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            1. Introduction 

The role of innovation, which is the basis of capitalist economic development, in economic 

growth was first introduced by Schumpeter (1911). Following the crisis of Fordism, innovation was 

brought back to its central position among the models of economy and development (Kebir et al., 2017). 

The changes that occurred in the production systems after the crises of the 1970s and the geographical 

restructuring process of the global economy have led the old industrial regions to lose their competitive 

advantages to the innovative regions such as Silicon Valley, Route 128, Emilia Romagna, and 

Cambridge, and on this basis, the regional development based on innovation has begun to occupy more 

of the agenda (Gordon and McCann, 2005). The empirical studies on regional economics, regional 

science, and economic geography related to these regions that developed in accordance with innovation 

during the 1980s (Dorfman, 1983; Harris, 1988; Meir, 1981; Oakey, 1984; Oakey, Thwaites, and Nash, 

1982; Saxenian, 1983, 1985, 1989, 1990) pointed the importance of spatial patterns in the initiation and 

maintenance of innovation (Krugman, 1991; Maskell and Malmberg, 1999). Many researchers have 

begun to explore the geographical side of innovation (Buesa et al., 2010; Crescenzi et al., 2007; 

Crescenzi and Rodríguez-Pose, 2017; Tan et al., 2017; Yang and Lin, 2012; Zemtsov et al., 2016). The 

emphasis placed on the relationship between place and innovation has increased, and spatial dynamics 

have begun to be used as an important variable (Boschma and Martin, 2010). 

Especially, the studies conducted on the SMEs (Small and Medium-Sized Enterprises) have 

shown that the economic and non-economic factors have an influence on the innovation performance of 

the firms, and these factors are related to the dynamics of the regions where the firms are located 

(Bougrain and Haudeville, 2002; Cooke and Morgan, 1994; Cornish, 1997; Hansen, 1990; Keeble, 1997; 

Keeble and Wilkinson, 1999; Maskell and Malmberg, 1999; Morgan and Cooke, 1998). Indeed, spatial 

dynamics are an intrinsic feature of a knowledge-based and innovation-oriented economy (Baycan, 

Nijkamp, and Stough, 2017). Traditional spatial dynamics in innovation are discussed in the concepts 

of new industrial spaces (Storper and Scott, 1988), cluster (Malmberg and Maskell, 2002; Maskell, 2001; 

Porter, 1990), learning region (Morgan, 1997), innovative milieu (Asheim, 1996), etc. This traditional 

literature related to innovation was widely just focused on a location’s specific dynamics. This literature 

is called territorial innovation (Moulaert and Sekia, 2003). All these are highlighted the importance of 

human capital (quality of the population), institutional infrastructure (like hard institutions [the existence 

of universities, the presence of R&D centers, government agencies, etc.] and soft institution [social 

capital which based on trust and quality of network and collective learning culture in a region]) on 

innovation. 

Another stream of literature emphasizes added extra local dynamics to local dynamics with the 

concepts such as global pipeline (Bathelt, Malmberg, and Maskell, 2004), temporary cluster (Bathelt 

and Schuldt, 2008; Maskell, Bathelt, and Malmberg, 2006; Rinallo and Golfetto, 2011; Torre and Rallet, 

2005), which based on international/transnational effect on knowledge flows which are possible to give 

rise to generate innovation (Bathelt and Henn, 2014; Bathelt and Li, 2013; Bathelt et al., 2004; Dicken 

et al., 2001; Humphrey and Schmitz, 2002). And the proximity concepts such as cognitive, 

organizational, social, and institutional proximity also give us some clues about recognizing the extra-
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local dynamics (except for geographical proximity) (Boschma, 2005; Capello and Varga, 2013; Torre 

and Rallet, 2005). 

To sum up, briefly, we have two kinds of literature. In the first one, local dynamics play a 

significant role in innovation, and the second one points out extra-local dynamics. Both first and second-

stream literature are rarely studied together. Our research will combine both of this literature. This is 

one of the originalities of the present study. 

