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Abstract:
The paper investigates the impact of higher education institutions (HEIs) on regional economic growth
by analysing 284 European regions (NUTS 2), in a time-span of 18 years (from 2000 to 2017). The
econometric analysis is based on a theoretical framework that models the potential contributions of
universities on the regional economic growth through the effects of multiple channels. The model
measures HEIs in a comprehensive way, taking into account both the density and the size of
universities in the region, as well as the performance of universities. The empirical analysis is based
on a novel dataset we have developed, collecting indicators from different data sources (Eurostat,
OECD, WHED and InCites). The empirical results, performed using the Generalized Method of
Moments, shed light on the relevance of the role of universities and the respective heterogeneity in
affecting regional economic growth. The findings suggest also that the effect of HEIs has significantly
changed after the financial crisis.
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1. Introduction
Disparities between regions of the same country are evident, especially in terms of economic output. For
instance, between 2000 and 2013, the OECD regions with the fastest growth in GDP, representing the 20% of
the total population, contributed on average to the 36% of the national GDP growth (OECD 2016). The
growing trend of regional economic inequalities has been arrested by the global financial crisis. Indeed,
inequalities within OECD countries (in terms of GDP per capita), after achieving the maximum level in 2008,
have started to decrease with the beginning of the financial crisis (OECD 2018; see Figure 1).
Disparities between regions is indeed an issue that is drawing the attention of governments, which aim at
understanding the causes of an uneven distribution of economic growth within their national boundaries
(Ezcurra and Rodríguez-Pose 2009).
Among the determinants of economic growth, Human Capital Theory (Schultz 1961, Becker 1964) and, in
particular, the New Growth Economics Theory (Lucas 1988, Romer 1990 and Mankiw et al. 1992) depict
education as a crucial factor for explaining the economic development of a nation. At sub-national levels,
regional development studies provide empirical evidence suggesting that human capital plays a relevant role
also in explaining the regional economic performance (see Martin and Herranz 2004, Batabyal and Nijkamp
2013, Laskowska and Dańska-Borsiak 2016).
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Our work addresses this issue with a focus on higher education institutions (HEIs). In fact, nowadays tertiary
education is considered the stage most suitable to provides the skills to compete in the new global economy
and respond to technological transformation (Faggian and McCann, 2009). Universities are also complex
systems, which can contribute to economic growth, not only through human capital creation but also through
alternative mechanisms (see the conceptual framework in the next paragraph). For these reasons, higher
education is potentially the educational stage that most can contribute to the economic growth (Sianesi and
Van Reenen 2003) and the one that better can explain the economic differences between regions. However,
even though the relationship between human capital and economic growth is widely debated, the literature is
still lacking in providing insights on the role of higher education institutions (HEIs) in fostering the economic
growth (Valero and Van Reenen 2018). This is a relevant issue and becomes even more important when a
regional perspective is adopted. In fact, the relevance of interregional migration flows may cause a significant
discrepancy between the human capital that contributes to the regional economy and the one produced by the
educational institutions in the region (Faggian and McCann, 2009). Therefore, it becomes crucial to examine
the complex relationship between higher education institutions (HEIs) and local economic growth.
In particular, the work addresses the following research question:
-

What is the impact of HEIs on the economic growth of European regions?

-

How has the financial crisis affected the relationship between HEIs end regional economic growth?

The study answers the research questions by analysing 284 European regions (NUTS 2), in a time-span of 18
years – from 2000 to 2017. To this end, the paper provides a theoretical framework that models the potential
contributions of HEIs on regional economic growth by means of different channels (i.e. human capital channel,
innovation channel and demand channel). Based on this framework, we estimated the contributions of
universities to regional economic growth by developing an econometric model that measures HEIs in a
comprehensive way - taking into account both density and size of universities in the region, as well as the
performance of the respective activities. A comprehensive measure for HEIs is indeed essential considering
the specific context of the research. During the last years, higher education systems in Europe have not seen a
significant expansion in terms of the number of institutions. Instead, European HEIs seem to be characterised
by an expansion in the number of students and by heterogeneous performance. Providing a comprehensive
measure of HEIs, the research will also contribute significantly to the literature. In fact, even if better education
is presumed to positively affect economic performance, the literature is more focused on the quantity, rather
than the quality of higher education (Hanushek et al. 2017, Hanushek 2016). This lack is mainly due to the
scarce availability of data on HEIs to employ for cross-country analyses. For this reason, as a by-product of
the research, we provide a novel dataset of HEIs indicators collected from different data sources (Eurostat,
OECD, WHED and InCites). Moreover, collecting data from 1995 to 2017, the dataset allows investigating
for the first time the potential role of the financial crisis in affecting the relationship between HEIs and regional
economic growth.
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The paper is structured as follows. Section §2 contains a review of the key literature that explicitly examines
the relationships between HEIs and regional economic growth and presents the theoretical framework. Section
§3 focuses on the econometric model, presenting the variables included in the empirical analysis, which are
described together with the dataset in Section §4. Section §5 contains the main findings, which are then
discussed, along with their contributions to research and the policy implications, in Section §6.
[FIGURE1] around here

