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Abstract

:

The purpose of this study is to provide a temporal dynamic analysis of transitions of the regions in Turkey from one state of innovative performance to another by using successive Markov Chains. Regarding the intellectual assets, consisting of the patent, utility model, trademark and design applications, Markov Chains have revealed that there are regional disparities (between i. regions located in the east and west of the country, ii. metropolitan and non-metropolitan regions, iii. high-developed and relatively less-developed regions). Results show that metropolitan regions have higher performances. Innovation leaders which take place in all indicators and time periods in terms of applications are Adana, Ankara, Bursa, Eskişehir, İstanbul, İzmir, Kayseri, Kocaeli, Konya and Manisa regions. It is explicitly distinct that İstanbul leads in the innovation performances for each variable in all time periods. In contrast, regions with the lowest innovation performances are Ağrı, Artvin, Bingöl, Bitlis, Erzincan, Hakkari, Kars, Muş, Siirt, Tunceli, Bayburt, Bartın, Ardahan, Iğdır and Kilis. In addition to having the lowest innovation performances, these regions are identified by state policies as ‘priority regions in development’ or ‘state of emergency regions’.






Keywords:


regional innovation systems; regional innovation performance; Markov Chain; Turkey












1. Introduction


Technological developments brought about by globalization give rise to a rapidly changing, developing and transforming competitive environment. In today’s conditions, also known as the knowledge society, every structure from micro to macro scale (firm, region, nation, etc.) displays different behaviors in this competitive environment in such a way that some try to create pioneering changes, while others try to recognize, follow and adapt to these changes [1] (p. 237). Therefore, countries and regions create policies, strategies and plans in order to establish and manage an effective innovation system [2]. Globalization increases the need for and importance of innovation systems as well as affecting the design and implementation of innovation policies [3].



While globalization enables the easiness of free movement of capital and labor, it also brings the regions as smaller important territorial units to the fore by increasing the process of knowledge production, use and accumulation thanks to their localized features [4]. “A Regional Innovation System (RIS) approach helps to explain the regional dimension of production and the regional disparities of innovation capacity and economic power [5], and highlights the diversity of regions in the countries, the differing dynamics of innovation and the interactions between organizations in a particular system [6]. The analysis of a RIS allows the creation and dissemination of economically relevant information in a certain region, and also the identification of key actors and resources (such as existing infrastructures, sources of information and resources of expertise, financing, etc.) [1] (p. 238)”. The concept of RIS makes it necessary to clarify the type and policy levels (local/regional/national/transnational) of supports, investments, incentives and inter-regional cooperation opportunities [7].



In this knowledge-driven competitive environment, measurements of the capacity, efficiency and performance of innovation systems at different spatial levels gain importance. It is obvious that a wide variety of methods are used in the literature regarding the measurement of regional innovation performance. The European Innovation Scoreboard Index is one of the widely accepted tools in the measurements of innovation systems. The European Union (EU) measures the national innovation performance of Turkey based on the European Innovation Scoreboard but does not evaluate the regions of Turkey in this regard.



Hence, fulfilling the gap in this respect, this study seeks answers to the following research questions: How is the overall innovation profile of Turkish regions over time? Are there any regional disparities (at NUTS-3 level) in innovation performances in Turkey? Which are the most and least innovative regions? The purpose of this study is to determine in which aspects the regions of Turkey differ from each other and the intra-regional level over time with reference to their innovation performances. Therefore, a dynamic analysis is realized to figure out the transitions of 81 regions in Turkey at NUTS-3 level from one state to another in terms of innovation performances over time covering the years between 2000 and 2017. In order to assess the regional innovation performances within the scope of the study, a dynamic analysis of inter-regional differences and the transitions of innovation performance of regions from one state to another in terms of innovation performances are carried out by using the successive Markov Chains method based on the performance groups of the EU as innovation leaders, strong innovators, moderate innovators and modest innovators.



The research design of the study is structured with important supportive questions (Figure 1). The following section consists of a broad literature review based on the concept and importance of the innovation systems, the concept of RIS and RIS in Turkey. The next section deals with the data and methodology of the study and defines four different innovation performance groups according to three different time periods with the Markov Chains method based on the data covering the intellectual assets as patent, utility model, trademark and design applications. Then, the empirical results of Markov Chains enabling detailed analyses of the transitions of the regions in Turkey from one state to the other in terms of their innovation performances are provided in the text as a separate section. The discussion section (i) focuses mainly on the similarities and differences in innovation performances among regions, (ii) includes interpretations of the reasons while considering the transitions of regions in different time periods and (iii) also reveals the positions of the regions in the system by examining the state policies and researches on the national scale. In the last chapter, the highlighted issues on the innovation performances of the regions in Turkey are briefly assessed, and then, the policies and processes for Turkey are briefly provided in order to obtain substantial progress in innovation for the regions, establish and manage an effective innovation system and improve the innovation performances at the regional levels.



This study will make a significant contribution to the literature in terms of (i) focusing on the regions of Turkey, which is a large, diverse and emerging country, as an example to other similar countries, (ii) covering the NUTS-3 level highlighting local knowledge and dynamics, and (iii) examining the transitions of regions of Turkey with the Markov Chains and Shorrocks indices including different time periods, as well as (iv) evaluating the regional performances of intellectual assets, which is one of Turkey’s challenges on innovation.




2. Literature Review


Innovation system is an interactive and integrated process composed of the network and relationships of various creators/actors (institutions in the public and private sectors such as firms, universities, government agencies, technical agencies and research and development (R&D) public infrastructure, etc.). Since the innovation system is a tool for economic development, countries and regions form policies, strategies and plans for the establishment and management of an effective innovation system [2].



“As a reflection of knowledge/science/technology/skills-intensive global structure [8] (p. 15), in this global competitive structure, the challenges on innovation make innovation systems and policies vary both in national and regional scales. In this context, there are different responses and reactions of different countries and regions in this competitive environment [1] (p. 237)”. For instance, while “high-income countries become more specialized in resources and services including sophisticated inputs as qualified labor, research and knowledge [9] (p. 118)”, low-income countries face many challenges in innovation such as poor business and governance conditions, low educational levels and mediocre infrastructure [10], in addition to market constraints, firms having a lack of scientific skills and access to credits [11] (p. v) and having scarce knowledge of policy instruments [11] (p. vi), limited collaboration of universities and firms on innovation creation and knowledge transfer [11] (p. 47), inability to protect intellectual property rights [11] (p. 49), etc. Although low-income countries face some difficulties [11], it is essential for these countries to have their own “ability to develop its own innovation system” in catching up with the developed countries [12] (pp. 2, 13) by having “invested massively in the formation of skills and R&D infrastructure [13] (pp. 12–13)”. In addition, these low-income countries should have both the ability to make “(or attract) sufficient investments”, and also “its capacity to absorb existing and generate new technologies (e.g., innovate) [12] (p. 2)”. To catch up developed countries, “every country has to find its own way based on an understanding of (a) the contemporary global technological, institutional and economic dynamics, (b) the behavior of the relevant agents and (c) the specific context in which the catch-up takes place and the broader factors that influence it [13] (pp. 13–14), [14]. Hu et al. [15] describe the countries in different income stages with respect to innovative development as follows: “a country or region in the low-income stage is basically driven by primary elements such as land, resources, energy, and a labor force, whereas a country or region in the lower middle-income stage is largely driven by capital elements such as the domestic savings rate, investment rate and scale. In contrast, a country or region in the upper middle-income stage is driven by technological elements, usually associated with the introduction of large-scale technology, and one in the high-income stage must be driven by a reliance on innovation [15]”. “An indigenous knowledge included IS can facilitate participatory development processes, foster socioeconomic resilience of local communities and enhance the comparative advantage of a developing country [16] (p. 89)”. While analyses on innovation systems generally done focusing on the developing countries [17,18,19,20,21,22,23,24,25,26], relatively less attention has given to the countries with poor-IS. “Furthermore, substantial differences exist among developing countries in terms of socioeconomic contexts and capacities to reach advanced knowledge-based societies and economies [16] (p. 90), [27,28,29,30]”. While low productivity and low-income countries could adopt the pioneering changes to catch up the innovation leaders by the international diffusion of knowledge and technology, high-income countries may benefit more from technological progress [31].



