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Abstract 
 
 
 

Labor productivity is recognized as the key driver of economic growth. 
Its current dynamics reveals contrasting patterns in that, although 
technology improved over the last two decades, productivity has not 
grown accordingly. For this reason, it is worth understanding the 
significance and the magnitude of firms' labor productivity 
determinants to gauge possible aggregate effects at the industry and 
economy-wide levels. Therefore, we assess the extent of different 
drivers of firm productivity by using a novel firm-worker database for 
Italy. We can, accordingly, estimate the impact of workers' human 
capital, age, and occupational status, together with industry 
technological level and other firm-specific characteristics. We find that 
these factors are significant, but a more relevant role is played by the 
ability to compete in international markets together with firm size. 
These two latter factors thus explain the poor performance of the Italian 
aggregate productivity and suggest how a firm's ability to grow and its 
internationalization are generally critical drivers of labor productivity. 
 
 
Keywords: Productivity, Matched employer-employee data, 
Production function 
JEL Classification: J24, O4 
 
 



 
 
 

 
 

 
 
 
 

 

 

 

 

 

 

 

 

 

 

 



 
 
 

 
 

5 

 

1. Introduction 

 
It is well established that labor productivity growth is a crucial 

factor affecting an economy's long-run growth path. Aggregate neo-
classical models typically refer to exogenous technical progress that 
enhances labor efficiency and, through this route, output growth rate. 
Endogenous growth models endogenize productivity, assuming a 
crucial role of either human capital (Lucas 1988), physical capital 
(Rebelo, 1991), or R&D (Romer, 1990; Jones, 2002). 

A different perspective is taken by those approaches inspired by the 
seminal work by Verdoorn (1980), in which productivity results from 
changes in aggregate demand and, therefore, output growth. However, 
this latter is strictly related to new investments, mainly machinery and 
equipment (Schmookler, 1966) that incorporate new technologies. 
Therefore, following this demand-side approach, technological change 
and productivity in the sector producing new machinery are crucial in 
affecting output growth (De Long and Summers, 1991, Baussola, 
2000). 

The economic outcomes challenged the predictions resulting from 
such macro models over the last 60 years. Indeed, the neoclassical 
Solow model well described economic growth within the group of 
advanced industrialized countries until the first oil shock. Afterward, 
the so-called declining productivity growth puzzle emerged at a time 
when the diffusion of information and communication technology 
increased significantly. 

In this new scenario, endogenous growth models tried to fill the 
interpretative gap left behind by the traditional models. These 
approaches stimulated macro but also microeconomic empirical 
analysis to ascertain the validity of the implied assumptions and 
conclusions. However, even in the '90s and the 2000s the pattern of 
labor productivity was unsatisfactory and not aligned with the 
evolution of the digital revolution. 
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For these reasons, it is relevant to use microeconomic investigations 
of firms' labor productivity intensity, focusing mainly on input quality 
in driving differences in firms' productivity. Our investigation falls 
within the debate on the determinants of labor productivity and focuses 
on the Italian economy, characterized by structural stagnation of labor 
productivity over the last two decades. We consider the period 2012-
2017, characterized by the impact of the Euro Area sovereign debt 
crisis and, therefore, by stagnant GDP growth. However, it is relevant 
to analyze the drivers of productivity even in such a framework, as their 
impact will be more significant a fortiori once the economy is 
normalized. 

We use a unique and extensive data set that enables us to contribute 
to such a debate by measuring the impact of firm-specific 
characteristics and taking into account industry-specific features, i.e., 
their technological level. Therefore, we aim to assess the relative 
impact of these variables with a more specific emphasis on a firm's 
attitude towards internationalization, proxied by its export attitude. For 
this reason, we also present estimates that endogenize firms' 
internationalization behavior by using a more appropriate 
specification. This modeling strategy enables us to explain the 
determinants of labor productivity at the firm level and, at the same 
time, rationalize the macroeconomic implications. 

The paper is structured as follows. Section 2 discusses the 
theoretical interpretation of the productivity dynamics, focusing on the 
microeconometric approaches used to assess the impact of different 
firms' productivity specifications. Section 3 describes the data set and 
the stylized fact characterizing labor productivity in the Italian 
economy. Section 4, 5, and 6 present the empirical specification, the 
discussion of the baseline results, and the endogeneity and omitted 
variables issues, respectively. Finally, Section 7 concludes. 
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2. Productivity determinants and microeconometric evidence 
 

Firm-level analysis on labour productivity has contributed 
significantly to understanding the mechanisms that drive economic 
growth. These contributions complement those macroeconomic 
investigations based on either growth accounting or macroeconometric 
test (Taylor, 2008; De Long, 2002; Oliner and Sichel, 2003) and thus 
help understand how companies may indeed improve their efficiency.  

