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Palavras-chave Especialização inteligente, crescimento económico, convergência 
 

resumo 
 

 

Com base num espectro temporal que se estende desde 2008 até 2018, a 
presente dissertação define como hipótese subjacente uma quebra estrutural 
no crescimento decorrente da adoção das estratégias de Especialização 
Inteligente pela UE em 2014. A principal premissa assenta na ideia de que a 
Especialização Inteligente não apenas alterou o sistema de inovação das 
regiões europeias, mas também afetou a dimensão do impacto do mesmo no 
crescimento. Visando abordar o crescimento económico de acordo com os 
objetivos da Europa 2020, de um crescimento inclusivo, uma análise 
multidimensional será dedicada à convergência (um conceito com um carácter 
inerentemente inclusivo), através do estudo da convergência σ e β nas regiões 
europeias, sendo adicionadas, à última, variáveis que estimam o sistema de 
inovação, permitindo, também, o estudo da convergência condicional. A adição 
destas variáveis e de um índice de Confiança permitiu alargar o âmbito do 
presente trabalho ao princípio de sustentabilidade, visto que a capacidade de 
inovação e a qualidade das instituições determinam a tendência de 
crescimento de longo prazo. Desta forma, o carácter inteligente, inclusivo e 
sustentável do crescimento funciona como uma lente através da qual o 
crescimento será analisado. Como resultado desta abordagem, uma quebra 
estrutural foi identificada, tendo a velocidade de convergência decrescido a 
partir de 2014, enquanto algumas variáveis tradicionais perdiam relevância e 
outras ganhavam destaque, como se tratou do caso da aprendizagem ao longo 
da vida. Finalmente, a comercialização das inovações foi considerada uma 
dificuldade dentro das regiões analisadas e a falta de uniformização, dentro do 
que deveria ser o sistema de inovação europeu, foi identificada como uma 
barreira. Ainda há um longo caminho a percorrer rumo a uma especialização 
verdadeiramente inclusiva e sustentável. 
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abstract 

 
Based on a time span extending from 2008 to 2018, the present dissertation 
defines as the main hypothesis under study a structural break on growth 
resulting from the Smart Specialization strategies adoption in the EU back in 
2014. The underlying assumption is that Smart Specialization not only have 
induced changes in the innovation system of the EU regions but also affected 
its impact on growth. Aiming at approaching growth in accordance with Europe 
2020 objectives of inclusive growth, convergence (an inherent concept of 
inclusion) will be analysed through a multidimensional handling that includes σ 
and β-convergence, to which variables proxying the innovation system will be 
added, allowing for conditional analysis. The inclusion of these variables and a 
Trust Index extended the scope of the work to the sustainability principle, since 
the innovation capacity and the institutional quality determine. Thus, smart, 
inclusive, and sustainable growth are all lens through which growth was 
analysed. As a result, a structural break is identified, having the convergence 
speed decreased from 2014 as some traditional variables lose role, while 
others stand out, being it the case of Lifelong Learning. Finally, 
commercialization of innovations was found underdeveloped within EU and the 
lack of uniformization of the innovation system was identified as a barrier. 
There is still a long way to walk towards a truly inclusive and sustainable 
specialization.  
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1. Introduction 
 

2020 is a peculiar year, was it not the horizon for the achievement of the sustainable and 

inclusive growth goals. However, Veugelers (2017), stating that long term growth is determined 

by the productivity growth path, deriving it, in turn, from innovation trends, expresses concerns 

relative to Europe, that seems to have only reinforced a poor innovation performance after the 

2008 crisis. In this context, the question arises: Are the EU strategies for Smart Specialization 

(the current framework) providing their expectable outcome, being it enhancing the innovation 

system capacity to propel growth? 

 Having in mind the role innovation plays on growth (George, Mcgahan, & Prabhu, 2012; 

Huggins & Thompson, 2015; Veugelers, 2017), it seems important to understand if there is 

prosperity emerging from Research and Innovation Strategies for Smart Specialization (RIS3), a 

guideline for the new Smart Specialization strategies implementation, and to which extent 

important dynamics are being neglected, especially in what concerns the boost that Regional 

Innovation Strategies were supposed to provide to the lagging behind regions (Thomas, 2013). 

Smart Specialization preaches that each region can have an international role, which is 

quite an inclusive statement, achievable through a process of entrepreneurial discovery (Gianelle, 

Kyriakou, Cohen, & Przeor, 2016). Each region must, therefore, define strategies to stimulate its 

innovative capacity in those domains where it is more likely to develop a competitive advantage 

(Foray et al., 2012). This competitive advantage, in turn, must be hard to replicate (Tiits, Kalvet, 

& Mürk, 2015). Underlying this Smart Specialization concept, there is an assumption that each 

innovation system owns a very proper evolutionary path, deep-rooted in the existing and past 

structures (McCann & Ortega-Argilés, 2013). The research and innovation target is to discover, 

improve, amplify the scope or reveal an area of activity with growth potential and for that reason 

being able to give the region an international visibility.  The concept involved here is prioritizing 

certain activities for further development, being those focused on the chosen differentiating areas 

or in cross sectional priorities that match needs from the actors of the chosen areas and the 

economy in general (for instance, the level of skills of the working force) (Foray et al., 2012). 

Coffano & Foray (2014) argue that implementing such a strategy implies institutional quality and 

political maturity at the regional level. 

In order to better help each region to implement the new regional innovation strategic 

framework with success there is The Guide to Research and Innovation Strategies for Smart 

Specializations (Foray et al., 2012) meant to be a methodological instrument for policy makers 

and institutions to be able to prepare and implement their national/regional innovation strategies 

for Smart Specialization.  
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This document presents six steps to be followed which would, theoretically, represent a 

sequence. However, in reality, environmental dynamics may result in overlaps, when, for 

instance, results from ongoing projects modify the global context. Thus, the right overlook is to 

see them as interacting elements of a system, in accordance with openness to improvement which 

characterizes the history of EU regional innovation strategies (Thomas, 2013). Similarly, design 

efforts do not end on implementation phase as new evidence coming from evaluation and 

monitoring may change the paradigm. In a nutshell, the mentioned steps describe an 

experimentational process (Foray et al., 2012). 

RIS3 is itself an achievement resulting from experimentation in the sense that it brings 

together the aspects of success and failure of years of experimentation yet leaving an open route 

for improvements. Indeed, an analysis of RIS 3 precedents (European Commission, 2006; IRE, 

2006) bespeak the lightness with which some concepts introduced as novelty in RIS3 were already 

present in previous editions. Similarly, are there still implied concepts to generalize? Is the 

importance of generalized trust a factor with potential to hamper or stimulate other policies 

(Freitag & Bühlmann, 2009)? Moreover, within the university-industry relationship domain, it is 

widely accepted that education plays a role in providing the required skills for innovation, but 

besides quantity, isn’t the quality important as well? Are universities providing the adequate skill 

sets? Hoidn & Kärkkäinen (2014) distinguishes two learning approaches, one based on problem-

based and a more traditional one, stating that they affect innovation differently. Moreover, Tether, 

Mina, Consoli, & Gagliardi (2005) connect the insufficiency of skills with the need companies 

have to invest in additional training, being it well known that lack of financial resources is one of 

the barriers perceived as stronger by SMEs  (Duarte, Madeira, Moura, Carvalho, & Moreira, 

2017). Perhaps more adequate and constantly updated skill sets can work as a relief on the firm 

innovation-related financial burden.  

Concentrating on a subject for specialization, being it a source of international 

competitiveness, innovation indicators must be better able to produce growth.  As a result, the 

present dissertation aims to understand to which extent RIS3 is promoting growth, particularly 

among the poorest European regions and if additional factors should be considered within Public 

Policy, either to trigger convergence, or to prevent progress to cease. Therefore, the main 

hypothesis under study is that there is a structural break in growth before and after RIS3 being 

launched in 2014. Within growth, focus is placed on the regional inclusiveness and, thus 

convergence. Convergence patterns will be studied on the context over which RIS3 is supposed 

to produce changes, through the use of several concepts as recommended by (Monfort, 2008). 

Firstly, absolute β-convergence, followed by σ-convergence will be analyzed, preceding the 

introduction of variables describing different innovation systems. The process will be repeated 

for the period after RIS 3 launch. Moreover, a synthesis of literature on the effect of Public Policy 
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on innovation and growth is provided. 

Being us on the deadline of Europe 2020, this is the exact momentum for the appraisal of 

the effectiveness of the RIS3 throughout its effects and redirect policy packages if needed. Some 

sort of smart, inclusive, and sustainable growth should have been achieved, or at least we should 

be closer to that. However, has the European Union made progress? If so, how can RIS3 be 

redesigned to keep producing the expected results. If not, what is missing?  

Notwithstanding, the centrality of this matter does not extinguish in the later temporal 

coincidence, at an international level of importance, the global frontier firms are becoming older, 

which may lift concerns related with the emergence of radical innovations (usually tied to younger 

firms), threatening global productivity growth and therefore, policy action to boost innovation 

cycles has gained momentum. (Andrews, Criscuolo, & Gal, 2015) 

This topic grasped the attention of policy makers, practitioners and the Academic 

community, and, the number of Scientific Documents published per year, appears somehow as a 

good proxy for the centrality of the topic. Appendix A provides more insights on the relevance of 

the topic in a diachronic perspective throughout a set of figures and graphs resulting from the 

thematic Scopus Search. In that line, the evolution of the number of documents related to a 

keyword, being considered a time period with a lower limit when values start to be non-negligible. 

For instance, the RIS 3 guide was published in May 2012, that is why our chart begins in 2012. 

In figure 41, one can notice that the number of documents per year has just increased till 2016. In 

2017, there was a breakdown, from which the thematic has recovered easily, to reach the highest 

value so far in 2019. This negative peak may be related with an attention shift, since half of 2016, 

to the relation between the United Kingdom and the European Union, since the referendum 

declared United Kingdom’s intention of leaving the European Union happened on 23 June, 2016, 

and  2017 was the year when negotiations begun2. 

It is particularly interesting to observe the number of articles published in the 

geographical dimension as, to some extent, it suggests how concerned a country and it scientific 

community may be with the subject. Relatively to RIS3, Spain is the country with the highest 

number of publications, nearly doubling the record of the second place. One question arises: has 

it been translated in evolution of the innovative capacity and further growth? If the answer is 

negative, then we have a suggestion that research being done is not capable  to be converted into 

results (it may be insufficiently practice oriented, or companies may simply be incapable  to use 

the knowledge generated). In second place there is the United Kingdom, that has left the EU on 

 
1 Appendix A, page 71 
2The history of the European Union - 2017- https://europa.eu/european-union/about-eu/history/2010-

today/2017_pt 

 

https://europa.eu/european-union/about-eu/history/2010-today/2017_pt
https://europa.eu/european-union/about-eu/history/2010-today/2017_pt
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31 January 2020. This is particularly interesting concerning the knowledge source that the EU 

may have lost. RIS3 stands for knowledge exchange between regions, which is supposedly 

enhanced within an Union. United Kingdom had, in 2019, 12 regions, 9 of which classified as 

Strong Innovators and 3 as Leaders, which suggests loss, considering the number of publications 

at least in terms of knowledge of RIS3 itself. However, both topics are oriented only for further 

research, external to this document.  

This document is divided as follows. Section 2 will review the existent literature on the 

general subject of Public Policy to promote growth, followed by Smart Specialization itself, 

appearing before the novelties introduced in the associated research and innovation strategies and 

finishing with convergence. Section 3 relates to data sources and nature, as well as the sample 

accuracy. Methodology encompasses, not only the description of the econometric model, but also 

its justification, describing, in addition, all the procedures implemented, and formulas applied. 

Section 5, presents the results from absolute β and σ convergence, followed by conditional 

convergence, considering three models, one encompassing the full period and other two for the 

respective temporal threshold.  
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2. Literature review 

 

2.1. Public Policy to promote growth  

 

When studying the literature poring over economic growth, concepts such as productivity 

frontier, competitive advantage (Andrews et al., 2015), and innovation are often introduced 

(George, McGahan & Prabhu, 2012; Huggins & Thompson, 2015) and a special focus is given to 

laggard regions. 

According to Kiriyama (2012) the sources of comparative advantages are related to 

differences in technological capabilities, combined with factor endowments. For the less 

fortunate, access to external technologies and knowledge may accelerate domestic innovation and 

growth, help overcoming entry barriers. Within a context of complementarity, technological 

diffusion may happen between competitors (horizontal), within supply chain (vertical), or from 

universities or other research organizations. 

The diffusion benefits from external sources of technology, particularly for laggards, 

which do not have the means to produce it, can be stimulated through policy. Andrews et al. 

(2015) provide a very subtle policy recommendation through the understanding on the process of 

technological diffusion. Accordingly, there is an intermediary providing the technological 

diffusion from the global frontier to the laggards. In fact, technologies are, in a first moment, 

absorbed and adapted by the most productive firms in each country, the so called National Frontier 

Firms. This suggests that Public Policy should focus either in stimulating the absorptive  capacity 

of these later firms or/and in favoring increases in its productivity.  

National Frontier Firms may increase their performance through a pure increase of 

productivity and an increase in size, being it possible to benefit from a combined effect. In fact, 

proxying size through employment, if a higher share of sectoral employment is concentrated in 

the most productive firms (allocative efficiency), an increase in productivity may have a 

multiplied effect on the economy/ sector. Thus, one may notice the minimization of resources that 

may arise from a policy action that promotes allocative efficiency. Prior to policy evaluation it is, 

however, important to mention that literature points out for a stronger exposition from certain 

industries to given policies, due to its intrinsic characteristics (Andrews et al., 2015; Rajan & 

Zingales, 1998) 

Firstly, increasing R&D tax subsidies for Small and Medium Enterprises (SMEs) has a 

positive impact of indeed lowering productivity gaps. However, Andrews et al. (2015) suggest 

reallocation problems due to some tendency of favoring inefficient incumbents. Moreover, Van 

Der Wiel, Creusen, van Leeuwen & van Pijll (2008) finds that R&D helps laggard firms to catch-
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up to the national frontier, without, however, finding that it can contribute to genuine, not only 

adoptive, innovation.  

There are key policies which seem to particularly benefit knowledge intensive firms 

transversally. It is the case of higher quality education systems, lower level of bureaucracy within 

entry regulation, less severe penalties and legislation in the case of bankruptcy and larger 

availability of venture capital. In a nutshell, “well-functioning product, labor and risk capital 

markets and bankruptcy laws that do not overly penalize failure” (Andrew et al., 2015 page 7) 

seems to be critical and there are two groups of policies that may have a particular effect on 

growth for firms far away from the productivity frontier with different effects considering average 

and short distances. In fact, pro-competition reforms promote productivity growth either in firms 

very close or very far away from the frontier and a stronger collaboration between business and 

universities closes the gap at a faster pace for firms further away from the frontier, keeping the 

closest ones in their rhythm. However, reducing the rigidity of employment protection legislation 

has a stronger effect for firms closer to the national frontier decreasing with. In this context, the 

only action apparently able to promote convergence of all groups of companies will be university-

industry collaboration. On the other hand, firms with average productivity clearly will need a 

complement with different policies or policy mixes distance (Andrew et al., 2015). 

Patent protection is a policy instrument with which one should be particularly careful. In 

fact, a stronger importance of intellectual property rights arises from the recognition of its impact 

on innovation not being limited to its development protection (Mann, 2018). For instance, Ivus 

(2010) finds that stronger patent rights raised the value of patent-intensive exports from developed 

countries to developing ones, which means it may promote technological diffusion spillovers for 

the laggards and, therefore, increases on third-party productivity. In fact, patent protection 

facilitates technology transfer through trade, FDI and cross border collaborations (Antràs, Desai, 

& Foley, 2007). Moreover, many innovative firms do not encompass large amounts of physical 

capital to use as collateral, being intellectual property rights, sometimes, their most valuable 

assets. Thus, patents could be used as collaterals (Amable, Chatelain, & Ralf, 2010; Mann, 2018). 

However, asymmetric information problems (adverse selection and moral hazard) that investors 

have to face do not disappear when patents are put in use. On the contrary, there is still uncertainty 

on the state of the R&D projects, which leads it back to limited credit, increased costs of capital 

and consequently lower level of innovation. (Amable et al., 2010). 

Notwithstanding, Mann (2018) notes that increasing patent collateral value may work as 

a financial solution for low tangibility industries. The effects founded in this article are more 

intense for financial limited entities, suggesting the importance of this alternative financing 

structure. In particular, strengthened creditor rights in the US are found to influence the amount 

of debt raised and, consequently, the investment on R&D, which is persistent for some trimesters. 
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From this, an increase in the success rate of patent applications was also identified by the same 

author. The described effect seems to be stronger for companies not pledging patents as collateral 

for the first time or for firms owning highly cited patents.  

Nonetheless, within R&D intensive sectors (the sectors where stronger patent protection 

seems to be associated with higher productivity growth crossed with more entrepreneurial 

industries, which typically have higher firm turnover rates), Andrew et al. (2015) finds a 

correlation between stronger patent rights and larger productivity gaps relative to the Global 

Frontier, stating that inside more dynamic environments, patents may work as a barrier to entry, 

having a negative effect over competition, which, in turn, may increase even more the gap. Too 

strict regulations may not only carry advantages. Conversely, access to venture capital and more 

developed financial systems may improve the efficiency of firms selection at entry and therefore, 

stimulate productivity, in accordance to the previous authors. 

At this point, one may ask how similar industries in terms of knowledge intensity can be 

distinguished according to the potential benefits of patents. Kiriyama (2012) presents two criteria 

for this distinction. Firstly, for a stronger patent protection and safer licensing, it must be easy to 

specify the technology to be protected, which may be associated to a relatively smaller number 

of patentable elements. A larger number of patentable elements may result in lack of control over 

all the essential components and the global technology itself, which encourages negotiations for 

cross-licensing. Secondly, industries with shorter technology lifecycles face a decrease of the 

value of intellectual property rights protection, as patents may quickly become obsolete.  

It undeniable that Public Policy faces a tradeoff concerning rules on property rights. 

Although it increases financial resources supply, creditor friendliness may increase the risk in 

which companies incur when using patents as collateral, as creditors gain bargaining power 

(Mann, 2018). The same author still points the effectiveness of enforcement as the key for any 

legal reform, with all its possible drawbacks and benefits.  

In sum, effort must be allocated to increase the applicability of state property laws 

whether to patents or any other intangible asset. The use of patents as collateral matches a real 

property right transfer and should considered as so (Mann, 2018). The increased creditor rights 

and respective enforcement should be associated with policies able to stimulate more dynamic 

sectors (Andrews et al., 2015).  

 In this domain of enforcement, Institutions find a new role. In particular, institutional 

quality was found to affect growth and investment, not only in magnitude but in input allocated 

efficiency (Williamson, 2000). In fact, Bruinshoofd (2016) refers to institutional quality as the 

invisible hand from Adam Smith’s conceptions. Accordingly, institutional quality is a driver for 

the adoption of frontier technologies and works as an incentive for individuals, by pursuing own 
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interest, to invest in physical and human capital and contribute to the macroeconomic 

environment.  

Still, what does it actually means “institutional quality”? Bruinshoofd (2016) defines 

institutional quality as the convergence center of the branches arising from the enforced law, 

individual rights, government regulations providing the desired outcomes and high quality 

effective public services, including, for instance, adequate infrastructure and not cumbersome 

bureaucracy. More controversial is the categorization of institutional quality as a factor of 

production in opposition to a variable. Góes (2015) and Gordon (2012) associated diminishing 

returns to institutional quality, approaching it as a factor of production.  Bruinshoofd (2016) 

disagrees, seeing institutional quality as a key for the padlock of growth, not suffering from 

diminishing returns. Accordingly, institutional quality must be perceived as a contextual variable.  

