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Abstract

The paper explores the question whether the relationship between corporate governance dimensions
and innovation at the firm level is affected by sectoral characteristics, by analyzing Italian manufacturing
sectors. We estimate the impact of corporate governance features on patenting activity for two sub-groups
of Italian firms, identified on the basis of the well-established distinction between Schumpeter Mark I
(creative destruction) and Schumpeter Mark II (creative accumulation) sectors. We use a unique dataset
on about 35.000 Italian manufacturing firms over the 2002-2007 period and employ a hurdle model for
zero-inflated data in order to study simultaneously (i) the firm’s ability to be innovative rather than non
innovative and (iz) its ability to be relatively more innovative than the other innovative firms. We find that
in Schumpeter Mark I sectors, a concentrated ownership structure has a positive effect on innovation, while
the opposite is true for Schumpeter Mark II sectors. We interpret this result, arguing that, in more unstable
markets, a concentrated ownership reduces agency costs to a larger extent than it exacerbates asymmetric
bargaining problems. We find also that Schumpeter Mark I environments are associated to a negative effect
of debt exposure, due to the higher uncertainty and agency costs. These findings are robust to a number of
identification issues, including the possible endogeneity of corporate ownership structures. Our results may
allow to make sense of the contradictory findings of the literature on corporate governance and innovation.
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1 Introduction

Firms’ innovation performance is affected by a wide range of factors, which have been extensively explored by
the economic literature. For a long time, following an original intuition by Schumpeter (Schumpeter, 1934;
1942), attention has been focused mostly on the relationship between market structure and innovation: firms’
rate of innovation was considered dependent on the degree of competition in the market and on related structural
features. Subsequent research has proposed to consider also the role of technological factors as determinants of
innovation. According to this perspective, knowledge characteristics and the technological environment, broadly
defined in terms of opportunity and appropriability features, affect the intensity of firm innovation (Nelson and
Winter, 1982; Winter, 1984) and determine the emergence of sectoral patterns of innovation (Malerba and
Orsenigo, 1994; 1996). This view entails that market structure and technology co-evolve and highlights the
existence of technology-specific learning processes within the firm, thus emphasizing the role played by firm
internal organizational features in addition to external factors.

A different strand of research has elaborated on the relationship between firms’ internal characteristics and
innovation performance by focusing on corporate governance features (for a survey, see Belloc, 2012). Corporate
governance is the set of constraints that specifies the distribution of rights and responsibilities among the
different actors having a stake at risk in the corporation. Consequently, first, corporate governance affects the
degree of protection that financiers expect to receive for their investments, and this influences in turn the cost
at which investors are willing to provide capital. Second, it alters the incentives of a corporation’s members
to commit capital to innovation strategies and to apply their skills and effort to the implementation of such
strategies.

The large amount of theoretical and empirical studies available on this issue has identified a number of
corporate governance dimensions that do exert an influence on firms’ innovativeness, among which ownership
concentration, owners’ identity (institutional investors, firms, banks, families, etc.) and the structure of corpo-
rate finance. Yet, there is still much we do not understand about the relationship between corporate governance
and innovation, as extant literature provides contrasting results and interpretations. The reason why both the-
oretical and empirical investigations tend to lead to contradictory findings might be that, in this literature,
the focus on firm-internal factors has so far led to disregard the role of market and technological factors. In
particular, while most empirical analyses refer to specific sectors due to data availability constraints, sectoral
specificities have never been explicitly considered and systematically compared. Therefore, no attention has
been paid to the fact that the effect of corporate governance rules on innovation may change according to the
structural features of the market and the nature of the technology underlying the different sectors.

In this paper, we integrate the literature on corporate governance and innovation with the sectoral patterns
of innovation approach and explore the question whether the relationship between corporate governance dimen-
sions and innovation at the firm level is affected by sectoral characteristics, by analyzing Italian manufacturing
sectors. To address this question, we estimate the impact of corporate governance features on patenting activity
for two sub-groups of Italian firms, identified on the basis of the well-established distinction between Schumpeter
Mark I (SM1, creative destruction) and Schumpeter Mark II (SM2, creative accumulation) sectors. Previous
literature has clarified that these two broad categories of sectors are associated to remarkably different tech-
nological and market features, which determine specific sectoral patterns of innovation (Breschi et al., 2000).
We employ a unique dataset built on the matching of the European Patent Office (EPO, 2013) Worldwide
Patent Statistical Database provided by the EPO on behalf of the Organisation for Economic Co-operation and
Development (OECD)’s Taskforce on Patent Statistics and the Aida database containing information on a large
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contains variables on ownership concentration, owners’ identity, owners’ nationality, and financial structure,
besides control regressors on firms’ dimension, age and intangible assets. We then implement a hurdle model to
study both extensive and intensive margins of firms’ innovation and obtain a precise identification of causality
effects linking a firm’s governance to its innovation performance.

Our analysis confirms that the effects of corporate governance dimensions on firm-level innovation output
differ significantly according to the underlying sectoral patterns, and particularly according to whether the
sector can be categorized as either SM1 (creative destruction) or SM2 (creative accumulation). Our empirical
findings show that a concentrated ownership structure has a positive effect in SM1 sectors and a negative effect in
SM2 sectors. We interpret this result, arguing that in relatively more unstable sectors (i.e., SM1), characterized
by higher technological opportunities and lower knowledge cumulativeness, a concentrated ownership reduces
agency costs to a larger extent than it exacerbates asymmetric bargaining problems and therefore tends to have
a positive effect on innovation, while the reverse is true for more stable sectors. We also find that, in SM1
industries, firms with a relatively higher debt exposure tend to refrain from undertaking innovative projects,
probably due to the higher uncertainty characterizing the market while, in SM2 sectors, higher stability and less
uncertainty are associated to lower agency costs and make the choice between alternative sources of external
capital statistically less relevant.