The studies on innovation at the regional level have been conducted over patent application (PA) 

(Cantner, Meder and Ter Wal, 2010; Oakey et al., 1982) and/or R&D expenditure data, either as dealing 

with the distribution of innovation activities within the country or comparing some selected countries 

according to certain criteria over the same data (Audretsch and Feldman, 1996; Feldman and Florida, 

1994; Fischer, Goncalves and Almeida, 2009; Guerro and Sero, 2011; Lim, 2003; Scherngell and 

Jansenberger, 2009; Sun, 2000; Tan et al., 2017). There are studies in the literature based on the regional 

dynamics of innovation (Buesa et al., 2010; Crescenzi et al., 2007; Crescenzi and Rodríguez-Pose2017; 

Tan et al., 2017; Zemtsov et al., 2016); however, these studies focus only on the regional determinants 

of innovation. In other words, they do not include the uniqueness of the regional determinant of 

innovations for each region. Therefore, even if the data are obtained on a regional scale, the results 

include the determination of the dynamics that affect the national innovation performance. It is seen that 

studies based on spatial analysis, in which empirical analysis of these dynamics are made for each 

region, and the effects of internal and external factors on the innovation performance of each region are 

not sufficiently discussed in the literature. 

At the same time, it should be noted that, in the context of Turkey, the studies on innovation 

activities are also far from the perspectives mentioned above (Elçi, Karataylı and Karaata, 2008; Işık 

and Efe Can, 2011; Şahinli and Kılınç, 2013). Most of these studies are also far from the geographical 

perspective, and their aim is yet to discover and understand the general dynamics of innovation activities 

in the country. On the other hand, the studies reveal the impact of innovation on national performance 

through external factors (Kuştepeli et al., 2013) and studies on the importance of proximity types in the 

dissemination of innovation on a sectoral scale (Altuğ, 2021; Altuğ and Yılmaz, 2018; Kaygalak and 

Reid, 2016) are important for the development of national literature. 

As we will show in the next section, innovation is spreading as well as rising throughout Turkey. 

But some regions are still more innovative than the others in Turkey. In this context, the research has 

three main purposes. The first one is to put together a region’s internal (local) and external 

(international/transnational) dynamics having on innovation. In this way, we will go beyond the 

traditional concept which is mentioned above. The second one is to reveal the spatial dynamics affecting 

innovation in Turkey. The last one is to find out whether these dynamics exhibit the same effect in every 

region spatially. This means the study reveals the spatial uniqueness of innovation activity. In this 

respect, the research differs from the other studies. 
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2. Description of Spatial Distribution and Temporal Change of Innovation in Turkey 

In the beginning, the historical and spatial pattern of innovation activities in Turkey is described 

in this part of the study. It has been observed that the innovation activities in Turkey developed in a 

stable until the early 2000s (Figure 1). There has been a significant increase in the number of PAs since 

the beginning of the 2000s. This situation becomes clearer when the increase in the number of PAs is 

examined periodically. It has been observed that the increase in the total number of PAs was 123% 

between 1995 and 2001, 136% between 2002 and 2006, 146 % between 2007-2012, and 91% between 

2012 and 2017. 

 

                Figure 1. Patent and R&D in Turkey.  

The increase in the number of PAs in Turkey can also be explained by the fact that the 

government attaches more importance to innovation policies. Within these policies, it is necessary to 

put emphasis, especially on R&D expenditures and incentives for R&D personnel, Development 

Agencies, KOSGEB (Small and Medium Enterprises Development Organization of Turkey), university 

research funds, and legal arrangements1. It can be said that R&D expenditures and R&D personnel 

incentives have turned into an effective policy instrument. As a matter of fact, when the data obtained 

from the Turkish Statistical Institute (TURKSTAT) is examined; while the total R&D expenditure in 

2001 was approximately 1.3 billion TL (Turkish Liras) and its ratio to Gross Domestic Product (GDP) 

was 0.53%, the total R&D expenditure in 2016 increased to 24.6 billion with a GDP ratio of 0.94%. 

Although the R&D expenditures are rather low when compared to developed countries, it seems to be 

on an upward trend (OECD, 2018). However, it is seen that the total R&D expenditure in the last fifteen 

years has increased by about eighteen times and its GDP ratio by about two times (Figure 1 and 2). 