2. Literature review and theoretical framework
2.1. Higher education institutions and local economic development
In the literature, there are few empirical contributions on the effect of HEIs on the economic development of
regions (Valero and Van Reenen 2019, Schubert and Kroll 2014). The majority of these works is focused on
metropolitan areas located in a single country. Lendel (2010) has found that the presence of research
universities in the USA has a positive impact on the employment and the economic growth of metropolitan
areas in which they are located. Goldstein and Drucker (2006) also have investigated the effect of HEIs on US
metropolitan areas, finding that universities are associated with an important contribution, only when small
areas are considered. The case of Germany has been investigated by Schlump and Brenner (2010) and Schubert
and Kroll (2014); both the papers highlight the importance of HEIs in influencing employment growth and
GDP per capita. However, all these contributions are focused on a single country and are not able to provide
generalizable answers (Schubert and Kroll 2014). Moreover, the empirical results found at metropolitan level
could differ from the ones related to regions, for the same reasons why estimates at the national level are
theoretically different from the ones at regional level (see Faggian and McCann 2009).
On the other hand, empirical studies investigating the regional contribution of HEIs through large crosscountries comparison are rare. In our knowledge, among the most recent works, only the paper of Valero and
Van Reenen (2019) deals with this issue. Analysing 1500 regions located on 78 different countries, the authors
have found that the presence of universities in the region influences positively the growth of local GDP per
capita. Their findings show that an increase of 10% in the number of universities is associated with around 6%
higher GDP per capita. These results show the average effect of the presence of universities that does not take
into account the heterogeneity of the institutions in terms of performance and dimension. Nevertheless, the
characteristics of the universities could significantly matter. The work of Eriksson and Fredrik 2013, for
example, finds that the presence of universities per se has not a significant impact on the employment growth
in Sweden regions; but a significant effect is found for specific clusters of universities and regions.
To address this issue, in this paper we aim at taking into account both the quality of education and the size of
institutions, which are supposed to significantly influence the contribution of HEIs.
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2.2. Theoretical framework
The research is based on a theoretical framework (Figure 2) that models the relationships between HEIs and
economic growth. This framework provides a comprehensive picture that takes into account the contributions
generated by all the three activities of universities: teaching, research and third-mission (Martin and Sauvageot
2011). In particular, based on the literature (see in particular Andrews 2017, Tartari and Stern 2018, Valero
and Van Reenen 2019) we identify three main channels through which universities may affect regional
economic growth: the human capital channel, the innovation channel and the demand channel.
[FIGURE 2] around here
2.3. Human capital Channel
There is an extensive literature dealing with the relationship between human capital (HC) and economic
growth. The main body of this literature has been developed in the field of Human Capital Theory that typically
identifies HC in education (Sweetland 1996). This theory assumes the existence of positive externalities of
education that generate an impact on macroeconomic performance that is higher than the aggregation of
individual benefits (Pritchett, 2001; Tan, 2014). The relationship between HC and economic growth is
explicitly expressed by the macroeconomic model developed by the New Growth Economics Theory (see
Mankiw et al. 1992, Lucas 1988, Romer 1990). The model assumes the endogenous determination of economic
growth, ascribing to human capital a crucial role in increasing the growth rates of a nation. Macroeconomic
analyses have generally found a positive effect of human capital - typically expressed in years of schooling
(Sianesi and Van Reenen 2003) - on economic growth (see among other Mankiw et al. 1992, de la Fuente and
Domenech 2000).
Despite the human capital literature focuses traditionally on secondary and primarily educations, in the last
decade it has been growing attention on the contribution of higher education, which is the stage that better
respond to the skills required by the new global economy (Faggian and McCann, 2009). Evidence in this field
generally highlights a positive effect of HE attainment on economic growth (see among others, McMahon
1998, Di Liberto 2008, Castelló-Climent and Hidalgo-Cabrillana 2012), even if this positive effect is not
confirmed in all cases (see Gyimah-Brempong et al. 2006, Lenkei et al. 2018).
Regional development studies have clearly expressed that the relationship between human capital and regional
development could be different from the one at the national level (Capello and Peter Nijkamp, 2009). Regions
do not have proper boundaries and, therefore, are significantly affected by the interregional migration, which
entails a regional ‘endogeneity’ that is different from the one at the national level. More specifically, the
traditional endogenous growth model assumes that the national aggregated growth is endogenously defined,
i.e. internally generated in a ‘closed-country framework’; whereas, for regional development models, the
‘endogeneity’ is not limited to the region itself but has to be extended to which the region is open (Faggian
and McCann, 2009). This mechanism has motivated an increasing interest in investigating empirically the link
between HC and economic growth at the regional level. Generally, empirical analyses tend to confirm the
4
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relevance of HC in increasing the regional GDP per capita (see Martin and Herranz 2004, Batabyal and
Nijkamp 2013, Laskowska and Dańska-Borsiak 2016) and in explaining economic disparities between regions
(Diebolt and Hippe 2019).
The literature analysing this issue at the regional level, like the one at the national level, typically expresses
HC in years of education. However, this measure does not take into consideration the quality of education that,
on the other hand, could significantly influence the effect of HC on economic growth. Empirical evidence on
the relevance of the quality of education has been provided by Hanushek (2016), who demonstrated that
increasing the years of education without improving cognitive skills has only little systematic influence on
economic growth.
The link between HEIs and human capital plays a relevant role in understanding the relationship between
universities and the regional economy. Also assuming a positive effect of HC on regional economic growth, it
can be found a not significant effect of HEIs on regional GDP per capita. The effect of interregional migration
could, in fact, significantly affect the link between the outputs of universities and the human capital in the
region in which they operate. In other words, it could be the case of regions that have a low level of human
capital even if the universities located in the region produce a high number of graduates, as an effect of a
