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Appendix A 
 

Table A1: Structure of elementary indexes of IQI dimensions. 

  IQI 

Dimensions 

Index Value Definition Source (Year) 

IQI 

Control of 

corruption 

Crimes against the public administration Index 
Number of crimes against the public administration over the 

number of public servants 
Interior Ministry and ISTAT (2004) a 

Golden-Picci Index Index 

Difference between the amounts of physically existing public 

infrastructure and the amounts of money cumulatively 

allocated by government to create these public works 

Golden and Picci (2005) 

Special commissioners 
Municipalities 

overruled 

Absolute value of the overruled municipalities on total 

municipalities 
Interior Ministry (1991-2005) b 

Government 

effectiveness 

Endowment of social facilities Index Includes education, healthcare, and leisure facilities Istituto Tagliacarne (2001) c 

Endowment of economic facilities Index 

Includes the following networks: roads, railroads, ports, 

airports, energy, information and communication technology 

(ICT), banking 

Istituto Tagliacarne (2001) d 

Regional health deficit Absolute value Regional health deficit per capita Ministry of Economy and Finance 

and Ministry of Health (1997-2004) e 

Separate waste collection Separate/total Share of separate waste collection on total waste collection Istituto Tagliacarne (2007) f 

Urban environment index Index 

Includes twenty-five indexes relative to: air quality, water 

quality, purification plants, waste management, public 

transportation, energy consumption, public parks, and eco 

management 

Legambiente (2004) g 

Regulatory 

quality 

Economy openness Index Import plus export on the gross domestic product (GDP) Istituto Tagliacarne (2001) h 

Local government employees Absolute value Public servants over the resident population ISTAT (2003) i 

Business density Index Number of firms for 100 residents  Istituto Tagliacarne (2008) j 

Business start-ups/mortality 
Registration/cessati

on 
Firms registration/mortality Istituto Tagliacarne (2003-2004) k 

Business environment Index 

Includes thirty-nine indexes relative to: entrepreneurship, job 

market, tax system, market competition, banking, 

bureaucracy, public services to firms, firms’ cooperation 

Confartigianato (2009) l 

Rule of law 

Crimes against property Absolute value 
Number of crimes against property over the resident 

population 
ISTAT (2003) m 

Crimes reported Absolute value Number of crimes reported over the resident population ISTAT (2003) n 

Trial times Trial lengths I-III Average length of judicial process 
Centro Ricerche Economiche Nord 

Sud (CRENoS) (1999) o 

Magistrate productivity Magistrate trials 
Number of completed civil and criminal trials for the 

magistrate 
Ministry of Justice (2004-2008) p 

Submerged economy Index ISTAT estimation  ISTAT (2003) q 

Tax evasion Index 

Based on the difference between the estimated added value 

by national accounts and the tax system (Imposta Regionale 

Attività Produttive [IRAP] and individual income tax returns) 

Revenue Agency (1998-2002) r 
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Table A1 (continued) 

 

Voice and 

accountability 

Social cooperatives Absolute value Social cooperatives per 100 000 residents ISTAT (2001) s 
Associations Absolute value Associations per 100 000 residents ISTAT (2004) t 
Election participation Turnout (%) 2001 general election Interior Ministry (2001) u 

Books published Absolute value Books published ISTAT (2007) v 

Purchased in bookshops Index Purchased books over the resident population Il Sole 24 Ore (2004) w 

Source: Nifo and Vecchione (2014) 
Note:  
a ‘Indicatori territoriali per le politiche di sviluppo’ (2004). 
b ‘Relazione sull’attività svolta dalla gestione straordinaria dei Comuni commissariati’ (1991-2005). 
c ‘Atlante di competitività delle province italiane’ (2001). 
d ‘Atlante di competitività delle province italiane’ (2001). 
e ‘Relazione generale sulla situazione economica del Paese’ (1997-2004). 
f ‘Atlante di competitività delle province italiane’ (2001). 
g ‘Ecosistema Urbano 2004’ (2004). 
h ‘Atlante di competitività delle province italiane’ (2001). 
i ‘Indicatori statistici sulle amministrazioni centrali e locali’ (2003) (http://dati.statistiche-pa.it/). 
j ‘Atlante di competitività delle province italiane’ (2008). 
k ‘Atlante di competitività delle province italiane’ (2003-2004). 
l ‘L’indice Confartigianato – Qualità della vita dell’impresa’ (2009). 
m ‘Indicatori territoriali per le politiche di sviluppo’ (2003). 
n ‘Indicatori territoriali per le politiche di sviluppo’ (2003). 
o ‘Data-base on Crime and Deterrence in the Italian Regions’ (1970-1999). 
p ‘Graduatoria rispetto agli esauriti per magistrato presente’ (2004-2008). 
q ‘Le misure dell’economia sommersa secondo le statistiche ufficiali’ (2003). 
r ‘Analisi dell’evasione fondata su dati IRAP, Anni 1998-2002’ (2006). 
s ‘Le cooperative sociali in Italia’ (2006). 
t ‘Le organizzazioni di volontariato in Italia’ (2005). 
u ‘Archivio storico delle elezioni’ (http://elezionistorico.interno.it). 
v ‘La produzione libraia’ (2007). 
w ‘Dossier sulla qualità della vita’ (2004). 

 

 

  

http://dati.statistiche-pa.it/
http://elezionistorico.interno.it/
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Figure A1: Distribution of IQI across Italian provinces (averages 2004-2012). 

Source: Our elaborations. Nifo and Vecchione (2014) data. 

 

Figure A2: Patent intensity (averages 2004-2012). 

Source: Our elaborations. ISTAT data. 

 

 



 4 

 

Figure A3: Correlation between the log of patent intensity and the IQI. 

Source: Our elaborations. ISTAT and Nifo and Vecchione (2014) data. 
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Table A2: Description of the variables 

Variable Definition Source 

Patent application Logarithmic of the number of patent applications of all types per 

million of inhabitants 

 

ISTAT 

Development Policy Statistics 

IQI (synthetic 

indicator) 

 

Represents a synthetic indicator of provincial institutional quality 

which summarizes the five dimensions of Institutional Quality which in 

turn have been elaborated aggregating twenty-four elementary indexes. 

