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Abstract
Economists recognize that the local availability of higher human capital represents sig-
nificant knowledge spillovers, especially for innovation process. This research question is 
tested on a sample of Italian manufacturing companies, originally edited by Mediocredito 
Centrale and currently carried out by the Capitalia Banking Group’s Research Department 
over two waves: 2001–2003 and 2004–2007. The aim of our work is to investigate the role 
of human capital (measured as educational level) for innovation process in particular con-
texts, where the highest educated people and the highest innovation levels are differently 
located. To this end, we select the Italy country, characterized by a relevant North-South 
economic divide. Our analysis suggests that the positive spillovers can arise because the 
firms generate more technology innovation than those located in areas with higher educa-
tional attainment workforce. The more efficient macro regions who produce highly skilled 
graduates have, in a sense, saturated their contribution on firms’ innovation (i.e. that have 
already reached their steady state). The role of some factors (size, technological and terri-
torial) to the probability of firm’s innovation has also been investigated.
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1  Introduction

The local availability of higher educational level represents a significant positive spillover for 
the firms in the same area in terms of workforce (Marshall 1890; Ciccone and Peri 2006; Sena 
and Higon 2014). The quality of the pool of employees from where a firm can obtain its work-
ers may affect its innovation process through different channels. First, firms located in areas 
with more qualified workforce, can select employees able to exploit the tangible inputs in the 
most opportune way. Moreover, high educated workers could improve the productivity of their 
co-workers through the complementarity process (Battu et al. 2003). Second, the proximity 
to higher educational attainment plays a relevant role. Indeed, the interactions between co-
located employees with the same human capital may lead to important flow of knowledge 
information (Jaffe 1989; Audretsch and Feldman 1996). The availability of more graduates 
in an area can determine positive externalities from the local universities. Moreover, another 
important channel of creation and diffusion of knowledge flows derives from mobility of more 
qualified employees (Moen 2005; Crespi et al. 2007).

In this paper, the aim of our work is to investigate the role of human capital, measured in 
terms of high educated workers, in identifying the drivers of product and process innovation 
in particular contexts, where the highest educated people and the highest innovation levels are 
differently located. To this end, we select the Italy country, characterized by a relevant North-
South economic divide (Daniele 2015). Our main aim is to investigate the role of human 
capital. Our contribution consists both theoretical and empirical framework. On the hand, a 
simple theoretical model a la Acemoglu (1996) is employed for better investigate human capi-
tal investments’ effects generated during an innovation process. On the other hand, in order 
to give more support to the theoretical framework, the empirical analysis is conducted on a 
sample of Italian manufacturing firms, sourced by the Capitalia Banking Group’s Research 
Department over two waves: 2001–2003 and 2004–2007. In particular, we implement a bivar-
iate probit regression, in which the dependent variables are product and process innovation 
decisions. As said before, the main contribution to the relative literature is to explore the effect 
of human capital on firms’ innovation by taking into account simultaneously different eco-
nomic aspects in the firm life, such as the ‘size class’ effect, based on the number of employ-
ees, the ‘technological’ effect, based on the PAVITT classes (Pavitt 1984) and the ‘territorial’ 
effect, based on the geographical distribution of the firms.

The paper is structured as follows. In Sect. 2, we present a literature review about knowl-
edge spillovers and human capital. A Theoretical model is showed in Sect. 3. Our empirical 
strategy to test for the theoretical hypothesis is explained in Sect. 4, along with the data and 
the details on variables construction. The empirical findings are discussed in Sect. 5. Section 6 
performs opportune robustness checks for our empirical results. Specifically, we try to check 
how some factors (size, technological and territorial) can explain the differences in innovation 
between firms situated in different environmental context. Finally, Sect. 7 concludes, giving 
some insights for policy implications.

2 � Literature review: the role of human capital

The objective of measuring human capital is always an interesting topic in the literature 
(Soboleva 2010; McGuirk et  al. 2015; Alpaslan and Ali 2018; Bogers, Foss and Lyng-
sie 2018; Botric and Bozic 2018; Wixe 2018). In particular, the main problem in human 
capital measurement is represented by the difference between human capital observed as 
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physical asset and human capital identified as intangible asset (Soboleva 2010; McGuirk 
et al. 2015). According to Becker (1993), we can distinguish general and specific human 
capital. General human capital represents the skills that are transferable between the firms, 
while specific human capital identify the skills less transferable and more related to an 
activity in terms of applicability.