A similar situation has been identified in the number of R&D researchers. According to 

TURKSTAT, the human resource employed in R&D was 51,193 in 1995, which later increased to 

76.074 in 2000 and to 242.213 in 2016 in Turkey. Accordingly, the number of R&D personnel has also 

increased by three times in the last 15 years. Therefore, it can be stated that responding positively to the 

applied policies, the increase in PAs has gained momentum. These increases were not only numerical 

but also proportional. As a matter of fact, while the ratio of total R&D expenditures to GNP was 0.53% 
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in 2001, it increased to 0.95% in 2017. Similarly, the share of the number of R&D personnel in the total 

population increased from ‰1,70 to ‰3.30 between 2007 and 2017, respectively (Figure 2). This 

increase was also reflected in the spatial expansion (Figure 3). Considering the breaking points that 

occurred in the temporal change of patent application data, it is possible to examine the spatial 

development of innovation activities in four periods. Taking into account the possibility that the current 

figures can hide the aforementioned reflection and change, the number of patents per one hundred 

thousand population has been used. In order to compare the changes between the periods, four categories 

were determined by taking into account the data of the last period and their natural breakdowns and 

were used jointly in all periods (0,00-0,99, 1,00-4,99, 5,00-9,99, 10,00 -14,99, 15,00+), (Figure 3). 

 

       Figure 2. The Percentage of R&D Expenditures to GNP and The Percentage of R&D Personnel to Total Population. 
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     Figure 3. Spatial and temporal development of innovation activities in Turkey. 

Considering the number of patents per hundred thousand people in the first period covering the 

years 1995-2001, it is seen that innovation activities are concentrated in Istanbul. During the second 

spatial development period covering the years 2002-2006, it is seen that Ankara, İzmir, Eskişehir, Bursa, 

Kocaeli, Sakarya, and Tekirdağ regions have risen to a higher category. These regions also correspond 

to the regions where the heart of the Turkish economy beats. The third period, covering the years 2007-

2012, is the period when innovation activities spread the most spatially. In the period covering the years 

2013-2017, it is seen that the spatial spread continues even slightly, while other regions, in turn, have 

increased to the upper category. As we can follow from the map, innovation activities are spreading 

from the oldest industrial regions of the country, such as Istanbul, Ankara, and Izmir, to the periphery 

of these provinces. There has been a significant increase in innovation activities in provinces such as 

Kocaeli, Bursa, and Tekirdağ located on the periphery of Istanbul; Eskişehir, Konya, Kayseri located on 

the periphery of Ankara; Manisa, located on the periphery of İzmir, and Gaziantep. In addition to 

Istanbul, Ankara, and Izmir, these provinces are also “New Industrial Spaces” where the industry is 

developing in Anatolia called “Anatolian Tigers” (Eraydın, 2002). 
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3. Theoretical Framework  

3.1. Internal and External Assets in Innovation 

The inclusion of spatial perspective into innovation studies has increased the significance of 

innovation in regional development and thus, helped it become an important political instrument in 

regional and national development. Innovation is a process that requires a symbiotic relationship rather 

than an activity just alone. This symbiotic relationship involves the interoperability of internal and 

external resources together (Baycan et al., 2017). In other words, innovation often takes place in 

symbiotic networks, which are not only necessarily local, but also global connections (Capello, 2017; 

Larsen, 2014; Miguelez and Moreno, 2018; Smith and Thomas, 2017). 

Economic development and innovation studies take into consideration the role of local assets 

like human capital and institutional infrastructure involving universities, research, and technology 

centers, government agencies, associations, etc., which we used most of them as data (Baycan et al., 

2017; Crescenzi and Rodriquez-Pose, 2017; Feldman and Florida, 2004; Sayili, 2020; Zamtsov et al., 

2016). Especially, human capital is widely accepted as a crucial source of creating knowledge. As 

Faggian (2005, p. 362) stated, human capital refers to 'knowledge, skills and competencies embodied in 

individuals that increase their productivity. Despite the fact that human capital is a crucial role in 

innovation, Riccardo Crescenzi and Rodríguez-Pose (2017) suggest that innovation can be a result of 

different forces and mechanisms. Of course, in a globalizing world, the source of innovation is 

impossible, embedded just in human capital. As Baycan et al. (2017) stated that in a globalizing world, 

cities and regions turned from 'islands of isolation'. That is why in the globalizing world needs extra-

local assets, too. The extra-local assets can also be a driving force of development and innovation 

studies. For example, transnational networks can facilitate innovation activity (Crescenzi and 

Rodríguez-Pose, 2017) or knowledge transfer which generates innovation (Henn, 2012; Müller and 

Franz, 2019). In this context, exporting and foreign direct investment are considered as one of the 

dynamics of innovation, which is called openness (Andersson and Johansson, 2008; Andersson and 

Lööf, 2009; Fassio, 2017; Lopez-Bazo and Motellon, 2018; Salomon and Shaver, 2005; Yang and Li, 

2012). 