In the endogenous growth models, knowledge has a key role in 
fostering economic growth and, thus, it is considered similar to other 
production inputs. Knowledge has been incorporated into the aggregate 
production functions, alternatively, as human capital input (Lucas, 
1988), fixed capital (Rebelo, 1991), or generated by a specific sector 
(R&D) (Romer, 1990). 

Although on theoretical grounds, these representations stimulated 
quite a significant and comprehensive debate, on empirical grounds, 
the implications of these approaches are still controversial as their 
conclusions are somewhat difficult to reconcile with the stylized 
macroeconomic facts. In particular, the measurement issues are crucial, 
as suggested by Howitt (1996), looking specifically at the quality 
improvement and the obsolescence problems. 

Microeconometrics have tried to overcome some of the 
controversies faced at the macro level by using firm data eventually 
matched with complementary information and considering firm and 
industry features to describe the level and variation of labor 
productivity. 

In particular, the microeconometric literature linked with the 
analysis of innovation and technological diffusion tried to measure the 
impact of companies' innovative efforts on their performance measured 
in terms of innovation inputs (new process, or R&D expenditure) or 
innovation output, e.g., patents (Crépon et al., 1998). These approaches 
contribute to understanding productivity determinants and its 
dynamics. Additional investigations aimed to investigate the role of 
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managerial practices and, generally, the attitude toward innovation to 
describe productivity behavior among companies (Syverson, 2011; 
Bartoloni and Baussola, 2018). 

A great deal of attention has been devoted to the impact of human 
capital and occupational characteristics. Hellerstein et al. (1999) 
specifically estimate the impact on the productivity of different 
individual occupation statuses requiring different education levels. 

Haltinwanger et al. (1999) show similar results in that productivity 
significantly differs between individuals with a higher or lower level 
of education. Of course, some issues may arise when considering the 
human capital effect. Indeed, one should consider a possible sorting 
effect, as more skilled (educated) workers choose more efficient firms, 
thus raising a simultaneity/causality issue in estimating this relation. 
However, appropriate data sets matching individual and firm 
information are required to respond to such questions adequately. 

Further studies have focused on the role of human capital (Hall et 
al., 2003; Biagi and Parisi, 2012; Iorio and D’Amore, 2017) in 
combination with the recent surge in the adoption of information and 
communication technology (ICT). Of course, human capital 
measurement is not always easy and cannot be related only to the level 
of formal education attached to firms' employees. For this reason, 
additional proxies such as the professional composition of the 
workforce are considered in conjunction with other firm-specific 
variables (Kampelmann and Rycx, 2011).  

Besides, the workforce characteristics have contributed to verifying 
the impact of individual features explicitly related to gender, race, and 
age (Crepon et al, 2003; Hellerstein and Neumark, 2007; Hellerstein et 
al., 1999; Van Our and Stoeldraijer, 2011). 

Workers' age has been widely investigated. Aubert and Crepon 
(2007) use an extensive data set matching workers' and firms' data in 
the late 1990s in France. They estimate panel production functions 
showing increasing productivity until the age of 45 and then stabilizing 
afterward. 

Haltinwanger et al. (1999) and Van Ours and Stoeldraijer (2011) 
find a more pronounced inverted U-shaped pattern that, in this latter 
case, implies increasing productivity until the age of 35-39 years and 
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afterward a decreasing profile. However, such a U-shaped result is not 
confirmed systematically in other international estimations, as patterns 
showing an increasing and then steady profile are more common 
(Cardoso et al., 2011; Hellerstein et al., 1999).  

According to these findings, we propose panel estimations of 
sectoral productivity that incorporate both firms, workers, and sectoral 
characteristics. Therefore, we estimate a model in which productivity 
derives from a production function in which workers' age, occupational 
status, and gender may be considered upward or downward 
productivity shifts. 

Conditional on this individual worker information, firm-specific 
and sectoral characteristics are also considered. Firm age is expected 
to enter this production function equation positively. It proxies 
accumulated knowledge that enables a firm to improve efficiency 
through time (Cucculelli et al., 2014; Huergo and Jaumandreu, 2004). 

Firm size is expected to positively impact productivity, although it 
could be the case that such an effect is non-monotonic. Of course, it 
could also be the case that smaller firms could be more efficient in 
specific sectors, i.e., those more related to new technologies (Acs and 
Audretsch, 1990). 