The investments in education and training lead to intangible asset rather than financial 
or physical asset (Becker 1993). In order to asses the skill levels of a workforce, Hofheinz 
(2009) identifies educational attainment as an efficient methodology: higher skills are rep-
resented by tertiary attainment or equivalent and medium skills are determined by second-
ary or equivalent education.

We can expect a positive impact of higher educational level on firms’ innovation. 
Indeed, from one hand, higher education affects innovation, because graduates may intro-
duce new technological ideas; from one another hand, higher education affects innovation, 
because graduates may exploit in more a opportune way the technological processes (Lun-
dvall and Johnson 1994).

Ganotakis (2012) measures specific human capital as specific educational attainment 
and finds that qualified human capital produces positive effects on firms’ performance. 
Also Criaco et al. (2013) find positive relations between entrepreneurial education and uni-
versity start-up.

Heirman and Clarysse (2004) observe a higher educational level of entrepreneurs 
engaged in high technology sectors. Roberts (1991) detect that high technology entrepre-
neurs have at least a Master’s degree and have similar family features.

Finally, in order to compare human capital quality and quantity across different coun-
tries, Ederer (2006) introduces the European Human Capital index. The shortcoming of 
this measure is that it does not consider the potential impact of human capital on firms’ 
innovation (McGuirk et al. 2015).

In this paper, our main contribution is to explore the potential effects of the quality 
aspect of worforce observed as intangible asset on firms’ probability to generate product 
and process innovations. To this aim, we proxy the educational level of workforce through 
the number of graduates at the provincial level, in line with the relative core literature on 
human capital theory. Specifically, we follow the same approach suggested by Agasisti 
et  al. (2017) and Barra and Zotti (2017), i.e. using the number of Italian graduates and 
universities’ efficiency scores as (institution-level) indicators of human capital in order to 
evaluate it influences upon firms’ innovation.

3 � Theoretical underpinning and hypothesis development

This section, in order to give a basic background and more support to the next empiri-
cal exploration, will focus on a simple theoretical model a la Acemoglu (1996) for better 
investigate human capital investments’ effects generated during an innovation process. We 
consider a simple Non-overlapping Generation Model (NOGM) in which each generation 
is assumed to consist of a continuum of worker, entrepreneurs and inventors each of them 
normalized to one. All agents, assumed to be risk neutral, and with an inter-temporal pref-
erence rate equal to zero, live for two periods. In the first workers choose their human (edu-
cational) level, entrepreneurs opt for their optimal knowledge capital, and inventors decide 
how much invest in Knowledge (R&D) capital; in the second period production occurs in 
the form of a partnership of one entrepreneur, one inventor and one worker. Consumption 
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takes place at the end of the second period and then agents die. Workers, entrepreneurs and 
inventors consume all their assets leaving no bequests.

The production function is assumed to be constant return to scale and takes the follow-
ing form:

where 0 < 𝛼, 𝛽 < 1 , A stands for a positive technology parameter, while hi, kj and cz meas-
ure respectively the human, physical and knowledge capital of the ith worker, the jth entre-
preneur and the zth-inventor.

In line with Acemoglu (1996) we will focus on the case of a physical capital market 
framework characterized by the presence of a costly search activity and a matching technol-
ogy function that is assumed to be random and constant returns to scale in its arguments:job 
vacancies and unemployed workers. The randomness of the matching technology function 
will entail that all workers have the same probability of meeting each entrepreneur and 
each inventor, and once the partnership has been formed it is too costly to break it up in 
order to find new partners for each agent. Following the standard literature on search mod-
els it is reasonable to assume a bargaining process and the consequent income distribution 
rule according to which total output (the surplus from a match) has to be shared between 
workers, entrepreneurs and inventors in constant proportion a, b and (1 − a − b)1 measur-
ing respectively the bargaining power of agents. Further the randomness of the matching 
technology function will imply anonymity of contracts, in the sense that each worker, at the 
time of investment in human capital, does not know who their partners will be, and con-
sequently her/his expected return depends on the whole of physical and knowledge capital 
respectively across all the entrepreneurs and inventors. Similar reasoning will occur for all 
of other agents. Hence the expected wage bill of the ith worker Wi , and the expected returns 
of the jth entrepreneur Rj and the zth-inventor Pz are given by the following:

The utility functions of the the three types of agents will be given by:
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where �i, �j and �z capture disutility from investments in human, physical and knowledge 
capital, Ci , Cj and Cz the consumption levels equal to the different agents’ expected, γ a 
taste positive parameter.

The f.o.c. of the maximization processes give:

from which, assuming �i = �, �j = � and �z = � we may easily derive the equilibrium val-
ues of hi,, kj and cz and state what follows:

H:  There exist positive externalities between human, physical, knowledge capital and 
R&D. When a group of workers increase their investment in human capital, other agents, 
will respond, and the equilibrium rate of return of all subjects will improve.

4 � The empirical framework

4.1 � The econometric approach

In order to test the hypothesis above described, giving credit to our theoretical specifica-
tion, and then focus our attention to the role of human capital on firms’ innovation, we 
assess an econometric model consisting of two simultaneous equations related to the fol-
lowing dependent variables: process and product innovation. These variables are also inter-
related due to both observed and unobserved variables. In fact, the two innovation equa-
tions are structural or outcome equations with human capital (but also other production 
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factors, such as physical capital and knowledge capital) and R&D decisions variables as 
explanatory factors.

The two indicators are binary variables and are jointly described by a multivariate probit 
(or bivariate) model. The model follows a two-equation structure:

The two latent variables are defined as follows: y1* are product innovations and 
y2* are process innovations; hkj represents the human capital (proxied using graduates 
weighted by marks) distributed in the territory j, which influence those probabilities for 
firm i; xki are vectors of exogenous variables (see Table 1 for more details about these 
variables), which influence those probabilities for firm i; �k and βk are parameter vec-
tors; and εki are error terms, which are assumed to be jointly normal with the unknown 
correlation coefficient, ρkl. The latter measures how far the unobserved factors influence 
yk and yl, if ρlk=0 cannot be rejected, this implies that the equations need not to be esti-
mated as a system and can be estimated separately.

The latent variables yki* are not observed; however, the binary variables, yki, are 
observed, and these are linked to the former according to the following rule:

The common latent factor structure of the multivariate probit framework makes it 
possible both to correct the potential sample selection and to control for the potential 
endogeneity of the R&D investment decision (Monfardini and Radice 2008). The result-
ing biprobit model can be described as an instrumental variable framework for categori-
cal variables and can be estimated using the simulated maximum likelihood method.

This method uses the Geweke–Hajivassiliour–Keane smooth recursive conditioning 
simulator to evaluate the multivariate normal distribution; the simulated probabilities 
are unbiased and bound within the (0, 1) interval (Cappellari and Jenkins 2003). All the 
equations in (1) can be estimated separately as single probit models but the estimated 
coefficients are inefficient because the correlation between the error terms is neglected 
and the simultaneity is not taken into account. Only in the case of independent error 
terms εki it is possible to deal with the above model as independent equations (Maddala 
1983).

The estimation of a multivariate probit model (in our case bivariate probit because 
we only have two dependent variables) with endogenous binary regressors requires 
some consideration for the identification of the model parameters. Maddala (1983) pro-
poses that the exogenous covariates in the reduced form equations should contain at 
least one regressor not included in the structural equations but Wilde (2000) shows that 
no exclusion restrictions on the exogenous variables are required for parameter identi-
fication, when there is sufficient variation in the data. This last condition is ensured by 
the assumption that each equation contains at least one varying exogenous regressor, 
an assumption which is rather weak in economic applications. Given the assumption of 
joint normality, the multivariate probit model is identified by functional form. Wilde’s 
contribution makes it clear that theoretical identification does not require availability 
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of any additional instruments for the endogenous variables. However, the presence of 
equation-specific regressors in formally identified models may improve convergence 
and make the estimation results more robust to distributional misspecifications (Monfar-
dini and Radice 2008).

