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Labor flexibility and innovation: the importance of firms’ heterogeneity 

 

Marco Auglieraa 

Gabriella Berloffab  

Fabio Pieric 

 

Abstract 

This work investigates the relationship between the numerical flexibility of a firm’s 

workforce and its innovative performance, taking into account the heterogeneity of firms and 

labor contracts. Using longitudinal data on Italian firms, we find that the share of temporary 

employees has a positive and significant effect on innovation for small and micro firms in 

low-tech and less knowledge-intensive sectors and a negative effect for medium and large 

firms in high-tech and knowledge-intensive sectors. These results suggest that managers and 

entrepreneurs may use temporary employment as an effective human resource practice to 

foster innovation in those firms whose technology or knowledge do not require vast and firm-

specific investments. They also highlight possible unintended consequences of changes in 

the employment protection legislation for firms’ innovative performance. Functional 

flexibility (training policies) and wage flexibility (second-level wage bargaining scheme) are 

neither substitutes nor complements to numerical flexibility, suggesting that firms use 

numerical, functional, and wage flexibility in different combinations. 
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1. Introduction 

This paper focuses on the relationship between labor flexibility and firms’ innovative performance. 

Firms’ ability to innovate is fundamental to boosting their success (Geroski, 1999; Delgado-Gomez 

and Ramirez-Aleson, 2004; Coad and Rao, 2008), and policymakers are interested in targeting and 

strengthening innovative firms to maintain the capacity of a country’s economy to grow in the long-

run (Dosi et al., 1990; Aghion and Howitt, 1992; Corrado et al., 2013). Moreover, in decades of 

repeated technological and demand shocks (such as the Great Recession and the recent COVID-19 

pandemic), innovation capabilities are fundamental to enhancing firms’ chances of survival and 

growth (Salgado et al., 2019; Hassan et al., 2020).  

In the last decades, increasing attention has been paid to the intangible factors that enhance 

firms’ innovation, such as the quality of human capital and how firms organize their workforce. The 

positive effect of the workforce quality on firms’ innovation is well-documented (Leiponen, 2005; 

OECD, 2011; Messinis and Ahmedb, 2013). Various authors suggest that also labor flexibility,1 

which favors an efficient reallocation of employees within and between firms, may enhance firms’ 

innovative ability (Atkinson, 1984; Hunter et al., 1993; Kalleberg, 2001; Cappelli and Neumark, 

2001, European Commission, 2005). Labor flexibility includes numerical flexibility (the possibility 

of adjusting the level of employment), functional flexibility (the possibility of reallocating 

employees across tasks), and wage flexibility (the possibility of adjusting wages). 

Previous studies provided robust evidence of the positive role of functional and wage flexibility 

for innovation (Grout, 1984; Michie and Sheehan, 2003; Haucap and Wey, 2004; Arvanitis, 2005; 

Zhou et al., 2011; Martínez-Sánchez et al. 2011; Wachsen and Blind, 2016). In contrast, the 

empirical evidence on the role of numerical flexibility is more mixed, documenting either positive 

or negative effects depending on the type of labor contracts, the kind of innovation, the industry, 

and the type of data considered (Michie and Sheehan, 2003; Arvanitis, 2005; Altuzarra and Serrano, 

2010; Martínez-Sánchez et al. 2011; Zhou et al. 2011; Wachsen and Blind, 2016; Kato and Zhou, 

2018).  

In this paper, we systematically investigate how different forms of numerical flexibility affect 

various types of innovation in various types of firms. This is a crucial question from a policy 

perspective because, on the one hand, it highlights whether different measures can be used to foster 

innovation in different types of firms, and, on the other hand, it calls attention to possible 

unintended consequences of labor market reforms for firms’ innovative performance. To this end, 

                                                      
1 In the management literature, labor flexibility is also referred to as human resource flexibility. See Milliman et al. 

(1991), Upton (1995), Martínez- Sanchez et al. (2011), among others.  
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we consider three tools through which numerical flexibility may be implemented: (i) the use of 

temporary employees, (ii) a reorganization of full-time and part-time positions, and (iii) the use of 

external workers, such as project-, freelance-, and agency workers. We investigate how each of 

these tools contributes to three different types of innovation: (i) new products, (ii) new processes, 

and (iii) the acquisition or filing of patents. We explore how these effects vary according to firms’ 

size, the technological intensity of the industry where firms operate, and firms’ adoption of other 

types of flexibility, particularly functional flexibility and wage flexibility.  

We carry out this analysis on Italian firm-level longitudinal data (Rilevazione Longitudinale 

Imprese e Lavoro, RIL, 2005-2018), representative of partnerships and limited liability companies 

of all size classes in the non-agricultural private sectors. The Italian context is particularly 

interesting for a systematic analysis of the relationship between numerical flexibility and innovation 

because of (i) the high proportion of micro and small firms, which received little attention in 

previous studies; (ii) the numerous reforms of the Italian labor law over the last two decades, which 

increased significantly the possibility of using numerical flexibility (see Section A.1, Online 

Appendix, for more details); iii) the poor innovative performance of Italian firms (Bugamelli et al. 

2012), which makes it crucial to identify how innovation determinants vary across firms.   

Our work contributes to the literature on human resource practices as intangible drivers of firms’ 

innovation in various ways. First, by considering various types of numerical flexibility, innovation, 

and firms, this paper provides systematic evidence on the heterogeneous effects of numerical 

flexibility. Second, by adopting a more robust econometric methodology than previous studies, we 

separately identify between-firm and within-firm effects and provide estimates that can be 

interpreted in causal terms. In particular, we find that ceteris paribus, the share of temporary 

employees has a positive and significant within-firm effect on product and process innovation in 

micro and small firms active in medium-low-tech manufacturing and less knowledge-intensive 

services, and a negative effect in medium and large firms operating in industries and services with 

high technological and knowledge intensity. No within-firm effects emerge for the proportion of 

project-, freelance- and agency workers and tenured part-time employment. Third, by examining the 

interaction between numerical, functional, and wage flexibility, we show that they are neither 

substitutes nor complements. 

The rest of this paper is organized as follows. Section 2 reviews the theoretical and empirical 

literature on numerical flexibility and innovation. Section 3 describes the data and the variables 

used for this work. Section 4 presents the econometric analysis, and Section 5 provides some 

concluding remarks and implications for policy and management. 
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2. Related literature  

2.1 Theoretical background  

Numerical flexibility refers to firms’ possibility to rapidly adjust their level of employment in 

response to technological or demand shocks (Wright and Snell, 1998). It may be pursued through 

various tools, such as (i) the use of temporary contracts (which are associated with short durations 

and moderate dismissal protection), (ii) a re-organization of the existing workforce (e.g., by taking 

advantage of part-time positions, overtime, or flexible monthly hours), and (iii) external workers, 

such as project-, freelance- and agency workers (whose labor relationships are generally faster to be 

opened or closed compared to tenured employees’ positions).2  

At the firm level, the tools through which numerical flexibility is implemented may affect firms’ 

innovative performance through three main channels: adjustment costs, changes in the firm’s 

knowledge, and other factors that affect firms’ productivity.  

First, the use of temporary or external workers reduces firms’ adjustment costs3 in case of 

technology or demand shocks,  allowing them to save more resources for investments and 

innovations (Martínez-Sánchez et al., 2011; Pierre and Scarpetta, 2013).  Moreover, since 

innovation is risky, the use of these types of labor contracts allows firms to adapt their workforce 

quickly and cheaply to the possible different returns to innovation, making the decision to invest in 

it more attractive (Saint-Paul, 2002; Bartelsman et al. 2008; Acharya et al., 2013; Adessi et al. 

2014). However, using these types of contracts may even raise firms’ costs when it leads to hiring 

more supervisors to monitor opportunistic behavior (Storm and Naastepad, 2007). This cost 

increase is likely to occur mainly in medium and large firms, with consequences discussed below.  

Second, in line with the resource-based view of the firm (Penrose, 1959; Peteraf, 1993), 

numerical flexibility may constitute easier access to knowledge not already available within the 

firm (Matusik and Hill, 1998; Nesheim, 2003; Martínez-Sánchez et al., 2020). Fixed-term and 

external workers may bring new knowledge and new practices (Kochan et al., 1994), allowing firms 

to overcome the conservative behavior of long-tenured employees (Ichniowski and Shaw, 1995). 

This inflow of ideas may be particularly important for small firms, which rely on the knowledge of 

a limited number of workers. In some cases, firms may intentionally hire temporary employees or 

external workers to produce or implement innovation (Bierly et al., 2009).  However, the use of 

fixed-term contracts and external workers may reduce incentives (or signal unwillingness) to invest 

                                                      
2 Borrowing from Blundell et al. (2013), we can interpret (ii) as the “intensive margin”, and (i) and (iii) as the 

“extensive margin” of firms’ labor demand. 
3 These costs are linked to the change in the level and/or the composition of labor due to shocks. Adjustment costs may 

well translate into output losses (Hamermesh and Pfann, 1996; Pieri, 2018) and, thus, into productivity/profitability 

losses.  
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in creating and acquiring firm-specific knowledge by both employers and employees (Becker, 1964; 

Thelen, 2004; Berton et al., 2016). It may also imply a higher rate of workers’ replacement, leading 

to a loss of firms’ knowledge stock and a weakening of the learning process of the firm (Shaw et al. 

2013).4 Whether using temporary and external workers leads to a gain or a loss of a firm’s 

knowledge depends on the incentives these workers have for contributing to the creation and 

acquisition of firm-specific knowledge. In small firms, temporary workers who contribute to 

improving the firm’s knowledge are more likely to increase their chances of obtaining a tenured 

position, given the strict personal relationships that characterize these firms. Hence, knowledge 

gains are more likely to overcome knowledge losses in small firms than in large firms. 

Finally, numerical flexibility may also foster innovation by increasing firms’ productivity in 

other ways. The use of both temporary contracts and part-time positions allows for a more effective 

reallocation of the firm’s workforce, which increases firms’ productivity (Hopenhayn and 

Rogerson, 1993; Gerali et al., 2021). Moreover, temporary workers may have an incentive to work 

harder to obtain tenured positions, especially in small firms where monitoring is easier. Along these 

lines, Ichino and Riphahn (2005) and Jacob (2010) show that lower employment protection, by 

reducing absenteeism, can increase productivity. However, if temporary and part-time employees 

perceive that the chances of obtaining tenured or full-time positions are meager, they may be less 

motivated, committed, and loyal to organizations (Michie and Sheehan, 2003; Posthuma et al., 

2005). This would lead to more opportunistic behavior, such as lower effort, hiding information 

about how to carry out their task more efficiently, and leakage of knowledge to competitors 

(Shapiro and Stiglitz, 1984; Akerlof and Yellen, 1990; Belot et al., 2007). Again, the strict personal 

relationships between employers and employees in small firms make these negative effects less 

likely to occur in these firms than in their medium-large counterparts.  

Overall, numerical flexibility may have both positive and negative effects on innovation, and 

establishing the net effect is ultimately an empirical question. However, we expect a positive net 

effect in micro and small firms and a negative net effect in medium and large firms for three main 

reasons. First, lower adjustment costs associated with temporary and external workers are less likely 

to be offset by higher monitoring costs in micro and small firms than in their larger counterparts. 

Second, ‘new’ knowledge from temporary or external workers is more relevant for micro and small 

firms, given the limited workforce on which their knowledge is based. Third, these workers have 

more incentives to share their knowledge and be committed and loyal to the firm in micro and small 

                                                      
4 This may be particularly severe if knowledge is embodied in the tacit skills of firms’ employees (Dosi and Grazzi, 

2006). 
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enterprises. Indeed, employers have better information on their workers’ effort in these firms, and 

workers have more chances to obtain a tenured position by increasing their effort.    

2.2 Empirical evidence  

The empirical evidence on the relationship between numerical flexibility and innovation is mixed. 

At the industry level, some studies found that stricter employment protection legislation (EPL) leads 

to significantly lower innovation intensity (Barbosa and Faria, 2011; Murphy et al., 2017). 

However, the most recent evidence on the role of numerical flexibility in prompting innovation is 

generally negative, especially in knowledge-intensive and high-tech sectors. Cetrulo et al. (2019) 

find a negative relationship between the share of temporary employment and innovation in five 

European countries (France, Germany, Italy, Spain, and the Netherlands) for knowledge-intensive 

industries where tacit and firm-specific knowledge are a fundamental source of innovation (Breschi 

et al. 2000). The relationship is either not significant or even positive for less knowledge-intensive 

industries. Reljic et al. (2021) essentially confirm the negative relationship between non-standard 

employment (temporary and part-time employees) and innovation, especially for high-tech sectors, 

in a similar group of industries and countries (France, Germany, Italy, the UK, and the 

Netherlands). 

The evidence at the firm level is even more mixed. The relationship between the share of 

temporary workers and product innovation has been estimated as positive (Arvanitis, 2005), 

negative (Martínez-Sanchez et al., 2019), and non-significant (Michie and Sheehan, 2003).  

Similarly, the relationship between this share of workers and process innovation has been found to 

be either negative (Michie and Sheehan, 2003) or non-significant (Arvanitis, 2005; Martínez-

Sanchez et al., 2019). These studies differ in terms of the country and type of firms considered. 

Arvanitis (2005) uses a cross-section of Swiss firms with at least 20 employees. Martínez-Sanchez 

et al. (2019) consider a cross-section of Spanish industrial firms with at least ten employees. Michie 

and Sheehan (2003) work with a cross-section of UK manufacturing and services firms with more 

than 50 employees. They also differ in other proxies for numerical flexibility included in the 

estimation. Both Arvanitis (2005) and Michie and Sheehan (2003) include the share of part-time 

workers, also with contrasting effects: non-significant in the first study and negative in the second 

one. Michie and Sheehan (2003) control for the share of casual/seasonal contracts, whose effect on 

process innovation is found to be negative. Finally, Martínez-Sanchez et al. (2019) consider the use 

of R&D external workers, which is positively associated with innovation.  

Kleinknecht et al. (2014) highlighted the importance of considering the technological intensity of 

a firm’s industry (as already underlined by industry-level studies). Using a cross-section of Dutch 
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firms, they find that the share of temporary employees (excluding agency workers) has no impact 

on innovation in industries characterized by an “entrepreneurial” model of innovation (which relies 

on generally available knowledge) and a negative effect in sectors characterized by a “routinized” 

model of innovation (which relies on firm-specific, tacit, accumulated knowledge). 

An important limitation of all these studies is that they are based on cross-sectional data, which 

may capture spurious correlations and produce biased coefficients. Interestingly, using longitudinal 

data on Japanese startups that operate in the manufacturing and software industries, Kato and Zhou 

(2018) find an inverted U-shaped relationship between the proportion of non-standard employees 

(the sum of part-time, temporary employees, and agency workers) and product innovation. An 

inverted U-shaped relationship between innovation (product or process) and the share of employees 

with fixed-term contracts is also found by Altuzarra and Serrano (2010) on an unbalanced panel of 

Spanish manufacturing firms in the period 2000-2002. Zhou et al. (2011), also using longitudinal 

data on Dutch firms with at least five employees, find that the share of temporary workers 

positively affects imitative (or ‘new to the firm’) product innovation. In contrast, the effect is 

negative for products ‘new to the market’. Finally, using Dutch longitudinal data, Wachsen and 

Blind (2016) show that the share of temporary employees and on-demand workers/contractors is 

harmful in industries with leading innovators and high entry barriers. In these industries, where 

innovation depends on accumulated knowledge, firms have incentives to keep loyal and committed 

workers, offering tenured job positions.  

For Italy, the empirical evidence on the relationship between numerical flexibility and innovation 

at the firm level is relatively scant. Using a cross-section of manufacturing firms (of all sizes), 

Addessi et al. (2014) show that both R&D and product innovation activities are positively related to 

the use of temporary employees and agency workers. In contrast, other studies based on 

longitudinal data document a negative relationship between numerical flexibility and innovation. 

Franceschi and Mariani (2016) find that the share of temporary employees negatively affects patent 

applications of manufacturing firms with more than 40 employees. Grinza and Quatraro (2019) find 

that excess turnover of workers is negatively associated with the number of patents filed by large 

firms (more than 250 employees). Their analysis is limited to the Veneto (NUTS 2) region and 

limited liability companies with at least 50 employees operating in four innovative industries 

(chemicals, metal-mechanics, electronics, and automotive).  

Overall, these contrasting findings suggest that the relationship between numerical flexibility and 

innovation may depend on the type of innovation and labor contracts considered, firm size, and the 

sector where firms operate. But some important gaps in this literature need to be addressed. First, 

various studies focus on single proxies of numerical flexibility (either temporary employees, part-
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time employees, or external workers) and/or single types of firms (medium-large, operating in 

specific sectors) or types of innovation (product, process, or patents). However, from a policy 

perspective, it is fundamental to examine systematically how different forms of numerical 

flexibility affect various types of innovation in various types of firms. Second, many studies do not 

separately identify between-firm and within-firm effects. This distinction is crucial to reconciling 

cross-sectional and longitudinal studies and accounting for the unobserved heterogeneity of firms 

and other sources of endogeneity. Third, the evidence on how numerical flexibility interacts with 

other types of flexibility (functional and wage flexibility) in influencing firms’ innovative 

performance is almost inexistent.5 Again, this is an important issue because firms may combine 

numerical, functional, and wage flexibility in different ways to improve their performances 

(European Commission, 2005). The following analysis aims to address these gaps. 