 

Nifo and Vecchione (2014) 

Corruption 

 

“Summarizes data on crimes committed against the public 

administration; the number of local administrations overruled by the 

federal authorities; and the Golden–Picci Index.” 

 

Nifo and Vecchione (2014) 

Government 

effectiveness 

 

“Measures the endowment of social and economic structures in Italian 

provinces and the administrative capacity of provincial and regional 

governments in relation to policies concerning health, waste 

management and the environment.” 

 

Nifo and Vecchione (2014) 

Regulatory quality 

 

“Comprises information concerning the degree of openness of the 

economy, business environment and, hence, the ability of local 

administrators to promote and protect business activity.” 

 

Nifo and Vecchione (2014) 

Rule of law 

 

“Summarizes data on crime against persons or property, on magistrate 

productivity, trial times, the degree of tax evasion and the shadow 

economy.” 

 

Nifo and Vecchione (2014) 

Voice and 

accountability 

 

 

“Captures the participation in public elections, the phenomenon of 

associations, the number of social cooperatives and cultural liveliness 

measured in terms of books published and purchased in bookshops.” 

Nifo and Vecchione (2014) 

Private R&D Logarithm of the R&D expenditure from the business sector as a 

percentage of provincial GDP. Since the data are available only at 

NUTS-2 level, the amount of regional (NUTS-2) R&D expenditure is 

distributed to each province (NUTS-3) on the basis of the 

corresponding population and then divided for the provincial GDP. 

 

ISTAT 

Development Policy Statistics 

Agricultural 

employment 

 

Share of employment in agriculture as a percentage of total 

employment. 

 

ISTAT 

Development Policy Statistics 

Manufacturing 

employment 

Share of employment in manufacturing as a percentage of total 

employment. 

 

ISTAT 

Development Policy Statistics 

Graduates Logarithm of the number of graduates as a percentage of provincial 

population. Since the only available data are at NUTS-2 level, the 

number of regional (NUTS-2) graduates is distributed to each province 

(NUTS-3) on the basis of the corresponding population. 

 

ISTAT 

Development Policy Statistics 

Population density Logarithm of the population density (population per square kilometre)  ISTAT 

Development Policy Statistics 
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Table A3: Descriptive statistics of the variables. 

Variable Obs. Mean Std. Dev. Min Max 

Patent application 927 3.653 1.213 0.22 6.192 

IQI (synthetic indicator)* 927 0.587 0.218 0 1 

Control of corruption* 927 0.825 0.165 0 1 

Government effectiveness* 927 0.362 0.177 0 1 

Regulatory quality* 927 0.487 0.208 0 1 

Rule of law* 927 0.579 0.202 0 1 

Voice and accountability* 927 0.405 0.165 0 1 

Private R&D 927 0.063 0.455 -1.187 1.044 

Agricultural employment 927 0.055 0.042 0.003 0.202 

Manufacturing employment 927 0.193 0.079 0.059 0.397 

Graduates 927 -2.445 0.185 -2.983 -2.027 

Population density 927 5.149 0.757 3.618 7.864 

Source: Our elaborations. ISTAT and Nifo and Vecchione (2014) data. Note: *for further details on the methodology see Nifo and 

Vecchione (2014). 
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Appendix B: OLS and FE estimates 

Table B1 presents the results of the ordinary least square (OLS) (columns 1 and 2) and fixed-effects 

(FE) (columns 3 and 4) estimates. In particular, for all the models, the negative and statistically 

significant coefficient associated with lnpatenti,t-1 supports the view of an overall convergence 

process in patenting activity. Hence, the gap between provinces with a lower capability to innovate 

and more innovative provinces seems to have decreased during the considered period of analysis. 

Moreover, private sector R&D expenditure is highly significant and positively associated with 

innovative performance. Also, the coefficient associated with the share of tertiary-educated 

individuals is positive and significant, suggesting that a higher human capital base represents a 

crucial engine of provincial innovation by contributing to the development of new knowledge and 

technologies. 

Subsequently, we include in the regression our institutions-related variable (IQI, model 2), which 

shows a positive and highly significant impact (statistically significant at 1%) on the innovative 

performance of Italian provinces. In column 3, sector structure and the natural logarithm of 

population density are introduced in the model. The positive and statistically significant coefficient 

related to manufacturing’s share indicates that an increase in the weight of manufacturing industries 

at the provincial level still represents an important determinant of innovation. In contrast, neither 

the share of employees in the agricultural sector nor the agglomeration economies are statistically 

significant. 

Once the provincial time-invariant characteristics are considered, the results reported in Table B1 

show that our key variable still has a significant impact on the innovative capacity of Italian 

provinces. Moreover, with respect to the control variables, an interesting element that deserves 

particular attention is the statistically significant relationship between agglomeration economies and 

innovation. As in Crescenzi et al. (2013), in fact, population density is positively related to 

innovation capacity, indicating that the most innovative Italian provinces are also those that present 
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higher urban density. On the contrary, the measures of sector specialization, human capital 

endowment, and R&D investment are no longer significant. 

Table B1: Robust OLS and FE estimation results. 

 OLS OLS OLS FE 

Dependent variable:  Patents application  

(1) 

 Patents application  

 (2) 

 Patents application  

 (3) 

 Patents application  

 (4) 

lnpatenti,t-1 -0.4080*** -0.6990*** -0.7668*** -1.1657*** 

 (0.0954) (0.1243) (0.1204) (0.0409) 

ln(R&D) 0.6443** 0.2897* 0.2313 0.5118 

 (0.2503) (0.1572) (0.1595) (0.4879) 

ln(graduates) 0.3089** 0.3904*** 0.3478*** -0.466 

 (0.1295) (0.1276) (0.1246) (1.082) 

IQI  3.6948*** 3.1402*** 2.3380** 

  (0.7839) (0.7266) (1.1055) 

Manufacturing employment   4.0504*** 1.0946 

   (1.0201) (5.628) 

Agricultural employment   -0.7108 1.487 

   (1.4518) (1.1596) 

ln(population density)   0.0976 7.6101** 

   (0.0916) (3.7881) 

constant -2.3808* -4.3850*** -4.5258*** -32.5692 

 (1.2689) (1.4631) (1.4352) (20.7718) 

     

N*T 824 824 824 824 

N 103 103 103 103 

Time effects Yes Yes Yes Yes 

Provincial effects No No No Yes 

R2 within 0.20 0.32 0.35 0.55 

Hausman FE/RE (p>chi2) No No No 782.86 (0.000) 

Pesaran’s CD test No No No 20.530 (0.000) 

Source: Our elaborations. ISTAT and Nifo and Vecchione (2014) data. 