4.2 � Extending the model: the role of physical and knowledge capital to firms’ 
innovation

In order to give more support to our theoretical model (see Eq. 1), we extend the economet-
ric specification, adding two other important production factors, being relevant drivers in 
the process of innovation: physical and knowledge capital. Formally, using the same termi-
nology of theoretical framework, the econometric model, as described in Eq. 12, becomes:

where h, k and c measure respectively the human (number of graduates weighted by gradu-
ation degree in the area in which firms is located), physical (number of employees in the 
firms) and knowledge capital (R&D expenditure of firms) while the other variables are the 
same as described in Eq. (11).

4.2.1 � The data and the descriptive statistics of the variables

The survey used in order to explore firms’ innovation is based on Italian manufacturing 
companies, originally edited by Mediocredito Centrale, is currently carried out by the 
Capitalia Banking Group’s Research Department. The survey is a fundamental point of 
reference for politicians, scholars and operators that are interested in the structural and 
evolutionary characteristics of Italian industrial system. A key feature of the Observatory 
database on small and medium-sized enterprises is the wealth of qualitative information 
gathered through the administration of a questionnaire divided into six sections (for more 
details see the questionnaire distributed by Mediocredito Centrale). The survey is of a sam-
ple type and concerns qualitative data of about 4.000 companies for each wave. Qualitative 
information and balance sheet ratios are classified by employee classes (with more than 10 
employees), by sectors of technological activity (see PAVITT classification in footnote 5) 
and by geographical area (Noth-West. North-East, Centre and South).. In terms of repre-
sentiveness of the sample comparatively to the business enterprises of the different Italian 
geographical areas, we can observe that the selected firms account for more than 9% of the 
main variables. This satisfying result is in line with other studies based on the same data 
source (Hall et al. 2013).

In particular, the sampling design has been structured following a two dimension strati-
fication: industry or class of activity (11 NACE-CLIO codes), region (NUTS 1 level) and 
size class (10–19; 20–49; 50–99; 100–249 and more than 250 employees). The data cover 
the waves 2001–2003 and 2004–2007 and contains quantitative and qualitative information 

(13)

⎧⎪⎨⎪⎩

y∗
1i
= h�

1j
�1 + k�

1i
�2 + c�

1i
�3 + x�

1i
�1 + �1i

y∗
2i
= h�

1j
�1 + k�

1i
�2 + c�

1i
�3 + x�

2i
�2 + �2i

.
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on R&D and innovation. More specifically, firms are asked whether product and/or process 
innovation2 had been introduced during the previous 3 years (2001–2003 and 2004–2007). 
The questionnaire also collects information regarding whether the R&D was acquired from 
external sources such as universities/research labs and other firms/consultants. Other infor-
mation used here includes the amount of R&D expenditure (our proxy of knowledge capi-
tal) and whether the firm benefits from tax allowances and financial incentives for R&D 
investment or other activities. Size classes have been used with respect to the number of 
employees, along with other firm characteristics, such as the presence of skilled employ-
ees (that is graduated), age of the firm and its current legal form (cooperatives ns no 
cooperatives).

Moreover, unlike to other works, we are interested to analyse the contribution of human 
capital to firms’ innovation. Then, we add to this dataset a variable concerning the human 
capital indicator (as recently suggested in the empirical literature—see for instance Agasisti 
et al. (2017) and Barra and Zotti (2017), proxied using graduates weighted by marks and 
covering the 50% of Italian provinces, has been collected from the National Committee 
for the Evaluation of the University System (CNVSU) website (http://www.cnvsu​.it); spe-
cifically, data have been collected by the Italian Ministry of Education, Universities and 
Research Statistical Office. We use NUTS-3 code (provincial level) in order to combine 
this necessary information with Mediocredio Centrale database.

Table 1 below describes the variables used for modelling the role of production factors 
(in particular human capital) and R&D collaboration of the probability to innovate, and 
provides their descriptive statistics, while Table  2 reports the correlations between vari-
ables. Finally, Table 3 describes the distribution of firms’ innovation and production fac-
tors (physical, knowledge and human capital) for macro regions. In estimating the biprovit 
model we rely on STATA 13.