It is worth noting that the focus on Italian manufacturing data allows us to circumvent the possible endo-
geneity of share ownership concentration, because the extreme stability characterizing the corporate governance
structure of both listed and unlisted Italian companies (Bianchi and Bianco, 2006; 2008) makes our ownership
concentration variables exogenous to the short-term variation of firm innovation output. In any event, in the
baseline regression we use one-year lagged ownership variables. In addition, we show that our estimated pa-
rameters do not change sign and remain strongly significant in a two-stage instrumental variable regression.
Our main findings remain virtually unchanged also controlling for the heterogeneity of patent value and the
presence of partnerships in patenting activity.

We improve with respect to previous literature in three ways. First, and most importantly, we highlight a
novel aspect of the corporate governance-innovation relationship by explicitly considering the role of sectoral
characteristics. This allows to draw some new policy insights. Second, we use a novel database that allows to
investigate simultaneously the effect of all the relevant corporate governance variables on innovation outcomes
for a very large sample of firms (in the econometric analysis, we use more than 100.000 observations over the
2002-2007 period). Third, we employ more sophisticated econometric techniques than those used in currently
available studies (in particular, we use a two-part model for zero inflated data), that allow to study simultane-
ously (%) the firm’s ability to be innovative rather than non innovative and (i%) its ability to be relatively more
innovative than the other innovative firms.

In section 2 we briefly describe the main corporate governance dimensions that exert an influence on innova-
tion according to the literature. In section 3 we set out the expected relationship between corporate governance
and sectoral patterns of innovation. In section 4 we present the econometric model and the estimation results.

Section 5 concludes.

2 Relevant corporate governance dimensions

The notion that corporate governance influences firms’ innovation abilities has been explored from many angles.
Within the variety of approaches and themes put forward, it is possible to single out two corporate governance

dimensions that have attracted the greatest attention and that are acknowledged to be at the core of the



relationship between firms’ governance and innovation: corporate ownership and corporate finance.

2.1 Corporate ownership

The corporate ownership dimension refers to the distribution of control rights and residual profit rights within
the corporation, and particularly to the degree of equity concentration among shareholders and to owners’
identity, i.e. whether they are families or individuals, banks, other institutional investors, or non-financial

companies.

Ownership concentration. The degree of ownership concentration may affect a firm’s innovation activity in
different ways. On the one hand, greater ownership concentration favors the alignment of cash flow and control
rights of shareholders. As the traditional agency theory of the firm predicts, in concentrated ownership struc-
tures, large shareholders have higher incentives and ability to monitor the management, therefore reducing both
managerial discretion and agency costs and ultimately improving corporate performance (Shleifer and Vishny,
1997). This is particularly important for innovation performance when agency costs derive from a misalignment
between owners’ and managers’ objectives due to managers’ risk aversion in undertaking R&D projects. This
positive effect of ownership concentration on innovation may be called the ‘agency cost minimization effect’.

On the other hand, ownership concentration may also negatively affect corporate investment activity. First,
shareholders may prefer returning cash flow to investors, in the form of dividends, rather than to reinvest it in
the company (Jensen, 1986). While to return profits to investors is in the (short-run) interest of shareholders,
it is likely to hamper corporate long-term investment strategies. Second, and perhaps most importantly, in
the light of the incomplete contracts theory (Grossman and Hart, 1986; Hart and Moore, 1990), ownership
concentration may cause asymmetric bargaining between shareholders and employees, consequently reducing
managers’ and workers’ incentives to apply their effort to firm-specific activities ex-ante to the extent they
anticipate opportunistic actions ex-post by concentrated shareholders. These firm-specific investments are key
to build a corporation’s innovative capacity through time, through knowledge and competence accumulation.
This negative effect of ownership concentration on innovation may be called the ‘asymmetric bargaining effect’.
Available empirical evidences are mixed. While some studies find a positive relationship between equity con-
centration and innovation performance (Hill and Snell, 1989; Baysinger et al., 1991; Hosono et al., 2004), some
others propose opposite findings (Francis and Smith, 1995; Battaggion and Tajoli, 2001; Ortega-Argiles et al.,
2005).

Owners’ identity. Also the owners’ identity gathered significant attention. In particular, extant studies focus
on ownership by families, banks and institutional investors. Family-controlled companies are generally found
to underperform and to show lower innovation activity than corporations run by other types of blockholders.
Family shareholders are undiversified stockholders who have a large part of their wealth invested in a given
company. Being less diversified, they may impose risk aversion on corporate strategies (Morck and Yeung, 2003).
Moreover, family ownership is often associated to managerial practices, remuneration schemes and decision-
making processes that reduce the management’s incentives to undertake innovative strategies (Bugamelli et al.,
2012), and this may exacerbate the technological inertia of family-run companies. Munari et al. (2010), among
others, show empirically that family controlled corporations invest in long-term R&D projects less than other
corporations.

The role played by banks and other institutional investors in corporate ownership is less clear. While some

studies conflate different identities in a generic notion of institutional shareholder and propose contrasting



evidences (e.g., Graves, 1988; Aghion et al., 2013), empirical results still remain unconclusive even when
disentangling the various types of institutional investors. When a bank is both a creditor and a representative
shareholder of a firm, information asymmetries between firm and creditor are mitigated. This should reduce
the cost of debt capital for the corporation (Petersen and Rajan, 1994) and increase the financial resources
that the firm can allocate to innovation projects (Lee, 2005). However, also a negative relationship between
bank ownership and innovation has been detected to the extent banks impose risk aversion in the business
decision-making (Zahra, 1996; Kochnar and David, 1996; Tribo et al., 2007).

Analogous heterogeneity in the empirical evidence is shown with respect to the impact of other types of
institutional investors. Sherman et al. (1998) and Hoskisson et al. (2002), for instance, argue that private
investment funds typically have a preference for short-term profits and find indeed that they negatively affect
corporate innovation, while other institutional entities (like pension and retirement funds) may be interested in
long-term corporate performance. Some recent works added to this strand of studies the effect of the owner’s
geographic localization with respect to the firm’s one, arguing that cultural distance and information opacity

may make foreign private equity investors less capable to spur innovative investments (Ughetto, 2010).