Robbins (2012) notes that institutional quality endows a positive reciprocal relationship with 

generalized trust. According to the author, the direction of the strongest causal relation departs 

from the latter to the former. At this point is important to understand what defines this generalized 

trust that arise and above all, contributes to institutional quality.  

 Trust oriented studies have followed different paths when conceptualizing it (Nannestad, 

2008, page 414). For instance, Newton, Dietlind, & Sonja (2017) emphasized the distinction 

between social and political trust. Within the scope of this study, the division between generalized 

and particularized trust dominates relevance, being the exposition that follows based on 

Nannestad (2008), where particularized trust implies the presence of a particular subject from 

which there is information and the existence of a particular issue or domain, being trust on the 

government one example of particularized trust. Generalized trust, in contrast, may be present 

when the domain of trust is not well specified. Government may improve generalized trust, more 

than the particularized on itself, through effectiveness, universality of social interventions, shared 

power (representation of all society groups) and the stimulus on the sense of fairness. Generalized 

trust may help public policy applications, even the most unpleasant such as tax rises (Newton et 

al., 2017). Although governmental monitoring and sanctioning mechanisms have a role to play, 

making it easier to trust other economic agents, institutional corruption is the missing piece. 

Governments that do not fall in corruption stimulate generalized trust (Nannestad, 2008).  

 This dependent nature of generalized trust that Nannestad (2008) places on corruption 

may seem contradictory in relation to Robbins (2012). However, it is only an example of the 

complexity of the relation between institutional quality and trust.  

In sum, enforcement, trust and institutional quality are interweaved concepts, making it 

hard to identify causal relations. However, they seem to be rooted on the same factors, 

culminating in the same benefits within the domains of Intellectual property rights, investment 

(Williamson, 2000) and education (Braga, 2018). Bjørnskov (2012) is more specific standing that 
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there is an effect of trust on the quantity of education, despite not the quality and on enforcement, 

channels allowing to spread the effects to investment and growth.  Furthermore, social trust 

culminates in cooperative relations and compromise (Newton et al., 2017).  

Any policy would be benefited from a generalized confidence of the society on political 

organs. Trust, in turn is undermined by corruption, by disastisfaction with national economy, and 

the belief that politicians are not inrerested in people’s opinions. The EU bespeaks levels of 

institutional quality above the global average, being the difference smaller for corruption 

(Bruinshoofd, 2016).  

 Finally, according to Hoidn & Kärkkäinen (2014), higher education is important for the 

development of the needed skills for innovation, which means that a quantitative approach on 

education should not be set aside. However, the approach to education may affect the needed 

skills, which reminds the need to observe the adequacy of the labour force skills to the innovation 

demands, when considering Public Policy. 

 Both learning by doing and institutional quality are the ways finded in literature to solve 

the diminuishing marginal returns associated to both human and physical capital (Bruinshoofd, 

2016). 

 

2.2 Smart Specialization 

 

Dominique Foray and Bart van Ark were the pioneers to design the concept of Smart 

Specialization according to Mccann & Ortega-argilés (2011) between 2007 and 2008, as 

mentioned in (Rusu, 2013), being it primarily applied in the context of  examinations on the 

productivity gap between Europe and the United States (Mccann & Ortega-argilés, 2011). 

Considering the underlying foundations of the concept, it seems natural that Smart Specialization 

was, at the beginning, a sectorial concept, as productivity is generally evaluated per sector. Over 

time, it began to shift to a regional definition and within the domain of RIS 3, the concept of 

Smart Specialization will be approached together with other important concepts, following Guide 

to Research and Innovation Strategies for Smart Specializations (RIS3) (Foray et al., 2012). 

Firstly, Smart Specialization begins with an Entrepreneurial Process of Discovery, which is 

an introspective process aiming the identification of economic activities, areas, sectors with the 

highest growth potential in which regional specialization may result in an increase of the region’s 

international position. Innovation and industry developments must arise from the identified 

competitive advantage, where resources may be concentrated, so that eventual economies of scale 

and scope are generated. Smart Specialization means betting on what (locally originated) can 

generate a global value, through focusing in certain activities which are able or likely to achieve 
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a critical mass. This allows to avoid duplication and fragmentation in EU research area (Foray et 

al., 2012). 

From this process, priorities on innovation and research should arise, matching the needs and 

goals of the region with the results from the entrepreneurial process of discovery. The region 

should focus either on strengthening those activities that differentiate the regional economy and/or 

in contributing for the regional innovation system itself (Thomas, 2013), through the process of 

Embeddedness, which relates to a fit between industries and socio-economic conditions. In fact, 

it is mainly within its economic environment that a company looks for a trained labor force, as 

well as, for cooperative relations with other regional actors, which requires alignment between 

the demand and the supply. Different domain policies must be, therefore, in accordance with the 

defined strategies, which means that if the successful future of the region is an activity for which 

there is a missing piece in the economic environment, policies should support its development.  

However, according to RIS3 guide, not all knowledge, innovation or links need to be 

produced in the region. Besides the necessity of interregional collaboration arising either from 

similarities or complementarities between regions, Smart Specialization should be achieved in a 

way that it links emerging knowledge-based industries to actors within and outside the region 

(connectivity).  This links may be digital or physical (transport networks), but they should allow 

the region to tap into the knowledge base of the external world. Nonetheless, there is a need for 

some precaution as connections can lead to a drain of human capital out of the region (“brain 

drain”) if flows are not multidirectional (Pontikakis, Chorafakis, & Kyriakou, 2009, page 15).  

The identified source of competitive advantage does not limit to its present state. In fact, new 

businesses, industries or technologies should arise from the skills, localized know-how and assets 

that the regions have as unique, in spite of the structural changes that may be needed. This concept 

receives the name of Relatedness  and it may seem contradictory to some extent as it materializes 

in diversification within specialization, but it does so, through the maintenance of a common 

foundation (Iacobucci & Guzzini, 2016).  

Knowledge clusters may be an useful hand in the process of increasing connectivity. An effort 

should be done to promote the development of clusters in a world scale, networks built around 

related variety (cross-sector links, human and intellectual capital) (European Commission, 2010). 

This would not only ease the search for the right technology, but also promote the identification 

of the ideal utility for a certain finding. In a nutshell, it would allow the matching between “what 

we have with what the world has” (Foray et al., 2012, page 17) 

Given this, one can easily understand the role that actors from the entrepreneurial 

environment (firms, individuals or organizations with entrepreneurial knowledge) and even users 

can play in a Regional Innovation Strategy design and implementation due to their capacity in 

identifying future potential. The Quadruple Helix concept arises from this perspective, being it, 
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as its predecessor, the Triple Helix, a joint-action management model. The importance of the 

additional branch of the Quadruple Helix, the civil society, can easily be understood as satisfying 

customers is a key factor to Business success. This is just an example to visualize the role that the 

demand perspective of products and services may have in the entrepreneurial process of discovery 

(Carayannis & Campbell, 2009; Cavallini, Soldi, Friedl, & Volpe, 2016). The recognition of the 

contribution of the innovation demand- side perspectives in its development it’s not a novelty 

(European Commission, 2006; IRE, 2006). However, there are also important inputs embodied in 

RIS3 product and service demand-side, in certain groups of customers. In a simplified way, one 

may say that innovation-user perspectives are useful through the market-facing component 

present on their inputs (Foray et al., 2012). 

Nonetheless, one may not only speak of customers from the civic society. At some point, all 

the elements of the Triple Helix become the fourth element in the new version (Höglund & Linton, 

2017). The demand perspective is the key within the novelty. Moreover, the ultimate goal of RIS3 

is an inclusive and sustainable growth, definition that implies some social component. Indeed, the 

European Commission is interested in social innovation activities, facing, for instance, health and 

ageing. Social economy should not be left apart. Inputs from regional development agencies, 

innovation agencies, NGOs, religious organizations are incorporated in the fourth helix (Foray et 

al., 2012). 

Summarizing, to the traditional model of interactions, the Triple Helix (including the 

academic world, public authorities and the business community), innovation users of the last link 

of the value chain should be added. Management should, therefore, be of responsibility of these 

four groups of agents in cooperation (Quadruple Helix) (Carayannis & Campbell, 2009). This 

approach is fundamental for open and user-centered innovation policy, which is the missing piece 

that Europe needs as it is strong in innovation development, but weak in commercialization of the 

R&D efforts (European Commission, 2019).  

The entrepreneurial process of discovery will be faster or slower, easier or more demanding, 

depending on the region, being particularly challenging when population is low, when there is a 

small number of sectors and large dominant firms but with few external links. Countries with the 

latter features will gain from links between the local universities (Höglund & Linton, 2017) and 

strong public-private partnerships (Archibugi, Filippetti, & Frenz, 2020).  

Finally, it is important to mention the current state of the research on the Triple and Quadruple 

Helix topic. In fact, none of these terms is still a novelty and that is so since a quintuple helix was 

introduced in the system representing the “natural environments of society”  (Carayannis, Barth, 

& Campbell, 2012, page 1). To better understand the underlying meaning, following the same 

paper, each of these conceptual frameworks can be associated to a branch of knowledge. Thus, 

the Triple Helix would place emphasis on the knowledge economy, introducing as a novelty the 
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focus on a higher education level. The Quadruple Helix, in turn, would bring the need for the 

knowledge production to be merchantable, introducing the knowledge society. The Quintuple 

Helix perfectly fits the vision for the Horizon Europe by focusing on the necessary transition to a 

greener economy and society (European Commission, 2019).  

Notwithstanding, conversely to the Triple Helix, that can be applied in both democratic and 

non-democratic contexts, democracy is a necessary condition for any of the other two conceptual 

frameworks (Campbell & Carayannis, 2015). In fact, following these authors a win-to-win 

relationship must be established between the innovation system and a quality democratic regime. 

In order to become a dynamic reality, a Quadruple Helix innovation system must be built over a 

“Quadruple-dimensional structure of democracy” ( page 472) including freedom, equality, control 

and sustainable development.  

 

2.3. Novelty in RIS3: Learning from the past 

 

 According to Thomas (2013) Regional Innovation Strategy projects, the predecessors 

from RIS3, date back to 1994. However, its history is older than that. During the 1980’s the 

differences in the economic performance of the European regions were only growing. By this 

time, innovation performance was starting to be recognized as a way to sustain a healthy economic 

dynamic which focused policy makers attention’s on how to support it. A supply approach was 

the initial focus, as the development of new technologies and the increasing number of scientific 

and research results were the main targets. Moreover, an analysis on the regional potential would 

rely on needs, barriers and provided support rather than on a potential source where to concentrate 

results. 

Step by step towards RIS3, in the mid 90s, technology spread became the spotlight, 

demand for innovation started to be considered including in traditionally non-innovative firms. 

Building an innovation culture in the regions grew into a goal. Following several pilot actions 

aiming at providing regions experimental opportunities, between 1994-1996, the first four 

Regional Innovation Strategy pilots were founded (Thomas, 2013).  

Analyzing official reports Innovative strategies and actions: Results from 15 Years of 

Regional Experimentation (European Commission, 2006) as well as Assessing the Regional 

Innovation System: -Lessons from 10 years’ experience- (IRE, 2006), one may notice that many 

of the principles and concepts that constitute the pillars of RIS3 were already present, even if in 

a rudimentary way, either in previous Regional Innovation Strategies guides or in individual 

regional projects. This should not undermine the perception of efficiency of the previous 

conceptions. On the contrary, Aghion, David, Foray, & College (2009) states that the challenges 

and problems arising when trying to interfere in a science, technology, innovation and growth 
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system cannot be overcome through virtual simulations and will possibly lead to absence of the 

desired effects within the time frame available to the current responsible politicians. The advances 

result from a cumulative process naturally placed in the long run. Therefore, the process to 

introduce change and success can only be “retrospective rather than contemporaneous” (page 

692). Gianelle, Kyriakou, Cohen, & Przeor (2016) adds that openness to learning combined with 

stability in the direction to follow is a characteristic of a good governance. 

Therefore, starting from the basics, with the goal, RIS3 will now be compared with its 

scratches. Regional Innovation Strategies had as an objective the development of regional 

innovation policy, strategy, and action plans, assuring its implementation through the timely-

defined establishment of an innovation system. This innovation system was at the heart of 

Regional Innovation Strategies because innovation arises from interactions and it was crucial to 

identify and involve the relevant actors and promote interactions between them within the region 

(European Commission, 2006; IRE, 2006). According to Aghion et al. (2009) & Gianelle et al., 

(2016) the goal is not expected to change. In fact, both in the past and with RIS3, it was mentioned 

that success arises from commitment to long term processes and policies despite the flexible 

approach that is needed (European Commission, 2006; Foray et al., 2012; IRE, 2006).  

Some aspects emphasized since the early days of Regional Innovation Strategies, are 

related to experimentation, monitoring and evaluation and looking to the Regional Innovation 

Strategies reports, one may get the perception that RIS3 predecessors were nothing but trials/ 

experimentations, whose successes points were kept. Meaning this that, for instance, the concept 

of Smart Specialization was already applied within Regional Innovation Strategies, it was simply 

not yet systematized/ generalized (the step that should follow experimentation according to 

Regional Innovation Strategies) and made a goal for all regions. In fact, in Innovative strategies 

and actions: Results from 15 Years of Regional Experimentation (European Commission, 2006), 

one can notice a pinch of the Smart Specialization concept when it is proposed for the less 

developed regions to take advantage from the lower labor cost, complementing it with policies to 

favor the strongest sectors (page 2).  Again, the concept is not present on the document as a pillar. 

There was not, as well, a tool to follow in order to identify the source of specialization, which 

RIS3 calls the entrepreneurial process of discovery.  

The same happens with the Quadruple Helix dynamics. The document Assessing the 

Regional Innovation System: -Lessons from 10 years’ experience- (IRE, 2006), presents the need 

to reach consensus between the Triple Helix (public administration, industry and research 

institutions), without mentioning customers. However, the first  Regional innovation strategies 

implemented in Wales, right in 1996, would conclude precisely that the key for innovation were 

the customers and competition (Thomas, 2013).  
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According to Gianelle, Kyriakou, Cohen, & Przeor (2016), the entrepreneurial process of 

discovery is the true novelty introduced by RIS3, being it the instrument within the Smart 

Specialization strategy. Moreover, at least under the scope of the present work references to this 

process were not identified in documents written before RIS3. According to the same authors, 

this concept has, as well, evolved, being the progress towards the association with a cyclical 

nature, a new role played by the government and an expansion of its structure from a local to a 

local, regional, national and transnational level. 

Concerning the stakeholders and the respective role, a collaborative approach, explicitly 

conceptualized as a novelty in RIS3 (Foray et al., 2012, page 17), already existed in its 

predecessors (European Commission, 2006; IRE, 2006). However, according to Gianelle et al. 

(2016) the nature of the collaboration is the true novelty. Firstly, the public sector has a different 

role, working as an instrument “facilitating stakeholders’ interaction and policy coordination” 

(page 33). This allocates more pression over governments to meet the transparence criteria. 

However, trust development and maintenance is, at this stage, at the hands of all stakeholders, 

being more a task of the government to control corruption and lobbying. Finally, the 

entrepreneurial process of discovery requires the public sector to be more risk- tolerant.  

The above mentioned are examples allowing to visualize RIS3 as the result of several 

experimentations. Concerning what was explicit in Regional Innovation Strategies guide, one can 

notice that RIS3 relies a lot on previous regional innovation processes, allowing regions to use 

gained experience. Regional Innovation Strategies itself stands that success arises when regions 

create their new innovation strategies within the framework of their operational programs and 

preexisting plans, meaning this that it is not supposed to create nothing from scratch  (Foray et 

al., 2012).  

As for the future, the concept of Smart Specialization and the branches arising from it 

will keep benefiting from refinements (Foray et al., 2012). In fact, some sources of controversy 

were already identified. OECD (2013) lists three, from which two will be presented within this 

dissertation as an example. Firstly, within the Smart Specialization framework the government 

picks the projects where to invest (Gianelle et al., 2016). To which extent will this phenomenon 

lead to inefficiency, being it done at the expense of market-driven resources allocation? Secondly, 

the aversion RIS3 places on duplication is not shared by many scholars, according to which it 

may be beneficial from a “societal point of view” (OECD, 2013, page 12). Besides the need to 

accommodate this criticism, Smart Specialization must keep being adapted to Horizon Europe 

and the objective of a climate neutral industry (Cohen, 2019; European Commission, 2019). 
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2.4. Convergence  

 

The concept of convergence is not a novelty. Its roots date the 50s with authors such as 

Solow and Swan (Solow, 1956, 1957; Swan, 1956). The model they built is known as the Solow-

Swan neoclassical growth model and requires assumptions whose plausibility will later be 

discussed. The model is designed in a context of economies differing only on the level of capital 

and on the assumption of decreasing capital returns, which implies a capital stream from the 

economies where it is most abundant to the ones where it exists in a higher quantity. 

Consequently, the poorest (with lower capital levels) will grow faster (Barro & Sala-i-Martin, 

1990). Thus, from the former assumption, another one arises: all economies converge to a same 

long run steady state (Solow, 1956). This primordial concept is dubbed Absolute β- convergence. 

According to Jordá & Sarabia (2015), due to its features, this framework is mostly suitable for 

income. Concerning results from studies built on the matter, using as a reference the same authors, 

it appears that not just there is little support for the existence of absolute convergence within world 

economies, but also there is evidence of divergence, constituting this the future perspectives.  

Given the results found, the literature started pointing out problems on the study of 

convergence built like this. Firstly,  Barro & Sala-i-martin (1990, 1992) and Sala-i-Martin (1996), 

point that economies differ in many structural characteristics. In fact, new growth models begin 

to assume non-convexity in production and/or externality arising from the accumulation of human 

capital, which allows divergence across time (Liargovas & Fotopoulos, 2009). Secondly, 

convergence may occur despite the absence of economic growth, when the variable under study 

relates to the quality of life (Royuela & García, 2015).  

Recognizing differences in structural characteristics, economies begun to be assumed as 

converging towards different steady states (Barro & Sala-i-martin, 1992), giving rise to the 

concept of conditional β-convergence. At this point, it seems important to clearly distinguish the 

three existent convergence concepts. It is possible to measure β and σ-convergence. The former 

was already mentioned, being it possible to estimate absolute and conditional β- convergence in 

accordance with the absence or presence, respectively, of additional variables representing 

different steady states (Barro & Sala-i-martin, 1992). σ-convergence is, in turn, a measure of 

dispersion, being it verified when there is a decrease in the respective measure (Sala-I-Martin, 

1996). While β-convergence can be identified through an econometric estimation providing a 

negative coefficient associated to the initial level of the variable under analysis (Barro & Sala-i-

Martin, 2003), σ-convergence is evaluated through the evolution of dispersion measures. The 

poorer still have to growth faster in order for σ-convergence to be visible (Sala-I-Martin, 1996).  
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The different steady states underlying conditional convergence would depend on the 

levels of physical capital and with Mankiw, Romer, & Weil (1992), on human capital levels. 

According to Noorbakhsh (2006) the concept of diminishing returns on the basis of the original 

conception of absolute convergence can be applicable with the same viability to educational 

indicators with some peculiarities. Indeed, it is assumed that investment returns in education 

diminish with the level of investment. In a country with low levels of primary education, relatively 

less investment is necessary to increase the mean years of schooling, meaning this that the returns 

for each unit of investment are higher (Barro & Sala-i-martin, 1992; Mankiw et al., 1992; 

Noorbakhsh, 2006). Moreover, the government weight on the economy and populational growth 

were introduced as factors of distinction between economies as well as the origin for different 

steady states. This extended concept implied that the poorest countries would have to grow faster 

to its own steady state (Sala-i-Martin, 1996). 