 

3. Data and descriptive analysis 

This work exploits firm-level longitudinal data from the Rilevazione Longitudinale Imprese e 

Lavoro (RIL), a mandatory survey conducted by the Istituto Nazionale per l’Analisi delle Politiche 

Pubbliche (INAPP) on a representative sample of Italian partnerships and limited liability 

companies of all size classes that operate in the private non-agricultural sectors. Five waves of the 

survey were conducted in 2005, 2007, 2010, 2015, and 2018.6 Various features of the RIL survey 

make it appropriate for this work. First, the very aim of this survey is to collect precise information 

on the characteristics of the labor demand by Italian firms (number of employees, type of 

occupation, type of labor contracts, etc.). This allows us to construct fine proxies for three 

dimensions of numerical flexibility, namely the share of temporary employees, the share of tenured 

part-time employees, and the proportion of project-, freelance- and agency workers. Second, RIL 

contains information on the firms’ introduction of new products and processes and other innovation 

metrics, such as patents. Moreover, being RIL a multiscope survey, we can control for a large set of 

firm characteristics.7 Information on the industry in which a firm is active (16 sectors of the Italian 

economy) and the region in which it is located (20 NUTS 2 regions) is also available.8 Third, by 

                                                      
5 Several works consider multiple types of flexibility in their empirical analyses (Michie and Sheehan, 2003; Martínez- 

Sanchez et al., 2011; Zhou et al. 2011; Wachsen and Blind, 2016; Voudouris et al. 2016; Ritter-Hayashi et al. 2020; 

Arrighetti et al., 2021a). However, as far as we know, only Arvanitis (2005) explore the joint (interaction) role of 

numerical and functional flexibility in firm innovation. Still, the sample of firms included in Arvanitis’ work (cross-

section of Swiss companies with at least 20 employees) is more limited than the one we exploit, in terms of both firm 

size scope and numerosity (see Section 3). 
6 See Section A.2.1 in the Online Appendix for additional information on the RIL survey and sample composition. For 

more details on RIL questionnaire, sample design and methodological issues, see: https://www.inapp.org/it/dati/ril. 
7 See Section A.2.2 in the Online Appendix for a description of the control variables used in the empirical analysis. 
8 See Tables A.1 and A.2 in the Online Appendix for the distribution of firms by industry and regions.  
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exploiting the panel component of RIL, we can control for potential correlation between firm 

unobserved heterogeneity and the explanatory variables and, thus, obtain more robust estimates of 

the relationship between innovation and numerical flexibility.9  

We selected active10 firms with at least one employee present in at least two consecutive waves, 

with non-missing information on all the relevant variables. We excluded firms that changed their 

NUTS 2 location in the period 2005-2018 and firms with shares of non-standard labor contracts 

above 95% of their workforce. Our final sample includes 23469 firms. Since questions on the firms’ 

innovative activity refer to the period t-2 to t, we lagged all other variables by one wave to 

minimize simultaneity issues, both in the descriptive and econometric analysis (Section 4).11  

Section A.2.2 and Table A.4 (Online Appendix) provide definitions and some descriptive 

statistics of the variables employed in the empirical analysis. Table 1 describes the main 

characteristics of firms, including their innovative performance, according to whether they use 

various types of non-standard employment. The first five rows of Table 1 show that the percentage 

of innovative firms is systematically (and significantly) higher in the group of firms that use non-

standard labor contracts than in the other group. This is true for the use of temporary employees 

(left block of the table), tenured part-time employees (center block), and project-, freelance- and 

agency workers (right block). 

[Insert Table 1 about here] 

Firms that use non-standard labor contracts are different from their counterparts in several other 

characteristics. In particular, firms using these contracts are larger and are more likely to invest in 

research and development (R&D), information and communication technologies (ICTs), and plants, 

machinery, and equipment. Moreover, they have higher shares of employees participating in 

training activities and of female employees, and are more likely to adopt a second-level wage 

bargaining scheme and host a union representation. Finally, firms using non-standard employment 

are more likely to be exporters and belong to a national or a foreign group than their counterparts. 

In the next section, we investigate whether the use of non-standard types of employment, 

measured as continuous variables, affects firms’ probability to innovate, ceteris paribus.   

                                                      
9 As underlined in Section 4.1, this is a fundamental difference with respect to previous empirical works on the same 

topic (Altuzarra and Serrano, 2010; Zhou et al., 2011; Franceschi and Mariani, 2016; Wachsen and Blind, 2016; Kato 

and Zhou, 2018; Hoxha and Kleinknecht, 2020). Section 4.1 illustrates how we cope with multiple sources of 

endogeneity.  
10 We excluded yearly observations for firms involved in extraordinary corporate transactions (i.e. liquidations, 

composition with creditors, extraordinary administration, bankruptcy, cessation of businesses). 
11 This procedure implies that innovation in t (tth wave of RIL) is explained by firm characteristics in t-1 (t-1th wave of 

RIL), where t = {2005, 2007, 2010, 2015, 2018}.   
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4. Econometric analysis 

4.1 Methodology 

The econometric analysis is based on the estimation of various types of models. 

As commonly done in this field of literature, we start by estimating some random-effects (RE) 

probit models (see, e.g., Zhou et al., 2011; Wachsen and Blind, 2016; Kato and Zhou, 2018). 

Although the estimates of the RE probit models cannot be interpreted as causal effects because of 

the endogeneity problems discussed below, they can be easily compared with those of previous 

studies. Additionally, RE probit models are not so demanding in terms of within-firm and over-time 

variability in the dependent and explanatory variables.  

RE models consider the probability of innovation as the observable outcome of a latent variable, 

the innovation intensity (𝐼𝑁𝑁𝑂𝑉𝑖𝑡
∗), which, in turn, depends on some proxies of numerical 

flexibility and controls. The model can be written as: 

𝐼𝑁𝑁𝑂𝑉𝑖𝑡 = {
1 𝑖𝑓 𝐼𝑁𝑁𝑂𝑉∗

𝑖𝑡 > 0 
0  𝑒𝑙𝑠𝑒

      (1) 

and 

𝐼𝑁𝑁𝑂𝑉∗
𝑖𝑡 = 𝛼 + 𝜷′𝐍𝐅𝐋𝐄𝐗𝐢𝐭−𝟏 + 𝛄′𝐗𝐢𝐭−𝟏 + 𝜏𝑡 + 𝛿𝑟 + 𝜃𝑗 + 𝜇𝑖 + 𝑢𝑖𝑡    (2) 

where 𝑖 (𝑓𝑖𝑟𝑚) = 1, … , 𝑁; 𝑡 (𝑤𝑎𝑣𝑒) = 2005, 2007, 2010, 2015, 2018. μi is a vector of random 

effects that captures firm-level unobserved heterogeneity, and it is assumed to be uncorrelated with 

the observed explanatory variables (Wooldridge, 2010).  

Proxies of numerical flexibility (𝐍𝐅𝐋𝐄𝐗𝐢𝐭−𝟏) include the share of temporary employees, the 

share of tenured part-time workers and the proportion of project-, freelance- and agency-workers, 

all lagged by one wave.  

The choice of firm controls (𝐗𝐢𝐭−𝟏), which we describe at length in Section A.2.2 (Online 

Appendix), is based on both the extant literature on the knowledge production function (Pakes and 

Griliches, 1980; Hausman et al, 1984; Ang, 2011; Bronzini and Piselli, 2016; Franco et al. 2016; 

Grinza and Quatraro, 2019) and some recent works on the adoption of non-standard employment 

contracts (Devicienti et al. 2018; Arrighetti et al., 2021b; Berton et al. 2021). Including a large 

vector of controls at the firm level, 𝐗𝐢𝐭−𝟏, minimizes the risk of endogeneity due to omitted variable 

bias. In all regressions, we include a vector of time dummies (𝜏𝑡) to control for any wave-specific 

shock, and vectors of fixed effects at the industry- and region/NUTS 2-level (𝜃𝑗  and 𝛿𝑟), to control 



11 

 

for time-invariant differences across industries and territories in both the innovation intensity and 

the use of numerical flexibility.12  

In Eq. (2), regressors may be correlated with firms’ random effects (𝜇𝑖), thereby creating an 

endogeneity problem. Hence, we also estimate some correlated random effects (CRE) probit 

models. These models specify μi as a function of within-firm time averages of the explanatory 

variables (Mundlak 1978):  

𝜇𝑖 = 𝛅′𝑵𝑭𝑳𝑬𝑿̅̅ ̅̅ ̅̅ ̅̅ ̅̅
𝒊 + 𝛝′�̅�𝐢 + 휀𝑖;     (3) 

where 휀𝑖 is independent of the covariates. The CRE model has a double advantage compared to the 

RE model. First, it minimizes the risk of endogeneity due to unobserved heterogeneity (Lin and 

Wooldridge, 2019). Second, it provides more information, because it estimates both the within-firm 

effects (�̂� and �̂� estimates in Eq. 2) and the between-firm effects (�̂� and �̂� estimates in Eq. 3; 

Mundlak, 1978; Schunck, 2013). The within-firm effects show the effect of increasing explanatory 

variables over their firm-specific time average, and are identified by the sole within-firm variability 

of the regressors (similar to the coefficients of a linear model with fixed-effects). For this reason, 

they get closer to causal effects than the estimates of the RE probit model. The between-firm effects 

show how the probability of innovation varies across firms with different average levels of the 

explanatory variables, and are based on the between-firm variability of the regressors. When 

between-firm effects are jointly statistically significant, random effects are correlated with the 

observed explanatory variables, suggesting that the RE models’ coefficients are biased.  

The discussion in Section 2 highlighted that the effect of numerical flexibility on innovation may 

depend on some firms’ structural characteristics (‘moderators’), particularly the industry 

technological intensity and firm size. Moreover, numerical flexibility may interact with other types 

of flexibility, such as wage and functional flexibility. Hence, we extend our baseline model by 

introducing interactions between the proxies of numerical flexibility and some dummy variables 

capturing these moderators.  We cannot carry out this analysis using CRE models because, given 

the relatively short time dimension of our dataset, moderators are mostly time-invariant during the 

observed period.13 Hence, we investigate the heterogeneous effects of numerical flexibility using 

RE models. More precisely, we add to Eq. (2) a dummy variable identifying the moderator under 

investigation (D) and its interactions with 𝐍𝐅𝐋𝐄𝐗𝐢𝐭−𝟏:  

                                                      
12 These differences are indeed significant, as shown in Table A.5 in the Online Appendix.  
13 By construction (2-digit NACE rev.2 industries are time-invariant; Table A.4 in the Online Appendix), no firms can 

shift from one group of industries to another, classified in terms of their technological intensity. The proportion of firms 

that shift from being micro-small to medium-large (or vice versa) is only 3.3%. 
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𝐼𝑁𝑁𝑂𝑉∗
𝑖𝑡 = 𝛼 + 𝛃′𝐍𝐅𝐋𝐄𝐗𝐢𝐭−𝟏 + 𝜋𝐷 + 𝛝′𝐷 ∙ 𝐍𝐅𝐋𝐄𝐗𝐢𝐭−𝟏 + 𝛄′𝐗𝐢𝐭−𝟏 + 𝜏𝑡 + 𝛿𝑟 + 𝜃𝑗 + 𝜇𝑖 + 𝑢𝑖𝑡.      (4) 

The final step of our analysis is to check whether estimates of the CRE model (Equations 2 and 

3) and of the extended RE model (Eq. 4) can be interpreted in causal terms, i.e. whether they are 

robust to various possible sources of endogeneity of numerical flexibility, such as measurement 

errors and reverse causality. Indeed, firms may anticipate the consequences of introducing some 

innovations and adjust their workforce accordingly by using more flexible labor contracts. Hence, 

following Lin and Wooldridge (2019), we combine the CRE model with an instrumental variables 

approach (IVCRE), and specify the reduced form of 𝐍𝐅𝐋𝐄𝐗𝐢𝐭−𝟏 as:  

𝐍𝐅𝐋𝐄𝐗𝐢𝐭−𝟏 = 𝛗 + 𝛒′𝐍𝐅𝐋𝐄𝐗̅̅ ̅̅ ̅̅ ̅̅ ̅
𝐢 + 𝛔′𝐙𝐢𝐭−𝟏 + 𝛏′�̅�𝑖 + 𝜔𝑖𝑡−1          (5) 

where the vector 𝐗𝐢𝐭−𝟏 in Eq. (2) (i.e., the included instruments) is a strict subset of 𝐙𝐢𝐭−𝟏 in Eq. (5) 

(all instruments). The parameters of Equations (2), (3) and (5) can be estimated jointly by using 

maximum likelihood estimation (Wooldridge, 2015). For the choice of the excluded instruments 

(i.e. the elements in 𝐙𝐢𝐭−𝟏 not included in 𝐗𝐢𝐭−𝟏), we rely on the strategy proposed by Devicienti et 

al. (2018) and Berton et al. (2021), and use the means of 𝐍𝐅𝐋𝐄𝐗𝐢𝐭−𝟏 at the industry, regional, year 

and firm-size level. These variables should work as valid instruments, as explained in Section A.4.2 

and shown in Tables A.8 and A.9 (Online Appendix).  

As discussed above, we cannot estimate CRE models with interactions on the entire sample. 

Hence, we use the results of the heterogeneity analysis in Eq. (4) to identify various subsamples of 

firms and estimate IVCRE models on each subsample separately. All estimations include cluster-

robust standard errors at the firm level to account for within-cluster correlation. 

 

4.2 Results (i): RE and CRE probit models 

Results of the RE probit models (Eq. 2) are shown in Table 2. Cols. (1)-(5) refer to the probability 

of introducing either a product or a process innovation, whereas cols. (6)-(8) refer to the probability 

of introducing a new product, a new process, or both a new product and a new process, respectively. 

Finally, col. (9) considers the probability of acquiring or filing patents. 

[Insert Table 2 about here] 

The first four models in Table 2 show that conditional on year, industry, and region fixed effects, 

the probability of innovation is positively associated with the share of temporary employees and 

with the proportion of project-, freelance- and agency workers, whereas it is negatively associated 

with the share of tenured part-time workers. However, when we include firms’ characteristics (col. 
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5), this latter effect disappears, while the positive association with the share of project-, freelance-, 

and agency workers remains sizeable and significant.14 The coefficient associated with the share of 

temporary contracts remains positive, although smaller and significant only at the 10% level.  

Most of the control variables have the expected sign. In particular, larger firms and firms that 

invested in R&D, ICTs, plants, machinery, and equipment are more likely to introduce new 

products or processes (Hall et al., 2009; Franco et al., 2016). The probability of innovation is higher 

in firms with larger shares of trained employees (Leiponen, 2005; Messinis and Ahmedb, 2013), 

while the shares of managers and middle managers and of female employees have no significant 

effects (Teruel and Segarra-Blasco, 2022). The use of a second-level wage bargaining scheme 

(linked to productivity) is positively related to the probability of introducing new products or 

processes (Haucap and Wey, 2004). Conversely, the presence of a formal union representation in 

the firm is negatively (and significantly) associated with the probability of innovation. Exporters 

show a higher probability of innovation (Bugamelli et al. 2012), while belonging to a group has no 

significant effects. 

     When we distinguish between different types of innovation (cols. 6-9, Table 2), the share of 

project-, freelance-and agency workers is positively associated with all the considered metrics of 

innovation. The share of temporary workers is positively related to the probability of introducing 

new products and processes, but it does not affect the probability of acquiring or filing patents. The 

share of tenured part-time workers is not statistically associated with any of the considered metrics 

of a firm’s innovative activity. 

These results suggest that innovation is a heterogeneous phenomenon whose various dimensions 

are related to numerical flexibility in different ways. Innovation that leads to patents (which 

characterizes mainly scale-intensive and science-based industries; Pavitt, 1984) appears positively 

associated with larger shares of project and freelance workers but not with larger shares of 

temporary and part-time employees. Indeed, this type of innovation is characterized by a high 

degree of novelty (Kato and Zhou, 2018), and it requires specific investments by the firm, as 

confirmed by the significant role of R&D investments and the share of managers in the firm. In this 

case, firms may benefit from collaboration with highly skilled external partners but not from other 

forms of numerical flexibility. In contrast, when we consider innovation in a ‘broader’ sense, as the 

introduction of new products or processes, both the shares of temporary employees and of project 

and freelance workers have positive effects. The share of part-time positions does not affect any 

                                                      
14 In the Online Appendix (Table A.6), we show the results when introducing controls in the empirical model in a 

hierarchical fashion.  
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type of innovation. This could suggest that the use of these contracts does not imply a more 

effective reallocation of the firm’s workforce (with the associated productivity gains) and/or that the 

lower motivation and commitment of part-time workers offset the potential benefits of the 

reallocation.  

To account for the possible correlation between the explanatory variables and the random effects 

and to distinguish within-firm and between-firm effects, Table 3 presents the estimates of some 

CRE models (cols. 2-6). For ease of comparison and interpretation, in col. (1) we report the 

estimates of the RE probit model (col. 5, Table 2).  

[Insert Table 3 about here] 

From the estimation of the CRE models, four results emerge. First, Mundlak’s terms effects in 

the lower part of Table 3 (i.e., the firm-specific time averages of the explanatory variables in Eq. 3, 

which capture between-firm effects) are jointly statistically significant as the Wald test at the 

bottom of Table 3 confirms. This means that the fundamental hypothesis on which the RE probit 

model is based (random effects uncorrelated with the observed explanatory variables) is not valid 

and that the time averages of the explanatory variables must be included in the model. Second, the 

effects of many control variables estimated in the RE models are actually between-firm effects. 

Indeed, given the short time dimension of the panel, almost all control variables are dummy 

variables that seldom change over time for a given firm. Third, the relationship between the various 

types of non-standard contracts and innovation estimated in the RE models are the result of 

different within-firm and between-firm effects. Firms with higher shares of temporary employees 

are less likely to innovate (between-firm effect, lower part of Table 3), but increasing this share for 

a given firm favors all types of innovation but patents (within-firm effect, upper part of Table 3). In 

contrast, firms with higher shares of project, freelance- and agency workers are more likely to 

introduce product innovation and patents (between-firm effect), whereas variations in this share do 

not affect each firm’s probability to innovate (within-firm effect). Finally, firms with higher shares 

of part-time employees are more likely to introduce process innovation (between-firm effect), but 

increasing this share for a given firm reduces this probability.  

These results deserve some explanations. Higher shares of temporary employees across firms 

may be associated with a ‘bad’ signal to workers, which leads to lower effort and commitment and 

less investment in firm-specific knowledge (offsetting the positive effects of lower adjustment costs 

and inflow of external knowledge; Posthuma et al. 2005; Berton et al. 2016). However, for a given 

firm, increasing the share of temporary employees implies having a more considerable inflow of 

outside knowledge and ideas (Nesheim, 2003; Martínez-Sánchez et al., 2020), or a reallocation of 
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the workforce, that more than compensate for the negative between-firm effect (indeed, the 

coefficient in the RE probit models which encompasses between- and within-firm effects is 

positive). Higher shares of project-, freelance-, and agency workers across firms identify those firms 

that systematically invest more in collaborations with external partners. Enduring collaborative 

relationships with external specialists is essential to ensure positive effects on innovation, while too 

frequent changes may have negative effects (Müller and Peters, 2010). Finally, higher shares of 

part-time employees may characterize firms that are generally more prone to internal reallocations 

of workers and, hence, more prone to introduce process innovation. However, for a given firm, part-

time positions may go hand in hand with a labor-saving strategy, which is the target of most process 

innovations. Hence, process innovations and the adoption of part-time positions may be substitutes 

rather than complements in the short run.  

In short, ceteris paribus, the within-firm effect of numerical flexibility on innovation is positive 

and significant when temporary employment intensity is considered, while statistically not 

significant when either tenured part-time employment or the proportion of project-, freelance- and 

agency workers are considered. 