2.2 Corporate finance

The second relevant dimension, corporate finance, concerns the ways through which the firm raises and allocates
financial resources necessary to innovation investments. There are two main aspects relevant in this respect.
The first one is the relative composition of different sources of external funds used by the corporation. Internally
generated revenues should be the preferred channel of innovation funding (Brealey et al., 2006), but internal
financing constraints may force corporations to combine (or to choose between) debt and equity. It is well known
that stocks and debt are not perfect substitutes for innovation financing, as they provide alternative governance
structures (Williamson, 1988). Debt capital, in particular, is ill-suited to finance innovative projects, due to the
deep information asymmetry that can emerge between creditors and shareholders in highly risky investment
programs. On the other side, however, stock issuing dilutes the future dividends among an increased number
of shareholders and may reduce the individual shareholder’s incentives to monitor the management. The
existent econometric studies all find a negative relationship between debt and levels of innovation investments
at the firm level (see, among many others, Long and Malitz (1985) and Baysinger and Hoskisson (1989)),
then arguing that the choice between alternative sources of external capital is always relevant for innovative
firms, irrespective of the technological and market environment they face. The second relevant aspect is the
decision of the firm to list its shares on a stock exchange. While the stock market may provide a mechanism
for managerial discipline so inducing managerial performance improvements, some studies argue that, in non-
listed firms, insider shareholders can time the market by choosing an early exit after receiving bad signals about
production, and therefore managers are more tolerant of early failures and more inclined to invest in innovative,
even if riskier, projects (Ferreira et al., 2012). Consistently with this latter argument, recent empirical evidences

show that a firm’s being listed does not help corporate technological upgrading (Battisti et al., 2014).

3 The relationship between corporate governance and sectoral pat-

terns of innovation

In this paper, we aim at empirically investigating whether the extent of technological and market uncertainty,
by affecting the nature and intensity of agency costs faced by firms, is key to interpret the effect of corporate

governance dimensions on innovation.



The different levels of technological turbulence and agency costs faced by firms can be captured by the
well-established distinction between Schumpeter Mark I and Schumpeter Mark IT sectors. From the early work
of Nelson and Winter (1982) and Kamien and Schwartz (1982), this distinction has been widely used to capture
a number of sectoral features relevant to innovative activity. In particular, the Schumpeter Mark I environment
refers to the Schumpeterian notion of ‘creative destruction’, identified by Schumpeter in The Theory of Economic
Development (1934). SM1 sectors are characterized by a prominent role of entrepreneurial initiatives, which
build new firms to introduce new ideas and innovations, develop new products and processes that displace
existing ones, create new markets or easily enter existing markets. From a structural standpoint, Schumpeter
Mark I sectors are thus characterized by low barriers to entry and a high number of firms. On the other hand,
the Schumpeter Mark II label refers to the theoretical paradigm called ‘creative accumulation’, described by
Schumpeter in Capitalism, Socialism and Democracy (1942). This type of environment is characterized by a
significantly lower number of firms (high concentration), high barriers to entry, economies of scale and scope
and, more generally, significant advantages associated to size and previously acquired positions (in terms of
finance, competences, accumulated knowledge and established complementary assets). Firms in SM2 sectors
face a relatively less turbulent market environment, as previously accumulated assets allow established firms
to accumulate quasi-rents. While Malerba and Orsenigo (1994 and 1996) have found empirically that the
SM1/SM2 distinction helps to explain different innovation patterns of firms, more recently Breschi et al. (2000)
have further shown that the structural features of Schumpeter Mark I and Schumpeter Mark II sectors are
associated to the underlying nature of technology, as captured by the notion of technological regime, which is
meant to identify the most salient knowledge and learning properties of the different technologies.

We propose that the distinction between Schumpeter Mark I (creative destruction) and Schumpeter Mark 1T
(creative accumulation) sectors can be crucial also to measure the relationships between corporate governance
and innovation.

Consider, first, corporate ownership. As illustrated in section 2, the corporate governance literature has
shown that the degree of ownership concentration does affect firms’ innovativeness, although the nature of this
effect (positive or negative) has not been univocally determined. In this regard, we suggest that a reduced
separation between ownership and control (induced by shares concentration) determines heterogenous effects in
different market environments, according to the degree of uncertainty faced by innovators. In technologically
unstable environments (i.e. SM1 sectors), high technological opportunities and high rates of firms entry on
the market make the ability to control managers’ risk aversion particularly important to seize market oppor-
tunities and agency costs a key obstacle to innovative investments. Moreover, due to low appropriability and
cumulativeness, the ability to build up internal competences and resources through cumulative firm-specific
investments does not confer firms a significant advantage in innovation. In this context, we expect the ‘agency
cost minimization effect’ identified in section 2.1 to prevail and ownership concentration to have a positive effect
on firm innovation. In more stable environments (i.e., SM2 sectors), conversely, relatively lower uncertainty
mitigates agency costs. In this context, the asymmetric bargaining problems in the owner-stakeholders interac-
tions described by the incomplete contracts theory assume a relatively larger relevance than agency problems.
This is because, in Schumpeter Mark II sectors, a firm’s competitive advantage crucially depends on its ability
to accumulate knowledge and financial resources. Stakeholders’ incentives to make firm-specific investments
are therefore key to innovation. Moreover, in relatively stable environments, where there are less technological
opportunities to exploit, concentrated shareholders may also prefer returning cash flows to investors, in the form
of dividends, rather than to reinvest them in the company, thereby hampering the buildup of a financial base

for the firm’s investment activity. We thus expect ownership concentration to exert a positive effect on firm



innovation in Schumpeter Mark I sectors, characterized by turbulent market environments and a relatively high
degree of uncertainty, and a negative effect in the more stable and comparatively less uncertain Schumpeter
Mark IT sectors. In our view, a positive and a negative effect of ownership concentration on innovation are
likely to coexist and the degree of technological and market uncertainty determines whether it is the agency
minimization effect or the asymmetric bargaining effect to prevail.