The response of countries to innovation is not only related to income level differences (high and low income), but also to the size of the country. While small countries, in particular, are affected and become more dependent on the global knowledge flows [9] (p. 103), large countries gain more from comparative advantage than from the division of labor and export a smaller share of final goods and a larger share of intermediate goods when compared to small countries [32]. Nelson [33] explains the differentiation of innovation systems of countries by making a wide comparison of various countries such as six large high-income countries (France, Italy, Japan, the United States, Britain and west Germany), four smaller high-income countries (Australia, Canada, Denmark and Sweden) and five lower income countries (Argentina, Brazil, Israel, Korea and Taiwan). These differences are about the firms, university systems, development paths, organization of industry and structure of research and development (R&D) depending on the histories, cultures and entry times into the industrialization processes of the countries. Freeman [34] (p. 14) states that there are differences in national innovation systems of countries such as between Japan, the United States and the European Community (EC) and between European countries themselves [33]; Ireland and other small countries [35]; and Denmark and Sweden [36]. According to Freeman’s statement [34] (p. 14), Denmark and Sweden, neighboring countries which superficially appear very similar in many ways, have big differences. Kaiser and Prange [37] state that countries differ in terms of such features as “the internal organization of firms, the interfirm relationships, the role of the public sector, the institutional set-up of the financial sector, as well as the intensity and the organization of R&D” [37] (p. 397) as a reflection of the differentiation of national economies “regarding the structure of the production system and regarding the general institutional set-up” [37] (p. 397), [38] (p. 13). The above-mentioned features differentiate the innovation systems of the regions as well as the nations.



The successes of developed countries are not only based on their size and income levels, but also the integration of strong sustainable economic development and high level of innovation performances. Ensuring sustainable economic development is only possible in case of an effective and resilient innovation structure of countries. The concept of sustainable development emerged with the Our Common Future [39], also known as the Brundtland Report, in 1987 by the World Commission on Environment and Development (WCED), a sub-organization of the United Nations (UN). This concept has been studied extensively both in theory and in practice, and currently stands out with the emphasis of the United Nations 2030 Agenda for Sustainable Development Goals (SDGs) [40]. Innovation systems including different dimensions have taken their places in these goals, especially the Goal 9-Industry, Innovation and Infrastructure aiming to “build resilient infrastructure, promote inclusive and sustainable industrialization and foster innovation”. There are many statements in the literature regarding the relationship between innovation and sustainable development. While it is stated by some that innovation is the determinant of economic and sustainable growth of living standards [41,42], others identify that investment in innovation facilitates sustainable development [43]. It is also stated that innovation is a fundamental method to return sustainable growth for overcoming economic crisis [44]. Gerstlberger [45] assumes that there is a correlation between the innovation and sustainable development and Ionescu et al. [46] state that sustainable development requires sustainability of innovation and entrepreneurship.



On the other hand, it is necessary to bring the issue of sustainable development to the fore in the innovation processes [47]. According to Makhosheva et al. [48], the development of society can be ensured with the sustainable development based on the effective use of innovations and human capital. Similarly, Scheel and Vazquez [49] designate the innovation systems are the driving forces of modern sustainable economic development. All these statements clearly show that innovation systems and sustainable development are intertwined concepts. Moreover, integrating strong sustainable development and high-performed innovation systems is important for regions as the smaller territorial scales with their localized features as well as countries.



As an important indicator of the innovation systems, intellectual assets with different forms of intellectual property rights (IPR) are also related to sustainable development. Gao and Zhai [50] state the existence of the close relationship between IPR, renewable energy technology and sustainable development through the case of China, adding that sustainable development has promoted the discussion of IPR.



2.1. Concept of Regional Innovation Systems


‘Regional Innovation Systems’ is defined as actors (big or small, local or multi-national firms, universities, public research facilities and technology centers, etc.) and the connections and relationships between these institutions [4,6,51,52]. According to OECD [6], regions have increasing roles in regional innovation policies by (i) forming and shaping virtuous innovation trajectories and mobilizing untapped potential for national growth [53] (ii) setting up the necessary administrative mechanisms to support clusters and innovative enterprises, (iii) defining the flow of real economic activities and (iv) making use of the synergy and connections among economic actors [54,55].



As can be seen from the definitions on regional innovation systems [4,56,57,58,59,60,61], the main feature of regional innovation systems is to be a dynamic and interactive structure where regional knowledge is highlighted for the production, use, dissemination and commercialization of knowledge, which includes the relationships and networks of organizational and institutional infrastructure and regulations.




2.2. Regional Innovation Systems in Turkey


According to the EU’s innovation indices, Turkey was placed in the ‘modest innovators’ group until 2016 and then moved from modest to moderate innovators by improving its innovation performances [62]. Unfortunately, the country could not recently sustain its position and fell back to the group of emerging countries [63]. Even though Turkey’s innovation index is far below the EU average, its innovation growth rate is much above it [62]. According to its growth rate in innovation performance, Turkey is one of the countries that resisted the 2008 global economic crisis and had a rising trend mainly in indicators as ‘population completed tertiary education’, ‘youth with upper secondary level education’ and ‘R&D expenditure in the business sector’ [64]. In recent years, Turkey has made strong efforts to strengthen the innovation systems. According to ‘European Innovation Scoreboard 2018’ [65], the strongest innovation dimensions of Turkey are ‘Firm investments’ and ‘Innovators’. ‘Firm investments’ dimension is one of the best trends of Turkey. In terms of this dimension, Turkey got ahead of the EU with its remarkable increase in 2014 (from 0.099 to 0.568) and was located behind the leading countries such as Israel, Switzerland, Sweden, Germany, Austria, Belgium and Finland in 2017. One of the reasons for Turkey’s high performance in this dimension is being “a positive outlier in 2012 and 2014 [65]” in terms of ‘Non-R&D innovation expenditures’ indicator. In contrast, ‘Intellectual assets’ and ‘Employment impacts’ are the weakest innovation dimensions of Turkey. Although Turkey showed little increases in some years for these dimensions, these increases could not prevent Turkey from being one of the lowest ranking countries. Therefore, Turkey must deeply focus on and spent much more efforts on these dimensions. The reasons that Turkey being a large and diverse country and also an emerging country with a higher growth rate in terms of innovation performances and having some challenges on innovation increase the need for and importance of innovation-related research.



There are some studies to measure the performance of regional innovation in Turkey, which are made generally on the basis of a single time and mainly on the upper scales as (i) NUTS-1 [66], (ii) NUTS-2 [67,68,69], (iii) NUTS-3 levels [70,71] or (iv) on a certain region [72,73,74,75].



(i) Duman [66] compared innovation performances and capacities of 12 regions at NUTS-1 level of Turkey by creating regional innovation indices based on the normalization methods covering different years and also assessed the regions according to the average of NUTS-1 level regions.



(ii) Gömleksiz [67] aimed at presenting the innovative capabilities within the regional innovation systems and created regional innovation indices of 26 NUTS-2 regions by using the normalization methods including a set of indicators with different years as innovation input and output variables. In addition, Mercan and Gömleksiz [68] focused on the Konya Plain Project (KOP) Region covering Konya, Karaman, Aksaray, Niğde regions and compared the regional innovation capabilities of KOP Region and other 5 NUTS-2 regions as TR10 (İstanbul), TR31 (İzmir), T41 (Bursa, Eskişehir, Bilecik), TR42 (Kocaeli, Sakarya, Düzce, Bolu, Yalova) and TR51 (Ankara) regions by using the same methodology. In addition to these studies, Kutgi and Işık Maden [69] measured the regional innovation performance at NUTS-2 level with normalization methods.



(iii) Varış [70] aimed at revealing the determinants of the innovation outputs at NUTS-3 level by examining in three main axes as human agency, institutions and spaces with the statistical and spatial analyses. Lenger [71] focused on the regional innovation systems in Turkey through state universities and legal and institutional set-up at NUTS-3 level by using the Generalized Method of Moments (GMM) model for the time period 1998–2005.



(iv) Karaçor and Duman [72] investigated innovation performance capacity of the TR1 (İstanbul) region by using the normalization methods and made a comparison of the region and the average of Turkey. In addition to the TR1 region, they conducted another study [73] aiming at examining the regional innovation capacity on TR4 (Eastern Marmara) region with the same methodological approach. Akşık [74] measured the regional innovation of İzmir and its surroundings by using the Decision-Making Trial and Evaluation Laboratory model. Şahin and Altuğ [75] focused mainly on the regional specializations of innovative sectors in Turkey. They first determined the innovative regions based on the patent applications per ten thousand people at NUTS-3 level for the years 2007 and 2016, then compared three largest metropolitan regions as İstanbul, Ankara and İzmir, which specialized in the manufacturing industries, in terms of innovative specialization by analyzing the data of manufacturing industry sub-sectors patent applications.