Note: *statistically significant at the 10%; **statistically significant at 5%. *** statistically significant at 1%. Standard errors 

clustered by provinces are given in parenthesis. The first two models are ordinary least squares estimates while the last two models 

are fixed-effect estimates. The Pesaran’s CD test is run to verify the cross-sectional dependence in the fixed-effect models. 

 

The second step of our analysis focuses on the effects of each of Nifo and Vecchione’s (2014) five 

dimensions of the IQI. The decomposition of the IQI into its basic dimensions in Table B2 shows 

the significant and positive correlation of government effectiveness and regulatory quality with 

innovation. These results suggest that the endowment of social and economic structures in Italian 

provinces and the administrative capacity of sub-national administrators to design and implement 
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policies concerning health, waste management, and the environment, as well as the set of local 

policies aimed at promoting and protecting business activities, seem to affect innovative 

performance. In contrast, control of corruption, rule of law, and voice and accountability do not 

have a statistically significant impact on provincial patenting in Italy. With respect to the control 

variables, the coefficient associated with the natural logarithm of population density still has a 

positive and statistically significant impact on innovation. 

Table B2: Robust FE estimation results. 

 FE FE FE FE FE 

Dependent variable: 

 Patents application  

 (5) (6) (7) (8) (9) 

lnpatenti,t-1 -1.1574*** -1.1614*** -1.1611*** -1.1589*** -1.1566*** 

 (0.0409) (0.0408) (0.0407) (0.0409) (0.0408) 

ln(R&D) 0.5005 0.4671 0.7722 0.5122 0.5118 

 (0.4898) (0.4886) (0.4989) (0.4893) (0.4895) 

ln(graduates) -0.2676 -0.457 -0.1943 -0.3486 -0.2369 

 (1.0828) (1.083) (1.0778) (1.0845) (1.0863) 

Manufacturing employment 2.5824 2.341 3.1994 1.689 2.637 

 (5.6044) (5.5902) (5.5855) (5.6992) (5.6064) 

Agricultural employment 1.156 1.049 1.6856 1.2946 1.1708 

 (1.157) (1.1533) (1.167) (1.162) (1.1543) 

ln(population density) 7.6174* 7.9674** 8.6219** 7.2332* 7.2538* 

 (3.8935) (3.8019) (3.8161) (3.7989) (3.8033) 

Control of corruption 0.2533     

 (0.8098)     

Government effectiveness  2.0520*    

  (1.0709)    

Regulatory quality   1.9542**   

   (0.7864)   

Rule of law    0.6108  

    (0.75)  

Voice and accountability     -0.5175 

     (1.1496) 

constant -33.8172 -34.1727 -40.6334* -30.9727 -31.8395 

 (21.5688) (20.811) (21.0298) (20.8699) (20.8394) 

      

N*T 824 824 824 824 824 

N 103 103 103 103 103 

Time effects Yes Yes Yes Yes Yes 

Provincial effects Yes Yes Yes Yes Yes 

R2 within 0.547 0.55 0.551 0.548 0.548 
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Hausman FE/RE (p>chi2) 172.36 (0.000) 935.20 (0.000) 170.50 (0.000) 403.95 (0.000) 259.85 (0.000) 

Pesaran’s CD test (p-value) 22.196 (0.000) 20.018 (0.000) 17.813 (0.000) 22.195 (0.000) 21.851 (0.000) 

Source: Our elaborations. ISTAT and Nifo and Vecchione (2014) data. 

Note: *statistically significant at the 10%; **statistically significant at 5%. *** statistically significant at 1%. Standard errors 

clustered by provinces are given in parenthesis. All models are fixed-effect estimates. The Pesaran’s CD test is run to verify the 

cross-sectional dependence in the fixed-effect models. 
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Appendix C: Sensitivity analysis 

This section develops a sensitivity analysis to test the response of innovation capacity in alternative 

econometric models obtained by estimating the basic KPF model with IQ (Table C1) and then 

introducing the sectoral structure (Table C2) and the population density (Table C3). We also 

replicate this estimation strategy in the spatial dynamic autoregressive model and the spatial 

dynamic Durbin model. 

The adoption of a GMM estimator in our dynamic panel data framework raises some concerns 

about the adequacy of the internal instruments as valid instruments to address endogeneity that 

stems from the reverse causality between innovation and IQ. Yet, by implementing the appropriate 

tests and dealing with the assumptions and limitations, GMM has been proved to be an adequate 

estimator for a dynamic panel model (Granato, Haas, Hamann, and Niebuhr, 2015). 

The advantages related to the GMM estimator within a dynamic panel data framework are its 

flexibility and its few assumptions regarding the process of data generation (Bontempi and Mammi, 

2015). The most common approach is the first-difference GMM proposed by Arellano and Bond 

(1991), which takes the model in first differences in order to remove the unobserved time-invariant 

provincial characteristics and makes it possible to account for the endogeneity problem by 

instrumenting the endogenous explanatory variables with a set of lagged levels of each endogenous 

variable. If the error term is not serially correlated and some explanatory variables are 

predetermined or sequentially exogenous (like the lagged dependent variable), the moment 

conditions applied for the first difference equation are as follows: 

 

𝐸[𝑊𝑖𝑡−𝑠 ∙ Δ𝜀𝑖𝑡] = 0        𝑓𝑜𝑟 𝑡 = 3, … , 𝑇 𝑎𝑛𝑑 𝑠 ≥ 2     (4) 
 

 

where Wit-s is the lagged dependent variable and all of the endogenous regressors in the model. 