Bruinshoofd (2016) mentions the need to include measures of institutional quality as a 

trigger for growth. The author reach the point to state that institutional quality is the only variable 

needed to represent different steady states, as it’s the respective level that determines the 

incentives to invest in physical and human capital, Jorda & Sarabia (2015), opt for the inclusion 

of the Economic Freedom of the World (EFW) Index as an explanatory variable measuring the 

quality of the institutions, due to the positive relationship with human wellbeing, and particularly 

with income, found in previous literature (Gwartney & Lawson, 2004). The same authors include 

Trade as a percentage of GDP as an explanatory variable for income, reminding that the associated 

coefficient does not generate consensus, some find it positive, others that it has a negative effect. 

This is particularly important for EU studies as Trade is often used as a proxy for openness 

Noorbakhsh (2006). Foreign Direct Investment (FDI), in turn, is found to have no effect on 

income. Jorda & Sarabia (2015) finish their article concluding that international cooperation 

should be promoted. These two propositions combined suggest that international cooperation 

should not rely in financial aid, at least in the way it has been attributed. Likewise, EU funding 

may not have the desirable outcomes. According to Borensztein, De Gregorio, & Lee (1998), FDI 

potentiates economic growth only when the host economy has enough absorptive capability of 

advanced technologies, which suggests the place to where effort should be applied. RIS3 should 

work towards increasing absorptive capacity and should allow the correct allocation of efforts.   

Royuela & García (2015) note that unemployment is a variable capable to measure 

inefficiency within the economy, being inefficiency understood as wide differentials in its regions 

across or within regions. However, the authors do not include this variable due to its high 

correlation with per capita GDP and disposable income. 

Highlighting income as a measure of well-being, most of the articles analyzed opted for 

the Gross Value Added (GVA) or even the Gross Domestic Product (GDP) as a measure of 
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income (Bivand & Brunstad, 2006; Jordá & Sarabia, 2015; Marchante & Ortega, 2006) and the 

most common result from this approach is the absence of convergence.  

Concerning regional data, the GDP or even the GVA may not appropriately represent 

welfare, due to the intrinsic territorial nature. Indeed, GDP and GVA match the region where they 

were generated, implying that mostly residential regions suffer from underestimation in relation 

to the actual population, due to the daily movement of the labor force to the regions of work, 

while the later benefit from overestimation (Marchante & Ortega, 2006). Moreover, GVA per se, 

does not allow understanding the effects of public-sector redistribution (through direct taxation, 

national insurance contributions and current grants) and it is, therefore, natural that it is associated 

to a higher degree of inequality. Concerning Public Policy evaluation purposes to compare GPD, 

GVA and alternative indicators such as the total personal income minus current grants (TPI) and 

gross personal disposable income (GPDI).  

Despite of the chosen indicators, results point out that significant improvements in non-

income dimensions on welfare may happen regardless of little advance in income, which unveils 

the relevance of its study. However, within the scope of the present work, there is no need to 

deepen the welfare specificities as the adopted notion of inclusive growth relates more to 

performance and efficiency.   

 

2.4.1 Measuring Convergence 

 

Under the concept of β-convergence and according to Jorda & Sarabia (2015), measurement 

often relies on a linear relation between the growth rate of the variable and its initial level (its 

value at the first time unit of the chosen period), being it possible to include structural variables 

(conditional β-convergence). The desired result appears when the coefficient associated to the 

initial level of the variable is negative, finding divergence when positive (Barro & Sala-i-Martin, 

2003).  

Some criticisms, however, are made on the linearity assumption within convergence work 

(Jordá & Sarabia, 2015). Royuela & García (2015) state that estimating through OLS implies the 

assumption that there is an homogeneous system arising from the database. In addition, in the 

same article it is stated that disregarding nonlinearities may impact convergence speed estimates, 

resulting in under or/and overestimations for some segments of the distribution of the variable. 

The parametric concept under discussion would imply, for instance,  that the results obtained in 

the mentioned article, of a higher speed of convergence for the low developed countries and the 

most advanced nations, contrasting with a stagnation phase for medium developed, would be 

disguised if the approach was linear.  
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 The other extreme might not be the most appropriate either. Still following Royuela & García 

(2015) nonlinear parametric models imply a priori assumptions on the evolution of the 

convergence speed, which is a step closer to misspecification bias. A semiparametric is the 

proposed approach. 

Concerning conditional convergence, Marchante & Ortega (2006) call attention for the 

limitation associated with the choice of the dependent variable. For social indicators, for instance, 

the absence of a theoretical background to the growth path conditioning factors, limits the viability 

of the work. Moreover, there are some non-income indicators which have a natural upper limit 

which results an artificial process of convergence (Jorda & Sarabia 2015). 

Spatial dependence is a concept which can be associated to convergence studies and be 

particularly controversial. It is common, within the literature, to employ Moran’s I (whose values 

are used to build hypothesis on the existence of spatial autocorrelation) as an instrument to 

measure the previous phenomenon (see, for instance, Barón, 2003; Royuela & García, 2015). In 

this context McMillen (2003), points that when testing for spatial autocorrelation the rejection of 

the null hypothesis (H0: No dependence) does not necessarily means there is dependence. In fact, 

other misspecifications, as heteroskedasticity or the effects of missing variables that are correlated 

over space, may be present. According to Bivand & Brunstad (2006), spatial dependence usually 

results from a “mismatch between the functional regions constituting the economy and the 

administrative boundaries used for data collection and aggregation” (p. 4). It is, therefore, 

recommended to observe the disturbance term, noting if it contains information about possible 

spatial dependence and if additional variables may not reduce this dependence.  

Several authors include regional dummy variables (Bivand & Brunstad, 2006; Jorda & 

Sarabia (2015) in the presence of regions with evident differences on the convergence patterns. 

In fact, previous literature, for instance, from Mayer-Foulkes (2003), conclude that when global 

convergence is weak, the existence of convergence clubs may be at stake. 

Moreover, Royuela & García (2015) draw attention to the additional information arising 

from the distinction of differences between (cross-sectional) and within regions. When 

differences between regions dominate disparities within, it is suggested that regions are 

homogeneous groups. The former decomposition may help to apply the correct model 

specification. In fact, these authors propose an alternative to semiparametric methods, concerning 

the problem related with linear methods. These authors recommend the use of panel data methods, 

being fixed effects more appropriate when most of the variation happens within regions and 

random effects and between-panel data estimates more adequate otherwise (similar to OLS). 

Fixed effects allow the estimation of each economy steady state, although it may provide 

misleading results if most of the variation is cross-sectional. Therefore, the authors suggest 
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complementarity between OLS and fixed-effects, random effects are excluded due to potential 

nonconsistency.  

Finally, when measuring convergence problems arise concerning the interference of the 

accumulated growth stock. According to Barro & Sala-i-martin (1992), convergence detection 

might be hampered by the correlation with the initial income value. Royuela & García (2015) 

present a fixed effects model allowing to assess growth inertia, leaving under analysis only the 

pure growth relation with the initial value. 

(1) 

log (
𝑌𝑡

𝑌𝑡−1
) = 𝑐0 + 𝑐1(𝑡) − 𝑏 ∗ 𝑙𝑜𝑔𝑌𝑡−1 + 𝑢𝑡    

 

2.4.1.1 Measuring Convergence: Conditional convergence 

  

Modelling different steady states implies adding certain variables widely accepted as a 

source of diversity across countries and regions. Contrarily to what happens with the higher rate 

of saving, making the country richer, according to Solow (1956), the higher population growth, 

the poorer the country. Therefore, population is expected to negatively affect growth.  

 Barro & Sala-i-martin (2003) introduce several explanations for the lower steady state of 

capital and consequently lower per capita GDP growth as a result of a higher population growth, 

given an initial level of per capita output. These authors attribute to population growth an 

endogenous character, contrasting with Solow initial assumption on an exogenous nature. 

Reasons for this endogeneity arise from the relationship between per capita income and wage 

rates, stimulating the demographic growth , migration, and a privilege of labor in the labor/leisure 

trade off. The latter affecting above all labor force. Considering this endogenous nature, forces 

determining GDP-population relation seem multidirectional. On the one hand, being population 

the denominator of per capita GDP, it directly tends to decrease this ratio. On the other hand, 

above a certain threshold of poverty, which is indeed exceeded in the present study, fertility rate 

decreases with increases in per capita GDP and education. This means that lower population 

growth rates will be detected in higher growth countries (Barro & Sala-i-Martin, 2003).  

Lucas (1988) includes the rate of population growth and makes important distinctions 

within the capital domain. Besides physical capital, human capital also plays a role in enhancing 

productivity. The later has, however, two different origins. In one hand, it arises from education, 

on the other hand, it is acquired in daily work and through learning-by-doing. Without 

distinctions, Lucas (1988) detaches an intensification on the growth path due to human capital 
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accumulations. Later, the same author did recognize increased returns to scale of knowledge and 

attributed them to the process of learning- by-doing (Lucas, 1993).  

 Within the scope of this study, Tertiary Education will be the proxy for human capital 

sourced by schooling and Lifelong Learning, in turn, will proxy daily work-acquired human 

capital. According to Eurostat (2019) 3 lifelong learning includes formal, non-formal or informal 

activities undertaken with the aim of increasing skill and competences set and acquire knowledge. 

Chesters, Cuervo, & Fu (2020) find a substantial impact of the desire to progress in current careers 

as a motivation for lifelong learning and therefore, lifelong learning seems a good proxy for the 

job requirements on additional knowledge and for the learning-by-doing process. 

 Nowadays, it is widely accepted that Government interventions have an impact on growth 

and on the steady state. Nevertheless, this impact does not necessarily have to be harmful. On one 

hand, it may cause distortions in private decisions and productivity, when tax rates on capital are 

high, protection of property rights is weak and government regulations are inappropriate. Barro 

& Sala-i-Martin (2003) state that removing distortions caused by governmental action has the 

potential to increase the level of technology and, consequently, long-run growth rate. This means 

it is possible to improve government policies and institutions, although perpetual growth 

originated in this source is unfeasible. Moreover, even minor differences in growth rates, when 

cumulated year after year, translate in huge differences in standards of living and therefore, even 

government policies with small effects on growth rates may have a huge impact. It may be more 

beneficial than fine-tuning or countercyclical policies (Barro & Sala-i-Martin, 2003). 

 

 

2.4.2 σ-convergence 

 

β-convergence is a necessary, although not sufficient condition for an alternative 

definition, σ-convergence (Sala-i-Martin, 1996), which will be a reality if the dispersion of per 

capita income from the cross-country mean decreases over time (Jorda & Sarabia, 2015). This 

implies that countries lagging behind have to grow faster. Non-sufficiency of β-convergence 

derives from the possibility of its observation along with σ-divergence, meaning this that the rate 

of growth of a poor country may be so high, that it surpasses initially richer nations. Perhaps for 

this reason Sala-i-Martin (1996) states that β- and σ-convergence need to be analysed together. 

 
3Eurostat, 2019-https://ec.europa.eu/eurostat/statistics-explained/index.php/Adult_learning_statistics 

 

https://ec.europa.eu/eurostat/statistics-explained/index.php/Adult_learning_statistics
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To measure σ-convergence, Jorda & Sarabia (2015), propose four inequality measures: the 

coefficient of variation, Gini, Theil’s Entropy, and the Atkinson indices, being the coefficient of 

variation of the variable in a logarithmic format the most used measure of dispersion. This 

measure is only recommended for variables that show sharply positive or negative trends over 

time because it does not take into account the mean of the distribution, not being a good indicator 

for trend oscillations over time.  In contrast, relative measures take into account 

increases/decreases in the average. Thus, when tendency oscillations are present, the percentage 

of change in the coefficient of variance (rate of σ -convergence) is preferable, representing 

negative values convergence and positive ones, divergence.  

 

2.4.3. Is there convergence within EU regions? 

 

Monfort (2008) uses data from 1995-2005 from EU regions, analyzing separately EU-15 and 

EU-27, in order to better identify convergence patterns in terms of GDP per capita, that are 

supposed to be stronger for the recently joined members. This article finds convergence within 

EU regions, warning that it should not be analyzed by a single alternative and rather through 

complementarities within different instruments. Accordingly, the author finds convergence within 

the EU-15, which was undetected by summary measures as the standard deviation or the 

coefficient of variation. Moreover, it is advised to analyze the distribution dynamics as “indicators 

fail to capture movements that may be relatively small in statistical terms but are nevertheless of 

importance from a policy point of view” (page 18).  

Veugelers (2017) studies income convergence pathways within EU through an indirect 

methodology. Accordingly, in the long run, growth and convergence patterns will elapse from 

innovation and total factor productivity. The same author aims at identifying divergences in 

innovation capacity within the EU as drivers of future income differentials, the goal of the present 

study.  

Sustainability and magnitude within innovation-growth relation requires certain conditions, 

which may be more or less important according with the initial level of development and the 

initial position in relation to the technological frontier. As a result, different EU regions demand 

a different focus within the innovation system (Andrews et al., 2015).  

Those countries/regions further from the technological frontier, whose innovation-growth 

link relies on the capacity to access and absorb new technologies, mostly benefit from 

international relations (trade, foreign direct investment, cooperation) for access and “social 

capability” for absorption. The workforce must have technological literacy and the global 

environment must promote investment (R&D expenditures in Business and Public sector may be 

important to analyze) (Veugelers, 2017). 
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According to the same author, for countries closer to the frontier, in turn, their own innovative 

capacity becomes important. R&D plays a role one more time, not only as a complement for 

absorption but also for the generation of innovations. However, now that  “innovation capacity” 

gains a more important role, it is essential to mention it not only encompasses production of new 

ideas but also its commercialization over the longer term, which gives relevance to Sales of new-

to-market and new-to-firm particularly for this category of countries.  

The quality of the workforce is crucial for success. Not sufficient, however, as workers need 

to be hired under the right conditions (Aghion et al., 2009), which may highlight Employment in 

knowledge-intensive activities. Well-functioning capital markets as well as efficient property 

rights will contribute to the position relative to the frontier (Andrews et al., 2015).  

Veugelers (2017), despite measuring only σ-convergence for the RIS indicators, 

identifies a high dispersion between 2009-2015, which worsened between 2012-2015. This article 

highlights the lack of convergence concerning private sector innovation capacity, proxied by the 

Business sector R&D expenditures. Moreover, a lack of convergence was identified in SMEs 

innovating in House and public expenditure. Only tertiary education evidences a considerable 

improvement.  

Questions remained unanswered, as time has passed since 2005, including a crisis in-

between, amenable to accentuate divergences, which means that results from Monfort (2008) may 

be outdated. On the other hand, there is no detected pattern on the effect of RIS identified 

divergences into growth. 
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3. Data 
 

 

 

3.1. Preliminary considerations 

 

The work developed did not benefit from a preexistent complete database. In fact, to 

fulfill the purpose of this research, being it better understanding RIS3 influence on growth patterns 

throughout the European regions, Norway and the United Kingdom4, data had to be collected, 

treated, and finally gathered in a single database.  

Data was mainly collected from three sources: The Regional Innovation Scoreboard, 

Eurostat, and the European Social Survey (ESS). The former is the main source of the indicators 

used to evaluate the innovation system before and after Smart Specialization, while the second 

allowed to fill the database with indicators whose presence within RIS editions was inconsistent. 

Macroeconomic data such as gross value added, gross domestic product and population were 

collected from Eurostat. Only trust indicators came from ESS. 

 

3.2. Panel construction 

 

Regional Innovation Scoreboard provides a framework for comparative analysis of the 

innovation system’s performance, including, in its 9th edition (from 2019), 238 regions belonging 

to 22 EU Member States, Norway, United Kingdom, Serbia and Switzerland. At the country level, 

Cyprus, Estonia, Latvia, Luxembourg and Malta are also include (Hollanders, Es-Sadki, & 

Merkelbach, 2019). 

Concerning RIS, it is important to mention that: 

a) All Indicators are normalized. 

b) The year of the edition does not match the year to which data belongs.  

Taking, for instance, the 9th edition, RIS2019, for six indicators data comes from 2017, 

2016 for 10 indicators and 2015 for one indicator (not included). As a result, in this case, data 

was assumed to belong to 2017 and considering previous RIS editions, the year before was 

adopted, meaning this, that RIS 2016 indicators will be defined as 2015 data. 

 
4 The present analysis covers EU regions and regions belonging to the United Kingdom (UK) as well as to 

Norway. For simplification purposes, throughout the document, references to these group of regions may 

be done using “EU regions” as a terminology (it will be, however, avoided). Nevertheless, any citation 

associated with the term “EU regions” does not imply the presence of Norwegian regions, neither of regions 

from the UK. Throughout the document there are several cited authors using the terminology according to 

the official (and correct) definition.  
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Moreover, indicators are not constant over editions as it can be observed in table 17 in 

appendix B5. Therefore, a systematic procedure was followed to decide over the inclusion of an 

indicator. Firstly, if estimation was unfeasible due to the reduced numbers of editions where the 

indicator was available, data was searched on its original database. If accessible, imputation of 

missing values followed Regional Innovation Scoreboard 2019 – Methodology Report. When a 

higher Nomenclature of territorial units for statistics (NUTS) level was available for both years 

and the missed value was available for the previous or the following year, with privilege for the 

first, a proportion was computed. The following formula exemplifies it, considering availability 

of previous year data.  

(2) 

 𝑋𝑅
𝑡 = (𝑋𝑅

𝑡−1/𝑋𝐶
𝑡−1) ∗ 𝑋𝐶

𝑡  with R denoting the region at nuts II level, C the higher 

aggregate level, t the current year and t-1 the previous year.  

When both following and previous year data were unavailable, higher aggregated level 

data was used, prioritizing by order, current, previous, and finally, following year data. 

Still following Regional Innovation Scoreboard 2019 – Methodology Report, data was 

normalized following two steps. Firstly, whenever the degree of skewness of the raw data 

exceeded 1, data was subject to a square root transformation. Secondly, all indicators were 

normalized using the min-max procedure. Minimum and maximum value were determined from 

the set of downloaded data for the concerning indicator. The maximum normalized score is equal 

to 1 and the minimum normalized score is equal to 0. 

(3) 

�̌� =
𝑋 − 𝑀𝐼𝑁(∀, 𝑋)

𝑀𝐴𝑋(∀, 𝑋) − 𝑀𝐼𝑁(∀, 𝑋)
   

 

When original databases were unavailable, as it happened with Community Innovation 

Survey (CIS), interpolated, or moving average (backward looking) were used when data was 

missing between two existing editions or at the end or beginning of the study period, respectively. 

If estimation was unfeasible due to lack of observations, the indicator was not included.  

Thus, 14 indicators gave rise to the final set: Population aged 30-34 with tertiary 

education (TE), Lifelong learning (LL), Trademark applications (Trdmrk), Design applications 

(Design), Employment in medium-high/high-tech manufacturing and knowledge-intensive 

services (Emplo), R&D expenditures in the public sector (RDP), R&D expenditures in the 

business sector (RDB), Non-R&D innovation expenditures (NRD), SMEs with product or process 

innovations (Prodproc), SMEs with marketing or organisational innovations (Mrktorg), SMEs 

innovating in-house (SMEiH), Innovative SMEs collaborating with others (SMEcol), EPO patent 

 
5 Appendix B page 75 
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applications (EPO) and Sales of new-to-market and new-to-firm innovations (Sales). Due to 

changes in indicators over editions and the availability of  more recent data, Population with 

tertiary education, Lifelong learning, R&D expenditure of the public sector, R&D expenditure of 

the business sector, Trademark applications and Design applications were collected from 

Eurostat.  

Data for gross domestic product (GDP) at current market prices (Million Euro), average 

annual population (in thousand persons), gross fixed capital formation (Million Euro) meant to 

proxy investment (Alves, 2019); population aged between 15 and 64 years old and gross value 

added (GVA) at basic prices (Million Euro) were collected from Eurostat and treated. First and 

foremost, variables were transformed to be at constant prices, through the division by the GDP 

deflator collected from knoema6. Secondly, per capita GDP was computed through the division 

of gross domestic product (GDP) at constant prices by the average annual population. Both gross 

fixed capital formation (GFCF) and gross value added attributed to the public sector were the 

numerator of respectively GDP at constant prices and total GVA. Finally, the natural logarithm 

of per capita GDP, the share of GFCF, public sector VAB share and population aged between 15 

and 64 years old were computed.   