Although there are afore-mentioned studies on regional innovation measurement for Turkey, there has not been any study (except [76]) determined focusing on the transitions through different time periods in terms of the regional innovation performance at NUTS-3 level of Turkey. Hence, fulfilling the gap in this respect, this study seeks answers to the following research questions: How is the overall innovation profile of Turkish regions over time? Are there any regional disparities (at NUTS-3 level) in innovation performances in Turkey? Which are the most and least innovative regions?





3. Data and Methodology


Regional Innovation Systems is an effective tool for examining the regional economy and innovative performance and policymaking. However, there is no one single ideal method to evaluate innovation and innovation processes in a certain region since innovation is a complex and dynamic phenomenon defined with reference to various activities and characteristics. Most studies use quite a number of indicators consisting of various aspects of innovation, and parametric and nonparametric methods. Regional Innovation Systems can be evaluated through such nonparametric methods as Data Envelopment Analysis-DEA [77,78,79,80,81,82] and Free Disposal Hull-FDH [83] (they also used DEA in their studies) and through parametric methods such as Stochastic Frontier Analysis (SFA) [84], [85] (also they used DEA in their studies) and Thick Frontier Analysis-TFA. In addition, some other statistical methods, mainly factor [86,87], discriminant [88], cluster [89] and regression [78,90], and also normalization methods [66,67,68,69,72,73] and Markov Chains [91,92,93] are used to evaluate regional innovation performances and to classify regions with similar characteristics.



In addition to these methods, the Regional Innovation Scoreboard index of the EU, which provides comparative evaluation, is also seen as an important tool in measurement. The EU deals innovation with four main types as framework conditions, investments, innovation activities and impacts which consist of ten innovation dimensions. In this measurement framework, three innovation dimensions as innovators, linkages and intellectual assets have been defined within the scope of innovation activities. The EU examines intellectual assets with indicators as patent, trademark and design applications [94].



In addition to the varieties of the methods used in the evaluation of regional innovation system, factors and variables that affect regional innovation systems also differ based upon the scope of studies conducted. It is possible to reproduce these variables according to the scope of a given study. Since the RIS is a very comprehensive concept, studies in the literature focus on different variables. This study focuses on the intellectual assets with different forms of IPR which are accepted as the directly effective issues in the measurements of regional innovation performances and interprets the transitions in regional innovation performances through the changes in these variables. In addition to the patent, trademark and design indicators, ‘the utility model’ indicator is also included in this study because Turkish Patent and Trademark Office (TÜRKPATENT) attaches importance to utility model within the scope of intellectual property rights.



The present study used Markov Chains to evaluate the innovation performances of regions. Markov Chains, which were derived from the studies of the Russian mathematician Andrey Markov carried out in 1907, are known for that they contain different strings of events in time, and that the transitions contain a random process since they comprise the probabilities from one state to another [95]. Markov Chains are used to examine the differences in the states of variables according to the changes in the different time periods and to predict the future states of variables [96,97]. Adamu and Danbaba [97] claim that Markov Chains are an ideal method to model the varying data and transitions through time and that it is possible to classify individuals and issues according to different categories and states in dealing with many problems the world faces today.



As in many disciplines, Markov Chains are also used in various fields of urban and regional planning including land use changes, urban growth and urban sprawl [98,99,100,101,102], demographic issues such as migration and child mortality [103,104], and innovation studies [91,92,93]. Markov Chains are also used in such sub-headings of innovation as innovation network trajectories [91], knowledge diffusion [92] and R&D and productivity in firms [93]. Using Markov Chains, Purchase et al. [91] studied how variations in network resource bundles affected the achievements of innovation networks and how they changed trajectories over time. Todo et al. [92] studied the effects of the structure of supply chain networks on productivity and innovation capability through knowledge diffusion. Uğur et al. [93] described R&D and productivity in OECD firms and industries using Markov Chains.



This study used Markov Chains to investigate the changes of states in innovation performances of the regions in different time periods. It is important to review Turkey’s historical development of innovation in order to determine the different time periods. With the rise in the number of regulations and institutions as from 2000, it can be said that Turkey has legally and administratively entered into a reconstruction process in the field of innovation. Given Turkey’s historical innovation process, 2000–2005 (t − 1), 2006–2010 (t) and 2011–2017 (t + 1) time periods are identified as important milestones. Reconstructions in the regions gained importance especially with the Law (no. 5449) on the Establishment, Coordination and Duties of Development Agencies enacted on 25 January 2006 [105]. Primarily within the scope of Innovating Regions in Europe (IRE) Network, Mersin and Eskişehir regional innovation projects, the first two innovative experiences, were initiated and followed by many others later. 2011 was a turning point in that it was the time when the Ministry of Science, Industry and Technology was established, whose duties are “to determine, develop and implement scientific, technological and innovative policies in cooperation with other related institutions in line with economic, military and social goals, to support research, development and innovation projects in industries, to take and implement incentive measures and to make arrangements and inspection in related subjects and fields” [106]. In the framework of the defined time periods, the study conducted a dynamic analysis of inter-state transitions with reference to selected variables for 81 regions at NUTS-3 level in Turkey. To define these variables, the study closely reviewed primarily the literature on regional innovation system and tried to determine the factors affecting regional innovation systems.



As distinctly figured out from the historical development process of the European Innovation Scoreboard Index [107], intellectual assets are the main variables constantly used in the EU innovation performance measurement. Although there are some changes in the conceptual and unitary definitions of these variables over time, it is obvious that intellectual assets are very important in the innovation performance.



As a study analyzing the transitions regarding intellectual assets, Özen et al. [76] focused on the patent, utility model, trademark and design registrations with the methodology based on the mean values covering the 2000–2005 (t − 1), 2006–2010 (t) and 2011–2016 (t + 1) time periods. This study differs from that of Özen et al. [76] on issues by (i) using intellectual assets with different forms of intellectual property rights (IPR) as the number of patent, utility model, trademark and design applications obtained from Turkish Patent and Trademark Office (ii) methodology with different forms of values, (iii) years covered.



In this study, the following assumptions were considered as the basic frameworks in the formation of Markov Chains (Table 1):




	
First the mean values of each region were obtained in terms of counts of the Patent, Utility Model, Trademark and Design applications between the 2000–2005 (t − 1), 2006–2010 (t) and 2011–2017 (t + 1) time periods. Next, the new values, obtained by the distance of the mean values of each region from the median values of all regions, were the basis of the analysis.








In Markov analysis, the average values of each region within the specified time periods were taken as basis in both methods to eliminate the effects of earthquake, crisis, etc. in certain years. In this methodology, new values were created according to the distance of the average values of each region to the median value of the 81 regions at NUTS-3 level (that is, a new value was obtained for each region by subtracting the median value from the average of the region for each time period).



	
The study used the quartiles to form the performance groups statistically.






Then, the quartiles were processed based on the new values obtained. Thus, regions that have higher values than the median stepped up their innovation performance status, whereas those that have lower ones went down.



	
States are assumed to remain fixed in three different time periods and therefore no change is attempted in describing the performance groups. As mentioned in the introduction chapter, four different performance groups, which were also accepted by the EU, were identified in the evaluation of regional innovation performances. As a result of classification based on the quartiles, the upper group is defined as innovation leaders, the upper-middle group as strong innovators, the lower-middle group as moderate innovators, and finally, the lower group as modest innovators.






In this method, it is assumed that all regions are in the same place in the 2000–2005 time period, and there are no regions in the lower group as modest innovators in the 2000–2005 time period.



	
In response to the research questions of the study, the transitions of the regions (at NUTS-3 level) in Turkey from one state to the other were determined according to the time periods in terms of their innovation performances which previously defined as four states/classes as a result of the four quartiles. The Shorrocks Trace Index [108], which has been widely used in many fields considering socioeconomic dimensions, is preferred as mobility index for the transitions between states to indicate whether the regions were mobile or not. This mobility index is based on the trace of the transition matrices of Markov Chains. If the mobility index value is 0, it corresponds to immobility, whereas 1 corresponds to perfect mobility. Thus, a higher value of the index refers to a higher level of mobility. The formula of the standardized Shorrocks index (  μ 1 n o r  ) is given in Equation (1) as follows:








  μ 1 n o r = 1 −   t r  ( P )   n   



(1)




where  n  is the number of states/classes,  P  is the transition probability matrix and   t r  ( P )    is the trace of P which refers to the sum of its diagonal elements.