To get a sense of the economic effect, we computed the average marginal effect of the share of 

temporary employment on product and process innovation and plotted them in Figure 1. Ceteris 

paribus, a ten percentage point increase in the share of temporary employees leads to about a one 

percentage point increase (0.85) in the probability of introducing either a product or a process 

innovation. This effect is somehow larger for product innovation (0.93) than for process innovation 

(0.63).   

[Insert Fig. 1 about here] 

4.3 Results (ii): The role of technological intensity, firm size, wage bargaining scheme, and training 

policy 

In the previous subsection, we found no within-firm effects of any proxy of numerical flexibility on 

firms’ patenting activity. Hence, from now on, we focus only on the probability of introducing 

either a product or a process innovation. Estimates of Eq. (4) for these two types of innovation are 

shown in Table 4. Cols. (1) and (2) investigate, respectively, the role of the industry technological 

intensity15 and firms’ size (50 or more employees vs. less than 50) as moderators in the relationship 

between numerical flexibility and innovation. 

                                                      
15 See Table A.4 (Online Appendix) for the aggregation of industries in terms of technological intensity. 
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[Insert Table 4 about here] 

As expected, firms that operate in sectors characterized by higher technological intensity are 

more likely to introduce either a product or a process innovation. However, for these firms, the 

shares of temporary employees and project-, freelance-, and agency workers have a much lower 

effect on innovation than for firms operating in medium-low tech manufacturing or less knowledge-

intensive services. Similarly, medium and large firms are more likely to introduce a new product or 

a new process than their counterparts, but again the interaction of this dummy with the share of 

temporary employment is negative. In contrast, the interaction with the proportion of project-, 

freelance-and agency workers is almost zero. In Fig. 2 (panel A), we show the average marginal 

effects of the two proxies of numerical flexibility on innovation for the groups of firms considered 

so far. Marginal effects are positive and significant for firms active in medium-low tech and less 

knowledge-intensive services, and for micro and small firms.  

[Insert Fig. 2 about here] 

We further investigate differences across these types of firms by considering the double 

interaction of the two proxies of numerical flexibility with the industry technological intensity and 

the size category of firms. Estimates are presented in Table A.7 (Online Appendix), while the 

marginal effects are plotted in Fig. 2 (panel B). These marginal effects are positive and significant 

for micro and small firms that operate in medium-low tech and less knowledge-intensive sectors, 

whereas they are negative and significant for medium and large firms that operate in industries 

characterized by higher technological intensity. No effects emerge for micro and small firms 

operating in high-tech sectors. In contrast, medium and large firms operating in low-tech sectors are 

more likely to innovate the higher the share of project-, freelance-, and agency workers. In the 

following subsection, we will check whether these results capture within-firm or between-firm 

effects and whether they can be interpreted in causal terms. 

In the last two columns of Table 4, we examine how numerical flexibility interacts with wage 

and functional flexibility. In col. (3), we consider whether firms employ a second-level wage 

bargaining scheme. This may be seen as a mechanism to implement (upward) wage flexibility. In 

col. (4), we consider whether firms organize training activities for their employees or not. This may 

be seen as a way to promote functional flexibility. A second-level wage bargaining scheme and on-

the-job training are positively associated with innovation. Still, they do not appear to interact with 

the use of temporary and external workers. In other words, functional flexibility and wage 

flexibility are positively related to innovation, but they appear neither substitutes nor complements 
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to numerical flexibility. Hence, our results suggest that firms do not adopt either ‘high road’ human 

resource practices (i.e., functional flexibility) or ‘low road’ practices (i.e., numerical flexibility; 

Kleinknecht et al., 2014; p. 1213). Rather, they use these practices in different combinations to 

boost their innovation performance (Atkinson, 1984; European Commission, 2005). 

4.4 Results (iii): Instrumental variable estimates and further robustness checks 

To check whether the heterogeneous effects presented in the previous section capture within-firm or 

between-firm effects (and whether they are robust to various sources of endogeneity, such as 

measurement errors and reverse causality), we estimated IVCRE models on different subsamples of 

firms. Results are shown in Table A.10 (Online Appendix). Only the share of temporary contracts 

retains significant within-firm effects. These effects are of opposite sign for micro-small firms in 

low-tech manufacturing and less knowledge-intensive services (positive, col. 2) and for medium-

large firms in high-tech manufacturing and knowledge-intensive services (negative, col. 5).  

We also conducted two further robustness checks. First, we included three additional controls in 

the CRE probit model by exploiting information available only in some waves of RIL: firm age, the 

share of employees with tertiary education, and the share of employees younger than 35 (Table 

A.11, Online Appendix). Second, we compared the marginal effects of the CRE probit model 

(Figure 1) with a linear probability model (LPM) with firm fixed effects (LPMFE; Table A.12, 

Online Appendix). Both these checks confirm our main results. 

Overall, results in Sections 4.2-4.4 help reconcile the findings of previous studies and derive 

important policy implications. The negative relationship between numerical flexibility and 

innovation in medium and large firms operating in industries and services with high technological 

and knowledge intensity is in line with previous works (Kleinknecht et al., 2014; Cetrulo et al., 

2019; Grinza and Quatraro, 2019; Reljic et al., 2021). In particular, temporary employment is 

harmful for firms’ innovation in industries whose technology or knowledge require vast and firm-

specific investments by both firms and workers, which short-term labor relationships do not favor. 

In contrast, the use of temporary employees is beneficial for innovation in micro-small firms 

operating in low-tech industries, which are structurally less likely to innovate. Our interpretation of 

this result is that these contracts help these firms reduce their adjustment costs and provide access to 

external knowledge. 

5. Concluding remarks and implications for policy and management 

This paper contributes to the literature on human resource practices as intangible drivers of firms’ 

innovation by analyzing how the numerical flexibility of a firm’s workforce affects its innovative 
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performance. In particular, we systematically investigate how different forms of numerical 

flexibility (the use of temporary, part-time, and external workers) affect various types of innovation 

(product, process, and patents) in various types of firms. We separately identify between-firm and 

within-firm effects and provide estimates that can be interpreted in causal terms. Moreover, we 

examine the interaction between numerical, functional, and wage flexibility. 

We find that ceteris paribus, the share of temporary employees has a positive and significant 

within-firm effect on product and process innovation in micro and small firms active in low-tech 

manufacturing and less knowledge-intensive services, and a negative effect in medium and large 

firms operating in industries and services with high technological and knowledge intensity. No 

within-firm effects emerge for the proportion of project-, freelance- and agency workers and 

tenured part-time employment. For innovation that leads to patents, we only find a positive 

between-firm effect of the proportion of project-, freelance-, and agency workers. 

These results suggest that managers and entrepreneurs may use numerical flexibility as an 

effective human resource practice to foster innovation if they operate in industries whose 

technology and knowledge do not require vast and firm-specific investments by both firms and 

workers. Indeed, short-term, less intensive, and occasional labor relationships do not favor these 

investments. In contrast, temporary employment may facilitate access to external knowledge and 

reduce adjustment costs in micro and small firms operating in low-tech sectors. Access to external 

knowledge is particularly important for these firms because they usually rely on a limited number of 

workers. Moreover, temporary workers have more incentives to share their knowledge within these 

firms. Indeed, employers have better information about their effort, and therefore, workers who 

contribute to the firm’s knowledge increase their chances of obtaining a tenured position.  

Policymakers may be worried about the documented adverse effects of non-standard labor 

contracts on job instability, insider-outsider division, and low human capital investments. However, 

our results highlight possible unintended consequences of changes in the employment protection 

legislation for firms’ innovative performance. In particular, reforms aiming at increasing workers’ 

employment protection would be beneficial also for innovation in medium-large firms operating in 

medium-high- and high-tech sectors. In contrast, for micro and small firms operating in less 

knowledge-intensive sectors, a more stringent employment protection legislation should be 

accompanied by other measures that help these firms access new knowledge and ideas or reduce 

their adjustment costs.   

These results are relevant for all economies that are relatively more populated by micro and 

small enterprises, more specialized in low-tech industries, and less knowledge-intensive services. In 
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Europe, Italy is undoubtedly a natural candidate, but also other southern European countries, such 

as Spain, Portugal, and Greece, may benefit from our findings. 

Another important result of our work is that functional flexibility and wage flexibility are 

positively related to innovation, but they are neither substitutes nor complements to numerical 

flexibility. This finding suggests that managers and entrepreneurs may use numerical, functional 

and wage flexibility in different combinations to boost innovation. Thus, policymakers should not 

expect to face two ‘ideal’ types of firms, with a clear separation between firms adopting only ‘high 

road’ human resource practices (functional flexibility), and firms using only ‘low road’ practices 

(numerical flexibility). Italian firms indeed implement a mix of different types of labor flexibility.     



20 

 

References 

Acharya, V. V., Baghai, R. P., Subramanian, K. V. 2013. Labor Laws and Innovation. The Journal 

of Law & Economics, 56 (4), 997-1037. https://doi.org/10.1086/674106  

Addessi, W., Saltari, E., Tilli, R. 2014. R&D, innovation activity, and the use of external numerical 

flexibility, Economic Modelling, 36 612–621. https://doi.org/10.1016/j.econmod.2013.04.026  

Aghion, P., Howitt, P. 1992. A Model of Growth through Creative Destruction, Econometrica, 60, 

323-351. https://doi.org/10.2307/2951599  

Akerlof, G. A., Yellen, J. L. 1990. The Fair Wage-Effort Hypothesis and Unemployment. The 

Quarterly Journal of Economics, 105, 255-283. https://doi.org/10.2307/2937787  

Altuzarra, A., Serrano, F. 2010. Firms’ innovation activity and numerical flexibility, ILR Review, 63 

(2), 327-339. https://doi.org/10.1177/001979391006300208  

Ang J. B. 2011. Financial development, liberalization and technological deepening? European 

Economic Review, 55 688–701 https://doi.org/10.1016/j.euroecorev.2010.09.004  

Arrighetti, A., Cattani, L., Landini, F., Lasagni, A. 2021a. Work flexibility and firm growth: 

evidence from LEED data on the Emilia-Romagna region, Industrial and Corporate Change, 30 

(6), 1516–1538. https://doi.org/10.1093/icc/dtab028  

Arrighetti, A., Bartoloni, E., Landini, F., Pollio, C. 2021b. Exuberant Proclivity toward Non-

Standard Employment: Evidence from Linked Employer–Employee Data, ILR Review, 

forthcoming, doi:10.1177/00197939211009515 

Arvanitis, S. 2005. Modes of labor flexibility at firm level: are there any implications for 

performance and innovation? Evidence for the Swiss economy, Industrial and Corporate 

Change, 14, 993–1016. https://doi.org/10.1093/icc/dth087  

Atkinson, J. 1984. “Manpower strategies for flexible organization”, Personnel Management, 

August 1984. 

Barbosa, N., Faria, A. P. 2011. Innovation across Europe: how important are institutional 

differences, Research Policy, 40, 1157–1169. https://doi.org/10.1016/j.respol.2011.05.017  

Bartelsman, E., Perotti, E., Scarpetta, S. 2008. Barriers to Exit, Experimentation and Comparative 

Advantage. Tech. Report, RICAFE2 Working Paper, London School of Economics.  

Becker, G. 1964. Human capital, New York, Columbia University Press.  

Berton, F., Devicienti, F. Pacelli, L. 2016. Human Capital Mix and Temporary Contracts: 

Implications for Productivity and Inequality, Politica Economica, 32 (1), 27-46. DOI: 

10.1429/83082  

Berton, F., Dughera, S., Ricci A. 2021. Are Unions Detrimental to Innovation? Theory and 

Evidence, IZA Discussion Paper no. 14102. http://dx.doi.org/10.2139/ssrn.3785066  

Belot, M., Boone, J., Van Ours, J. 2007. Welfare-Improving Employment Protection. Economica, 

74, 381-396. https://doi.org/10.1111/j.1468-0335.2006.00576.x  

Bierly, P. III, Damanpour, F., Santoro, M. 2009. The application of external knowledge: 

organizational conditions for exploration and exploitation, Journal of Management Studies, 46, 

481-509. https://doi.org/10.1111/j.1467-6486.2009.00829.x  

https://doi.org/10.1086/674106
https://doi.org/10.1016/j.econmod.2013.04.026
https://doi.org/10.2307/2951599
https://doi.org/10.2307/2937787
https://doi.org/10.1177/001979391006300208
https://doi.org/10.1016/j.euroecorev.2010.09.004
https://doi.org/10.1093/icc/dtab028
https://doi.org/10.1177/00197939211009515
https://doi.org/10.1093/icc/dth087
https://doi.org/10.1016/j.respol.2011.05.017
http://dx.doi.org/10.2139/ssrn.3785066
https://doi.org/10.1111/j.1468-0335.2006.00576.x
https://doi.org/10.1111/j.1467-6486.2009.00829.x


21 

 

Blundell, R., Bozo, A., Laroque, G. 2013. Extensive and Intensive Margins of Labour Supply: 

Work and Working Hours in the US, the UK and France, Fiscal Studies, 34 (1), 1-29. 

https://doi.org/10.1111/j.1475-5890.2013.00175.x  

Breschi, S., Malerba, F., Orsenigo, L.  2000. Technological Regimes and Schumpeterian Patterns of 

Innovation, The Economic Journal, 110 (463), 388-410. https://doi.org/10.1111/1468-

0297.00530  

Bronzini, R., Piselli, P. 2016. The impact of R&D subsidies on firm innovation. Research Policy, 

45 (2), 442-457. https://doi.org/10.1016/j.respol.2015.10.008  

Bugamelli, M., Cannari, L., Lotti, F., Magri, S. 2012. Il gap innovativo del sistema produttivo 

italiano: radici e possibili rimedi, Bank of Italy Occasional Papers, 121. 

Cappelli, P., Neumark, D. 2001. External job churning and internal job flexibility. NBER Working 

Papers No. 8111. DOI: 10.3386/w8111 

Cetrulo, A., Cirillo, V. Guarascio, D. 2019. Weaker jobs, weaker innovation. Exploring the effects 

of temporary employment on new products. Applied Economics, 51 (59), 6350-6375. 

https://doi.org/10.1080/00036846.2019.1619015  

Coad, A., Rao, R. 2008. Innovation and firm growth in high-tech sectors: A quantile regression 

approach, Research Policy, 37, 633-648 https://doi.org/10.1016/j.respol.2008.01.003  

Corrado, C., Haskel, J., Jona-Lasinio, C. and Iommi, M. 2013. Innovation and intangible investment 

in Europe, Japan, and the United States, Oxford Review of Economic Policy, 29, 261–286. 

https://doi.org/10.1093/oxrep/grt017  

Delgado-Gomez, J., Ramirez-Aleson, M. 2004. Intangible resources as a key factor in the 

internationalization of Spanish firms, Journal of Economic Behavior & Organization, 53, 477-

494. https://doi.org/10.1016/j.jebo.2002.11.001  

Devicienti, F. Naticchioni, P., Ricci A. 2018. Temporary employment, demand volatility and 

unions: Firm-level evidence. ILR Review, 71 (1), 174-207. 

https://doi.org/10.1177/0019793917697684  

Dosi, G., Grazzi, M. 2006. Technologies as problem-solving procedure and technologies as input-

output relations: some perspectives on the theory of production. Industrial and Corporate 

Change, 15 (1), 173-202. https://doi.org/10.1093/icc/dtj010  

Dosi, G., Pavitt, K., Soete, L. 1990. The Economics of Technical Change and International Trade. 

New York Univ. Press, New York. 

European Commission. 2005. Flexibility and competitiveness: labour market flexibility, innovation 

and organizational performance (FLEX-COM). Final report, PSE project – CT-2001-00093. EU 

research on social sciences and humanities. Luxembourg.  

Franceschi, F., Mariani, V. 2016. Flexible labor and innovation in the Italian industrial sector, 

Industrial and Corporate Change, 25 (4), 633–648. https://doi.org/10.1093/icc/dtv044  

Franco, C., Pieri, F., Venturini, F. (2016) Product market regulation and innovation efficiency. 

Journal of Productivity Analyisis 45, 299–315. https://doi.org/10.1007/s11123-015-0441-3  

Gerali, A., Guglielminetti, E., Liberati D. 2021. (In)Efficient separations, firing costs and temporary 

contracts, Temi di discussione - Working Papers Banca d’Italia, no. 1330. 

http://dx.doi.org/10.2139/ssrn.3852388  

https://doi.org/10.1111/j.1475-5890.2013.00175.x
https://doi.org/10.1111/1468-0297.00530
https://doi.org/10.1111/1468-0297.00530
https://doi.org/10.1016/j.respol.2015.10.008
https://doi.org/10.1080/00036846.2019.1619015
https://doi.org/10.1016/j.respol.2008.01.003
https://doi.org/10.1093/oxrep/grt017
https://doi.org/10.1016/j.jebo.2002.11.001
https://doi.org/10.1177/0019793917697684
https://doi.org/10.1093/icc/dtj010
https://doi.org/10.1093/icc/dtv044
https://doi.org/10.1007/s11123-015-0441-3
http://dx.doi.org/10.2139/ssrn.3852388


22 

 

Geroski, P. A. (1999) The growth of firms in theory and practice. CEPR Discussion Paper n. 2092. 

