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Abstract
The unprecedented development of the information and communication technologies sector has accelerated the spectacular changes in societies and employment
trends worldwide. The adoption of ICTs in innovation systems has been a key factor
in the overall competitiveness of economic regions and national economies. This
paper studies the impact of ICT on regional development. To do so, a modelling
approach is used to develop a framework-guidance tool that can formulate what-if
scenarios of smart technology enhancement in a regional innovation system. The
model is applied in two Greek regions with different development backgrounds, and
the findings emphasise the importance of smart technologies in regional development in both cases.
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Introduction
Μany scholars have dealt with the concept of innovation systems. Innovation system theory
has emerged from studies on micro-level technology systems, from studies on innovation
systems and innovation through interactive learning at mid- and macro-level (Edquist,
1997; Freeman, 1987; Lundvall, 1992; Nelson, 1993) and through several EU and OECD
publications (OECD, 1999), from which the concept of the National Innovation System
(NIS) was promoted. Since the approaches of Freeman, Lundvall and Nelson (Freeman,
1987; Lundvall, 1992; Nelson, 1993), the concept has undergone several changes that
shift from national to regional, sectoral/technological, or even global level. Nowadays,
the concept of innovation systems has evolved into a useful tool for analysing economic
growth. The most studied form of innovation systems in the literature is the national
innovation system. However, there are many scholars who argue that the focus at regional
level is enhanced if one identifies the complexity of national systems and the level of
differentiation of individual regional productive systems (Sefertzi, 1998). In addition, the
literature often reveals that the concept of a discreet regional system can play a balanced
role in the age of increasing globalisation, which demonstrates the tendency to homogenise
culture and directions in strategies and solutions (Niosi, 2000a, b ).
In the present study we focus on the concept of Regional Innovation System
(RIS), which constitutes a key tool for formulating and implementing research and
innovation policies at a regional level. According to Niosi (Komninos, 2018), RISs
have two important characteristics. Firstly, they are a combination of public policies and secondly, they constitute a spontaneous development of skills in the market.
These characteristics have made the RIS approach an appropriate framework for the
study of economic development and competitiveness at regional level.
In terms of policymaking, the European Commission, starting in the early 1990s, has
introduced a family of policy programs that have given a strategic view of technology
and innovation at regional level. Regional Infrastructure and Technologies for Innovation
and Technology Transfer (RITTS), Regional Technology Plans (RTP) and Regional Innovation Strategies (RIS strategy) provided co-financing and guidance to regional governments in assessing their regional potential and defining strategies to promote cooperation
and the potential of the small business sector, the research and technology community and
public authorities to achieve Regional Development. Today, the new 2014–2020 growth
strategy includes Research and Innovation Strategies for Smart Specialization (RIS3).
These strategies, which are based on the principles of the Europe 2020 strategy for smart,
sustainable and inclusive growth, aim to achieve high levels of employment, productivity
and social cohesion in the EU and the Member States.
The above bibliographic reference concerns the concepts of the region, the innovation
system at regional level and the innovation policies, which today are renamed as smart
specialisation strategy. A new notion, smart cities, is introduced to the aforementioned.
According to the literature, the smart city is the foundation for the long-term growth of
urban centres and ensures their expansion under sustainable conditions. Smart cities are
part of a larger strategy for Western societies to get access to the knowledge economy.
They are spaces that help people be more creative, learn new things and innovate. They
are formed by combining digital networks and information society applications with local
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innovation systems working within cities (technology districts, technology parks, innovation poles and clusters). Their value lies in the ability to bring together and combine three
forms of intelligence: human of urban population, collective of innovation institutions,
and artificial of digital networks and applications.
The term intelligent cities/smart cities is used to describe areas cities, regions, city districts and clusters in which the local innovation system is supported and upgraded through
digital networks and applications (Sotirelis et al., 2021). With the use of information and
communication technologies, the innovation system acquires greater depth and scope,
while its functions become more transparent and efficient. According to the study by
Komninos (2018), there are three key components of smart cities: the innovation system
(local/regional) of the reference area, smart technologies, and the reference area, the city.
This research aims to investigate the use of smart technologies in regional innovation
systems and its impact on regional development. The methodological tool used is
systems dyamics. The literature shows that the approach of the concept of RIS with
the theory of system dynamics is particularly successful. In particular, a study by Viale
and Pozzali (Viale & Pozzali, 2010) reported the existence of two main reasons for a
systematic approach to the analysis of RISs. The first is that each RIS has its own specific
characteristics. The second is that it is considered necessary to give a dynamic description
of the formation of a RIS in order to predict its possible evolution. This implies that
RISs consist of multiple dimensions (variables), each of which is associated with its
own rhythm and direction of change, and which are causally related to the production of
patterns of change in each system (McCarthy et al., 2010).
A more general question that this research aims to answer is whether the use of smart
technologies in a RIS benefits regional development, defined and measurable by specific
indicators. More specifically, the questions posed by this research are the following:
1. How can the use of smart technologies improve the efficiency of the regional innovation system and more vigorously promote regional development processes.
2. How can the dynamic model illustrate the multiple relationships between smart
technologies, open innovation systems and regional development.
This research comes to fill a scientific gap regarding the study of the impact
of digitisation on open innovation systems with the use of simulation. With the
model that is created, the authors believe that the stage will be set for the next
programming period 2021–2027, where the smart specialisation agenda and the
RIS3 strategy will reach a more mature stage, allowing higher quality and more
up-to-date strategies. In addition, the results of the research can contribute to the
effort to strengthen the regional innovation system. That is so since the contribution of the model that has been developed is very important, as it can be used as
guide/framework for the formulation of policies and tactics aimed at innovative
action at regional level. This may enable the identification of strengths or weaknesses within the system and allow policy makers to reinforce the points with the
most significant multiplier benefits in regional development.
The paper is structured as follows. We begin with the introductory section
where the purpose of our study is reflected as well as the gap that our research
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fills. The ‘The Concepts of RIS, Regional Development and Smart Technologies’
section describes the theoretical concepts of this research, namely RIS, regional
development and smart technologies. The ‘Methodology’ section provides the
methodological approach of the research and in particular the information on system dynamics, the selection of indicators used in the model to capture regional
development, and the forecasting techniques used for variables for which there
were no data available in the literature. The ‘The Systemic Overview of RIS’ section provides the generic structure of RIS and the modelling of the innovation
system. In particular, the ‘The Systemic Overview of RIS’ section contains the
causal loop diagram, the mathematical formulation, the structural validity, the
initial conditions and the units of measurement. Based on simulation results, the
‘The Effect of Smart Technologies on the Regional Development—the Case of
Two Greek Regions’ section depicts the results for regional development of the
two Greek regions under study for a period of 10 years under what-if scenario
analysis regarding ICT indicators. The article concludes with the main findings
that emerge from the results of the simulations, as well as implications for future
research.

