (12.089)
SolvRatio 31.6967 31.700 32.063 31.996 32.034
(29.432) (29.478) (29.645) (29.967) (30.329)
Age 11.686 11.854 11.998 11.993 11.872
(10.978) (11.070) (11.152) (11.189) (11.221)
Val_trade.d 0.012 0.014 0.015 0.016 0.014
(0.109) (0.116) 0.122) (0.125) 0.119)
val_pat._d 0.006 0.006 0.006 0.005 0.004
(0.079) 0.077) 0.075) (0.071) (0.066)

Note: We exclude firms operating in 2 digit Nace Rev.2 codes 12 and 33 and in the following macro-section Nace Rev.2: D, E, F I, K,
L, O, T, U. Empl is the number of employees in units, Value Added is in thousands of Euros, ROS and SolvRatio are percentages, Age
is the number of years, Val_trade_d and val_pat_d are dummy variables for patents and trademarks. The table displays means
and standard deviations (in brackets)
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Firms in the manufacturing sector are more incline
to apply for IP than firms operating in the trade
or service sectors. Indeed, on average, 7% of firms
in the manufacturing sector owned at least one reg-
istered trademark, and around 5% has at least one
granted patent; while in the trade and service sec-
tors, the share of firms with at least one patent (on
average 0.78% and 0.54%, respectively) or one trade-
mark (1.92% and 1.41%) decreases. For a detailed
analysis of the complementarity existing between
patents and trademarks over the same period, refer to
Grazzi et al. (2020).

Geographical dummies, accounting for North, Cen-
ter, or South macro-regions, show that most firms
(around 52%) are located in the North of Italy and
slightly more than 20% are located in the Center and
South of Italy, respectively.!3

4 Non-parametric evidence

Before proceeding with more standard economet-
ric analysis, we introduce some preliminary non-
parametric evidence derived from the Fligner and Poli-
cello (1981) test of stochastic equality, FP henceforth,
and from the Kaplan-Meier estimator. The former
allows us to compare “continuing” and exiting firms
(by “involuntary” exit and by M&A); the latter estima-
tor allows us to compare survival between innovative
and non-innovative firms.

4.1 Comparing “continuing” and exiting firms

We start our non-parametric analysis by comparing
“continuing” firms with those exiting in each year
of interest (2010-2014) looking at their performance
in earlier years (from 2005). To compare groups
of firms, we distinguish between “involuntary” exit-
ing firms and exiting firms by M&A. In particular,
we focus on firms’ size, productivity, profitability,

15Table 2 does not report statistics for geographical area dummy
variables because evidence are strongly stable over the period
considered. They are available upon request.
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solvency ratio, and age. We employ the FP test as it
is suited to perform comparison of uneven samples, '
indeed as shown in Section 3, exiting firms (both
through “involuntary” exit and M&A) represent only a
small fraction of the reference population. Moreover,
within the class of non-parametric tests for compari-
son of uneven samples, the FP test is appropriate to
deal with known non-normalities, unequal variance,
asymmetry, and unequal shapes.

More in detail, let F4 and Fg be the distributions of
the relevant variables of “continuing” firms and exit-
ing firms, respectively. Denote with X4 ~ F4 and
Xg ~ Fg the associated random variables, and with
X 4 and X g the two respective realizations. Based on
the FP test, the distribution F, is said to stochastically
dominate Fg if Prob{X, > Xg} > 1/2.17

For each relevant variable, we compare ‘“‘continu-
ing” firms with those exiting, in years 2014, 2013,
2012, 2011, and 2010, respectively, looking at their
characteristics in earlier years (from 2005). A positive
sign of the FP statistic implies that “continuing” firms
have a higher likelihood to take on larger values of
a given variable (i.e., the distribution of the relevant
variable for “continuing” firms stochastically domi-
nates the distribution of the same variable for exiting
firms); and the opposite holds if the statistic assumes
a negative sign. In the interest of space, Table 3 only
reports FP tests comparing “continuing” firms with
those exiting in 2012.'8 Box A is referred to “involun-
tary” exit and Box B to M&A. Each column in Table 3
reports the results of the comparison between the two
groups of firms, “continuing” and exiting in 2012,
from 1 to 7 years before. For each variable and year,
we report the FP statistic and significance (*p < 0.10,
**p < 0.05, ***p < 0.01).

16We cannot perform the FP test on patents and trademarks
dummy variables, because the test only allows to compare dis-
tributions of continuous variables between groups. We will
resort to the Kaplan-Meier estimator in Section 4.2 to investi-
gate those variables.

17The null hypothesis in the FP test implies equality of median
among distributions.

I8EP tests considering other years of exit are similar to Table 3
and are available upon request.
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Table 3 Fligner-Policello test: “continuing” firms in 2012 vs exiting firms in 2012

2011 2010 2009 2008 2007 2006 2005
BOX A: “involuntary” exit
Manuf. In(Empl) —0.815 —0.551 —2.899##:* —2.268 ** —1.335 —1.705%* —0.322
In(LP) 18.151#%** 9.743%#%* 8.8627%** 7.769%** 7.259%** 5.855%** 6.344 %%
ROS 23.596%** 15.740%** 10.403%** 9.661%*** 9.854 %% 8.010%** 7.138%*%*
SolvRatio ~ 40.482%** 32.604%** 26.780%** 22.678%** 20.013%** 20.139%** 18.426%**
In(Age) 10.080%*** 9.911#** 9.784%%* 8.130%** 6.600%** 5.548%** 5.047%%*
Trade In(Empl) 1.699%* —0.090 —0.954 —2.296%* —0.203 —0.405 —0.595
In(LP) 14.260%** 7.769%** 8.007%** 8.390%** 4.549%%* 3.937%** 2.920%**
ROS 16.333%#%* 12.191%*%** 9.335%** 8.135%#* 5.441#%* 5.423%%* 5.483 %%
SolvRatio ~ 26.783*** 22.7725%%** 18.951%** 15.405%%** 12.204##* 12.909%** 11.093##*
In(Age) 11.102%* 10.981%*** 10.283%%** 9.297%#* 8.782%** 7.749%** 6.560%**
Service  In(Empl) 0.285 —0.859 —0.646 —1.865* —0.316 —0.769 —0.447
In(LP) 7.555%%** 6.224#%* 5.812%%* 5.178%*%* 3.540%** 3.171%%* 2.940%**
ROS 15.237#%** 10.002%*** 9.707%** 7.331%%* 8.774%%* 7.151%%* 6.100%**
SolvRatio ~ 20.048*** 15.217%%** 13.456%** 11.150%%** 8.967*** 11.981%** 10.392%#%*
In(Age) 13.602%#** 13.172%%* 10.935%%** 9.660%** 8.906%** 7.396%** 6.083%%*
BOX B: exit by M&A
Manuf. In(Empl) —3.783%%% —4.075%*%* —4.650%#* —4.072%%% —3.542%%% —3.113%%* —2.281%*
In(LP) —6.083%#* —2.705%%%* —3.203%%* —2.253%* —2.796%*%* —3.667%** —0.691
ROS 5.175%%** 5.423%%* 3.636%** 4.124%#%* 3.570%** 1.712% 2.208%**
SolvRatio  2.780%*** 2.585%** 3.054%%* 2.943 %% 2.121%* 0.962 0.818
In(Age) 2.867%** 2.687%** 2.049%* 1.846%* 1.563 1.238 1.217
Trade In(Empl) —3.304 4% —4.950%** —5.126%#* —4.385%#% —5.260%** —4.731%%* —3.95 4%
In(LP) —5.983##* —2.539%* —1.146 —2.189%* —0.121 —0.373 —0.758
ROS 5.299%#* 5.645%%* 6.260%** 5.272%** 4.820%** 3.761%** 4.634%%*
SolvRatio  2.962%** 2.616%** 3.014%%* 2.480%* 1.767* 2.007%* 1.702 *
In(Age) —0.458 —0.334 —0.064 —0.250 —0.312 —0.735 —0.526
Service  In(Empl) —6.380%** —6.357%** —6.496%#* —5.485%#% —6.107%%%* —5.630%** —4.029%#*
In(LP) —9.7207%#* —T7 AL T —5.735%%% —5.786%#%* —5.366%** —4.086%** —3.406%**
ROS 2.798%*** 1.127 0.798 —0.271 —0.204 1.043 0.344
SolvRatio —1.081 —1.840%* —1.304 —1.400 —1.434 —0.077 —0.626
In(Age) —1.298 —0.683 —1.021 —0.394 —0.133 0.143 0.524