As for corporate finance, the most significant dimension highlighted by the literature is the choice of the
external source of finance (debt or equity). Also with regard to this dimension, the degree of technological
and market uncertainty that characterizes sectoral patterns of innovation may be relevant. The choice between
debt and equity involves different agency costs, whose intensity is affected by the extent of uncertainty that
characterizes the projects to be financed. The deep information asymmetry that can emerge between creditors
and shareholders in highly risky investment programs generates high agency costs and makes debt capital
ill-suited to innovation financing. Therefore, in technologically unstable environments, highly indebted firms
should prefer less risky investment strategies, in order to soften agency problems in their relationship with
creditors and to reduce the cost of additional debt. In these environments, the firm’s ability to secure equity
financing is crucial to ensure commitment of financial resources to highly risky projects, with a high variance
of expected returns. The extent of agency costs involved by debt is, by contrast, likely to be more limited
in Schumpeter Mark II sectors, where lower technological opportunities and high barriers to entry make the
outcome of investment projects relatively more predictable. In these sectors, we expect the choice between
alternative external sources of finance to have a more limited impact on a firm’s propensity to innovate.

Also the effects of the other dimensions of corporate governance — specifically, owner identity and the
decision to go public — may be affected by the level of market uncertainty. On the one hand, we expect
ownership by more risk-averse subjects (e.g., families) to have a negative effect on innovation in both types of
technological environments, but to a larger extent in Schumpeter Mark I (i.e. more turbulent) sectors rather
than in Schumpeter Mark IT sectors. On the other hand, the decision to be listed on the stock market may
exert both positive and negative effects due to a trade-off between increased managerial discipline and greater
propensity to undertake risky investments. In particular, the decision to be listed should have a positive effect
on innovation in market environments where the required innovative investments involve limited degrees of
uncertainty and managers show less risk aversion, like in Schumpeter Mark II sectors. However, it is important
to note that these effects will arise only if the stock market is sufficiently developed, so as to exert a significant

influence on agents’ behavior, and that this does not appear to be the case in Italy.

4 Empirical analysis

4.1 Data and variables

We use data on individual corporations’ characteristics and patents granted by the EPO to empirically explore
the relationship between corporate governance and sectoral patterns of innovation.

We measure corporation-level innovation activity by means of the yearly number of patents awarded to the
firm. Although patents do not fully capture firm innovation, they are commonly used as measures of firm-level
innovation because they are a relatively homogeneous indicator of innovative activity (as innovations have to
satisfy specific requirements to be patented) and allow for analyses at the level of the entire relevant population

(Griliches, 1990)[T]

1We are aware of the fact that patents suffer from many well-known limitations. They surely do not capture the entire output
of innovation activity, as firms may develop non patentable innovations and/or may decide to protect their innovations with
alternative appropriability strategies (e.g., trade secrets, other forms of intellectual property, complementary assets etc.) even if



We build a new database including information on worldwide-valid patents and Italian firms, limiting time
coverage to the 2002-2007 period in order to avoid data censoring problems (the process to formally obtain
patent registration at the EPO may take more than one year). Specifically, we matched two already existing
databases: the Patent Statistical Database (PATSTAT) provided by the EPO (2013) and the Aida database,
containing balance sheet information on Italian firms, provided by BvD (2013). The matching procedure is not
trivial. PATSTAT contains patent data on any type of innovative entity (i.e. the applicant) but does not permit
to identify the type of applicant (i.e. whether it is a public research entity, a university, a physical person or a
firm). Thus we have developed an original pattern-matching procedure to uniquely match each patent record
with the VAT number of its individual applicant. We then matched this extended records with the balance
sheet report of each Italian firm contained in the Aida sampleﬂ In this way we obtained a representative sample
of Italian manufacturing firms, with the additional information on their patent activity. After data cleaning, we
remain with about 100.000 observations on about 35.000 manufacturing corporations for the 2002-2007 period.
All innovative firms in our final sample (i.e. those firms that show at least one patent in the considered period)
are capital companies (Societa per azioni - S.P.A. or Societd a responsabilita limitata - S.R.L.), none of them
is a labour-controlled firm (i.e. a cooperative).

Thanks to the use of the Aida dataset, we can exploit a large number of variables in our empirical analysis.
In particular, we use information on firm age, number of employees, firm presence on the stock market, debt-
equity ratio, intangible assets per employee, degree of ownership concentration, representative owner’s identity

and her nationality. A detailed variables’ description is provided in Table

Table [ about here

Being the information on the sector in which each firm operates at a 4-digit sectoral level, we were able to
assign each firm either to the SM1 environment or to the SM2 environment, according to the classification of
sectors proposed by Breschi et al. (2000). Specifically, the two Schumpeterian patterns of innovative activities
are identified by Breschi et al. by means of a principal component analysis (PCA). They used EPO patent-
level data on the whole population of patenting firms for Italy, Germany and United Kingdom, and run the
PCA on three variables of Schumpeterian patterns of innovation measured for 26 technological classes. These
three variables are the percentage share of patent applications by firms applying for the first time in a given
technological class in a given period over the total patent applications in the same period, the Spearman
rank correlation coefficient between the hierarchies of firms patenting in two subsequent given periods, and
the concentration ratio of the top four patenting firms in a given technological class. For each country and
each technological class, Breschi et al. obtain a new variable defined by the factor score coefficient resulting
from principal component analysis, to be used to discriminate between alternative Schumpeterian models of
innovative activity.

To develop our empirical study, we converted the Breschi et al.’s technological class-level classification

they are patentable. However, other innovation indicators, like the number of new products and processes introduced, reflect greater
subjectivity in the assessment of what actually constitutes an innovation and are available only for the subset of the population
that has answered to the relevant survey where these data have been collected.

2The two-steps pattern-matching procedure allows to achieve a success rate of 98%. First, we used information retrieval
techniques to infer PATSTAT partition according to type of applicant. Second, we applied methods of data integration systems,
relying on a precise entity resolution algorithm. The latter basically performs a metric indexing of the involved databases and
extracts top-k correspondences, which are the entities (the firms in this case) that match with the highest likelihood. Indeed,
the algorithm runs within a self-developed software system, Glimpse, allowing to match any two datasets, according to different
customizable criteria.



into a NACE sectoral classification (i.e. the Statistical Classification of Economic Activities in the European
Community, through which Ttalian firms are classified in the Aida database), and divided our sample of firms
between the two alternative types of Schumpeterian pattern of innovation. In Table ] we summarize the
relevant characteristics, in terms of technological regime and market structure of the SM1 and SM2 categories

(as measured by Breschi et al. (2000)), and report a summary of our sectoral classification.