The Concepts of RIS, Regional Development and Smart Technologies
In today’s Information Society, growth and competitiveness are based on the assimilation and use of smart technologies. The area in which the development of smart
technologies can primarily contribute is that of regional policy. The rapid development of digital technology and especially of Information and Communication Technologies poses many challenges for smart, sustainable and inclusive development,
and is therefore a crucial initiative for the Europe 2020 strategy. Moreover, the ability to adapt technology and entrepreneurial strategies to the environment in which it
operates seem to be necessary practices in knowledge-based innovation, prioritisation and decision-making processes, for smart, sustainable and inclusive solutions
(Carayannis et al., 2021a). More and more governments around the world are planning and implementing ICT adoption through specific digital development strategies
aimed at improving efficiency and transparency in public administration, stimulating
new entrepreneurship with stronger innovation and export activity, and improving
the quality of life. New technologies, and especially ICT, are shaping a new business
environment that represents the so-called transition to a digital economy that creates
new value-added business opportunities, and contributes to various dimensions of
an economy’s growth process.
For policymakers, it would be very important if the penetration of ICT in companies and the creation of relevant infrastructure could be linked to job creation,
improving competitiveness and boosting export activity. In particular, it is expected
that investments in ICT, the improvement of electronic skills (e-skills) of the workforce, the activation in terms of demand for innovation from the public sector, and
also the reform of the regulatory and legal framework for the digital economy that
will act as growth drivers of the economy at local, regional and national level,
provided that the appropriate support policies are implemented. The conceptual
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framework of the present study focuses precisely in the role of smart technologies
on regional development.
To do this we focus on the regional innovation system. Innovation is not just an
individual act of learning from one company or another, but it is embedded in a
larger system that allows and triggers the innovation process. Moreover innovation
processes constitute a critical factor for the adequate application of technology in
general and knowledge-sharing in particular (Kilintzis et al., 2020). Thus an innovation system includes all the important factors and institutions that contribute to the
creation, development, diffusion and use of innovations and interfaces as well as the
interactions of all these factors and institutions (Nauwelaers & Wintjes, 2008).
Lundvall points out that innovation systems are open, social and dynamic
(Lundvall & Battese, 2000). They are open which means that innovations are
produced as a result of interaction between economic actors. This means that they
are systems interacting with their environment. They are social in the sense that
‘they are based on an institutional environment; structured by laws, social terms,
cultural models, habits, attitudes, technical models, etc.’ Lundvall & Battese,
2000). They are dynamic because of the ‘financial flows between government and
private organisations, human resources flows between universities, corporations
and government laboratories, also because of regulatory flows from government to
innovation agencies related to innovation’ (Niosi, 2000a, b). An innovation system
can be analysed at (1) sectoral, (2) regional, (3) national as well as (4) international
level. The analysis of the actors and institutions of each level is a complement to the
analysis of the actors of innovation at the other levels.
RISs are often made up of a collection of interconnected private, semi-private
and public organisations that operate together under an institutional framework. This
framework encourages the creation, use and transmission of information, as well as
the development of new regional activities (Asheim & Coenen, 2005; Cooke, 2004;
Doloreux, 2003).
In the literature, there are many attempts that try to capture the research that is
carried out in a RIS. According to Doloreux and Parto (Doloreux & Parto, 2005),
RIS research focuses on three main dimensions: the interactions between the actors
of the innovation system (organisations and institutions) which are related to the
exchange of knowledge; the creation and role of institutions that support knowledge
exchange and innovation within a region and the role of a RIS in shaping regional
innovation policies. According to Autio (Erkko, 2005), the RIS includes five dimensions: the ‘subsystem of application and exploitation of knowledge’ (innovative
industries/companies); the ‘knowledge production and dissemination subsystem’
(higher education, research centers and other ‘intermediaries’) (Jeremy, 2006);
intensive interactions between subsystems in terms of scientific/applied knowledge
and human resource flows, including relationships with other regional and national
institutions; high-quality infrastructure and institutional arrangements, including adequate ‘regional’ autonomy (Cooke et al., 1998) and ‘regional policy actors’
(Todtling & Trippl, 2005).
According to Komninos (2006), the components of a RIS (such as innovative
businesses, suppliers, customers, universities, research institutions, technology
transfer organisations, etc.) may be used to describe its structure; its knowledge
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networks, divided into explicit and implicit ones; the institutions and the result of
innovation (such as cooperative R&D, strategic intelligence, product innovation,
process innovation, the creation of technoblasts, etc.). Since open innovation can
be seen as a specific approach covering the links that innovating firms forge with
other organisations, innovations systems use the open innovation paradigm.
There are, however, new terminology associated with global, national and
regional development today. Innovation-driven growth, knowledge-based growth
and smart growth are the three types of growth. Business clusters are transformed
into nodes of knowledge creation and learning on the way to becoming knowledge-intensive economies, culminating in global nodes of knowledge. On the
other hand, smart growth is a key element of the EU 2020 strategy for maintaining employment, research, education, broadband and environmentally friendly
and inclusive growth. Smart growth must be achieved through the convergence of
innovation and digital strategies, called ‘Research and Innovation Strategies for
Smart Specialization (RIS3)’ and ‘Digital Development Strategies (DGSs)’. In
this perspective, innovation and smart environments are levers for a new growth
model, defined by specialisation, business intelligence and discovery, evidencebased development, bottom-up governance, extensive use of smart technologies
and collaborative business models.
According to Sharma (2014), digital environments are driving a massive surge of
growth at all levels, fueled by digital networks, software and new media. The intersection of innovation and digital systems generates a development model known as
‘smart growth’, which is quickly gaining traction throughout the world. So, because
of the Internet and the World Wide Web, many of these physical systems become
cyber-physical. ‘Cyber-physical systems (CPSs) are physical systems and engineering systems whose functions are monitored, coordinated, controlled and integrated
by a core of computing and communication’ (Rajkumar, 2010). Innovation systems
today have been transformed into cyber-physical systems, due to the proliferation
and widespread use of digital technologies and the creation of digital media in decision making.
In the present research, in order to develop the model of the regional innovation
system, we rely on the theory of the cyber-physical innovation system (CPS)
developed by Geels (2002) and enriched with the theory on regional innovation
systems by Komninos (2006). The concept of ‘socio-technical regimes’, which
refers to the semi-coherent set of rules used by different social groups engaged in
the innovation process, lies at the heart of this system (users, policymakers, social
groups, suppliers, scientists, innovation intermediaries, financial institutions,
companies and others). Moreover, the existence of networks in innovation systems
are more widely used in the open innovation era and this in turn means a need for
stronger linkages between the actors of a RIS. Diverse operators working through
digital communication networks, virtual clusters and online services enhance all
of these components that make up the regional innovation system. Moreover, the
convergence of AI-enabled emerging technologies across all sectors has been
creating and diffusing conditions that serve as catalysts and accelerators of socioeconomic, socio-technical and socio-political trans-formation across regions
(Carayannis et al., 2021b).
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Taking into account all the above a significant research gap emerges in imprinting
the interconnection between open innovation, regional development and digital systems and strategies in a holistic model. The model that is developed in this research
aims to study the impact of digital technologies and strategies on regional development, as smart environments fill gaps in the innovation supply chain, providing virtual connectivity and resources where local resources and skills are lacking.

