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ABSTRACT

The economic crisis has shown the weakness of some Italian industries, calling for an effective
policy response for promoting innovation of the national system. In this context, the ability to
evaluate the presence of cooperative forms of innovation and of open innovation practices
becomes extremely important in order to define efficient and effective industrial policy
strategies. The purpose of this paper is to assess the different degree of openness of innovation
processes in Italian manufacturing industries, in order to get useful information for industrial
policy decisions. The analysis is conducted through the construction of two different composite
indicators. The first, the Open Innovation Index (OII), provides a ranking of the Italian
manufacturing industries on the basis of the different degree of openness of innovation processes
of enterprises. The second, the Economic Performance Index (EPI), aims to classify
manufacturing industries considering the sectoral performance in term of innovative capacity,
productivity and ability to promote economic growth. Some policy implications are derived from
the comparison between the two rankings.
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1 - Introduction

The economic crisis has put innovation at the center of the debate for boosting competitiveness
of Italian industry. The difficulty of Italian enterprises to innovate is one of the main factors that
exposes the Italian economy to an increasing competition with emerging economies, particularly in the
traditional industries characterized by low value added (Hall et al., 2009; Gambardella, 2009;
Bugamelli et al., 2014).

As argued by several authors, this framework raises the need to promote national industrial
policy measures able to encourage structural changes and radical reorganizations of the production
system (Onida, 2013; Viesti, 2013; Cersosimo and Viesti, 2013; CSC, 2014; Cappellin, 2014), with
special attention to innovation in manufacturing industries (Tregenna, 2009, 2014; Chang et al., 2013;
Andreoni and Scazzieri, 2014)." Clearly, the choice of policy tools that effectively promote science and
technology in the economy has to take into account the peculiarities of the productive system. In
particular, given the scarcity of resources available for R&D activities and the small size of Italian
enterprises, evaluating the presence of cooperative forms of innovation and open innovation practices
becomes extremely important in order to define efficient and effective industrial policy strategies
(Breschi and Malerba, 2005; Cappellin, 2014).

Open innovation is based on the systemic nature of innovation. New products or processes are
created through the ability of enterprises to establish cooperation agreements, share intellectual
property rights, and participate in complex networks of relationships between different agents involved
in production and use of knowledge, such as customers, suppliers, competitors, private research centers,
and universities (Chesbrough, 2003).

Nevertheless, the adoption of open innovation practices, as it is shown below, is strongly
influenced by several factors (Chesbrough, 2003, 2006) and the degree of "openness" varies
considerably on the basis of the industries taken into account (Breschi and Malerba, 2005; Laursen and
Salter, 2006). This heterogeneity has important implication for the implementation of national and
regional industrial policy strategies. In fact, policy tools to effectively promote innovation could be
significantly different if the productive context is "open" and the knowledge can circulate, rather than
"closed".?

! In recent years there has been a general "resurgence" of industrial policy (Aghion et al., 2011; Wade, 2012; Chang et al.,
2013; Ninni, 2013; O'Sullivan et al., 2013; Stiglitz and Lin, 2013; Warwick, 2013). At the international level interventions
in supporting to specific industries or sectors, public procurement practices, bail-out, and general industrial policy measures
have been implemented to respond to the crisis (Bianchi ef al., 2011; Andreoni and Scazzieri, 2014; Di Tommaso and
Schweitzer, 2013; Tassinari, 2014; Di Tommaso and Tassinari, 2014).

2 Considering, for example, Research and Innovation Strategies for Smart Specialization (RIS 3), launched by the European
Commission within the Europe 2020, the smart specialization strategies are implemented through the promotion of
"enabling" scientific and technological specializations (smart specializations) able to improve competitiveness across
different traditional industries. In productive contexts characterized by a lack of ability to share information and knowledge



The purpose of this paper is to evaluate the different degree of openness of innovation processes
in Italian manufacturing industries, in order to get useful information for industrial policy decisions. On
the one hand, the work aims to identify the industries with the best opportunity to absorb new
knowledge by the system, thanks to their high degree of "openness". On the other hand, the analysis
aims to identify the sectors that are more "closed", for which public policies that stimulate collaborative
activities, in order to share technology and know-how already existing in the system, could be
particularly promising to foster the development of new products and new processes.

