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Innovation systems consist of different organisations from the quadruple helix, as well as the interactions and
linkages between them. Smart technologies and ICT play a key role in the efficiency of systems. At the same time,

regional scale is considered crucial for studying innovation in systems.

regional innovation systems regionalisation of indicators innovation

| 1. Terminology and Context

Innovation is usually studied in the context of systems, consisting of different organisations and the relationships
and connections between them. In an innovation system, the drivers of innovation are human capital, research
institutes and universities, the technology transfer organisations and other intermediary organisations, consultants,
development organisations, financial and investment organisations, knowledge and material infrastructures,
markets and consumers, and, finally, production businesses W According to Edquist and Hommen, “firms...
almost never innovate in isolation but interact more or less closely with other organisations, through complex

relationships often characterised by reciprocity and mechanisms feedback...” B,

In all cases, the innovative systems are referred to as interconnections of public and private sector institutions,
whose activities and interactions create, introduce, and diffuse innovations. In essence, the innovation system
includes a number of subjects such as enterprises, research centres, and educational institutions, a number of
activities such as technological research and education, and a number of broader conditions such as institutional,
economic, social, and also cultural. Therefore, it is one way of studying the effect of organisations and institutions

on the national, regional, or local innovation activity.

Despite technological advancements and globalisation, geographically based innovation systems have become
increasingly important. They have become the standard used to evaluate innovation performance and implement
innovation policies . It was recognised that a firm’s ability to innovate is influenced by external sources of
knowledge and technology. As a result, firms located in different regions, exposed to distinct external conditions,
can exhibit wide differences in innovative performance, even if their internal conditions and R&D expenditures are
similar B, This understanding led to the replacement of neo-classical frameworks with evolutionary approaches 8],
which viewed innovation as a systemic phenomenon dependent on meso-level interactions between firms and

other actors, as well as micro-level interactions within the firms themselves [,
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Christopher Freeman 8, a Schumpeterian economist, was the first to introduce the term “National Innovation
Systems” in this context. It is considered by many the most studied form of innovation systems WIE |n this
approach, the country is the main unit of analysis. The national differences in the institutional organisation and
structure of production and consumption are considered as explanatory factors, because some countries succeed
in creating economic growth from innovation while others do not W&, This approach is now widely adopted by

transnational governing bodies to analyse and to structure political initiatives (OECD, EU, UN, etc.).

As the concept of innovation systems evolved, it became clear that factors beyond national character and
boundaries played a crucial role in shaping innovation. Certain competences and features tended to be locally
accumulated, leading to the definition of other systems of innovation, such as cluster-type or sectoral innovation
systems, which focused on specific industrial sectors, and regional systems of innovation (RSI), which operated in

specific areas with geographical proximity enabling the exchange of information 19,

Other scholars focus on one part of the national innovation system, namely, those who study regional innovation
systems [L1I12]113]14] 5nd the sectoral innovation systems 22!, Local cultures and sectoral characteristics contribute
to differences in structure, dynamics, and performance of these innovation systems. Regional focus is enhanced if
one locates the complexity of national systems and their level of differentiation of individual regional production
systems 8, Furthermore, the literature often shows that the concept of a distinctive regional system can play a
role in increasing the levels globalisation, which demonstrates the tendency towards homogenisation of culture and
directions in strategies and in solutions 71,

| 2. Regional Innovation Systems and Smart Technologies

The concept of regional innovation systems (RIS) does not have a generally accepted definition X8, but a broad
definition usually includes all interrelated institutional actors that create, diffuse, and exploit innovations in a specific
geographical region 22l and all of which impact the RIS’s performance in producing innovation 29, The concept of
the RIS represents a shift from a linear perception of innovation that was dominant until the 1980s towards a
systems theory in which investments in research and development (R&D) cannot stimulate economic growth

unless they are appropriated by the different actors of the system to produce meaningful innovation 211,

Lundvall & is one of the first authors who promoted thinking about the systems of innovation, the mentioned
regionalisation in relation to globalisation, and he also refers to regional networks as well. Innovation systems
researchers and scholars have developed a regionally based approach to innovation system thinking, with ‘regions’
usually referring to a geographical area within a country. This spatial concentration remains important for the
development of innovative activities, despite the fact that modern information and communication technologies
make spatial distances insignificant between different partners [22. Silicon Valley is the typical example used for a

region with great innovative potential.