relevant outgoing migration flow of graduates. Despite the large literature on HC, there are only a few papers
that explicitly address the link between HEIs and human capital. Abel and Deitz (2009), exploring this
relationship for US metropolitan areas, found a positive but small effect of the number of graduates on local
human capital stock. The authors attribute the weakness of the link between HEIs and human capital to the
presence of relevant migration flows among regions. Their results highlight also the relevance of controlling
for the heterogeneity of universities; the authors have found that different types of degree affect the human
capital stock in different ways. The relationship between heterogeneity of HEIs and local human capital is also
investigated by Santoalha et al. (2017), who found that HEIs diversification plays an important role in
generating diverse human capital.
2.4. Innovation Channel
Regional development literature affirms the relevance of innovation and R&D spillovers in promoting the
economic growth of regions (Denti 2010). At the same time, universities are considered to play a crucial role
in determining local and regional innovation (Bramwell and Wolfe 2008, Diebolt and Hippe 2019). As a
consequence, HEIs can contribute to the local economic performance also through the ‘innovation channel’
(Valero and Van Reenen 2019). This channel is meant to capture the effects of the knowledge creation
associated with the research activity and the technological transfer of third-mission (see Drucker and Goldstein,
2007). Research activities can contribute to the knowledge spillovers, for example by means of academic
publications (see for example Dębski et al. 2018), whereas the proximity to HEIs could be relevant for
accessing to research networks (Audretsch and Lehmann 2005). On the other hand, third-mission activities are
5
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associated with the production of patents and the development of business incubators or spin-offs (Shane 2002
and Agasisti et al. 2018).
2.5. Demand Channel
The demand channel is meant to capture the influence of HEIs on the local economy, generated by the
expenditure of HEIs and the respective multiplier effects (see Garrido-Yserte and Gallo-Rivera 2009). Indeed,
universities can be seen as labour-intensive enterprises (Yen et al. 2015) that generate a direct and indirect
demand for local services and local goods, encouraging the creation of new businesses in the area (Tartari and
Stern 2018). HEIs increase also the local income by hiring academic staff and non-academic employees. The
effects of the demand channel are particularly evident when a new university establishes in the area (Andrews
2017). Of course, also the size is a relevant factor; indeed, the increase in the number of students and staff is
typically associated with a larger effect of universities. However, these ‘direct’ channel is supposed to generate
only a short-term effect on economic growth, contrary to human capital and innovation channels which can be
associated also to long-run effects (Faggian and McCann 2009).
3. Empirical framework
3.1 Measuring the presence and the output of HEI
In order to estimate the impact of HEIs on regional economic value, it is worth to better define how we
intend to model and measure the contribution of universities. As said, we aim at modelling HEIs in a
comprehensive way, considering not only the presence of the universities in the region but including also
information on the heterogeneity of HEIs – in terms of size and performance. A comprehensive perspective
is particularly relevant in the specific context of the research since European HEIs seem to be characterised
by an expansion in the number of students and by a heterogeneous quality of the institutions. Moreover,
in this way, we could address the limitation of the literature that is still focused on measures on the quantity
of education, overlooking quality characteristics (Hanushek et al. 2017, Hanushek 2016).
Therefore, we model HEIs through five dimensions: HEIs’ density, HEIs’ dimension, research
performance, third-mission performance.
The HEIs' density is measured by the number of universities within the specific region. Based on Valero
and Van Reenen (2019), the indicator has been calculated by using the foundation year of the institution,
provided in WHED (World Higher Education Database). The data source gathers information over 18,400
institutions offering at least a three-year professional diploma or a post-graduate degree. This method does
not allow to take into account if some universities have left the system during the time span considered.
However, this phenomenon is quite rare and has been proved to do not influence the empirical analyses
(see Valero and Van Reenen 2019).
Traditional measures of the size of HEIs - such as the number of enrolled students or the number of
personnel employed in the universities - are not available or are only partially available for our sample.
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Therefore, we used the number of ‘active’ researchers as a driver for HEIs dimensions. The indicator, since
it is based on the information available in Web of Science (Incites database), considers exclusively the
researchers that have published at least one document on Web of Science, in the specific year. In other
words, the indicator is not able to capture the part of the academic staff that is not ‘active’ in the research
activity. This exclusion can be interpreted as a corrected measure of the size, which considers only the
productive share of academic staff. However, the indicator cannot include the part of the universities’ staff
that is employed in teaching activities, without working on academic research. This limitation could be
relevant especially for some countries, such as Germany, that are characterised by higher education
systems with a significant number of not-research universities. For this reason, we do not consider the
indicator in absolute terms, but we included in the model only the respective growth over time. Indeed, the
assumption is that the growth in the number of ‘active’ researchers could well represent the growth in the
size of universities.
We model the performance of research activity, explicitly considering both quantity and quality
characteristics. We included the number of publications in Web of Science as a measure of the quantity of
the research, and the percentage of publications in the top 10%, as a measure of its quality. The thirdmission performance has been measured by the percentage of publications that have at least one co-author
from the industry field. All the indicators of research and third-mission performance have been built on
data provided by Incites database. The data have been gathered at the institutional level, in order to include
exclusively the publications with at least one author from universities. Then, the data have been aggregated
at the regional level, through a weighted average based on the number of publications per university, in
the specific year.
3.2 The empirical model
The empirical results, presented in Section 5, are based on the following model:
(1) ∆𝑙𝑜𝑔(𝑌𝑖𝑐,𝑡 ) = 𝛼1 𝑙𝑜𝑔(𝑌𝑖𝑐,𝑡−1 ) + 𝛼2 𝑙𝑜𝑔( 𝑁_𝑢𝑛𝑖𝑖𝑐,𝑡 ) + 𝛼3 ∆𝑙𝑜𝑔(𝑁_𝑢𝑛𝑖𝑖𝑐,𝑡−𝑙 ) +
𝛼4 ∆𝑙𝑜𝑔(𝐷𝑖𝑚𝑖𝑐,𝑡−𝑙 ) + 𝛼5 𝑙𝑜𝑔(𝑃𝑢𝑏𝑙𝑖𝑐𝑎𝑡𝑖𝑜𝑛𝑖𝑐,𝑡 ) +
𝛼5 ∆ 𝑙𝑜𝑔(𝑃𝑢𝑏𝑙𝑖𝑐𝑎𝑡𝑖𝑜𝑛𝑖𝑐,𝑡−𝑙 ) + 𝛼6 𝐻𝑢𝑚𝑎𝑛𝐶𝑎𝑝𝑖𝑡𝑎𝑙𝑖𝑐,𝑡 + 𝛼7 𝑇𝑜𝑝_10𝑖𝑐,𝑡−𝑙 + 𝛼8 𝐼𝑛𝑑𝑢𝑠𝑡𝑟𝑦𝑖𝑐,𝑡−𝑙 + 𝛼9 𝑋′𝑖𝑐,𝑡 +
𝛾𝑐 + 𝜏𝑡 + 𝜀𝑖𝑐,𝑡