Table[d about here

Once firms are classified into SM1 (creative destruction) and SM2 (creative accumulation) sectors, some
interesting differences in the variables’ averages across the two groups can be noticed. First, innovative firms
in SM2 sectors tend to hold a relatively higher number of patents than their SM1 counterparts (in Figure 1
we show the cumulate distribution, truncated at zero, of firm-level patents per year). Second, innovative firms
in SM2 sectors tend to show a lower level of intangible assets per employee and a smaller size than innovative
SM1 firms, while the opposite holds for non-innovative firms. Third, debt to equity ratios tend to be relatively
larger for both innovative and non-innovative firms in SM1 sectors than for, respectively, innovative and non-
innovative firms in SM2 sectors. Fourth, listed firms are only a very small percentage of the total number of
firms in both groups, but a relatively larger share of innovative firms is listed in SM1 sectors than in SM2
sectors. Fifth, the percentage of innovative firms with a low degree of ownership concentration in the SM2
group is twice over the percentage of the SM1 group. Sixth, in both groups family shareholders are the most
diffuse type of controlling shareholder among non-innovative firms (but to a relatively larger extent in SM1
sectors), while ownership by industrial companies is relatively more diffuse among innovative companies (but
to a relatively larger extent in SM2 sectors); moreover, in both groups only small percentages of firms show a
bank or a financial holding company as a controlling shareholder. Both in SM1 and SM2 sectors, finally, the
percentage of Italian controlling shareholders is relatively larger in non-innovative rather than in innovative

firms. Variables’ averages within groups are collected in Table

Table[d about here

Figure 1 about here

4.2 Econometric modeling

The use of patent data in econometric modeling can be problematic, since patent data are counts (i.e. non-
negative integers) and present typically a zero inflated distribution (see Hausman et al., 1984). To conduct our
empirical study, we implement a hurdle model, in which a logit model and a negative binomial regression are
combined in a two-part model.

Formally, we consider a random variable Y of patent counts in a panel of n firms (i = 1,2,...,n) over T

times (¢t = 1,2,...,T) and two sets of exogenous variables x; ;1 and x; ;2. The hurdle model has a hierarchical



structure, where a first equation describes the process generating the zeros (i.e. the event y; ;, = 0 versus y; ; > 0)
and a second equation describes the process accounting for positive values (i.e. y;; > 0). In simple terms, a
binomial probability model governs the binary outcome of whether y; ; has a zero or a positive value, while, if
yit > 0, the “hurdle is crossed” and the conditional distribution of the positive values is governed by a zero-
truncated negative binomial model. Given a vector of regressors, x;, the canonical parameters for the binary
and the (truncated at zero) count processes, m;; and A; ¢, can be modeled, respectively, as logit(m; ;) = x; 13
and NB(\;+) = X; 127y, where 8 and ~ are vectors of fixed regression parameters.

In our regression context, the logit - negative binomial hurdle model can be specified as follows:

Pr(Yi: > 0[x;4, Dy) = ap + axi s + @Dy + €4 (1)
Pr(Yi: = yitlXit, D) = 0o + 0% ¢ + IDy + s 4, Yir > 1 (2)

where o and g are the model constants, o and & are vectors of parameters associated with the vector of
explanatory variables x; ;, ¢ and 9 are vectors of parameters associated with the vector of year-specific fixed
effects D; (from 2002 to 2007), €; + and 7; ; are the residuals. The vector of regressors x; ; contains the following
variables: Total_patents, Intangibles_to_employees, Firm_age, Firm_size, Listed, Debt_to_equity, OC-high, OC-
medium, OC-low, RS-family, RS-bank, RS-holding, RS-ind_company, RS-other, and Italian,RSH Both equations
are estimated on the two sub-populations of firms belonging to either SM1 or SM2 sectors separately. Standard
errors are heteroskedasticity robust and clustered at a ﬁrm—levelﬁ

It is useful to interpret equation[I]and equation [2]as models of, respectively, extensive and intensive margins
of firms’ patenting activity. In particular, with equation [I] we are able to estimate the effect of corporate
observable characteristics on the probability of a firm’s being innovative rather non-innovative (i.e. the wideness
of innovation activity in a population of both innovative and non-innovative firms). With equationwe estimate
the effect of corporate observable characteristics on the extent to which innovative firms do obtain patents (i.e.
the depth of innovation in a population of only innovative firms). Phrased differently, this allows us to study
simultaneously how a set of corporate governance variables and a vector of controls impact on both (i) the
firm’s ability to be innovative rather than non-innovative and (i¢) its ability to be relatively more innovative

than the other innovative firms.

4.3 Results

Estimation results for the two sub-populations of SM1 (creative destruction) and SM2 (creative accumulation)
firms are reported, respectively, in Table [] and Table We run six regressions for each sub-population. In
both tables, from the model specification (1) to the model specification (5) corporate governance characteristics
are included one-by-one in addition to the same set of firm-specific controls, in the model specification (6) all
of the corporate governance variables and the controls are included simultaneously.

As a general remark, it is interesting to note that we observe from model (6) that sectoral differences
emerge only with respect to corporate governance variables, while all of the other control variables exert effects
of the same sign in both SM1 and SM2 sectors. This is consistent with the idea that the relationship between

corporate governance dimensions and innovation at the firm level is affected by sectoral characteristics.

3We cannot include R&D expenses among the control variables as we observe a high number of missing data in our sample, due
to the fact that reporting R&D expenditures as a separate balance sheet item is not required by accounting and fiscal regulations in
Italy. Nonetheless, our Total_patents variable, which is a proxy of the knowledge endowment available to the corporation, partially
captures also the past innovative effort of the firm.

4Notice that, in our hurdle model, equation [I|and equation [2| are independent. This rules out model identification issues.
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Table[]] about here

Table [d about here

Corporate governance effects. As for the corporate governance variables considered in the study, notable
differences emerge between SM1 and SM2 sectors.