Note: *p < 0.10, **p < 0.05, ***p < 0.01. The table reports FP statistics and their significance. A positive sign of the FP statistic
implies that the distribution of the relevant variable of “continuing” firms stochastically dominates the distribution of the same variable

for exiting firms

According to the FP statistics, Table 3, Box A,
“continuing” firms perform better than “involuntary”
exiting firms in each of the three sectors. More

precisely, in line with the empirical literature (see,
among the many others, Bottazzi et al. 2011; Bal-
caen et al. 2012; Foster et al. 2016), our findings
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suggest that “continuing” firms are older and perform
better in terms of both productivity and profitabil-
ity than “involuntary” exiting firms. Indeed, all FP
statistics are positive and significant over the whole
pre-exit period considered (2005-2011). Similarly, the
solvency ratio is higher for “continuing” firms and it
points to weaker financial structure of “involuntary”
exiting firms which are strongly dependent on exter-
nal resources. Somewhat contrary to expectations, the
FP tests do not unequivocally point to a size difference
between “continuing” and “involuntary” exiting firms.
Namely, Table 3, Box A, shows that the significance
and the sign of the FP statistics referred to In(Empl)
change across sectors as well as over time. These
preliminary results do not completely diverge from
the existing literature. Indeed, although many applied
studies find that firms’ exit probability decreases with
size (e.g., Strotmann 2007; Fackler et al. 2013), some
studies cannot find such evidence (e.g., Audretsch
et al. 1999) and others even document a positive rela-
tionship between firms’ size and their exit from the
market (e.g., Bottazzi and Tamagni 2011).

Focusing on the comparison between “continuing”
firms and exiting firms by M&A (Table 3, Box B),
FP statistics show that, in each of the three sectors,
“continuing” firms are smaller and perform worse,
in terms of productivity, than exiting firms. The evi-
dence that larger firms are more likely to be involved
in M&A is in contrast with some studies (see, among
the many others, Cefis and Marsili 2012; Wagner and
Cockburn 2010), but it is in line with others, like
Esteve-Pérez et al. (2010) and Masatoshi et al. (2019).
In contrast to “involuntary” exit (Box A), firms exit-
ing by M&A (Box B) exhibit higher productivity
when compared to “continuing” firms, in line with
the results from Esteve-Pérez et al. (2010) and Bal-
caen et al. (2012), among others. Profitability displays
a similar pattern to “involuntary” exit: “continuing”
firms report higher level of profitability (ROS) than
firms exiting through M&A. For the service sector,
this is true only in the year before exit by M&A. The
above evidence on M&A contributes to support the
view of the target, exiting firm as a company that
has already achieved a certain potential (higher pro-
ductivity), but that is not yet fully capable to exploit
it (lower profitability). There is no significant differ-
ences between the two groups of firms in terms of
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solvency ratio in the service sector, while, for the
manufacturing and trade sectors, the solvency ratio is
higher for “continuing” firms and this points to weaker
financial structure of firms exiting by M&A. Again,
in contrast to “involuntary” exit, the age distributions
for firms undergoing M&A do not show significant
difference between the two groups of firms, with the
exception for the manufacturing sector, where “con-
tinuing” firms are older than firms exiting through
M&A.

4.2 Innovative vs non-innovative firms

One of the main interest of our work is the analy-
sis of the relationship between firms’ innovativeness
and survival. In order to get preliminary evidence of
the impact of innovative activity on firm demogra-
phy, we estimate and graphically compare the sur-
vival functions S(¢) using the Kaplan-Meier estimator
for innovative and non-innovative firms, respectively.
As for the FP tests, we consider, in turn, “involun-
tary” exits and exits by M&A.!"” We alternatively
define innovative firms as companies with at least one
granted patent and firms with at least one registered
trademark.

The Kaplan-Meier estimator is a simple frequency
non-parametric estimator; it does not require any ex-
ante assumption about the distribution of exit times
or how regressors shift the hazard function. The esti-
mated Kaplan-Meier survival function (i.e., the prob-
ability to survive at least up to age ¢) is given by:

S =] (1 — Z—) (1)

t; <t !

where ¢; is the number of exiting firms (involuntar-
ily or by M&A) at age t; and n; is the number of firms
at risk at #; (i.e., the number of firms survived up to
age of #; years).

In the following, we estimate the Kaplan-Meier
survival functions for the same observations consid-
ered in the sectoral complementary log-log regres-
sions that we perform in Section 5. This allows us to

198ee Kaplan and Meier (1958) for details on the estimator.
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obtain statistics that are comparable with the follow-
ing empirical analysis. Also notice that when showing
firms’ surviving probabilities, in Figs. 1, 2, and 3, we
focus on survival spells shorter than 50 years.’

Figure 1, Box A (Box B), displays the fraction of
firms, in the manufacturing sector, that did not go
through “involuntary” exits after a given number of
years since the start of activity, distinguishing between
firms with at least one granted patent (trademark) and
firms without patents (trademarks).