Grinza, E., Quatraro, F. 2019. Workers’ replacements and firms’ innovation dynamics: New 

evidence from Italian matched longitudinal data. Research Policy, 48 (9), 1-18. 

https://doi.org/10.1016/j.respol.2019.05.013  

Grout, P. A. 1984. Investment and wages in the absence of binding contracts: a Nash bargaining 

approach. Econometrica, 52, 449-460. https://doi.org/10.2307/1911498  

Hall, B.H., Lotti, F., Mairesse, J. 2009. Innovation and productivity in SMEs: empirical evidence for 

Italy, Small Business Economics, 33 (1), 13-33. https://doi.org/10.1007/s11187-009-9184-8  

Hamermesh D. S., Pfann G. A. 1996. Adjustment costs in factor demand, Journal of Economic 

Literature, 34 (3), 1264–1292. http://www.jstor.org/stable/2729502  

Hassan, T. A., Hollander, S., van Lent, L., Schwedeler, M., Tahoun, A. 2020. Firm-Level Exposure 

to Epidemic Diseases: COVID-19, SARS, and H1N1. NBER Working Papers, 26971. DOI: 

10.3386/w26971 

Haucap, J., Wey, C. 2004. Unionisation Structures and Innovation Incentives, The Economic 

Journal, 114 (494), C149–C165, https://doi.org/10.1111/j.0013-0133.2004.00203.x  

Hausman, J., Hall, B. H., Griliches, Z. 1984. Econometric models for count data with an application 

to the patents-R&D relationship. Econometrica, 52 (4), 909-938. 

https://doi.org/10.2307/1911191    

Hopenhayn, H., Rogerson, R. .1993. Job Turnover and Policy Evaluation: A General Equilibrium 

Analysis, The Journal of Political Economy, 101(5). https://doi.org/10.1086/261909  

Hoxha, S. Kleinknecht, A. 2020. When labour market rigidities are useful for innovation. Evidence 

from German IAB firm-level data, Research Policy, 49, 7, 104066. 

https://doi.org/10.1016/j.respol.2020.104066  

Hunter, L., McGregor, A., MacInnes, J., Sproull, A. 1993. The ‘flexible firm: strategy and 

segmentation. British Journal of Industrial Relations, 31 (3), 383- 407. 

https://doi.org/10.1111/j.1467-8543.1993.tb00404.x  

Ichino, A, Riphahan, R. T. 2005. The Effect of Employment Protection on Worker Effort: A 

Comparison of Absenteeism During and After Probation, Journal of the European Economic 

Association, 3(1). https://doi.org/10.1162/1542476053295296  

Ichniowski, C., Shaw, K. 1995. Old dogs and new tricks: determinants of the adoption of 

productivity-enhancing work practices, The Brookings Papers on Economic Activity: 

Microeconomics. 1995, 1–65. https://doi.org/10.2307/2534771  

Jacob, B. A. 2010. The Effect of Employment Protection on Worker Effort: Evidence from Public 

Schooling, NBER Working Papers, 15655. DOI: 10.3386/w15655 

Kalleberg, A., L. 2001. Organizing flexibility: the flexible firm in a new century, British Journal of 

Industrial Relations, 39 (4), 479-504. https://doi.org/10.1111/1467-8543.00211    

Kato, M., Zhou, H. 2018. Numerical labor flexibility and innovation outcomes of start-up firms: a 

panel data analysis, Technovation, 69 (1), 15-27. 

https://doi.org/10.1016/j.technovation.2017.10.002  

Kleinknecht, A., van Schaik, F. N,, Zhou, H. 2014. Is flexible labour good for innovation? Evidence 

from firm-level data. Cambridge Journal of Economics, 38, 1207-1219. 

https://doi.org/10.1093/cje/bet077   

https://doi.org/10.1016/j.respol.2019.05.013
https://doi.org/10.2307/1911498
https://doi.org/10.1007/s11187-009-9184-8
http://www.jstor.org/stable/2729502
https://doi.org/10.1111/j.0013-0133.2004.00203.x
https://doi.org/10.2307/1911191
https://doi.org/10.1086/261909
https://doi.org/10.1016/j.respol.2020.104066
https://doi.org/10.1111/j.1467-8543.1993.tb00404.x
https://doi.org/10.1162/1542476053295296
https://doi.org/10.2307/2534771
https://doi.org/10.1111/1467-8543.00211
https://doi.org/10.1016/j.technovation.2017.10.002
https://doi.org/10.1093/cje/bet077


23 

 

Kochan, T. A., Smith, M., Wells, J. C., Rebitzer, J. B. 1994. Human-resource strategies and 

contingent workers – the case of safety and health in the petrochemical industry, Human 

Resource Management, 33 (1), 55-77. https://doi.org/10.1002/hrm.3930330105  

Leiponen A. 2005. Skills and innovation, International Journal of Industrial Organization, 23, 303-

323. https://doi.org/10.1016/j.ijindorg.2005.03.005  

Lin, W., Wooldridge. J. M. 2019. Testing and Correcting for Endogeneity in Nonlinear Unobserved 

Effects Models. In Mike Tsionas (Ed.), Panel Data Econometrics: Theory (pp. 21-43). Academic 

Press. https://doi.org/10.1016/B978-0-12-814367-4.00002-2  

Martínez-Sánchez, A., Vela-Jimenez, M.-J., Pérez-Pérez, M., de Luis-Carnicer, P. 2011. The 

dynamics of labour flexibility: relationships between employment type and innovativeness, 

Journal of Management Studies, 48 (4), 715-736. https://doi.org/10.1111/j.1467-

6486.2010.00935.x  

Martínez-Sánchez, A., Vela-Jimenez, M.-J., Abella-Garces, S. 2019. Flexibility and innovation: 

moderator effects of cooperation and dynamism, Personnel Review, 48 (6), 1548-1564. 

https://doi.org/10.1108/PR-12-2017-0397  

Martínez-Sánchez, A., Vicente-Oliva, S., Pérez-Pérez, M. 2020. The relationship between R&D, the 

absorptive capacity of knowledge, human resource flexibility and innovation: Mediator effects 

on industrial firms, Journal of Business Research, 118, 431-440. 

https://doi.org/10.1016/j.jbusres.2020.07.014  

Matusik, S. F., Hill, C. W. L. 1998. The Utilization of Contingent Work, Knowledge Creation, and 

Competitive Advantage, The Academy of Management Review, 23 (4), 680-697. 

https://doi.org/10.2307/259057  

Messinis, G., Ahmedb, A. D. 2013. Cognitive skills, innovation and technology diffusion, 

Economic Modelling, 30, 565-578. https://doi.org/10.1016/j.econmod.2012.10.002  

Michie, J., Sheehan, M. 2003. Labour market deregulation, ‘flexibility’ and innovation, Cambridge 

Journal of Economics, 27, 123-143. https://doi.org/10.1093/cje/27.1.123  

Milliman, J., Von Glinov, M., Nathan, M. 1991. Organizational life cycles and strategic 

international human resource management in multinational companies: implications for 

congruence theory. Academy of Management Review, 16, 318-339. 

https://doi.org/10.5465/amr.1991.4278949  

Müller, K., Peters, B., 2010. Churning of R&D Personnel and Innovation, ZEW Discussion Paper 

No. 10-032. http://dx.doi.org/10.2139/ssrn.1622715  

Mundlak, Y. (1978) On Pooling of Time-Series and Cross-Section Data, Econometrica, 46(1), 69-

85. https://doi.org/10.2307/1913646  

Murphy, G., Siedschlag, I., McQuinn, J. 2017. Employment Protection and Industry Innovation, 

Industrial and Corporate Change, 26, 379-398. https://doi.org/10.1093/icc/dtw036   

Nesheim, T. 2003. Using External Work Arrangements in Core Value-creation Areas. European 

Management Journal, 21 (4), 528-537. https://doi.org/10.1016/S0263-2373(03)00075-6  

OECD. 2011. Skills for Innovation and Research, OECD Publishing, Paris, 

https://doi.org/10.1787/9789264097490-en  

Pakes, A. Griliches, Z. 1980. Patents and R&D at the firm level: a first report. Economics Letters, 5 

(4), 377-381. https://doi.org/10.1016/0165-1765(80)90136-6  

https://doi.org/10.1002/hrm.3930330105
https://doi.org/10.1016/j.ijindorg.2005.03.005
https://doi.org/10.1016/B978-0-12-814367-4.00002-2
https://doi.org/10.1111/j.1467-6486.2010.00935.x
https://doi.org/10.1111/j.1467-6486.2010.00935.x
https://doi.org/10.1108/PR-12-2017-0397
https://doi.org/10.1016/j.jbusres.2020.07.014
https://doi.org/10.2307/259057
https://doi.org/10.1016/j.econmod.2012.10.002
https://doi.org/10.1093/cje/27.1.123
https://doi.org/10.5465/amr.1991.4278949
http://dx.doi.org/10.2139/ssrn.1622715
https://doi.org/10.2307/1913646
https://doi.org/10.1093/icc/dtw036
https://doi.org/10.1016/S0263-2373(03)00075-6
https://doi.org/10.1787/9789264097490-en
https://doi.org/10.1016/0165-1765(80)90136-6


24 

 

Pavitt, K. 1984. Sectoral patterns of technical change: towards a taxonomy and a theory, Research 

Policy, 13: 343–373. https://doi.org/10.1016/0048-7333(84)90018-0  

Penrose, E. T. 1959. The theory of the growth of the firm. Oxford: Oxford University Press. 

Peteraf, M. A. 1993. The cornerstones of competitive advantage: A resource-based view. Strategic 

Management Journal, 14 (3), 179-191. https://doi.org/10.1002/smj.4250140303   

Pieri, F. 2018. Vertical organization of production and firm growth. Industrial and Corporate 

Change, 27(1), 83–106. https://doi.org/10.1093/icc/dtx019  

Pierre, G., Scarpetta, S. 2013. Do firms make greater use of training and temporary employment 

when labor adjustment costs are high? IZA Journal of Labor Policy, 2 (15), 1-17. 

https://doi.org/10.1186/2193-9004-2-15  

Posthuma, R., Campion, M., Vargas, A. 2005. Predicting counterproductive performance among 

temporary workers: a note. Industrial Relations, 44, 550-554. https://doi.org/10.1111/j.0019-

8676.2005.00400.x  

Reljic, J., Cetrulo, A., Cirillo, V., Coveri, A. 2021. Non-Standard Work and Innovation: Evidence 

from European industries, Economics of Innovation and New Technology, DOI: 

10.1080/10438599.2021.1893139   

Ritter-Hayashi D., Knoben, J., Vermeulen, P. A. M. 2020. Success belongs to the flexible firm: 

How labor flexibility can retain firm innovativeness in terms of downsizing, Long Range 

Planning, 53, 101914, 1-17. https://doi.org/10.1016/j.lrp.2019.101914    

Saint-Paul, G. 2002. Employment Protection, International Specialization, and Innovation, 

European Economic Review, 46, 375-395. https://doi.org/10.1016/S0014-2921(01)00093-9   

Salgado, S., Guvenen, F., Bloom, N. 2019. Skewed business cycles, NBER Working Papers, 26565. 

DOI: 10.3386/w26565  

Schunck, R. 2013. Within and between estimates in random-effects models: Advantages and 

drawbacks of correlated random effects and hybrid models, The Stata Journal, 13 (1), 65-76. 

https://doi.org/10.1177/1536867X1301300105  

Shapiro, C., Stiglitz, J. E. 1984. Equilibrium unemployment as a Worker Discipline Device. 

American Economic Review, 74, 433-444. https://www.jstor.org/stable/1804018  

Shaw, J. D., Park, T.-Y., Kim, E. 2013. A resource-based perspective on human capital losses, 

HRM investments, and organizational performance, Strategic Management Journal, 34, 572-

589. https://doi.org/10.1002/smj.2025  

Storm, S., Naastepad, C.W.M. 2007. Why Labour Market Regulation May Pay Off: Worker 

Motivation, Co-ordination and Productivity Growth. Tech. Report. Geneva: ILO.  

Teruel, M. Segarra-Blasco, A. 2022. Gender, occupational diversity of R&D teams and patents 

generation: an application to Spanish firms, R&D Management, 

https://doi.org/10.1111/radm.12496  

Thelen, K. 2004. How institutions evolve, Cambridge, Cambridge University Press.   

Upton, D. 1995. What really makes factories flexible? Harvard Business Review, 73, 74-84.  

Voudouris, I., Deligianni, L., Lioukas, S. 2017. Labor flexibility and innovation in new ventures, 

Industrial and Corporate Change, 26 (5), 931-951. https://doi.org/10.1093/icc/dtv019  

Wachsen, E., Blind, K., 2016. More labour market flexibility for more innovation? Evidence from 

employer–employee linked micro data. Research Policy 45 (5), 941–950. 

https://doi.org/10.1016/j.respol.2016.01.020  

https://doi.org/10.1016/0048-7333(84)90018-0
https://doi.org/10.1002/smj.4250140303
https://doi.org/10.1093/icc/dtx019
https://doi.org/10.1186/2193-9004-2-15
https://doi.org/10.1111/j.0019-8676.2005.00400.x
https://doi.org/10.1111/j.0019-8676.2005.00400.x
https://doi.org/10.1016/j.lrp.2019.101914
https://doi.org/10.1016/S0014-2921(01)00093-9
https://doi.org/10.1177/1536867X1301300105
https://www.jstor.org/stable/1804018
https://doi.org/10.1002/smj.2025
https://doi.org/10.1111/radm.12496
https://doi.org/10.1093/icc/dtv019
https://doi.org/10.1016/j.respol.2016.01.020


25 

 

Wooldridge, J. M. 2010. Econometric analysis of cross section and panel data. The MIT Press. 

Wooldridge, J. M. 2015. Control Function Methods in Applied Econometrics. Journal of Human 

Resources, 50 (2), 420-445. DOI: 10.3368/jhr.50.2.420  

Wright, P.M., Snell, S.A. 1998. Toward a unifying framework for exploring fit and flexibility in 

strategic human resource management, Academy of Management Review, 23, 756–772. DOI: 

10.2307/259061 

Zhou, H., Dekker, R., Kleinknecht, A. 2011. Flexible labor and innovation performance: evidence 

from longitudinal firm-level data, Industrial and Corporate Change, 20, 1–28. 

https://doi.org/10.1093/icc/dtr013 

https://doi.org/10.1093/icc/dtr013


26 

 

Tables and Figures 

 

Table 1 – Firms’ characteristics by the use of non-standard labor contracts 
  Using 

temporary 

employees  

(t-1) 

 Not using 

temporary 

employees  

(t-1) 

 Test of equality 

of proportions or 

means 

Using part-

time 

employees  

(t-1) 

 Not using 

part-time 

employees  

(t-1) 

 Test of equality 

of proportions or 

means 

Using project-, 

freelance-, 

agency-workers 

(t-1) 

 Not using project-, 

freelance-, 

agency-workers 

(t-1) 

 Test of equality 

of proportions or 

means 

 Unit of 

measure 

 Observations  Observations p-value  Observations  Observations p-value  Observations  Observations p-value 

Prod. or proc. innov. % of 

firms 
0.530 19526 0.409 17912 (0.000) 0.511 21335 0.421 16103 (0.000) 0.544 18444 0.402 18994 (0.000) 

Prod. innov. % of 

firms 
0.456 19526 0.345 17912 (0.000) 0.442 21335 0.351 16103 (0.000) 0.470 18444 0.337 18994 (0.000) 

Proc. innov. % of 
firms 

0.392 19526 0.286 17912 (0.000) 0.376 21335 0.295 16103 (0.000) 0.406 18444 0.279 18994 (0.000) 

Prod. & proc. innov. % of 

firms 
0.318 19526 0.222 17912 (0.000) 0.307 21335 0.225 16103 (0.000) 0.332 18444 0.214 18994 (0.000) 

Patents % of 
firms 

0.066 19621 0.029 17973 (0.000) 0.066 21433 0.026 16161 (0.000) 0.075 18529 0.023 19065 (0.000) 

Firm size = # 

Employees (t-1)  

Average 

value 
102.225 19621 19.892 17973 (0.000) 94.725 21433 20.607 16161 (0.000) 95.370 18529 31.270 19065 (0.000) 

Investments in R&D 

(t-1) 

% of 

firms 
0.165 19621 0.067 17973 (0.000) 0.157 21433 0.067 16161 (0.000) 0.189 18529 0.050 19065 (0.000) 

Investments in ICTs 

(t-1) 

% of 

firms 
0.328 19621 0.184 17973 (0.000) 0.313 21433 0.189 16161 (0.000) 0.363 18529 0.159 19065 (0.000) 

Investments in 

plants, mach. & eq. 

(t-1) 

% of 

firms 
0.449 19621 0.280 17973 (0.000) 0.409 21433 0.314 16161 (0.000) 0.457 18529 0.282 19065 (0.000) 

Share of trained 

employees (t-1) 

Average 

value (%) 
0.270 19101 0.219 17625 (0.000) 0.271 20904 0.211 15822 (0.000) 0.282 18010 0.210 18716 (0.000) 

Share of managers 

and middle 

managers (t-1) 

Average 

value (%) 
0.054 19611 0.053 17961 (0.282) 0.049 21418 0.060 16154 (0.000) 0.053 18516 0.054 19056 (0.528) 

Share of female 

employees (t-1) 

Average 

value (%) 
0.381 19580 0.358 17938 (0.000) 0.418 21373 0.307 16145 (0.000) 0.363 18481 0.378 19037 (0.000) 

Second-level wage 

barg. (t-1) 

% of 

firms 
0.121 19621 0.041 17973 (0.000) 0.118 21433 0.036 16161 (0.000) 0.135 18529 0.032 19065 (0.000) 

Union 

representation 

(RSA/RSU) (t-1) 

% of 

firms 
0.297 18829 0.126 16856 (0.000) 0.289 20516 0.118 15169 (0.000) 0.324 17777 0.110 17908 (0.000) 

Exporter (t-1) % of 

firms 
0.339 19621 0.226 17973 (0.000) 0.333 21433 0.222 16161 (0.000) 0.379 18529 0.193 19065 (0.000) 

National group (t-1) % of 
firms 

0.138 19621 0.067 17973 (0.000) 0.131 21433 0.068 16161 (0.000) 0.151 18529 0.059 19065 (0.000) 

Foreign group (t-1) % of 

firms 
0.143 19621 0.083 17973 (0.000) 0.116 21433 0.112 16161 (0.245) 0.127 18529 0.102 19065 (0.000) 

Independent (no 

group) firm (t-1) 

% of 
firms 

0.719 19621 0.850 17973 (0.000) 0.753 21433 0.819 16161 (0.000) 0.722 18529 0.839 19065 (0.000) 
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Table 2 - RE probit model estimates (Eq. 2) 
 (1) (2) (3) (4) (5) (6) (7) (8) (9) 

 (Prod. or  

proc. inn.,  
RE) 

(Prod. or  

proc. inn.,  
RE) 

(Prod. or  

proc. inn.,  
RE) 

(Prod. or  

proc. inn.,  
RE) 

(Prod. or  

proc. inn.,  
RE) 

(Prod. inn.,  

RE) 

(Proc. inn.,  

RE) 

(Prod. &  

proc. inn.,  
RE) 

(Patents,  

RE) 

Share of temporary employees (t-1) 0.215***   0.182*** 0.099* 0.112** 0.108* 0.126** -0.114 

 (0.052)   (0.056) (0.055) (0.056) (0.057) (0.059) (0.139) 
Share of (tenured) part-time employees (t-1)  -0.208***  -0.260*** -0.003 0.059 -0.027 0.047 -0.153 

  (0.053)  (0.057) (0.057) (0.059) (0.060) (0.063) (0.160) 

Prop. of project-, freelance-, agency-workers (t-1)   0.444*** 0.399*** 0.249*** 0.246*** 0.212*** 0.223*** 0.377*** 
   (0.045) (0.046) (0.046) (0.046) (0.046) (0.048) (0.095) 

Firm size = # Employees (log, +1) (t-1)      0.161*** 0.150*** 0.175*** 0.174*** 0.316*** 