From the European Social Survey, data for trust in country's parliament (wtrstprl), trust 

in the legal system (wtrstlgl), trust in politicians (wtrstplt), trust in political parties (wtrstprt) and 

the degrees of satisfaction with the way democracy works in country (wstfdem) was collected. 

77, 88 or 99 observations, representing, respectively, “Refusal”, “Don’t know” and absence of 

answer were excluded. Following Weighting European Social Survey Data (European Social 

Survey, 2014), data was weighted using Post-stratification weights (PSPWGHT). ESS data uses 

as unit the individual and the previously mentioned weight will account for differences in 

inclusion probabilities (correcting bias introduced by sampling design) and reduce non-response 

error (which may lead to a systematic over or underrepresentation of people with certain 

characteristics). This weight was thought to be the most appropriated. Therefore, a weighted 

averaged of the individual data was computed for each region and indicator, in order to match the 

analysis unit with the remain datasets (converting the individual into the region). Finally, and 

following Braga (2018) an average of the five indicators was computed and a Trust Index was 

built (TI). More detailed information on data transformation and estimation can be found in 

Appendix  B (Tables 18 and 19).  

Data was collected, whenever possible, at NUTS II level. NUTS II, as a territorial unit, 

is appropriate for regional socio-economic analysis and Public Policy considerations (Eurostat, 

 
6 knoema is a database encompassing international and regional statistics on a diversity of topics. For 

more information access: https://pt.knoema.com/ATLAS 

https://pt.knoema.com/ATLAS
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2016) 7and therefore suitable for the present study. NUTS I was used in alternative, given NUTS 

II unavailability.  

Subsequent to the treatment, data had to be condensed in a single database which required 

all regions not transversal to the three data sources to be discarded, when estimations were 

impossible. As a result, final database contains information for 152 regions, belonging to 19 

countries (Belgium (BE), Bulgaria (BG), Czech Republic (CZ), Denmark (DK), Germany (DE), 

Ireland (IE), Spain (ES), Italy (IT), Hungary (HU), The Netherlands (NL), Austria (AT), Poland 

(PL), Portugal (PT), Slovenia (SI), Slovakia (SK), Finland (FI), Sweden (SE), United Kingdom 

(UK) and Norway (NO). Six countries have their information displayed at NUTS I level 

(Belgium, Bulgaria, Germany, Austria, United Kingdom and Slovenia), being the remaining 

discriminated at a NUTS II level.  

Time period extends from 2008 to 2018, which required an estimation through 

interpolated average of RIS indicators (see more in table 18 in Appendix B). ESS indicators were 

only used on the second period (from 2014-2018). Being ESS Editions biennial, it was only 

possible to collect data for 2012, 2014 and 2016. Therefore, a two-year lag was introduced. Values 

from 2012 ESS edition matched 2014 of the remaining data; 2014 matched 2016 and so on. Data 

for ESS in 2015, 2017 was estimated through interpolate average. This lag was not considered 

problematic since social capital variables demand time to vary, manifesting these variations in the 

long run (Bruinshoofd, 2016). 

The inclusion of the Trust Index allows to complement the sustainability analysis in 

accordance with previously mentioned article which argues that institutional quality (strictly 

related with trust) determine if short term gains are sustainable in the long run. For this purpose, 

the introduction of the variable in the second period is enough, being only important to understand 

sustainability of a policy from the moment it was launched. Table 1 reunites information about 

the correlation between the elements of the index.  

 
Table 1- Correlation matrix of the Trust Index components 

  wtrstprl  wtrstlgl  wtrstplt  wtrstprt  wstfdem  

wtrstprl  1.000          

wtrstlgl  0.920*  1.000        

wtrstplt  0.924*  0.875*  1.000      

wtrstprt  0.919*  0.870*  0.993*  1.000    

wstfdem  0.895*  0.841*  0.879*  0.883*  1.000  

*significant at a 1% level. 5  

Source: Own source 

 

Each Trust Index component endow a strong and significant correlation with the 

remaining components. As a matter of fact, the lowest correlation has a value of 0.841. This result 

 
7 https://ec.europa.eu/eurostat/web/nuts/background 

https://ec.europa.eu/eurostat/web/nuts/background
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works as a sufficiently strong reason to build an index, due to the impossibility of using the 

variables in the same estimation as multicollinearity problems may arise.  

 

3.2.1. Performance groups 

 

This subsection will only focus on performance groups, which consist in a regional 

division into four classifications: Modest, Moderate, Strong and Leader, according to the obtained 

Regional Innovation Index relative to the EU’s. The mentioned index, in turn, is calculated as 

an unweighted average of the normalized scores of the indicators comprised in RIS. Thus, 

innovation Leaders will be those regions scoring at least 20% above the EU average. Strong 

innovators have their scores between 90% and 120% of the EU average and between 50% and 

90% of the same benchmark, regions will be classified as Moderate Innovators. Finally, below 

50% the group of Modest Innovators is built.  This classification allows to understand the 

different levels of innovation within the EU. Three Portuguese regions (Norte, Centro and Área 

metropolitana de Lisboa) improved their ranking from Moderate to Strong innovators in the most 

recent year.  

From a total of 912 observations (original biennial data, free from estimations), 110 match 

changes within groups, a percentage of only 12.06%. Moreover, changes happen exclusively 

between followed groups. This low variability allows for intermediate estimations without 

incurring in worrying bias.  Therefore, dummy variables can be built for the missing years 

between 2008-2018 in accordance with the remaining observations.  

 
Table 2-- Movements within categories (original data 2008, 2010, 2012, 2014, 2016, 2019 RIS editions) 

Initial/ Final  Modest  Moderate  Strong   Leader  

Modest     14       

Moderate   21     14     

Strong     14     28  

Leader        19     

Source: Own Source 

 

Deepening the analysis, improvements from a lower group are quite balanced with falls 

from a superior group (56 against 54). However, a big share of movements is concentrated 

between two particular classes: 19.09% of the total movements occur from Moderate to Modest 

and 25.45% from Strong to Leader. 44.54% of the movements would represent a divergence 

pattern on innovation performance, meaning this the improvement of the second-best regions 

towards the best category and the simultaneous decline of the second worst regions towards the 
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worst category. A pattern of divergence in innovation performance will question any long-term 

sustainable convergence pattern (Veugelers, 2017).  

At this point, it would be interesting to evaluate changes within the two periods under 

analysis (table 3). And by doing so it becomes clear that movements from Moderate to Modest 

occur mainly in the first period. The biggest amount of improvements is still from Strong to 

Leader and in the second period (17.27% of the total movements). At least the number of 

movements deteriorating a region’s position to Modest has decreased. Despite not suggesting 

convergence, the poorest are at least not becoming poorer in terms of innovation performance. 

It is also important to point that movements between Strong and Moderate have increased 

for more than half in the second period, which suggests, although not consistently, improvements 

on the innovation performance of the middle range regions (Hollanders et al., 2019).  

There is more dynamism in the second period (62.7% of the movements) and it is more 

positive (53.62% against 46.34% in terms of improvements as a share of total movements for the 

period). 

Judging by the results, Smart Specialization must have carried some advantages. Perhaps 

it has not promoted convergence but rather stopped a two extreme promoted divergence 

(worsening of the poorest and improvement of the best), settling the background for real 

convergence. In section 5, everything will be clarified. 

 

Table 3-Movements in performance groups by period (original data) 

2008-2012   2014-2018  

Inicial/ 

Final  
Modest  Moderate  Strong   Leader  Inicial/ 

Final  
Modest  Moderate  Strong   Leader  

Modest     6        Modest     8        

Moderate   14     4     Moderate   7     10     

Strong      4     9  Strong      10     19  

Leader        4     Leader        15     

Source: Own Source  

 

3.3. Adequacy of the sample 

 

 Throughout EU convergence studies, it is common to observe grouped analysis. 

Countries are divided in accordance to the date they joined the EU (Monfort, 2008), the 

geographical position and the innovative performance (Veugelers, 2017). 

 Within the context of this study and the present section, these classifications will be used 

with the aim to understand if some categories are under or overrepresented. 

 The table below presents two columns allowing comparison of the sample diversity with 

the segmentation within the population. Concerning performance groups based on the Regional 
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Innovation Index (RII), this study’s sample slightly overrepresents Moderate and Strong 

innovators, to the detriment of both extreme categories. As the difference is never above 2-3%, it 

may be said that the sample represents appropriately the reality in the domain of the performance 

groups.  

 Geographically, all central countries are represented on the sample, however, within 

sample lens, Central countries are overrepresented to the detriment of North and South and 

differences are more important at this point, reaching 10% for the Central category. The contrast 

between sample and population seems well distributed by the North and the South. However, 

clear patterns of growth or innovation capacity within regional divisions are not so easy to find. 

There is a lot of heterogeneity within each of these groups (Veugelers, 2017). Germany and 

Poland, for instance, belong both to Central division. Therefore, these differences between the 

sample representation and the population do not seem of much relevance, being only important 

that all categories are represented.  

 

Table 4-Characteristics comparison between the sample and the population 

Category  Populatio

n  

Sample  

Performance 

groups  

RIS 2019  Present 

sample  

Leader  15.97%  13.82%  

Strong  30.67%  32.24%  

Moderate  40.76%  43.42%  

Modest  12.60%  10.52%  

Geography  EU 28  Present 

sample  

North   24.14%  21.05%  

South   20.68%  15.78%  

East  13.79%  10.53%  

West  20.68%  21.05%  

Central  20.68%  31.58%  

Membership  EU 28  Present 

sample  

EU 15  51.72%  63.16%  

EU 13  44.83%  31.58% 

Values measured as a percentage of the total, being it the 238 RIS 2019 regions for the first category and 

EU 28 for the following two, in the case of the population; and 152 regions for the first category; 19 

countries for the following two, in the case of the sample. West classification includes Belgium, Ireland, 

The Netherlands, the United Kingdom, France and Luxembourg. East includes Bulgaria, Romania, 

Slovenia and Croatia. North includes Denmark, Finland, Sweden, Norway, Latvia, Lithuania and Estonia. 

Central encompasses Czech Republic, Germany, Hungary, Austria, Poland, Slovakia. Finally, South 

integrates Greece, Portugal, Spain, Italy, Cyprus, Malta. Source: Own Source. 

 

Finally, the date of EU membership may be more important than it seems as more recent 

members are expected to grow faster, while older ones are expected to be at a lower level of 

dispersion due to market integration (Veugelers, 2017). In the present sample, EU 15 is 
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overrepresented, which will require caution in the analysis and further work to understand the 

implications 

As a conclusion, despite the evident deviations, our sample seems to represent 

appropriately the population for the aim of this project. In fact, in what concerns performance 

groups, the most important division within this study, since dummy variables will be built to help 

explaining heterogeneity, differences between population and sample are neglectable. For the aim 

of Public Policy, further research involving EU13 will be recommended.  
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4. Methodology 
 

 

4.1. Initial considerations 

 

4.1.1 Descriptive statistics  

  

Before any modelization, the information contained on the data must be subject to an 

analysis. The need for this preparatory step is related to the possibility of detecting hints about 

the model to be applied and the a priori detection of possible misspecifications intrinsic to the 

data. Being the hypothesis under study, the existence of a structural break, it was considered 

useful to approach descriptive statistics for 2013 and 2018, the former representing the reality 

over which RIS3 is supposed to introduce change and the latter, the most recent year of 

application, allowing for the detection of the most recent improvements.  

 
Table 5-Descriptive Statistics of the balanced panel for 2013 and 2018 

  2013  2018  

Variable  Mean  Std. 

Dev.  

Min  Max  Mean  Std. 

Dev.  

Min  Max  

gdp  26782.9

8  

14422.7

9  

4401.33

9  

79529.2

4  

30718.7

1  

17216.4

6  

5767.59

8  

131923.

8  

inv  0.204  0.040  0.119  0.395  0.205  0.038  0.127  0.329  

pop  1741685  1689252  56038.2

6  

1160000

0  

1736509  1718167  55456.8

2  

1170000

0 

sw  0.239  0.06  0.133  0.540  0.235  0.060  0.126  0.517  

TE  0.485  0.179  0.1  0.941  0.563  0.170  0.230  1  

LL  0.469  0.200  0.058  0.998  0.488  0.182  0.091  0.946  

Emplo  0.503  0.173  0.152  0.96  0.465  0.170  0.109  0.934  

Leader  0.118  0.324  0  1  0.138  0.346  0  1  

Strong  0.368  0.484  0  1  0.322  0.469  0  1  

Moderat

e  

0.414  0.494  0  1  0.434  0.497  0  1  

RDP  0.509  0.165  0.054  0.949  0.499  0.167  0.054  0.954  

RDB  0.401  0.181  0.000  0.903  0.423  0.168  0.005  0.980  

Trdmrk  0.312  0.106  0.040  0.594  0.360  0.178  0.083  0.883  

Design  0.450  0.190  0.057  1  0.419  0.190  0.080  0.938  

NRD  0.340  0.115  0.049  0.705  0.458  0.152  0.023  0.827  

Prodpro

c  

0.455  0.252  0.061  1  0.461  0.184  0.052  0.853  

Mrktorg  0.365  0.200  0.034  0.778  0.398  0.170  0.045  0.703  

SMEiH  0.413  0.226  0.03  0.991  0.447  0.187  0.023  0.854  

SMEcol  0.353  0.216  0.048  0.868  0.371  0.236  0.067  0.970  

Sales  0.446  0.146  0.071  0.743  0.479  0.160  0.196  0.924  

EPO   0.264  0.161  0.000  0.779  0.332  0.167  0.082  0.871  

TI  Not applicable  4.358  1.103  1.862  6.691  

N= 152 for each year.  

Source: Own source 
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 From the 152 regions under analysis, the average of the per capita GDP at constant prices 

has increased from 26782.98 in 2013 to 30718.71 in 2018 (an increase of 14.69%) and the fact 

the minimum value has seen a rise indicates that the expansion phase was generalized. However, 

the same direction is visible in the evolution of the standard deviation, which has increased by 

19,37%. 2018, maintaining the pattern verified in 2013, bespeaks a much smaller distance from 

the average to the minimum value (24951.112) than the distance to the higher value (101205.09), 

which, together with the standard deviation, suggest considerable dispersion. While the minimum 

value has increased only 31%, the maximum value increased almost 66%. This scenario does not 

suggest much of convergence.   

Government weight within the economy has decreased as an average, with the minimum 

value reducing by 5.26%, while the maximum value only reduced by 4.26%. The standard 

deviation has remained equal, higher than the standard deviation of the investment intensity 

(0.038 in 2018). Within the considered EU, Norwegian regions and those belonging to the United 

Kingdom and for both years there is no territorial unit with less than 12% of its GDP allocated to 

government intervention. There are regions where the government share exceeds 50%. 

Investment on physical capital has, on average, a smaller weight on GDP when comparing with 

government intervention. In fact, the minimum value is only 0.127 and the maximum value is just 

0.329 for 2018. Some convergence might have happened across the considered EU regions and 

concerning the investment share, as the minimum value has increased, and the minimum value 

has decreased from 2013 to 2018. The later movement, might, however, be worrying.  

Regarding the explanatory variables, it is visible that the average of the RIS indicators 

increased despite some exceptions, as it is the case of Employment in medium-high/high tech 

manufacturing and knowledge-intensive services, R&D expenditure in the public sector and 

Design applications. The largest fall happened to Employment, followed by Design applications. 

From the variables benefiting from an increase, Non-R&D expenditure stands out, with 

a 34,7% increase. According to Brouwer & Kleinknecht (1997), Non-R&D innovation 

expenditure includes patenting and licensing, design, trial production, labor training, small 

modifications in product and processes, investments and market research in fixed assets. Huang, 

Arundel, & Hollanders (2010), based on the third European Community Innovation Survey (CIS-

3), state that firms with weak in-house innovative capabilities, relying on suppliers and 

competitor’s information, tend to perform non-R&D activities. In fact, this type of innovation 

builds an important share of innovative activities within EU (Diukanova & López-Rodríguez, 

2014). It is left to know if this variable, with such a visible evolution is able to affect growth and 

if not, what is the missing piece to work as a trigger.  
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Not much less discreet is the increase in tertiary education average which results from a 

convergence process within the EU already studied in Veugelers (2017). EPO falls only slightly 

behind.  

With reference to 2018 values, it is interesting to notice that the average of the R&D 

expenditure in the public sector exceeds the average of the R&D expenditure in the business sector 

(0.499 against 0.423), which may be worrying since there are authors claiming R&D expenditure 

in the public sector is not enough within the EU (Veugelers, 2017). There is, inclusively and at 

least, one region where business expenditure is neglectable (zero or at least, close to zero). SMEs 

with product or process innovations exceeds SMEs with marketing or organizational innovations 

(0.461 against 0.398). Community design applications average exceeds Trademark applications 

(0.419 against 0.360). 

R&D expenditure in the public sector bespeaks one of the highest average value among 

Regional Innovation Scoreboard (0.499), only after Tertiary education. Lifelong Learning comes 

next with an average of 0.488. On the contrary, EPO is at the bottom on the list, followed by 

Trademark. Innovative SMEs collaborating with others presents a low (the third lowest) and 

perhaps worrying value of 0.371, being connectivity one of the RIS3 novelties.  

Interestingly, the indicator with the lowest standard deviation is NRD. On the opposite 

edge there is SMEcol, with a standard deviation of 0.236. Moreover, there are indicators 

bespeaking extremely low minimum scores, which suggests deep problems on regional inclusion. 

It is the case of RDB (minimum value of only 0.005), SMEiH and NRD. 

Finally, the share of regions classified as Leaders and Moderate has increased to the 

detriment of Strong, having Modest remained stable.  

Before proceeding with correlation analysis, it is important to remember that all the 

indicators from RIS are normalized relatively to the respective sample minimum and maximum 

values. In table 5, there is, sometimes a minimum value different although still close to zero, 

which is related with the fact that the panel data was balanced. Considering that most of the 

indicators have its average below 0.5, besides a comparative approach over time, it is only 

possible to mention that the indicators have an average closer to zero than to the maximum value, 

the unity. The inference arising is that, with an average below 0.5 and maximum values close to 

1, the largest share of regions have lower values.   

 

4.1.2 Correlation analysis 

 

Table 6 presents the correlations between the variables considered for the purpose of the 

present study (control, explanatory and dependent) and the respective significance. Table 7 adds 
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the correlations between the dummy variables and two RIS indicators that will be excluded from 

the analysis.  

First and foremost, pure growth, codified as lnYtYt1, does not bespeak a single 

significant correlation with any other variable. When analyzing the correlation between current 

GDP and its initial value, a high positive and significant (at 5 % level) correlation is observed 

(0.991), suggesting a strong effect of the cumulated stock of growth. This is a warning signal 

when aiming at estimating convergence as the cumulated stock of growth may hamper 

convergence detection.  Moreover, the present sample is large enough to contemplate economic 

cycles and the found positive correlation reflects that.   

Initial GDP is positively and significantly correlated with investment, government share 

and with the majority of RIS variables. The dummy variable Moderate is negatively correlated 

with initial GDP.  

Population has an expectable positive and significant correlation with Employment in 

Knowledge intensive, despite the small magnitude. Stronger is the correlation with Business 

sector R&D expenditure, the strongest correlation found with population. Government weight is 

moderately and negatively correlated with population. Population centers tend to be the richest 

regions within a country (OECD, 2009), being it interesting to notice that the government weight 

tends to be smaller in this context. Does this happen because poorer regions need more 

intervention or do richer regions have those characteristic because government intervenes less? 