As a result, the innovation process develops under different parameters, and these parameters 

are in relation to each other. So, comparing the innovation processes of Turkey and South Korea, Erciş 

and Ünalan (2016) attributed the widening of the development gap between the two countries with equal 

GNP in the 1980s to innovation parameters. For this reason, in order for Turkey to close this gap, it is 

necessary to increase the amounts of R&D centers, researchers, and research funds, strengthen human 

capital, increase the number and quality of universities, change the technology level of the product 

pattern it is has recommended developing parameters such as. In fact, it has been shown empirically that 

these parameters increase innovation performance and competitiveness at the firm scale (Seyfettinoğlu 

et al., 2020). 

3.2. Parameters Used in Innovation Measurement 

With respect to measuring innovation activity, this activity is generally measured by the number 

of PAs in the relevant literature. PAs have seen the impact of innovation on national and regional 
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development. The reason is that the PAs are regarded as the output of the total effectiveness of a region 

or country in innovation activities (Acs et al., 2002; Griliches, 1998; Smith, 2005). On the other hand, 

the data also provide convenience in terms of indicating the distribution of the innovation between 

regions and countries and enabling comparisons. 

It can be said that the studies that investigate the regional distribution of innovation activities 

are generally exploratory studies, and the parameters affecting the distribution provide a general 

framework in terms of comprehending the subject. As a matter of fact, Sun (2000), in his research in 

which he studied the spatial distribution of patents in China, found that the innovation systems were 

weakening in the eastern industrial regions such as Beijing, Shanghai, and Tianjin while the new and 

fast-growing regions such as Guangdong, Shandong, Zhejiang, and Fujian were pointed to be more 

creative. However, there has been no evidence for the spatial causes of the factors that lead to this 

situation. Ricardo Crescenzi and Jaax (2017) investigated the relationship between regional R&D 

expenditure and patenting in regional innovation performance. In Russia, they found that R&D 

expenditure, human capital, multinational enterprises (MNEs), and other determinants affect regional 

innovation performance. But they didn't examine all region's level effects of these determinants. In 

another study on the Russia case, it was revealed that human capital investment is more effective in 

creating innovation than investment in R&D. In other words, without qualified human capital, the 

investment in R&D cannot produce the expected effect (Zemtsov et al., 2016). Lim (2003) studied the 

spatial distribution of innovation in metropolitan regions in the United States, and he found that the 

intensity of innovative activity in a metropolitan region was spatially related to the innovative activity 

of neighboring metropolitan regions. In his work in which he used exploratory spatial data analysis, he 

did not specify what parameters affect innovation activities in metropolitan regions or which ones 

provide the relationship between metropolitan regions. However, in another study, it was revealed that 

the innovation capacity of the periphery region weakened as the metropolitan regions attracted the 

qualified workforce in the periphery (Tan et al., 2017). Quatraro's (2009) research revealed that public 

expenditure on R&D in the diffusion of knowledge between regions was more important than private-

sector spending. The study conducted by Gonçalves and Almeida (2009) is partly different from these 

studies. In that study, in which they tried to explore the parameters that influence the innovation 

performance of micro-regions in Brazil, it was discovered that the multinational presence of firms in the 

regions, urban density, and university activities all affected the innovation performance of the regions. 

Unlike the spatial distribution of innovation activities, this study, important in determining the dynamics 

affecting the distribution, analyses the parameters affecting the innovation performance of the regions 

on the macro level and does not provide any evidence of regional differentiation. 

On the other hand, there are also studies that compare the innovation performance of countries 

by using the PA data and even ones that demonstrate the intensification of innovation among the regions 

of the countries that are compared. In a study in which Jung and Imm (2002) compared Korea and 

Taiwan's both domestic and international PA performances, it was found that US-based grant rates and 

methods affected the performance of countries. In another study in which Liu and Sun (2009) compared 

the spatial distribution of innovation in China and the United States, they realized that China's innovation 

activities had increased rapidly in recent years while there had been a relative slowdown in the United 
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States. It was found that innovation activities in both countries concentrated on coastal regions, and the 

spatial differentiation of patents in China was found to be more prominent than in the United States. In 

their study in which they examined the geographical localization of knowledge diffusion in Europe, 

Fischer et al. (2009) used the patent data in the high-tech sectors and concluded that inside the national 

boundaries were more influential of knowledge spillovers. Thus, the flow of knowledge among 

technologically close regions within European countries could go beyond national boundaries. These 

studies, like the others, which compare the performance of innovation among countries, focused more 

on spatial distributions rather than explaining the factors that cause spatial differentiation in innovation 

activities. 