     (0.010) (0.010) (0.010) (0.010) (0.022) 

Investments in R&D (t-1)     0.288*** 0.347*** 0.205*** 0.286*** 0.470*** 

     (0.031) (0.031) (0.030) (0.030) (0.049) 

Investments in ICTs (t-1)     0.080*** 0.079*** 0.048** 0.052** 0.026 
     (0.024) (0.024) (0.024) (0.025) (0.049) 

Investments in plants, mach. & eq. (t-1)     0.191*** 0.151*** 0.216*** 0.186*** -0.019 

     (0.021) (0.021) (0.021) (0.022) (0.044) 
Share of trained employees (t-1)     0.237*** 0.191*** 0.238*** 0.206*** -0.002 

     (0.025) (0.026) (0.025) (0.027) (0.056) 

Share of managers and middle managers (t-1)     0.072 0.185*** -0.091 0.045 0.805*** 
     (0.069) (0.070) (0.074) (0.076) (0.149) 

Share of female employees (t-1)     -0.027 -0.005 -0.044 -0.019 0.121 

     (0.037) (0.037) (0.039) (0.040) (0.089) 
Second-level wage barg. (t-1)     0.066* 0.093** 0.043 0.078** 0.107* 

     (0.038) (0.038) (0.037) (0.037) (0.061) 

Union representation (RSA/RSU) (t-1)     -0.125*** -0.132*** -0.106*** -0.119*** -0.140*** 
     (0.028) (0.029) (0.028) (0.029) (0.054) 

Exporter (t-1)     0.352*** 0.369*** 0.273*** 0.313*** 0.519*** 

     (0.023) (0.023) (0.023) (0.024) (0.047) 
National group (t-1)     -0.017 -0.021 -0.005 -0.013 0.002 

     (0.031) (0.031) (0.031) (0.032) (0.056) 

Foreign group (t-1)     0.014 -0.002 -0.010 -0.030 -0.032 
     (0.031) (0.031) (0.031) (0.032) (0.065) 

Constant -0.134* -0.133* -0.172** -0.171** -0.798*** -1.148*** -1.056*** -1.447*** -4.340*** 

 (0.072) (0.072) (0.074) (0.075) (0.076) (0.082) (0.075) (0.083) (0.246) 

Year FEs  Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Industry FEs  Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Region/NUTS2 FEs  Yes Yes Yes Yes Yes Yes Yes Yes Yes 

#Observations 42697 41976 39898 37438 34614 34614 34614 34614 34761 

#Firms 26925 26525 25630 24211 23469 23469 23469 23469 23553 

Log-likelihood -27085.35 -26701.03 -25279.49 -23737.93 -21169.93 -20819.24 -19480.77 -17862.19 -5046.95 

Prop. variance by the panel component 0.419 0.415 0.407 0.407 0.310 0.326 0.284 0.298 0.467 

Notes: All regressions include year-, industry- and region/NUTS2-fixed effects, where industries are defined in Table A.1 in the Online Appendix. Coefficients of year, industry, and region/NUTS2 dummies are not reported 

to save space. Full tables are available from authors upon request. Cluster (firm) - robust standard errors are reported in parentheses. Statistical significance at the 10%, 5%, and 1% levels is indicated by *,**, and ***, 

respectively. 
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Table 3 - CRE probit model estimates (Equations 2 and 3) 
 (1) (2) (3) (4) (5) (6) 
 (Prod. or  

proc. inn., RE) 

(Prod. or  

proc. inn., CRE) 

(Prod. inn., CRE) (Proc. inn., CRE) (Prod. &  

proc. inn., CRE) 

(Patents, CRE) 

Share of temporary employees (t-1) 0.099* 0.295*** 0.332*** 0.234** 0.283** -0.025 

 (0.055) (0.109) (0.110) (0.115) (0.121) (0.288) 

Share of (tenured) part-time employees (t-1) -0.003 -0.138 -0.033 -0.273** -0.171 0.148 

 (0.057) (0.129) (0.132) (0.134) (0.143) (0.361) 

Prop. of project-, freelance-, agency-workers (t-1) 0.249*** -0.033 -0.018 0.054 0.081 -0.110 

 (0.046) (0.083) (0.085) (0.084) (0.089) (0.180) 

Firm size = # Employees (log, +1) (t-1)  0.161*** 0.057 0.017 0.017 -0.029 0.168* 

 (0.010) (0.042) (0.043) (0.043) (0.045) (0.090) 

Investments in R&D (t-1) 0.288*** 0.016 0.055 0.021 0.065 -0.012 

 (0.031) (0.049) (0.048) (0.049) (0.050) (0.081) 

Investments in ICTs (t-1) 0.080*** -0.032 -0.021 -0.067* -0.057 -0.069 

 (0.024) (0.039) (0.039) (0.040) (0.041) (0.080) 
Investments in plants, mach. & eq. (t-1) 0.191*** -0.017 -0.008 -0.057 -0.057 -0.067 

 (0.021) (0.035) (0.035) (0.036) (0.037) (0.077) 

Share of trained employees (t-1) 0.237*** -0.098** -0.113** -0.036 -0.057 -0.111 

 (0.025) (0.043) (0.045) (0.044) (0.047) (0.099) 

Share of managers and middle managers (t-1) 0.072 0.143 0.199 -0.082 -0.026 1.203*** 

 (0.069) (0.141) (0.145) (0.156) (0.166) (0.360) 

Share of female employees (t-1) -0.027 -0.015 -0.084 0.183 0.116 0.178 

 (0.037) (0.106) (0.107) (0.113) (0.120) (0.264) 

Second-level wage barg. (t-1) 0.066* -0.008 0.104 -0.026 0.093 0.377*** 

 (0.038) (0.068) (0.066) (0.066) (0.067) (0.108) 

Union representation (RSA/RSU) (t-1) -0.125*** -0.123** -0.142** -0.059 -0.083 -0.270** 
 (0.028) (0.063) (0.062) (0.063) (0.066) (0.121) 

Exporter (t-1) 0.352*** 0.040 0.042 -0.015 -0.014 -0.218** 

 (0.023) (0.052) (0.051) (0.052) (0.053) (0.107) 

National group (t-1) -0.017 0.034 0.069 -0.013 0.021 0.003 

 (0.031) (0.062) (0.062) (0.062) (0.064) (0.115) 

Foreign group (t-1) 0.014 0.144*** 0.128** 0.129** 0.123** 0.023 

 (0.031) (0.051) (0.051) (0.051) (0.053) (0.112) 

Share of temporary employees (t-1, id mean)  -0.254** -0.282** -0.153 -0.186 -0.117 

  (0.127) (0.129) (0.134) (0.141) (0.332) 

Share of (tenured) part-time employees (t-1, id mean)  0.178 0.124 0.312** 0.280* -0.347 

  (0.144) (0.147) (0.149) (0.159) (0.402) 

Prop. of project-, freelance-, agency-workers (t-1, id mean)  0.373*** 0.348*** 0.189* 0.165 0.662*** 
  (0.099) (0.101) (0.100) (0.106) (0.215) 

Firm size = # Employees (log, +1)  (t-1, id mean)  0.077* 0.110** 0.135*** 0.185*** 0.129 

  (0.044) (0.044) (0.044) (0.046) (0.093) 

Investments in R&D (t-1, id mean)  0.428*** 0.466*** 0.282*** 0.344*** 0.809*** 

  (0.063) (0.063) (0.063) (0.064) (0.105) 

Investments in ICTs (t-1, id mean)  0.164*** 0.147*** 0.170*** 0.161*** 0.131 

  (0.050) (0.050) (0.050) (0.052) (0.105) 

Investments in plants, mach. & eq. (t-1, id mean)  0.331*** 0.254*** 0.433*** 0.387*** 0.089 

  (0.044) (0.044) (0.045) (0.047) (0.099) 

Share of trained employees  (t-1, id mean)  0.494*** 0.451*** 0.400*** 0.384*** 0.167 

  (0.053) (0.054) (0.054) (0.057) (0.117) 
Share of managers and middle managers  (t-1, id mean)  -0.075 0.009 0.004 0.127 -0.483 

  (0.162) (0.167) (0.178) (0.189) (0.413) 

Share of female employees  (t-1, id mean)  0.002 0.104 -0.243** -0.140 -0.057 

  (0.113) (0.114) (0.120) (0.127) (0.278) 

Second-level wage barg. (t-1, id mean)  0.084 -0.044 0.077 -0.048 -0.431*** 

  (0.082) (0.081) (0.080) (0.081) (0.133) 

Union representation (RSA/RSU) (t-1, id mean)  -0.027 -0.006 -0.086 -0.069 0.148 

  (0.070) (0.070) (0.070) (0.074) (0.135) 

Exporter (t-1, id mean)  0.383*** 0.402*** 0.352*** 0.399*** 0.938*** 

  (0.058) (0.058) (0.058) (0.059) (0.122) 

National group (t-1, id mean)  -0.086 -0.138* -0.006 -0.065 -0.019 
  (0.072) (0.072) (0.072) (0.074) (0.135) 

Foreign group (t-1, id mean)  -0.204*** -0.205*** -0.219*** -0.240*** -0.097 

  (0.060) (0.060) (0.061) (0.063) (0.131) 

Constant -0.798*** -0.847*** -1.196*** -1.125*** -1.523*** -4.542*** 

 (0.076) (0.078) (0.084) (0.077) (0.086) (0.270) 

Year FEs  Yes Yes Yes Yes Yes Yes 

Industry FEs  Yes Yes Yes Yes Yes Yes 

Region/NUTS2 FEs  Yes Yes Yes Yes Yes Yes 

#Observations 34614 34614 34614 34614 34614 34761 

#Firms 23469 23469 23469 23469 23469 23553 

Log-likelihood -21169.93 -20958.8 -20632.53 -19273.33 -17669.85 -4940.134 

Prop. variance by the panel component 0.310 0.323 0.338 0.299 0.313 0.509 

Wald test; H0: Mundlak’s terms jointly = 0 (p-value)  0.000 0.000 0.000 0.000 0.000 

Notes: For ease of comparison and interpretation, col (1) reports the estimates of the RE probit model (col. 5, Table 2). All regressions include year-, industry- and region/NUTS2-fixed effects, where industries are defined in Table A.1 in the Online Appendix. Coefficients of year, industry, and 

region/NUTS2 dummies are not reported to save space. Full tables are available from authors upon request. Cluster (firm) - robust standard errors are reported in parentheses. Statistical significance at the 10%, 5%, and 1% levels is indicated by *,**, and ***, respectively.
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Table 4 - Extended RE probit model estimates (Eq. 4); selected coefficients 
 (1) (2) (3) (4) 

 (Prod. or proc. 

inn., RE) 

(Prod. or proc. 

inn., RE) 

(Prod. or proc. 

inn., RE) 

(Prod. or proc. 

inn., RE) 

Share of temporary employees (t-1) 0.143* 0.188*** 0.090 0.115* 

 (0.075) (0.058) (0.056) (0.067) 

Share of (tenured) part-time employees (t-1) -0.106 0.051 0.011 -0.041 

 (0.075) (0.060) (0.058) (0.068) 

Prop. of project-, freelance-, agency-workers (t-1) 0.340*** 0.259*** 0.250*** 0.210*** 

 (0.067) (0.048) (0.047) (0.059) 

Medium-high-, High-tech manuf., Knowledge-intensive serv. (t-1)=1 0.236***    

 (0.035)    

Medium-high-, High-tech manuf., Knowledge-intensive serv. (t-1)=1 # Share of temporary employees (t-1) -0.210    

 (0.141)    

Medium-high-, High-tech manuf., Knowledge-intensive serv. (t-1)=1 # Share of (tenured) part-time employees (t-1) 0.079    

 (0.122)    

Medium-high-, High-tech manuf., Knowledge-intensive serv. (t-1)=1 # Prop. of project-, freelance-, agency-workers (t-1) -0.249**    

 (0.109)    

Medium-large firms [50:.) (t-1)=1  0.339***   

  (0.041)   

Medium-large firms [50:.) (t-1)=1 # Share of temporary employees (t-1)  -0.321**   

  (0.154)   

Medium-large firms [50:.) (t-1)=1 # Share of (tenured) part-time employees (t-1)  -0.426***   

  (0.151)   

Medium-large firms [50:.) (t-1)=1 # Prop. of project-, freelance-, agency-workers (t-1)  -0.029   

  (0.143)   

Second-level wage barg. (t-1)=1   0.097*  

   (0.054)  

Second-level wage barg. (t-1)=1 # Share of temporary employees (t-1)   0.230  

   (0.286)  

Second-level wage barg. (t-1)=1 # Share of (tenured) part-time employees (t-1)   -0.757**  

   (0.352)  

Second-level wage barg. (t-1)=1 # Prop. of project-, freelance-, agency-workers (t-1)   -0.001  

   (0.181)  

Training activities (t-1)=1    0.171*** 

    (0.027) 

Training activities (t-1)=1 # Share of temporary employees (t-1)    -0.072 

    (0.106) 

Training activities (t-1)=1 # Share of (tenured) part-time employees (t-1)    0.072 

    (0.103) 

Training activities (t-1)=1 # Prop. of project-, freelance-, agency-workers (t-1)    0.073 

    (0.089) 

Constant -0.365*** -0.479*** -0.802*** -0.777*** 

 (0.056) (0.073) (0.076) (0.075) 

Firm controls (Xit-1) Yes Yes Yes Yes 

Year FEs  Yes Yes Yes Yes 

Industry FEs  No Yes Yes Yes 

Region/NUTS2 FEs  Yes Yes Yes Yes 

#Observations 25973 34614 34614 35447 

#Firms 16749 23469 23469 23853 

Log-likelihood -16046.41 -21263.53 -21167.19 -21675.31 

Prop. variance by the panel component 0.328 0.307 0.310 0.310 

Notes: All regressions include firm controls (Xit-1) and year-, industry- and region/NUTS2-fixed effects, where industries are defined in Table A.1 in the Online Appendix. Coefficients of the control variables, year, industry, 

and region/NUTS2 dummies are not reported to save space. Full tables are available from authors upon request. Cluster (firm) - robust standard errors are reported in parentheses. Statistical significance at the 10%, 5%, and 
1% levels is indicated by *,**, and ***, respectively.
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Figures 

 

Fig. 1 – Average marginal effect of the share of temporary employees on different proxies of firm 

innovation 
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Fig. 2 – Average marginal effects of temporary employees and external workers on innovation in different types of firms 
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Labor flexibility and innovation: the importance of firms’ heterogeneity 

Supplementary material - Online Appendix 

 

A.1 Institutional background 

In 2005, the Italian Labor Law was the result of three major reforms that introduced and 

regulated the use of non-standard labor contracts,16 making it easier for firms to use these contracts. 

Indeed, firms could sign fixed-term contracts (Contratto a tempo determinato) in case of 

productive, organizational or technical reasons, as long as they respected the maximum duration of 

36 months and the quantitative limits identified by the centralized collective bargaining agreements 

(CCBAs, Contratti collettivi nazionali di lavoro).17 At the same time, firms adopting part-time work 

could enjoy a specific tax relief. Finally, firms could also use a variety of other non-standard labor 

contracts, such as project-workers arrangement (co.co.pro), job on call (Lavoro intermittente, 

Lavoro a chiamata), job sharing (Contratto di lavoro ripartito), placement contracts (Contratto di 

inserimento), and agency-workers (Lavoro interinale).18  

This system of non-standard labor contracts remained almost unchanged until the introduction of 

the Law 92/2012 (the ‘Fornero reform’). The use of non-standard employment was made more 

difficult, by higher costs and a more complex procedure to set them up. In addition, some 

typologies of contracts (i.e. placement contracts) were abrogated. Apprenticeship (Contratto di 

apprendistato) was amended, by putting on employers a new obligation to hire half of the 

apprentices active in the firm. However, this reform facilitated the use of fixed-term contracts 

shorter than 12 months, by not requiring the existence of productive, organizational or technical 

reasons to set them up (i.e., the ‘a causality’ principle; Consiglio and Moschera, 2016). A 

subsequent Law Decree (76/2013) provided new fiscal incentives to hire young people through 

tenured contracts and, at the same time, it enlarged the application of the ‘a causality’ principle 

beyond the 12-month limit.  

                                                      
16 These interventions were: (i) the ‘Treu package’, made up by the Law 196/1997 and the Legislative Decrees 

280/1997 and 468/1997; (ii) the Legislative Decree 368/2001; (iii) the ‘Biagi reform’, which corresponds to the 

Legislative Decree 276/2003. According to ILO (2016), non-standard labor contracts can be grouped into four classes: 

(i) temporary employment (which includes, among others, fixed-term contracts and apprenticeships); (ii) part-time 

work; (iii) temporary agency work and other forms of employment involving multiple parties (usually three: the agency, 

the user –a firm-- and the administered employee); (iv) disguised employment relationship and self-employment. The 

Italian regulation includes categories (i), (ii) and (iii) into the broad set of non-standard labor contracts, while 

considering (iv) self-employment as a stand-alone class. 
17 Exceptions were: (i) the launch of a new business, within the periods defined by the CCBAs; (ii) seasonal activities; 

(iii) positive demand dynamics in specific periods of the year. 
18 CCBAs also identify the quantitative limitations for temporary-agency workers. 
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In 2014, the regulation of labor contracts changed once more with the ‘Jobs Act’ (the Legislative 

Decree 81/2015). Fixed-term contracts were further liberalized (no indication of any motivation for 

the entire duration of the contract),19 whereas rules for part-time work changed in terms of: (i) the 

limits to increase hours of work; (ii) the opportunity to ask for part-time schedule in the presence of 

specific events. Moreover, the list of non-standard labor contracts was re-organized. Project-

workers and job sharing (Contratto di lavoro ripartito) were abrogated, and quantitative limits were 

set for job-on-call contracts. Additionally, the ‘Jobs Act’ introduced substantial novelties in terms 

of employment protection. For unfair dismissals due to economic reasons (motivo oggettivo), 

workers have the right to receive a monetary compensation instead of a job reinstatement.20 The 

monetary compensation is proportional to tenure (tutele crescenti). The ‘Jobs Act’ also established 

the opportunity to set up an extrajudicial proceeding to disfavor workers’ appeals to court against 

dismissals. Finally, the Stability Law in 2015 granted a generous tax relief to all employers who 

hired through permanent contracts in 2015.21   

Overall, the regulation regarding the use of non-standard labor contracts remained substantially 

unchanged in the period considered in our analysis (i.e., 2005-2018). Only the last two waves of the 

RIL survey (2015, 2018) may be affected by the changes introduced by the ‘Jobs Act’ and the 

‘Stability Law’. We include a vector of year- fixed effects to normalize the intensity in the use of 

non-standard labor contracts across years. This strategy controls for any wave-specific shock in the 

use of both these contracts and innovation.     