Where Yic,t is the GDP per capita of region i, in the country c and at time t; N_uniic,t is number of universities
in the region i; Dimic,t is the dimension of universities, measured as the number of ‘active’ researchers in the
region i; Publicationic,t is the number of documents published by the HEIs in the region i; Top_10 ic,t is the
percentage of papers in the top 10%, as a measure of research quality; Industryic,t is the share of industry
collaboration associated with the universities of the region, as a measure of third-mission performance;
HumanCapitalic,t is the share of population aged 30-34 years old with tertiary education in the region i. X’
represents the matrix of controls for regional characteristics that includes the regional migration rate, the level
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of population, the median age, the population density, the dummy indicating if the capital is in the region and
the dummy for the years 2008 and 2009 of the financial crisis.
Based on Gennaioli et al. (2014) and Valero and Van Reenen (2019), we used the lagged level of GDP per
capita in the region to control for beginning levels of per capita income. In this way, we could estimate the
convergence rate of regional economic growth. The empirical literature has generally found evidence of
regional convergence; in particular, the Barro’s “iron law” suggests a convergence rate of around 2% (see
Barro 2012).
Since we are interested in both long-run and short-run effects, we included different time-lags for the variables
of interests, considering a time span of three years for each indicator. Larger time-lags have been avoided in
order to do not excessively reduce the sample size.
The last three factors of (1) are the country fixed effects (𝛾𝑐 ), the time dummies (𝜏𝑡 ) and the error term ( 𝜀𝑖𝑐,𝑡 ).
We decided to include a country fixed effect, following the work of Gennaioli et al. (2014). This choice allows
controlling for the general characteristics of the country in which the regions are located, such as the cultural
values and the national economic level. At the contrary, we did not include regional fixed effects, in order to
avoid possible bias that the literature ascribes to them (see Barro 2012).
3.3 Generalized Method of Moments
Equation (1) is characterised by a potential endogeneity that could affect the estimation of the causal
relationships between the economic growth and the performance or the presence of universities. Indeed, the
decision of establishing a new university can be influenced by the level of the local economy – universities are
more likely to be placed in areas showing a high demand for HE and a labour market that requires high-skilled
people. In addition, the economy of the region can influence also the performance of the universities. For
example, the activities of universities can be affected by the financial resources and the relationships with local
companies that, in turn, are linked to the economic characteristics of the region. Moreover, equation (1)
describes a dynamic panel model, where the past realization of GDP per capita is supposed to affect the current
economic performance. In this context, traditional models like fixed-effect and random-effects are not able to
provide consistent and unbiased results (Wooldridge 2012).
To overcome the risk of the endogeneity bias, the model (1) has been estimated using a system Generalized
Method of Moments (sys-GMM) (Arellano and Bover, 1995; Blundell and Bond, 1998). In fact, the GMM
approach is particularly suitable for panel data and assure the consistency of the results also in case of multiple
sources of endogeneity: (i) unobserved heterogeneity; (ii) simultaneity; (iii) dynamic endogeneity (Ullah et al
2018). This method addresses the problem of endogeneity of the independent variables, by differencing the
regression equation and using the lags of the regressors as instruments.
In particular, we consider the general model:
(2) 𝑦𝑖𝑡 = 𝛽1 𝑋𝑖𝑡 + 𝛽2 𝑊𝑖𝑡 + 𝑢𝑖𝑡