Focusing on Box A, it is apparent that, when not
controlling for other factors, firms with patents have
an advantage over the group of firms without patents
in terms of survival. This survival difference is rather
small in the first years of activity, i.e., just a few dec-
imal points in the first 2 years, but becomes larger
and stable in the age group starting from 10 years.
To provide some guidance, the share of firms that
own at least one patent and survive ranges between
93.42% (during the 10 years after their incorporation)
and 70.53% (during the 50 years after their entry on
the market), while for firms without patents the frac-
tions of surviving companies are, respectively, 88.61%
and 63.49%.

Similarly, Fig. 1, Box B, shows that the estimated
survival function for firms with at least one trade-
mark lies above that of firms without trademarks in
the manufacturing sector. In comparing Box A and
B, note that the survival difference due to the owner-
ship of trademarks is less pronounced than that arising
from patents. In particular, in the first 2 years of activ-
ity, the survival difference is almost null, whereas it
becomes larger and stable in the age group starting
from 20 years.

A more statistically accurate comparison between
the survival curves of different groups of firms (inno-
vative vs non-innovative) is provided by the log rank
test and the Wilcoxon-Breslow-Gehan test. The null
hypothesis of both tests is that the survival func-
tions across groups of companies are not different.
Both the log-rank and the Wilcoxon-Breslow-Gehan
tests, shown in Fig. 1, report a statistically significant
difference in survival experience for innovative and
non-innovative firms.

Consider, next, firms in the trade sector. Figure 2
suggests that firms with IP rights enjoy a survival

20We exclude from the graphical comparison firms older than
50 years, which correspond to, depending on the sector, around
2 or 5% of the observations.

advantage. As in the manufacturing sector, even in the
trade sector the advantage of firms in terms of survival
due to trademarks is less pronounced than that aris-
ing from patents. The evidence from the service sector
is much similar, and is not reported in the interest of
space.

The non-parametric evidence on the relationship
between IP rights and “involuntary” exit is in line with
the existing literature. Note however that due to the
specificity of the definition of “involuntary” exit, it is
now possible to establish a more reliable and precise
relation between proxies of innovation and their effect
on firms’ demography.

Finally, Fig. 3, Box A (Box B), displays the fraction of
firms, in the manufacturing sector, that did not experience
M&A exit after a given number of years since the start
of activity, distinguishing between firms with at least
one granted patent (trademark) and firms without patents
(trademarks). In comparing Figs. 1 and 3, note first that
overall there is a lower probability of exit by M&A.
Similarly to “involuntary” exits, also for M&A, firms
with IP rights have a survival advantage. However,
considering M&A as exit route, the survival advan-
tage related to trademarks is more pronounced than
that arising from patents. This might suggest that for
young manufacturing firms with patents, the lower
risk of exit brought about by patents is, at least partly,
offset by their higher appeal for acquisition. Contrar-
ily, for firms in the trade and service sectors, it is not
possible to identify any significant survival difference
between innovative and non-innovative firms.?!

Taken together, the analyses above suggest the exis-
tence of a different impact for patents and trademarks
in increasing the survival probabilities of firms. In
addition, the relative importance of the two IP instru-
ments depends on the route to exit considered: patents
are more important for increasing the survival proba-
bilities in the case of “involuntary” exit, whereas the
ownership of trademarks makes M&A less likely to
occur.

5 Empirical analysis of firms’ exit probability

In this section, we investigate the effects of firms’
characteristics on their exit probability by applying

21 Graphical comparison and statistical tests are available upon
request.
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Fig. 1 Kaplan-Meier survival estimates, “involuntary” exits,
manufacturing sector, Box A patents, Box B trademarks. Anal-
ysis time is the number of years the firm survived. For firms
with patents vs firms without patents Log-Rank test: x> = 6.94

parametric analysis, considering both routes of exit
and distinguishing between firms operating in the
manufacturing, trade, and service sectors. In particu-
lar, we resort to complementary log-log regressions
without and with frailty. In the latter case, it is possible
to account for unobserved individual heterogeneity.

5.1 Dependent variables

In our analysis, the dependent variable (the binary
variable exit; ;) is equal to 1 if firm 7 exits the market
in year ¢t (where ¢ varies between 2010 and 2014) and
0 otherwise. We alternatively define exit as “involun-
tary” exit and exit by M&A.

5.2 Independent variables
The explanatory variables consist of firms’ economic

and financial variables, which include the following:
firms’ size (the log transformation of the number of
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(0.0084); Wilcoxon-Breslow-Gehan test: x2 = 10.55 (0.0012).
For firms with trademarks vs firms without trademarks Log-
Rank test: X2 =16.11 (0.0001); Wilcoxon-Breslow-Gehan test:
%2 = 8.05(0.0046)

employees), productivity (in log), profitability, finan-
cial stability, age, and its square (the logarithmic
transformation). Moreover, we include two dummy
variables, val_trade_d and val_pat_d, equal to 1
if firms own at least one granted patent or one regis-
tered trademark, respectively, and O otherwise. In each
specification, we control for time invariant sectoral
effects through a set of 2-digit industry dummy vari-
ables. We control for three geographical area dummy
variables which identify firms operating in the North,
Centre or South of Italy, respectively: in this way,
we account for the omission of geographical specific
time invariant characteristics which might bias our
parameter estimates. We also include 5-year dummies
(2010-2014) which allow us to account for the eco-
nomic cycle and common macroeconomic factors. In
order to reduce the potential endogeneity of the eco-
nomic and financial variables (Empl, LP, ROS, and
SolvRatio), as well as of the innovation indicators
(val_trade_d and val_pat_d), these regressors
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Fig. 2 Kaplan-Meier survival estimates, “involuntary” exits,
trade sector, Box A patents, Box B trademarks. Analysis time
is the number of years the firm survived. For firms with patents
vs firms without patents Log-Rank test: x2 = 11.60 (0.0007);

are lagged one period with respect to the dependent
variable.??

Note that, among the regressors, we include age
and its square because in principle we may expect
a non-linear relationship between firms’ exit prob-
ability and their age in line with empirical evi-
dence (see, e.g, Pérez et al. 2004; Ortega-Argiles and
Moreno 2007; Masatoshi et al. 2019). This non-linear
effect is consistent with the “liability of newness”
effect (Stinchcombe 1965) as well as with selection
models (Jovanovic 1982; Ericson and Pakes 1995)

227 suggested, among the others, in Cefis and Marsili (2006),
innovative and non-innovative firms might be different along a
series of dimensions, above all size and age. In this respect, it is
much important to include in the regressions as many controls
as possible, in order to obtain unbiased estimates of the main
coefficients of interest, that are, in our case, those for patents
and trademarks indicators. For a similar reasoning, see Heyman
(2007).