Methodology
This study is based on a 15-month research project for young researchers, entitled ‘Support for Researchers with an Emphasis on Young Researchers—Cycle B’
under the auspices of the Operational Program for Human Resources Development,
Training and Lifelong Learning 2014–2020. The researchers conducted an in-depth
literature review on the need to use smart technologies as a key component of a
regional innovation system and their impact on regional development. The methodology used in this article to built and codify the model of regional development
is system dynamics. Because we apply these tools to the behavior of human systems, as well as to physical and technical systems, systems dynamics draws attention
to cognitive and social psychology, economic and other social systems (Sterman,
2000). Innovation systems are social systems because they are made up of social
actors (institutions and organisations) (Johnson, 1997). Social systems are, by their
very nature, dynamic and open to external interaction (Lundvall, 1992). This means
that they can be changed and modified by the environment in which they operate
in an irreversible way. Moreover, innovation systems are getting more complex and
hence require more sophisticated models, with not only sequential but also parallel feedback processes to be involved within (Kilintzis et al., 2020). At the regional
level, the literature states that there are two reasons to favor a systemic approach to
the analysis of RISs (Viale & Pozzali, 2010). According to the first one, each specific RIS has its own characteristics. The second one states that it is necessary to
give a dynamic description of the formation of a RIS in order to predict its possible
evolution. This perspective implies that RISs consist of multiple actors (variables),
each of which is associated with its own rate and direction of change, which are
causally related to the production of patterns of change in each system (McCarthy
et al., 2010). In addition, from the extensive literature review it was observed that
the simulation appears to offer significant capabilities for process modeling. Without
simulation, the unique ability to control and improve the behavior of a system is
possible through the process of experimental verifications which might be complex,
time consuming and costly. Therefore, simulation of scenarios is needed in order to
select the best solution for the system under study. SD process is divided into two
phases, namely the qualitative and the quantitative analysis of the system (Coyle,
1996). In the first phase, a causal-loop diagram is designed, which is then converted
to a stock and flow diagram. In the second phase, the stock and flow diagram is
translated into a simulation program, which is then verified and confirmed. The program is implemented for alternative scenarios and the results are analysed. Following the above phases, we created the RIS model presented in the study, codified with
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the use of sytem dynamics, which aims at helping policy-makers in a regional level
to formulate the appropriate policy strategy to enhance regional development.
The mathematical model that has been developed is characterised by a number of interactions between variables. Many of these interactions have appeared
in other models of the literature. However, in the model of the present dissertation,
all of them are gathered together, while interactions are studied for which no reference is made in the literature. In order to determine the validity of the model, the
validity tests of the model took place as mentioned in the ‘The Effect of Smart
Technologies on the Regional Development—the Case of Two Greek Regions’ section (Forrester, 1961). Also, the parameters were evaluated. The parameter values
come from a series of indicators from the literature and more specifically from:
the European Innovation Scoreboard (EIS), Eurostat, OECD (Organization for
Economic Co-operation and Development), the National Statistical Office and the
Global Competitiveness Report—World Economic Forum. The model was applied
in the RIS of the two greek regions taking as initial values of the parameters those
for the year 2020. We then evaluated the parameter values of the model and performed a series of tests to determine its validity. Finally, in the ‘The Effect of Smart
Technologies on the Regional Development—the Case of Two Greek Regions’ section, two policy scenarios per region were developed, based on the literature and
used the model to study their impact on the performance of regional development
in the 2 regional systems under study.
Regional Development Parameters
Recent theories of regional development focus on human and economic capital,
innovation and spatial dynamics—demographic change—as key elements for understanding regional development (Eversole & Martin, 2005). A total of three indicators
from the literature were used to configure regional development, which are the
following:
1. Population change by NUTS 2 region, Eurostat.
2. Tertiary educational attainment, age group 25–64 by sex and NUTS 2 regions,
Eurostat.
3. Real growth rate of regional gross value added (GVA) at basic prices by NUTS 2
regions, Eurostat, as well as the input from product and process innovation, which
are state variables in our model.
The time interval chosen for investigation corresponds to the period of
2020–2030. IBM SPSS Expert Modeler has been used as a method to forecast the
values to 2030, automatically calculating the best-fitting model for each dependent
variable. Model variables are transformed where appropriate using differencing and/
or a square root. Regarding the predicted variables of the decade 2020–2030, an
initial finding is that the most developed region of Central Macedonia presents significantly higher predicted values of all the variables that are being tested, since the
observed values until 2021 show a seriously higher level for all involved variables.
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Fig. 1  Real growth rate of GVA by NUTS2 regions observed and forecast values for Central and Western
Macedonia