Focusing on the confidence index, it is not difficult to identify a pattern: significant 

correlations are always positive with the exception of Moderate (-0.459). Strong/oderate-strong 

correlations are found with Lifelong learning (0.727), initial GDP (0.651), EPO (0.605). It is 

worth to highlight the correlation with SMEcol and RDB (at least 0.459). The correlation between 

trust and investment rounds 0.442. It is interesting to notice that the correlation between lifelong 

learning and trust exceeds the one with tertiary education, by the double. The work developed by 

Braga (2018) favors an enhancing effect of  tertiary education on growth through the channel of 

trust. Given correlation results, perhaps an even stronger effect may apply to lifelong learning. 

Finally, the used trust proxy is not significantly correlated neither with Trademark applications 

nor Sales. In the context of a relation between trust and innovation, why is there no relation with 

the commercialization dimension? 

Tertiary education and Lifelong learning are correlated by 0.492. Design and Trademark 

applications are also correlated at a medium-high level (0.558). Entities may want to register a 

trademark, also intending to register the matching design.  

In terms of correlations demanding a careful analysis, due to a high value committing its 

simultaneous presence in the same regression, the value of 0.914 (table 7) between SMEs with 

marketing and organizational innovations and SMEs with product and process innovations  
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Table 6-Correlation matrix between the variables for the year of 2018 

 lnYtYt1 lngdp1 lninv1 lnsw lnpop TE LL Emplo RDP 

lngdp1 -0.105 1.000        

lninv1 0.137 0.305* 

 

1.000       

lnsw -0.108 0.287* 0.137 1.000      

lnpop 0.050 0.019 -

0.242* 

-

0.399* 

1.000     

TE 0.077 0.442* 0.174* -0.071 0.071 1.000    

LL -0.151 0.735* 0.309* 0.386* -0.222* 0.492* 1.000   

Emplo 0.030 0.305* 0.217* -

0.413* 

0.217* 0.316* 0.127 1.000  

RDP -0.156 0.527* 0.206* 0.270* 0.082 0.293* 0.409* 0.142 1.000 

RDB -0.084 0.538* 0.379* -0.159 0.357* 0.375* 0.445* 0.523* 0.392* 

Trdmrk -0.087 0.448* 0.020 -

0.220* 

0.247* 0.346* 0.343* 0.263* 0.237* 

Design -0.04 0.080 -0.096 -

0.403* 

0.237* 0.118 0.063 0.275* 0.015 

NRD -0.053 -0.125 0.127 -0.060 0.125 -0.341* -

0.165* 

0.029 0.016 

SMEiH -0.065 0.662* 0.193* 0.164* 0.077 -0.045 0.458* 0.172* 0.414* 

SMEcol -0.086 0.528* 0.240* 0.241* 0.094 0.365* 0.557* 0.150 0.304* 

Sales -0.110 0.385* -0.102 0.135 0.200* 0.132 0.223* 0.114 0.063 

EPO -0.148 0.679* 0.328* 0.091 0.221* 0.227* 0.586* 0.347* 0.429* 

TI -0.097 0.651* 0.442* 0.313* -0.135 0.364* 0.727* 0.220* 0.443* 

Prodproc -0.093 0.686* 0.235* 0.205* 0.051 0.007 0.496* 0.157 0.433* 

Mrktorg -0.054 0.748* 0.239* 0.273* 0.155 0.006 0.441* 0.160* 0.471* 

Leader -0.084 0.440* 0.138 0.041 0.106 0.474* 0.488* 0.362* 0.415* 

Moderate -0.013 -

0.332* 

-0.138 -

0.330* 

-0.081 -0.264* 0.365* 0.011 -

0.436* 

Strong 0.03 0.364* 0.180* 0.273* 0.111 -0.011 0.250* -0.077 0.322* 

 RDB Trdmr Design NRD SMEiH SMEco Sales EPO TI 

Trdmrk 0.394* 1.000        

Design 0.330* 0.558* 1.000       

NRD 0.108 -0.27* -0.016 1.000      

SMEiH 0.501* 0.255* 0.152 0.309* 1.000     

SMEcol 0.459* 0.031 -0.062 0.140 0.464* 1.000    

Sales 0.164* 0.111 -0.049 0.008 0.333* 0.543* 1.000   

EPO 0.776* 0.477* 0.372* 0.101 0.612* 0.417* 0.188* 1.000  

TI 0.532* 0.142 0.007 0.035 0.472* 0.591* 0.062 0.605* 1.000 

Prodproc 0.509* 0.212* 0.092 0.316* 0.976* 0.532* 0.338* 0.603* 0.533* 

Mrktorg 0.493* 0.250* -0.005 0.272* 0.913* 0.534* 0.394* 0.576* 0.478* 

Leader 0.473* 0.398* 0.165* -0.081 0.286* 0.327* 0.066 0.475* 0.470* 

Moderate -0.312* -0.125 -0.134 0.018 -0.286* -0.454* -0.069 -

0.431* 

-

0.459* 

Strong 0.253* -0.008 0.054 0.191* 0.428* 0.479* 0.251* 0.375* 0.345* 

*significance at a 5% level.  

Source: Own source 

 

should be noticed; as well as the correlation between each of these variables with SMEs 

innovating in House (0.913 and 0.976, respectively, table 6). This result may not be such a 

surprise. In fact, according to Hollanders, Es-Sadki, & Merkelbach (2019), SMEs innovating in 

House, measures the level to which SMEs that introduced new or considerably improved products 



 

36 

 

or processes, have been the origin of the innovation. If the majority of innovations in SMEs are 

developed in House, a worrying inference will arise, as the majority of SMEs will be strongly 

limited in terms of the available resources to do so (Duarte et al., 2017). If this is the culture within 

EU, then innovation might be strongly restricted, and efforts should be made to build connectivity 

as a complement.  

This econometric problem above mentioned (relating to multicollinearity) will be solved 

excluding the first two variables (Prodproc and Mrktorg) for two reasons: first, its correlation is 

high and there is no particular reason to choose one to the detriment of the other. Secondly, Lopes, 

Farinha, & Ferreira (2019) find that SMEs with product and process innovation has a positive 

impact on SMEs innovating in house. A negative effect of SMEs collaborating is also found on 

the latter article, however, the correlation analysis doesn’t outstand a problem. In any case, a 

multicollinearity analysis will be done before any estimation.  

 
Table 7-Complementing correlation matrix for the year of 2018 

 Prodproc  Mrktorg  Leader  Moderate  Strong  

Mrktorg  0.914*  1.000        

Leader  0.307*  0.271*  1.000      

Moderate   -0.317*  -0.299*  -0.351*  1.000    

Strong  0.444*  0.464*  -0.276*  -0.604*  1.000 

*significance at a 5% level.  

Source: Own source. 

 

As previously mentioned, it is fundamental to be in the absence of significant effects on 

the dependent variable due to a third one (spurious regression) and to assure the inexistence of 

multicollinearity. For this purpose, the Variance Inflation Factor (VIF) output was analyzed. 

According to Frost (2017), the lowest possible value for VIF will be one, indicating no correlation 

between the considered independent variable and any of the others. VIFs between 1 and 5 suggest 

moderate correlation, despite not strong enough to affect estimation. VIFs above 5, in turn, may 

result in poor estimations8. VIF was firstly ran with all the variables that were available. The only 

worrying factor arises from the dummy variables and this is not a surprise, since movements 

between classes happen to the group immediately above or below.  Other sources of information 

state that strong multicollinearity problems arise for VIF above 10 (Braga, 2018). Therefore, 

dummies will be included in conditional estimations and a modelization without them will be 

estimated to identify real differences in coefficients and the degree of bias, if any. 

 

 
8 (Frost, 2017) Retrieved from https://statisticsbyjim.com/regression/multicollinearity-in-regression-

analysis/ 

 

https://statisticsbyjim.com/regression/multicollinearity-in-regression-analysis/
https://statisticsbyjim.com/regression/multicollinearity-in-regression-analysis/
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Table 8-Multicolinearity test result (VIF) 

Variable  VIF  1/VIF  

Strong  8.72  0.115  

Leader  7.25  0.138  

Lngdp1  5.81  0.172  

EPO  5.79  0.173  

Moderate  4.79  0.209  

LL  4.53  0.221  

RDB  4.07  0.246  

IC  3.87  0.259  

SMEcol  3.62  0.276  

SMEiH  3.44  0.290  

TE  2.58  0.388  

lnsw  2.56  0.390  

Trdmrk  2.23  0.448  

lnpop  2.18  0.459  

Sales  2.06  0.485  

Design  1.89  0.528  

Emplo  1.80  0.555  

RDP  1.74  0.573  

Lninv1  1.56  0.642  

NRD  1.55  0.647  

Mean VIF  3.60   

Source: Own Source 

 

4.2. Econometric model  

 

Firstly, results include branches: one relying on econometrics for β- convergence 

evaluation and the other on σ-convergence analysis techniques. The econometric models were 

designed in accordance to the literature on β- convergence and recognizing the interference of the 

cumulated stock of capital. In fact, Barro & Sala-i-martin, (1992) notice that convergence may 

exist but not be evident on the estimation due to stronger serial correlation with initial GDP. 

Therefore, firstly, per capita gross domestic product will be divided by its value on the previous 

period and it will later be subject to a logarithmic transformation following (Barro & Sala-i-

martin, 1992; Royuela & García, 2015; Sala-I-Martin, 1996). The first step, dividing per capita 

GDP by its previous value, allows the cancelation of the serial correlation with the capital stock. 

These transformations give rise to the dependent variable.  

 Secondly, the logarithm of the per capita GDP in the previous period will be used for 

absolute convergence measurement, to which structural variables representing the different steady 

states will be added for separated conditional convergence estimations. As control variables, there 

will be the logarithm of the population, the logarithm of investment and state’s weight on the 

economy. The level of human capital will be included but will not be considered a control 

variable. Its inclusion follows Mankiw, Romer, & Weil (1992). Concerning investment, following 

Aizenman, Jinjarak, & Park (2013) a lag was introduced.  
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All available RIS indicators were included through an experimental process, being only 

kept if significant. Design applications was the only exception and, therefore, the only not 

included variable, neither for the experimental stage. The choice to keep it apart from the analysis 

had to do with the need to not overcharge estimations with an excessive number of variables. 

Moreover, deign applications was not considered an extremely important variable within the 

innovation system for the purpose of this study. 

Following Bivand & Brunstad (2006) & Jorda & Sarabia (2015) dummy variables were 

introduced proxying the regional dummies that former authors suggested in the presence of 

regions with evident differences on the convergence patterns. Taking into account the model 

structure, the study goal and the impact innovation has on growth path (Veugelers, 2017), it was 

considered appropriate to include innovation performance groups as the desired regional proxies. 

Thereby, incremental effects deriving from belonging to the “Leader”, “Strong” or “Moderate” 

group will be estimated in relation to the “Modest” classifications.  

Aiming the convergence evaluation, the nature of the work automatically implies the 

inclusive strand of growth. By including a Trust Index and RIS variables proxying the innovation 

system, the sustainability branch is introduced. As mentioned in Bruinshoofd (2016), economic 

growth determines the short term path, but it is institutional quality (extremely associated with 

trust, so that trust can work as a proxy (Robbins, 2012)) that projects this path in the long run. 

Therefore, the present work approaches all the pillars of Europe 2020. 

A dynamic (auto-regressive) panel data containing observations for 152 regions over a 

period from 2008 to 2018 (11 years) was used under estimations of pooled OLS, random and 

fixed effects models. Concerning pooled OLS, it ignores the data structure as no point was in 

building a panel. Fixed effects is recognized as the most appropriated method when most of the 

variation has a within region origin, in particular concerning convergence analysis, fixed effects 

would allow for the estimation of each economy steady state. However, when the largest share of 

variation is cross-sectional, random effects or pooled OLS are more adequate, as the previous 

method may result in misleading results (Royuela & García, 2015). Therefore, following the 

recommendations of the above information’s authors, the three estimations methods will be 

considered in an initial stage. In any case, white correction for heteroscedasticity will be 

introduced through (white standard errors, vce robust) 

For absolute convergence the final model is as follows: 

(4) 

ln (
𝑔𝑑𝑝𝑖,𝑡

𝑔𝑑𝑝𝑖,𝑡−1
) = 𝛼 + 𝛽 ln(𝑔𝑑𝑝𝑖,𝑡−1) + 𝜀𝑖,𝑡   

For conditional convergence, in turn, estimation will appear as: 
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(5) 

𝑙𝑛 (
𝑔𝑑𝑝𝑖,𝑡

𝑔𝑑𝑝𝑖,𝑡−1
)

𝑖,𝑡
= 𝛽0 + 𝛽1𝑙𝑛𝑔𝑑𝑝𝑖,𝑡−1 + 𝛽2𝑙𝑛𝑖𝑛𝑣1𝑖,𝑡+𝛽3𝑙𝑛𝑝𝑜𝑝𝑖,𝑡 +

𝛽4𝑙𝑛𝑠𝑤𝑖,𝑡+𝛽5𝐿𝑒𝑎𝑑𝑒𝑟𝑖,𝑡+𝛽6𝑆𝑡𝑟𝑜𝑛𝑔𝑖,𝑡 + 𝛽6𝑀𝑜𝑑𝑒𝑟𝑎𝑡𝑒𝑖,𝑡+𝛽𝑗𝑅𝐼𝑆𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟𝑖,𝑗,𝑡 + 𝜀𝑖,𝑡   

 

Before proceeding to the following section, a table including a brief description of the 

variables, the respective codification and scale of measurement is presented to ease reading. More 

details on the variables can be found in Appendix B9, Table 18.  

 
Table 9-Codebook including variables description and unit of measurement 

Name  Description  Unit of measurement  

ln(YtYt1) 

  

Natural logarithm of per capita GDP pure growth  Logarithmic (continuous 

variable)  

lngdp1  Natural logarithm of per capita GDP at constant prices  Logarithmic (continuous 

variable)  

lninv1  Natural logarithm of the Gross Fixed Capital Formation 

share  

Logarithmic (continuous 

variable)  

lnpop  Natural logarithm of the population aged 15 to 64 years old    

lnsw  Natural logarithm of the Government weight in the regional 

economy  

Logarithmic (continuous 

variable)  

TE  Percentage population aged 30-34 having completed tertiary 

education  

Normalized (ratio 0-1)  

LL  Percentage population aged 25-64 participating in lifelong 

learning  

Normalized (ratio 0-1)  

Emplo  Employment in medium-high/high tech manufacturing and 

knowledge-intensive services  

Normalized (ratio 0-1)  

RDP  R&D expenditures in the public sector as percentage of GDP  Normalized (ratio 0-1)  

RDB  R&D expenditures in the business sector as percentage of 

GDP  

Normalized (ratio 0-1)  

Trdmrk  Trademark applications   Normalized (ratio 0-1)  

NRD  Non-R&D innovation expenditures in SMEs   Normalized (ratio 0-1)  

SMEiH  SMEs innovating in-house as percentage of SMEs  Normalized (ratio 0-1)  

SMEcol  Innovative SMEs collaborating with others as percentage of 

SMEs  

Normalized (ratio 0-1)  

Sales  Sales of new-to-market and new-to-firm innovations in 

SMEs   

Normalized (ratio 0-1)  

EPO  EPO patent applications per billion regional GDP  Normalized (ratio 0-1)  

Leader  Assumes value 1 when region is a Leader Innovator  Dummy variable (0.1)  

Moderate  Assumes value 1 when region is a Moderate Innovator  Dummy variable (0.1)  

Strong  Assumes value 1 when region is a Moderate Innovator  Dummy variable (0.1)  

TI  Confidence Index  Index (0-10) 

Source: Own source 

 

 

 

 

 
9 Appendix B, Table 18, page 76 
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5. Empirical results 

 

5.1. Results description 
 

Results analysis will be divided into two sections, being the first dedicated to the 

examination of convergence through graphical representations and estimation techniques 

allowing for the detection of absolute β and σ convergence. The second part will be dedicated to 

understanding the impact of the innovation system on convergence. Does it contribute to the speed 

of the catching up process? Or does it hamper the phenomenon? Conditional convergence will, 

therefore, be analyzed, including differences in the innovation system as proxying differences in 

the steady state. This approach based on multiple concepts aims to describe more precisely the 

European reality and follows (Monfort, 2008). 

Both sections will consider the main hypothesis of this work, being it the change in 

growth path after Smart Specialization launch in 2014. Hence, three models will be exposed for 

conditional and unconditional β convergence analysis. Considering conditional convergence, 

equation 7 will include de full period (2008-2018) and will allow to understand the structural 

relations between variables and the dominant effect. Hereupon, equation 9 will describe the global 

context over which RIS3 will be implemented and on which it is supposed to set up change. 

Consequently, the period between 2008 and 2012 will be considered. Lastly, equation 10 will 

concern the available period for RIS3 implementation (2014-2018) and will be compared with 

equation 9 in order to understand if there were improvements on the speed of the catching process, 

if it exists.  

Considering conditional β-convergence, investment intensity is the only lagged variable 

and equation 10 (from 2014 to 2018) will include an additional variable, a Trust Index, that was 

considered fundamental for the sustainability evaluation as well as for the interactions within a 

Regional Innovation System and within the context of the Quadruple Helix. In fact, trust is crucial 

for any collaborative approach (Campbell & Carayannis, 2015; Dankbaar, 2019; Gianelle et al., 

2016). 

 Inferences regarding convergence will be attempted with some safeguard, following 

Monfort (2008) which mentions that reliably assessing convergence requires several measures 

and the respective complementarities analysis. Despite being true that this author focuses only on 

unconditional and σ-convergence, Sala-i-Martin (1994) notices that concerning cross-sections of 

countries, it is possible to find convergence with conditioning variables, but it is not the case for 

regional datasets, where it is found without these variables. Given this, unconditional convergence 

will be under analysis in the present study together with a conditional approach. 

 Firstly, as observed in section 2, there is literature sustaining expectations for a positive 

coefficient associated with investment intensity and education (see, for instance, Sala-i-Martin, 
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1994). Conversely, following Barro & Sala-i-Martin (2003), government weight in the economy 

and population are expected to hamper growth. The coefficient of the initial per capita GDP is 

expected to be negative when accepting the convergence hypothesis (Barro & Sala-i-Martin, 

2003; Mankiw et al., 1992). However, there might be some reasons not to, which leaves the 

question open. There is literature pointing that 2008 crisis just increased the gap and since then, 

the scenario has not improved in terms of innovation capacity which determines the growth path 

in the long term (Veugelers, 2017).  

 

5.1.1 Panel data estimations 

 

As previously mentioned, panel data will be subject to three modulations for each of the 

concepts of β-convergence, being both the Breusch and Pagan Lagrangian Multiplier test for 

random effects and the Hausman test, an important tool for the final decision.  

 
Table 10-Breusch- Pagan and Hausman test results per period 

Test 2008-2018  2008-2012  2014-2018  

Breusch-Pagan 0.000 

(1.000) 

 

0.000 

(1.000)   

5.08  

(0.012) 

Hausman  840.04  

(0.000) 

  

 1373.04  

(0.000) 

  

194.51  

(0.000)  

        Source: Own source 

 

The Breusch and Pagan LM test must be carefully analyzed concerning the three periods 

at stake. In fact, taking into account the full and the first period, a p-value of 1.000 is found for 

both, which would lead to the adoption of the OLS method. However, when applying the test to 

the second period, from 2014 to 2018, the p-value assumes the value of 0.012, which leads to the 

recognition of the panel data structure adequacy. Therefore, the origin of the equation 7 p-value 

is in the first period, which match, by turn, a crisis period which may result in an emphasized 

cross-sectional variation. Moreover, several studies find strong heterogeneity patterns within EU 

growth (Cartone, Postiglione, & Hewings, 2020; Gkypali, Kounetas, & Tsekouras, 2019; 

Veugelers, 2017) and some authors state that ignoring spatial influence may hinder convergence 

detection (Mayer-foulkes, 2003) which means that a fixed effects model would, theoretically, be 

the minimum to control for regional heterogeneity.  