However, Blundell and Bond (1998) note that the time series properties are crucial for the finite 

sample properties of GMM estimators. The persistence of the institutional quality due to a time 

series close to random walks leads to inaccurate results because of the weak correlation between the 
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lagged levels of the explanatory variables and the endogenous explanatories in differences. 

Moreover, the small time dimension we face in our analysis, as the number of time series 

observations is small (T = 9), translates, in a first-difference GMM framework, the problem of weak 

instruments into a large finite sample bias. 

As a consequence, we decide to adopt an econometric technique that is able to improve the 

accuracy of the estimated coefficients by exploiting the bulk of the variation in the data as it adds 

additional and more informative moment conditions (Bobba and Coviello, 2007; Castelló-Climent, 

2008). In particular, we decide in favour of the system GMM estimator proposed by Blundell and 

Bond (1998), as it adds the levels equation to the first-difference equation, where the instruments of 

the endogenous regressors are the lagged differences of the same variables. In particular, Blundell 

and Bond (1998) suggest that it is possible to instrument the Wit-s endogenous variables with Wit-s 

so that the linear moment conditions for the level equation are as follows: 

 

𝐸[Δ𝑊𝑖𝑡−1 ∙ (𝜇𝑖 + 𝜀𝑖𝑡)] = 0 𝑓𝑜𝑟 𝑡 = 3, … , 𝑇        (5) 

 

The instrument matrix for the stacked system includes all (T-2) first-differences equations and 

the (T-2) levels equations corresponding to periods 3,…, T. Actually, as the lagged levels have been 

used as instrumental variables for the first differences equations, we use only the most recent lags of 

the first differences as instruments for the levels equation. The use of additional lagged first 

differences, in fact, would result in redundant moment conditions. 

Yet, the validity of moment conditions needs to be verified by using the conventional test of over-

identifying restrictions (Hansen, 1982) and by testing that the error term is not second-order serially 

correlated. As the null hypothesis cannot be rejected at 10%, Hansen’s J test and the second-order 

autocorrelation test provide evidence of the validity of the instruments and the absence of higher-

order autocorrelation in the GMM models. 

Furthermore, Roodman (2009) suggests that a wider number of instruments reduces the power test 

of over-identifying restrictions and proposes to keep the number of instruments lower than a 
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maximum threshold given by the number of groups: in our case, the 103 Italian provinces. In order 

to avoid a different lag structure for each specification while respecting the rule of thumb suggested 

by Roodman (2009), the lagged dependent variable and the IQ variables are treated as endogenous 

and instrumented with their first to the last available lag for the differences equation and with the 

most recent lags of the first differences for the levels equation. More specifically, the matrix of 

instruments is structured as follows: from the second to the last available lag of the instrumented 

variable (lnpatenti,t-1 and the IQ indicators) for the first differences equation, the most recent lags of 

the first differences of the same instrumented variables for the levels equation, and the (exogenous) 

controls, which vary depending on the estimated model (manufacturing and agricultural 

employment, R&D expenditure, graduates, population density, and the time dummies). 

The fact that the system GMM estimates tend to lie within the upper and lower bounds given by the 

OLS and FE values provides additional evidence of the plausible consistency of the system GMM 

estimates (Bond, 2002). 

Concerning the spatial dynamic Durbin model, in order to reduce the tables’ length, we exclusively 

report the coefficients and standard errors of the independent variables that are present in the non-

spatial dynamic models and in the spatial dynamic autoregressive models. 

As we can observe, the results confirm a significant role associated with the overall institutional 

quality and some of its components. In particular, by summarizing the main findings of the non-

spatial dynamic models and the spatial dynamic models, the results seem to indicate that among the 

different institutional dimensions, voice and accountability seems to be the key factor able to 

explain the innovative performance at the Italian provincial level. To a lesser extent, instead, the 

ability of local administrators to promote and protect business activity (regulatory quality) and the 

endowment of social and economic structures in Italian provinces (government effectiveness) 

contribute to improving the innovation capacity of Italian provinces. 
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Table C1: Robust SYS-GMM estimation results (Basic KPF). 

 SYS-GMM SYS-GMM SYS-GMM SYS-GMM SYS-GMM SYS-GMM 

Dependent variable: 

Patents application  

 (1) (2) (3) (4) (5) (6) 

lnpatenti,t-1 0.042 0.3019*** 0.0798 0.1947** 0.2873*** 0.13 

 (0.0718) (0.094) (0.0845) (0.0883) (0.0945) (0.0968) 

ln(R&D) 0.3280* 0.7088*** 0.7888*** 0.7472*** 0.8753*** 0.7989*** 

 (0.1905) (0.2258) (0.1799) (0.2066) (0.2849) (0.2427) 

ln(graduates) -0.3028 0.2029 1.0470** -0.2687 1.1850** -0.4117 

 (0.4741) (0.4936) (0.4351) (0.6607) (0.5287) (0.673) 

IQI 4.5150***      

 (0.83)      

Control of corruption  2.2039***     

  (0.803)     

Government effectiveness   2.7180***    

   (0.6326)    

Regulatory quality    3.1903***   

    (0.9446)   

Rule of law     -0.634  

     (0.7608)  

Voice and accountability      3.3688*** 

      (0.7624) 

constant 0.0615 1.1375 4.5354*** 0.6832 5.6284*** 0.6282 

 (1.4265) (1.6258) (1.0967) (1.7798) (1.44) (1.7249) 

       

N*T 824 824 824 824 824 824 

N 103 103 103 103 103 103 

Time effects Yes Yes Yes Yes Yes Yes 

Provincial effects Yes Yes Yes Yes Yes Yes 

Arellano-Bond (1) 0.001 0.000 0.002 0.001 0.001 0.002 

Arellano-Bond (2) 0.4076 0.2545 0.5666 0.2459 0.3114 0.3897 

Hansen J test 0.107 0.065 0.085 0.044 0.086 0.141 

Source: Our elaborations. ISTAT and Nifo and Vecchione (2014) data. 