A clearly reversed tendency between the two regions is shown in Fig. 1, presenting
the observed and the forecast values for the real growth rate of GVA by NUTS2
regions. In Central Macedonia, the observed values start at similar levels and a significant growth over the years is noted, while in Western Macedonia, a constant
decline over the same 10-year period is observed. This is an explicit indication of
the long-term inadequacy of basic development indicators in the region of Western
Macedonia, implying the necessity of the implementation of core regional boosters
such as digitisation.
Similar findings are shown in Fig. 2, where population change by NUTS2 regions
values are presented. Again, there is a clear downturn noted in Western Macedonia
in comparison to Central Macedonia shown in Fig. 2.
ICT Parameters
In general, the discrepancies of the primary ICT indicators between the two
regions are mainly due to the significantly larger GDP level and population of
Central Macedonia in comparison to Western Macedonia. The significantly low

Fig. 2  Population change by NUTS2 regions observed and forecast values for Central and Western Macedonia
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demand of ICT products/services in the region of Western Macedonia is primarily caused by the low-income levels in the region. The level of ICT adoption in
the two regions can be investigated through a series of ICT-based indicators,
expressing basic ICT performance at each distinct operation. Two basic indicators
that reveal the familiarity of the local workforce to ICT are:
1. PC
2. Internet usage (indicators 1 and 2)
These fully quantitative indicators have been collected from the Eurostat
database of the general category of ‘ICT usage in households and by individuals’ regional indicators. ICT adoption is also based on the:
3.
4.
5.
6.

digital skills of the local workforce,
number of ICT companies operating in a region,
number of completed ICT projects and
total ICT contribution to economic activity (indicators 3 to 6).