Specifically, in order to take into account the importance of capturing the contribution 
of production factors and R&D collaborations to the product and process innovation, we 
rely upon highly territorially disaggregated data such as Italian provinces—a deeper ter-
ritorial disaggregation than NUTS 2 level subdivisions—being sub-regional geographical 
areas where the bulk of the labour force lives and works and where establishments can 
find the largest amount of the labour force necessary to occupy the offered jobs and where, 
according to the Italian Statistical Office (ISTAT), their economic and social relationships 
take place.

4.2.2 � The empirical specification

The empirical specification of the two equations, described in Eq. (13), is as follows:
Innovation j = fj (number of graduates weighted by graduation degree in the area in 

which firms are located (human capital), number of employees in the firms (physical capi-
tal), R&D expenditure of firms (knowledge capital), R&D collaboration with universities/
research labs, R&D collaboration with private firms/consultants, R&D intensity, public 

2  Product innovation is defined as the “introduction of a good which is either new or significantly improved 
with respect to its fundamental characteristics. The innovation should be new to the firm, but not necessar-
ily to the market”. Process innovation is defined as the “adoption of a production technology which is either 
new or significantly improved. The innovation should be new to the firm, but the firm has not necessarily to 
be the first to introduce the new process”.

http://www.cnvsu.it
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subsidies, skilled employees, firm age, firm size dummies, firm legal form dummies, indus-
trial sector dummies, macro area dummies), where j = product or process.

As Table 1 shows, almost 6% of our firms have R&D collaborations with a university or 
research lab, while 5% have R&D collaborations with other firms or consultants. Among 
all firms in the sample, 45% have introduced product innovation, and 42% have introduced 
process innovation. R&D intensity, measured as the percentage of the total turnover that 
the firm has invested in R&D on average in the two waves (2001–2003 and 2004–2007) is 
around 3.6%; over the same time span, 32% of the firms have subsidies and 5% have skilled 
employees.

In term of production factors, we notice the following statistics: firms have 110 employ-
ees (physical capital) and spend 111.720 mil. € of R&D expenses (knowledge capital) on 
average, while there are 2979 graduates weighted by marks (human capital) on average 
distributed on the area in which firm is located (see for more details Tables 1 and 3).

Multicollinearity among the regressors is assessed by computing the variance inflation 
factor (VIF). The empirical specification is based on a sample about 9000 observations.

Table 3   The distribution of 
firms’ innovation and production 
factors for macro regions

Own elaboration

Variable Mean SD Min Max

North-West
Product innovation 0.4675 0.4990 0.00 1
Process innovation 0.4284 0.4949 0.00 1
Physical capital 121 389 0.33 11959
Knowledge capital 153547.8 2512684 0.00 1.28e+08
Human capital 2904 2517 0.00 7.428
South
Product innovation 0.3743 0.4841 0.00 1
Process innovation 0.4018 0.4904 0.00 1
Physical capital 89 274.2838 2 6.337
Knowledge capital 68442.47 1225870 0.00 3.90e+07
Human capital 2300 2053 0.00 7.184
North-East
Product innovation 0.4779 0.4996 0.00 1
Process innovation 0.4193 0.4935 0.00 1
Physical capital 115 363 1 9.097
Knowledge capital 101442.8 727519.6 0.00 1.94e+07
Human capital 3294 5014.032 0.00 15754.59
Centre
Product innovation 0.4580 0.4983 0.00 1
Process innovation 0.43415 0.4958 0.00 1
Physical capital 97 309 2 5.501
Knowledge capital 67384.29 432777.8 0.00 1.05e+07
Human capital 2874 2928.678 0.00 8.158



1223The role of human capital in identifying the drivers of product…

1 3

5 � The empirical evidence

5.1 � The drivers of product and process innovation

The coefficients of the multivariate probit3 (in our case bivariate probit) regressions are 
reported for various specifications in Tables 4 (Models A1–A8) and 5 (Models B1–B8). 
The standard errors of the coefficients have been clustered around the region in which the 
firm is located.

