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R&D EXPENDITURE AND REGIONAL INNOVATION IN ITALY:
EVIDENCE FROM A PANEL DATA ANALYSIS
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Abstract. This study investigates the relationship between Research and Development
(R&D) expenditure and innovation across Italian regions, employing patent applications as
a proxy for innovation output. The primary objective is to assess the extent to which different
types of R&D expenditure — higher education, business, and public sector — contribute to
regional innovation capacity, under the assumption that knowledge constitutes a fundamental
driver of economic growth. The findings reveal that higher education R&D expenditure has
a significant and positive long-term impact on patent production, while business and public
R&D expenditures show no statistically significant effects. These results highlight the central
role of universities in Italy’s innovation system and suggest policy implications aimed at
enhancing university-industry collaboration and improving the effectiveness of public R&D
funding.

1. Introduction

Since the late 1980s, endogenous growth theories have emphasized the crucial
role of Research and Development (R&D) expenditure as key drivers of economic
growth (Romer, 1990; Aghion & Howitt, 1992; Grossman & Helpman, 1991).
Within this framework, R&D is recognized not only as a source of innovation but
also to accumulate technological capabilities and absorb existing knowledge (Islam,
2009). Numerous empirical studies have shown that countries and regions investing
more in R&D tend to experience faster economic growth and enjoy higher levels of
social welfare (OECD, 2007; Edquist, 2011).

However, not all R&D investments yield equivalent impact. Business R&D
targets patentable innovation and commercialization, whereas public and university
research primarily drives fundamental knowledge, human capital formation, and
spillovers within evolving innovation models (Guerrero et al., 2015; Carayannis &
Campbell, 2009). In the Italian context, this issue is particularly relevant due to
significant territorial disparities and the strong presence of a public university
system. Understanding the differentiated impact of R&D sources is thus essential to
identifying the most effective levers to promote innovation at the regional level.
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This study aims to empirically assess the impact of R&D expenditure on regional
innovation performance in Italy. Innovation is measured by the number of patent
applications, a widely used proxy in the literature (Bottazzi & Peri, 2003; De
Rassenfosse et al., 2013). Despite being a common measure, patents capture only
formalized and patentable aspects of technological knowledge and do not capture
non-patentable forms of innovation, such as tacit knowledge, process improvements,
or organizational innovations. However, as stated by Griliches (1998), patent
statistics remains a relevant tool, owing to their wide availability, their ability to
capture inventiveness, and their slowly changing standard. Results should thus be
read as reflecting one important dimension of regional innovation.

The analysis employs a Panel Autoregressive Distributed Lag (ARDL) model
estimated through the Pooled Mean Group (PMG) estimator, which allows for both
short-run dynamics and long-run equilibrium relationships.

2. Literature review

The role of Research and Development (R&D) expenditure as a fundamental
driver of technological innovation and sustained economic growth. Endogenous
growth theories pioneered by Romer (1986, 1990) and Lucas (1988) place
knowledge accumulation and human capital at the heart of growth dynamics,
emphasizing the non-rival and cumulative nature of technological progress. Within
this framework, R&D investment is the key input that fuels the discovery of new
ideas, enhancing productivity and long-term economic performance (Aghion &
Howitt, 1992, 1998; Jones, 1995).

Innovation is commonly proxied by patent counts. Despite capturing only
formalized knowledge, patents remain the most reliable output indicators due to their
traceability, territorial specificity, and suitability for international comparisons
(Griliches, 1990; Archibugi, 1992). Patent-based measures have been critically
examined in literature, recognizing both their merits and limitations (Hall & Harhoff,
2012). Elasticity analyses, based on the newly introduced worldwide count of
priority patents, confirm a stable long-run association between R&D intensity and
patent propensity (De Rassenfosse et al., 2013).

The literature delineates R&D expenditure into three principal components:
business R&D (BRD), public R&D (PRD), and higher education R&D (HRD), each
contributing differently to the innovation ecosystem. Business R&D is typically
motivated by commercial objectives and serves as a crucial endogenous factor for
economic growth (Wei et al., 2001).

The entrepreneurial role of universities is framed by the Triple and Quadruple
Helix models, which highlight their function as intermediaries connecting science,
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industry, and government (Etzkowitz, 2003; Guerrero et al., 2015; Perkmann et al.,
2013). Universities not only conduct fundamental research but also engage in
technology transfer, patent licensing, and spin-off creation, thereby amplifying
knowledge spillovers and enhancing regional innovation capacity (Audretsch &
Keilbach, 2011). Moreover, public—private collaboration policies have been found
to strengthen the effectiveness of R&D investments, specifically by moderating
knowledge flows and enhancing the transfer of university knowledge to firms
(Azagra-Caro & Consoli, 2016; Bellucci & Pennacchio, 2015).