Wilcoxon-Breslow-Gehan test: x2 = 11.50 (0.0007). For firms
with trademarks vs firms without trademarks Log-Rank test:
x2 =3.40 (0.0651); Wilcoxon-Breslow-Gehan test: x2 = 3.64
(0.0565)

according to which age has a positive effect on sur-
vival: (infant) firms need to achieve some organiza-
tional and efficiency levels to face competitors and
they go through a process of selection (inefficient
firms are stranded out of the market) and learning
(about their relative efficiency and market competi-
tiveness). However, the effect of age on survival may
become negative after a certain firms’ age, because
of the “liability of adolescence” effect (Fichman and
Levinthal 1991) and the “liability of senescence”
effect (Hannan 1998) according to which the proba-
bility of exit may increase with age. The reason is that
when firms enter the market, they are “protected” by
their initial resource endowments to face competition,
but, as firms age and the environment changes, their
endowments and initial choices may become inade-
quate; also, firms face the obsolescence of technology
and products over time.

Existing empirical evidence in terms of the effects
of size and age on firms’ failure suggest that larger
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Fig. 3 Kaplan-Meier survival estimates, exits by M&A, man-
ufacturing sector, Box A patents, Box B trademarks. Analysis
time is the number of years the firm survived. For firms with
patents vs firms without patents Log-Rank test: x> = 8.55

and older firms have lower probability to exit than
smaller and younger companies (see, e.g., Giovannetti
et al. 2011; Godart et al. 2012; Fackler et al. 2013;
Wagner 2013). However, some other studies report
discordant results. For example, Bottazzi and Tam-
agni (2011) detect a positive relationship between
firms’ size and their probability of default and iden-
tify firms’ age as a poor predictor of firms’ default.
Similar results in terms of firms’ size impact on sur-
vival have been identified by Bottazzi et al. (2011).
Other works find that the effect of firms’ size and age
on their probability of exit are non-linear (see, among
others Strotmann 2007; Pérez et al. 2004). Thus, given
the variety of results obtained in the existing liter-
ature and our preliminary results, especially for the
impact of firms’ size on their demographic dynamics,
we do not have strong priors. Regarding the probabil-
ity of M&A, empirical evidence suggests that smaller
and younger firms are more likely to be involved in
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(0.0035); Wilcoxon-Breslow-Gehan test: x2 = 5.57 (0.0183).
For firms with trademarks vs firms without trademarks Log-
Rank test: X2 =55.08 (0.0000); Wilcoxon-Breslow-Gehan test:
%2 =40.84 (0.0000)

M&A (see, among the many others, Cefis and Mar-
sili 2012; Wagner and Cockburn 2010). However, even
for M&A, there are mixed results. For example, we
refer, among others, to Esteve-Pérez et al. (2010) that
identify a positive relationship between firms’ size and
their probability to be involved in mergers with other
firms, and to Wagner and Cockburn (2010) that do not
find any significant relationship between firm’s age
and their probability of M&A.

On the contrary, based on previous literature (see,
among others, Melitz 2003; Esteve-Pérez and Mafiez-
Castillejo 2008; Bottazi et al. 2011) and on our pre-
liminary results, we expect to identify better survival
chances for firms with higher performance, measured
in terms of both labor productivity and profitabil-
ity. However, focusing on M&A as mode of exit,
the empirical literature, as well as our preliminary
results, provides different suggestions according to the
measure of performance considered. Indeed, although
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empirical works unequivocally suggest that more pro-
ductive firms have a higher probability to exit by
M&A than less productive companies (see, among
the many others, Esteve-Pérez et al. 2010; Balcaen
et al. 2012), studies on the relationship between prof-
itability and M&A provide more ambiguous findings
(see, among the many others, Esteve-Pérez et al. 2010;
Wagner and Cockburn 2010).

Some studies identify significant effects of firms’
financial characteristics (for example, proxied by
leverage, solvency ratio and secured debt level)
on firms’ demographic dynamics (see, among oth-
ers, Buddelmeyer et al. 2010; Bottazzi et al. 2011;
Balcaen et al. 2012). Thus, based on previous empiri-
cal findings and on our preliminary results, we expect
to find a lower probability of “involuntary” exit from
the market for firms with higher solvency ratio. As for
the effect of financial characteristics on M&A, Bal-
caen et al. (2012), among others, find that compared to
bankruptcy, the probability of voluntary exit increases
with firm’s financial health and, conditional on not
going bankrupt, the probability of M&A compared
to voluntary liquidation decreases with firm’s finan-
cial health. We may thus expect a higher likelihood of
M&A associated with higher solvency ratio.

Focusing on firms’ innovative activity, the exist-
ing applied literature coherently detects a positive
relationship between innovativeness and companies’
survival, at least when considering failure as cause
of exit. It is not easy, however, to directly com-
pare empirical findings given the variety of measures
used for innovation. In particular, some studies use
R&D expenditures (e.g., Esteve-Pérez and Maiiez-
Castillejo 2008; Esteve-Pérez 2010), others define
innovative firms as companies which introduce prod-
uct and/or process innovations and/or innovations in
labor organization (e.g., Cefis and Marsili 2005, 2012;
Giovannetti et al. 2011).23 In this work, we exploit
the availability of data on trademarks and patents
to study the relation between IP and survival in
line with an existing strand of empirical literature

2 Interestingly, Ortega-Argiles and Moreno (2007) consider the
effect of innovation on survival focusing on Spanish manufac-
turing firms (survey data) and distinguishing between process
and product innovation. They find that process innovations
have a significant positive effect on the likelihood of survival;
whereas product innovations appear to be a determining factor
for the small and medium size firms, but not for large firms.

(see, among others, Jensen et al. 2008; Buddelmeyer
et al. 2010; Helmers and Rogers 2010; Wagner and
Cockburn 2010; Masatoshi et al. 2019).

5.3 Empirical models

Let us briefly outline the main characteristics of the
econometric methods we apply.

In the applied literature, several studies analyze
firms’ exit probability by applying probit models
(e.g., Helmers and Rogers 2010; Bottazi et al. 2011;
Bottazzi and Tamagni 2011). This estimation method,
however, belongs to the conventional cross-section
techniques that estimate the unconditional average
probability of occurrence of an event during the sam-
ple period. Thus, in order to obtain estimates which
account for whether and, if so, when events occur, we
estimate complementary log-log models, i.e., discrete-
time hazard model (for applications to the context
of firm survival, see Cefis and Marsili 2012; Godart
et al. 2012; Masatoshi et al. 2019).24 In this way, we
estimate the probability that a firm exits in interval ¢
(age t), conditional on its survival up to the beginning
of this interval and given the independent variables
included in the regression specifications. In particular,
we opt for discrete, instead of continuous, time haz-
ard models, because, by construction, our data identify
the year of firms exit but not the exact date of the exit
(thus, exits are grouped into discrete intervals of time).