Although many aspects of the national innovation systems (NIS) approach can also be applied at the regional level,

the approach of regional innovation systems (RIS) is crucially different from that of NIS 2324l The internal
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organisation of businesses, the relationships between businesses, the role of the public sector and public policy, as
well as institutional organisations, for example, the financial sector, are among the various characteristics that may
be explored in detail at the regional level. At the national level, these aspects could vary greatly. The RIS approach,
thus, emphasises the regional dimension of the production and exploitation of new knowledge, thereby helping to
explain regional differences in innovative capacity and economic growth. It is perceived as a network of public and
private actors, institutions, and organisations whose activities and interactions create local channels of use,

development, and diffusion of available skills, motivation, and innovative capabilities [25],

Regions must respond to the needs of modern society and of the world market and find their own opportunities to
develop their intelligence (goal seeking, networking, participation, learning, innovation, creativity, intelligence, etc.)
(15221231 Each region “has specific assets, unique capabilities and industrial policies that differentiate it from other
regions” 281, The regions of a small country must find their own field of competitive advantage to participate in a
global market. Therefore, they seek access to additional resources, try non-traditional ways of solving socio-
economic problems, they identify their advantages and use them to find innovation potential to become smart

regions.

Today, grasping and utilising ICT is one of the methods by which countries can be developed in the global
economy. This is particularly true for the application of ICT in other technologies, which previously did not have
such capabilities, to upgrade them to “smart technologies” 24, In this context, geographical areas and regions can
be ranked according to the level of their development in technology. As a result, the optimal development of ICT
and smart technologies can become a key in the development of a country, if correct long-term planning is used (28]
(291391, The use of indicators to assess and explain the level of development of a region, as well as to identify its

strengths and weaknesses, is a prerequisite during developmental planning on a regional level 28],

There is a wide variety of tools on a regional level facilitating the assessment of the local ICT framework via the
systematic comparison of regional output in several aspects of the development of an information society. Various
scoreboards feature indicators for ICT, which compare the performance of a region with other regions in the same

country or different countries 31132],

For example, the European Innovation Scoreboard provides a comparative assessment of the research and
innovation performance of EU member states, other European countries, and regional neighbours. It helps
countries assess the relative strengths and weaknesses of their national innovation systems and identify
challenges that they need to address. It consists of 32 indicators grouped under 12 dimensions out of which only 4
are referring to smart technologies 23, Similarly, the Regional Innovation Scoreboard (RIS) serves as an extension
of the European Innovation Scoreboard (EIS) and is specifically designed to evaluate the innovation performance
of European regions. This assessment is conducted using a selected set of indicators. The Regional Innovation
Scoreboard 2023 adheres to the approach of the European Innovation Scoreboard 2023EN, utilising data from 239
regions in Europe. This data encompasses 21 of the 32 indicators utilised in the European Innovation Scoreboard

2023. There are just two indicators that are associated with smart technologies 34!,
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According to Ribeiro et al. 23, when formulating public policies regarding the use of ICTs, decision makers should
take into account the unique characteristics of a region, or even of different areas within a region, and how these
differ from each other. Therefore, public policies should be designed, based on local peculiarities and features, and
should take assessment tools into account. Overall, however, although the regional system is considered crucial,
capitalising on its importance is restricted by a lack of data on the regional level [&l. This complicates the process of
accurately assessing the processes taking place in the regional system, which, in turn, hinders the drafting and
implementation of suitable policies to support the system. Several key indicators for regional innovation are not

available on a regional level, although the situation is gradually improving [4l.

| 3. Major Features of Regional Innovation Systems

Regardless of their geographical scale, systems of innovation are composed of organisations and institutions,
along with the relationships and linkages between them 28, These systems are shaped by the economic dynamics
of complex relationships among various actors and entities with the common goal of promoting technology
development and innovation. This includes firms, institutions, material resources, and human capital 4. The
ultimate objective of a system of innovation is to foster the development, diffusion, and utilisation of innovations,

and all its activities are oriented towards achieving this goal in one way or another 8],