Table 4 reports the coefficients for Eq. 13 in which product innovation is considered as 
dependent variable. In order to have a complete overview of our analysis and for the sake 
of exposition and interpretation of the results, we present the empirical evidence taking 
into account the three production factors (physical capital, knowledge capital and human 
capital) as described both in the theoretical and empirical framework, on firms’ innovation. 
This way of proceeding will allow us to better highlight the differences in the contribution 
of the three production factors to the firm’s innovation.

First, we proceed separating the effect of these factors on product innovation. As noted 
in the empirical set-up, physical capital (proxied by the number of employees in the firm) 
is the only factor being significant, even if weakly (to 10%), while human and knowledge 
capital do not have some influence to product innovation. In other words, physical capital 
favours the probability to do product innovation. According to R&D controls, we find that 
R&D collaborations with universities/research labs and with other firms/consultants are 
positive and highly significant. R&D intensity is also positive and statistically significant. 
Public incentives and skilled employees are also positive and highly significant. The age 
of a firm, being a proxy of reputation, has a positive and statistically significant effect on 
product innovation. The dummy for very small firm size is highly significant and negative. 
Commercial firms are more likely to innovate their products with respect to cooperative 
ones. Finally, the time trend, being a proxy of technological change, is highly significant 
and positive.

Table  4 reports the coefficients for Eq.  13 in which process innovation is used as 
dependent variable. As before, we want to understand how production factors driven the 
probability to innovate, but in this case their processes. Again physical capital is the only 
factor being positive, but now his contribution to process innovation is not weakly signifi-
cant (significant to 5%).

Process innovation is strongly determined by R&D collaboration both with universities/
research labs and with other firms. R&D intensity and skilled employees are positive and 
highly significant. Process innovation is also favoured by public incentives. Very small and 
small firms are less likely to innovate their processes as well as proprietorship. Commercial 
firms are less likely to innovate their processes with respect to cooperative ones. Finally, 
the time trend, being a proxy for technological change, is highly significant and positive.

From these results we can conclude that physical is the main factor/driver that contrib-
utes to firms’ innovation. There is a growing research current to explore output-oriented 
innovation indicators in such a way that the aspects of innovative activities relative to occu-
pational effects are evidenced. A possible economic intuition of this effect is that the pro-
cess of learning involves successful implementation rather than just the resources doveted 
to the innovation investments (Blundell et al. 1993; Crépon et al. 1998; Llorca 2002; Peters 
2009).

3  For brevity of space we only report the marginal effects associated to any variables in our analysis, while 
the coefficients are available on request.
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1 3

6 � How do some factors explain the differences in firm’s innovation?

6.1 � The drivers of product and process innovation: the size class effect

In order to quantify the “size class” effect on the estimation, we run our regression consid-
ering five different groups of firms: (1) 10–19 employees (MINOR); (2) 20–49 employees 
(SMALL); (3) 50–99 employees (MEDIUM); (4) 100–249 employees (LARGE) and (5) 
more than 250 employees (MAJOR). Results4 are summarised, for all the dependent vari-
ables of the biprobit regression, in Tables 6 (Models C1–C12) and 7 (Models D1–D12).

The main results confirm that all production factors (physical, knowledge and human 
capital) have no effect on product innovation for large firms. In other words, these factors 
do not drive product innovation for these firms. On the other hand, for small and medium 
firms, we find that the three production factors strongly contribute to the product innova-
tion, while only physical capital would still be the main driver explaining process innova-
tion. This finding is confirmed in the relative literature. Indeed, according to many empiri-
cal studies, the employment (i.e. physical capital) is an important determinant of structural 
change and growth (Caves 1998; Bartelsman and Doms 2000; Kruger 2008; Dosi and 
Peters 2010; Dachs et al. 2017).

6.2 � The drivers of product and process innovation: the technological effects

In order to quantify the technological effect, we grouped firms in the four PAVITT classes5 
(Pavitt 1984). Results are summarised, for all the dependent variables of the biprobit 
regression, in Tables 8 (Models E1–E8) and 9 (Models F1–F8).  