4. Empirical Results


This chapter deals with the empirical results of the transitions of regions in terms of innovation performances after the use of successive Markov Chains based on the patent, utility models, trademark and design applications.



4.1. Patent Applications


When the 2000–2005 (t − 1) and 2006–2010 (t) time periods are analyzed, it is observed that only 34 regions held their innovation performances and preserved their places. There were 13 regions in innovation leaders in both time periods, namely as İstanbul, Ankara, İzmir, Bursa, Manisa, Kocaeli, Konya, Tekirdağ, Kayseri, Adana, Antalya, Eskişehir and Gaziantep regions. The common characteristic of these regions is that they are metropolitan regions (the regions referred to as metropolitan provinces in Turkey are defined in the “Metropolitan Municipality Law no. 5216” which adopted on 10 July 2004 [109] such that each has a population more than 750,000 inhabitants with surrounding suburbs and other neighboring communities). Erzurum, Afyonkarahisar, Kütahya, Samsun, Hatay, Malatya, Çorum, Kırklareli, Trabzon, Aydın, Bilecik, Isparta, Ordu, Uşak and Düzce regions were the 15 strong innovators in both time periods. The remaining 6 regions that managed to maintain their innovation performances were Kırşehir, Edirne, Rize, Karabük, Amasya and Şanlıurfa regions which located in moderate innovators in two time periods. For patent applications, 13 regions succeeded in increasing their innovation performances. These consisted of seven regions as Diyarbakır, Elazığ, Gümüşhane, Sivas, Nevşehir, Tokat and Zonguldak which moved from moderate innovators to strong innovators and six regions as Sakarya, Denizli, Mersin, Balıkesir, Kahramanmaraş and Muğla that passed the innovation leaders from the strong innovators. In contrast to these regions, 34 regions could not maintain their innovation performances and their status declined. Çanakkale, Niğde, Bolu, Burdur, Yalova and Aksaray declined from strong innovators to moderate innovators, and Adıyaman, Sinop, Osmaniye, Kastamonu, Yozgat, Van, Karaman, Kırıkkale, Batman, Mardin, Çankırı, Bitlis, Hakkari, Muş, Siirt, Bartın, Iğdır, Kilis, Ağrı, Bingöl, Tunceli, Şırnak, Artvin, Erzincan, Kars, Bayburt and Ardahan moved from the moderate innovators to the modest innovators. However, apart from these regions, the most striking one was Giresun, which had moved from the strong innovators to the modest innovators having a two-stage downward mobility (Figure A1).



Comparing the 2006–2010 (t) and 2011–2017 (t + 1) time periods, 54 regions were able to maintain their innovation performances. As a reflection of this, it was observed that the mobility index decreased from 0.58 to 0.38. Distribution of these 54 regions are as follows; 19 of them (İstanbul, Ankara, Bursa, İzmir, Manisa, Kocaeli, Konya, Gaziantep, Sakarya, Tekirdağ, Eskişehir, Kayseri, Antalya, Adana, Denizli, Mersin, Balıkesir, Muğla and Kahramanmaraş) are innovation leaders, 7 of them (Malatya, Sivas, Erzurum, Afyonkarahisar, Kırklareli, Zonguldak and Tokat) are strong innovators, 3 of them (Çanakkale, Aksaray and Karabük) are moderate innovators, and finally, 25 of them (Osmaniye, Karaman, Kırıkkale, Van, Yozgat, Batman, Çankırı, Erzincan, Mardin, Bitlis, Siirt, Kilis, Sinop, Bingöl, Hakkari, Artvin, Kars, Şırnak, Bartın, Tunceli, Bayburt, Ağrı, Muş, Ardahan and Iğdır) are modest innovators. All of the innovation leaders in both time periods are metropolitan regions. There are 18 regions that have succeeded to increase their innovation performances. The region that attracted the most attention was Rize, who achieved a two-stage upward mobility from moderate innovators to innovation leaders. The other 17 regions were able to experience a one-stage upward mobility. These regions were Kastamonu, Adıyaman and Giresun, which moved from modest innovators to moderate innovators; Şanlıurfa, Edirne, Yalova, Bolu and Burdur from moderate innovators to strong innovators; and finally, Samsun, Aydın, Trabzon, Çorum, Hatay, Kütahya, Isparta, Elazığ and Düzce regions which moved from strong innovators to innovation leaders. Unlike these regions, innovation performances of nine regions decreased. Especially Gümüşhane, Ordu and Nevşehir regions were the most striking ones because of the two-stage decline from the strong innovators to the modest innovators. In addition, Diyarbakır, Uşak and Bilecik regions have declined from strong innovators to moderate innovators, and Niğde, Amasya and Kırşehir regions from moderate innovators to modest innovators (Figure A1). Depending on the patent applications, transitions regarding innovation performances of all regions in all time periods are illustrated in Figure A2.



In Turkey, patent applications increased after the year 2013. The reason that provided the acceleration of the number of patent applications after 2013 may be attributed to the implementation of the new patent support program as on 1 January 2014. According to the Turkish Patent Institute (TPE) (recently known as Turkish Patent and Trademark Office-TÜRKPATENT) 2014 Annual Report: “The TÜBİTAK 1008 Patent Application Incentive and Support Program, which was implemented in cooperation with TPE and TÜBİTAK on 21 September 2006, was terminated on 15 November 2013 and the new TÜBİTAK 1602 Patent Support Program was implemented as of 1 January 2014. 2.398 requests benefited from TÜBİTAK’s 1602 incentive”.




4.2. Utility Models Applications


When the 2000–2005 (t − 1) and 2006–2010 (t) time periods are compared for the variable of utility model applications, 15 regions were consequently identified as innovation leaders in both time periods comprising İstanbul, Ankara, İzmir, Bursa, Konya, Kayseri, Kocaeli, Antalya, Sakarya, Manisa, Adana, Denizli, Eskişehir, Mersin and Balıkesir regions, all of which are metropolitan regions. There were 15 strong innovators in both time periods as Muğla, Düzce, Isparta, Kütahya, Hatay, Kahramanmaraş, Afyonkarahisar, Çanakkale, Sivas, Bilecik, Malatya, Amasya, Yalova, Trabzon and Karaman. Moderate innovators in both time periods were Ordu, Bolu, Sinop and Rize regions. In this case, there were a total of 34 regions that maintained their current places in the 2000–2005 (t − 1) and 2006–2010 (t) time periods. There are a total of 13 regions that have increased their innovation performances. Six strong innovators in 2000–2005 (t − 1), namely as Gaziantep, Aydın, Tekirdağ, Samsun, Çorum and Burdur were promoted to the innovation leaders in 2006–2010 (t) time period. The remaining seven regions were Nevşehir, Tokat, Erzurum, Uşak, Diyarbakır, Kırklareli and Zonguldak regions that had risen from the moderate innovators to the strong innovators. Unlike these upgraded regions, there are a total of 34 regions, whose innovation performances in the 2000–2005 (t − 1) time period declined in the 2006–2010 (t) time period. Giresun, Şanlıurfa and Kırıkkale regions are the most striking regions among those with declining performance. These regions, which were in the strong innovators group in the first period, declined with a two-stage downward mobility to the modest innovators group in the 2006–2010 (t) time period. The remaining 31 regions consisted of 3 regions (Kastamonu, Elazığ and Aksaray) which declined from the strong innovators to the moderate innovators and 28 regions (Edirne, Yozgat, Kırşehir, Mardin, Osmaniye, Adıyaman, Karabük, Çankırı, Kars, Niğde, Van, Batman, Erzincan, Bartın, Iğdır, Artvin, Gümüşhane, Muş, Kilis, Tunceli, Bayburt, Ardahan, Ağrı, Bingöl, Bitlis, Hakkari, Siirt and Şırnak) from the moderate innovators to the modest innovators (Figure A3).