Note: *statistically significant at the 10%; **statistically significant at 5%. *** statistically significant at 1%. Standard errors robust 

to the heteroskedasticity are given in parenthesis. The lagged dependent variable and the IQ indicators are treated as endogenous 

variables and instrumented with their second to the last available lag for the equation in differences and with the most recent lags for 

the level equation. The control variables are assumed to be exogenous. 
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Table C2: Robust SYS-GMM estimation results (Basic KPF with sectoral structure). 

 SYS-GMM SYS-GMM SYS-GMM SYS-GMM SYS-GMM SYS-GMM 

Dependent variable: 

Patents application  

 (7) (8) (9) (10) (11) (12) 

lnpatenti,t-1 0.0078 -0.0098 0.0438 0.0265 0.0073 0.1099 

 (0.0804) (0.0798) (0.0819) (0.0924) (0.0854) (0.0867) 

ln(R&D) 0.1977 0.5048*** 0.5396*** 0.5420*** 0.6747** 0.4872*** 

 (0.1526) (0.1773) (0.1637) (0.178) (0.2691) (0.1718) 

ln(graduates) -0.0721 0.5011 0.6409 0.29 1.0952** -0.3683 

 (0.3822) (0.5104) (0.4172) (0.537) (0.4667) (0.4797) 

Manufact. employment 5.0947*** 7.6580*** 8.0854*** 6.9969*** 9.2406*** 8.4502*** 

 (1.3877) (1.391) (1.2278) (1.4123) (1.3812) (0.9685) 

Agricultural employment -1.9104*** -3.3186*** -2.7299*** -2.7071*** -3.3218*** -2.4377*** 

 (0.7145) (0.7908) (0.7819) (0.7764) (0.8005) (0.6483) 

IQI 3.3326***      

 (0.7029)      

Control of corruption  0.429     

  (0.9272)     

Government effectiveness   1.3797**    

   (0.6215)    

Regulatory quality    1.5535**   

    (0.7523)   

Rule of law     -1.2063  

     (0.7437)  

Voice and accountability      2.8009*** 

      (0.6073) 

constant 0.704 2.8973* 3.2742*** 2.2923 5.3147*** 0.15 

 (1.1047) (1.6811) (1.0494) (1.421) (1.2334) (1.2838) 

       

N*T 824 824 824 824 824 824 

N 103 103 103 103 103 103 

Time effects Yes Yes Yes Yes Yes Yes 

Provincial effects Yes Yes Yes Yes Yes Yes 

Arellano-Bond (1) 0.0007 0.0006 0.0008 0.0004 0.0008 0.001 

Arellano-Bond (2) 0.5361 0.4724 0.7551 0.5001 0.7444 0.6222 

Hansen J test 0.074 0.153 0.087 0.073 0.092 0.152 

Source: Our elaborations. ISTAT and Nifo and Vecchione (2014) data. 

Note: *statistically significant at the 10%; **statistically significant at 5%. *** statistically significant at 1%. Standard errors robust 

to the heteroskedasticity are given in parenthesis. The lagged dependent variable and the IQ indicators are treated as endogenous 

variables and instrumented with their second to the last available lag for the equation in differences and with the most recent lags for 

the level equation. The control variables are assumed to be exogenous. 
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Table C3: Robust SYS-GMM estimation results (Basic KPF with sectoral structure and population density). 

 SYS-GMM SYS-GMM SYS-GMM SYS-GMM SYS-GMM SYS-GMM 

Dependent variable: 

Patents application  

 (13) (14) (15) (16) (17) (18) 

lnpatenti,t-1 -0.0309 0.0981 -0.0155 0.0561 0.0136 -0.0185 

 (0.0796) (0.0887) (0.0796) (0.0888) (0.0917) (0.0906) 

ln(R&D) 0.1642 0.4549*** 0.4910*** 0.4733*** 0.5885** 0.5091*** 

 (0.1426) (0.1732) (0.1615) (0.1725) (0.2558) (0.1864) 

ln(graduates) -0.0268 0.3398 0.7224* 0.3178 1.1332** -0.1898 

 (0.3955) (0.4991) (0.3971) (0.4929) (0.4495) (0.5089) 

Manufact. employment 4.7912*** 6.6623*** 7.8101*** 6.4902*** 8.8601*** 8.5551*** 

 (1.2688) (1.2577) (1.1039) (1.4647) (1.334) (0.9931) 

Agricultural employment -1.3021** -2.8467*** -2.4354*** -2.1625*** -2.9413*** -2.0658*** 

 (0.6254) (0.7583) (0.7543) (0.7592) (0.7676) (0.6325) 

ln(population density) 0.2595*** 0.2934*** 0.228 0.3048*** 0.1912 0.1680* 

 (0.0898) (0.1067) (0.1392) (0.1166) (0.1426) (0.0994) 

IQI 3.4841***      

 (0.7437)      

Control of corruption  1.167     

  (0.9117)     

Government effectiveness   1.1746**    

   (0.5965)    

Regulatory quality    1.4544*   

    (0.7693)   

Rule of law     -0.8042  

     (0.7639)  

Voice and accountability      2.5658*** 

      (0.6308) 

constant -0.4452 0.5938 2.4220** 0.8487 4.2754*** -0.1296 

 (1.1582) (1.7585) (1.1496) (1.532) (1.3439) (1.2951) 

       

N*T 824 824 824 824 824 824 

N 103 103 103 103 103 103 

Time effects Yes Yes Yes Yes Yes Yes 

Provincial effects Yes Yes Yes Yes Yes Yes 

Arellano-Bond (1) 0.0011 0.0008 0.0009 0.0007 0.001 0.0017 

Arellano-Bond (2) 0.6175 0.4861 0.7617 0.4798 0.7461 0.7061 

Hansen J test 0.083 0.13 0.129 0.042 0.108 0.154 

Source: Our elaborations. ISTAT and Nifo and Vecchione (2014) data. 