These qualitative indicators have been collected from the RIS3 Regional
Assessments of Central and Western Macedonia (Reid et al., 2012), and they are
evaluated on a Likert 7-scale.
Regarding digital skills of the local workforce in the region of Western
Macedonia, the research findings indicated a considerable gap according to
Internet users in Greece survey while in Central Macedonia, there is a larger
percentage documented, mainly due to the larger and more diversified local
economy and the increased GDP levels of the region (Tsekeris & Papaioannou,
2018). Number of ICT companies in the two regions also indicate different
levels of ICT adoption. In Western Macedonia, a small number of ICT SMEs
is operating in the region, primarily focusing on software support, maintenance
and system integration, for public administration bodies and for the retail
sector (Reid et al., 2012). On the contrary, the region of Central Macedonia
hosts a high number of ICT companies, mainly focused on business software
support and system integration (Giotopoulos et al., 2017). The same applies
for the number of ICT projects already built in the two regions. Some of the
most significant public ICT projects that have been recently concluded in
the region of Western Macedonia had to do with with the installation of
metropolitan access networks, the development of municipal wireless hotspots and the networking of the local university and school units to the national
research and education networks (Reid et al., 2012). On the other side, Central
Macedonia hosts a significantly higher number of completed ICT projects in
transportation (Tsekeris et al., 2013), networking of public institutions and
digitisation of cultural and historical monuments (Reid et al., 2012). In total,
ICT projects in Greece reach a satisfactory level in recent years (Tsakanikas
et al., 2014); however, lagging regions such as Western Macedonia still need
further ICT investments. ICT contribution to the economic activity needs to
be significantly reinforced in Western Macedonia while in Central Macedonia
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covers a relatively large proportion to total GDP of the region (Reid et al.,
2012; Tsekeris & Papaioannou, 2018; Giotopoulos et al., 2017; Tsekeris et al.,
2013; Tsakanikas et al., 2014).

The Systemic Overview of RIS
The SD Model
Stocks and flows, along with feedback loops, are the two central concepts of SD
theory. Stocks are the accumulations of the inflows and the outflows within the
system of research. SD uses a particular diagramming notation for stocks and
flows. Stocks are defined by the stock equations, as the time integrals of the net
flows. Flows are defined by the rate equations, as the time functions of stocks
and system parameters. In SD models, the stock and flow perspective represent
time as unfolding continuously; events can happen at any time, change can occur
continuously. The structure of a system in SD methodology is captured by linking
the stock and flow structure with feedback mechanisms and is represented by
stock-flow diagram, which is the graphical representation of the mathematical
model [26]. The arrows (causal links) inside a stock-flow diagram represent the
relations among variables, where the physical flow is shown by a continuous line
and the information flow by dotted lines. The direction of the causal links displays
the direction of the effect. Signs ‘+’ or − at the end of these links exhibit the sign
of the effect. When the sign is ‘+’, the variables change in the same direction;
otherwise, they change in the opposite one. The stock-flow diagram is translated to
a system of differential equations, which is then solved via simulation, supported
nowadays by high graphical simulation programs such as Vensim®, PowerSim®,
i-think®, and Stella®. In this study, we use the Powersim 10 modeling tool.
The generic stock-flow diagram of RIS system is shown in Fig. 3. To improve
appearance and distinction among the variables, stock variables are written into
rectangles.
As shown in Fig. 3, regional development is increased by Rin of RD and is
decreased by depreciation of RD. Rin of RD is the result of stock variables product
innovation and process innovation, and auxiliaries that predict population change,
real growth of GVA and tertiary educational attainment. Product innovation (Prod.
In.) increases in tandem with the number of researchers, the percentage of those who
contribute to R&D, and the percentage of those who are active in Prod.In. Process
innovation (Proc.In.) is influenced by the Proc.In growth rate, which is influenced
by the Proc.In growth rate according to a delay function, as well as the number of
researchers working on Proc.In (in a similar way to Prod.In.). Due to the depreciation of knowledge over time, both Prod.In. and Proc.In. are lowered according to a
rate of depreciation (depreciation of Prod.In. and depreciation of Proc.In., respectively). The influence diagram of the computation of Prod.In. and Proc.In. is shown
in Fig. 4.
Aside from Prod.In. and Proc.In., there is the knowledge network subsystem,
which includes explicit (EK) and tacit knowledge (TK). R&D capacity produces
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Fig. 3  Generic stock and flow diagram of the RIS under study

explicit information as a result of the research process. Tacit knowledge, on the
other hand, is a result of businesses’ day-to-day operations and the use of both Prod.
In. and Proc.In. In a similar way to Prod.In. and Proc.In., explicit and tacit knowledge are reduced by a rate of depreciation.
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Fig. 4  Stock and flow diagram of the RIS under study in Powersim 10