𝑖 = 1, … , 𝑁; 𝑡 = 1, … , 𝑇

𝑢𝑖𝑡 = 𝑣𝑖 + 𝑒𝑖𝑡
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where 𝑣𝑖 are unobserved individual-level effects, 𝑒𝑖𝑡 are the observation-specific errors, 𝑋𝑖𝑡 is a vector of
strictly exogenous covariates; 𝑊𝑖𝑡 is a vector of predetermined regressors (that can include the lag of y) and
endogenous regressors, all of which may be correlated with the 𝑣𝑖 . The GMM approach (Arellano and Bond
1991) removes 𝑣𝑖 and, therefore, the potential cause of endogeneity, by first-differencing equation (2).
However, the first-difference formulation generates a problem of endogeneity for the predetermined variables,
which are potentially correlated with past errors. To solve this problem, the ‘difference GMM’ estimator
instruments the differenced variables that are not strictly exogenous with all their available lags in levels
(Arellano and Bond 1991). The ‘difference GMM’ estimator has, however, a relevant weakness; when the
variables are close to a random walk, the lagged levels are usually poor instruments for first-differences. To
overcome this limitation, Arellano and Bover (1995) and Blundell and Bond (1998) developed an augmented
version of the GMM estimator, i.e. the ‘system GMM’. The authors show that the efficiency of the GMM
improves when the original equation in levels is added to the model. In this way, additional instruments can
be included – in particular, lagged variables in first-difference can be used to instrument their own levels.
Therefore, sys-GMM is specified as a system of equations (one for each time period considered) including
different sets of instruments, which may be both ‘internal’ and ‘external’.
To assure the consistency of the estimation, two main post-estimation tests are generally computed: ArellanoBond test for no auto-correlation, and the Sargan-Hansen test of over-identifying restrictions. The first test
verifies the assumption of serial independence in the original errors, which holds only if the differenced
residuals do not show significant autocorrelation of the second order. The second test, the Sargan statistic, is
needed to test the assumption that instruments are exogenous. In case of heteroscedasticity or autocorrelation,
the same assumption can be tested through the Hansen statistic, which provides robust estimates1 (Roodman
2018).
4. Data
4.1. The dataset
The empirical analysis is based on a novel dataset we have developed. The data have been gathered for 285
regions, in 30 European countries, i.e. the 28 EU members plus Norway and Switzerland, and are referred to
a large time span, from 1995 to 2017. However, as shown in the second column of Table 1, not all variables
are available for the entire time span. Migration rate and HE attainment are, in fact, provided from 2000. For
this reason, the empirical estimations discussed in section 5 are based on data from 2000 to 2017.
The data have been collected from multiple data sources. As previously explained, WHED database has been
used for identifying the number of universities in the region. From Incites database we collected the
information needed to measure the research performance, third-mission performance and also to provide the
number of ‘active’ researchers, as a proxy of the size of universities. The data on the GDP per capita have been

1

The Hansen test is robust to heteroscedasticity or autocorrelation, but it can provide weak estimates in case of
instrument proliferation (Roodman 2018).
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collected from Eurostat, while the variables on regional characteristics have been gathered from both Eurostat
and OECD Regional database.
The detailed description of the variables, together with the respective data sources, are reported in Table 1.
[TABLE 1] around here
4.2 Descriptive statistics
The basic descriptive statistics of the variables included in the empirical model are reported in Table 2.
[TABLE 2] around here
The dependent variable and the main regressors included in the empirical model have been analysed more in
details. Figure 3 analyses the regional GDP per capita, by providing a map that shows the average value per
region (NUTS 2) over years, and a bar plot of the average growth in GDP per capita per year. The bar chart
shows clearly the effect of the financial crisis on GDP per capita, highlighting a remarkable decrease in
economic growth in 2008 and 2009. The map shows instead a high level of heterogeneity among regions of
the same country. Some regions, such as the area of London and Île de France, report particularly high values,
very distant from the ones presented by the other regions of the same countries.
[FIGURE 3] around here
Figure 4 shows a slow growth over time in the number of universities – especially during the last decade. Also
in this case, there is a remarkable difference among regions of the same country; the highest average value is
reported in Île de France, in which 57 universities operate. The number of ‘active’ researchers per year is
displayed in Figure 5 that shows an increasing trend over time, with a visible gap between 2007 and 2008.
There has been an increasing trend over time also in the number of publications (Figure 6). Whereas, the values
of the share of publications with industrial collaborations (the indicator of third-mission performance) do not
show any clear pattern over time (Figure 7). On the other hand, third-mission indicator depicts a heterogeneity
among regions of the same country; in particular, in Norway, in which two regions (NO04 and NO06) register
the highest levels.
[FIGURE 4, FIGURE 5, FIGURE 6 and FIGURE 7] around here

5. Results
Table 3 and Table 4 show the results of eleven different models, in which we have gradually included all the
independent variables described in Paragraph 3.2. Performing an OLS regression, in column 1 and 2, we
examined the baseline model that takes into consideration only the effects of regional controls - column 2
including also the country fixed effects. From column 3, with the inclusion of HE attainment, we estimated
the models through a sys-GMM. The models confirm the Barro’s estimated “iron law”, showing convergence
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rates between 2.25% and 2.86% per year (first line of Table 3 and Table 4). The estimations show a statistically
significant effect only for the current level of HE attainment (see model 4), whereas the coefficients of current
and the lagged growth report high p-values (see model 3). The results, obtained instrumenting both the growth
and the level of human capital in the sys-GMM, are different from the findings of Valero and Van Reenen
(2019), who found a statistically significant effect associated with the growth of HE attainment and not for the
levels of HE attainment. On the other hand, a positive effect associated with the level of human capital is
generally confirmed by the literature (see for example Gennaioli et al. 2014).
Column 5 includes the variables on the number of universities in the region. These regressors have been treated
as endogenous in the sys-GMM framework since high economic growth could encourage the establishment of
a new university. The highest effect of the growth in the number of universities is associated with one-year lag
observations. In this case, the estimations suggest that a 10% increase in the number of universities is
associated with an increase of 0,31% in the GDP per capita. This result confirms the findings of Valero and
Van Reenen (2019), who found an effect between 0,4% and 0,8%. In table 4, we included the information on
the heterogeneity of HEIs by taking into account the dimension and the performance of universities.
Controlling for the HEIs’ heterogeneity, we found a reduction in the coefficients associated with the growth
in the number of universities and the respective level of statistical significance. The results show a significant
effect only for the one-year lag, suggesting the existence of a short-run effect associated with the establishment
of a new university in the region. The growth in the number of active researchers, included from model 6 as a
proxy for the size of universities, is instead associated with longer effects in time. In fact, both 1-year and 2years lags result statistically significant. In terms of magnitude, the estimations suggest that a rise of 10% in
the number of active researchers is associated with about 0.06% of the increase in GDP per capita. To avoid
the potential endogeneity bias associated to this variable, the growth in the number of active researchers has
been instrumented in the sys-GMM.
From column 7 to column 11, we gradually included the performance of HEIs. Also in this case, the reverse
causality has been controlled by instrumenting the level and the growth in the number of publications as well
as the percentage of publication with industrial collaboration. Indeed, economic growth could be associated
with an increase in the financial and human resources in academic research that can positively affect the growth
in the number of publications. Better economic performance could also foster collaborations between
universities and industries. The estimations show a statistically significant effect associated with the current
growth in the number of publications. In particular, a 10% growth in the number of publications generates
about 0.08 percentage point rise in the GDP per capita. Third mission performance and share of publications
in the top 10% present not-significant p-values (Model 9 and Model 11). This result may depend in part to the
presence of the HEIs’ dimension in the model. In Model 10, where the growth in the number of active
researchers is not included, the regressors on third-mission performance have a small but statistically
significant effect.
In the bottom part of Table 3 and Table 4, we have reported the results of the Arellano-Bond test for
autocorrelation of second-order, and the Hansen test for the validity of the instruments. Since both tests never
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reject the null hypothesis, we can confirm the validity of the results, which are not affected by problems of
autocorrelation or invalid instruments (see Roodman 2018).
[TABLE 3 and TABLE 4] around here
Lastly, we investigated the second research question by including in the model the interactions with a
categorical variable, which distinguishes between the ‘pre-crisis period’ (before 2008), the ‘crisis period’
(2008/2009) and the ‘post-crisis period’ (after 2009). Taking as a reference the Model 7, we included the
interactions between this categorical variable and the most relevant variables of interest resulting from the
previous analysis. More precisely, we considered the interactions with the growth in the number of universities,
the growth in the number of active researchers and growth in the number of publications. The results, reported
in Table 5, shed a light on the relevant role of the financial crisis that seems to have affected the relationship
between HEIs end regional economic growth. In particular, we found a statistical difference between the precrisis and the post-crisis period in the coefficients related to the dimension of universities and the research
performance. In both cases, the effect at the pre-crisis period is higher than the effect at the post-crisis period.
In other words, after the financial crisis, research performance and universities’ size seem to have generated a
lower effect on regional economic growth. However, it could be also the case that, after the financial crisis,
the universities need more time to generate a significant effect on economic performance.
[TABLE 5 and FIGURE 8] around here