The Hausman Test is a test for systematic differences between random and fixed effects 

estimations, which, when significant promotes the use of fixed effects. When not significant, 

pooled OLS, fixed and random effects would all be consistent, being random effects the efficient 
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estimator. A p-value of 0.000 found in all models led to the rejection of the null hypothesis and 

provided the missing reason to choose the fixed effects estimator.  

Finally, Olarinde & Yahaya (2018) state that the true value of the convergent coefficient 

tends to be in-between the pooled OLS and that of the fixed effects. Given previous information, 

the fixed effects model will be adopted, although both pooled OLS and fixed effects will be 

included in the present work (the former presented in Appendix C in the case of conditional 

convergence) and substantial differences in coefficients will be noted.  

 

5.2. Convergence  

 

Following (Monfort, 2008) several steps will be followed to understand under which 

circumstances regions within the EU, Norway and the United Kingdom converge. Firstly, 

absolute convergence will be analysed assuming regions converge to the same steady state.  

 

5.2.1 Absolute β- convergence 

Following Barro & Sala-i-martin (1992, p.233) per capita growth rate was represented in 

function of the initial value of GDP per capita. For instance, for the period of 2014 to 2018, growth 

rate from 2014 to 2018 was placed on the vertical axis, being 2014 per capita GDP in logarithmic 

format placed on the horizontal axis.  This representation allows to understand if regions with an 

initial lower value of GDP tend to have a higher growth rate. A depiction as previously defined 

was made for each of the two subsamples (2008-2012 and 2014-2018). 

 

Source: Own source 

Figure 1 Relation between growth rate and initial per capita GDP (2008-2012) 
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In the first subperiod (figure 1) there is a lot of dispersion which leads to the suspicion of 

a higher coefficient of variation and therefore lower σ convergence. Moreover, it does not denote 

a clear convergence pattern, being it possible to find regions with low/ high growth rates and both 

high and low initial per capita GDP. Nordic countries as Sweden and Norway appear to have 

reacted  

 

Source: Own source 

and recovered particularly well from the crisis, evidencing the highest growth rates. These 

countries might be an important reason for lower convergence that may be detected. Poland and 

Bulgaria have a performance that is worth to distinguish due to their initial level of income. Spain, 

Ireland, and Italy present a higher initial GDP and a lower growth rate, highlighting their poor 

performance in this period.  

The second subperiod, represented in figure 2, bespeaks a much clearer convergence 

pattern, with initial poorer regions having the highest growth rates. It is interesting to notice that 

some of the Norwegian regions have now the lowest growth rates, clearly contrasting with the 

previous subperiod.  

As a conclusion, these graphical representations suggest clear differences in growth 

structures before and after RIS3 launch and to eliminate any doubt on the structural break 

hypothesis, Chow test will be analyzed based on an absolute convergence estimation.  

 

 

 

 

 

Figure 2-Relation between growth rate and initial per capita GDP (2014-2018) 
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Table 11-Chow Test Output 

N K 2008-2018 2008-2012 2014-2018 

1.672 2 0.242 0.221 0.016 

*Dependent Variable: lnYtYt-1; 

 Independent Variable: lngdp1 

Source: Own source 

 

(6) 

𝐹𝑒𝑠𝑡 =

𝑅𝑡 − 𝑅1 − 𝑅2
𝑘

𝑅1 + 𝑅2
𝑁 − 2𝑘

> 𝐹𝑐𝑟𝑖𝑡(0,05;20;1632) =>  16,638 > ≈ 3,00    

 

Results from the Chow test lead to the rejection of the null hypothesis, favoring separate 

estimations for 2008 to 2012 and 2014 to 2018. As a result, the following two tables present 

estimations for absolute convergence separated by period.  

 
Table 12-Absolute convergence: full sample and 2008-2012 

Test/Year 2008-2018  2008-2012  

 Coef. St. error F Hausman Coef. St. error F Hausman 

Pooled OLS -0.029 

(0.002) 

0.009 9.38 

(0.002) 

 

(0.000) 

-0.048 

(0.014) 

0.020 6.06 

(0.014) 

 

(0.000) 

Fixed effects -0.512 

(0.025) 

0.227 5.11 

(0.025) 

-1.092 

(0.000) 

0.104 109.48 

(0.000) 

 

 
Table 13-Absolute convergence: 2014-2018 

Test/Year 2008-2018  

 Coef. St. error F Hausman 

Pooled OLS -0.016 

(0.000) 

0.003 22.04 

(0.000) 

 

 

0.079 Fixed effects -0.070 

(0.424) 

0.087 0.64 

(0.424) 

Random Effects -0.016 

(0.000) 

0.004 20.47 

(0.000) 

 

Source: Own source 

 

For the first two models (full period and 2008-2012), both pooled OLS and fixed effects 

present a significant (at least at a 5% level) negative coefficient associated with the initial level, 

suggesting convergence. Pooled OLS systematically presents a lower speed of convergence.  

Olarinde & Yahaya (2018) states that pooled OLS and fixed effects estimators beacon 

the true value of the coefficient used to evaluate convergence, establishing the former, the upper 
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limit and the later the lower bound. In the present study, being both coefficients negative, any 

value in-between will also be negative and, thus, convergence will always be the conclusion. 

For 2014 to 2018, pooled OLS and fixed effects provide again a negative coefficient, 

however, the latter is insignificant. In this particular model, the Hausman test favors random 

effects, which presents a negative and significant coefficient. All coefficients are significant at a 

1% level. Compared to the pair in the first sub sample (pooled OLS for 2014 to 2018 in 

comparison with pooled OLS for 2008 to 2012, for instance), the convergence coefficient is 

systematically inferior (in module) for the second subsample.  

The conclusion is uniform, absolute convergence have been characterizing the growth 

path, although the process has slowed down in the second subperiod. This is in accordance with 

the literature. In fact, Marelli, Parisi, & Signorelli (2019) finds economic convergence for the 

whole period under study (1995-2016), noting, however, that there was a reduction on 

convergence intensity after 2008. 

 

5.2.2. Sigma convergence  

 

It was considered important to evaluate σ-convergence as a complement to the previous 

analysis. 𝛽-convergence is a necessary, although not sufficient condition for σ-convergence (Sala-

i-Martin 1996). Following this logic, σ-convergence is an indirect way to detect 𝛽-convergence. 

Nevertheless, the non-sufficiency feature of the relation between both types of convergence, 

leaves space for σ-convergence to provide additional information with new insights. For the sake 

of evaluation, the coefficient of variation will be used, revealing itself appropriate due to the clear 

tendency on its evolution (Jordá & Sarabia, 2015).  

 

Table 14- σ-convergence of GDP per capita: full sample and per performance group 

 2008  2012  2014  2016  2018  

Full sample  0.061  0.061 0.060  0.058  0.055  

Leader  0.021  0.024  0.020  0.023 0.022 

Strong  0.027  0.028  0.026  0.025  0.033  

Moderate  0.060  0.055  0.052  0.053  0.044  

Modest  0.069  0.052  0.050  0.052  0.042  

Source: Own Source 

 

The table above illustrates the coefficient of variation of the GDP per capita for the full 

sample but in a biennial structure and by performance group. There is a clear consistent 

descending pattern when considering the full sample, which indicates convergence within EU 

regions, Norway and the United Kingdom as the dispersion decreases. The biggest fall happens 

from 2016 to 2018, which can easily be seen in the figure below (figure 3).  
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Tapering, in the first year, dispersion was almost the triple for Modest and Moderate 

groups in comparison with the two top performers. The fall on the dispersion of the two bottom 

performance groups means that the groups became more homogeneous (within groups 

convergence). Dispersion within Leaders has remained quite stable, gently swinging up and 

down. The same pattern described Strong innovators until 2016, when dispersion took a leap. 

Evolution within Modest merges into two sharp falls between 2008 to 2012 and 2016 to 2018. 

Moderate, in turn, has seen its dispersion decrease more consistently, till 2016, when it drops a 

bit sharper. The following graphical representation of the above data shows these patterns clearer.  

 

Figure 3- Sigma convergence, full sample and by performance group 

 

Source: Own Source 

 

The reduction in dispersion within EU is undeniable, however, data suggests that 

performance groups are only becoming more homogeneous within rather than between 

themselves. If the later case was the reality, not much reduction on the coefficient of variation for 

each group should be observed, but the decrease should still be seen for the full sample.  

Moreover, it might be worrying to notice an increase in Strong’s coefficient of variation. This 

may indicate that Smart Specialization may be stimulating more certain regions belonging to 

Strong innovators.  Considering the decrease in dispersion within Modest and Moderate, it may 

mean that the top performers of each group are either reducing their performance, or the bottom 

performers are gaining momentum. In both cases, this would mean that Smart Specialization may 

not be promoting the desired effects in all regions (non-inclusive effects) in a matter that connects 

to sustainability (as innovation capacity determines long run growth tendencies). The desired 

effect would happen through between performance groups dispersion reduction.  

0,015

0,025

0,035

0,045

0,055

0,065

0,075

2008 2012 2014 2016 2018

Sigma Convergence
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We are aware that classification changes may be at stake but will not have full justifying 

power, being also conscient that between group dispersion reduction may be disguised reason 

why we recognize that deeper studies need to be done in order to evaluate the phenomenon more 

accurately. However, it may be said that in the present study there is no evidence of a fully 

inclusive effect of Smart Specialization. 

In a nutshell, σ-convergence is found for the full sample through a consistent but small 

decrease. The fact that the largest fall in dispersion happened from 2014 does not necessarily 

contradicts stronger convergence between 2008 and 2012, simply because there is non-sufficiency 

in the σ and β convergence relationship.  

 

5.2.3. Conditional convergence  

 

Trying to measure absolute convergence and progressively introducing variables to allow 

different steady states, Olarinde & Yahaya (2018) notices the changes on the convergence speed. 

At this point, the introduction of variables seems, therefore, important in order to analyze how 

changes in the innovation system affect the convergence speed. Thus, conditional convergence 

will be evaluated in the present section. Besides the described control variables, RIS indicators 

were introduced and removed in the absence of significance, being the decision made considered 

fixed effects estimations. The final estimation for the full period is presented below (equation 7).  

 

(7) 

 
ln(𝑌𝑡𝑌𝑡 − 1𝑖.𝑡) =12.375 −0.682𝑙𝑛𝑔𝑑𝑝1𝑖.𝑡 + 0.145𝑙𝑛𝑖𝑛𝑣1𝑖.𝑡−0.421𝑙𝑛𝑝𝑜𝑝𝑖.𝑡−0.236ln𝑠𝑤𝑖.𝑡 + 0.5401𝑇𝐸𝑖.𝑡 +

0.127𝑇𝑟𝑑𝑚𝑟𝑘𝑖.𝑡+0.069𝑆𝑀𝐸𝑐𝑜𝑙𝑖.𝑡−0.141𝐸𝑃𝑂𝑖.𝑡−0.026𝑀𝑜𝑑𝑒𝑟𝑎𝑡𝑒𝑖.𝑡−0.02𝑆𝑡𝑟𝑜𝑛𝑔𝑖.𝑡−0.039𝐿𝑒𝑎𝑑𝑒𝑟𝑖.𝑡 

 

Does this model appropriately fit the whole period under analysis? There is the possibility 

of structural breaks to occur. If RIS3 had accomplished the goals set for, it is expected for a change 

in the variable’s relation after 2014. Smart Specialization strategies are supposed to be an 

enhancing factor over innovation indicators impact on growth. To test for the existence of a 

structural break, Chow test will again be used considering all the variables and indicators, being 

it expected to corroborate previous results. This test was repeated because the introduction of 

variables itself may change the growth structure within the sample. 
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Table 15- Residual Sum of squares (Chow test for conditional convergence) 

N  K  2008-2018  2008-2012  2014-2018  

1.672  20  0.225  0.191  0.015  

  

*Dependent variable: lnYtYt1; Independent variables: lngdp1 lninv1 lnpop TE lnsw Trdmrk  

EPO SMEcol LL Emplo Leader Moderate Strong RDP RDB NRD Design SMEiH Sales 

Source: Own source 

 

 

(8) 

𝐹𝑒𝑠𝑡 =
𝑅𝑡−𝑅1−𝑅2

𝑘
𝑅1+𝑅2

𝑁−2𝑘

> 𝐹𝑐𝑟𝑖𝑡(0,05;20;1632) =>  7,21 > ≈ 1,58  

The null hypothesis of no structural break is rejected one more time, providing reasons to 

believe in two different relational structures. The reduction on the statistic under evaluation, F, 

justifies the repetition of the test (see equation 6, table 11). The following equations represent 

subperiod estimations, equation 9 includes the first subsample and equation 10 includes the 

second subsample.  

(9) 

ln (𝑌𝑡𝑌𝑡 − 1)𝑖,𝑡 =3.284-1.019𝑙𝑛𝑔𝑑𝑝1𝑖,𝑡 + 0.160ln𝑖𝑛𝑣1𝑖,𝑡−1+0.435𝑙𝑛𝑝𝑜𝑝𝑖,𝑡−0.326ln𝑠𝑤𝑖,𝑡 + 0.592𝑇𝐸𝑖,𝑡 +

0.436𝑅𝐷𝑃𝑖,𝑡+0.171𝑆𝑀𝐸𝑐𝑜𝑙𝑖,𝑡 + 0.103𝑆𝑀𝐸𝑖𝐻𝑖,𝑡  

 

 

(10) 

ln (𝑌𝑡𝑌𝑡 − 1)𝑖,𝑡 = 11.538 − 0.250𝑙𝑛𝑔𝑑𝑝1𝑖,𝑡 − 0.001𝑙𝑛𝑖𝑛𝑣1𝑖,𝑡−0.631𝑙𝑛𝑝𝑜𝑝𝑖,𝑡 + 0.315ln𝑠𝑤𝑖,𝑡 + 0.129𝑇𝐸𝑖,𝑡 +
0. 207𝐿𝐿𝑖,𝑡+0.092𝑇𝑟𝑑𝑚𝑟𝑘𝑖,𝑡 + 0.172𝐸𝑃𝑂𝑖,𝑡 − 0.078𝑆𝑀𝐸𝑖𝐻𝑖,𝑡 − 0.057𝑆𝑀𝐸𝑐𝑜𝑙𝑖,𝑡 − 0.015𝑀𝑜𝑑𝑒𝑟𝑎𝑡𝑒𝑖,𝑡 +

0.002𝑆𝑡𝑟𝑜𝑛𝑔𝑖,𝑡 − 0.006𝐿𝑒𝑎𝑑𝑒𝑟𝑖,𝑡 + 0.0251𝑇𝐼𝑖,𝑡  

 

Table 16 allows a more visible comparison between the three models and the different 

significant coefficients. A similar table (table 21) is presented in Appendix C providing a 

comparison for the full period estimations in the presence and absence of the performance group 

dummy variables. The need to present this table is related with some potential multicollinearity 

problems when the dummy variables are introduced. The results show no significant differences 

neither in the magnitude, neither in the significance and sign of the coefficients. Moreover, R-

squared presents quite similar values. The similarity between coefficients in both estimations is 

also a sign of robustness.   
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 Concerning differences between Pooled OLS and fixed effects (see table 20 in Appendix 

C), the value of the constant reduces in all models for the former estimator, which also happens 

to the convergence parameter, despite remaining significant at 1% level. All the control variables 

(population, government weight and investment) lose significance. The same significance loss 

happens for RIS indicators except for TE for estimation 7 and SMEcol for estimations 9 and 10. 

Government weight regains significance in estimation 10.  Interestingly, in equation 10, Strong 

and Leader dummy variables are significant and positive for the pooled OLS, denoting an increase 

in growth for belonging to these categories in relation to the Modest one. Fact that would not 

favor convergence. The loss of significance of studied and important variables such as the 

government’s share on the economy, the investment and even tertiary education favors fixed 

effects estimations.  

Considering the fixed effects estimation, all convergence parameters are negative and 

significance at least at a 5% level, with the exception of estimation 10, where significance only 

happens at a 10% level. In estimation 10, convergence speed is lower and less significant in 

comparison with estimation 9, which confirms that the convergence process has slowed down 

after 2014. Comparing with absolute convergence, the speed had substantially increased for 

model 10 (from -0.07 to -0.250, see table 13) and decreased slightly for estimation 9 which means 

that the introduced variables have affected the rhythm of convergence, having justifying power 

especially for the period from 2014 to 2018. In fact, the variables appear particularly important 

to ensure convergence in estimation 10, as the convergence parameter, significant in conditional 

estimations from table 16, was not significant in fixed effects estimations of absolute 

convergence. Therefore, it is suggested that different innovation capacities have forced regions to 

different steady states more importantly from 2014.  
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Table 16-Conditional convergence fixed effects estimation (full period, 2008-2012, 2014-2018) 

Fixed 

Effects  

Robust  

2008-2018  2008-2012  2014-2018  

 Coefficien

t  

Standard 

Error  

Coefficien

t  

Standard 

Error  

Coefficient  Standard 

Error  

C  12.375  

(0.000)  

2.434  3.284  

(0.557)  

5.580  11.538  

(0.074)  

6.420  

Lngdp1  -.682  

(0.000)  

.150  -1.019  

(0.000)  

  .022  -0.250  

(0.055)  

.129  

lninv1  .145  

(0.023)  

.063  .160  

 (0.068)  

  .087  -.001  

(0.966)  

.016  

lnpop   -.421  

(0.006)  

.152  .435  

(0.284)  

.405  -.631  

(0.115)  

.398  

lnsw  -.236  

(0.014)  

.095  -.326  

(0.019)  

.137    .315  

 (0.201)  

.245  

TE  .540  

 (0.000)  

125  .592  

(0.000)  

.086  .129  

(0.008)  

.048  

LL  Non-significant   

Coefficient. Not 

included.  

  

Non-significant   

Coefficient.  

Not included.  

Non-significant   

Coefficient.  

.207  

(0.002)  

0.067  

Trdmrk  .127  

(0.007)  

.047   .092  

(0.036)  

.043  

EPO  -.141  

(0.001)  

.043   .172  

(0.035)  

.081  

SMEcol  .069  

(0.002)  

.022  .171  

(0.000)  

.045  -.057   

(0.062)  

.030  

Moderate  -.026  

(0.041)  

.013    

Non-significant   

Coefficient.  

Not included.  

-.015   

(0.057)  

.008  

Strong   -.020  

(0.226)  

.017   .002  

(0.852)  

.010  

Leader  -.039  

(0.089)  

.023   -.006  

(0.770)  

.021  

RDP  Non-significant   

Coefficient.  

Not included.  

.436  

(0.003)  

.143  Non-significant   

Coefficient.  

Not included.  

SMEiH  Non-significant   

Coefficient.  

Not included.  

.103  

(0.046)  

.051  -.078  

(0.013)  

.031  

IC  Not included due   

absence of data  

Not included due   

absence of data  

.025  

(0.000)  

.006  

Obs  1672  760  760  

F  6.22  

(0.000)  

441.28  

(0.000)  

7.65  

(0.000)  

R-squared  Within= 0.3911  

Between= 0.1432  

Overall= 0.0185  

Within= 0.6177  

Between= 0.0602  

Overall= 0.0299  

  Within = 0.2323                       

     Between = 0.0175                                           

Overall = 0.0037  

Id  152  152  152  

Source: Own source 
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5.3. Results discussion 

 

All the variables included in the final model were significant except for the dummy 

variables classifying countries as “Strong” or “Leader” in estimation 10 and “Strong” in model 7. 

They were kept to maintain the value of the constant and to allow an interpretation of the 

significant dummy. Attempting to understand potential multicollinearity problems, the model was 

estimated without the dummy variables, neither the significance, neither the signal and magnitude 

of the coefficients has changed substantially (see table 21). 

The following analysis will be divided in four sections: one dedicated to the control 

variables, other focused on the consistent variables, those whose signal and/or  significance 

change once or don’t change within the three models; consistently non-significant variables and 

periodical variables, whose signal changes or whose significance only exists in one model.  