At the methodological level, the analysis is conducted through the construction of two different
composite indicators. The first, the Open Innovation Index (OII), provides a ranking of the Italian
manufacturing industries on the basis of the different degree of openness of innovation processes of
enterprises. The second, the Economic Performance Index (EPI), aims to classify manufacturing
industries considering the sectoral performance in term of innovative capacity, productivity and ability
to promote economic growth.

The remainder of the paper is organized as follows. The next section briefly describes the
literature on open innovation. In Section 3 the two composite indicators are developed and, in Section
4, they are employed to analyze the Italian manufacturing system. Section 5 presents some concluding
remarks.

2 — Open Innovation

Innovation - as introduction of new or significantly improved products, or processes, or
methods of marketing or of organization (OECD, 2005) - is traditionally interpreted as the result of a
closed business process, in which the company invests in internal R&D with the aim to independently
develop new ideas useful to compete in the markets.

However a different economic literature, going beyond this model, shows how innovation
processes can be explained by analyzing the external environment where the organizations operate and
interact among each other. The external environment plays a vital role in the contemporary innovative
dynamics. On the one hand the changes that occur in the competitive environment, and the
globalization processes of the recent decades, force the companies to continually adapt to the external
environment, making the ability to innovate and acquire knowledge a central element of the enterprises
competitiveness (see, for example, Malerba, 2002; Bianchi and Labory, 2006; Spender, 2012). Thus,

that are necessary for innovation, the diffusion of enabling technologies could require a more intense policy effort. On
"smart specialization strategies" see "Guide to Research and Innovation Strategies for Smart Specialization (RIS 3)" on
https://www.researchitaly.it/uploads/4692/RI1S3%20Guide%20March%202012final 0204.pdf?v=048101c (last accessed
December 2014)



innovation constantly accompanies the evolution of contemporary enterprises.” On the other hand, the
speed with which technological progress takes place today, the brevity of the products life cycle, and
the increasing technical complexity of the goods, make research and development more risky.

In this framework the ability of companies to exchange information and absorb knowledge from
outside, rather than the single amount of R&D conducted within the enterprise, has become
increasingly important. Innovation is increasingly becoming a systemic process, which engages a
complex network of relationships between the agents involved in the production and use of knowledge,
such as, for example, customers, suppliers, competitors, private research centers, and universities.
Knowledge is seen as created and used within a national system of innovation,* where relations between
the different actors of the economic system lead technological progress and innovation.

The concept of open innovation, introduced by Chesbrough (2003), is based on the ability of
enterprises to participate in the network of relationships that composes the system of creation and use
of knowledge, increasing and exploiting the capacity of the system to produce innovation. In this way
costs, risks and benefits of innovative activities are distributed among different economic actors,
through the enterprises' absorptive capacity of new specific and cross-cutting technologies (Cohen and
Levinthal, 1990; Gambardella, 2009).

In order to absorb from outside know-how and knowledge useful to innovative activity, the
ability of enterprises to create linkages, cooperation agreements and relationships with external partners
is crucial. In this context, the resources within the enterprise are not the unique source of innovation;
the knowledge is also acquired from external organizations. In addition to the technologies that can be
acquired or created in collaboration with competitors, customers or suppliers, a central role in the
system's ability to innovate can be played by research centers or universities (e.g. through the creation
of spin-offs).

In a context of open innovation, the different forms of collaboration between the actors of the
economic system, may allow the exploitation of new ways for the development of new technology
(through, for example, the creation of new organizations), and for the acquisition of knowledge from
external environment (Chesbrough, 2006). The organizations that operate in the system can expand
learning opportunities, share the risks to invest in innovation, and achieve economies of scale in the
development of an innovative product (Powell et al., 1999; DeBresson and Amesse, 1991).

A central theme in this area is the defense of intellectual property, as a mechanism that allows
to create new knowledge and, at the same time, to exploit benefits of its circulation. Therefore, the
intellectual property rights can be an important tool in an open context, to capture the value produced
by innovative activities and to create platforms that make possible the exchange of knowledge through,

* The economic literature on these topics starts from the contributions of Schumpeter (1911, 1942), until the more recent
evolutionary theory. See Nelson and Winter (1982), Dosi (1988), Magnusson (1994), Dosi and Malerba (1996).