Upon comparing the 2006–2010 (t) and 2011–2017 (t + 1) time periods for the variable of utility model applications, it is figured out that the mobility index decreased from 0.59 to 0.28. The presence of 62 regions that maintained their places in performance groups is an indication of this situation. The distribution of these regions is 27 (Şanlıurfa, Osmaniye, Edirne, Niğde, Kırıkkale, Adıyaman, Bartın, Karabük, Erzincan, Gümüşhane, Mardin, Şırnak, Batman, Bingöl, Kars, Kırşehir, Hakkari, Muş, Ardahan, Iğdır, Kilis, Bitlis, Ağrı, Artvin, Tunceli, Bayburt and Siirt) in the modest innovators; 4 (Kastamonu, Ordu, Elazığ and Bolu) in the moderate innovators; 11 (Trabzon, Isparta, Kütahya, Malatya, Nevşehir, Zonguldak, Amasya, Erzurum, Sivas, Uşak and Çanakkale) in strong innovators; and 20 regions (İstanbul, Ankara, Bursa, İzmir, Konya, Kayseri, Kocaeli, Antalya, Sakarya, Manisa, Denizli, Gaziantep, Adana, Eskişehir, Aydın, Mersin, Tekirdağ, Samsun, Balıkesir and Burdur) in innovation leaders. In the 2011–2017 (t + 1) time period, 11 regions increased their previous innovation performances. The most striking of these regions are the Çankırı and Giresun regions which achieved a two-stage upward mobility from the modest innovators to the strong innovators. The remaining nine regions achieved a one-stage upward mobility. These regions were Yozgat and Van which increased their innovation performances from the modest innovators to the moderate innovators; Rize and Aksaray from moderate innovators to strong innovators; and finally, Afyonkarahisar, Hatay, Kahramanmaraş, Muğla and Düzce regions from strong innovators to the innovation leaders. There are eight regions where innovation performances are declining. The most striking of these regions are Kırklareli and Bilecik, which were in the strong innovators in the 2006–2010 (t) time period but declined to the modest innovators in the 2011–2017 (t + 1) time period. Innovation performances of the remaining six regions declined by one stage. Sinop declined from moderate innovators to the modest innovators. Karaman, Yalova, Diyarbakır and Tokat moved from the strong innovators to the moderate innovators. Finally, Çorum region declined from innovation leaders to strong innovators (Figure A3). Depending on the utility model applications, transitions regarding innovation performances of all regions in all time periods are illustrated in Figure A4.




4.3. Trademark Applications


When the 2000–2005 (t − 1) and 2006–2010 (t) time periods are examined for the variable of trademark applications, there are 44 regions that maintained their innovation performances. Fifteen of these regions were in the innovation leaders in both time periods as İstanbul, Ankara, İzmir, Bursa, Antalya, Gaziantep, Konya, Kocaeli, Adana, Kayseri, Mersin, Denizli, Eskişehir, Manisa and Balıkesir regions. As in other variables, the common feature of these regions is that they are all metropolitan regions. Nineteen regions (namely Tekirdağ, Trabzon, Malatya, Afyonkarahisar, Kahramanmaraş, Şanlıurfa, Kütahya, Elazığ, Diyarbakır, Karaman, Isparta, Çanakkale, Tokat, Erzurum, Çorum, Ordu, Kırklareli, Sivas and Edirne) kept their innovation performances and located in the strong innovators in both time periods. Finally, the remaining 10 regions in the moderate innovators that maintained their innovation performances in both time periods were Düzce, Yalova, Van, Uşak, Batman, Zonguldak, Nevşehir, Osmaniye, Aksaray and Burdur regions. In this variable, only 6 regions managed to increase their innovation performances, while 31 regions could not be able to maintain their innovation performances and had to decline by one stage. Regions that increased their innovation performances were Mardin region from the moderate innovators to the strong innovators and Muğla, Sakarya, Samsun, Aydın and Hatay regions from the strong innovators to the innovation leaders. Unlike these upgraded regions, Rize region declined from innovation leaders to strong innovators, Bolu from strong innovators to moderate innovators and Adıyaman, Amasya, Giresun, Kastamonu, Erzincan, Niğde, Karabük, Yozgat, Bartın, Kırıkkale, Bilecik, Çankırı, Kırşehir, Kars, Sinop, Kilis, Şırnak, Muş, Ağrı, Gümüşhane, Hakkari, Artvin, Siirt, Bingöl, Iğdır, Bitlis, Ardahan, Bayburt and Tunceli regions from moderate innovators to modest innovators by being unable to maintain their innovation performances (Figure A5).



When the time periods of 2006–2010 (t) and 2011–2017 (t + 1) are examined, it is seen that 68 regions preserved their places and as a reflection of this, the mobility index in the first matrix declined from 0.51 to 0.21. This variable is the variable in which mobility most decreased and reached the lowest value. The majority of these 68 regions maintained their innovation performances comprising the modest innovators with 28 regions as Adıyaman, Karabük, Kastamonu, Niğde, Amasya, Erzincan, Bilecik, Kırıkkale, Kırşehir, Bartın, Yozgat, Sinop, Kilis, Şırnak, Iğdır, Ağrı, Çankırı, Artvin, Siirt, Kars, Bingöl, Bitlis, Muş, Hakkari, Gümüşhane, Tunceli, Ardahan and Bayburt regions. In addition, Bolu, Batman, Van, Aksaray, Yalova and Uşak regions were in the moderate innovators in both periods. The 14 regions located in the strong innovators in both time periods were Çanakkale, Afyonkarahisar, Malatya, Elazığ, Mardin, Kütahya, Karaman, Rize, Isparta, Edirne, Çorum, Sivas, Erzurum and Ordu regions. The last remaining 20 regions that maintained their innovation performances were in the innovation leaders. These regions were İstanbul, Ankara, İzmir, Bursa, Gaziantep, Antalya, Konya, Kocaeli, Adana, Kayseri, Denizli, Mersin, Muğla, Hatay, Eskişehir, Balıkesir, Sakarya, Manisa, Samsun and Aydın regions, all of which are metropolitan regions. While 8 regions were able to increase their innovation performances by one stage, the performances of other 5 regions have decreased for this variable. These upgraded regions were Giresun region which has risen from the modest innovators to the moderate innovators; Düzce and Nevşehir from the moderate innovators to the strong innovators; and finally, Tekirdağ, Trabzon, Kahramanmaraş, Şanlıurfa and Diyarbakır regions from strong innovators to innovation leaders. Tokat is the most noticeable region of the 5 regions with declining performances. It was undergone two-stage downward mobility from the strong innovators in the 2006–2010 (t) time period to the modest innovators in the 2011–2017 (t + 1) time period. Other regions have declined by one stage. These regions were Zonguldak, Osmaniye and Burdur regions which moved from moderate innovators to modest innovators; and Kırklareli region from strong innovators to moderate innovators (Figure A5). Depending on the trademark applications, transitions regarding innovation performances of all regions in all time periods are shown in Figure A6.




4.4. Design Applications (Number of Files)


According to this variable when the 2000–2005 (t − 1) and 2006–2010 (t) time periods are compared, it is seen that 36 regions maintained their innovation performances. Fourteen of these regions were İstanbul, Ankara, Bursa, İzmir, Kayseri, Gaziantep, Konya, Kocaeli, Denizli, Manisa, Adana, Kütahya, Sakarya and Eskişehir regions which were in innovation leaders in both time periods. All of these regions except Kütahya are metropolitan regions. Trabzon, Balıkesir, Tekirdağ, Afyonkarahisar, Uşak, Şanlıurfa, Muğla, Isparta, Niğde, Bilecik, Çorum, Amasya, Giresun, Düzce and Kırklareli regions were located in the strong innovators. In addition, the remaining seven regions consisted of Tokat, Sinop, Malatya, Elazığ, Mardin, Aksaray and Karabük regions which located in moderate innovators for both time periods. There are 14 regions that have managed to increase their innovation performances. These regions were Ordu, Diyarbakır, Yalova, Burdur, Erzurum and Nevşehir regions that moved from moderate innovators to strong innovators; and Antalya, Hatay, Çanakkale, Mersin, Aydın, Samsun, Kahramanmaraş and Karaman regions that have passed to the innovation leaders from the strong innovators. Unlike these regions, Bolu, Zonguldak, Sivas and Rize regions declined from strong innovators to the moderate innovators and Batman, Çankırı, Kastamonu, Ağrı, Kırşehir, Kilis, Osmaniye, Edirne, Yozgat, Kırıkkale, Artvin, Bingöl, Bayburt, Ardahan, Adıyaman, Erzincan, Muş, Bartın, Bitlis, Gümüşhane, Hakkari, Kars, Siirt, Tunceli, Van, Şırnak and Iğdır regions declined from moderate innovators to the modest innovators. Thus 31 regions could not be able to maintain their innovation performances (Figure A7).