Empirical research has consistently demonstrated a positive and statistically
significant relationship between R&D expenditure and innovation output across
multiple levels of analysis, including national contexts (Porter & Stern, 2000) and
regional systems (Bottazzi & Peri, 2003; Barra & Zotti, 2018). Cross-country and
regional analyses confirm that corporate and university research significantly
enhance patent output, driving innovation at the national (Furman & Hayes, 2004)
and regional level (Buesa et al., 2006), while public R&D often shows more variable
or context-dependent effects, underscoring the importance of efficient coordination
and institutional design (Bilbao-Osorio & Rodriguez-Pose, 2004).

In Germany, firm cooperation with public research institutions has been shown
to positively influence patenting activity, emphasizing the value of collaborative
innovation networks (Fritsch & Franke, 2004). Broader European evidence also
confirms the importance of R&D for innovation: analyses by Pegkas et al. (2020)
show a positive relationship between R&D expenditure and innovation output across
EU countries, and according to the European Patent Office (EPO, 2024), universities
and public research organizations accounted for about 8% of European patent
applications in 2023, with a steady increase among the most active academic
institutions, especially in digital technologies and life sciences. Furthermore,
Wolszczak-Derlacz (2025) demonstrates that institutional size, age, research
orientation, and funding structure are the main determinants of university patenting
and co-patenting performance, suggesting that targeted policies can foster higher
patent output.

In the Italian context, Barra and Zotti (2018) show that while all three R&D
components contribute significantly to regional innovation performance, the R&D
investments from universities and the private sector benefit the regional innovation
activities the most. They also highlight the strategic role of intermediation structures,
such as university technology transfer offices. However, the Italian innovation
system faces specific challenges, including the predominance of SMEs, relatively
low private R&D intensity, and fragmentation within public research, which limit
the conversion of R&D expenditure into patentable innovations (Sterlacchini, 2008;
Malerba et al., 1999; Evangelista & Vezzani, 2010). Recent studies further highlight
the strategic role of universities as central actors in innovation systems, both through
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direct patent production and via collaboration with private firms. For instance,
Rusciano (2024), analyzing the “third mission” in Italian universities, shows how
university—industry collaborations can amplify technology transfer capacity and
improve the quality and impact of patents.

There are structural reasons to expect a stronger impact of HRD on patenting
compared to other forms of R&D. The Italian university system is predominantly
public and centrally governed, with evaluation frameworks (e.g., ANVUR, VQR)
that promote third mission objectives. Many universities have Technology Transfer
Offices (TTOs), incubators, and consortia that foster the translation of research into
intellectual property (Perkmann et al., 2013; Abramo & D’Angelo, 2022). In
contrast, public R&D is often aimed at broad goals, while business R&D is
fragmented across SMEs with limited resources for patenting or a preference for
informal protection strategies (Bugamelli et al., 2018). These features help explain
the greater empirical significance of HRD in regional patent output.

3. Data and methodology

The empirical analysis is based on a panel data comprising the 20 Italian regions
over the period 1995-2022. The variables were derived from the EUROSTAT and
the Ministry of Enterprise and Made in Italy’. The aim of this study is to assess the
impact of the different components of Research and Development (R&D)
expenditure on innovative activity. This is measured through the annual number of
patent applications (PAT), recognised as an established proxy for quantifying
technological innovation in regional studies of knowledge spillovers (Bottazzi &
Peri, 2003) and innovation system efficiency (Barra & Zotti, 2018). The explanatory
variables considered include R&D expenditure of the business (BRD), public sector
(PRD) and Higher Education (HRD).

Initially, unit root tests were employed to examine the order of integration of the
variables in the panel dataset. Different unit root tests were estimated, according to
Im et al. (2003), Dickey and Fuller (1979, 1981) and Phillips and Perron (1988), to
test the hypothesis that each panel data series has a common unit root process.

Table 1 shows the results of panel unit roots tests for each variable, first in levels
and next in first differences.