* About the model of the National System of Innovation, see Lundvall (1992), Nelson (1993), Freeman (1995), Metcalfe
(1995).



for example, licensing, purchase of patents, or the creation of strategic alliances (Teece, 2007; Sandulli
and Chesbrough, 2009).

However, the development of open innovation practices is strongly influenced by several
factors, such as the availability and the level of turnover among enterprises of skilled workers, the
amount of investment in research specifically aimed at the commercialization of the results, the
presence of services for the commercialization of knowledge produced by the enterprises, and the
presence of companies with business models able to absorb knowledge from external environment
(Chesbrough, 2003, 2006).

Consequently, the degree of openness of innovation processes varies considerably on the basis
of the economic systems and of the industries taken into account. Cooperation seems to grow more in
those industries where the need for companies to innovate is structural and technological progress is
faster (Laursen and Salter, 2006).

In the following pages an analysis for evaluating the degree of openness in innovation processes
in the different Italian manufacturing industries is proposed.

3 — Composite indicators for measuring open innovation and economic performance of
manufacturing industries.

The construction of a composite indicator is useful when it is necessary to study a complex
phenomenon, in order to "synthesize" the information provided by different variables in a single value.
Thus, composite indicators are used, for example, to inform policy-makers, investors or citizens on
trends and changes in countries' performance over time (in terms of market opening, development,
security, education, health, human rights, environment, corruption, etc.) (OECD, 2008).

Innovation and processes that generate it are complex phenomena, depending on many factors
and difficult to measure. Several indicators have been constructed to evaluate the innovation
performance of countries.’ In this section two different composite indicators are developed in order to
classify 13 Italian manufacturing industries on the basis of (a) the degree of openness of innovation
processes of enterprises, (b) the economic performance in term of innovative capacity, productivity and
ability to promote economic growth.

The first indicator, the Open Innovation Index (OIl), is composed by 5 variables, specified as
follows.

> General guidelines for measuring innovation are provided in the Frascati Manual and in the OSLO Manual. See OECD
(2002, 2005). The most common performance indicators of innovation at the international level are the National Innovation
Index, the Global Innovation Index, and, at European level, the Innovation Union Scoreboard (IUS).



1. Enterprises with innovations developed through collaborations, as percentage of the total
number of enterprises (2010-2012): it is the percentage value of the enterprises of the industry that
have successfully introduced at least one product or process innovation developed through
collaborations with other organizations in the three years 2010-2012.

2. Expenditure for acquisition of R&D services (R&D extramural), as percentage of total R&D
expenditure (2012). it is the percentage value of R&D of the industry commissioned to other
companies (also in the same group) or other research institutions (public or private) in 2012.

3. Enterprises with cooperation agreements for innovation, as a percentage of enterprises with
product or process innovative activities (2010-2012): it is the percentage value of the enterprises of the
industry with formal cooperation agreements for innovation in the three years 2010-2012 (in relation to
the total number of enterprises that have performed activities oriented to introduce product or process
innovations).

4. Enterprises with cooperation agreements for innovation with competitors, as a percentage of
the number of enterprises with product or process innovative activities (2010-2012): it is the
percentage value of the enterprises of the industry with formal cooperation agreements for innovation
with competitors in the three years 2010-2012 (in relation to the total number of enterprises that have
performed activities oriented to introduce product or process innovations).

5. Enterprises with cooperation agreements for innovation abroad, as a percentage of
enterprises with product or process innovative activities (2010-2012): it is the percentage value of the
enterprises of the industry with formal cooperation agreements for innovation with foreign
organizations in the three years 2010-2012 (in relation to the total number of enterprises that have
performed activities oriented to introduce product or process innovations).

The second indicator, the Economic Performance Index (EPI), aims to classify manufacturing
industries considering the sectoral performance in term of innovative capacity, productivity and ability
to promote economic growth. As the previous, also this index is composed by 5 variables:

1. Enterprises with product or process innovations, as percentage of the total number of
enterprises (2010-2012): it is the percentage value of the enterprises of the industry that have
successfully introduced at least one product or process innovation in the three years 2010-2012.

2. Growth rate VA (2012-2009): it is the growth rate of sector value added (VA) from 2009 to
2012. It describes how the total VA of the sector has evolved over time.