The institutional environment generally refers to the models, habits and value system of the people as well as to the ‘social organisation’ in a regional or national
level (OECD, 1999). Essentially, the institutional environment is based on the social
and cultural environment of the region, since each social group directs, structures,
operates, operates and acts (Tomlinson, 1998). Institutional conditions vary depending on the rate of change in the institutional setting and the depreciation of the institutional setting. The rate of change in the institutional environment changes with
the formation of the institutional environment, which is then increased by two variables: the tax policy and the regulatory framework. Literature-based tax policy is
quantified using three indicators: Tax Impact, Index B and Tax Level. Therefore, the
regulatory framework is quantified with the help of two indicators: the number of
procedures and obstacles to state regulations.
Prod.In. and T.K. both help to enhancing the attractiveness of products in comparison to rivals in order to improve each company’s market share. Proc.In., on the
other hand, aids in reducing the cost of producing products. All of the above have
the effect of increasing the profit generated per business.
The number of companies fluctuates according to market conditions, institutional
conditions, and the ICT capacity. Market conditions are key elements for the activity of the players of a RIS (OECD, 1999). Freeman and Soete (1997) emphasise the
importance of a local network of companies, education, R&D infrastructure and the
local institutional framework, saying that they are the factors that, together with the
market environment, play a very important role in innovation systems and in development. Market conditions in turn are influenced by the market maturity rate, which
in turn is increased by the Market Maturity Format, the Global Entrepreneurship
Index, and the GDP. The formulation of market size and wealth, the formulation
of market opening and the formulation of macroeconomic conditions increase the
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formulation of market conditions. Market opening configuration is increased by two
variables, the scientific activities and the technological trade. Two indicators of the
literature enhance scientific activities, talent leakage and scientific collaborations.
Technology trade comprises four indicators, IDI/GDP (international direct investment per gross domestic product), imports/GDP, exports/GDP and exports of high
technology products as a share of total exports. Finally, in a general context, macroeconomic conditions determine the general business climate of a market, which in
turn affects the innovation climate in peripheral innovation systems (Van der Steen,
1999). In our study, regarding macroeconomic conditions, we will deal with three
indicators, public deficits, debt and inflation.
Literature review revealed that to capture research activities of RIS’ actors,
the expenditures for R&D activities are key indicators of the innovation entry
(CIS, Frascati Manual) and in fact the close relationship between R&D expenditures and research activities results has been empirically captured. To measure
the level of research activities in our study we focus on investing in R&D-related
activities at a macroeconomic level considering three different types of R&D
expenditure data. These types of data are state, university and private R&D
expenditures as a percentage of GDP. State R&D Grants, the amount from the
university R&D budget, and Private Enterprise R&D Grants all add to the overall R&D budget. The total R&D budget, on the other hand, is decreased by total
R&D expenditures, namely both researchers’ wages and other operational costs
for effective research and development. Private Enterprise Grants, in turn, are
influenced by the total number of businesses as well as the amount of subsidy
each one receives, a variable that rises with the growth of the innovation culture.
Appropriate innovation promotion initiatives, which are also part of the total
R&D budget spending, are developed in order to enhance the culture of innovation. The quantity of government grants is determined by the GERD price for
each region, as well as the population of that region. The Gini value (regional
inequality calculation index) relating to that region has an inversely proportionate effect on the population of that region.
The stock-flow diagram of the regional innovation system, which has been
developed using the Powersim® 10 software, is exhibited in Fig. 4. The diagram
is constructed using building blocks (variables) categorised as stocks, flows,
delays, converters, and constants. Stock variables (symbolised by rectangles) are
the state variables, flow variables (symbolised by valves) are the rates of change
in stock variables, and they represent those activities, which fill in or drain the
stock variables. Delays (represented by circles with a rectangular) introduce
time delay in material or information channels. Converters (represented by circles) are intermediate variables used for auxiliary calculations. Constants (represented by rhombuses) are the model parameters. Finally, the connectors, represented by simple arrows, are the information links representing the cause and
effects within the model structure, while the double line arrows represent physical flows. Double lines across the arrows indicate a delayed information.
The mathematical representation of regional development is given by the following equations.
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Regional Development(t) = Regional Development(t = 0)
t[
] [
]
Rin of RD(t) − Depreciation of RD(t) dt grade
+
∫ 0

(1)

Rin = MIN(discrepancy of RD;1, 4
∗ (real growth of GVA
+ process innovation + product innovation
+ predict population change tertiary educational attainment)∕RD1)[grade]∕year

(2)

discrepancy of RD(t) = max RD(t) − Regional Development(t) [grade]