When comparing the 2006–2010 (t) and 2011–2017 (t + 1) time periods, 59 regions maintained their innovation performances. As a reflection of this, mobility has decreased with declining mobility indices from 0.57 to 0.36. The majority of these 59 regions consisted of 22 regions in innovation leaders and 24 regions in modest innovators. Regions in innovation leaders in both time periods were Adana, Ankara, Antalya, Aydın, Bursa, Çanakkale, Denizli, Eskişehir, Gaziantep, Hatay, Mersin, İstanbul, İzmir, Kayseri, Kocaeli, Konya, Kütahya, Manisa, Kahramanmaraş, Sakarya, Samsun and Karaman regions all of which were metropolitan regions except Kütahya, Çanakkale and Karaman. The regions that were in strong innovators in both time periods were Afyonkarahisar, Amasya, Burdur, Çorum, Diyarbakır, Giresun, Isparta, Kırklareli, Muğla, Şanlıurfa, Yalova and Düzce regions. Malatya region was located in the moderate innovators group. Finally, remaining 24 regions that maintained their innovation performances were located in modest innovators as Adıyaman, Ağrı, Artvin, Bingöl, Bitlis, Çankırı, Erzincan, Gümüşhane, Hakkari, Kars, Kastamonu, Muş, Siirt, Tunceli, Van, Yozgat, Bayburt, Kırıkkale, Şırnak, Bartın, Ardahan, Iğdır, Kilis and Osmaniye regions. A total of 9 regions managed to increase their innovation performances. The most noticeable of these regions is Kırşehir, which was in the modest innovators in the 2006–2010 (t) time period and moved to the strong innovators in the next time period by achieving a two-stage upward mobility. The other 8 regions increased their innovation performances by one stage. Edirne and Batman regions moved from modest to moderate innovators; Bolu, Sivas and Zonguldak regions from moderate to strong innovators; and finally, Balıkesir, Tekirdağ and Trabzon regions from strong innovators to innovation leaders. Unlike these regions, the most noticeable of the 13 regions with declining performances were Niğde, Ordu and Uşak regions which were unable to maintain their innovation performances and had a two-stage downward mobility. Thus, their positions in the strong innovators changed to the modest innovators in the 2011–2017 (t + 1) time period. The other 10 regions declined by one stage. Bilecik, Erzurum and Nevşehir regions fell from strong innovators to moderate innovators, and Elazığ, Mardin, Rize, Sinop, Tokat, Aksaray and Karabük regions from moderate innovators to modest innovators (Figure A7). Depending on the design applications (file), transitions regarding innovation performances of all regions in all time periods are shown in Figure A8.




4.5. Design Applications (Number of Designs)


When the 2000–2005 and 2006–2010 time periods are compared, it is seen that 40 regions maintained their innovation performances. Sixteen of these regions were in innovation leaders, fifteen in strong innovators, and nine in moderate innovators. Regions in innovation leaders were Adana, Ankara, Bursa, Denizli, Eskişehir, Gaziantep, Hatay, İstanbul, İzmir, Kayseri, Kocaeli, Konya, Kütahya, Manisa, Sakarya and Tekirdağ regions. All of these regions except Kütahya are metropolitan regions. Regions in strong innovators were Afyonkarahisar, Amasya, Balıkesir, Bilecik, Bolu, Çorum, Mersin, Muğla, Samsun, Trabzon, Şanlıurfa, Uşak, Aksaray, Karaman and Düzce regions. Finally, Giresun, Malatya, Mardin, Nevşehir, Sinop, Tokat, Yozgat, Batman and Yalova regions were located in moderate innovators. While 9 regions managed to increase their innovation performances, 32 regions could not maintain their innovation performances and their status declined. The most striking of these nine upgraded regions was Çanakkale region, which has risen from moderate innovators to innovation leaders by achieving a two-stage upward mobility. The other eight regions made a one-stage improvement. Five of these regions were Burdur, Erzurum, Isparta, Ordu and Şırnak regions that rose from moderate innovators to strong innovators, and three of these regions were Antalya, Aydın and Niğde regions that rose from strong innovators to innovation leaders. Contrary to these upgraded regions, among the 32 regions whose innovation performances have declined, the most striking ones were Adıyaman and Kırşehir regions, which fell from strong innovators to modest innovators by having a two-stage downward mobility. Regions that declined by one stage were Kahramanmaraş region that moved from innovation leaders to strong innovators; Diyarbakır, Kırklareli, Rize, Sivas and Zonguldak regions that moved from strong innovators to moderate innovators, and finally, Ağrı, Artvin, Bingöl, Bitlis, Çankırı, Edirne, Elazığ, Erzincan, Gümüşhane, Hakkari, Kars, Kastamonu, Muş, Siirt, Tunceli, Van, Bayburt, Kırıkkale, Bartın, Ardahan, Iğdır, Karabük, Kilis and Osmaniye regions which moved from moderate innovators to modest innovators (Figure A9).



Mobility index value decreased from 0.56 to 0.35. Upon comparing the 2006–2010 (t) and 2011–2017 (t + 1) time periods, the reason of the decline is that 57 regions maintained their innovation performances. Eleven regions managed to increase their innovation performances, while thirteen regions could not maintain their innovation performances and their ranks fell. Regions that maintained their innovation performances were Adana, Ankara, Antalya, Aydın, Bursa, Çanakkale, Denizli, Eskişehir, Gaziantep, Hatay, İstanbul, İzmir, Kayseri, Kocaeli, Konya, Kütahya, Manisa, Sakarya and Tekirdağ regions (all of that are metropolitan regions except Çanakkale and Kütahya regions) in innovation leaders; Afyonkarahisar, Amasya, Bilecik, Bolu, Çorum, Isparta, Muğla, Samsun, Trabzon, Aksaray and Düzce regions located in strong innovators; Giresun, Nevşehir and Batman regions in the moderate innovators; and finally, Adıyaman, Ağrı, Artvin, Bingöl, Bitlis, Elazığ, Erzincan, Gümüşhane, Hakkari, Kars, Kastamonu, Kırşehir, Muş, Siirt, Tunceli, Van, Bayburt, Kırıkkale, Bartın, Ardahan, Iğdır, Karabük, Kilis and Osmaniye regions in modest innovators. Among the 11 regions that increased their innovation performances, the most notable ones were Edirne region that rose from modest innovators to strong innovators and Kırklareli region from moderate innovators to innovation leaders with experiencing a two-stage upward mobility. In addition to these regions, Çankırı region that moved from modest innovators to moderate innovators; Diyarbakır, Sivas, Zonguldak and Yalova regions that moved from moderate innovators to strong innovators; and Balıkesir, Mersin, Kahramanmaraş and Karaman regions which moved from strong innovators to innovation leaders were the regions that have succeeded to increase their innovation performances by one stage. Among the 13 regions with declining innovation performances, the most striking ones were Erzurum, Ordu, Uşak and Şırnak regions, which declined from strong innovators to modest innovators with a two-stage downward mobility. In addition to these regions, Niğde region that moved from innovation leaders to strong innovators; Burdur and Şanlıurfa regions from strong innovators to moderate innovators; and Malatya, Mardin, Rize, Sinop, Tokat and Yozgat regions that moved from moderate innovators to modest innovators were other regions whose innovation performances have declined (Figure A9). Depending on the design applications (design), transitions regarding innovation performances of all regions in all time periods are illustrated in Figure A10.





5. Discussion


Markov Chains, which are used to investigate the transitions of the regions from one state to the other in terms of their innovation performances in different time periods in this study, have revealed that there are regional disparities (at NUTS-3 level) (i. between regions located in the east and west of the country, ii. between metropolitan regions and non-metropolitan regions, iii. between high-developed regions and relatively less-developed regions in terms of socio-economic development) in terms of innovation performances in Turkey.



Innovation leaders which take place in all indicators and time periods in terms of applications are Adana, Ankara, Bursa, Eskişehir, İstanbul, İzmir, Kayseri, Kocaeli, Konya and Manisa regions (sorted by the regional plate codes). There is a certain fact for each variable in all time periods that İstanbul takes the lead in the innovation performance.



In contrast, there is not any common modest innovator region for all indicators and time periods since the modest innovator region does not occur in the t − 1 time period. The regions with the lowest innovation performances for all indicators, which located in moderate innovators in t − 1 time period and in modest innovator regions for t and t + 1 time periods, are Ağrı, Artvin, Bingöl, Bitlis, Erzincan, Hakkari, Kars, Muş, Siirt, Tunceli, Bayburt, Bartın, Ardahan, Iğdır and Kilis regions.



There is a spatial segregation/spatial polarization between the west and east of the country (Figure A2, Figure A4, Figure A6, Figure A8 and Figure A10).