3. Growth rate VA/Employment (2012-2009): it is the growth rate of sector productivity of
labor from 2009 to 2012. It shows how the intrinsic capacities of a sector to produce economic wealth,
regardless of the total volume of sector production, is varied.

4. Growth rate wages and salaries/Employees (2012-2009): it is the growth rate of the sector
wages per employee from 2009 to 2012.

5. Employment/Total manufacturing employment (2012): it is the sector employment as
percentage of the total manufacturing employment in 2012. This variable aims to consider the weight
of the industry in total manufacturing.

Considering both the proposed indicators - OIl and EPI - the application to the Italian case
allows a comparison between the industries with the highest degree of open innovation and those who
have achieved the best economic performance.

Once chosen the variables that compose the two indexes, the method for calculating a
composite indicator is divided in two steps: 1) transformation of the original variables (in order to
allow comparability between them); 2) combination of variables to obtain a synthetic measure of the
phenomenon that is object of interest.’

In the first step, each of the original variables is normalized in the interval (0,1) so that a
transformed value tending to 1 is assigned to the best of the sectors, and the worst of them corresponds
to a transformed value tending to 0. For all other sectors the transformed value is a number between 0
and 1.

Formally, indicating with X the value of the k-th variable for the sector j, with Y, the
corresponding normalized value, and 7, (1) the function for normalizing the k-th variable:

. 1
Xjk - an(Xlk, ...,X]k) + 7

]k = Tk( k) - 2
max(X, - Xpie) — min(Xyp, o, Xpp) + 7

where % and ;, respectively added to the numerator and to the denominator, allow to obtain

normalized values strictly included between 0 and /, to avoid infinite values or impossible forms of
indeterminacy in the aggregation phase.

® For further details on methodological aspects related to composite indicators see, for example, Arboretti et al. (2007),
Bonnini ef al. (2009), Marozzi (2009), Fayers e Hand (2012).



In the second step, the normalized variables are aggregated by applying an appropriate
combination function. This phase implies the choice of the combination function and the weight to
assign to each variable, in order to incorporate their different degree of importance in the indicator.

In this case, for both indicators, the variables have the same weight and are combined by
applying the Fisher function’, obtaining for each sector j the values (1) of the OII and (2) of the EPI:

1. OI; = = ¥K_ywy, In(1 —Y)
2. EPLi = =Y wi In(1—Yy)

where, separately for each of the two indicators, K is equal to 5 (number of variables); Y, is the
normalized value of the k-th variable for the j-th sector; and W, is the weight given to the k-th variable.

The final values of the two indicators are normalized in the interval (0,7): industries with values
of the OII and of the EPI tending to / have respectively a high degree of openness in innovation and a
high economic performance, while those with values tending to 0 have low openness and low economic
performance.

4 — Application to Italian manufacturing industries.

This section presents the results obtained by calculating the Open Innovation Index (OIl) and
the Economic Performance Index (EPI) in the case of Italian manufacturing.

The analysis has been conducted processing data provided by Istat.®

The indicators are calculated for 13 manufacturing sectors of the Italian economy, in order to
rank the productive activities on the basis of the degree of openness in innovation processes and of the
economic performance achieved.

Table 1 shows the results, where position 1 corresponds to the industry with the highest degree
of openness and economic performance.

Table 1. Ranking OII and EPI related to the Italian manufacturing industries.

Ranking O11 Ranking EPI

1. Basic pharmaceutical products and ‘ 0,98 | 1. Computer, electronic and optical products ‘ 0,96

" On properties of Fisher function see Arboretti et al. (2007), Bonnini et al. (2009).