(3)

Equation (1) represents the stock equation for regional development in grade. By
Eq. (2), Rin of RD is defined by the minimum value between the discrepancy of
RD and the sum of the factors which affect the regional development multiplied by
1.4, as they are five parameters which equally affect to the maximum grade which
is equal to 7. The constant value RD1 represents the control period of these factors
which at this model is equal to 1 time per year.
Model Validation
A wide variety of tests have been developed to check the validity of the model
(Sterman, 2000). The basic criterion for SD model’s validation is structure validity, which is the validity of the set of relations used in the model, as compared
with the real processes.
The model’s validity is checked by conducting tests suggested by the SD literature (Barlas & Diker, 2000; Sterman, 2000). First, we checked the model’s
dimensional consistency. Then, we conducted extreme conditions tests checking
whether the model behaves realistically even under extreme situations. For example, we checked that if R&D capacity equals to zero then product innovation and
process innovation remained stable and equal to their initial value, since product
innovation rate and process innovation rate are mainly affected by R&D capacity.
The model employs the Euler integration method with integrating time-step equal
to 1 year. The results of the tests indicated no integrating errors.
Moreover, since the model’s shortest time constant is set to one year and standard practice in SD suggests that the integrating time step (dt) should be maximum
¼ of the shortest time constant in the model, we set the dt initially at ¼ year
and ran the model. Then we cut the dt in ½ and ran the model again. The results
did not significantly change. Therefore, structural validation tests were executed,
which confirmed the sensitivity of the model structure to specific parameters.
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The Effect of Smart Technologies on the Regional Development—the
Case of Two Greek Regions
Description of Regions Under Study
After developing the mathematical model (“The Systemc Overview of RIS”
section) and estimating its parameter values (“Methodology” section), as
well as checking its validity (“The Effect of Smart Technologies on the
Regional Development—the Case of Two Greek Regions” section), in this
section the model is simulated to study the impact of smart technologies on
regional development, for the case of two Greek regions, Central Macedonia
and Western Macedonia. The choice of these two regions is not random as
the first is a purely urban area, while the second is considered as a provincial area.
‘What If’ Scenario Analysis for the Two Greek Regions
Ιn this section, the authors identify the parameters that can be adjusted at regional
level. Two ‘what if’ scenarios are considered, for both regions, which simulate these
changes, and reflect them at the level of Regional Development for each region
respectively.
According to the Digital Transformation Program (DTP) 2021–2027, Greece, and
the Greek regions, respectively, have realised that the need for the transition to the
digital economy and society should be treated as an immediate priority. The set of
actions that DTP aims to financially support, refers to the six (6) Strategic Axes of
Intervention of the Digital Transformation Bible 2020 - 2025 and are summarised as
follows:
1.
2.
3.
4.
5.
6.

Connectivity
Digital abilities and skills
Digital business transformation
Digital public services
Digital innovation
Utilisation of advanced technologies

In addition, according to the evaluation of the Regional Smart Specialization
Strategy that was conducted for all Greek regions, the following findings emerged
regarding the field of smart technologies for the two regions that are investigated in
this paper:
Western Macedonia
The primary mean for the region to incorporate ICT in the RIS3 strategy is to
reinforce the ICT level of the most important factors of the regional economy, i.e.
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energy, mining, healthcare, tourism, agriculture and transport. The region should
direct research on the investigation of policy tools that are able to offer incentives
for innovative IT products and services produced by local businesses and also direct
funds for the effective transformation of traditional enterprises towards the implementation an ICT-based business model.
A key ICT factor for strengthening the competitiveness of an economy at both
regional and national level is the broadband expansion at both wireline and wireless form. Keeping talented ICT workforce should be a top priority for the policy
makers along with attracting new ICT-based firms by increasing the demand for
enhanced and innovative ICT services. The development of the best digital capabilities of the local workforce plays a crucial role in the societal well-being as well as
the effective operation of the state and the economy. Deficiencies in advanced digital
skills negatively affect productivity, as they delay the adoption of advanced digital
technologies.1
Moreover, special care must be given to the role of the private sector in taking up
a part of the risk of the scheduled ICT investments, in order to secure the long-term
liability of the proposed business projects.
Central Macedonia
As in the region of Western Macedonia’s case, a crucial ICT factor for increasing the competitiveness of the local economy, is the broadband expansion at both
wireline and wireless form. Furthermore, digital skills of the local workforce
should be also enhanced, through the implementation of a new holistic educational and research framework, specifically focused on ICT and innovative digital
technologies.
ICT services’ sector alone can be a lever of transformation of the region of
Central Macedonia to a startup hub in the broader region of Eastern Europe, with
the private sector to also play a major role in the investment process.
To address the above challenges, the authors use the RIS model to present the
effect of the change of the independent variables presented in Tables 1 and 2 on
the regional development of the two regions.
In order to examine the response of the scenarios presented above to each
region, we execute the SD model for a simulation horizon of 10 years with timestep equal to 1 year.