We specifically consider firms' internationalization, i.e., a firm's 
propensity to export. Although the literature has extensively focused 
on internationalization attitudes as a crucial driver of a firm's 
productivity, it still lacks clear-cut results. In particular, the focus has 
been on the selection or learning effect of the firm’s export choice 
(Castellani, 2002; Wagner, 2002; Pattanayak and Thangavelu, 2014; 
Bernard and Jensen, 2004). Their results are conditional on the 
characteristics of the data set and the export variable used in the test 
(attitude dummy or intensity). 

Our specification considers a firm's persistent exporting behaviour 
and tests whether its impact on productivity is significant, positive, and 
quantitively relevant. We explicitly consider the possible bias deriving 
by taking the export behaviour as exogenous and, therefore, we 
endogenize this variable thereby introducing an endogenous propensity 
to internationalize. This instrumental variable estimation provides 
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more realistic estimates of the exporting attitude impact, thus tackling 
the bias implicit in the standard panel regression. 

Finally, as the previous literature review underlines, one should 
note that physical capital should be considered to avoid 
misspecification. We take this issue into account, as explained in 
Section 5, also recalling that it is crucially affected by data availability. 

As previously emphasized, the firms' innovative behavior is crucial 
to understanding the impact on productivity. However, the analysis is 
limited by data availability on such a large-scale data set in this 
particular case. One should recall that we present estimates for almost 
the entire population of businesses. Therefore, incorporating additional 
information (innovation) into such a huge data set is challenging. For 
this reason, we considered the impact of technology by looking at the 
sectoral technological level of the industry in which a firm operates. 
Thus we expect a positive effect on the productivity of more advanced 
specialized sectors, which also proxies the individual firm 
technological level. 
 
 
3. Data description and the stylized facts of the Italian   
            productivity stagnation 

 
We use the FRAME-SBS, the main statistical register developed by 

the Italian National Institute of Statistics (ISTAT) for the production 
of the Structural Business Statistics (SBS). This database integrates 
information from (i) the SBS domain, which is the primary data source 
for the economic variables required by the EU Regulation for the total 
population of Italian enterprises, and (ii) the Statistical Archive of 
Active Firms (ASIA-IMPRESE), which provide the structural 
information on the Italian active enterprises operating in the SBS 
domain. 

We derive additional information on job quality by integrating 
additional variables on the demographic and job-related employment 
characteristics at the firm level. These variables stem from the ASIA 
Employment Archive, a matched employer-employee data set 
developed by ISTAT. We have an unbalanced panel of 7,926,386 firms 
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that may enter or exit their reference industry during the period 2012-
2017. 

 

 
 
Considering the total sample, 84.6% of the firm has less than ten 

workers, 9.7% between 10 and 19, and only 1.85% have more than 50 
workers. Regarding sectors, 17.27% of firms belong to industry, 
12.54% to construction, and 70.18% to Services. The distribution of 
firms by macro-regions (NUTS1) shows that 48,8% of them are 
localized in the North (27.4% in the North-west, and 21.4% in the 
North-east (21.4%); 20.28% and 29.8% respectively in the Centre and 
South. 

Despite the short period available, this dataset allows us to ascertain 
the main drivers of productivity. However, one should point out that a 
generalized stagnation of productivity growth characterizes this period. 
This fact, together with the limited availability of time series data, does 
not allow us to specify a dynamic model and, more specifically, a 
productivity growth equation and, therefore, its implicit GMM 
estimation. Indeed, estimates of productivity growth are insignificant - 
as expected - given the tiny variation in productivity experienced over 
the whole sample period. 

Macroeconomic evidence shows that, after an initial solid increase, 
the slowdown in labor productivity growth became a stylized fact of 
advanced industrial countries. The rate of labor productivity growth 
has drastically fallen since the 70s and has been stagnant for about 
thirty years (Figure 1). After 2000, a new declining pattern began. In 
the first decade considered (1960-1969), output per worker almost 
doubled and was the higher growth rate between the set of considered 
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countries. In the following period (1970-1979), the growth rate 
declined significantly with a more pronounced pattern in the 2000s. 