In the complementary log-log models, the proba-
bility that a firm exits in interval ¢ (i.e., at age t),
conditional on its survival up to the beginning of this
interval and given the independent variables, is given
by the following equation:

hi(Xii—1) =1 —exp{—exp(Xj,_B+06()} (2

where ¢ is the age of the firm, 0(t) is the baseline
hazard function, and X;;— is a vector of regressors
and controls. We use a quadratic specification for the
pattern of duration dependence. Thus, we enter firms’
age and their square as covariates in the regressions.

24Refer to Esteve-Pérez et al. (2013) for an application of com-
plementary log-log models for firms’ survival in the context of
international trade relationship.
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In order to test for possible biases due to the effects
of unobserved individual heterogeneity, for each exit
mode, and each sector, we estimate the complemen-
tary log-log model, with a frailty term, that allows
us to control for unobserved individual heterogeneity
(see among the others, Jenkins 2004), and we refer to
the following specification:

he(Xis-1) = 1=exp|—exp(X],_ f+0O+up) | (3)

where we include individual random effects by
means of an error term, u; = log(v;), that is assumed
to be normally distributed with 0 mean and variance
o 2.

Then, we test, through a Likelihood-ratio test, the
null hypothesis that the “rho” statistic (i.e., the ratio
of the heterogeneity variance to one plus the hetero-
geneity variance) is statistically equal to zero. Failure
to reject the null hypothesis, suggest that unobserved
heterogeneity does not affect the estimated coeffi-
cients, and the complementary log-log model without
the frailty term is then the preferred specification.?

5.4 Results

Table 4 shows the sectoral complementary log-log
estimated coefficients for both models with and with-
out the frailty term (i.e., unobserved individual het-
erogeneity), considering, in turn, firms’ “involuntary”
exits (Box A) and exits by M&A (Box B). Taking into
account evidence from the test on the unobserved indi-
vidual heterogeneity, we comment results obtained
from specifications with the frailty term only when
the “rho” statistics are statistically different from zero;
differently, comments refer to estimates of the com-
plementary log-log models that do not account for
unobserved individual heterogeneity. Note that a posi-

251n order to account for unobserved individual heterogeneity,
on top of a frailty term normally distributed, we alternatively
estimated the complementary log-log models with Gamma dis-
tributed frailty term and, similarly to Zhang (2003), the models
with non-parametric unobserved individual heterogeneity. In the
paper we only show results for the complementary log-log mod-
els with a frailty term normally distributed. Other results are in
line with those shown and are available upon request.
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tive coefficient associated with a regressor implies that
the hazard rate of firm exit increases (that is, the firm
probability of survival decreases) with higher value of
that explanatory variable, while the opposite holds if a
negative coefficient is associated with an independent
variable.

In our analysis, we consider two different types
of exit, “involuntary” exit and M&A; moreover, we
verify whether the relationship between firms’ charac-
teristics and their survival differ across sectors (man-
ufacturing, trade, and service sectors). Note that most
of previous studies focused on manufacturing only.

As shown in Table 4, Boxes A and B, the effect of
size on firms’ exit changes depending on the route of
exit and, in some cases, on the sector considered in the
analysis. In particular, focusing on “involuntary” exit
(Box A), we find a positive and significant relation-
ship between size and the hazard rate of exit for firms
in the manufacturing sector, while the relationship
turns out to be negative or not significant for firms in
the trade and service sectors, respectively. Our results
for the manufacturing firms are in line with Bottazzi
and Tamagni (2011) that analyzing a large sample
of Italian firms shows how the probability of default
increases with size. While, only for firms in the trade
sector, our parametric estimates validate the hypoth-
esis of “liability of smallness” (Stinchcombe 1965).
This advantage might be explained by the fact that big-
ger companies are less financially constrained, face
lower difficulties in recruiting higher skilled workers,
and have cost advantages compared to smaller firms.
As for M&A (Box B), independently of the sector of
activity, in line with Esteve-Pérez et al. (2010) and
Masatoshi et al. (2019), we identify a positive rela-
tionship between firms’ size and the M&A probability.
Among sectors, estimates reveal that the positive rela-
tionship between size and exit by M&A seems to be
more pronounced in the trade sector.?

20The LR tests on the unobserved individual heterogeneity do
not allow us to unequivocally prefer one estimation method for
all of our estimates (complementary log-log models without and
with frailty). Thus, in order to compare coefficients across sec-
tors obtained by applying the same econometric technique, we
focus on estimates obtained using complementary log-log with-
out frailty (i.e., cloglog instead of xtcloglog). The two-sided and
one-sided Wald tests that we use, in order to statistically test
the differences between coefficients across sectors, are available
upon request.
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Table 4 Maximum Likelihood estimates for discrete time hazard model