8 The Istat survey on enterprises innovation - coordinated at European level with the Community Innovation Survey (CIS) -
collects information on innovation activities of firms with at least 10 employees. The results of the CIS survey are widely
used by the European Commission to monitor the level of innovation and competitiveness and for the development of
indicators on science and technology used, for example, in the European Innovation Scoreboard. The published data are
related to the years 2010-2012, except those on innovation expenditures and output resulting from product innovations that
are related only to 2012. See: http://dati.istat.it/




pharmaceutical preparations

2. Chemical products 0,85 | 2. Chemical products 0,33
3. Computer, electronic and optical products 0,63 | 3. Coke and refined petroleum products 0,31
4. Transportation equipment 0,22 | 4. Machinery and equipment n.e.c 0,30
5. Coke and refined petroleum products 0,18 | 5. Electrical equipment 0,29

. . 6. Basic metals and fabricated metal products, except
6. Electrical equipment 0,17 . . 0,26
machinery and equipment

7. Furniture; other manufacturing; repair and 0.10 7. Basic pharmaceutical products and pharmaceutical 0.15
installation of machinery and equipment ’ preparations ’
8. Machinery and equipment n.e.c 0,09 | 8. Textiles, wearing apparel and leather products 0,15

9. Rubber and plastic products, and other non- . .
4 L. prastic procu 0,07 |9. Transportation equipment 0,14
metallic mineral products

. . 10. Furniture; other manufacturing; repair and
10. Textiles, wearing apparel and leather products 0,07 |. . . . 0,11
installation of machinery and equipment

11. Basic metals and fabricated metal products,
! . . produ 0,05 | 11. Food products, beverages and tobacco products 0,11
except machinery and equipment

12. Rubber and plastic products, and other non-
12. Food products, beverages and tobacco products 0,05 . 0,10
metallic mineral products

13. Wood and paper products, and printing 0,02 | 13. Wood and paper products, and printing 0,04

The two rankings provide a synthetic overview of the industries with the highest degree of
openness in innovation processes and those that have achieved the best economic performance. In
general, industries with higher degree of openness tend to achieve better economic performance in
terms of innovation, productivity, and ability to promote economic growth. It is the case for example of
industries such as Chemical products; Computer, electronic and optical products; Coke and refined
petroleum products. On the contrary, a low level of openness corresponds usually to a low economic
performance, as in the case of Wood and paper products, and printing; Food products, beverages and
tobacco products; Rubber and plastic products, and other non-metallic mineral products; Textiles,
wearing apparel and leather products. In other words, the industries where technological progress is
faster, with high technology content, high productivity, and high added value, tend to be most involved
in open innovation practices, to share knowledge, and absorb technology from the system.

However, the correspondence between industries positions in the two indexes is not always
confirmed. A preliminary analysis of the correlation between the values of the OII and the EPI can be
performed through the Pearson coefficient of correlation (R). In this case R=0,41 reveals a positive
correlation between the indexes; however it is not particularly robust and, especially, it does not
suggest what is the "independent variable".

This preliminary picture provides some indications about the choice of the industrial policy
targets and tools.

In fact, a low degree of cooperation for innovation - especially if it is followed by low
productivity and if the enterprises are not operating on "technological frontier" - can reveal an




"unexploited potential" for technological upgrading. For the industries that operate under these
conditions, to increase the sharing of technology and know-how already existing in the productive
system, could encourage the development of new products or processes.

An industrial policy for stimulating collaborative activities, open innovation practices, and
exchange of information between organizations - selecting the industries where the "openness" is
generally lower - could be a promising way for increasing innovative capacities of the system.

5 — Concluding remarks.

This work has presented an analysis to evaluate the different degree of openness of innovation
processes in Italian manufacturing industries, as important information for effective industrial policy
decisions.

After a brief review of the literature on open innovation, we have developed two different
composite indicators. The first, the Open Innovation Index (OIl), has provided a ranking of the Italian
manufacturing industries on the basis of the different degree of openness of innovation processes of
enterprises. The second, the Economic Performance Index (EP1), has aimed to classify manufacturing
industries considering the sectoral performance in term of innovative capacity, productivity, and ability
to promote economic growth.

The application of the composite indicators to the Italian case has highlighted the industries
where the innovation process is more open, corresponding generally to the industries with the better
economic performance.

On the other side, the analysis has identified the industries where the innovative processes are
more closed to the external environment.

This latter group of identified industries could be a potential interesting target of the industrial
policy strategies. In fact, in a condition of scarcity of resources, as that raised by the contemporary
crisis, it becomes central to improve the ability of the governments to select and promote activities that
maximize the development opportunities. Policies to stimulate open innovation practices and
collaborative activities in the industries where the "openness" is generally lower, could be promising
for increasing the innovative capacities of the system.
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