  

                                                      
19 The article 23 established a maximum share of temporary employees equal to 20% of permanent workers, but with 

exceptions that refer to (i) firms up to five employees; (ii) the launch of new activities; (iii) innovative start-ups; (iv) 

seasonal activities. 
20 The monetary compensation is limited to those workers who have been hired after the enforcement of the ‘Jobs Act’. 
21 The Legislative Decree 87/2018 (‘Decreto Dignità’) placed a limitation in the use of non-standard labor contracts and 

changed again the regulatory framework. 
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A.2 The RIL survey and descriptive statistics 

A.2.1 The RIL survey 

This work exploits data from the Rilevazione Longitudinale Imprese e Lavoro (RIL), a mandatory 

survey conducted by the Istituto Nazionale per l’Analisi delle Politiche Pubbliche (INAPP).22 The 

RIL survey is carried out on a representative sample of Italian partnerships and limited liability 

companies of all size classes that operate in the non-agricultural private sectors. The sample is 

stratified by firm size, industry, geographical area and the legal form of firms. Inclusion (probability 

of extraction) is proportional to firm size (measured by the total number of employees). The 

reference population is provided by the Italian Statistical Institute (ISTAT) in the Registro statistico 

delle imprese attive (ASIA) database.  

INAPP conducted five waves of the survey in 2005, 2007, 2010, 2015 and 2018, interviewing 

altogether 74843 partnerships and limited liability companies. Each wave covers from about 21000 

to 30000 firms. A sub-sample of 33550 firms (45% of the firms) is observed in at least two waves. 

After the data cleaning steps detailed in Section 3 of the main text of the paper, our final sample 

includes 23469 firms. 

In RIL, the taxonomy of industries is based on the NACE rev. 1.1 (waves 2005 and 2007) and 

NACE rev. 2 (waves from 2010 onwards) statistical classifications of economic activities for 

Europe. Using the conversion matrix proposed by Perani and Cirillo (2015), 2-digit industry codes 

in the third, fourth and fifth wave of RIL have been converted into NACE Rev. 1.1 and then 

aggregated into a consistent taxonomy of 16 sectors. Table A.1 describes the distribution of firms 

across these sectors. Geographical location of firms is available at the NUTS 2 level:23 Table A.2 

presents the distribution of firms across Italian regions.    

  

                                                      
22 INAPP is part of the Italian National Statistical System (SISTAN). RIL has been recently used in a number of 

scientific papers such as Pompei et al. (2019); Berton et al. (2021); Dosi et al. (2021). For more details on RIL 

questionnaire, sample design and methodological issues, see: https://www.inapp.org/it/dati/ril. 
23 In Italy, the NUTS 2 degree of aggregation corresponds to regions. More information on the classification can be 

retrieved from: https://ec.europa.eu/eurostat/web/nuts/background.  

https://ec.europa.eu/eurostat/web/nuts/background
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Table A. 1- RIL database; distribution of firms by industry 

 
RIL database - number 

of firms 
% 

Our sample - number 
of firms 

% 

Mining and quarrying 1110 1,51 496 2,11 

Manufacture of Food; beverages; tobacco 4133 5,63 1491 6,35 

Manufacture of Textile and wearing; 

Wood; Paper and reproduction 
5260 7,16 1989 8,48 

Manufacture of Coke; Chemicals; Metals 5971 8,13 2548 10,86 

Manufacture of Machinery and equipment 5477 7,46 2038 8,68 

Other manufacturing 3174 4,32 1336 5,69 

Supply and distribution of electricity, gas, 

steam 
2370 3,23 630 2,68 

Construction 9796 13,34 2804 11,95 

Wholesale and retail trade 9294 12,66 2658 11,33 

Accommodation and food service 5013 6,83 1187 5,06 

Transport and telecommunication 4070 5,54 1440 6,14 

Financial and insurance 3083 4,20 809 3,45 

Other business services 7763 10,57 2027 8,64 

Education 1533 2,09 349 1,49 

Health and social work 2630 3,58 892 3,80 

Other services 2758 3,76 775 3,30 

# Firms (Total) 73435 100 23469 100 

Notes: Cols. (2) and (3) refer to all firms contained in the RIL database, excluding firms that declared not being active and firms that changed their 
location (NUTS 2 region) across waves. Cols. (4) and (5) refer to the final sample (i.e. the sample in columns 1 and 2, Table 3 in the main text of the 

paper).  

Table A. 2- RIL database; distribution of firms by NUTS 2 regions 

 RIL database - number 

of firms 

% Our sample - number 

of firms 

% 

Piemonte 4783 6,51 1724 7,35 

Valle d'Aosta 1331 1,81 347 1,48 

Lombardia 10887 14,83 4128 17,59 

Trentino Alto-Adige 2923 3,98 840 3,58 

Veneto 6163 8,39 2343 9,98 

Friuli V.G. 2926 3,98 982 4,18 

Liguria 2959 4,03 821 3,50 

Emilia Romagna 5515 7,51 2012 8,57 

Toscana 5234 7,13 1752 7,47 

Umbria 2445 3,33 718 3,06 

Marche 3138 4,27 1020 4,35 

Lazio 4668 6,36 1262 5,38 

Abruzzo 2642 3,60 705 3,00 

Molise 1528 2,08 389 1,66 

Campania 3786 5,16 1079 4,60 

Puglia 3057 4,16 860 3,66 

Basilicata 1965 2,68 575 2,45 

Calabria 2110 2,87 511 2,18 

Sicilia 2989 4,07 740 3,15 

Sardegna 2386 3,25 661 2,82 

# Firms (Total) 73435 100 23469 100 
Notes: Cols. (2) and (3) refer to all firms contained in the RIL database, excluding firms that declared not being active and firms that changed their 
location (NUTS 2 region) across waves. Cols. (4) and (5) refer to the final sample (i.e. the sample in columns 1 and 2, Table 3 in the main text of the 

paper).  
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A.2.2 Definition of variables and descriptive statistics 

The control variables used in the empirical analysis are defined as follows. Firm size is proxied by 

the total number of employees. Three dummy variables indicate, respectively, whether the firm has 

invested in research and development (R&D), in information and communication technologies 

(ICTs) and in plants, machinery and equipment in the year before the interview. In terms of 

workforce composition, we consider the share of employees who participated in training activities, 

the share of managers and middle managers, and the share of female employees.  We also 

constructed two indicators of industrial relations: (i) the use of a second-level wage bargaining 

scheme (linked to productivity) in addition to the one defined by the CCBAs, and (ii) the presence 

of workers’ union representations. Finally, we constructed some dummy variables indicating 

whether firms are exporters and whether they belong to a national group or a foreign group.  

Table A. 3 summarizes these definitions and provides some descriptive statistics of these 

variables in the RIL sample. About half of firms (47.5%) introduced at least one product or one 

process innovation in the 3 years before the interview (40% at least one product, 34% at least one 

process, 26% both types of innovation). Only 4.6% of firms filed or purchased a patent (in line with 

the evidence provided by Lotti and Marin, 2013; Succurro and Costanzo, 2019; among others).  

The average shares of temporary and tenured part-time employees are about 12% and 16%, 

respectively. About 80% of firms show a share of temporary employees lower than 20%, which is 

reasonable given the current legal limits (Section A.1). The average proportion of project-, freelance 

and agency-workers to total employees is about 13%, with only 10% of having a share equal or 

higher than 50%. 

In the empirical analysis we also classified industries in terms of their technology and knowledge 

intensity (R&D expenditures/value added). To this end, we followed Eurostat’s definition24, which 

is based on the NACE Rev.2 classification at the 2-digit level. Since the latter is available only in 

the last three waves of RIL, a lower number of observations are included in the regressions when 

exploiting this taxonomy on the technology and knowledge intensity of industries. The detailed 

composition of our sample in terms of industries and technological intensity is reported in Table 

A.4. 

 

                                                      
24 See https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Glossary:High-

tech_classification_of_manufacturing_industries and https://ec.europa.eu/eurostat/statistics-

explained/index.php?title=Glossary:Knowledge-intensive_services_(KIS). 

https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Glossary:High-tech_classification_of_manufacturing_industries
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Glossary:High-tech_classification_of_manufacturing_industries
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Glossary:Knowledge-intensive_services_(KIS)
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Glossary:Knowledge-intensive_services_(KIS)
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Table A. 3- Firm characteristics: definitions and descriptive statistics  

Notes:†Product innovation refers to the introduction in the market of a new product (or service) either technologically new or significantly improved in terms of performance, technical and functional characteristics, easiness 

of use with respect to previous products (or services) sold by the firm. ‡ Process innovation refers to the adoption of production processes, production management activities or production support activities either 
technologically new or significantly improved with respect to those previously adopted by the firm. 

Variable Definition Mean SD Min p10 p25 p50 p75 p90 Max 

Prod. or proc. inn. 
The firm has introduced at least one product or one process innovation in the current year and/or in the past two 

years; dummy 
0.475 0.499 0 0.000 0.000 0.000 1.000 1.000 1 

Prod. inn.† The firm has introduced at least one product innovation in the current year and/or in the past two years; dummy 0.400 0.490 0 0.000 0.000 0.000 1.000 1.000 1 

Proc. inn. ‡ The firm has introduced at least one process innovation in the current year and/or in the past two years; dummy 0.336 0.472 0 0.000 0.000 0.000 1.000 1.000 1 

Prod. & proc. inn. 
The firm has introduced at least one product and one process innovation in the current year and/or in the past two 

years; dummy 
0.261 0.439 0 0.000 0.000 0.000 1.000 1.000 1 

Patents The firm has acquired or filed patents in the current year and/or in the past two years; dummy 0.046 0.209 0 0.000 0.000 0.000 0.000 0.000 1 

Share of temporary 

employees 

Share of employees with the following types of contracts in the firm’s total employees. Fixed-term contracts 

(Contratto a tempo determinato), apprenticeships (Contratto di apprendistato), training contracts (Contratto di 

formazione e lavoro) and placement contracts (Contratto di inserimento); share 

0.122 0.215 0 0.000 0.000 0.008 0.154 0.373 1 

Share of (tenured) 

part-time employees 
Share of employees with (tenured) part-time contracts in the firm’s total employees; share 0.159 0.264 0 0.000 0.000 0.036 0.188 0.500 1 

Prop. of project-, 

freelance-, agency-

workers 

Share of employees with the following types of contracts in the firm’s total employees. Employer-coordinated 
freelance workers (co.co.co), project-workers (Lavoratori a progetto), voucher-based workers (Collaboratori 

occasionali), family workers (Coadiuvanti familiari) and agency-workers (Lavoratori interinali, dipendenti di 

imprese appaltatrici di servizi); share 

0.132 0.232 0 0.000 0.000 0.000 0.167 0.469 1 

Firm size = # 

Employees  
Total number of employees  62.185 776.837 1 2.000 4.000 11.000 32.000 100.000 148220 

Investments in R&D 
The firm has invested in research and development, certifications and patents, licenses, trademarks and software in 

the current year; dummy 
0.106 0.308 0 0.000 0.000 0.000 0.000 1.000 1 

Investments in ICTs The firm has invested in IT equipment (i.e., computer, process automation) in the current year; dummy 0.222 0.416 0 0.000 0.000 0.000 0.000 1.000 1 

Investments in plants, 

mach. & eq. 
The firm has invested in plants, machinery and industrial equipment in the current year; dummy 0.334 0.472 0 0.000 0.000 0.000 1.000 1.000 1 

Share of trained 
employees 

Share of employees who have participated in training activities organized by the firm in the firm’s total employees; 
share 

0.279 0.387 0 0.000 0.000 0.000 0.571 1.000 1 

Share of managers and 

middle managers 
Share of managers and middle managers in the firm’s total employees; share 0.049 0.129 0 0.000 0.000 0.000 0.034 0.147 1 

Share of female 

employees 
Share of female employees in the firm’s total employees; share 0.386 0.329 0 0.000 0.105 0.301 0.625 1.000 1 

Second-level wage 

barg. 

The firm has activated a second-level bargaining scheme, linked to levels of production or productivity in the current 

year; dummy 
0.071 0.258 0 0.000 0.000 0.000 0.000 0.000 1 

Union representation 

(RSA/RSU) 

Trade (workers’) unions (either Company Union Representation --RSA--, or Unitary Representation Bodies –RSU--

) are active in the firm in the current year; dummy  
0.206 0.404 0 0.000 0.000 0.000 0.000 1.000 1 

Exporter The firm has exported (in whole or in part) its products and services in the current year; dummy 0.254 0.435 0 0.000 0.000 0.000 1.000 1.000 1 

National group The firm belongs to an Italian industrial group in the current year; dummy 0.109 0.311 0 0.000 0.000 0.000 0.000 1.000 1 

Foreign group The firm belongs to an foreign industrial group in the current year; dummy 0.084 0.277 0 0.000 0.000 0.000 0.000 0.000 1 

Independent (no 

group) firm 
The firms does not belong to any industrial group in the current year; dummy 0.808 0.394 0 0.000 1.000 1.000 1.000 1.000 1 



38 

 

 

Table A. 4 - Distribution of observations by 2-digit industry (NACE rev.2 classification) and 

technological intensity 
 Medium-low-, Low-tech 

manuf.,  

Less knowledge-intensive serv. 

Medium-high-, High-tech 
manuf.,  

Knowledge-intensive serv. 

Total 

Manufacture of food products 2008 0 2008 

Manufacture of beverages 206 0 206 

Manufacture of textiles 654 0 654 

Manufacture of wearing apparel 442 0 442 

Manufacture of leather and related products 418 0 418 

Manufacture of wood and of products of wood and cork, ... 574 0 574 
Manufacture of paper and paper products 267 0 267 

Printing and reproduction of recorded media 386 0 386 

Manufacture of coke and refined petroleum products 212 0 212 

Manufacture of chemicals and chemical products 0 231 231 

Manufacture of basic pharmaceutical products and pharmaceutical ... 0 49 49 

Manufacture of rubber and plastic products 537 0 537 

Manufacture of other non-metallic mineral products 744 0 744 

Manufacture of basic metals 248 0 248 
Manufacture of fabricated metal products, except machinery and 

equipment 

1949 0 1949 

Manufacture of computer, electronic and optical products 0 506 506 

Manufacture of electrical equipment 0 453 453 

Manufacture of machinery and equipment n.e.c. 0 1412 1412 

Manufacture of motor vehicles, trailers and semi-trailers 0 194 194 

Manufacture of other transport equipment 0 107 107 

Manufacture of furniture 1370 0 1370 
Other manufacturing 616 0 616 

Repair and installation of machinery and equipment 449 0 449 

Wholesale and retail trade and repair of motor vehicles and motorcycles 868 0 868 

Wholesale trade, except of motor vehicles and motorcycles 1710 0 1710 

Retail trade, except of motor vehicles and motorcycles 1141 0 1141 

Land transport and transport via pipelines 1225 0 1225 

Water transport 0 44 44 
Air transport 0 4 4 

Warehousing and support activities for transportation 584 0 584 

Postal and courier activities 9 0 9 

Accommodation 738 0 738 

Food and beverage service activities 764 0 764 

Publishing activities 0 100 100 

Motion picture, video and television programme production, sound 

recording ... 

0 169 169 

Programming and broadcasting activities 0 65 65 

Telecommunications 0 15 15 

Computer programming, consultancy and related activities 0 481 481 

Information service activities 0 493 493 

Financial service activities, except insurance and pension funding 0 396 396 

Insurance, reinsurance and pension funding, except compulsory social 

security 

0 37 37 

Activities auxiliary to financial services and insurance activities 0 738 738 
Real estate activities 123 0 123 

Legal and accounting activities 0 417 417 

Activities of head offices; management consultancy activities 0 147 147 

Architectural and engineering activities; technical testing and analysis 0 269 269 

Scientific research and development 0 24 24 

Advertising and market research 0 97 97 

Other professional, scientific and technical activities 0 175 175 
Veterinary activities 0 8 8 

Rental and leasing activities 62 0 62 

Employment activities 0 20 20 

Travel agency, tour operator and other reservation service and related 

activities 

235 0 235 

Security and investigation activities 0 75 75 

Services to buildings and landscape activities 241 0 241 

Office administrative, office support and other business support activities 186 0 186 
Education 0 436 436 

Human health activities 0 1161 1161 

Residential care activities 0 111 111 

Social work activities without accommodation 0 17 17 

Creative, arts and entertainment activities 0 38 38 

Libraries, archives, museums and other cultural activities 0 6 6 

Gambling and betting activities 0 37 37 
Sports activities and amusement and recreation activities 0 80 80 

Repair of computers and personal and household goods 48 0 48 

Other personal service activities 649 0 649 

Total 19663 8612 28275 
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A.3 Non-standard labor contracts across industries and (NUTS 2) regions 

Table A.5 provides a description of the use of non-standard labor contracts across industries and NUTS 2 regions in Italy. Differences in the use of 

numerical flexibility are indeed significant across both industries and territories.  