Results
The results of the SD model are calculated for each scenario presented in Tables 1
and 2, and thus, the results for each region are obtained which are depicted in
Figs. 5 and 7 where we see the two curves for the price of regional development
that correspond to the 2 scenarios under study.
From fig. 5, we conclude to the following:
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Table 1  Western Macedonia
Independent variables

Initial scenario

Scenario 1

Scenario 2

1.PC usage

32%

+ 5%

+ 10%

2.Internet usage

32%

+ 5%

+ 10%

3.Digital skills/ICT specialists

2

4

5

4.ICT companies

2

4

5

5.ICT projects

3

4

5

6.ICT contribution to economic activity

1

3

4

Initial scenario

Scenario 1

Scenario 2

Table 2  Central Macedonia
Independent variables
1.PC usage

42.4%

+ 5%

+ 10%

2.Internet usage

41.3%

+ 5%

+ 10%

3.Digital skills/ICT specialists

4

5

6

4.ICT companies

4

5

6

5.ICT projects

4

5

6

6.ICT contribution to economic activity

2

4

5

• In case of each scenario, the system does not reach the equilibrium, in the time

horizon of decade, due to both the low-price levels of the independent constants
variables describing the ICT and the variables describing the environment of the
region such as its population. Also, the reason for the low levels of improvement
of regional development, is because most ICT indicators relate to the infrastructures of the region, for this reason we expect to improve more difficult and at a
slower pace.
• Even though the system does not reach the equilibrium, we observe an exponential growth of regional development during the simulation period. In addition,
the better prices for the ICT parameters the bigger incretion rate of the regional
development.
• To find the time that the system reaches the equilibrium, we simulate the SD
model for 20 years. The results are shown in Fig. 6. We observe that the equilibrium of the regional development is 6.10 and it appears at the 14th year.
In terms of Central Macedonia, the results are presented in Fig. 7. The main findings are the following:
• The equilibrium of regional Development is equal to 6.20 and appears at the 8th

year of the simulation, sooner than the case of Western Macedonia, which is
result of the higher price levels of the independent constants variables describing
the ICT and the variables describing the environment of the region such as its
population.
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Fig. 5  Regional development of Western Macedonia

• We observe an exponential growth of regional development during the simula-

tion period, until the system reaches the equilibrium. In addition, the better prices
for the ICT parameters the bigger incretion rate of the regional development, and
as a result reaches equilibrium sooner.

Fig. 6  Equilibrium of SD model for Western Macedonia
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Fig. 7  Regional development of Central Macedonia

Conclusions and Proposals for Further Research
The present research aims to deepen the study on the structure of the RIS and
more specifically, on the interactions between the actors involved in it and to propose policies in order to improve regional development. To achieve this goal a
mathematical model is developed specifically designed to study the structure of
the RIS. The results of the mathematical model simulations give rise to policies
that promote regional development. Both the development of the mathematical
model and the regional development scenarios were aimed at contributing to
the research activity for the understanding of the interactions between the actors
involved in a RIS, but also with the aim of their applicability by policy makers at
regional level.
The findings from the simulations reveal an overall impact of the implementation of the two scenarios which significantly affects the regional development of
both regions under study, with Central Macedonia clearly showing better growth
rates. This was to be expected given the fact that Central Macedonia starts with
better levels of regional development compared to Western Macedonia, as well
as most of the smart technology indicators we have changed are at higher initial
levels. The simulations also show that the time required for a significant impact
on regional development is quite long, Western Macedonia even needs more time,
due to the fact that the indicators of smart technologies used are directly related
to infrastructure development, for this is why they improve harder and slower.
The mathematical model developed could well be adapted to the data of other
regions. The use of the actors involved in the RIS, based on rich bibliographic
research, led to the creation of a general model of the RIS study. The model
would therefore be able to help different regions to develop appropriate policies
depending on the goals they have set to achieve their regional development.
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Moreover, the mathematical model developed in the context of this research
could also be enriched so that it can be used in a larger number of practical applications. In particular, the influences of sectoral innovation systems on regional
development could be incorporated to study other effects. For example, it would
be useful to study the impact of the existence and operation of virtual clusters
operating at sectoral and regional level.
The main problem we encountered in the present survey was the availability
of indicators at regional level. In a subsequent survey, either the marking of indicators through questionnaires or the application of spatial microsimulation can
be used to estimate the levels of additional variables. According to bibliography,
spatial microsimulation can be used to estimate index values at regional level if
the corresponding values at national level are known.
In addition to the above proposals for future research, the following proposals
for extending the model developed in the present research are of practical interest:
• The integration of business characteristics that help (or hinder) innovative

activities, in order to determine how smart technologies can help directly or
indirectly in the performance of innovative businesses and consequently in
regional development.
• The impact of on-line R&D networks is not extensively studied in our model.
The study of this factor will show the role of networks in the flow of knowledge within a RIS.
• Regarding the virtual clusters mentioned above, in the model we could propose policies that will result from a “cluster approach” of technology and
innovation policy.
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