Note: *statistically significant at the 10%; **statistically significant at 5%. *** statistically significant at 1%. Standard errors robust 

to the heteroskedasticity are given in parenthesis. The lagged dependent variable and the IQ indicators are treated as endogenous 

variables and instrumented with their second to the last available lag for the equation in differences and with the most recent lags for 

the level equation. The control variables are assumed to be exogenous. 
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Table C4: Robust spatial dynamic autoregressive estimation results (Basic KPF). 

 SYS-GMM SYS-GMM SYS-GMM SYS-GMM SYS-GMM SYS-GMM 

Dependent variable: 

Patents application  

 (1) (2) (3) (4) (5) (6) 

lnpatenti,t-1 0.0599 0.2489*** 0.1128 0.1421* 0.2622*** 0.157 

 (0.066) (0.0902) (0.0852) (0.0791) (0.093) (0.1004) 

*lnpatenti,t 0.7371 1.4986*** 0.9060* 1.3349** 1.4621*** 1.0429** 

 (0.489) (0.4672) (0.4887) (0.568) (0.4396) (0.4269) 

ln(R&D) 0.2543 0.7519*** 0.8214*** 0.8202*** 0.9116*** 0.8460*** 

 (0.1813) (0.2028) (0.1998) (0.1915) (0.26) (0.2247) 

ln(graduates) -0.2692 0.0991 1.0468** -0.2801 1.2250** -0.2178 

 (0.4558) (0.6211) (0.4401) (0.601) (0.5006) (0.6399) 

IQI 4.4838***      

 (0.7145)      

Control of corruption  2.5175***     

  (0.9084)     

Government effectiveness   2.3815***    

   (0.6464)    

Regulatory quality    3.0878***   

    (0.8332)   

Rule of law     -0.3305  

     (0.8008)  

Voice and accountability      2.9276*** 

      (0.8096) 

constant -2.602 -4.6572* 1.2529 -3.9836* 0.301 -2.6303 

 (2.329) (2.7379) (1.9954) (2.0802) (2.4028) (2.4601) 

       

N*T 824 824 824 824 824 824 

N 103 103 103 103 103 103 

Time effects Yes Yes Yes Yes Yes Yes 

Provincial effects Yes Yes Yes Yes Yes Yes 

Arellano-Bond (1) 0.0006 0.0007 0.001 0.0003 0.0008 0.0012 

Arellano-Bond (2) 0.3575 0.2326 0.4404 0.2136 0.2597 0.3134 

Hansen J test 0.17 0.27 0.165 0.167 0.233 0.168 

Source: Our elaborations. ISTAT and Nifo and Vecchione (2014) data. 

Note: *statistically significant at the 10%; **statistically significant at 5%. *** statistically significant at 1%. Standard errors robust 

to the heteroskedasticity are given in parenthesis. The dependent variable lagged in space and time, and the IQ indicators are treated 

as endogenous variables and instrumented with their second to the last available lag for the equation in differences and with the most 

recent lags for the level equation. The control variables are assumed to be exogenous. 
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Table C5: Robust spatial dynamic autoregressive estimation results (Basic KPF with sectoral structure). 

 SYS-GMM SYS-GMM SYS-GMM SYS-GMM SYS-GMM SYS-GMM 

Dependent variable: 

Patents application  

 (7) (8) (9) (10) (11) (12) 

lnpatenti,t-1 0.0194 0.1225 0.0363 0.0523 0.0576 0.0477 

 (0.0728) (0.0854) (0.0832) (0.0816) (0.0829) (0.0884) 

*lnpatenti,t 0.6568 1.1119*** 0.8329** 0.9974** 1.0182*** 0.7225** 

 (0.4369) (0.3768) (0.4239) (0.4416) (0.3096) (0.324) 

ln(R&D) 0.2217 0.5178*** 0.5084*** 0.5462*** 0.6701*** 0.4690*** 

 (0.1667) (0.1726) (0.1712) (0.1632) (0.2012) (0.1703) 

ln(graduates) -0.1594 0.5592 0.7518* 0.3403 0.9077* -0.2685 

 (0.4278) (0.522) (0.4077) (0.5926) (0.4751) (0.4887) 

Manufact. employment 4.9289*** 6.4108*** 7.4449*** 6.7734*** 8.5608*** 7.8280*** 

 (1.3414) (1.3276) (1.2043) (1.2214) (1.2511) (1.06) 

Agricultural employment -1.4722*** -2.9964*** -2.7723*** -2.6659*** -2.8698*** -2.4648*** 

 (0.5709) (0.7007) (0.7111) (0.7429) (0.7552) (0.6836) 

IQI 3.3007***      

 (0.8258)      

Control of corruption  0.8406     

  (0.828)     

Government effectiveness   1.2150*    

   (0.6536)    

Regulatory quality    1.4694*   

    (0.8097)   

Rule of law     -0.7961  

     (0.6535)  

Voice and accountability      2.3443*** 

      (0.6266) 

constant -1.9205 -1.2361 0.5455 -1.1515 0.9236 -2.0641 

 (1.986) (2.1026) (1.4918) (1.6762) (1.6201) (1.6524) 

       

N*T 824 824 824 824 824 824 

N 103 103 103 103 103 103 

Time effects Yes Yes Yes Yes Yes Yes 

Provincial effects Yes Yes Yes Yes Yes Yes 

Arellano-Bond (1) 0.0008 0.0004 0.0007 0.0003 0.0006 0.0009 

Arellano-Bond (2) 0.4614 0.3675 0.5437 0.3879 0.5063 0.4743 

Hansen J test 0.128 0.342 0.074 0.17 0.177 0.118 

Source: Our elaborations. ISTAT and Nifo and Vecchione (2014) data. 

Note: *statistically significant at the 10%; **statistically significant at 5%. *** statistically significant at 1%. Standard errors robust 

to the heteroskedasticity are given in parenthesis. The dependent variable lagged in space and time, and the IQ indicators are treated 

as endogenous variables and instrumented with their second to the last available lag for the equation in differences and with the most 

recent lags for the level equation. The control variables are assumed to be exogenous. 
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Table C6: Robust spatial dynamic autoregressive estimation results (Basic KPF with sectoral structure and population density). 