Debt_to_equity has a negative impact (at a 5% level of statistical significance) in the extensive margin
equation in SM1 sectors, while it has no effect both in the logit and in the negative binomial regression for SM2
sectors. This finding confirms the expectation that in technologically turbulent industries (our SM1 sectors)
firms with a relatively higher debt exposure tend to refrain from undertaking innovative projects. At the
opposite, in SM2 sectors, higher stability and less uncertainty are associated to lower agency costs and make
the choice between alternative sources of external capital statistically less relevant.

OC-high and OC-medium (OC-low being the benchmark dummy) have a positive and statistically significant
effect in both the extensive and the intensive margin equation in SM1 sectors, but also do have a negative effect
(at a 1% level of statistical significance) in the extensive margin equation in SM2 sectors. Also this result is
consistent with the theoretical argument put forward in section 3: in relatively more stable sectors, characterized
by low technological opportunities and high knowledge cumulativeness, the asymmetric bargaining problems
highlighted by the incomplete contracts literature prevail and ownership concentration tends to have a negative
effect on innovation. The reverse is true for more unstable sectors.

RS-holding and RS-ind_company show a positive and statistically significant effect on the extensive margin
and RS-bank an insignificant effect in the intensive margin equations (RS-family being the benchmark) in both
SM1 and SM2 sectors. It is worth noting that the magnitude of the estimated parameters is slightly larger in
SM1 sectors. This finding highlights that, while the intensive margin of innovative firms is not affected by the
identity of the owner in a statistically significant way, the transition from a non-innovative to innovative status
is relatively more problematic for family-run firms, irrespective of whether the firm operates in a SM1 or SM2
sector.

It is also interesting to notice that RS-other - which is composed mainly by private equity firms, mutual and
pension funds - has a negative and statistically significant influence with respect to RS-family in the extensive
margin equation when other corporate governance variables are not included (see the model specification (4),
in both Table 4| and Table , and that this effect vanishes in the model (6). This result unveils that, once all
the relevant corporate characteristics are considered, in the recent experience of Italian companies ownership
by private equity firms and mutual funds has an effect statistically analogous to family ownership. This may
be due to the fact that, as previous studies show for other countries, managers of equity and mutual funds
tend to be pressure-sensitive and to have a preference for immediate profits even to the detriment of long-term
investment strategies (Sherman et al., 1998; Hoskisson et al., 2002). As shown in Table however, the diffusion
of private equity firms, mutual and pension funds as representative shareholders is very limited in Italy.

Italian_RS is associated to a statistically insignificant parameter in the full model specification (6) both
in SM1 and SM2 sub-populations of firms. However, it shows a negative impact in the extensive margin
equation in SM1 sectors when the other corporate governance variables are excluded from the regression (see
the model specification (5)). This result suggests that owners’ nationality does not exert a direct effect on a

firm’s innovation activity, while it probably interacts with other governance characteristics. Here, therefore, we
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cannot support previous evidence showing that cultural distance and information opacity make foreign investors
less capable to spur innovative investments (Ughetto, 2010).

Listed, finally, has a statistically insignificant impact on extensive and intensive margins in both SM1 and
SM2 sectors. The Italian stock market is still not enough developed to be a concrete source of external finance
helping firms’ technological upgrading, due to the two-way relationship between concentrated ownership and
controlling shares’s premiums. In SM1 sectors, only 0.97% of innovative companies are listed, while in SM2
industries the percentage of innovative listed companies decreases to 0.59 (see Table . Consistently with our
results, previous studies have highlighted that Italian firms tend to finance their innovative investments thorugh

a number of means other than listing their shares on a stock exchange (Hall et al., 2009; Magri, 2009).

Other firm-level effects. All of the other control regressors exert effects of a same sign in both SM1 and
SM2 sectors. In particular, Total_patents has a positive and statistically significant effect on both extensive
and intensive margins of innovation. The strong linkages between innovative technologies in modern industrial
sectors explain why firms with larger endowments of patents show both a higher probability to become innovative
in a given year and a higher patenting performance than firms poor of proprietary knowledge.

Intangibles_to_employees positively impacts on the extensive margin and does not have statistically signifi-
cant effects on the intensive margin. This result unveils that the firms’ level of intangible assets is a key variable
for the wideness of innovation activity in Italian industrial sectors. Intangible assets (including the quality of
management, firm’s trade secrets, and investments in R&D) form the “knowledge base” of corporations and are
widely recognized as a determinant of firms’ productivity in modern knowledge-intensive production (e.g., Bon-
tempi and Mairesse, 2008; Battisti et al., 2014). Here, we show that the impact of a firm’s stock of intangibles
is relevant, in particular, on the technological upgrade of the firm from the non-innovative to the innovative
status.

Firm_size positively impacts on the extensive margin and does not have statistically significant effects on
the intensive margin. Also this finding refines previous evidence. Bugamelli et al. (2012), among others, find
that firm size, measured through the number of employees, has a positive impact on the propensity to patent of
Ttalian firms, where, however, the relative effects on extensive and intensive margins are not disentangled. Our
results show that firm size is important to explain the gap between innovative and non-innovative firms, while
it is statistically not relevant to explain the depth of innovation in the sub-population of already innovative
firms.

Finally, Firm_age does not exert statistically significant effects on extensive and intensive margins in both

SM1 and SM2 sectors.

4.4 Robustness checks

Although our baseline estimates are shown largely stable across different model specifications, here we further

check the robustness of our results with respect to three issues.