Manufacturing Trade Service
Cloglog Xtcloglog Cloglog Xtcloglog Cloglog Xtcloglog
BOX A: “involuntary” exit
L.In(Empl) 0.120%** 0.117%** —0.0488+** —0.0520%** 0.00710 0.00661
(0.0147) (0.0151) (0.0149) (0.0149) (0.0130) (0.0125)
L.In(LP) —0.0886%** —0.0885%** —0.165%*** —0.168*** —0.0636%** —0.06394#**
(0.0274) (0.02624) (0.0214) (0.0211) (0.0210) (0.0187)
L.ROS —0.0345%*%* —0.0377#*%* —0.0281*%* —0.0294*** —0.0283#** —0.0285%*%*
(0.00167) (0.00183) (0.00217) (0.00225) (0.00147) (0.00142)
L.SolvRatio —0.0404#%*%* —0.0438%*** —0.0284*#* —0.0291 *** —0.0155%*%* —0.0156%**
(0.00106) (0.00127) (0.00120) (0.00109) (0.000935) (0.000792)
L.val_pat_d —0.178** —0.189%* —0.629%** —0.640%** —0.798*** —0.801***
(0.0754) (0.0796) (0.219) (0.223) (0.303) (0.304)
L.val_trade_d —0.192%%%* —0.192%*%* —0.0352 —0.0388 —0.372%* —0.374%*
(0.0715) (0.0739) (0.115) (0.1179) (0.148) (0.149)
In(Age) —0.186* —0.110 0.145 0.188* —0.0822 —0.0676
(0.0982) (0.1090) (0.102) (0.109) (0.102) (0.105)
In(Age)_sq 0.0219 0.008 —0.0606*** —0.0694*** —0.0674%*%* —0.0707#*%*
(0.0199) (0.02187) (0.0219) (0.0231) (0.0229) (0.0234)
_cons —3.459%%* —4.067*** —2.961%** —3.314%** —3.166%** —3.307%**
(0.150) (0.210) (0.133) (0.228) (0.128) (0.152)
N 348609 348609 357978 357978 393400 393400
LR test of rho =0 27.84 3.33 0.53
0.000 0.034 0.233
BOX B: exit by M&A
L.In(Empl) 0.281%** 0.288%** 0.385%** 0.410%** 0.317%** 0.337%**
(0.0219) (0.0228) (0.0190) (0.0255) (0.0148) (0.0195)
L.In(LP) 0.718*** 0.736%** 0.575%** 0.603*** 0.509%** 0.534%**
(0.0494) (0.0505) (0.0437) (0.0461) (0.0299) (0.0336)
L.ROS —0.0481#*%* —0.0489%##* —0.0571*%* —0.0594 %+ —0.0208#** —0.0310%**
(0.00287) (0.00313) (0.00342) (0.00416) (0.00233) (0.00239)
L.SolvRatio 0.00279** 0.00288** —0.000899 —0.000676 0.00607*#%* 0.00636%**
(0.00137) (0.00128) (0.00150) (0.00145) (0.00106) (0.00107)
L.val_pat_d —0.776%%* —0.794 %% —0.836%** —0.880%** —0.748** —0.791%**
(0.125) (0.131) (0.307) (0.314) (0.299) (0.303)
L.val_trade_d —1.569%** —1.594 %% —1.043%** —1.080%** —0.993##%* —1.012%**
(0.152) (0.158) (0.208) (0.209) (0.184) (0.183)
In(Age) —-0.270 —0.259 —0.147 —0.108 0.0723 0.1134
(0.187) (0.185) (0.194) (0.194) (0.170) (0.178)
In(Age)_sq —0.0191 —0.0220 —0.0444 —0.0540 —0.0667* —0.0757**
(0.0368) (0.0361) (0.0386) (0.0390) (0.0347) (0.0363)
_cons —7.910%%%* —8.417%** —8.246%** —9.138%** —9.006%** —9.807***
(0.310) (0.565) (0.284) (0.545) (0.255) (0.452)
N 345847 345847 355062 355062 390356 390356
LR test of rho =0 0.83 3.01 4.21
0.181 0.041 0.020

Note: Coefficients and (Robust) Standard errors in parentheses (for the models without the frailty term). Columns labeled xtclolog
reports estimates for the complementary log-log models with the frailty term. Statistical significance is reported as: *p < 0.10,
**p < 0.05, ***p < 0.01. Estimates include a full set of geographical area, year and Nace Rev. 2 dummy variables. For the LR test,

we report chibar? and the corresponding Prob > chibar?
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Regarding firms’ performance, both in terms
of productivity and profitability, we find strongly
significant effects on firms’ demographic dynam-
ics. Indeed, in line with the relevant literature
(see, e.g., Melitz 2003; Esteve-Pérez and Maiiez-
Castillejo 2008; Bottazzi et al. 2011), our findings
imply that higher performance reduce the firm’s prob-
ability of “involuntary” exit. Focusing on exit by
M&A, we find that higher productivity increases the
probability of exit by acquisition, whereas the oppo-
site is true for profitability. Both results are in agree-
ment with the non-parametric evidence of the FP test
and thus confirm the view of M&A as a much different
exit route. Higher performance can indeed represent
a sign of appeal for an acquisition. Estimates show
some difference among sectors. In particular, when
we consider the probability of “involuntary” exit, the
impact of productivity is more relevant for firms in the
trade sector, while the effect of profitability is higher
for firms in the manufacturing sector. The opposite
holds when we focus on the probability of exit by
M&A.

As for the firms’ financial structure, coherently
with previous empirical results (e.g., Buddelmeyer
et al. 2010; Bottazzi et al. 2011; Balcaen et al. 2012),
our work identifies a negative and significant corre-
lation between firms’ solvency ratio and their proba-
bility of “involuntary” exit. However, differently from
our non-parametric results, estimates suggest a pos-
itive and significant relationship between firms’ sol-
vency ratio and the likelihood of exit through M&A
(with the exception for firms in the trade sector),
again suggesting that exit by M&A should not be
assimilated to business failure. For firms in the manu-
facturing sector, we find the highest negative impact of
firms’ solvency ratio on their probability of “involun-
tary” exit, while the lowest effect is found for firms in
the service sector. Contrarily, focusing on exit through
M&A, the positive impact of firms’ solvency ratio is
higher for firms in the service sector than for firms in
the manufacturing sector.

Focusing on the effect of age, we find that only for
firms in the trade sector, the hazard of “involuntary”
exit first increases and then decreases. A non-linear
effect is in line with the results obtained by Masatoshi
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etal. (2019) on a sample of Japanese new firms. In the
service sector, for both “involuntary” exit and M&A,
we find that the effect of firms’ age on exit becomes
negative after a certain age.

Regarding the impact of firms’ innovative activity
on their demographic dynamics, our estimates suggest
that firms’ IP reduces the probability of exit from the
market. When we consider “involuntary” exit (Box
A), the effect of patents and trademarks is rather sim-
ilar in the manufacturing sector, whereas, now that
we are controlling for other regressors, patents appear
more relevant for survival than trademarks in the trade
and service sectors. Moreover, the negative impact of
patents on “involuntary” exit is more pronounced in
the trade and service sectors than in the manufacturing
sector, while the negative effect of trademarks does
not significantly differ across firms in the service and
manufacturing sectors.

Finally, the impact of patents and trademarks on
M&A is much similar across sectors. In particular,
the coefficients for firms with at least one granted
patent is —0.776, —0.880, and —0.791, for firms in
the manufacturing, trade, and service sector, respec-
tively, which correspond to hazard ratios of 0.469,
0.410, 0.453.27 Hence, the hazard of exiting is 53%,
58%, and 55% lower for firms with patents than for
firms without patents.?® Similarly, the probability of
exit is 79%, 66%, and 63% lower for firms with
trademarks than for firms without trademarks, in the
manufacturing, trade and service sectors, respectively.
Tests on coefficients point out only one quantita-
tive difference: the negative impact of having trade-
marks on the M&A probability is higher for firms in
the manufacturing sector than for firms in the other
sectors.

In comparing the effects of patents and trademarks
between “involuntary” exit and M&A, a striking reg-

27 As suggested in Godart et al. (2012), starting from the esti-
mated coefficient associated with a regressor, 8, the correspond-
ing hazard ratio can be obtained as exp(f).