Physical capital is found to be an important driver for product innovation, especially in 
those firms that have a lower technology (or firms that need less technology implement-
ing in the production process—PAVITT1 and PAVITT3), while knowledge capital is an 
important driver in the case of firms with a higher propensity to technology (or firms that 
need more technology implementing in the production process—PAVITT2). In order to 
avoid problem of selection bias and attrition due to a low number of observations when the 
model is assessed considering PAVITT4 (around 405 observations), we combine PAVITT2 
and PAVITT4 (therefore constructing PAVITT24). PAVITT2 and PAVITT4 include all 
those firms that have the most technology. As expected, being firms that need more skilled 

5  Pavitt’s taxonomy is a classification of the product sectors based on the sources and the nature of techno-
logical opportunities and innovations, the intensity of research and development (R&D intensity), and the 
type of knowledge flows (see Pavitt 1984). On the basis of the above mentioned criteria, Pavitt identified 
four large sectoral groupings: (PAVITT1) Supplier dominated—"dominated by suppliers"—which includes: 
textiles (textiles); footwear (footwear); food and beverage sectors (food and beverages); paper and print-
ing (paper and printing); timber (wood). (PAVITT2) Intensive scale—"scale-intensive"—which includes: 
base metals (basic metals); motor vehicles and related engines (motor-vehicles, trailers and semitrailers). 
(PAVITT3) Specialized suppliers—"specialized suppliers"—which includes: agricultural and industrial 
machinery (machinery and equipment); office machines (office, accounting and computing machinery); 
optical, precision and medical instruments (medical, precision, and optical instruments). (PAVITT4) Sci-
ence based—"science based"—which includes: chemistry (chemicals); pharmaceutical (pharmaceuticals); 
electronics (electronics). Each grouping is considered characterized by internal regularities regarding: the 
potential sources of innovation; the type of innovations; their degree of appropriability; the height of barri-
ers to entry; the average size of the companies.

4  Since the main findings are confirmed, we report only the main specification and the main variables of 
production factors, i.e. physical capital, physical and human capital.
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1 3

workers to produce highly technological goods, we find that human capital is the main fac-
tor driving product innovation (see for instance Caves 1998; Bartelsman and Doms 2000; 
Kruger 2008; Dosi and Peters 2010; Dachs et al. 2017).

Summing up, physical capital and knowledge capital are the most important factors for 
process innovation when PAVITT1 has been considered, while physical capital and human 
capital are the main factors when PAVITT3 is taken into account. For the other variables 
the results are confirmed.

On the hand, physical capital has a weakly (to 10%) positive impacts on product innova-
tion for PAVITT1 classification, knowledge capital has a strongly (to 1%) positive influ-
ences on product innovation for PAVITT2 classification and finally human capital positive 
(to 5%) contributes on product innovation for PAVITT24 classification. On the other hand, 
physical capital has strongly (to 1% and 5%) positive impacts on process innovation for 
PAVITT1 and PAVITT3 classification, knowledge capital has a strongly (to 5%) positive 
influences on product innovation for PAVITT2 classification and finally human capital neg-
ative (to 5%) contributes on product innovation for PAVITT3 classification.

6.3 � The drivers of product and process innovation: the territorial effect

Finally, in order to quantify the territorial effect, we run our regression on four groups 
in which the firms are located: North-West (N-W), South, North-East (N-W) and Cen-
tre. Results are summarised, for all the dependent variables of the biprobit regression, in 
Tables 10 (Models G1–G8) and 11 (Models H1–H8).

Physical capital is an important factor to product innovation when North-West is taken 
into account, while human capital does not seem to have the same contribution. Although 
weakly, knowledge capital seems to be the main factor when we consider the South-
ern region. The same result arises when product innovation is considered as dependent 
variable.

Specifically, in the North-West of the country the physical capital favors, even if slightly 
(to 10%), product innovation, while human capital does not contribute (to 5%) to product 
innovation. In the South of the country, on the other hand, knowledge capital is the only 
factor that has a positive influence, even if only slightly (at 10%), of product innovation.

As far as process innovation is concerned, we find that physical capital contributes, 
albeit weakly (to 10%), especially to the North-West, while a negative relationship with 
human capital (at 1%) has been found. In the South and North-East, on the other hand, we 
find that knowledge capital has a positive influence, albeit weakly (at 10%).