Table A.5 - The use of non-standard labor contracts across industries and NUTS 2 regions 
 Using 

temporary 

employees 
(t-1) 

 Not using 

temporary 

employees 
(t-1) 

 Test of 

equality of 

proportions 

Using part-

time 

employees 
(t-1) 

 Not using 

part-time 

employees 
(t-1) 

 Test of 

equality of 

proportions 

Using 

project-, 

freelance-, 
agency-

workers (t-1) 

 Not using 

project-, 

freelance-, 
agency-

workers (t-1) 

 Test of 

equality of 

proportions 

 Share of 
firms 

Observations Share of 
firms 

Observations p-value Share of 
firms 

Observations Share of 
firms 

Observations p-value Share of 
firms 

Observations Share of firms Observations p-value 

Mining and quarrying 0.015 19621 0.031 17973 (0.000) 0.016 21433 0.031 16161 (0.000) 0.021 18529 0.024 19065 (0.068) 
Manufacture of Food; beverages; 

tobacco 
0.070 19621 0.060 17973 (0.000) 0.066 21433 0.064 16161 (0.391) 0.069 18529 0.062 19065 (0.003) 

Manufacture of Textile and wearing; 

Wood; Paper and reproduction 
0.082 19621 0.088 17973 (0.044) 0.088 21433 0.080 16161 (0.004) 0.084 18529 0.086 19065 (0.442) 

Manufacture of Coke; Chemicals; 

Metals 
0.111 19621 0.118 17973 (0.042) 0.105 21433 0.126 16161 (0.000) 0.117 18529 0.111 19065 (0.079) 

Manufacture of  Machinery and 

equipment 
0.099 19621 0.081 17973 (0.000) 0.092 21433 0.088 16161 (0.150) 0.108 18529 0.073 19065 (0.000) 

Other manufacturing 0.057 19621 0.064 17973 (0.002) 0.063 21433 0.057 16161 (0.025) 0.061 18529 0.060 19065 (0.707) 
Supply and distribution of 

electricity, gas, steam 
0.026 19621 0.027 17973 (0.416) 0.024 21433 0.028 16161 (0.019) 0.030 18529 0.022 19065 (0.000) 

Construction 0.122 19621 0.120 17973 (0.658) 0.103 21433 0.145 16161 (0.000) 0.101 18529 0.140 19065 (0.000) 
Wholesale and retail trade 0.099 19621 0.118 17973 (0.000) 0.105 21433 0.113 16161 (0.011) 0.099 18529 0.117 19065 (0.000) 
Accommodation and food service 0.058 19621 0.034 17973 (0.000) 0.046 21433 0.048 16161 (0.378) 0.034 18529 0.058 19065 (0.000) 
Transport and telecommunication  0.062 19621 0.063 17973 (0.632) 0.054 21433 0.073 16161 (0.000) 0.058 18529 0.066 19065 (0.000) 
Financial and insurance 0.031 19621 0.038 17973 (0.000) 0.041 21433 0.025 16161 (0.000) 0.041 18529 0.027 19065 (0.000) 
Other business services 0.082 19621 0.081 17973 (0.719) 0.096 21433 0.061 16161 (0.000) 0.087 18529 0.076 19065 (0.000) 
Education 0.014 19621 0.013 17973 (0.430) 0.015 21433 0.011 16161 (0.006) 0.011 18529 0.015 19065 (0.000) 
Health and social work 0.037 19621 0.038 17973 (0.518) 0.052 21433 0.019 16161 (0.000) 0.050 18529 0.025 19065 (0.000) 
Other services 0.038 19621 0.028 17973 (0.000) 0.034 21433 0.032 16161 (0.446) 0.028 18529 0.037 19065 (0.000) 
Piemonte 0.082 19621 0.072 17973 (0.001) 0.079 21433 0.076 16161 (0.350) 0.083 18529 0.072 19065 (0.000) 
Valle d'Aosta 0.014 19621 0.019 17973 (0.001) 0.012 21433 0.022 16161 (0.000) 0.010 18529 0.022 19065 (0.000) 
Lombardia 0.184 19621 0.187 17973 (0.440) 0.201 21433 0.165 16161 (0.000) 0.216 18529 0.155 19065 (0.000) 
Trentino Alto-Adige 0.036 19621 0.032 17973 (0.083) 0.035 21433 0.033 16161 (0.338) 0.027 18529 0.041 19065 (0.000) 
Veneto 0.113 19621 0.096 17973 (0.000) 0.118 21433 0.087 16161 (0.000) 0.119 18529 0.091 19065 (0.000) 
Friuli V.G. 0.043 19621 0.041 17973 (0.293) 0.045 21433 0.038 16161 (0.001) 0.044 18529 0.040 19065 (0.062) 
Liguria 0.035 19621 0.034 17973 (0.810) 0.035 21433 0.033 16161 (0.327) 0.033 18529 0.035 19065 (0.274) 
Emilia Romagna 0.107 19621 0.077 17973 (0.000) 0.102 21433 0.081 16161 (0.000) 0.105 18529 0.081 19065 (0.000) 
Toscana 0.080 19621 0.072 17973 (0.005) 0.078 21433 0.073 16161 (0.038) 0.076 18529 0.076 19065 (0.775) 
Umbria 0.032 19621 0.025 17973 (0.000) 0.026 21433 0.032 16161 (0.002) 0.022 18529 0.035 19065 (0.000) 
Marche 0.046 19621 0.036 17973 (0.000) 0.043 21433 0.038 16161 (0.022) 0.037 18529 0.044 19065 (0.000) 
Lazio 0.052 19621 0.047 17973 (0.032) 0.052 21433 0.047 16161 (0.056) 0.054 18529 0.046 19065 (0.001) 
Abruzzo 0.022 19621 0.032 17973 (0.000) 0.022 21433 0.032 16161 (0.000) 0.021 18529 0.032 19065 (0.000) 
Molise 0.013 19621 0.020 17973 (0.000) 0.012 21433 0.022 16161 (0.000) 0.011 18529 0.022 19065 (0.000) 
Campania 0.035 19621 0.049 17973 (0.000) 0.035 21433 0.051 16161 (0.000) 0.038 18529 0.046 19065 (0.000) 
Puglia 0.032 19621 0.041 17973 (0.000) 0.029 21433 0.046 16161 (0.000) 0.031 18529 0.042 19065 (0.000) 
Basilicata 0.018 19621 0.029 17973 (0.000) 0.016 21433 0.032 16161 (0.000) 0.015 18529 0.031 19065 (0.000) 
Calabria 0.014 19621 0.026 17973 (0.000) 0.015 21433 0.026 16161 (0.000) 0.013 18529 0.026 19065 (0.000) 
Sicilia 0.023 19621 0.035 17973 (0.000) 0.026 21433 0.032 16161 (0.000) 0.024 18529 0.033 19065 (0.000) 
Sardegna 0.022 19621 0.029 17973 (0.000) 0.019 21433 0.033 16161 (0.000) 0.021 18529 0.030 19065 (0.000) 
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A. 4 Further econometric results 

In this section, we provide some further econometric results, which we have not reported in the main text of the paper. 

A.4.1 RE probit models 

In Table A.6, we show the results of the RE probit, including controls in a hierarchical fashion.  

 

Table A.6 – RE probit model estimates (Eq. 2); including controls hierarchically 
 (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) 

 (Prod. or 

proc. inn., 
RE) 

(Prod. or 

proc. inn., 
RE) 

(Prod. or 

proc. inn., 
RE) 

(Prod. or 

proc. inn., 
RE) 

(Prod. or 

proc. inn., 
RE, c1) 

(Prod. or 

proc. inn., 
RE, c2) 

(Prod. or 

proc. inn., 
RE, c3) 

(Prod. or 

proc. inn., 
RE, c4) 

(Prod. or 

proc. inn., 
RE, c5) 

(Prod. or 

proc. inn., 
RE, c6) 

(Prod. or 

proc. inn., 
RE, c7) 

(Prod. or 

proc. inn., 
RE, c8) 

(Prod. or 

proc. inn., 
RE, c9) 

(Prod. or 

proc. inn., 
RE, c10) 

(Prod. or 

proc. inn., 
RE) 

(Prod. 

inn., RE) 

(Proc. 

inn., RE) 

(Prod. & 

proc. inn., 
RE) 

(Patents, 

RE) 

Share of temporary 
employees (t-1) 

0.215***   0.182*** 0.120** 0.123** 0.119** 0.110** 0.118** 0.122** 0.121** 0.123** 0.078 0.100* 0.099* 0.112** 0.108* 0.126** -0.114 

 (0.052)   (0.056) (0.054) (0.054) (0.053) (0.053) (0.053) (0.054) (0.054) (0.054) (0.056) (0.055) (0.055) (0.056) (0.057) (0.059) (0.139) 
Share of (tenured) part-time 
employees (t-1) 

 -0.208***  -0.260*** -0.092 -0.072 -0.065 -0.054 -0.037 -0.032 -0.036 -0.036 -0.052 -0.002 -0.003 0.059 -0.027 0.047 -0.153 

  (0.053)  (0.057) (0.056) (0.055) (0.055) (0.054) (0.054) (0.055) (0.057) (0.057) (0.058) (0.057) (0.057) (0.059) (0.060) (0.063) (0.160) 
Prop. of project-, freelance-, 
agency-workers (t-1) 

  0.444*** 0.399*** 0.381*** 0.333*** 0.308*** 0.306*** 0.297*** 0.297*** 0.298*** 0.299*** 0.307*** 0.249*** 0.249*** 0.246*** 0.212*** 0.223*** 0.377*** 

   (0.045) (0.046) (0.045) (0.045) (0.045) (0.045) (0.045) (0.045) (0.045) (0.045) (0.046) (0.046) (0.046) (0.046) (0.046) (0.048) (0.095) 
Firm size = # Employees 
(log, +1) (t-1)  

    0.242*** 0.210*** 0.198*** 0.185*** 0.178*** 0.177*** 0.177*** 0.175*** 0.188*** 0.161*** 0.161*** 0.150*** 0.175*** 0.174*** 0.316*** 

     (0.008) (0.008) (0.008) (0.008) (0.008) (0.008) (0.008) (0.009) (0.010) (0.010) (0.010) (0.010) (0.010) (0.010) (0.022) 
Investments in R&D (t-1)      0.420*** 0.340*** 0.318*** 0.314*** 0.312*** 0.313*** 0.313*** 0.315*** 0.287*** 0.288*** 0.347*** 0.205*** 0.286*** 0.470*** 

      (0.029) (0.030) (0.030) (0.031) (0.031) (0.031) (0.031) (0.031) (0.031) (0.031) (0.031) (0.030) (0.030) (0.049) 
Investments in ICTs (t-1)       0.172*** 0.088*** 0.083*** 0.084*** 0.085*** 0.084*** 0.092*** 0.080*** 0.080*** 0.079*** 0.048** 0.052** 0.026 
       (0.021) (0.023) (0.024) (0.024) (0.024) (0.024) (0.024) (0.024) (0.024) (0.024) (0.024) (0.025) (0.049) 
Investments in plants, mach. 
& eq. (t-1) 

       0.189*** 0.180*** 0.181*** 0.182*** 0.182*** 0.193*** 0.192*** 0.191*** 0.151*** 0.216*** 0.186*** -0.019 

        (0.021) (0.021) (0.021) (0.021) (0.021) (0.021) (0.021) (0.021) (0.021) (0.021) (0.022) (0.044) 
Share of trained employees 
(t-1) 

        0.214*** 0.214*** 0.216*** 0.215*** 0.227*** 0.237*** 0.237*** 0.191*** 0.238*** 0.206*** -0.002 

         (0.025) (0.025) (0.025) (0.025) (0.025) (0.025) (0.025) (0.026) (0.025) (0.027) (0.056) 
Share of managers and 
middle managers (t-1) 

         0.064 0.062 0.060 0.071 0.073 0.072 0.185*** -0.091 0.045 0.805*** 

          (0.066) (0.067) (0.067) (0.069) (0.069) (0.069) (0.070) (0.074) (0.076) (0.149) 
Share of female employees 
(t-1) 

          0.008 0.009 0.004 -0.027 -0.027 -0.005 -0.044 -0.019 0.121 

           (0.037) (0.037) (0.037) (0.037) (0.037) (0.037) (0.039) (0.040) (0.089) 
Second-level wage barg. (t-1)            0.033 0.077** 0.065* 0.066* 0.093** 0.043 0.078** 0.107* 

            (0.037) (0.038) (0.038) (0.038) (0.038) (0.037) (0.037) (0.061) 
Union representation 
(RSA/RSU) (t-1) 

            -0.120*** -0.126*** -0.125*** -0.132*** -0.106*** -0.119*** -0.140*** 

             (0.028) (0.028) (0.028) (0.029) (0.028) (0.029) (0.054) 
Exporter (t-1)              0.352*** 0.352*** 0.369*** 0.273*** 0.313*** 0.519*** 
              (0.023) (0.023) (0.023) (0.023) (0.024) (0.047) 
National group (t-1)               -0.017 -0.021 -0.005 -0.013 0.002 
               (0.031) (0.031) (0.031) (0.032) (0.056) 
Foreign group (t-1)               0.014 -0.002 -0.010 -0.030 -0.032 

               (0.031) (0.031) (0.031) (0.032) (0.065) 
Constant -0.134* -0.133* -0.172** -0.171** -0.794*** -0.737*** -0.730*** -0.768*** -0.786*** -0.793*** -0.797*** -0.794*** -0.796*** -0.794*** -0.798*** -1.148*** -1.056*** -1.447*** -4.340*** 
 (0.072) (0.072) (0.074) (0.075) (0.075) (0.074) (0.074) (0.073) (0.073) (0.073) (0.074) (0.074) (0.076) (0.075) (0.076) (0.082) (0.075) (0.083) (0.246) 

Year FEs  Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 
Industry FEs  Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 
Region/NUTS2 FEs  Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

#Observations 42697 41976 39898 37438 37438 37438 37438 37438 36571 36551 36482 36482 34615 34615 34614 34614 34614 34614 34761 
#Firms 26925 26525 25630 24211 24211 24211 24211 24211 23829 23825 23790 23790 23469 23469 23469 23469 23469 23469 23553 

Log-likelihood -2.71e+04 -2.67e+04 -2.53e+04 -2.37e+04 -2.32e+04 -2.31e+04 -2.31e+04 -2.30e+04 -2.24e+04 -2.24e+04 -2.24e+04 -2.24e+04 -2.13e+04 -2.12e+04 -2.12e+04 -2.08e+04 -1.95e+04 -1.79e+04 -5046.950 
Prop. variance by the panel 
component 

0.419 0.415 0.407 0.407 0.374 0.356 0.349 0.340 0.331 0.331 0.330 0.330 0.322 0.310 0.310 0.326 0.284 0.298 0.467 

Notes: All regressions include year-, industry- and region/NUTS2-fixed effects, where industries are defined as in Table A.1. Coefficients of year, industry and region/NUTS2 dummies are not reported to save space. Full tables are available from authors upon request. 

Cluster (firm) - robust standard errors are reported in parentheses. Statistical significance at the 10%, 5% and 1% level is indicated by *,** and ***, respectively. 
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Table A.7 reports the estimates of the double interaction of each proxy of numerical flexibility with 

the industry technological intensity and the size category of firms. 

Table A.7 – Extended RE probit model estimates (Eq. 4) with double interactions 
 (1) 
 (Prod. or proc. 

inn., RE) 

Share of temporary employees (t-1) 0.264*** 
 (0.080) 

Share of (tenured) part-time employees (t-1) 0.048 

 (0.082) 
Prop. of project-, freelance-, agency-workers (t-1) 0.297*** 

 (0.072) 

Medium-large firms [50:.) (t-1)=1 0.307*** 
 (0.055) 

Medium-large firms [50:.) (t-1)=1 # Share of temporary employees (t-1) -0.388* 

 (0.198) 
Medium-large firms [50:.) (t-1)=1 # Share of (tenured) part-time employees (t-1) -0.697*** 

 (0.186) 

Medium-large firms [50:.) (t-1)=1 # Prop. of project-, freelance-, agency-workers (t-1) 0.370* 
 (0.203) 

Medium-high-, High-tech manuf., Knowledge-intensive serv. (t-1)=1 0.234*** 

 (0.040) 
Medium-high-, High-tech manuf., Knowledge-intensive serv. (t-1)=1 # Share of temporary employees (t-1) -0.164 

 (0.151) 

Medium-high-, High-tech manuf., Knowledge-intensive serv. (t-1)=1 # Share of (tenured) part-time employees (t-1) -0.119 
 (0.130) 

Medium-high-, High-tech manuf., Knowledge-intensive serv. (t-1)=1 # Prop. of project-, freelance-, agency-workers (t-1) -0.126 

 (0.116) 
Medium-large firms [50:.) (t-1)=1 # Medium-high-, High-tech manuf., Knowledge-intensive serv. (t-1)=1 0.086 

 (0.085) 

Medium-large firms [50:.) (t-1)=1 # Medium-high-, High-tech manuf., Knowledge-intensive serv. (t-1)=1 # Share of 
temporary employees (t-1) 

-0.413 

 (0.394) 

Medium-large firms [50:.) (t-1)=1 # Medium-high-, High-tech manuf., Knowledge-intensive serv. (t-1)=1 # Share of 
(tenured) part-time employees (t-1) 

0.771* 

 (0.403) 

Medium-large firms [50:.) (t-1)=1 # Medium-high-, High-tech manuf., Knowledge-intensive serv. (t-1)=1 # Prop. of 
project-, freelance-, agency-workers (t-1) 

-1.046*** 

 (0.330) 

Constant -0.069 
 (0.052) 

Firm controls (𝑿𝒊𝒕−𝟏) Yes 

Year FEs  Yes 

Region/NUTS2 FEs  Yes 

#Observations 25973 
#Firms 16749 

Log-likelihood -16101.77 

Prop. variance by the panel component 0.325 

Notes: The regression includes the vector of firm controls (𝐗𝐢𝐭−𝟏), year-, and region/NUTS2-fixed effects. Coefficients of the control variables, year 

and region/NUTS2 dummies are not reported to save space. Full tables are available from authors upon request. Cluster (firm) - robust standard errors 
are reported in parentheses. Statistical significance at the 10%, 5% and 1% level is indicated by *,** and ***, respectively.
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A.4.2 Instrumental variable estimates 

In order to estimate CRE models with instrumental variables (IVCRE), we need to identify some 

excluded instruments (i.e. elements in 𝐙𝐢𝐭−𝟏 not included in 𝐗𝐢𝐭−𝟏). To this end, we rely on the 

strategy proposed by Devicienti et al. (2018) and Berton et al. (2021), and use the means of 

𝐍𝐅𝐋𝐄𝐗𝐢𝐭−𝟏 at the industry, regional, year and firm-size level. These variables should be valid 

instruments. First, the innovative activity of firms is mainly episodic in nature. Hence, once 

(lagged) firm-specific numerical flexibility is controlled for, the (lagged) average propensity of 

using it at the industry/region/year/firm size level should not have any direct effect on innovation. 

We provide some suggestive evidence that this is indeed the case in Table A.8, where we introduce 

the excluded instruments in the structural equation and none of them is significant. Second, the 

excluded instruments are strong predictors of the current shares of temporary employees, project-, 

freelance-and agency workers, and part-time employees (as shown by the estimates of the reduced 

form of 𝐍𝐅𝐋𝐄𝐗𝐢𝐭−𝟏 in Table A.9).  

Results of the CRE model with instrumental variable (IVCRE) are shown in Table A.10.25 In col. 

(1) we present the estimates on the entire sample. In cols. (2)-(5), we report estimates of the IVCRE 

model on four different groups of firms, defined in terms of industry technological intensity and 

size category.26 Estimates of the IVCRE baseline model (col. 1) are very similar to those of the 

CRE model (col. 2 of Table 3 in the main text of the paper) in terms of sign and significance level. 

In particular, the positive effect of the share of temporary employees on innovation is confirmed: by 

raising the share of temporary employees, a firm can increase the probability to introduce a new 

product or a new process. The Wald test, reported at the bottom of Table A.10, clearly rejects the 

null hypothesis of exogeneity of the potential endogenous variables, suggesting that the IVCRE 

estimation is more appropriate.  