Heterogeneity of patent values. Patented inventions may have vastly different economic value and market
potential. As a consequence, firms might show a same number of patents while having different innovative
capabilities, to the extent that they produce innovations with a different economic value. If the value of
patents systematically vary across SM1 and SM2 sectors, a bias might be introduced in our estimates. In
a first robustness check, we verify whether our main estimation findings remain unchanged after correcting
the patenting activity dependent variable for unobservable factors that may increase (or reduce) the economic

relevance of a firm’s patents. In particular, we construct a new patents indicator, to be used as the dependent
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variable in our regression analysis, in four steps (that follow the standard procedure generally used to measure
factor productivity, see Del Gatto et al. (2011)). First, we estimate the impact (¢) of a firm’s patents (Y; ;) on
an index (¥, ;) of the company’s current operational profitability (the EBITDA, i.e. earnings before interest,
taxes, depreciation, and amortization) weighted by firm sales, controlling for unobservable firm-level specific
effects (u;), as in the following regression equation: U, ; = (o + oY, + p; + €;¢. Second, we use the estimated
parameter ¢ together with the actual number of firms’ patents to compute each firm’s predicted operational
profitability as: \iJM = (o + 0Yi;. Third, we calculate an index (w; ;) as the observed profitability to predicted
profitability ratio (i.e. ¥;;/¥; ), which measures how a firm is able to obtain greater (or lower) profits from a
given number of patents with respect to the average of the other firms showing the same number of patents, all
else (captured by firm fixed effects) being equal. If a firm couples its patents with other innovative strategies
and/or produces relatively high-value innovations, its patents will lead to an observed economic performance
(¥, ¢) higher than the predicted one (\ili,t), then w;; > 1. Viceversa, if a firm has patents with a relatively
poor impact on its economic performance, then w;; < 1. Fourth, finally, we construct a new patenting activity
variable (Y_augmented; ;) combining multiplicatively the rough number of patents Y; ; and w; ;. Y_augmented; ,
is then used as the dependent variable in the first robustness check of our SM1 and SM2 estimates, presented

in columns (1) and (4) of Table [6]

Partnerships in patenting activity. Another important issue in patent data analysis is how to compare
patents obtained by a firm autonomously with those obtained by a (possibly high) number of firms in part-
nership. In our baseline regressions we used a patents count variable (Y;;) in which each patent awarded to
n firms in partnership equals 1 for each firm. Although such coding strategy can be justified by the fact that
a patent has the same economic value whether or not it has been obtained by inter-firm partnerships, from a
different point of view it might be argued that a patent obtained by a firm autonomously requires a relatively
greater innovative effort and should weight relatively more. If innovation partnership strategies are adopted by
firms heterogeneously across SM1 (creative destruction) and SM2 (creative accumulation) sectors, again a bias
might be introduced in our estimates. In a second robustness check, we therefore consider a weighted patenting
activity index (Y_weighted; ;) as our dependent variable, measuring the firm level number of patents awarded
in a given year, where patents awarded to n firms in partnership are weighted by 1/n. Estimation results are

presented in columns (2) and (5) of Table [6]

Endogeneity of ownership. Where stock markets are particularly active, external investors who anticipate
the success of firm investment strategies may decide to enter corporate ownership before innovations are com-
pleted and patented, so enlarging the number of shareholders. In principle, this might introduce an endogeneity
issue in the empirical analysis of corporate governance effects. Several studies, however, show that the corporate
governance structure of both listed and unlisted Italian companies is extremely stable (Bianchi and Bianco,
2006; 2008) and that the Italian market for corporate control is characterized by a lack of contestability and
opacity, irrespective of the sector considered. Dyck and Zingales (2004), among others, find that Italy is one of
the countries with the highest control premiums, giving incumbent owners great scope to dilute minority share-
holder powers and incentive to maintain existing blockholdings. It is, therefore, highly unlikely that expected
changes in firm innovation performance, as measured by patenting activity, trigger changes in our ownership
concentration variables, in particular in view of the fact that ownership concentration levels in our data are
coded in a three-class indicator. In any event, we check the robustness of our baseline estimates in a two-stage
instrumental variable regression. In an additional estimation, we instrument the ownership concentration in-

dicator at a firm level by means of the average ownership concentration level observed in the sector in which
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the firm operates. While, indeed, the degree of shares concentration in a firm is likely to be affected by the
pattern of ownership structure dominant in the industry, on the other hand the innovation performance of the
firm does not impact on sectoral patterns of ownership structure in a significant way. Specifically, we first
re-code our ownership concentration dummies in a discrete index (OC-discrete) ranging from 1 to 3; we then
regress firm-level values of OC_discrete on 2-digit sector-level averages and obtain firm-level instrumented values
(OClinstrumented); finally, we use OC_instrumented as an explanatory variable in the hurdle model regression,
keeping all other regressors equal. The results of this robustness check are presented in columns (3) and (6) of

Table [6l

Table[d about here

The results of the robustness checks confirm the statistical validity of our main findings. In particular, the
estimated parameter of Debt_to_equity has a negative impact in SM1 sectors, while it has no effect in SM2
sectors, in all the model specifications considered in Table [} Moreover, similarly to our baseline results, OC-
high and OC-medium (OC-low being the benchmark dummy) have a positive and statistically significant effect
in the extensive margin equation in SM1 sectors, but also do have a negative effect (at a 1% level of statistical
significance) in the extensive margin equation in SM2 sectors. When the ownership concentration indicator is

instrumented, these results remain strongly signiﬁcantﬂ

5 Policy implications and conclusions

This paper has uncovered an under-explored aspect of the relationship between corporate governance and
innovation, highlighting the role of sectoral differences. In particular, it has shown that the most important
corporate governance dimensions (in particular, a firm’s ownership and financial structure) have distinct effects
on firm-level innovation, according to whether the firm operates in ‘Schumpeter Mark I’ (creative destruction)
or ‘Schumpeter Mark II’ (creative accumulation) sectors, differences being driven by the underlying extent of
technological and market uncertainty. This perspective allows to make sense of the contradictory findings of
the literature on corporate governance and innovation and suggests new policy insights.

In particular, the analysis indicates that one-size-fits-all attempts to leverage on corporate governance fea-
tures to stimulate innovation are likely to miss their target because they overlook technology-specificities. Cor-
porate governance-related policy measures require a sector-specific approach, as it is now widely acknowledged
for other domains of innovation policy.