Figure 1- Labor productivity growth for decades in selected 
Countries, real GDP per employed 

Source: European Commission, AMECO database 

Since 2000, output per worker in Italy has been more than 
stagnant (Figure 2). In 2019 the other developed countries showed 
labor productivity higher than in 2000 between 12% (Germany) and 
28% (USA), whereas, in Italy, results only 1% higher than 20 years 
before. 
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Figure 2- Real Labor productivity in selected Countries, base 
year 2000 

 
 

  Source: European Commission, AMECO database 
 
 
Moving to the microdata evidences on the level of labour 

productivity during the period under investigation, three main pieces 
of evidence emerge: a) the level of productivity is higher in the 
industrial sector than in construction and services, b) on average, the 
level of productivity is higher in the North-west firms than in the other 
regions (with some exceptions in the construction); b) the level of 
productivity, in the same sector and the same region, increases along 
with firm size. Additional information and descriptive statistics are 
provided in Appendix 1. 
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Figure3.  Labor productivity – 2012-2017 
(log values) 

 
 

 
Figure4 . Productivity by areas 
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Figure 5.   Labor productivity by firm size 
(log values) 

 

 
 
In addition, the productivity premium for persistent exporting firms 

(i.e. firms with positive exports in each year under observation) is large 
and persistent over time. 

 
Figure 6. The productivity premium of the persistent 

exporters 
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4 .   Model description 
 

Given the discussion concerning the determinant of plants or firms' 
productivity presented in Section 3, we can describe the empirical 
modeling strategy by considering the following production function: 

 
 

 
where where u it = i + eit .   eit is a normal distributed i.i.d. error 

component, i allows for individual firm effects, i and t identify 
respectively firms and time. 

The RHS represents the log of firm (i) labor productivity as 
measured by the value-added to employment ratio, itNit is labor input 
in efficient units, i.e., labor quantity adjusted by its productivity, Eit, Sit 
, and Zit  capture firms' specific characteristics, sectoral technological 
level, and location respectively. 
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The labor input measure may be written as in 2), following Van 
Ours and Stoeldrajier (2011) and Kamplemann and Rycx (2011): 

 

    
 
   

 
The right-hand side of (2) may be written as the sum of different 

labor categories' productivity (e.g., labor by education level): 
 

     
 

 

i =               3) 

 
 
where 0  represents a reference category and j    is the productivity of 
labor's category j. 

 
Substituting into 1), one gets: 

 
 

 

 
 
Taking the approximation of       i.e.,    
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or: 

 

where: 

 

 
 

We are aware that capital input is omitted in this specification and, 
therefore, parameters' estimates may be biased. However, previous 
empirical estimates show that the productivity effect is relatively small 
(Hellerstein et al. 1999; Aubert and Crepon 2003). In any case, we also 
estimate equation (I)  by using a proxy for capital as described in 
Section 5, and we also discuss additional endogeneity issues, thereby 
presenting instrumental variables estimates (IV). 

Also, one should note that the production function I) includes 
additional labor characteristics other than j. For this reason, one can 
think of an augmented version of the equation I) - we do not report here 
for the sake of simplicity - in which the summation on the RHS is 
replicated for the additional number of characteristics taken into 
consideration. Indeed, we consider education, the type of labor 
contract, and occupational position. 

We first consider the specification in which Nit (i.e., a firm's labor 
input) enters equation VI) as the log of full-time equivalent units. We 
then consider a second specification where the absolute number of 
labor units is substituted by a set of firm size dummies specified in 
terms of the number of employees. This specification enables us to 
provide a more detailed description of the firm size impact of 
productivity, thus verifying firms' relative heterogeneity and 
contribution to productivity growth. 
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This consideration is relevant for the implications, as one may 
derive the relative advantage/disadvantage of small firms compared to 
medium-large companies. 
 

 

5. Empirical results 
 

We present the random effect model of firm productivity using the 
representation corresponding to equation VI) and its variant 
represented by the specification in which firm size, i.e., the number of 
employees, is substituted by the dummy variable corresponding to the 
size class to which the firm belongs (Table 2). 

This procedure enables us to detail the impact of firm size on 
productivity, showing the gap in productivity between each size class. 
Also, we present different estimates for the manufacturing, services, 
and construction industries. 

It is worth noting that the discrete representation is justified by the 
results implied by the estimation in Table 1. Indeed, the impact of firm 
size entails decreasing returns until five employees in manufacturing, 
eleven in services, and four in construction.1 Therefore, one can 
conclude that increasing returns prevails since the early steps within 
the size ladder. 