6. Discussion and Conclusions
[TO BE DEFINED]
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Figure 1. GDP per capita disparities across OECD regions.

Note: the figure shows the Theil inequality of GDP per capita between OECD countries, between OECD
regions and the total. Source: OECD 2018.

Figure 2. Theoretical Framework - Relationships between HEIs and economic growth.

Note: the framework shows the relationships between higher education institutions and regional economic
growth. In particular, we represent only the relationships of interest, without draw the potential reverse effects
between factors. Source: Authors.
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Table 1. Definition of variables and data sources.
Time
span
available

Source

Description

GDP per capita

1995-2017

Euostat

Regional gross domestic product expressed as PPS per inhabitant
by NUTS 2 regions.

Number of universities

1995-2017

WHED

The number of universities in the region, calculated by means of
the founding year of universities in the region.

Variable

Number of 'active'
researchers

1995-2017

Incites

As a proxy of the dimension of research universities we use the
number of active researchers per university. The active researchers
are defined as the number of people that have published at least one
document in Web of Science database in the specific year. The
indicator has been aggregated for regions (NUTS2) by calculating
the arithmetic mean based on the universities in the region.

Number of publications

1995-2017

Incites

The variable is the sum of the number of documents in Web of
Science produced by universities ('academic' and 'academic
system' filter in Incites Database) in the specific region (NUTS2).
The indicator is calculated as the percentage of publications that
have co-authors from industry. The variable has been aggregated
per region (NUTS2) by means of a weighted average, based on the
number of documents the in Web of Science produced by
universities ('academic' and 'academic system' filter in Incites
Database).
Percentage of publications in the top 10% based on citations by
category, year, and document type. The variable has been
aggregated per region (NUTS2) by means of a weighted average,
based on the number of documents the in Web of Science produced
by universities ('academic' and 'academic system' filter in Incites
Database).
Share of the population of the region aged 30-34 years old with
tertiary education.

HE collaboration with
industry

1995-2017

Incites

Publications in the top
10%

1995-2017

Incites

19952017

Euostat

1995-2017

Euostat

Median age of the population of the regions expressed in years

Euostat

The ratio of net migration (including statistical adjustment) during
the year to the average population in that year. The net migration
plus adjustment is calculated as the difference between the total
change and the natural change of the population.

HE attainment
Age
Migration rate

20002017

Population density

1995-2017

Population

1995-2017

Financial Crisis

1995-2017

Capital in the region

1995-2017

Euostat
OECD
Regional
database

Population density by NUTS 2 expressed in inhabitants per km2
Total number of the population per NUTS 2
Binary variable for the financial crisis; it is equal to 1 if year is
2008 or 2009, 0 otherwise
Binary variable; it is equal to 1 if the capital is in the region, 0
otherwise

Source: Authors’ elaboration.
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Table 2. Descriptive Statistics.
Variable
Regional GDP per capita
Growth in regional GDP per capita
Number of universities
Growth in number of universities
Number of 'active' researchers
Number of publications in WS
% publications in the top 10%
Industry collaboration in publications
Migration Rate
Population (millions)
Population growth
Population density
Median age
Capital is in the region
% 30-34 years old population with HE

Obs

Mean

Std.Dev.