In addition to these studies, analyzing the spatial and regional differentiation of innovation 

activities through patent data, there are also studies that analyze this differentiation through R&D 

activities (Audretsch and Feldman, 1996; Crescenzi and Rodríguez-Pose, 2013; Rodríguez-Pose and 

Crescenzi, 2008; Tan et al., 2017; Yokura et al., 2013). The common point of these studies is that they 

all deal with the R&D processes -an important variable for innovation activities-knowledge production 

-a part of R&D processes-and knowledge diffusion on a regional basis. However, the spatial change of 

innovation and knowledge diffusion arising as a result of R&D activities is not analyzed in these studies. 

On the other hand, besides the local factors that cause innovation, the number of researches on 

understanding the transnational effect has been increasing in recent years (Fassio, 2017; López-Bazo 

and Motellón, 2018; Miguelez and Moreno, 2018). However, it has not been found which of these 

variables have a specific effect on the regions. 

As a result, these studies trying to establish the connection of the innovation with the region 

focused on showing the spatial distribution of innovation activities. While indicating the distribution of 

activities in the place is one of the basic tools of geography science, it is also crucial to explain the 

factors that cause this distribution and to address these explanations in such a way as to create spatial 

uniqueness in each region's basis. From this point of view, this research is also aimed to fill the gap in 

the literature. 

4. Data 

In this study, data were obtained from secondary sources at the NUTS 3 level (81 provinces). 

We used the data as dependent and independents. The dependent variable of the study consists of the 

PA2 data. In innovation studies, data on PAs are frequently used as innovation indicators (Cantner et 

al., 2010; Fischer et al., 2009; Gonçalves and Almeida, 2009; Gordon and McCann, 2005; Makkonen, 

2012; Miguelez and Moreno, 2018; Oslo-Kılavuzu, 2006; Piergiovanni and Santarelli, 2001; Quatraro, 

2009; Reiffenstein, 2009). We used the PA data that covers the totality from 2012 to 2017. In order to 

remove the misleading effect of the one-year grant, the number of five-year PAs covering 2012 to 2017 

was taken as the basis. And then, the totality of 2012-2017 PA data was calculated to the population of 

2017. So, we created the PA per person as a dependent variable, which we called INNOV (see Table 1). 

As it is shown in Table 1, we used fourteen independent variables. The variables consist of two 

external and twelve internal resources, which have four sections human capital, wealth and 

entrepreneurship, technological capabilities, and institutional infrastructure. We used export3 and the 
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number of foreign capital investment companies per person as external resources. As discussed above, 

export and FDI are one of the factors that feed innovation (Andersson and Johansson, 2008; Andersson 

and Lööf, 2009; Fassio, 2017; Lopez-Bazo and Motellon, 2018; Salomon and Shaver, 2005; Yang and 

Li, 2012). External resources also show the openness of a region. In innovation studies, the variables 

such as external resources (Andersson and Lööf, 2009; Fassio, 2017; Giuliani, 2011; López-Bazo and 

Motellón, 2018; Miguelez and Moreno, 2018; Smith and Thomas, 2017) and internal resources like 

human capital, entrepreneurship and institutional infrastructure (Capello and Lenzi, 2013; Crescenzi and 

Rodriquez-Pose, 2017; Feldman and Florida, 1994; Goncalves and Almeida, 2009; Guerro and Sero, 

2011; Hu, 2008; Martin et al., 2005; Sun, 2000; Zamtsov et al., 2016) frequently used in the literature. 

Another stream of the literature emphasized a clustering tendency for innovation. This can be called as 

technological capabilities of a region. These pieces of literature reveal that because innovation is the key 

to the success of high-tech industries, high-tech industries tend to have more clusters in a specific region. 

This kind of clustered region at a specific technological level is more innovative than others because of 

benefiting from reciprocal technology spillovers (Florida and Kenney, 1988; Fosfuri and Rønde, 2004; 

Nazari et al., 2020; Xie et al., 2011). We used location coefficients to measure clustering at a certain 

technology level. We used location quotient (LQ) to measure clustering at a certain technology level. 