 
 
 
 
 
 
 
 
 
 

                                                           
1 This result is obtained by taking the derivative of lprod with respect to lemp and then set the 
first order condition for a minimum. 
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Productivity increases monotonically with size, implying that 

companies with more than 500 employees show a productivity level 
that is 32% higher than the corresponding level of smaller firms (<9 
employees). Interestingly, the increase in productivity is constant 
when moving from the bottom to the top size classes and is about 6%. 
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This fact underlines one crucial issue of the Italian industrial 

structure, i.e., the insufficient firms' ability to grow. In a recent study, 
Bartoloni et al. (2020) show that, although small firms tend to grow 
faster than larger ones, they cannot progress over the size ladder. In 
other words, they eventually grow within their reference size class but 
fail to jump into higher size classes.  

This is a structural feature that negatively affects the ability to 
compete in the global marketplace and, at the same time, underlines 
how innovative activity and the overall firms' efficiency may be 
significantly hindered, thus affecting firms' productivity. 

Indeed, technology plays a significant role, as testified by the 
significant and high impact of the technology industry dummies. This 
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classification is based on the Eurostat H-Tech classification, 
classifying sectors according to their technological characteristics.2 

Firms belonging to the high and medium-high technology industries 
show higher productivity levels (4.7% and 14.3%) than companies in 
the low technology sector, which is taken as a reference. 

Even medium-low technology firms show higher productivity gains 
(more than 10%) than the low technology ones. In other words, we 
observe an increase in productivity from the lower to the top 
technology ladder. However, such an increase is not monotonic, as the 
gain in the higher technology industry, although significant and still 
relevant, decreases compared to the two medium technology levels. 

Geography matters, as the regional dummies significantly affect 
productivity, suggesting that companies located in the North (either 
North-East or North-West) and Centre Italy show productivity levels 
that are almost 30% and 16% higher than in the South.  

This gap testifies how the southern Italian economy lags behind the 
other areas critically. One should emphasize how this gap impaired 
even more after the financial crisis. 

As we have previously described by specifying the empirical 
model, we also aim to verify the contribution to labor productivity of 
specific factors reflecting human capital level, occupational status, and 
the type of labor contract. 

Higher levels of education entail higher productivity. This gain is 
diversified according to each firm's specific share of education level. It 
ranges from almost 3.3% relative to a 10 percentage points (p.p) 
increase in the share of tertiary education to a corresponding 1.4% 
increase for a secondary degree level. This result is even more 
magnified by the impact of executives' and managers' shares, implying 
an even higher impact on a firm's productivity level (more than 13% 
and about 3.8%, respectively). 

The impact of the part-time workers' share is negative and relevant 
(-4.2%), whereas the share of temporary workers has a mildly positive 

                                                           
2 High-tech industry and knowledge-intensive services (htec), 
https://ec.europa.eu/eurostat/cache/metadata/en/htec_esms.htm 
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effect (+0.8%). This result underlines that this latter component may 
play a role as a buffer of flexible labor input that may temporarily 
adjust employment to firms' requirements. Conversely, what matters 
for the productivity level is the whole amount of worked hours; for this 
reason, the impact of part-time workers is negative, suggesting that 
firms cannot efficiently use such a component of the labor force. 

Employees' age affects productivity in that workers in their middle 
age (39-49)  or even later age brackets positively affect productivity 
(+0.8%) compared to the younger component of a firm's labor input. 
This result is coherent with previous investigations which confirm such 
a positive effect (Van Ours and Stoeldraijer 2011). 

Firm age has a positive and significant effect, as the elasticity 
corresponding to a 10% increase in firm age is about 0.5%. One should 
recall that the median age for this sample is about 16 years; thus, this 
result implies that a five-year increase of the median age brings about 
a 1.5% increase in productivity. 

The positive effect on the proportion of male employment (and 
therefore the negative impact of the corresponding female one) is 
mainly related to the negative effect of part-time, which is indeed 
correlated to female employment. 

Although some specific patterns arise, this overall pattern is also 
confirmed in the services and construction industries. In particular, the 
firm size effect is not monotonic in services and construction, and it 
entails an increasing and then decreasing pattern. 

Regional characteristics are lined up with those of the 
manufacturing sector, whereas firm age is higher in services and more 
aligned with manufacturing in construction. 

The gender effect, provided by a firm's share of male employment, 
is more marked in construction, although its effect is weaker than 
manufacturing. 

By looking at the quality augmented component of employment, 
i.e., education, professional status, age, and contract characteristics, the 
results confirm overall the manufacturing findings except for the 
temporary contract variable, thus suggesting that the buffer effect 
previously mentioned is not operational in services. Also, the use of 
such a contractual arrangement might not be efficient. 
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The education variables shows, as expected, a weaker impact for a 
higher level of formal education, given the specific characteristics of 
the construction industry, which is characterized by a low proportion 
of skilled workers and lower wages. 