 SYS-GMM SYS-GMM SYS-GMM SYS-GMM SYS-GMM SYS-GMM 

Dependent variable: 

Patents application  

 (13) (14) (15) (16) (17) (18) 

lnpatenti,t-1 -0.005 0.1076 0.0368 0.0678 0.0514 0.031 

 (0.0727) (0.0947) (0.0847) (0.0831) (0.0847) (0.0915) 

*lnpatenti,t 0.4993 0.9925*** 0.7653* 0.9638** 0.9446*** 0.6101* 

 (0.391) (0.3274) (0.3936) (0.4312) (0.2764) (0.3307) 

ln(R&D) 0.154 0.4590*** 0.4876*** 0.5045*** 0.6044*** 0.4642*** 

 (0.1573) (0.1709) (0.1734) (0.1549) (0.2016) (0.1642) 

ln(graduates) -0.0474 0.3983 0.7755* 0.358 0.9842** -0.1403 

 (0.394) (0.5262) (0.4321) (0.5692) (0.4518) (0.5052) 

Manufact. employment 4.7001*** 5.4449*** 7.4488*** 6.5903*** 8.0663*** 7.9870*** 

 (1.2331) (1.3026) (1.1831) (1.2145) (1.2079) (1.0267) 

Agricultural employment -1.0719** -2.7261*** -2.5810*** -2.1900*** -2.7217*** -2.2945*** 

 (0.5167) (0.6471) (0.6947) (0.6555) (0.6937) (0.6589) 

ln(population density) 0.2456*** 0.3166*** 0.1203 0.2244* 0.1996 0.1328 

 (0.0659) (0.1079) (0.1301) (0.1193) (0.1471) (0.0988) 

IQI 3.2936***      

 (0.7771)      

Control of corruption  1.6079*     

  (0.9422)     

Government effectiveness   1.0668    

   (0.6745)    

Regulatory quality    1.2811   

    (0.8159)   

Rule of law     -0.6433  

     (0.6671)  

Voice and accountability      2.2248*** 

      (0.6099) 

constant -2.2352 -3.2118 0.282 -2.1061 0.3765 -1.9664 

 (1.7877) (2.2284) (1.5041) (1.5462) (1.5597) (1.5692) 

       

N*T 824 824 824 824 824 824 

N 103 103 103 103 103 103 

Time effects Yes Yes Yes Yes Yes Yes 

Provincial effects Yes Yes Yes Yes Yes Yes 

Arellano-Bond (1) 0.001 0.0004 0.0007 0.0003 0.0006 0.0009 

Arellano-Bond (2) 0.5206 0.4065 0.5457 0.3777 0.5184 0.5222 

Hansen J test 0.133 0.264 0.086 0.128 0.229 0.115 

Source: Our elaborations. ISTAT and Nifo and Vecchione (2014) data. 

Note: *statistically significant at the 10%; **statistically significant at 5%. *** statistically significant at 1%. Standard errors robust 

to the heteroskedasticity are given in parenthesis. The dependent variable lagged in space and time, and the IQ indicators are treated 

as endogenous variables and instrumented with their second to the last available lag for the equation in differences and with the most 

recent lags for the level equation. The control variables are assumed to be exogenous. 
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Table C7: Robust spatial dynamic Durbin model estimation results (Basic KPF). 

 SYS-GMM SYS-GMM SYS-GMM SYS-GMM SYS-GMM SYS-GMM 

Dependent variable: 

Patents application  

 (1) (2) (3) (4) (5) (6) 

lnpatenti,t-1 0.0495 0.2486** 0.0751 0.1762* 0.2373** 0.1148 

 (0.0733) (0.09959 (0.0908) (0.096) (0.0974) (0.1029) 

*lnpatenti,t 1.5058** 1.9807*** 1.8264*** 1.9291** 1.8737*** 1.4810** 

 (0.7314) (0.5478) (0.4885) (0.772) (0.4995) (0.585) 

ln(R&D) 0.2506 0.7529*** 0.8075*** 0.7820*** 0.9297*** 0.8765*** 

 (0.1913) (0.2435) (0.1878) (0.2053) (0.2551) (0.2227) 

ln(graduates) -0.5248 0.3242 1.1008*** -0.0864 1.2734** 0.1689 

 (0.4764) (0.73) (0.3842) (0.6179) (0.5532) (0.7153) 

IQI 4.7547***      

 (0.7556)      

Control of corruption  2.2234**     

  (1.0209)     

Government effectiveness   3.1225***    

   (0.6819)    

Regulatory quality    2.7625***   

    (0.8441)   

Rule of law     -0.5509  

     (0.8049)  

Voice and accountability      2.6891*** 

      (0.7243) 

constant -0.5522 -3.2487 0.3058 -1.1832 -5.0138 -4.0163 

 (3.7778) (4.6751) (4.4621) (4.9015) (5.036) (4.2269) 

       

N*T 824 824 824 824 824 824 

N 103 103 103 103 103 103 

Time effects Yes Yes Yes Yes Yes Yes 

Provincial effects Yes Yes Yes Yes Yes Yes 

Arellano-Bond (1) 0.0006 0.0006 0.0012 0.0003 0.0008 0.0014 

Arellano-Bond (2) 0.3333 0.2246 0.4566 0.1772 0.2673 0.3488 

Hansen J test 0.276 0.444 0.511 0.335 0.492 0.397 

Source: Our elaborations. ISTAT and Nifo and Vecchione (2014) data. 

Note: *statistically significant at the 10%; **statistically significant at 5%. *** statistically significant at 1%. Standard errors robust 

to the heteroskedasticity are given in parenthesis. The dependent variable lagged in space and time, and the IQ indicators are treated 

as endogenous variables and instrumented with their second to the last available lag for the equation in differences and with the most 

recent lags for the level equation. The control variables are assumed to be exogenous. 
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Table C8: Robust spatial dynamic Durbin model estimation results (Basic KPF with sectoral structure). 