 

5.3.1. Control variables  

 

Population has a negative and significant effect on per capita GDP in the full sample, 

being in accordance with previous literature (Barro & Sala-i-Martin, 2003). In fact, additional 

growth elasticity to population is of about -0.421%. However, population is not significant in the 

remaining models, which may be due to the fact that each subperiod captures one phase of an 

economic cycle, hidden the effect of population.  

Considering the full period and the first subsample, investment as a share of GDP has a 

positive effect on the next year net growth as it would be expected (Aizenman et al., 2013). From 

2014 to 2018, significance disappears and the signal inverts, being the magnitude almost 

neglectable. How can such a classical variable no longer be able to produce growth? The 

explanation may be as old as the first growth models.  

According to Barro & Sala-i-Martin (2003), neoclassical Solow- Swan growth model 

assumes diminishing returns to each input, capital and labor, which would only allow for long run 

growth in the presence of an exogenous technological improvement. These diminishing returns 

assumption may be the reason why investment (physical capital) is no longer significant. There 

may be additional factors able to boost the desired effect of physical capital, whose capability to 

promote growth may have run out. If this is verified true, then EU countries, Norway and the 

United Kingdom may need a major technological change. Even in model 9, the elasticity of 

growth to the investment is not that strong, only 0.160, almost 4 times lower than human capital 

effect. This low magnitude may had already been warning some problems.  

Government intervention has a negative effect over the full period and even more 

negative during the crisis period, having an impact on pure growth that is not neglectable. In fact, 
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1% increase on the government weight will cause a decrease of 0.326% in per capita GDP net 

growth in the first period, ceteris paribus. This negative effect suggests that government 

interventions within crisis period may not be the ideal scenario, at least in the way it was done in 

2008. The coefficient becomes insignificant in the last period.  

There is a clear pattern emerging from the previous analysis. Except for tertiary education 

which was not considered a control variable within the domains of the present study, all classical 

determinants of growth lose their significance in model 10, after showing a behavior in 

accordance with literature (Braga, 2018; Mankiw et al., 1992). Has Smart Specialization 

introduced a change in growth structure? Or are there other factors that need to be considered 

nowadays as growth determinants?  

 

5.3.2. Consistent variables  

 

This subsection will begin with a variable that could also be defined as a control variable 

due to the already well-studied effect of human capital measured by Tertiary education on growth. 

Tertiary education is a quite consistent variable in terms of significance, although the magnitude 

of its effect has decreased from the first to the second period, from 59.2% to 12.9%. This 

important decline is explained in Veugelers (2017) that detects substantial convergence in tertiary 

education among EU28 countries since 2008. Reminding one more time the diminishing returns 

assumed when building a growth model (Barro & Sala-i-Martin, 2003), the initial boosting effect 

within the regions converging, would eventually stabilize. 

Reaching the second period (2014-2018), lifelong learning becomes significant and more 

important than tertiary education, almost duplicating the later impact on growth. In fact, from RIS 

indicators, lifelong learning is now the most important, which provides an important clue on the 

dimension where policy should focus. Lifelong learning is the key for the human capital to not 

become obsolete.  

This positive relation comes upon Lucas (1988) ideas, distinguishing two types of 

accumulated human capital: one accumulated through schooling and a specialized human capital, 

that he stated, would arise through learning-by-doing. Lifelong learning can be interpreted as 

resulting from the need to acquire competences for daily work and, therefore, it may be seen as a 

proxy for the learning-by-doing component, which seems worth to invest in, especially in such a 

fast changing environment. According to Lucas (1993), it is this learning-by-doing process that 

helps counteracting the diminishing returns of the human capital. 

More than just promoting the increased number of schooling years, European policy must 

also focus on maintaining those acquired skills updated throughout the life of the workforce.  
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Entering on a less explored territory, the present work bespeaks a positive impact of 

Community Trademark applications and SMEs collaborating for two models. In fact, considering 

the full period the increase of one unit on the normalized value of the indicator Community 

Trademark applications will increase per capita GDP growth by 12.7%. This is a coefficient that 

becomes significant after Smart Specialization launch (model 10). SMEs collaborating, in turn, 

gets negative after this milestone and becomes only significant at a 10% level.   

A positive effect of both previous indicators is found in the literature, with an 

intensification of the outcome for high income countries in the case of SMEs collaborating 

(Moaniba, Su, & Lee, 2018). The crucial question relates to the reason why SMEs collaborating 

loses significance for model 10 and Trademark for model 9, when considering period division.  

Hidalgo & Gabaly (2013) identify a decrease on the number of trademark applications 

from 2007 to 2010 and then predict a flat evolution untill 2014. A cause for the insignificance 

between 2008 and 2012 could be the absence of a critical mass able to have an impact on growth 

(Iacobucci & Guzzini, 2016).  

Moreover, by March 2016 a reform on Trademarks was launched, which would begin 

application by 2017.  Among other things, it aimed at increasing legal certainty and it envisaged 

the abolition of the graphical representation requirement, the simplification of translation 

requirements, besides introducing the EU certification mark confirming that goods and services 

comply with certain standards (EUIPO, 2017). This last aspect may increase applications without 

any new product or service. The reform in legislation is quite recent and it may have had some 

impact on the number, perhaps quality of applications, contributing not only to the reach of a 

critical mass, but also to a stronger impact for the same number of applications, given the higher 

quality. However, this legislation change does not have full justifying power. 

Considering SMEs collaborating, there are two possible and possibly complementary 

explanations. On the one hand, Choi & Wang (2009) found that firm relations with respective 

nonfinancial stakeholders (employees, suppliers, customers, communities, other SMEs…) have a 

stronger effect on helping recovery from a bad performance than on helping to sustain a good 

discharge. This could explain exclusive significance in a period characterized by global poorer 

performances. On the other hand, reduction on the available resources may stimulate cooperation. 

For instance, Skålholt & Thune (2014) highlighted the importance of clusters in depression 

periods due to the fact that they improved access to resources, resulting those advantages 

substantially from collaboration. However, descriptive statistics analysis shows a slight increase 

in this indicator from the first to the second period. Perhaps the commitment placed on 

cooperation is stronger in a crisis period, resulting in better outcomes. Regardless of the reason, 
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RIS3 places a lot of focus on collaboration and in practice, there is a negative impact on growth 

arising from it during 2014 to 2018, which means that Smart Specialization implementation needs 

improvements in this domain. 

The variable allusive to the Trust Index will be analyzed under this category as it was 

only introduced in the model 10. As expected, it is associated to a positive coefficient and is 

significant at 1% level. It may not only enhance tertiary education effect on growth as stated by 

Braga (2018), its effects are likely to spread throughout the whole innovation system (Bjørnskov, 

2012). Policies will be more efficiently and easily implemented by governments perceived under 

great reputation and therefore, it should be considered to invest resources in building reputation 

(Campos, Braga, & Correia, 2019). The present results are in accordance with the idea that to 

project growth in the future and, therefore, promote sustainability, trust and institutional quality 

are key elements (Bruinshoofd, 2016). 

 

5.3.3. Periodical variables 

 

One of the most interesting results is the positive and significant coefficient of public 

expenditures between 2008 and 2012, and its effect disappearance during the full period. 

Veugelers (2017), using data from 1996 to 2015, find that Public R&D expenditures as a share of 

GDP increased more pronouncedly in the period immediate before 2008, with the increase 

remaining in the beginnings of the crisis. Accordingly, this increase has stopped since 2010. 

Descriptive statistics analysis denotes a decrease in this indicator from 2013 to 2018. Moreover, 

the leading countries in innovation by the time (2008) were the ones that most increased R&D 

expenditure. In one hand, GDP in model 9 may have benefit from a cumulative effect of R&D 

right before the crisis. On the other hand, in a period in which growth is scarce, it is natural for 

the mathematical model to accentuate a pattern. If it notices that the only countries growing are 

actually the ones increasing more the investment in R&D, it will attribute an important 

significance to the latter.  

Clearly, public R&D expenditures are important for growth and the results demonstrate 

that it is possible to notice effects without introducing lags. This does not take value of the 

statement that R&D make take time to produce results (Hidalgo & Gabaly, 2013), it only means 

that it is not a justification that may be used to explain the absence of significance within our 

estimations.   
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EPO applications has a positive and important effect of 17.2% in model 10, being the 

second most important RIS variable. However, in model 7, the effect is negative, gaining the 

indicator the strongest level of significance.  

When searching for possible explanations, worries appeared considering all the 

associated barriers. In fact, still in 2018, divergence within European legislation could result in 

the following dilemma: Polish, Spanish and Italian firms working together towards a certain 

successful research result and patent application is under consideration. The problem is that each 

national legislation requires the domestic firm to apply first in the respective Member State 

(ALLEA, 2018). National laws strongly conflict, and this can have major impacts in collaboration, 

namely in connectivity at a cross country level. It is essential to improve legislation on the possible 

results of collaboration if the goal is to stimulate it.  

On a cost perspective, there are also worrying factors. How can a small company expand 

its new innovation product’s market throughout Europe if patenting requires translation in all the 

desired expansion languages (Adams, 2016)? In fact, small businesses tend to focus on local and 

national markets Balycheva (2016) and patent legislation is not contributing to the aim of 

international opportunities. It is important to note that remaining European markets would ideally 

be an easier opportunity for expansion.  

How important and beneficial is it that EPO applications positively affect GDP in model 

10 through a possible reach of critical mass, if this relation is likely to deteriorated under scarcity 

of resources, being it built over deep structural problems truly hampering collaboration, which 

have shown a positive impact on GDP? 

As seen in the literature review, it is true that property rights not only carry benefits by 

nature. They may not be particularly beneficial for more dynamic and entrepreneurial sectors, 

where investing in patents may result in them quickly becoming obsolete (Ernst & Young, 2010) 

besides working as a barrier to entry, reducing competition, hampering productivity and growth 

(Andrews et al, 2015). This may be particularly accentuated in crisis period. Nevertheless, patents 

represent the output of innovation and may be a source of growth for other sectors and certain 

firms, which means that legislation should be appropriated to maximize this last scenario and 

minimize the former. 

Performance groups related variables allow interesting inferences. These variables seem 

irrelevant for the period 2008-2012, gaining significance after Smart Specialization launch (model 

10). In particular, the variable with the slowest significant impact and only significant considering 

a 10% level relates to the incremental impact on GDP growth from belonging to the group 

“Moderate” relative to the “Modest” category (model 10). For being negative, it favors 

convergence, as the impact on growth will be 1.5% smaller if the region is considered Moderate 

in comparison with a modest innovator. It is interesting to notice a catching up process only for 
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the two bottom groups, with moderate innovators losing performance.  Model 7 demonstrates that 

this effect is robust and increases in magnitude and significance. In addition, full period model 

allows Leader to be significant at 10% level. This means that growth will be lower by 3.9% when 

the region is a Leader, in relation to Modest ones. This result would indicate convergence within 

extreme performance groups, however, there is nothing in favor of it resulting from Smart 

Specialization. Moreover, the coefficient is not robust, and it is close to insignificance.  

Concerning performance groups, it is interesting to notice how this approach (creation of 

dummy variables included in the estimation) allows to get one step closer to better understand 

how transversal is the inclusive character of Smart Specialization. Despite only evaluating in 

relation to the Modest group, it makes possible to analyze some between groups convergence 

from Moderate to Modest that was previously possibly disguised in the σ-convergence analysis. 

Nevertheless, a category losing momentum is far from the ideal source of convergence. 

SMEs innovating in House are perhaps the most unexpected result due to all the 

expectations placed in innovation capacity to promote growth (Dutt, Wahl, & Kerikmae, 2019). 

From 2014 to 2018, this indicator appears associated to a negative coefficient which was positive 

in the previous period. Literature was not found capable to fully explain this phenomenon. In this 

context, a hypothesis was developed, arising from an analysis of the innovative pattern within 

European SMEs. Before starting the explanation, it is important to remember that this indicator 

only includes product and process innovations. 

The main hypothesis is that together with some potential commercialization problems, a 

negative coefficient may result from allocative inefficiency. In fact, Foray et al. (2012) points out 

that Europe’s problem is not research and development of Key Enabling Technologies, but rather 

commercialization. This perception remained in 2019 and expanded to other types of innovation 

(European Commission 2019).  Moreover, Cappelen, Raknerud, & Rybalka (2012) states that 

some fiscal incentives to innovation in SMEs lead to the introduction of either process or product 

innovations, being the later new to the firm, but not to the market.  This means that product 

innovations may not even, in some cases, be a novelty, which may limit the profitability of firms 

acting in a market that has limited scope, typically local or national in the case of EU SMEs 

(Balycheva, 2016).  Note that duplication is something to avoid within RIS3 (Foray et al., 2012). 

The fact that the variable Sales is insignificant corroborates this hypothesis of commercialization 

problems. 

Consequently, the negative coefficients may be an expected result arising from distortions 

on the resources allocated to low commercialization innovations, either process or product only 

new to the firm. Money and time were spent on those innovations to the detriment of others, 

perhaps more market driven, able to provide a higher payback. Indeed, there are studies 

supporting the importance of the allocative efficiency’s impact on growth (Andrews et al., 2015). 
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Accordingly, similarly to the effect on productivity due to labor reallocation to the most 

productive firms, this effect may also arise when reallocating labor to the most profitable projects.  

When resources are scarce, as in a crisis period, more attention is placed in allocative 

efficiency, which can explain SMEs innovating in House’s positive coefficient during 2008 to 

2012.  

Inefficient allocation hypothesis explains the negative effect of SMEs innovating in 

House and the insignificance of Sales. The hypothesis is built for the share of SMEs innovation 

in House (no conclusion is taken for innovations acquired externally or for other categories of 

firms). 

 

5.3.4. Consistently non-significant 

 

Concerning Sales of new-to-market and new-to-firm, besides the previous ascertainment 

of innovations introduced that are new to the firm, and not the market, which may result in a lower 

level of sales and other possible commercialization problems, small businesses focus on local and 

national markets not reaching international levels (Balycheva, 2016).  

NRD appears to have no significant effect on growth, which is a surprise due to the 

increase in this indicator observed when analyzing descriptive statistics from 2013 and 2018. 

According to Brouwer & Kleinknecht (1997) Non-R&D innovation expenditure includes 

patenting and licensing, design, trial production, labor training, small modifications in product 

and processes, investments and market research in fixed assets. Huang, Arundel, & Hollanders 

(2010), based on the third European Community Innovation Survey (CIS-3), state that firms with 

weak in-house innovative capabilities, relying on suppliers and competitor’s information, tend to 

perform non-R&D activities. Diukanova & López-Rodríguez (2014) corroborate that a 

considerable share of innovative activities is non-R&D related within EU. Although there has 

been growth in this indicator, it is still below public R&D score, which is recognized as low. 

Therefore, a critical mass may not yet have been reached (Pontikakis et al., 2009) 

Contrarily to what was found in Lopez-Rodriguez & Martinez-Lopez (2017), R&D 

expenditure in the business sector does not seem to have a significant relation with GDP in any 

Model, even Public R&D expenditure is only significant in model 9.  Hidalgo & Gabaly (2013) 

state that investment in R&D at the firm level takes at least two years to become a patent 

application. This suggests some delay on the possible impact on growth. It makes sense for R&D 

expenditures, public or private, to have a lagged effect but this will not fully explain the 

insignificance. In fact, public R&D is significant in model 9, which means that it is also possible 

to have an impact on the same year.  With a wide perspective contemplating the analysis done, 
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this R&D expenditure may suffer from commercialization problems and market adequacy, which 

would demand a stronger involvement of customers within the Quadruple Helix.  

It is also important to highlight Employment in medium-high/high tech manufacturing 

and knowledge-intensive services. This indicator does not appear to have either a negative or a 

positive effect on growth. This insignificance, combined with R&D expenditure in the business 

sector absence of significance, may be interpreted as R&D intensive sectors as the source of 

missing relevance. Is the R&D intensive sectors workforce educated enough to convert inputs 

(R&D expenditures) in outputs? Pontikakis, Chorafakis, & Kyriakou (2009) introduce an 

important concept: R&D productivity, research output per unit of input. Returns for increasing 

input are not constant. Institutional structures must be able to accommodate R&D. Moreover, 

enough accumulated knowledge should exist to convert expenditures in output. Despite the 

positive effect education has on growth it does not mean that its quality is enough for the demands 

of R&D.  

 

5.4. Further considerations 

 

 Global R&D is often used in comparisons between Europe and its competitors. Kokko, 

Tingvall, & Videnord (2015), for instance, using only EU15 countries, find a positive effect of 

R&D on Growth. However, this relation is less significant when comparing with other 

industrialized countries, especially the US. The authors justify these differences through a biggest 

share of private sector investment and stronger public-private relations in the US. A reason for 

these features to become an advantage may be related to the commercialization potential, which 

tends to be higher when private sector is involved (Foray et al., 2012). 

 Additionally, Baneliene & Melnikas (2020) with an extended analysis found a much 

higher impact of R&D on growth in well-developed EU economies. At this point, the question 

that arises is if previous authors had included EU 27 countries, would they still find a significant 

effect? 

Szymańska & Zalewska (2018) state that the quantity of R&D is also a problem 

throughout Europe. Studying progress towards Europe 2020 for the year of 2014, these authors 

find in R&D a large gap in relation to its target, 3% of the GDP.  
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6. Concluding remarks 
 

 

Aiming to understand if Smart Specialization strategies have enhanced regional 

innovation efforts to translate in growth, and if this growth has promoted a more inclusive Europe 

through a catching up process, Regional Innovation Scoreboard variables were used to define the 

steady state of 152 regions within Europe. Considering widespan time series, encompassing the 

years of 2008 to 2018, with two subsamples, from 2008 to 2012 and 2014 to 2018, three models 

were respectively estimated. Pooled OLS, random and fixed effects were all used as estimators, 

having chosen fixed effects after the recommended tests being performed.  

The main hypothesis under study was that Smart Specialization had induced a structural 

break in 2008-2018 series, materializing the expectable policy shift. In empirical terms this means 

changing the relation with regard to the variables and more intensively promoting regional 

convergence from 2014. Chow test was performed and the rejection of the null hypothesis of 

equal coefficients was the outcome, which provides solid evidence that there is a structural break 

occurring in 2013.  

 One of the main conclusions, in line with Monfort (2008) is that convergence analysis is 

an extremely complex process demanding perspectives from different angles, especially if trying 

to understand the extent of inclusiveness and sustainability of the process. If articles such as Sala-

i-Martin (1994) call attention for the problems identifying regional convergence when adding 

variables controlling for different steady states, others as Olarinde & Yahaya (2018) highlight the 

importance of adding certain variables to ensure catching up detection. Either measuring 

conditional or absolute convergence, Barro & Sala-i-martin (1992) states that the cumulated 

growth stock may dazzle any negative relation between growth and the initial level of GDP. As a 

result, following Royuela & García (2015), a model eliminating the effect of the cumulated capital 

stock was used for both absolute and conditional 𝛽- convergence. σ-convergence was also 

analyzed as a way to evaluate the reduction of dispersion within the considered regions and as an 

indirect measure of 𝛽- convergence within performance groups.  

While σ-convergence made the inclusive extent of the convergence process more visible, 

conditional convergence estimations allowed a deeper understanding of the state of Smart 

Specialization practical implementation and sustainability.  

 σ-convergence of GDP per capita was found especially from 2014, time coincident with 

the Smart Specialization launch. However, the dispersion reduction happened mainly within 

performance groups, which does not suggest a widespread benefit from Smart Specialization, as 

that would also imply between groups catching up. Furthermore, β- convergence analysis suggests 

that the innovation system was important to explain a process of convergence especially from 

2014 and despite happening at a slower pace. Thus, the goal of vividly propelling the catching-
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up process has clearly not become an achievement. However, combined analysis of conditional 

and unconditional estimates suggest that the slow rhythm of convergence was indeed due to the 

innovation system, as traditional variables lose significance from 2014.  