Competing in international markets has a significant and strong 
effect on productivity. Export and technological opportunities exert a 
positive effect. This impact is common to all sectors and is captured by 
a dummy variable that in every year assumes value one if a firm has 
always exported. One should recall that the number of exporting firms 
is relatively small: in manufacturing, this share is about 22% whereas 
in services and construction it is almost 3% and less than 1%. 

In addition, it is worth noting that this attitude is strongly related to 
firm size. Thus one can identify a possible channel by which 
productivity may increase, starting from firm size, export propensity, 
and then managerial and workers' capabilities.3 

 
 

6. Omitted variable and endogeneity issues 

This section presents estimates for the manufacturing sector, which 
incorporate a proxy for the capital stock, as this variable is not available 
in the original dataset. We assign each firm the fixed capital to 
employee ratio (k) computed in the reference domain, defined by the 
joint consideration of the NACE division of activity, class size, and 
macro-region4. 

Additionally, we present IV estimates that endogenize the export 
variable, i.e., the dummy variable reflecting a firm's exporting attitude. 
This variable is indeed endogenous as it reflects a firm's behavior and 

                                                           
3 One should note that the export variable is significant even when the strict persistent definition 
is partially relaxed, thus allowing for occasional exporting behavior. 
4 The computation is made using a different source of data at the firm level, i.e., the panel data 
on the balance sheets of corporations with employees (ISTAT), years 2001-2014. The same panel 
has also been used under the same project for other topics of analysis aimed at investigating the 
survival patterns and the size growth over a longer period of time. The ratio K assigned to each 
manufacturing firm is the average value during the period 2012-2014 
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attitude that crucially depends on its intrinsic characteristics and 
sectoral features. 

For this reason, we decided to estimate equation V) by 2SLS using 
a probit estimation, thus enabling us to derive predicted exporting 
probabilities then used as instruments for the final estimation. 

Including the proxy for the capital stock in the manufacturing 
equation enables us to consider the OMV issue, at least in the 
manufacturing sector. This issue was also faced by international 
studies that only partially find appropriate solutions, as the inclusion of 
capital is driven by data availability. For this reason, Van Ours and 
Stoeldraijer (2011) use depreciation on fixed assets as a proxy for 
capital input. Their baseline results remain, however, unchanged when 
this proxy is introduced. Kampelmann and Rycx (2012) use, instead, 
sector dummy variables which are indeed a poor proxy, although fixed 
capital assets are correlated with industry characteristics. 

It is worth noting that microeconometric estimations that use capital 
input (Hellerstein et al., 1999;  Aubert and Crepon, 2003; Dostie, 2011) 
show a relatively low elasticity attached to it. 

The inclusion of the proxy for the capital stock suggests that the 
magnitude of the impact on productivity is generally confirmed. 
However, the inclusion of the capital stock reduces, as expected, the 
firm's size effect, which is indeed captured by the adopted capital stock 
proxy. The technological dummies are also affected by the inclusion of 
the capital stock in that their impact increases significantly. 

As concern the endogeneity of firms’ export attitude, we present IV 
estimates that enable us to endogenize  the dichotomous export dummy 
variable using the predicted values derived from a probit regression of 
the export dummy on all exogenous variables. This is in fact a 2SLS 
estimation in which the first stage is represented by such a probit 
regression and the second stage is an IV estimation that uses the 
prediction of the first stage as an instrument for the endogenous export 
dummy.5 

                                                           
5 We do not report the results of the first stage, as the emphasis here is on productivity. 
However, they show, as expected the positive and significant impact of firm size and those 
variables reflecting firms’ human capital and managerial capabilities. Also, technological 
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Looking at the instrumental variable estimation, the impact of the 
firm and sectoral characteristics are overall confirmed. The positive 
and significant impact of internationalization is confirmed in 
manufacturing and services, whereas in construction the effect is not 
anymore significant. This result may be explained considering that the 
ratio of exporting companies in construction is, overall, negligible; the 
proportion of persistent exporting firms is relatively small, particularly 
in services (about 3%) and construction (0.5%), whereas the 
corresponding value for manufacturing is 22%. Also, one should note 
that the correlation between the predicted exporting probabilities and 
the exporting dummy decreases from 0.56 in manufacturing, to 0.34 in 
services and 0.25 in construction. 