Results of the analysis show that metropolitan regions have higher performances in innovation. Although the innovation leaders are generally the same metropolitan regions, there may be some changes in their positions in the system due to different variables.



Innovation performances showed increases both only in metropolitan regions and also in the regions next to them. The fact that the increases in innovation performances are not limited to the metropolitan regions but also in the regions adjacent to them indicates the existence of spatial convergence in terms of innovation.



One of the reasons why many regions have increased their innovation performances in the last two time periods in Markov Chains may be the fact that these regions have at least a university or have increased the number of existing universities with the policy of “at least one university with each region at NUTS-3 level”. With the law no 5467 on 1 March 2006 [110], some amendments were made to The Law on Organization of Higher Education Institutions, Higher Education Law, Public Financial Management and Control Law, Wireless Law 78 and 190 numbered Decree Laws. With this law, “at least one university with each region at NUTS-3 level” policy adopted by the government came into effect and immediately after that many state and mostly foundation universities have been rapidly established since 2006. Thus 41 regions, which did not have a university before 2006, have gained universities in the following years. In total, 15 of these 41 regions gained their first universities in 2006 (Adıyaman, Amasya, Burdur, Çorum, Erzincan, Giresun, Kastamonu, Kırşehir, Ordu, Rize, Tekirdağ, Uşak, Yozgat, Aksaray and Düzce), 17 in 2007 (Ağrı, Artvin, Bilecik, Bingöl, Bitlis, Çankırı, Kırklareli, Mardin, Muş, Nevşehir, Siirt, Sinop, Karaman, Batman, Karabük, Kilis and Osmaniye), and finally, 9 in 2008 (Gümüşhane, Hakkari, Tunceli, Bayburt, Şırnak, Bartın, Ardahan, Iğdır and Yalova). Another reason why the regions have recently increased their innovation performances in the last time period in Markov Chains may be that some regions have gained metropolitan region status with the Law No: 6360 [111]. The regions as Aydın, Balıkesir, Denizli, Hatay, Malatya, Manisa, Kahramanmaraş, Mardin, Muğla, Tekirdağ, Trabzon, Şanlıurfa and Van regions became metropolitan regions in 2012 with the amendments to the Metropolitan Municipality Law no. 5216 on 12 November 2012. This assumption can be supported by the rise of related regions from different groups to an upper group in the last time period in different variables as follows:




	-

	
Patent applications (Şanlıurfa from moderate innovators to strong innovators; Aydın, Hatay, Trabzon from strong innovators to innovation leaders).




	-

	
Utility model applications (Van from modest to moderate innovators; Hatay, Kahramanmaraş, Muğla from strong innovators to innovation leaders).




	-

	
Trademark applications (Kahramanmaraş, Tekirdağ, Trabzon, Şanlıurfa from strong innovators to innovation leaders).




	-

	
Design applications (file) (Balıkesir, Tekirdağ, Trabzon from strong innovators to innovation leaders). This assumption cannot be supported for design applications (file) by Mardin which declined from moderate to modest innovators.




	-

	
Design applications (design) (Balıkesir, Kahramanmaraş from strong innovators to innovation leaders). This assumption cannot be supported for design applications (design) specific to some regions because the innovation performances of some regions that have metropolitan region status have recently decreased such as Malatya and Mardin declined from moderate to modest innovators and Şanlıurfa from strong to moderate innovators.









The increase in innovation performances may sometimes be related to effective collaboration and coordination of local administration, non-governmental organizations (NGOs) and public-private actors of the region. With such a collaborative governance approach, the region can accelerate its innovative performance compared to other regions.



The common features of these high innovation performance regions and low innovation performance regions within themselves are examined as follows:



Regions that are innovation leaders for all time periods of all variables, Adana, Ankara, Bursa, Eskişehir, İstanbul, İzmir, Kayseri, Kocaeli, Konya and Manisa regions, are all metropolitan regions.



Results of the analysis show that metropolitan regions have higher innovation performances. These metropolitan regions are at an advanced level of socio-economic development and center of attraction compared to other regions. In addition to creating innovation activities, these regions have the social and economic strengths to attract investments and specialized high-skilled innovation staff to their regions.



Considering the historical development process, the roles of the regions in the country within the scope of the settlement system and socio-economic development levels were also examined.



In this context, according to State Planning Office (SPO) [112] ‘Regional Distribution Relating to State Aid and Other Supports’ shows that the regions in the first stage and defined as developed regions are İstanbul and Kocaeli provinces, and the areas within the boundaries of metropolitan municipality of Adana, Ankara, Antalya, Bursa and İzmir. There are two different issues in this list: (i) Although Antalya region, which defined as one of the developed regions in 2000, was innovation leader for most variables in the Markov Chains, it does not have this feature for all variables in all time periods in terms of innovation performances. (ii) Another issue is the Eskişehir, Kayseri, Konya and Manisa regions. Even though these regions are defined as normally developing regions in 2000, they are remarkable regions that are the innovation leaders for all variables in Markov Chains in terms of innovation performances.



In the “Research of Socio-Economic Development Ranking of Provinces and Regions (SEGE-2011)” study of the Ministry of Development [113], İstanbul, Ankara, İzmir, Kocaeli, Antalya, Bursa, Eskişehir and Muğla were the regions within the scope of the ‘First Stage Developed Regions’. As it can be seen, while İstanbul, Ankara, İzmir, Kocaeli, Bursa and Eskişehir are innovation leaders in terms of innovation performances, Antalya and Muğla have not been innovation leaders for all time periods of all variables. Remaining innovation leaders for all time periods of all variables as Adana, Kayseri and Konya regions were defined as the ‘Second Stage Developed Regions’ and Manisa region was defined as the “Third Stage Developed Region’ according to that study.



Again, the “Research of Socio-Economic Development Ranking of Provinces and Regions (SEGE-2017)” was carried out by the Ministry of Industry and Technology in 2019 [114]. First Stage Developed Regions consisted of İstanbul, Ankara, İzmir, Kocaeli, Antalya, Bursa, Eskişehir, Muğla ve Tekirdağ regions. As can be figured out, while İstanbul, Ankara, İzmir, Kocaeli Bursa and Eskişehir are innovation leaders in terms of innovation performances. Antalya, Muğla and Tekirdağ regions have not been innovation leaders for all time periods of all variables. Konya, Kayseri and Manisa regions, which were the innovation leaders for all time periods of all variables, were located in the ‘Second Stage Developed Regions’. Although Adana was an innovation leader for all time periods of all variables, this region was identified as the ‘Third Stage Developed Region’ according to the study.



Regions with the lowest innovation performances in all time periods for all variables (as patent, utility model, trademark and design applications), which are Ağrı, Artvin, Bingöl, Bitlis, Erzincan, Hakkari, Kars, Muş, Siirt, Tunceli, Bayburt, Bartın, Ardahan, Iğdır and Kilis regions, have lower socio-economic development levels compared to other regions. According to the SPO [112], Ağrı, Ardahan, Artvin, Bartın, Bayburt, Bingöl, Bitlis, Erzincan, Iğdır, Kars and Kilis regions were the priority regions for development and Hakkari, Siirt, Tunceli and Muş were not only identified as priority regions for development, but also as regions within the scope of state of emergency regions. Similar to this, in the “Research Socio-Economic Development Ranking of Provinces and Regions (SEGE-2011)” study of the Ministry of Development [113], (i) Artvin, Bartın and Erzincan regions were in the Fourth Stage Developed Regions, (ii) Tunceli, Kilis and Bayburt regions were in the Fifth Stage Developed Regions, and finally, Ağrı, Bingöl, Bitlis, Hakkari, Kars, Muş, Siirt, Ardahan and Iğdır regions were in the last group as the Sixth Stage Developed Regions. The study [113] stated that all of the provinces in the 6th group are located in the East and Southeast Anatolia Regions.



According to the “Research of Socio-Economic Development Ranking of Provinces and Regions (SEGE-2017)” [114], ranking was the same as in the previous study as (i) Artvin, Bartın and Erzincan regions were in the ‘Fourth Stage Developed Regions’, (ii) Tunceli, Kilis and Bayburt regions were in the ‘Fifth Stage Developed Regions’, and finally, Ağrı, Bingöl, Bitlis, Hakkari, Kars, Muş, Siirt, Ardahan and Iğdır regions were in the last group as the ‘Sixth Stage Developed Regions’.



This situation shows that innovation performance and socio-economic development may be parallel with some exceptions.