! Data are available in:
https://ec.europa.eu/eurostat/databrowser/view/rd_e_gerdreg/default/table?lang=en&category=scitech
.rd.rd_e for Eurostat data; https://www.uibm.gov.it/bancadati/single_search/text_search/index/ for
Ministry of Enterprise and Made in Italy data.


https://ec.europa.eu/eurostat/databrowser/view/rd_e_gerdreg/default/table?lang=en&category=scitech.rd.rd_e
https://ec.europa.eu/eurostat/databrowser/view/rd_e_gerdreg/default/table?lang=en&category=scitech.rd.rd_e
https://www.uibm.gov.it/bancadati/single_search/text_search/index/
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Table 1 - Panel unit roots tests.

Stationarity tests
Variables ] . -
Im, Pesaran and Shin W-test ADF-Fisher test PP-Fisher test
Level -4.0927 **% 1162672 ***  142.0158 el
PAT First difference -9.8124 **%339.6962  ***  569.0605 el
Level 1.1284 10.2161 9.6490
BRD it difference -3.5090 1168000  *** 2035381  x*
Level 2.3200 17.8998 49.5938
PRD Lot difference 57731 % 1941608 ***  49.5038
Level -0.0231 44.3347 47.0223
HRD L. difference 28028 e 1439037 %% 47.0223

Source: Authors’ elaboration

Notes: Selection of lags based on Akaike information criterion (AIC); Newey and West (1994) bandwidth selection
unisg Bartlett kernel; Probabilities for Fisher tests are computed using an asymptotic Chi-square distribution; All
other tests assume asymptotic normality; H,: Unit root (assumes individual unit root process).

*** Significant at 1% level

The null hypothesis of a unit root is not rejected for the explanatory variables in
levels. On the contrary, all tests reject the null hypothesis when applied to the first
differences, for each variable. Based on these combined results, the series appear to
be non-stationary in levels and become stationary after first-order differencing.
Therefore, it is concluded that each explanatory variable is integrated of order one,
i.e., 1(1). In contrast, the dependent variable (PAT) is stationary in levels, and thus
classified as 1(0).

To assess the existence of a long-run relationship among the variables, we
implement the cointegration test proposed by Westerlund (2007). Unlike residual
based approaches, Westerlund’s procedure directly tests for the presence of an error
correction mechanism and is particularly robust in the presence of cross-sectional
heterogeneity and dependence—features that characterise our regional panel.

Table 2 reports the results, confirming the existence of a long-run relationship
between the dependent and explanatory variables.

Table 2 - Cointegration test.

Westerlund test for cointegration ~ Value
Group-t statistics -2.9675***
Panel-t statistics -1.7743**

Source: Authors’ elaboration.
Note: *** ** indicate rejection of the null hypothesis of no co-
integration at 1% and 5% level of significance, respectively.
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The confirmation of a long-run equilibrium relationship among the variables, as
indicated by the Westerlund cointegration test, provides a sound econometric
justification for estimating a Panel ARDL model in its error-correction form. To this
end, a Panel ARDL (1,1,1,1) specification is estimated using the Pooled Mean Group
(PMG) estimator developed by Pesaran et al. (1999).

The PMG estimator is particularly well-suited for this empirical context, as it
allows for the joint modelling of short and long-run dynamics in panel data settings
with a mixture of 1(0) and 1(1) variables, provided that none of the series is integrated
of order two (I1(2)). Although the dependent variable is stationary in levels (1(0)), the
use of Westerlund's (2007) test remains appropriate in the presence of I(1)
regressors, to assess whether a long-run equilibrium relationship exists driven by
persistent dynamics in the independent variables.

A further advantage of the PMG estimator lies in its ability to accommodate
regional heterogeneity in the short-run coefficients and adjustment speeds, while
simultaneously imposing homogeneity in the long-run coefficients across regions.

This assumption is particularly appropriate in the case of Italian regions, which—
despite exhibiting structural and economic differences—operate under a common
institutional, legal, and policy framework that may generate similar long-run
innovation dynamics.

The estimated model is expressed in an error-correction representation, capturing
both the transitory responses of patenting activity to changes in R&D expenditure
and the speed at which deviations from the long-run equilibrium are corrected.

The model is specified as follows:

Apat;y = ¢EC;; + Bi1ABRD;y + Bi2APRD;; + B;3AHRD; + L APAT; 1 + €y 1)
ECi¢ = patis_, — 6;BRD;;_y — 6,PRD;;_ — 63HRD;;_, (2)
Where:

Apat; . represents the annual change in patent applications in region i at time t, that
is, the first difference of the variable pat.

EC; . is the error correction term for region i at time t, which measures the deviation
from the long-run equilibrium.