Regional innovation systems usually consist of a set of interacting private, semi-private, and public organisations,
which interact within an institutional framework. This framework supports the creation, exploitation, and
dissemination of knowledge and, thus, supports the creation of innovative activities at the regional level [22138]139],
There are many attempts in the literature that try to capture the research that is carried out in a regional innovation

system.
According to Doloreux and Parto 2%, the research of RISs focuses on three main dimensions:

« First, in the interactions between the innovation system’s actors (organisations and institutions) that are related

to knowledge exchange;
» Second, in the creation and role of institutions that support knowledge exchange and innovation within a region;
« Thirdly, in the role of RIS in drawing up regional innovation policies.
According to Autio ¥, the RIS includes:
» The “knowledge application and exploitation subsystem”: innovative industries/ businesses;

o The “knowledge production and dissemination subsystem”: tertiary education, research centres and other

‘intermediaries’ (e.g., #2l);
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 Intensive interactions between subsystems in terms of scientific/applied knowledge and human resource flows,

including relations with other regional and national institutions;
« High-quality infrastructure and institutional arrangements, including sufficient ‘regional’ autonomy [“2!;

« Regional policy factors 44],

Studying innovation, the regional system emerges as a pivotal factor, striking a balance between cluster-type and
sectoral innovation systems, as well as national innovation systems. While cluster and sectoral systems tend to be
too specialised and overlook the broader network of interactions among actors, national systems, particularly in

larger countries, may be too extensive to consider local interactions adequately.

It is evident that regions merit individual attention, given the considerable diversity in regional economic
specialisation patterns and innovation performances within countries #2. Moreover, certain knowledge spill overs
are confined to the regional level, as they depend on trust-based relationships that require geographical proximity,
making transfer over long distances challenging. This is particularly true for tacit knowledge, which involves skills,

ideas, and experiences that are not easily expressed or codified, making them challenging to access 42!,

Regional innovation systems usually consist of a number of private, “semi-private”, or public organisations, coming
from academia, public administration, entrepreneurship, and society according to the quadruple helix model 48,
The quadruple helix expands on the triple helix concept, which views innovation as the product of the dynamic
interactions between academia, industry, and government 2. Public or civil society is added as a fourth helix to
the model to respond to the changing nature of knowledge society 48, All actors belonging to the helixes interact
within an existing institutional framework. This framework supports the creation, valorisation, and spread of

knowledge, contributing to the implementation of innovative activities at a regional level [231[38],

According to Doloreaux and Parto 29 the interactions and research taking place within innovation systems are

focused mainly on three dimensions:

» The interactions between the innovation system components (organisations and institutions that take part in

knowledge exchange processes);
« The formation and role of institutions that support the knowledge exchange process within the system;
» The role played by the regional innovation system in drafting innovation policies.

Autio 24 states that a regional system consists of a number of different subsystems and the interactions between
them. A subsystem of knowledge production and diffusion includes universities and research centres, while a
subsystem of knowledge implementation and capitalisation includes innovative industries and businesses. The
regional system consists of the interaction between these two subsystems in terms of human resources and
applied knowledge, as well as between them and existing regional infrastructures and institutions, and the factors

that determine regional policies “2l44],
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For Komninos 2, the structure of regional innovation systems includes various components. Organisations with a

key role are innovative companies, suppliers, clients, universities, other educational institutions, research

organisations, technology transfer organisations, consultants, business incubators, government agencies, and

monitoring agencies. These are connected by institutions, knowledge networks, and innovation outputs.

Knowledge, and especially tacit knowledge, tends to accumulate spatially, bringing innovative businesses in

geographical proximity. Institutions, by being responsible for approval of funding and mobilising the process of

innovation, have a place at the top of the knowledge network, connecting companies with clients. Finally, the

architecture of knowledge networks changes according to the innovation processes taking place, as new types of

innovations require different partnerships and alliances 42,
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