Thus, endogenizing the export probabilities using a probit 
specification to discriminate between exporting and non-exporting 
firms provide better results in manufacturing where the probit 
specification is more effective in discriminating between persistent 
exporting and non exporting firms. In the other sectors, because of the 
relative small number of persistent exporting firms, the prediction from 
the probit specification is relatively poor and therefore such predictions 
are less suitable for representing a good instrument in the IV 
estimation. 

 
 
 
 

                                                           
opportunities proxied by sectoral technological levels, entail a positive and significant impact 
on export propensity.  
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7.  Conclusion 
 

Understanding productivity growth and its main determinants are 
crucial to shaping industries' future evolution and the whole economy. 
We use a unique data set for the Italian manufacturing, services, and 
construction sectors that has enabled us to provide a more precise 
picture of the mechanisms and interactions that crucially affect 
productivity. 

It is worth recalling that the Italian economy is experiencing, like 
other advanced economies, an unsatisfactory productivity growth rate. 
Although shared with many developed countries, such a pattern is 
nevertheless more specific and pronounced in the Italian economy. Our 
findings suggest that firm size is significant in affecting productivity. 
Its impact implies increasing returns in a specification in which firm's 
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size is described using dummy variables reflecting a firm's reference 
size class. This effect is robust to different specifications that consider 
omitted variables and endogeneity bias. However, one should note that 
the ability of Italian firms to pass through on the size ladder is 
significantly low (Bartoloni et al., 2020). Therefore, the poor 
performance concerning productivity at the industry and economy-
wide level may be justified on these grounds. 

By looking at firms' characteristics other than size, one can argue 
that employees' human capital and age structure positively affect 
productivity. This result confirms international estimates (Van Ours 
and Stoeldraijer; 2011; Hellerstein et al., 1999) that show how 
employees' age is a positive driver of productivity, with a declining 
impact (although positive) from the age of 50. This pattern prevails in 
manufacturing, whereas productivity increases after this age threshold 
in services and construction. 

In general, age is a more general proxy for describing the specific 
human capital required by a firm's production process. However, the 
fact that older ages may still account for a significant and relatively 
high impact may shed light on a controversial issue regarding firms' 
ability to attract younger (or at least middle-aged) workforce. 
Alternatively, this fact may suggest that there is still a mismatch 
between the supply and demand of competencies. 

Occupational profiles positively affect productivity, although this 
pattern may be related, as in the case of export propensity, to the 
existence of a relatively low number of companies with a structured 
functional internal organization in which professionals, technicians, 
and managers play a significant role. Given that the average firm's size 
is significantly small, although the individual effect of these variables 
is significant, the overall impact at the macro-level (industry) results 
moderate. 

Firm age as a proxy of accumulated knowledge play a significant 
role in affecting productivity, and this is in line with other international 
findings based on plants' productivity estimation. 

Technology matters as testified by the corresponding technology 
dummies used in manufacturing and services to derive the diversified 
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productivity levels prevailing according to different technological 
classifications. 

Internationalization is a crucial driver of productivity that is 
nevertheless related to firm size. Therefore, although quite relevant, it 
cannot exert an overall strong impact on aggregate productivity given 
Italian companies' inability to grow. Also, structural factors related to 
regional areas differences matter, which may represent an even 
stronger hamper to productivity growth. This evidence suggests that, 
ultimately, the critical policy prescription is to create the conditions 
that enable firms to grow. 
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Appendix 1 – Data description by sectors 

 
Industry 

 
In 2012, the average level of labor productivity in the industrial 

sector was 44,2k EUR in the North-west, 41,4K EUR in North-east, 
33,9k EUR in the Centre, and 28,6k EUR in the South. If it's true that 
more significant industries have higher productivity in each region than 
small ones, this is not always true between areas. For example, the 
labor productivity of the upper firm size classes (250-499; 500+) in 
Center Italy is equal respectively to 101% and 143,9%  that of the 
North. These evidence is confirmed in 2017 when the average level of 
labor productivity is 47,5K EUR, 45,8K, 35,3 K, and 28,7K in the four 
macro-regions, respectively. Also, in this year, the productivity inter-
region increases when firms' size increases. Moreover, firms with 250-
449 workers of the Centre and South improved their position. 
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Considering all firms, the dynamics of labor productivity between 
2012 and 2017 has been stronger in the Northeast (+10,5%) and Nord-
west (7,4%) with respect to the Centre (+3,8%) and the South (0,10%). 
This result is largely explained by the negative trend of productivity in 
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the largest size (500+) that shows a fall of about 8.5% in Center Italy 
and 19,6% in the South. 