 SYS-GMM SYS-GMM SYS-GMM SYS-GMM SYS-GMM SYS-GMM 

Dependent variable: 

Patents application  

 (7) (8) (9) (10) (11) (12) 

lnpatenti,t-1 0.0178 0.1277 0.0192 0.068 0.0746 0.032 

 (0.0741) (0.0958) (0.0836) (0.0879) (0.092) (0.0907) 

*lnpatenti,t 0.9067 1.1959* 1.1859 1.3501* 0.8266 0.8969 

 (0.737) (0.713) (0.7623) (0.7693) (0.6563) (0.6993) 

ln(R&D) 0.2001 0.5027*** 0.4888*** 0.5564*** 0.6280*** 0.4948*** 

 (0.1538) (0.1939) (0.1644) (0.1712) (0.2381) (0.1726) 

ln(graduates) -0.2678 0.481 0.7177* 0.215 0.8912* -0.2982 

 (0.4032) (0.5908) (0.3923) (0.5911) (0.469) (0.5196) 

Manufact. employment 4.6225*** 7.1058*** 7.2682*** 6.5829*** 8.7206*** 7.7706*** 

 (1.2022) (1.6602) (1.0768) (1.3615) (1.2372) (1.0027) 

Agricultural employment -1.5971*** -3.6268*** -2.7641*** -2.9104*** -3.3045*** -2.7033*** 

 (0.6032) (0.7876) (0.6839) (0.7223) (0.774) (0.6334) 

IQI 3.5497***      

 (0.7561)      

Control of corruption  0.3808     

  (0.9532)     

Government effectiveness   1.6716**    

   (0.6809)    

Regulatory quality    1.4778**   

    (0.7241)   

Rule of law     -0.987  

     (0.6084)  

Voice and accountability      2.2995*** 

      (3.8725) 

constant 1.4615 -0.2488 -0.3586 -1.6618 2.5182 -2.8086 

 (4.3199) (5.3065) (4.8815) (4.8688) (4.705) (3.8129) 

       

N*T 824 824 824 824 824 824 

N 103 103 103 103 103 103 

Time effects Yes Yes Yes Yes Yes Yes 

Provincial effects Yes Yes Yes Yes Yes Yes 

Arellano-Bond (1) 0.0007 0.0004 0.0008 0.0003 0.0006 0.0009 

Arellano-Bond (2) 0.4493 0.357 0.5526 0.3272 0.5195 0.4887 

Hansen J test 0.291 0.236 0.258 0.257 0.196 0.241 

Source: Our elaborations. ISTAT and Nifo and Vecchione (2014) data. 

Note: *statistically significant at the 10%; **statistically significant at 5%. *** statistically significant at 1%. Standard errors robust 

to the heteroskedasticity are given in parenthesis. The dependent variable lagged in space and time, and the IQ indicators are treated 

as endogenous variables and instrumented with their second to the last available lag for the equation in differences and with the most 

recent lags for the level equation. The control variables are assumed to be exogenous. 
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Table C9: Robust spatial dynamic Durbin model estimation results (Basic KPF with sectoral structure and population density). 

 SYS-GMM SYS-GMM SYS-GMM SYS-GMM SYS-GMM SYS-GMM 

Dependent variable: 

Patents application  

 (13) (14) (15) (16) (17) (18) 

lnpatenti,t-1 -0.0053 0.1018 0.018 0.0817 0.0586 0.0229 

 (0.0795) (0.1011) (0.0839) (0.0902) (0.0916) (0.0938) 

*lnpatenti,t 0.5278 0.8289 0.8737 1.165 0.7118 0.7944 

 (0.5794) (0.7256) (0.6924) (0.7433) (0.6571) (0.63) 

ln(R&D) 0.1806 0.4635*** 0.4879*** 0.4961*** 0.5661** 0.4727*** 

 (0.15) (0.1733) (0.1595) (0.1636) (0.231) (0.182) 

ln(graduates) -0.1488 0.3316 0.7523* 0.3052 0.9711** -0.1064 

 (0.4061) (0.4876) (0.4274) (0.6215) (0.4868) (0.5393) 

Manufact. employment 4.4894*** 5.9477*** 7.2357*** 6.3153*** 8.3037*** 7.6525*** 

 (1.305) (1.4006) (1.0613) (1.3197) (1.3167) (1.0529) 

Agricultural employment -1.1511** -3.2149*** -2.6749*** -2.4056*** -3.1050*** -2.3145*** 

 (0.5628) (0.7318) (0.7204) (0.6553) (0.771) (0.6117) 

ln(population density) 0.2467*** 0.3325*** 0.1073 0.2247** 0.1639 0.1492* 

 (0.071) (0.1195) (0.1152) (0.1071) (0.1344) (0.0845) 

IQI 3.4717***      

 (0.7419)      

Control of corruption  1.5585*     

  (0.8798)     

Government effectiveness   1.4758**    

   (0.6805)    

Regulatory quality    1.3004*   

    (0.7599)   

Rule of law     -0.6057  

     (0.6755)  

Voice and accountability      2.2527*** 

      (0.5826) 

constant -3.5926 -3.9694 -2.22 -5.3923 0.8425 -3.5183 

 (4.8309) (6.5722) (5.9578) (5.789) (9.1698) (4.8226) 

       

N*T 824 824 824 824 824 824 

N 103 103 103 103 103 103 

Time effects Yes Yes Yes Yes Yes Yes 

Provincial effects Yes Yes Yes Yes Yes Yes 

Arellano-Bond (1) 0.0011 0.0008 0.001 0.0005 0.0007 0.0013 

Arellano-Bond (2) 0.5257 0.4374 0.5862 0.3393 0.5445 0.5203 

Hansen J test 0.331 0.236 0.277 0.258 0.174 0.353 

Source: Our elaborations. ISTAT and Nifo and Vecchione (2014) data. 

Note: *statistically significant at the 10%; **statistically significant at 5%. *** statistically significant at 1%. Standard errors robust 

to the heteroskedasticity are given in parenthesis. The dependent variable lagged in space and time, and the IQ indicators are treated 

as endogenous variables and instrumented with their second to the last available lag for the equation in differences and with the most 

recent lags for the level equation. The control variables are assumed to be exogenous. 
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