28The hazard of exit is obtained as 1-exp(B).
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ularity emerges across all sectors. Indeed, if patents
appear overall more relevant against “involuntary”
exit, the opposite is true for M&A, where trademark is
the IP variable that has the larger effect. Although we
cannot directly compare coefficients across different
regressions (“involuntary” exit and M&A), the change
in the relative magnitude of the coefficients account-
ing for patent and trademark dummies, is in line with
the suggestion emerging from the Kaplan-Meier non-
parametric analysis, according to which the relevance
and appeal of the patent portfolio in the eye of the
acquiring firm, might lessen the effect of protection
against exit exerted by patents under other modes of
exit.

6 Conclusion

This study investigates the impact of patents and trade-
marks, as well as other firm-level characteristics, on
different exit modes: “involuntary” and M&A.

Our work contributes to the previous literature in
several ways. We enrich the existing scant empirical
evidence on firms’ dynamics in the post-crisis period;
we analyze the impact of firms’ innovation activity;
we provide a more rigorous definition of “involun-
tary” exit; and, finally, we are able to detect some
industrial specificities by distinguishing among firms
operating in the manufacturing, service, and trade sec-
tors. As for the impact of innovation activity, we use
data on the granted patents and registered trademarks
owned by firms to proxy their innovativeness. As
Schautschick and Greenhalgh (2016) state, IP rights
have been extensively used to capture the ability of
firms to provide new and technologically advanced
products, as well as the aptitude of companies to sup-
ply a wide variety of products and services. Moreover,
the availability of information on both trademarks
and patents makes it possible for us to explore the
differences in the effects of two types of IP. For exam-
ple, as suggested by Jensen et al. (2008) patents can
be used to proxy for high-risk (new to the market)
innovations, whereas trademarks can proxy for low-
risk (new to the firm) innovations. Furthermore, the
consideration of both patents and trademarks may
help capture innovations in both the manufacturing
and service sectors, as observed by Buddelmeyer

et al. (2010) and Schautschick and Greenhalgh (2016).
Studies that only consider patents or R&D expen-
ditures, the most common proxies for innovation,
might under-represent the innovative propensity of
firms in the service sector, where companies rarely
patent their new services and often do not per-
form formal R&D activity. Conversely, trademarks are
used by firms in both the manufacturing and service
sectors.

One of the main contributions to the empirical liter-
ature on firms’ survival is the sharp distinction we can
draw between exit modes. Indeed, thanks to the avail-
ability of data on administrative procedures, we can
identify “involuntary” exits and exits by M&A. Thus,
our indicator of “involuntary” exits is less spurious
than those often used in most of the existing empirical
literature.

Interesting results emerge from the effects of firm
characteristics on different modes of exit and across
sectors of activity. Performance, for instance, as prox-
ied by productivity, shows a positive effect in pro-
tecting against “involuntary” exit, whereas a high
productivity is related to a higher likelihood of exit by
M&A, as it might be an element of appeal in a firm
targeted for acquisition. Size, as proxied by number of
employees, has a positive impact on the probability of
exit by M&A in manufacturing, trade and services; in
contrast, the effect of size on “involuntary” exit differs
across sectors: it is positive for manufacturing firms,
negative for firms in the trade sector, and not signifi-
cant for firms in the service sector. The importance of
patents and trademarks in affecting the probability of
exit shows some specific patterns across sectors. For
instance, trademarks do not appear to play any role
in preventing “involuntary” exit in the trade sector;
as for patents, their negative impact on “involuntary”
exit is greater in the trade and service sectors than
in the manufacturing sector. In comparing the effects
of patents and trademarks across exit modes, how-
ever, some regularities across sectors also emerge. If,
overall, patents appear more significant against “invol-
untary” exit, the opposite is true for M&A, where
trademarks are the IP instrument with the largest
effect.

Our empirical analysis faces a twofold limita-
tion. The first depends on our definition of inno-
vative firms based on IP: we do not account for
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innovative activities that are not related to patents
and trademarks. As Buddelmeyer et al. (2010) note,
however, this weakness mainly depends on firms’
balance sheet data which do not make it possi-
ble to precisely identify R&D expenditures for all
firms. Moreover, data from the business register do
not include information on alternative measures of
innovation (e.g., it is not possible to identify firms
which introduce product, process, and/or organiza-
tional innovations). The second weakness of our work,
common to most of the related applied studies, is
the impossibility to identify a clear causal relation-
ship between firms’ indicators and their survival. This
is, at least in part, mitigated by accounting for unob-
served heterogeneity in our regressions, as well as
by including lagged independent variables in each
regression.

Appendix A: Data Appendix

This technical appendix describes, in brief, the build-
ing process leading to the final set of data employed in
the empirical analysis. Furthermore, in order to assess
the reliability of the dataset, we also compare the val-
ues of the variables we are mostly interested in with
those computed on other available sources. For further
details on the construction of the dataset, we refer to
Grazzi et al. (2018).

BvD AIDA contains detailed information on Ital-
ian limited liability firms. This category of firms,
to comply with law, must deposit the balance sheet
to the local Chamber of Commerce, this is why we
consider it as the virtual universe of active limited lia-
bility firms. Users can access BvD AIDA data either
online through a subscription or via physical media.
BvD AIDA provides the standard variables from the
balance sheet as well as the variable “year of incorpo-
ration,” which is used to compute the age of the firm;
and, most importantly, the variable “pending adminis-
trative procedures” that we use to categorize the mode
of firm exit. BvD also provides a unique firm identifi-
cation number, so that it is possible to link to the same
firm, information coming from other BvD sources. In
this respect, we employed BvD Amadeus to extract
information on firms’ patenting and trademarking
activities.

In the following, we provide a comparison between
the dataset we assembled from the BvD sources and
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a different, yet official source as INFOCAMERE
(Infocamere 2019).2°

INFOCAMERE data provide information on all
economic sectors and on the geographical distribu-
tion of firms. We focus on the period 2010-2014
and, in order to have a more accurate comparison,
we only include joint stock companies, limited part-
nerships with shares, and limited liability companies.
As reported in Table 5, firms included in AIDA
represent around 71% of the population according
to INFOCAMERE dataset.3? As suggested by both
INFOCAMERE press-office and BvD division, the
difference on the coverage of the two datasets is
mostly due to the fact that AIDA only includes firms
appearing in the register of companies that actually
deposit their balance sheets to the Italian Chambers
of Commerce. On the other hand, INFOCAMERE
dataset covers all firms showing up in the register of
companies irrespectively of their status and of whether
or not they handed in their balance sheets. Moreover,
we exclude from our dataset those companies that,
although not going through any administrative pro-
cedures, have been deleted from the AIDA dataset
because they did not report their balance sheets in the
last 5 years. Table 5 suggests that the sectoral distri-
bution of firms in the AIDA dataset turns out to be
very similar to the distribution of firms included in the
INFOCAMERE data. In particular, in both sources,
about 16% of firms operates in the manufacturing sec-
tors, about 20% in the trade sectors and about 23% in
the service sectors.3! Thus, we can conclude that our
dataset built on BvD sources is much representative of
the actual distribution of Italian firms’ across sectors.