Min

Max

5,044
4,759
6,555
6,085
6,555
6,555
6,555
6,555
4,935
6,414
6,129
6,088
6,355
6,555
4,851

25671.97
0.026
3.989
0.0038
2524.01
1957.4
69.066
1.886
0.0030
1.785
0.0029
428.40
39.97
0.119
31.315

17942.65
0.042
5.523
0.0513
4546.41
5854.8
21.687
1.989
0.0057
1.464
0.0086
1419.78
3.37
0.324
11.829

3600
-.1784
0
0
0
0
0
0
-0.0441
0.025
-0.1104
3.3
29.4
0
5.5

270151.3
0.357
68
1
83074
96051
100
50.633
0.0567
12.194
0.2792
70809
51.3
1
76.5

Source: Authors’ elaboration using Stata 14.

Figure 3. GDP per capita per regions over years, and growth in GDP per capita per year, over regions.

Source: Authors’ elaboration using Stata 14 (bar chart) and Tableu Public (map).
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Figure 4. Number of universities per region over years, and number of universities per year, over
regions.

Source: Authors’ elaboration using Stata 14 (bar chart) and Tableu Public (map).

Figure 5. Number of ‘active’ researchers per year, over regions.

Source: Authors’ elaboration using Stata 14 (bar chart) and Tableu Public (map).
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Figure 6. Number of publications per region over years, and number of publications per year, over
regions.

Source: Authors’ elaboration using Stata 14 (bar chart) and Tableu Public (map).

Figure 7. Share of industrial collaboration over years, and share of industrial collaboration per year, over
regions.

Source: Authors’ elaboration using Stata 14 (bar chart) and Tableu Public (map).
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Table 3. Baseline Results.

VARIABLES
Lagged level of ln(GDP
per capita)

(1)

(2)

(3)

(4)

(5)

Growth in GPD
per capita

Growth in GPD
per capita

Growth in GPD
per capita

Growth in GPD
per capita

Growth in GPD
per capita

-0.0136***

-0.0099***

-0.0225***

-0.0272***

-0.0265***

(0.0042)

(0.0021)

(0.0034)

(0.0041)

(0.0047)

0.0004**

0.0004**

(0.0002)

(0.0002)

HE attainment
-0.0001

Growth in HE attainment

(0.0001)

Lagged growth in HE
attainment
Lagged level of
ln(#universities)
Lagged ln(growth in
#universities)
Lagged ln(growth in
#universities) (lag=2)
Lagged ln(growth in
#universities) (lag=3)
Growth in migration rate
Ln(population)
Ln(population density)
Age
Financial crisis
Capital in the region

-0.0000
(0.0001)

-0.0022
(0.0038)

0.0310***
(0.0106)

0.0094
(0.0120)

0.0184*
(0.0107)

0.6263***

0.5985***

0.3010**

0.2804**

0.2796**
(0.1141)

(0.1380)

(0.1306)

(0.1223)

(0.1136)

0.0027***

0.0006

0.0010

0.0006

0.0019

(0.0009)

(0.0004)

(0.0007)

(0.0007)

(0.0024)

-0.0017**

-0.0006

0.0000

0.0001

0.0002

(0.0007)

(0.0005)

(0.0007)

(0.0007)

(0.0007)

-0.0007**

0.0005***

0.0008***

0.0007***

0.0006**

(0.0003)

(0.0002)

(0.0003)

(0.0003)

(0.0003)

-0.0981***

-0.1054***

0.1946***

-0.1060***

-0.1057***

(0.0026)

(0.0024)

(0.0342)

(0.0026)

(0.0026)

0.0130***

0.0086***

0.0139***

0.0103***

0.0114***

(0.0038)

(0.0023)

(0.0034)

(0.0034)

(0.0035)

0.1759***

0.1220***

0.0000

0.2806***

0.2562***

(0.0381)

(0.0219)

(0.0000)

(0.0410)

(0.0663)

Country fixed effects

no

yes

yes

yes

yes

Time dummies

yes

yes

yes

yes

yes

no
4,402
0.5539

yes
3,982
282
0.179
0.704

yes
4,245
282
0.136
0.894

yes
4,245
282
0.134
0.923

Constant

GMM
no
Observations
4,402
R-squared
0.4526
Number of regions
Arellano-Bond (2), p-value
0.199
Hansen test, p-value
0.874
Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

0.192
0.973

Note: Authors’ elaboration using Stata 14, for the GMM estimation we used xtabond2 command (see Roodman, 2018).
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Table 4. GMM Results including HEIs’ heterogeneity.

VARIABLES
Lagged level of ln(GDP per
capita)
HE attainment
Lagged ln(growth in
#universities)
Lagged ln(growth in
#universities) (lag=2)
Lagged ln(growth in
#universities) (lag=3)
Lagged ln(growth in #active
researchers)
Lagged ln(growth in #active
researchers) (lag=2)
Lagged ln(growth in #active
researchers) (lag=3)

(6)

(7)

(8)

(9)

(10)

(11)

Growth in
GPD per
capita

Growth in
GPD per
capita

Growth in
GPD per
capita

Growth in
GPD per
capita

Growth in
GPD per
capita

Growth in
GPD per
capita

-0.0275***

-0.0277***

-0.0270***

-0.0275***

-0.0274***

-0.0286***

(0.0041)

(0.0041)

(0.0041)

(0.0041)

(0.0042)

(0.0043)

0.0004**

0.0004**

0.0004**

0.0004**

0.0004**

0.0004**

(0.0002)

(0.0002)

(0.0002)

(0.0002)

(0.0002)

(0.0002)

0.0292**

0.0273**

0.0262*

0.0290**

0.0272*

0.0282**

(0.0136)

(0.0139)

(0.0143)

(0.0137)

(0.0142)

(0.0139)

0.0044

0.0027

0.0007

0.0043

0.0013

0.0034

(0.0122)

(0.0122)

(0.0119)

(0.0125)

(0.0114)

(0.0122)

0.0165

0.0162

0.0157

0.0172

0.0149

0.0163

(0.0113)

(0.0108)