The first sector-specific policy conclusion stems from the finding that debt financing has a negative impact on
the firm’s propensity to become innovative in SM1 (i.e. creative destruction) sectors. This confirms the general
understanding that initiatives that increase the convenience of equity financing of the sort that many OECD
countries have adopted are certainly to be welcomed. However, it also suggests that the technology-specific
nature of corporate finance implies the need for additional, more specialized, forms of equity financing such as
venture capital financing. This is because this financial tool entails institutional arrangements that allow to

fully take into account sectoral specificities. More specifically, our analysis suggests that venture capital may

5We have also checked the statistical robustness of our results to the sector-level clustering of standard errors and to separate
estimation of the logit and the zero-truncated negative binomial equations. Again, estimation findings remain substantially
unchanged. Results are provided upon request.
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play a particularly relevant role in SM1 sectors.

A second sector-specific policy conclusion may be drawn with reference to the ownership structure dimension.
Our empirical investigation shows that concentrated ownership is likely to reduce agency costs in SM1 sectors
to a larger extent than it may exacerbate asymmetric bargaining problems. Nevertheless, it is well known
how concentrated ownership structures may make external funding more difficult for the firm, especially in
technologically unstable environments where external investors may lack the capabilities to efficiently monitor
the firm’s investment initiatives and business strategies. Again, this highlights the need for reinforcing the
availability of sector-specific forms of external corporate funding, taking into account how different degrees
of ownership concentration across different sectors may raise innovation financing costs in specific industrial
environments. On the other hand, firms in SM2 (i.e. creative accumulation) sectors may be able to take larger
advantage from policies aimed at favoring more dispersed ownership structures and the development of public
companies.

This conclusion needs to be coupled with the acknowledgment that family ownership, in Italy, still tends
to show a highly risk averse profile with respect to innovation investments. Although family owners should
not be considered per se hostile to innovative and risky business strategies, our results suggest that family-
run companies are likely to benefit from a wider adoption of managerial practices, remuneration schemes and

decision-making processes providing stronger managerial incentives to undertake innovative projects.
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Figure 1: Cumulate distribution of firm-level patents per year (truncated at zero).
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The vertical axis measures the cumulate distribution of Italian firm-level patents per year.

The horizontal axis measures the number of patents showed by ecach firm in each year in the

2002-2007 period.
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Table 1: Summary of variables’ description.

DESCRIPTION

SOURCE

Y
Total-patents

Intangibles_to_employees

Firm_age
Firm_size
Listed
Debt_to-equity
OC-high

OC-medium

OC-low
RS-family
RS-bank
RS-holding
RS-ind-company

RS-other

Italian_RS

Firm level number of patents awarded in a given year. Bach patent
awarded to n firms in partnership equals 1 for each firm.

Total number of patents hold by the firm (over the 1978-2007 period).
Patents awarded to n firms in partnership are weighted by 1/n.
Intangible assets (thousands of euro) to number of employees ratio. In-
tangible assets include formation expenses, research expenses, goodwill,
development expenses.

Number of years since the firm’s incorporation date.

Number of employees.
Dummy variable (1 = the firm is listed in the stock market, 0 = other-
wise)

All of firm’s future obligations on the balance sheet relative to equity

Dummy variable (1 = one or more shareholders have direct or total (in-
direct) control of the firm by more than 50% of shares, 0 = otherwise).

Dummy variable (1 = one or more shareholders have direct or total
(indirect) control of the firm by more than 25% and less than 50% of
shares, 0 = otherwise).

Dummy variable (1 = no shareholder has direct or total (indirect) con-
trol of the firm by more than 25%, 0 = otherwise).

Dummy variable (1 = the representative shareholder is an individual or
a family, 0 = otherwise).

Dummy variable (1 = the representative shareholder is a bank, 0 =
otherwise).

Dummy variable (1 = the representative shareholder is a financial hold-
ing company, 0 = otherwise).

Dummy variable (1 = the representative shareholder is an industrial
company, 0 = otherwise).

Dummy variable (1 = the representative shareholder is a mutual or pen-
sion fund, a private equity company, an insurance company or does not
fit in the previous categories, 0 = otherwise).

Dummy variable (1 = the representative is Italian, 0 = otherwise).

Authors’ elaboration
PATSTAT (2013)
Authors’ elaboration
PATSTAT (2013)
Authors’ elaboration
Aida (BvD, 2013)

Authors’ elaboration
Aida (BvD, 2013)
Authors’ elaboration
Aida (BvD, 2013)
Authors’ elaboration
Aida (BvD, 2013)
Authors’ elaboration
Aida (BvD, 2013)
Authors’ elaboration
Aida (BvD, 2013)
Authors’ elaboration
Aida (BvD, 2013)

Authors’ elaboration
Aida (BvD, 2013)
Authors’ elaboration
Aida (BvD, 2013)
Authors’ elaboration
Aida (BvD, 2013)
Authors’ elaboration
Aida (BvD, 2013)
Authors’ elaboration
Aida (BvD, 2013)
Authors’ elaboration
Aida (BvD, 2013)

Authors’ elaboration
Aida (BvD, 2013)

on

on

on

on

on

on

on

on

on

on

on

on

on
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Table 2: Description of SM1 and SM2 sectors.

SM1 SM2

[creative destruction] [ereative accumulation]

TECHNOLOGICAL REGIME

High technological opportunities Low technological opportunities
Low appropriability High appropriability
Low cumulativeness High cumulativeness

MARKET STRUCTURE

Low concentration High concentration
High rates of entry of new firms Low rates of entry of new firms
High instability in the hierarchy of innovators Low instability in the hierarchy of innovators

MAIN SECTORS™

Manufacture of electrical equipment Manufacture of chemicals and chemical products
Manufacture of railway locomotives, ships and boats Manufacture of rubber and plastic products

Manufacture of textiles, wearing apparel, paper products Manufacture of electronic components

Manufacture of pharmaceutical products and preparations, Manufacture of motor vehicles, trailers and semi-trailers and
medical instruments, optical and electromedical equipment other transport equipment not elsewhere classified

*The reported list of SM1 and SM2 sectoral aggregates is illustrative. The classification implemented in the empirical analysis

is at a 4-digit level. The complete list of 4-digit NACE codes for each group is available upon request.
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