The complete list of sectors employed for Table 5
is reported in Table 6.

29INFOCAMERE is the company of the Italian Chambers of
Commerce that takes care of processing the data coming from
the balance sheet of limited liability firms. Movimprese is a
report on firms’ death and birth provided by INFOCAMERE
every quarter.

30In Tables 5 and 7, in order to identify the coverage of the
AIDA dataset with respect to INFOCAMERE data, we account
for all available observations, thus also including firms which
did not provide information on their economic sector.

31n both INFOCAMERE and AIDA dataset, firms operating in
the manufacturing, trade and service sectors (excluding firms in
Nace Rev. 2 Sections: D, E, F, I, K, L, O, T, and U) represent
about the 60% of the total number of firms.
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Table S Comparison of AIDA and INFOCAMERE firm-level data

All firms Manufact. Trade Service
Year @ 1) (11D Iv) ) (VD) (VID) (VIID)
2010 929,340 72.30 16.50 16.48 21.61 19.69 22.54 22.37
2011 953,949 70.30 16.13 16.26 21.58 19.74 22.65 22.53
2012 966,141 69.30 15.83 16.11 21.63 19.87 22.86 22.78
2013 982,943 69.53 15.59 15.94 21.84 20.06 23.13 23.06
2014 1,008,451 70.78 15.34 15.61 21.97 20.27 23.44 23.40

Note: Columns reports, respectively: (I) the number of active limited liability companies in INFOCAMERE; (II) the percentage
coverage in AIDA; the share of firms in manufacturing sectors in INFOCAMERE (III) and AIDA (IV); the share of firms in trade
sector in INFOCAMERE (V) and in AIDA (VI); the share of firms in service sector in INFOCAMERE (VII) and in AIDA (VIII).
Firms in the following service sectors are not included: (Nace Rev. 2) Sections: D, E, F, I, K, L, O, T, and U. For the description of
sectors see Table 6

Table 6 Nace Rev 2: Sections

Macrosector Nace Rev 2 codes Definitions
Manuf. C Manufacturing
D Electricity, gas, steam and air conditioning supply
E Water supply; sewerage, waste management and remediation activities
F Construction
Trade G Wholesale and retail trade; repair of motor vehicle and motorcycles
Service H Transportation and storage
I Accommodation and food service activities
Service J Information and communication
K Financial and insurance activities
L Real estate activities
Service M Professional, scientific and technical activities
Service N Administrative and support service activities
o Public administration and defence; compulsory social security
Service P Education
Service Q Human health and social work activities
Service R Arts, entertainment and recreation
Service S Other service activities
T Activities of households as employers; undifferentiated goods -and

service- producing activities of households for own use
U Activities of extraterritorial organizations and bodies

Note: From section C, we exclude firms in the tobacco and repair industry, respectively code 12 and 33 from Nace Rev. 2. ISTAT does
not provide Industrial product price index for these sectors for the period of analysis. Gray background refers to Sections of the NACE
not included in the analysis on the AIDA sample
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As we did for the sectoral distribution of firms, we
now compare the coverage of the dataset we assem-
bled with respect to information reported by INFO-
CAMERE for entrants, exiting, and active firms. It is
worth noticing that INFOCAMERE data do not dis-
tinguish between modes of exit. In particular, INFO-
CAMERE considers a firm as exited if it underwent
any administrative procedure. Accordingly, the only
way to provide an accurate comparison is adopting the
same definition as INFOCAMERE. Table 7 reports
the comparison for the period 2010-2014.

In the dataset that we assembled, the entry rate is
slightly higher than that reported by INFOCAMERE
(9.229% vs 8.811% on average over the period 2010-
2014). This small difference could be explained by the
different number of active firms included in the two
datasets. As for the exit rate, they are very similar. In
particular, for the period 2010-2012, the percentage of
exits is higher in AIDA than in INFOCAMERE, while
in more recent years the opposite is true. Again, this
small difference could be due to the different number
of active firms and to the different method to identify
the year of exit.

Finally, Table 8 reports the administrative proce-
dures leading to “involuntary” firm exit. Unfortu-
nately, there are no available alternative sources of
data for comparison.

We next turn to provide some details on the cov-
erage of IP activities of Italian firms in our sample
(in the interest of space, tables are available upon
request). We are not aware of a close match to our

work for comparison. There have been attempts to link
patent data to firm-level data for Italian companies,
but they generally cover only large firms, whereas our
interest here is gaining a perspective on the (virtual)
universe of limited liability firms.

The number of firms having at least one regis-
tered trademark increased during the period of interest
(from around 12,000 in 2010 to more than 16,000 in
2014), while the number of firms holding at least one
granted patent is more stable over the years (it slightly
decreases from around 9700 firms in 2010 to around
8400 in 2014). Also, notice that there are more firms
with trademarks than with patents and that the largest
number of firms owning IP is in the manufacturing
sector.

Data show that, in absolute figures, the highest
number of firms with trademarks or patents are micro
or small ones. This is of course the result of the highly
skewed size distributions of Italian firms, so that, even
if a large company is more likely to hold IP than a
small one, this does not show up when looking at
absolute numbers.

Data reveal that, as expected, in absolute figures,
the highest number of firms with IP rights is con-
centrated in the manufacturing sectors. In all the
economic sectors (primary, manufacturing and ser-
vice), the number of firms with registered trademarks
is larger than the number of firms with granted patents.
Moreover, the number of firms owning at least one
registered trademark increases during the period of
investigation; while it is not the same for the frac-

Table 7 Comparison between AIDA and INFOCAMERE datasets: Firms’ entry and exit

Number of active firms % of entrants % of exits
Year (AIDA) (INFOC.) (AIDA) (INFOC.) (AIDA) (INFOC.)
2010 671,926 929,340 10.330 9.504 6.698 5.288
2011 670,600 953,949 9.203 8.464 6.938 5.409
2012 669,578 966,141 8.439 7.901 6.531 5.657
2013 683,430 982,943 8.954 8.543 5.161 5.410
2014 713,807 1,008,451 8.842 9.160 4.021 5.154

Note: Columns II and IIT show the total number of active firms (limited liability companies) in AIDA and INFOCAMERE data,

respectively; columns IV and V display the share of entrants. Columns VI and VII exhibit the share of exiting firms
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tion of firms owning at least one granted patent.
Thus, at least in Italy, trademark is the most diffused
instrument of IP protection.
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