 
Construction 
 
In construction, the average level of labor productivity in 2012 is 

higher in the North-west (36,77 k EUR) than in the rest of Italy, being 
equal to 35.45k EUR in the Northeast, 33,55K in the Centre and 28.7k 
in the Southern regions. Therefore, the distance from the more 
productive regions increases from the Northeast to the South, where 
productivity is only 76,8% that of the North-west. Some exceptions 
exist as the size class 250-499 has higher productivity in the Northeast 
and the Centre (139,9% and 138,6% respectively, being 100 the North-
west). Considering each region, also in the construction sector, 
productivity increases along with firm size. Indeed, the higher class 
size (500+), more than double the productivity in the smallest class. In 
2017, while the average gap of Northeast construction firms was 
reduced, the gap between the Centre and the Southern regions 
increased. Indeed, the average productivity in the Centre in 2017 is 
equal to 88% (from 91,5%) with respect to which of the North-west 
firms, and to 74,9% (from the 76,8%) in Southern firms. In the 
considered timespan (2012-2017), the rate of growth is lower in the 
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Centre (2,97%) than in the rest of the country (4,37%; 8,81%, 7,1% in 
the South, in the North-east and in the North-west, respectively). 
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Services 
In 2012, the level of productivity in the North-west was 35,3 k EUR; 
329K in the North-east, 30,35K in the Centre and 24.56k in the South, 
while in 2017 it was, respectively equal to EUR 35.86K, 33,24K, 
29,48K and 24.18k. This means that the percentage change has been 
positive in the two Northern regions (+1,6%, and+3.79%, respectively) 
and negative in the Centre and the South (-2,84% and -1.53%, 
respectively). The result is an increasing gap with the North-west for 
these latter two regions and relative convergence of the North-east. In 
addition,  productivity increases with firm size in the services in the 
other two sectors. However, the differences between classes are less 
relevant than in Industry and Construction and become progressively 
smaller when size increases. 
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Appendix 2. Descriptive statistics and legend 
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Legend 
 

 
lemp =  the logarithm of employment 
 
lemp_squared  = square lemp 
 
area1 = dummy variable equal to 1 if the firm is located in the North-
West of Italy and 0 otherwise 
 
area2 = dummy variable equal to 1 if the firm is located in the North-
East of Italy and 0 otherwise 
 
area3 = dummy variable equal to 1 if the firm is located in the Centre 
of Italy and 0 otherwise 
 
lage = logarithm of the firm's age that is the number of years between 
its foundation and the date of observation 
 
male = share of male workers in a firm on total employees 
 
temporary =share of employees with a fixed-term contract in a firm 
 
part_time = share of workers with a part-time contract on total 
employees (full-time and part-time contracts) 
 
age_30-49 = share of employed aged between 30 and 49 years old on 
total employees, by firm 
 
age_50+  = share of employed with more than 50 years old on total 
employed, by firm 
 
executives = share of employees with managerial or middle 
management roles on total employees 
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white collars =share of white-collar employees (office workers) on 
total employees 
 
edu_secondary is the share of employees with at least secondary 
education (level 2-3 of ISCED) 
 
edu_tertiary = share of employees with at least secondary education 
(level 4 of ISCED) 
 
persexp = dummy variable referred to the persistence of exports. It 
assumes value 1 if the firm has had a positive value of export for all 
the period considered and 0 otherwise 
 
dtec_1 = dummy variable assuming value 1 if firm belongs to high-
technological manufacturing sector and 0 otherwise 
 
dtec_2 = dummy variable assuming value 1 if the firm belongs to 
Medium-High technological manufacturing sector 
 
dtec_3 = dummy variable assuming value 1 if the firm belongs to 
Medium-Low technological manufacturing sector 
 
dtec_5 = dummy variable assuming value 1 if the firm belongs to 
Knowledge-intensive services 
 
dtec_6  = dummy variable assuming value 1 if the firm belongs to High 
technology services 
 
dtec_10 = dummy variable assuming value 1 if the firm belongs to the 
Household services sector 
 
size_10-19 = dummy variable assuming value 1 if the firm has a 
number of workers  between 10 and 19. 
 
size_20-49 =  dummy variable assuming value 1 if the firm has a 
number of workers (between 20 and 49. 
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Size 50-249 = dummy variable assuming value 1 if the firm has a 
number of workers  between 50 and 249 
 
Size 250-499 = dummy variable assuming value 1 if the firm has a 
number of workers  between 250 and 449 
 
Size 500+  = dummy variable assuming value 1 if the firm has more 
than 500 workers 
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