When considering the four groups of firms, a positive effect of the share of temporary employees 

on innovation is estimated for micro-small firms in low-tech manufacturing and less-knowledge 

intensive services (col. 2). In contrast, temporary employment has a negative effect for medium-

large firms active in high-tech manufacturing and knowledge intensive services (col. 5).  

The Wald tests, reported at the bottom of Table A.10, does not reject the null hypothesis of 

exogeneity of the potential endogenous variables at standard significance level (probably because of 

                                                      
25 We employ the Stata command ivprobit (mle option) to estimate the CRE probit model with endogenous 

variables.  
26 The four groups are: micro-small firms in low-tech manufacturing and less-knowledge intensive services; micro-

small firms in high-tech manufacturing and knowledge intensive services; medium-large firms in low-tech 

manufacturing and less-knowledge intensive service; medium-large firms in high-tech manufacturing and knowledge 

intensive services. 
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the lower number of observations). For this reason, IVCRE estimates in Table A.10 can be 

considered as a robustness check, and results contained in Tables 3 and 4 in the paper remain the 

reference point. 

 

Table A.8 – CRE probit model estimates (Equations 2 and 3) with excluded instruments in the 

structural equation  

 (1) 

 (Prod. or proc. inn., 

CRE, check on IV) 

Share of temporary employees (t-1) 0.264** 

 (0.113) 

Share of (tenured) part-time employees (t-1) -0.137 

 (0.133) 

Prop. of project-, freelance-, agency-workers (t-1) -0.061 

 (0.085) 

Sh. temporary employees (by: reg, ind, year, size; t-1) 0.275 

 (0.308) 

Sh. (tenured) part-time employees (by: reg, ind, year, size; t-1) 0.133 

 (0.343) 

Sh. project-, freelance-, agency-workers (by: reg, ind, year, size; t-1) 0.312 

 (0.292) 

Constant -0.822*** 

 (0.085) 

Firm controls (Xit-1) Yes 

Mundlak’s terms (NFLEX̅̅ ̅̅ ̅̅ ̅̅ ̅
i ,Z̅i) Yes 

Year FEs  Yes 

Industry FEs  Yes 

Region/NUTS2 FEs  Yes 

#Observations 34614 

#Firms 23469 

Log-likelihood -20948.97 

Prop. variance by the panel component 0.322 
Notes: The regression includes the vector of firm controls (Xit-1), the vector of Mundlak’s terms (NFLEX̅̅ ̅̅ ̅̅ ̅̅ ̅

i ,Z̅i), year-, 

industry- and region/NUTS2-fixed effects, where industries are defined as in Table A.1. Coefficients of control 

variables, Mundlak’s terms, year, industry and region/NUTS2 dummies are not reported to save space. Full tables are 

available from authors upon request. Cluster (firm) - robust standard errors are reported in parentheses. Statistical 

significance at the 10%, 5% and 1% level is indicated by *,** and ***, respectively. 
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Table A.9 – IVCRE probit model estimates (Equations 2, 3 and 5); reduced form of 𝐍𝐅𝐋𝐄𝐗𝐢𝐭−𝟏 

(Eq. 5) 

 Share of 

temporary 
employees 

(t-1) 

Share of 

(tenured) part-
time 

employees (t-

1) 

Prop. of 

project-, 
freelance-, 

agency-workers 

(t-1) 

Share of 

temporary 
employees (t-1, 

id mean) 

Share of 

(tenured) part-
time employees 

(t-1, id mean) 

Prop. of project-, 

freelance-, 
agency-workers 

(t-1, id mean) 

Sh. temporary employees (by: 

reg, ind, year, size; t-1) 

0.737*** -0.060** 0.033 0.015 -0.008 0.003 

 (0.035) (0.025) (0.030) (0.009) (0.008) (0.009) 
Sh. (tenured) part-time employees 

(by: reg, ind, year, size; t-1) 

-0.042 0.574*** 0.032 -0.013 -0.017 0.012 

 (0.034) (0.038) (0.036) (0.010) (0.011) (0.011) 
Sh. project-, freelance-, agency-

workers (by: reg, ind, year, size; 

t-1) 

0.007 -0.024 0.815*** -0.002 -0.019** -0.002 

 (0.024) (0.023) (0.035) (0.009) (0.010) (0.011) 

Sh. temporary employees (by: 

reg, ind, year, size; t-1, id mean) 

0.299*** 0.017 -0.034 1.023*** -0.043** -0.001 

 (0.042) (0.033) (0.036) (0.027) (0.022) (0.022) 

Sh. (tenured) part-time employees 

(by: reg, ind, year, size; t-1, id 
mean) 

-0.001 0.418*** 0.048 -0.032 1.011*** 0.065*** 

 (0.039) (0.045) (0.042) (0.021) (0.027) (0.023) 

Sh. project-, freelance-, agency-
workers (by: reg, ind, year, size; 

t-1, id mean 

-0.004 0.023 0.212*** 0.007 0.007 1.036*** 

 (0.030) (0.030) (0.041) (0.020) (0.021) (0.026) 
Constant -0.034*** -0.018*** -0.024*** -0.033*** -0.017*** -0.024*** 

 (0.007) (0.006) (0.009) (0.006) (0.006) (0.009) 

Firm controls (Xit-1) Yes Yes Yes Yes Yes Yes 

Mundlak’s terms (NFLEX̅̅ ̅̅ ̅̅ ̅̅ ̅
i ,X̅i) Yes Yes Yes Yes Yes Yes 

Year FEs  Yes Yes Yes Yes Yes Yes 

Industry FEs  Yes Yes Yes Yes Yes Yes 
Region/NUTS2 FEs  Yes Yes Yes Yes Yes Yes 

#Observations 34614 34614 34614 34614 34614 34614 

#Firms 23469 23469 23469 23469 23469 23469 

Notes: All regressions include the vector of firm controls (Xit-1), the vector of Mundlak’s terms (NFLEX̅̅ ̅̅ ̅̅ ̅̅ ̅
i ,X̅i), year-, industry- and 

region/NUTS2-fixed effects, where industries are defined as in Table A.1. Coefficients of control variables, Mundlak’s terms, year, 

industry and region/NUTS2 dummies are not reported to save space. Full tables are available from authors upon request. Cluster 

(firm) - robust standard errors are reported in parentheses. Statistical significance at the 10%, 5% and 1% level is indicated by *,** 

and ***, respectively. 
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Table A.10 – IVCRE probit model estimates (Equations 2, 3 and 5); structural equation estimates 

(Eq. 2)  
 

 (1) (2) (3) (4) (5) 

 (Prod. or 
proc. inn., 

IVCRE 

probit mle) 

(Prod. or 
proc. inn., 

IVCRE probit 

mle; micro-
small and 

low-tech lkis) 

(Prod. or 
proc. inn., 

IVCRE probit 

mle; micro-
small and 

high-tech kis) 

(Prod. or proc. 
inn., IVCRE 

probit mle; 

medium-large 
and low-tech 

lkis) 

(Prod. or proc. 
inn., IVCRE 

probit mle; 

medium-large 
and high-tech 

kis) 

Share of temporary employees (t-1) 0.569* 0.757** -0.097 0.089 -1.996** 
 (0.343) (0.378) (0.449) (0.874) (0.782) 

Share of (tenured) part-time employees (t-1) 0.038 -0.815* 0.438 -0.139 -1.231 

 (0.471) (0.462) (0.491) (0.716) (1.642) 
Prop. of project-, freelance-, agency-workers (t-1) 0.253 0.292 0.222 0.665 -0.665 

 (0.285) (0.287) (0.318) (0.693) (0.706) 

Firm size = # Employees (log, +1) (t-1)  0.037 0.035 0.146 -0.004 0.284** 
 (0.044) (0.064) (0.109) (0.097) (0.127) 

Investments in R&D (t-1) 0.011 -0.037 0.041 0.139 0.092 

 (0.040) (0.072) (0.091) (0.093) (0.133) 
Investments in ICTs (t-1) -0.036 0.034 -0.038 -0.079 -0.265* 

 (0.033) (0.050) (0.072) (0.095) (0.137) 

Investments in plants, mach. & eq. (t-1) -0.012 0.001 -0.037 -0.108 -0.196 
 (0.029) (0.041) (0.072) (0.095) (0.150) 

Share of trained employees (t-1) -0.073** -0.098* -0.166** 0.113 -0.034 

 (0.036) (0.054) (0.083) (0.124) (0.186) 
Share of managers and middle managers (t-1) 0.140 0.049 0.129 0.288 -0.562 

 (0.125) (0.163) (0.245) (1.157) (0.792) 

Share of female employees (t-1) -0.077 -0.158 0.252 -0.167 1.131** 
 (0.117) (0.137) (0.207) (0.396) (0.543) 

Second-level wage barg. (t-1) -0.005 0.142 0.159 0.019 -0.095 

 (0.056) (0.120) (0.166) (0.107) (0.144) 
Union representation (RSA/RSU) (t-1) -0.099* 0.011 -0.243 -0.116 -0.200 

 (0.052) (0.088) (0.149) (0.122) (0.179) 

Exporter (t-1) 0.029 -0.013 0.097 -0.053 0.108 
 (0.043) (0.059) (0.103) (0.119) (0.206) 

National group (t-1) 0.016 0.096 -0.069 -0.039 -0.157 
 (0.052) (0.090) (0.119) (0.116) (0.171) 

Foreign group (t-1) 0.093** 0.159** -0.020 -0.144 -0.408** 

 (0.044) (0.065) (0.102) (0.147) (0.188) 
Constant -0.690*** -0.365*** 0.115 0.026 -0.007 

 (0.068) (0.080) (0.209) (0.225) (0.442) 

Mundlak’s terms (𝑵𝑭𝑳𝑬𝑿̅̅ ̅̅ ̅̅ ̅̅ ̅̅
𝒊, �̅�𝒊) Yes Yes Yes Yes Yes 

Year FEs  Yes Yes Yes Yes Yes 
Industry FEs  Yes Yes Yes Yes Yes 

Region/NUTS2 FEs  Yes Yes Yes Yes Yes 

#Observations 34614 14392 5956 3655 1970 
#Firms 23469 9266 3999 2499 1320 

Log-likelihood 161255.8 65581.68 26435.57 26924.16 17868.13 

Prop. variance by the panel component      
Wald test; H0: no endogeneity (Chi2) 19.083 9.833 23.916 2.209 9.588 

Wald test; H0: no endogeneity (p-value) 0.004 0.132 0.001 0.900 0.143 

Notes. All regressions include the vector of Mundlak’s terms (NFLEX̅̅ ̅̅ ̅̅ ̅̅ ̅
i ,X̅i), year-, industry- and region/NUTS2-fixed effects, where 

industries are defined as in Table A.1. Coefficients of control variables, Mundlak’s terms, year, industry and region/NUTS2 dummies 

are not reported to save space. Full tables are available from authors upon request. Cluster (firm) - robust standard errors are reported 

in parentheses. Statistical significance at the 10%, 5% and 1% level is indicated by *,** and ***, respectively. 

 

A.4.3 Other robustness checks 

We conducted two further robustness checks. First, we included three additional controls in the 

CRE probit model, by exploiting the information available in only some of the waves of RIL. In 

particular, we included a proxy for firms’ age (available in 2015 and 2018), the share of employees 

with a University degree and the share of employees younger than 35 years old (available in 2010, 

2015 and 2018). Indeed, there is evidence that young firms may use more non-standard labor 

contracts than their older counterparts to compensate for the higher risk of their business; at the 

same time, young firms may be more innovative. Moreover, in Italy, younger workers tend to be 
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more educated and often employed on a temporary basis. Table A.11 reports the estimates of CRE 

models, including these additional controls.  

Ceteris paribus, older firms and firms with a higher share of young workers innovate more 

(between-firm effects, lower part of Table A.11). However, each firm’s probability to innovate 

diminishes as it becomes older, while it increases with the share of highly educated workers (within-

firm effects, upper part of Table A.11). The positive relationship between the share of temporary 

employees and innovation is confirmed, although in col. (2) the coefficient is poorly estimated 

(probably because of the huge drop in the number of observations).  

A second robustness check is performed by estimating linear probability models (LPM) with 

firm fixed effects (FE). Indeed, in a linear model, the CRE within-firm effects are equivalent to the 

FE estimates, because both are based on the sole within-firm variability in the variables. Results 

reported in Table A.12 are well in line with the marginal effects obtained from the CRE probit 

model estimates (Figure 1 in the paper). 
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Table A.11 – CRE probit model estimates (Equations 2 and 3) with additional controls 
 (1) (2) 

 (Prod. or proc. inn., CRE) (Prod. or proc. inn., CRE) 

Share of temporary employees (t-1) 0.290** 0.259 

 (0.124) (0.211) 

Share of (tenured) part-time employees (t-1) -0.126 -0.366* 

 (0.145) (0.218) 

Prop. of project-, freelance-, agency-workers (t-1) -0.072 0.085 

 (0.094) (0.154) 

Firm age = # Years since firm establishment (log, +1) (t-1) -0.240*** -0.320** 

 (0.090) (0.129) 

Share of employees with a University degree (t-1)  0.664* 

  (0.359) 

Share of employees younger than 35 y.o. (t-1)  -0.121 

  (0.170) 

Share of temporary employees (t-1, id mean) -0.241 -0.414* 

 (0.150) (0.234) 

Share of (tenured) part-time employees (t-1, id mean) 0.130 0.335 

 (0.163) (0.240) 

Prop. of project-, freelance-, agency-workers (t-1, id mean) 0.489*** 0.404** 

 (0.118) (0.178) 

Firm age = # Years since firm establishment (log, +1) (t-1, id mean) 0.219** 0.321** 

 (0.092) (0.127) 

Share of employees with a University degree (t-1, id mean)  -0.186 

  (0.371) 

Share of employees younger than 35 y.o.  (t-1, id mean)  0.431** 

  (0.180) 

Constant -0.772*** -1.477*** 

 (0.125) (0.166) 

Firm controls (Xit-1) Yes Yes 

Mundlak terms (𝑵𝑭𝑳𝑬𝑿̅̅ ̅̅ ̅̅ ̅̅ ̅̅
𝒊, �̅�𝒊) Yes Yes 

Year FEs  Yes Yes 

Industry FEs  Yes Yes 

Region/NUTS2 FEs  Yes Yes 

#Observations 25062 15884 

#Firms 15804 13529 

Log-likelihood -14817.38 -9358.983 

Prop. variance by the panel component 0.327 0.378 

Notes. All regressions include the vector of firm controls (Xit-1), the vector of Mundlak’s terms (𝑵𝑭𝑳𝑬𝑿̅̅ ̅̅ ̅̅ ̅̅ ̅̅
𝒊, �̅�𝒊) year-, industry- and 

region/NUTS2-fixed effects, where industries are defined as in Table A.1. Coefficients of control variables, Mundlak’s terms, year, 

industry and region/NUTS2 dummies are not reported to save space. Full tables are available from authors upon request. Cluster 

(firm) - robust standard errors are reported in parentheses. Statistical significance at the 10%, 5% and 1% level is indicated by *,** 

and ***, respectively.  
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Table A.12 – Linear probability models with firm fixed effects  
 (1) (2) (3) (4) (5) 

 (Prod. or proc. 

inn., LPMFE) 

(Prod. inn., 

LPMFE) 

(Proc. inn., 

LPMFE) 

(Prod. & proc inn., 

LPMFE) 

(Patents, 

LPMFE) 

Share of temporary employees (t-1) 0.078** 0.086*** 0.057* 0.065** -0.003 

 (0.034) (0.033) (0.032) (0.030) (0.011) 

Share of (tenured) part-time 

employees (t-1) 

-0.028 0.002 -0.055 -0.025 0.007 

 (0.040) (0.038) (0.035) (0.033) (0.011) 

Prop. of project-, freelance-, agency-

workers (t-1) 

-0.010 -0.008 0.009 0.011 -0.008 

 (0.025) (0.025) (0.024) (0.023) (0.011) 

Firm size = # Employees (log, +1) 

(t-1)  

0.018 0.005 0.002 -0.011 0.011* 

 (0.013) (0.012) (0.012) (0.012) (0.006) 

Investments in R&D (t-1) 0.003 0.017 0.002 0.016 -0.003 

 (0.014) (0.014) (0.015) (0.015) (0.009) 

Investments in ICTs (t-1) -0.011 -0.009 -0.022* -0.020* -0.007 

 (0.012) (0.012) (0.011) (0.011) (0.005) 

Investments in plants, mach. & eq. 

(t-1) 

-0.005 -0.001 -0.018* -0.015 -0.003 

 (0.011) (0.010) (0.011) (0.010) (0.004) 

Share of trained employees (t-1) -0.018 -0.023* -0.001 -0.005 -0.006 

 (0.013) (0.013) (0.013) (0.012) (0.005) 

Share of managers and middle 

managers (t-1) 

0.031 0.047 -0.047 -0.032 0.041*** 

 (0.043) (0.043) (0.041) (0.039) (0.015) 

Share of female employees (t-1) 0.002 -0.021 0.051* 0.028 0.013 

 (0.032) (0.032) (0.031) (0.029) (0.011) 

Second-level barg. to prod. (t-1) -0.006 0.024 -0.008 0.022 0.036*** 

 (0.019) (0.019) (0.020) (0.019) (0.012) 

Union representation (RSA/RSU) (t-

1) 

-0.030* -0.038** -0.014 -0.022 -0.020** 

 (0.018) (0.018) (0.018) (0.018) (0.009) 

Exporter (t-1) 0.013 0.010 -0.006 -0.009 -0.013* 

 (0.016) (0.016) (0.016) (0.014) (0.007) 

National group (t-1) 0.006 0.012 -0.010 -0.005 0.002 

 (0.018) (0.018) (0.018) (0.017) (0.009) 

Foreign group (t-1) 0.024 0.018 0.018 0.012 -0.000 

 (0.016) (0.016) (0.016) (0.015) (0.007) 

Constant 0.445*** 0.410*** 0.360*** 0.325*** 0.025 

 (0.037) (0.037) (0.036) (0.035) (0.017) 

Year FEs Yes Yes Yes Yes Yes 

Firm FEs Yes Yes Yes Yes Yes 

Adj.R-squared 0.324 0.323 0.308 0.303 0.360 

#Observations 19020 19020 19020 19020 19119 

#Firms 7875 7875 7875 7875 7911 
Notes. All regressions include year- and firm-fixed effects. Coefficients of year and firm dummies are not reported to save space. Full tables are 

available from authors upon request. Cluster (firm) - robust standard errors are reported in parentheses. Statistical significance at the 10%, 5% and 1% 

level is indicated by *,** and ***, respectively.  
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