In short, the similar features of these regions are not only having low innovation performances but also being identified as ‘priority regions in development (PRDs)’ or ‘state of emergency regions’ in various national studies in different years.



Although some political decisions had already been taken for the development of these regions, identified as ‘priority regions in development’ or ‘state of emergency regions’, it is figured out from the performance measurements that the efforts to realize this have not been fully rewarded, especially in terms of innovation.



The reason for this can be shown that the investments and incentives made to the regions have not been realized properly for the purpose and on-site use [115] (p. 89), [116] (p. 110). Within the scope of the five-year development plans that started with the planned period in the 1960s, the ‘PRDs’ and incentive applications were carried out in order to resolve the disparities between the regions [117], [118] (p. 282). In this context, development plans include objectives, principles and policies for the development of priority regions in economic, social and cultural aspects and thus reducing the disparities between these regions and other regions over time in terms of development [119] (p. 2). However, academic studies, that analyze policies for the PRDs with various indicators, revealed that there is a problem in the policies implemented [119] (p. 14) and that despite these policies, the desired success cannot be achieved [115] (p. 89), [116] (p. 102) and the desired and expected development rate could not be provided [120] (p. 1). Reasons for the ineffectiveness of policies for the PRDs can be summarized as follows from previous academic studies: indirect and direct resources transferred to regions within the context of the PRDs cannot remain in these provinces [115] (p. 89), [116] (p. 110). It was seen that these resources could not be prevented from going out of the regions within the scope of the PRDs [115] (p. 88) and especially in the planned period, although the public tried to steer the resource allocation directly and indirectly, the factors that shaped the development process were concentrated in the west [116] (p. 102). In addition to the realization of appropriate supports, investments and incentives, the sustainable, effective and correct uses of local resources gain particular importance within the framework of sustainable regional development, since regional innovation systems are based on the localized characteristics of the region.



Moreover, when the establishment years and number of Organized Industrial Zones (OIZs) in overall Turkey are examined, these regions with low innovation performances have few and relatively late established OIZs. This fact may be one of the reasons for them not to be innovative. However, there are some exceptions to this assumption as follows: (i) although there are some regions with OIZs established late and few in number, these regions are not the ones with the lowest innovation performances, (ii) this may not be the case for the most innovative regions, too: although the establishment of the OIZs are old and their number is high, some regions could not be among the most innovative regions even though they were relatively innovative, (iii) although some regions are among the most innovative ones, they do not meet the OIZs criteria. Therefore, the existence and activeness of the OIZs cannot be evaluated as a definitive reason.




6. Conclusions


In order to assess the innovation performances of the regions, this study focused on the intellectual assets with different forms of intellectual property rights which are accepted as the directly effective issues in the measurements of regional innovation performances and analyzed the transitions of the regions (at NUTS-3 level) in Turkey from one state to the other in terms of their innovation performances which previously defined as four different performance levels as innovation leaders, strong innovators, moderate innovators and modest innovators as a result of the four quartiles according to the 2000–2005 (t − 1), 2006–2010 (t) and 2011–2017 (t + 1) time periods.



Regarding the intellectual assets, consisting of the patent, utility model, trademark and design applications, Markov Chains have revealed that there are regional disparities (i. between regions located in the east and west of the country, ii. between metropolitan and non-metropolitan regions, iii. between high-developed and relatively less-developed regions). Results of the study show that metropolitan regions have higher performances. While Adana, Ankara, Bursa, Eskişehir, İstanbul, İzmir, Kayseri, Kocaeli, Konya and Manisa regions are the innovation leaders, Ağrı, Artvin, Bingöl, Bitlis, Erzincan, Hakkari, Kars, Muş, Siirt, Tunceli, Bayburt, Bartın, Ardahan, Iğdır and Kilis are the regions with the lowest innovation performances. In addition to having the lowest innovation performances, these regions are identified by state policies as ‘priority regions in development’ or ‘state of emergency regions’. It is explicitly distinct that İstanbul leads in the innovation performances for each variable in all time periods.



The reasons why many regions have increased their innovation performances in the last two time periods in Markov Chains may be (i) having a university or increase the number of existing universities with the policy of “at least one university with each region at NUTS-3 level”, (ii) gaining a metropolitan region status with the Law No: 6360 [111], (iii) having a governance approach with the effective collaboration and coordination of local administration, NGOs and public-private actors of the region, (iv) having an advanced level of socio-economic development and being center of attraction, and (v) the investments and incentives made to the regions.



In this context, interactions of “all important economic, social, political, organizational, institutional, and other factors etc. [121] (p. 14)”, which are important components of regional innovation systems, gain importance. Therefore, correct and effective political, legal, institutional and financial measures and solutions should be taken in all regions (not only for priority regions, but especially in all regions with the lowest innovation performances). Hence, the interaction and coordination of local actors (firms, universities, public research facilities and technology development zones/centers, etc.) in the regions is a vital importance for this innovation process to be effective.



In addition, there should be no uniform vision, mission, policy and practices in the regions with the lowest innovation performances. It is necessary to implement, monitor and audit unique and place-based innovation policy designs in the region (where local knowledge and dynamics stand out). Furthermore, awareness of innovation culture among local actors needs to be increased. In addition, the investment decisions must be made for the purpose and on-site.



On the other hand, these requirements also apply to the ‘innovation leaders’ regions with high innovation performances. In addition, these ‘innovation leaders’ regions especially need to keep their progressive efforts at the forefront of their priority goals rather than maintaining their status. Because maintaining the status marks the beginning of decline. Only in this way, can they sustain their successes in innovation. Thanks to these resilient structures, they can survive possible effects of unexpected situations arising from both internal and external (national or global) dynamics of the region. A way of ensuring sustainable regional development is to provide a sustainable regional innovation system with the local dynamics and interactions based on (i) the sectoral specializations of production, creativity, entrepreneurship and human capital; (ii) patterns of knowledge/science/technology/skills; and (iii) strong governance mechanisms with collaboration of various actors.



In addition to its strengths, it is obvious that Turkey has some challenges to innovation, as well as strong efforts to overcome them. Turkey will make a substantial progress both in innovation and sustainable development by taking the above-mentioned policies into account not only at the national level, but also at the regional levels.
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Figure A1. Assessment of regions: Patent Applications. Legend: Upgraded regions increasing their innovation performances (are shown underlined). Stable regions remained their status (shown as normal text). Retrograded regions decreasing their innovation performances (shown in italics). 
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Figure A2. Regional maps of ‘patent applications’. 
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Figure A3. Assessment of regions: Utility Model Applications. Legend: Upgraded regions increasing their innovation performances (are shown underlined). Stable regions remained their status (shown as normal text). Retrograded regions decreasing their innovation performances (shown in italics). 
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Figure A4. Regional maps of ‘utility model applications’. 
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Figure A5. Assessment of regions: Trademark Applications. Legend: Upgraded regions increasing their innovation performances (shown as underlined). Stable regions remained their status (shown as normal text). Retrograded regions decreasing their innovation performances (shown in italics). 
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Figure A6. Regional maps of ‘trademark applications’. 
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Figure A7. Assessment of regions: Design Applications (Number of Files). Legend: Upgraded regions increasing their innovation performances (shown as underlined). Stable regions remained their status (shown as normal text). Retrograded regions decreasing their innovation performances (shown in italics). 
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[image: Sustainability 14 10035 g0a7]







[image: Sustainability 14 10035 g0a8 550] 





Figure A8. Regional maps of ‘design applications (number of files)’. 
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Figure A9. Assessment of regions: Design Applications (Number of Designs). Legend: Upgraded regions increasing their innovation performances (are shown underlined). Stable regions remained their status (shown as normal text). Retrograded regions decreasing their innovation performances (shown in italics). 
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Figure A10. Regional maps of ‘design applications (number of designs)’. 
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Figure 1. Research design of the study. 
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Table 1. Methodology and Data.
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	Methodology
	Data
	Source
	Values
	Time Periods
	Innovation

Performance Groups





	Markov Chains
	- Patent Applications

- Utility Model

Applications

- Trademark

Applications

- Design

Applications

(both file and

designs)
	Turkish

Patent and

Trademark

Office
	Distance from the mean values to the

median
	2000–2005 (t − 1),

2006–2010 (t)

and

2011–2017 (t + 1)
	- The upper group as

innovation leaders,

- The upper-middle group

as strong innovators,

- The lower-middle group

as moderate innovators

and

- The lower group as

modest innovators.
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