¢, is the speed of adjustment coefficient toward the long-run equilibrium in region
i; it is expected that ¢b; < 0 to ensure model stability (confirming cointegration).
'Bi,j are the short-run coefficients associated with the changes in the explanatory

variables in region i, with j=1,2,3 corresponding to BRD, PRD, e HRD.
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A; is the autoregressive coefficient of the lagged difference of the dependent variable
in region i, capturing short-run dynamic dependence.

This error correction specification allows us to capture both the short-run
dynamics — i.e., the immediate responses of innovation (patent applications) to
changes in R&D spending — and the long-run equilibrium relationship between
innovation and its structural determinants.

The model also quantifies the speed at which regional innovation converges back
to its long-run equilibrium following a shock, offering valuable insights into the
dynamic stability and temporal persistence of innovation responses.

4. Preliminary results

Table 3 reports the PMG estimates of the Panel ARDL model. The long-run
coefficient associated with university R&D expenditure is positive (0.8866) and
highly significant (p<0.01): a 1% increase in HRD translate, ceteris paribus, into a
0.88% rise in patent applications. This finding underscores the pivotal role of
universities as generators of fundamental knowledge, providers of skilled human
capital, and key nodes in technology transfer processes through dedicated structures
such as incubators and spin-offs.

Table 3 - Full Panel ARDL Estimation.

Pooled Mean Group Estimator

Coefficient Standard Error
Variables Long-Run Coefficients
BRD -0.025843 0.034408
PRD 0.123676 0.098231
HRD 0.886631*** 0.063682

Short-Run Coefficients

COINTEQO1 -0.207576%** 0.080136
D (BRD) -0.016120 0.095018
D (PRD) -0.003467 0.080812
D (HRD) -0.186619 0.233631

Source: Authors’ elaboration.
Note: All variables are expressed in natural logarithms to reduce heteroscedasticity and allow interpretation
of the estimated coefficients as elasticities.



410 Volume LXXX n.4 Ottobre-Dicembre 2026

By contrast, the coefficients for business and public R&D expenditure are not
statistically significant, indicating that these components do not exert a persistent
impact on patent output. This outcome, although unexpected, is consistent with the
literature. Italian firms, especially SMEs, show a low propensity to patent, often
relying on informal protection strategies or incremental innovations (Sterlacchini,
2008; Evangelista & Vezzani, 2010; Lotti & Schivardi, 2005). Limited R&D budgets
and ownership structures further constrain patenting (Giuri et al., 2007), while
regional disparities—particularly weaker innovation environments in the South—
dilute the aggregate impact of BRD and PRD (Leogrande, 2024). This aligns with
broader evidence of structural weaknesses in Italy’s productivity and innovation
system (Bugamelli et al., 2018). For PRD, resources are often misaligned, being
directed toward publications, infrastructure, or general programmes rather than
patentable outcomes (Abramo & D’Angelo, 2009).

In the short run, none of the R&D components is significant, reflecting the long
lags of innovation processes. Early studies (Hall, Griliches & Hausman, 1984;
Griliches, 1990) and later work (Wang & Hagedoorn, 2014) show that the R&D-
patent link unfolds gradually. In Italy, continuous R&D efforts are fragile and
frequently interrupted (Bontempi et al., 2024). Moreover, capitalization of R&D
expenditures has been shown to anticipate future patenting, underscoring the
forward-looking nature of R&D returns (Herb et al., 2025). Overall, the short-run
insignificance of BRD and PRD should not be seen as inefficacy, but as evidence of
the slow and cumulative nature of innovation.

The error correction term (ECT = -0.2076; p < 0.01) is negative and significant,
indicating that roughly 21% of deviations from the long-run equilibrium are
corrected within one year. This confirms the presence of a stable adjustment
mechanism and highlights the predominance of long-run effects of R&D on
innovation.

5. Concluding remarks

Overall, the empirical evidence corroborates the hypothesis that only university
R&D expenditure exerts a direct, positive, and lasting influence on regional
patenting activity. This finding aligns with a broad strand of literature highlighting
the unique capacity of academic institutions to produce fundamental knowledge,
stimulate collaboration networks, and facilitate knowledge spillovers through
structured mechanisms such as Technology Transfer Offices, incubators, and spin-
offs. In contrast, public and private R&D spending—although substantial in absolute
terms—appear less effective in translating into measurable innovation outputs unless
complemented by more efficient allocation strategies and stronger links with the
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local innovation ecosystem. Strengthening the connection between non-academic
R&D actors and formal channels of technological valorisation may therefore be a
critical step toward enhancing the overall productivity of research investments across
regions.
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