Finally, but not least, the most important result seems to be the positive effect of human 
capital in the Centre of the country. We rationalize this result in term of “convergence 
theory”.

The more efficient macro regions who produce highly skilled graduates have, in a sense, 
saturated their contribution on firms’ innovation (i.e. that have already reached their steady 
state). On the other hand, the less efficient macro areas in which universities have more 
space for improving their performances, through the development of human capital and 
skills, being far away from their optimal point.

In fact, scholars recognize that the local availability of higher human capital represents 
significant knowledge spillovers. According to “convergence theory”, our analysis suggests 
that these positive spillovers can arise because the firms, by using more qualified workforce 
at the provincial level, generate more technology innovation than those located in areas 
with higher educational attainment workforce.
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7 � Concluding remarks and implications

This paper examined the extent to which production factors, in particular human capital, 
and firm characteristics (such as R&D collaborations, the presence of skilled employees 
in the firm, firm age and so on) may influence and enhance firm’ innovation (product and 
process).

In general, our analysis suggests that human capital generates more technology innova-
tion than those firms located in areas with higher educational attainment workforce. We 
rationalized this finding in the sense of “convergence”. In fact, the more efficient macro 
regions who produce highly skilled graduates have, in a sense, saturated their contribution 
on firms’ innovation (i.e. that have already reached their steady state). On the other hand, 
the less efficient macro areas in which universities have more space for improving their 
performances, through the development of human capital and skills, being far away from 
their optimal point.

Particularly, separating the effect of production factors on product innovation, we find 
that physical capital, proxied by the number of employees in the firm, is the only inputs 
being significant, even if weakly. R&D collaborations with universities/research labs and 
with other firms/consultants are positive and highly significant. R&D intensity is also posi-
tive and statistically significant. Public incentives and skilled employees are also positive 
and highly significant. The age of a firm has a positive and statistically significant effect 
on product innovation. Commercial firms are more likely to innovate their products with 
respect to cooperative ones.

In term of size class effects, the empirical evidence confirms that all production factors 
(physical, knowledge and human capital) do not drive product innovation for large firms. In 
term of technological effects, physical capital is found to be an important driver for product 
innovation, especially in those firms that have a lower technology, while knowledge capital 
is found to be an important driver in the case of firms with a higher propensity to technol-
ogy. In term of territorial effects, the interesting result is that human capital is the main 
factor for process innovation when we consider firms located in the Centre of the coun-
try. Following the convergence theory, ceteris paribus, the presence of graduates allows a 
greater diffusion of knowledge and skills, thus producing a greater growth (see also Barra 
and Zotti 2017) of firms, encouraging process and product innovation.

From the policy viewpoint, the empirical findings sustain our theoretical hypothesis 
suggesting that (1) local availability of higher human capital represents significant knowl-
edge spillovers; (2) physical capital is an important factor to contribute to the innovation, 
especially in that macro region in which the presence of graduates allows a greater diffu-
sion of knowledge and skills that can guarantee more economic performance; (3) R&D 
collaborations, which allow the exchange of new ideas, have a positive effect to firms’ 
innovation; (4) the R&D intensity and public incentives improve the firms’ innovation.

Overall, from this analysis emerges that regulators and policy makers can stimulate 
innovation in the manufacturing system in the following ways: (1) promote the increase in 
employment (i.e. physical capital), being the main production factor, guaranteeing greater 
growth; (2) improve the level in employment (physical capital) and expenses in R&D 
(knowledge capital), especially for small and medium firms; (3) promote the increase in 
employment (physical capital) and expenses in R&D (knowledge capital), especially for 
science-based firms and finally (4) ensure a clear improvement in the number of graduates 
(human capital), especially in the Southern region; this allows to reduce the gap (in term 
of employment and then economic performance) between Northern and Southern region.
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We believe that our methodological approach is robust because tries to explain the phe-
nomenon investigated not only from a theoretical point of view, but also from an empirical 
point of view. In particular, it allows to consider and to control for channels, factors and 
mechanisms otherwise hidden, making the findings generalizable and less influenced by 
some types of distortion. So we think that this way of proceed could be applied to other 
studies that deal with analyzing the phenomenon above described.
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