Concerning innovation capacity, a determinant of growth tendencies and sustainability, a 

convergence effect arising on innovation performance only seems to happen from the Modest 

classification to the Moderate, with the Moderate losing momentum. If Smart Specialization is 

having a positive impact it is certainly not widespread and it might reflect in the future path. 

The inclusion of the Regional innovation scoreboard indicators allowed to understand 

how little consolidated is the “European Innovation System”. In fact, the present study points 

what it justifies as deep commercialization problems. Adding to the small volume of expenditure 

in R&D, this type of expenditure seems to be made in an infertile environment. Results point to 

a workforce not properly educated and a legislation system that hampers collaboration results. 

Moreover, SMEs have problems commercializing innovations, specially at an international level 

and being Europe a great opportunity to reach this level. Furthermore, a series of barriers 

concerning EPO application arise, making everything harder, more time consuming and costly. 

The benefits of commercialization on growth are accentuated by the positive impact of 

trademarks, which means this is a direction to follow.  

Weak commercialization capacity and negative effects of collaboration are clear signals 

of a purely theorical Helix. If the first gap bespeaks a disconnected fourth helix and a 

dysfunctional entrepreneurial process of discovery, the second issue questions the basic principles 

underlying the whole Helix (Campbell & Carayannis, 2015; Gianelle et al., 2016). Given this, 

how can inclusive and sustainable growth become a reality? 

 Recession period seemed to have promoted efficiency in commercialization and 

collaboration, which were not kept in the following period. Indeed, SMEs collaborating has 

decreased its value, starting to negatively impacting growth. This is a strong indicator that Smart 

Specialization strategies need a lot of refinement to become better implemented in practice, in 

addressing the heterogeneities present in the different innovation ecosystems. It might be true that 

a culture of collaboration increases performance below expectations on an expansion phase , but 

it will with certainty help overcoming the inevitable recessions (Choi & Wang, 2009). Further 

studies are needed for the effects of collaboration during expansions, as it may make much easier 

for the Europe to increase its global position. Even if it is not indispensable for individual 

countries to grow, perhaps this growth can be accentuated.  

There is a clear need to not just promote innovation, but to stimulate innovation results, 

without falling in the mistake of increasing bureaucracy. It is also crucial to keep promoting 

proficuous connections within the Quintuple Helix, specially the relations with the civic society, 

as they are the determinants of success.  
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Education, in turn, seems to have followed an appropriate path, that has not started with 

Smart Specialization. In fact, the effect of tertiary education on growth is decreasing which may 

denote that more focus should be placed on assuring an education for the constantly changing 

environment. Not simply by increasing the number of persons with higher education, but also 

guaranteeing that they have the needed skills. Lifelong Learning appears important to explain 

growth in the second period, which suggests this direction should keep being followed: quality 

education for everyone and throughout lifetime.  

This document provides a clear direction for Public Policy to follow. In a scenario marked 

by the effect of the diminishing returns of capital, it is crucial to focus EU innovation efforts on 

commercialization, to stimulate lifelong learning and to promote a more unified and less 

bureaucratic legislation at the EU level.  

In European Commission (2019), where the first draft for Horizon Europe was presented, 

a lot of focus was placed on education and need to develop trust, a growth catalyst, contrasting 

with the reduced emphasis placed on commercialization and patent legislation. Within the scope 

of this work, a lot of importance is attributed to patents due to its possibility to increase innovation 

in SMEs. In fact, patents are being more and more used as collateral in the USA and are an 

alternative for one of the most important barriers to innovation, the financial status (Mann, 2018).  

Judging by the results, Smart Specialization must have carried some advantages. 

However, what is noticeable is that it is far away from the desired outcomes and new challenges 

appear on the horizon. In fact, the European Commission proposes itself to major changes when 

aiming at leading the worldwide transformation to a climate-neutral economy. Economies such 

as Poland, that stood out in their ability to catch-up, are highly dependent on coal. The new vision 

has a lot of potential to bring the EU to the top of the competition, but it also involves a high risk 

of increasing disparities. The trial period has ended.  EU faces the biggest opportunity to restore 

its power but needs to support the poorest regions to find their competitive advantage in this new 

and greener world.  

Concerning limitations, it is important to mention that reversed effects were not 

considered in this study, meaning this, for instance, the effect of GDP on tertiary education, which 

may result in overestimated coefficients. Additionally, it would have been interesting to start with 

an unconditional model and progressively add the variables, to detect the changes on the 

convergence coefficient, following the methodology of Olarinde & Yahaya (2018). 

 Future studies may focus on crossed relations between variables in order to maximize 

policies and efficiency. Moreover, it would be crucial to deepen the knowledge on the structural 

relations for the poorest countries. Individual analysis for different groups of regions would be 

fundamental for personalized policy measures. Finally, understanding between performance 

groups convergence is another challenge to overcome. 
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Facing the present challenges of the uprising economic crisis reinforces the need of a 

knowledge-based model of development. Enhancing regional capabilities will increase cohesion 

and create self-sustained ecosystems which will pace up the speed of recovery through inclusive 

growth. Governments must promote innovative strategies that build upon latent capabilities and 

focus on regionally relevant problems, promoting societal mind-changing road maps and putting 

people at the core of the models.  
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Appendix  
 

Appendix A- Keywords Scopus search  
 

Figure 4- RIS3 related documents evolution from 2012 

 
Source: Scopus 

 

 

Figure 5- RIS3 documents by affiliation 

 
Source: Scopus 

 

 

Figure 6- RIS3 documents by country or territory 
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Source: Scopus 

 

 

Figure 7- RIS3 documents by subject area 

 
Source: Scopus 
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Figure 8- "Regional convergence" crossed with "European Union": Documents by year 

 
Source: Scopus 

 

Figure 9- "Regional convergence" crossed with "European Union": Documents by affiliation 

 
Source: Scopus 

 

Figure 10- "Regional convergence" crossed with "European Union": Documents by subject area 

 
Source: Scopus 
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Figure 11- "Regional convergence" crossed with "European Union": Documents by country or territory 

 
Source: Scopus 
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Appendix B- Data specifications 

 
Table 17-RIS indicators availability throughout editions 

Indicator 2008 2010 2012 2014 2016 2019 Included 

Population with tertiary education X X X X X X X 

Lifelong learning Eurostat X X 

Scientific co‑publications  

Not available 

X  

Most‑cited publications X  

R&D expenditure public sector X X X X X X X 

R&D expenditure business sector 

 

X X X X X X X 

Non‑R&D innovation expenditures X X X X X X X 

Product or process innovators X X X X X X X 

Marketing or organisational 

innovators 

X X X X X X X 

SMEs innovating in-house X X X X X X X 

Innovative SMEs collaborating with 

others 

X X X X X X X 

Public- private co-publications X X X Not 

available 

X  

PCT patent applications Not available X  

Trademark applications  

Eurostat 

X X 

Design applications X X 

Employment MHT manufacturing 

& knowledge- intensive services 

X X X X X X X 

Sales of new-to-market and new-to-

firm innovations 

X X X X X X X 

EPO Patent applications X X X X X  X 

Exports in Medium-High/ High 

Tech Manufacturing  

Not available X Not 

available 

 

Source: Own source 
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Table 18-Variables synthesis table 

Variable Description Remarks Source Temporal 

Availability 

lngdp Natural logarithm of 

per capita GDP at 

constant prices 

Gross Domestic Product values in Million euro 

and current prices were subject to a division by 

GDP deflator, in order to obtain GDP at constant. 

GDP deflator was collected from knoema , where 

baseline year varies according to the country. 

Per capita values were later obtained using data 

on annual average population (in thousand) 

collected from Eurostat  

Eurostat, 

regional 

statistics 

(GDP 

deflator data 

from 

knoema) 

2002-2018 

Estimated values 

for NO for 2007 

and 2018 based on 

the growth rates 

from the previous 

and subsequent 

years 

lnsw Natural logarithm of 

the Government 

weight in the regional 

economy 

Natural logarithm of the ratio between the public 

sector GVA (in million euro) and the total GVA 

(million euro). 

Eurostat 1997-2018 

Values estimated 

for 2018 for the CZ, 

BG, DE, NL, AT, 

PL, PT, NL, FI and 

SE 

 

lnpop Natural logarithm of 

the population aged 

15 to 64 years old 

Natural logarithm of the total regional population 

aged 15 to 64 years old  

(in thousands). 

Eurostat 1992-2019 

Values estimated 

for 2018 for the NO 

and IE and for NO 

2007 

lninv  Natural logarithm of 

the share of the Gross 

fixed capital 

formation in the 

economy  

The logarithmic structure was applied to the ratio 

between regional Gross fixed capital formation 

(in milion) by the regional GDP. This only after 

the transformation of the numerator in constant 

prices, through the division by the GDP deflator. 

The denominator was also at constant prices. 

Eurostat 1997-2018 

Values for 2018 

were estimated for 

all regions with the 

exception of the 

ones belonging to 

the UK and for the 

for 2007 only for 

the NO. 

TE Percentage 

population aged 30-

34 having completed 

tertiary education 

relative to total 

population aged 30-

34 

Square root transformation was not applied as the 

degree of skewness was below 1; 

Normalized by the min-max procedure. 

Eurostat,  

Regional 

statistics 

100% 

LL Percentage 

population aged 25-

64 participating in 

lifelong learning 

Square root transformation; 

Normalized by the min-max procedure. 

Eurostat, 

regional 

statistics 

100% 

RDP R&D expenditures in 

the public sector as 

percentage of GDP 

All R&D expenditures in the government sector 

(GOVERD) and the higher education sector 

(HERD)  divided by the regional GDP; 

Square root transformation; 
Normalized by the min-max procedure. 

Eurostat, 

regional 

statistics 

100% 

RDB R&D expenditures in 

the business sector as 

percentage of GDP 

All R&D expenditures in the business sector 

(BERD), divided by the regional GDP; 

Square root transformation; 

Normalized by the min-max procedure. 

Eurostat, 

regional 

statistics 

100% 

NRD Non-R&D innovation 

expenditures in 

SMEs as percentage 

of turnover 

Sum of total innovation expenditure for SMEs, 

excluding intramural and extramural R&D 

expenditures, divided by the Total turnover for 

SMEs; 

Square root transformation; 

Normalized by the min-max procedure. 

Regional 

Innovation 

Scoreboard 

All RIS editions 

considered 

Prodproc SMEs introducing 

product or process 

innovations as 

percentage of SMEs 

Number of SMEs that introduced a new product 

or a new process to one of their markets as a share 

of total number of SMEs. 

Normalized by the min-max procedure.  

Regional 

Innovation 

Scoreboard 

All RIS editions 

considered 

Mrktorg SMEs introducing 

marketing or 

organisational 

innovations as 

percentage of SMEs 

Number of SMEs that introduced a new 

marketing innovation and/or organizational 

innovation to one of their markets as a share of 

the total number of SMEs. 

Normalized by the min-max procedure. 

Regional 

Innovation 

Scoreboard 

All RIS editions 

considered 

SMEiH SMEs innovating in-

house as percentage 

of SMEs 

Number of SMEs with in-house innovation 

activities (which have introduced a new product 

or new process either in-house or in combination 

with other firms) as a share of the total number of 

SMEs. 

Regional 

Innovation 

Scoreboard 

All RIS editions 

considered 
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Variable Description Remarks Source Temporal 

Availability 

SMEcol Innovative SMEs 

collaborating with 

others as percentage 

of SMEs 

Number of SMEs with innovation co-operation 

activities as a share of the total number of SMEs. 

Normalized by the min-max procedure. 

Regional 

Innovation 

Scoreboard 

All RIS editions 

considered 

EPO EPO patent 

applications per 

billion regional GDP 

(PPS€) 

European Patent Office applications per billion 

regional GDP in Purchasing Power Standard.  

Regional 

Innovation 

Scoreboard 

All RIS editions 

considered with the 

exception of the 

most recent 

Trdmrk Trademark 

applications per 

billion regional GDP 

Number of trademark applications applied for at 

EUIPO divided by the Gross Domestic Product in 

Purchasing Power Standard; 

Square root transformation; 

Normalized by the min-max procedure. 

Eurostat Available until 

2014 included in 

Eurostat; 

Posterior data 

coming from RIS 

Design Design applications 

per billion regional 

GDP 

Number of designs applied for at EUIPO divided 

by the Gross Domestic Product in Purchasing 

Power Standard; 

Square root transformation; 

Normalized by the min-max procedure. 

Eurostat Available until 

2014 included in 

Eurostat; 

Posterior data 

coming from RIS 

Emplo Employment in 

medium-high/high 

tech manufacturing 

and knowledge-

intensive services as 

percentage of total 

workforce Numerator 

Number of employed persons in the medium-high 

and high tech manufacturing sectors include 

Chemicals (NACE 24), Machinery (NACE 29), 

Office equipment (NACE 30), Electrical 

equipment (NACE 31), Telecommunications and 

related equipment (NACE 32), Precision 

instruments (NACE 33), Automobiles (NACE 34) 

and Aerospace and other transport (NACE 35). 

Number of employed persons in the knowledge-

intensive services sectors include Water transport 

(NACE 61), Air transport (NACE 62), Post and 

telecommunications (NACE 64), Financial 

intermediation (NACE 65), Insurance and pension 

funding (NACE 66), Activities auxiliary to 

financial intermediation (NACE 67), Real estate 

activities (NACE 70), Renting of machinery and 

equipment (NACE 71), Computer and related 

activities (NACE 72), Research and development 

(NACE73), and Other business activities (NACE 

74) , divided by the Total workforce including all 

manufacturing and service sectors; 

Normalized by the min-max procedure. 

Eurostat All RIS editions 

considered 

Sales Sales of new-to-

market and new-to-

firm innovations in 

SMEs as percentage 

of turnover 

Sum of total turnover of new or significantly 

improved products for SMEs as a percentage of as 

total turnover for SMEs; 

Square root transformation; 

Normalized by the min-max procedure. 

Eurostat All RIS editions 

considered 

Leader Dummy variable  Variable assuming the value 1 when region’s 

Regional Innovation Index reaches at least 20% of 

the EU average and zero otherwise. 

 

Regional 

Innovation 

Scoreboard 

All RIS editions 

considered 

Strong  Dummy variable Variable assuming the value 1 when region’s 

Regional Innovation Index is between 90% to 

120% of the EU average and zero otherwise. 

 

Regional 

Innovation 

Scoreboard 

All RIS editions 

considered 

Moderate Dummy variable Variable assuming the value 1 when region’s 

Regional Innovation Index reaches a maximum of 

90% and a minimum of 50% in relation to the EU 

average and zero otherwise. 

 

Regional 

Innovation 

Scoreboard 

All RIS editions 

considered 

Source: Own source 
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Table 19-Transformations needed due to changes in NUTS throughout the period of analysis 

Country Main data 

sources 

(other RIS 

editions 

included) 

RIS 2019 Transformation Applied to 

Ireland -Border, 

Midland and 

Western; -

Southern and 

Eastern  

-Northern 

and 

Western; 

-Southern; 

-Eastern 

and 

Midland 

An average 

between Northern 

& Western and 

Eastern & Midland 

was computed to 

obtain Border, 

Midland and 

Western. The same 

procedure was 

applied to Southern 

and Eastern & 

Midland to obtain 

Southern and 

Eastern. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

RIS Indicators, ESS 

Germany NUTS I NUTS II NUTS I was 

adopted and when 

needed, the average 

of the respective 

NUTS II 

subdivision was 

computed 

Hungary -Közép-

Magyarország 

-Budapest; 

-Pest 

The average 

between Budapest 

and Pest was 

computed to 

maintain -Közép-

Magyarország 

Slovenia  NUTS I NUTS II NUTS I was 

adopted and when 

needed, the average 

of the respective 

NUTS II division 

was computed. 

Finland -Itä-Suomi; 

-Pohjois- 

Suomi 

Pohjois- ja 

Itä-Suomi 

An average of Itä-

Suomi and Pohjois- 

Suomi was 

computed to obtain 

Pohjois- ja Itä-

Suomi 

Source: Own source 
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Appendix C- Robustness of estimates 
 

 
Table 20-Pooled OLS estimation results 

Pooled 

OLS 

Robust 

2008-2018 2008-2012 2014-2018 

Coefficient Standard 

Error 

Coefficient Standard 

Error 

Coefficient Standard 

Error 

C 0.609 

(0.004) 

0.211 0.914 

(0.005) 

.328 0.213 

 (0.003) 

.071 

Lngdp1 -.051  

(0.001) 

.015 -.083 

(0.007) 

.031 -.022 

(0.001) 

.007 

lninv1 .127 

(0.145) 

.087 .248 

(0.104) 

.152 .020 

(0.434) 

.025 

lnpop .004 

(0,520) 

.006 .012 

(0.316) 

.012 .001 

(0.771) 

.004 

lnsw -.005 

(0.846) 

.024 .004  

(0.900) 

.034 -.022  

(0.012) 

.009 

TE .064 

(0.014) 

.026 .106 

(0.061) 

.056 .029 

(0.201) 

.023 

LL Non-significant  

Coefficient. 

Not included. 

Non-significant 

Coefficient. 

Not included. 

 

 

-.010 

(0.482) 

.014 

Trdmrk .059  

(0.103) 

.036 .016 

(0.230) 

.014 

EPO -.023 

(0.379) 

.026 -.025 

(0.352) 

.027 

SMEcol -.002 

(0.861) 

.012 .081 

(0.081) 

.046 -.035 

(0.071) 

.019 

Moderate .006 

(0.820) 

.026  

 

Non-significant  

Coefficient. 

Not included. 

.006 

 (0.259) 

.005 

Strong  .035  

(0.263) 

.031 .029 

(0.000) 

.007 

Leader .033 

(0.266) 

.030   .023 

(0.013) 

.009 

RDP Non-significant  

Coefficient.Not included. 

.053 

(0.146) 

.037 Non-significant  

Coefficient. Not included. 

SMEiH Non-significant  

Coefficient. Not included. 

.100 

(0.133) 

.066 .009  

(0.671) 

.021 

TI Not included due  

absence of data 

Not included due  

absence of data 

.001 

(0.380) 

.003 
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F 8.13 

(0.000) 

4.99 

(0.000) 

9.04 

(0.000) 

Obs 1672 760 760 

R-squared 0.090 0.165 0.089 

Id 152 152 152 

Source: Own source 
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Table 21-Full period fixed effects with and without dummy variables 

Fixed Effects 

Robust 

2008-2018 2008-2018 

Without dummy variables 

Coefficient Standard Error Coefficient Standard Error 

C 12.375 

(0,000) 

2.434 12.395 

(0,000) 

2.416 

Lngdp1 -.682 

(0.000) 

.150 -.680 

(0,000) 

.151 

lninv1 .145 

(0.023) 

.063 .142 

(0,025) 

.063 

lnpop  

-.421 

(0.006) 

.152  

-.426 

(0.005) 

.147 

lnsw -.236 

(0,014) 

.095 -.239 

(0,013) 

.096 

TE .540 

(0,000) 

0.125 .538 

(0,000) 

.125 

Trdmrk .127 

(0,007) 

.047 .117 

(0,013) 

.047 

EPO -.141 

(0,001) 

.043 -.138 

(0,002) 

.043 

SMEcol .069 

(0,002) 

.022 .063 

(0,004) 

.022 

Moderate -.026 

(0,041) 

.013  

Not included for the 

purpose of detection 

of undesirable effects 

of multicollinearity. 

Strong -.020 

(0.226) 

.017 

Leader -.039 

(0.089) 

.023 

Obs 1672 1672 

Id 152 152 

F 6.22 

(0,000) 

8.14 

(0,000) 

R-squared Within= 0,3911 

Between= 0,1432 

Overall= 0,0185 

Within= 0,3891 

Between= 0,1412 

Overall= 0,0183 

Source: Own source 
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