(0.0108)

(0.0109)

(0.0111)

(0.0109)

0.0063**

0.0061**

0.0063**

(0.0026)

(0.0028)

(0.0026)

(0.0027)

0.0058*

0.0056*

0.0057*

0.0055*

(0.0031)

(0.0031)

(0.0031)

(0.0030)

0.0043

0.0037

0.0041

0.0036

(0.0028)

(0.0028)

(0.0029)

ln(growth in #publications)
Lagged ln(growth in
#publications)

0.0079***

(0.0023)

(0.0024)

0.0011

0.0011

(0.0034)

(0.0037)

Lagged Growth in %top
publications

-0.0001

-0.0001

(0.0001)

(0.0001)

0.0000

0.0001

(0.0001)

(0.0001)

Industrial collaboration
Lagged industrial collaboration

Regional characteristics
Country fixed effects
Time dummies
GMM
Observations
Number of regions
Arellano-Bond (2), p-value
Hansen test, p-value
Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

(0.0028)

0.0080***

Growth in %top publications

Constant

0.0060**

0.2893***

0.2904***

0.2787***

0.2893***

(0.0410)

(0.0413)

(0.0412)

(0.0410)

yes
yes
yes
yes
4,245
282
0.129
0.921

yes
yes
yes
yes
4,245
282
0.127
0.941

yes
yes
yes
yes
4,245
282
0.169
0.988

yes
yes
yes
yes
4,245
282
0.148
0.655

0.0004

0.0015

(0.0004)

(0.0022)

0.0008*

-0.0000

(0.0005)

(0.0007)

0.2913***
-0.0419
yes
yes
yes
yes
4,245
282
0.184
0.736

0.3166***

Note: Authors’ elaboration using Stata 14, for the GMM estimation we used xtabond2 command (see Roodman, 2018).
Regional characteristics stand for the controls displayed in Table 3: Growth in migration rate, ln(population),
ln(population density), age, financial crisis, capital in the region.
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Table 4. GMM Results including interactions with the variable on financial crisis
VARIABLES
Lagged level of ln(GDP per capita)
HE attainment
Lagged ln(growth in #universities)
Lagged ln(growth in #universities) (lag=2)
Lagged ln(growth in #universities) (lag=3)
Lagged ln(growth in #active researchers)
Lagged ln(growth in #active researchers)
(lag=2)
Lagged ln(growth in #active researchers)
(lag=3)
ln(growth in #publications)
Lagged ln(growth in #publications)
Crisis # Lagged ln(growth in #universities)
(lag=1): crisis
Crisis # Lagged ln(growth in #universities)
(lag=1): : post-crisis
Crisis # ln(growth in #universities) (lag=2):
crisis
Crisis # ln(growth in #universities) (lag=2): :
post-crisis
Crisis # ln(growth in #universities) (lag=3):
crisis
Crisis # ln(growth in #universities) (lag=3):
post-crisis
Crisis # Lagged ln(growth in #active
researchers) (lag=1): crisis
Crisis # Lagged ln(growth in #active
researchers) (lag=1): post-crisis
Crisis # Lagged ln(growth in #active
researchers) (lag=2): crisis
Crisis # Lagged ln(growth in #active
researchers) (lag=2): post-crisis
Crisis # Lagged ln(growth in #active
researchers) (lag=3): crisis
Crisis # Lagged ln(growth in #active
researchers) (lag=3): post-crisis
Crisis # ln(growth in #publications) (lag=0):
crisis
Crisis # ln(growth in #publications) (lag=0):
post-crisis
Crisis # ln(growth in #publications) (lag=1):
crisis
Crisis # ln(growth in #publications) (lag=1):
post-crisis
Constant
Regional characteristics
Country fixed effects
Time dummies
GMM
Observations
Number of regions
Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

(1)

(2)

(3)

Growth in GPD per capita
-0.0273***
(0.0041)
0.0004**
(0.0002)
-0.0659
(0.0939)
0.0103
(0.0139)
0.0151
(0.0118)
0.0075**
(0.0034)
0.0072**
(0.0036)
0.0049
(0.0030)
0.0085***
(0.0025)
0.0009
(0.0035)
0.8073
(0.9665)
0.1647
(0.6000)
-0.0271*
(0.0152)
0.0014
(0.0264)
0.0283**
(0.0127)
0.0023
(0.0298)

Growth in GPD per capita
-0.0312***
(0.0060)
0.0005**
(0.0002)
0.0344**
(0.0171)
0.0215
(0.0160)
0.0342**
(0.0173)
0.0208**
(0.0084)
-0.0049
(0.0091)
-0.0001
(0.0071)
0.0051
(0.0033)
0.0025
(0.0078)

Growth in GPD per capita
-0.0265***
(0.0046)
0.0005**
(0.0002)
0.0297*
(0.0167)
-0.0072
(0.0168)
0.0083
(0.0138)
0.0069*
(0.0037)
0.0037
(0.0033)
0.0055
(0.0034)
0.0158
(0.0239)
0.0548**
(0.0273)

0.0315
(0.0353)
-0.0584*
(0.0314)
0.0897*
(0.0487)
-0.0244
(0.0271)
0.0258
(0.0380)
-0.0029
(0.0242)

0.2875***
(0.0407)
yes
yes
yes
yes
4,245
282

0.3555***
(0.0616)
yes
yes
yes
yes
4,245
282

-0.1205*
(0.0662)
-0.1068*
(0.0597)
0.0630
(0.0913)
-0.0327
(0.0426)
0.2753***
(0.0482)
yes
yes
yes
yes
4,245
282

Note: Authors’ elaboration using Stata 14, for the GMM estimation we used xtabond2 command (see Roodman, 2018)
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