We called it the technological capabilities and cluster tendency of a region. All of the data we used are 

described in Table 1. 
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Table 1. Definitions of dependent and independent variables used in regression analysis. 

  Variables Literature Code Descriptions and period of data Source of data 

  Dependent Variable     

  DV1- Patent 

application per person  

Acs et al., 2002; 

Goncalves and Almeida, 
2009; Makkonen, 2012; 

Lim, 2003; Tan et al., 

2017; Crescenzi and 
Rodriquez-Pose, 2017 

INNOV The ratio of the total number of 

patents between 2012-2017 to 
the city population in 2017 

TPTO4 

   Indepented Variables     

E
x

te
rn

a
l 

re
so

u
rc

es
/o

p
en

n
n

es
s 

 

ER1-Export per person 

(thousand $)  

Salomon and Shaver, 

2005; Andersson and 
Johansson, 2008; 

Andersson and Lööf, 

2009; Yang and Li, 
2012; Fassio, 2017; 

Lopez-Bazo and 

Motellon, 2018  

EXP The ratio of the total export between 

2012-2017 to the city population in 
2017 

TURKSTAT 

ER2-Amount of 

foreign investment per 

person 

Smith and Thomas, 

2017; Bathelt and Li, 
2013; Kuştepeli et al., 

2013; Müller and Franz, 
2019 
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CHE6 
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RDPER The ratio of the employees in 
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WE1-GDP (per capita) 

($)  

Zamtsov et al., 2016; 

Sayili, 2020; Tan et al., 

2017 

GDP Average of GDP per capita 

between 2012-2017 

TURKSTAT 

WE2-Employment rate 

(%)  

EPR Employment rate in 2013 TURKSTAT 
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entrepreneurial 
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TC-1- Technological 

level (low, medium-
low, medium-high, 

high) 

 

Florida and Kenney, 
1988; Fosfuri and Rønde, 

2004; Xie et al, 2011; 

Nazari et al, 2020 
 

 

TECHLQLOW 

TECHLQMLOW 
TECHLQMHIGH 

TECHLQHIGH 

Location quotient of 

technological level 2013-2017 
(technological level was 

classified by OECD technology 

classification) 
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II1-The number of 

R&D and design 
centre per person  

Feldman and Florida, 
1994; Crescenzi and 

Rodriquez-Pose, 2017 

NRDC  The ratio of 

the number of 
R&D and 

design centre 

in 2018 to the 
city 

population in 

2017 

MIT 

 II2- Schooling rate in 
secondary school (%)  

SREDU Average of 
schooling rate 

in secondary 
school 

between 

2012-2017 

TURKSTAT 
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5. Method 

As it is known, regression analysis is performed to predict the effect of independent or 

influencing variable(s) on dependent or affected variable(s). The regression method is also referred to 

as the global regression (GR) model as it does not take spatial differences into account (Fotheringham 

et al., 2002). In this regard, the model to be estimated in the study is as follows: 

LnINNOV=  + 1LnEXP + 2Ln ASTF+ 3Ln RDPER + 4Ln PGP + 5Ln GDP+ 6Ln 

EPR + 7Ln ENIPP + 8Ln FDI + 9Ln TECHLQLOW+ 10Ln TECHLQMLOW+ 11Ln 

TECHLQMHIGH+ 12Ln TECHLQHIGH+13 Ln NRDC + 14 Ln SREDU+   

We conducted the analysis in three stages. In the first part of the study, the variables that predict 

the innovation will be determined with the global regression (GR) model established above, and in the 

second part, using the information obtained from GR, an analysis which is sensitive to spatial differences 

and expressed as geographically weighted regression (GWR) will be conducted. In this view, it will be 

understood how the dynamics that predict innovation are spatially differentiated. And the last stage, we 

try to understand what the reason for this differentiation is. For this purpose, we focused on the 

technology level of the regions according to OECD classification (low, medium-low, medium-high, 

high). 

It should be noted that the analysis was conducted based on the 41 provinces, not all the 81 

provinces of the NUTS level 3 in Turkey. The reason that it is conducted 41 provinces is due to the 

absence of R&D or design centers in all 81 provinces. Thus, 40 provinces without R&D or design centers 

were excluded from the analysis. 

6. Findings 

Our findings will be presented in three stages. In the first step, we will perform the regression 

analysis to determine the internal and external factors that affect innovation. In the second step, we will 

try to understand that these factors do not have the same effect in each region by GWR analysis. In the 

next section, we will discuss the findings obtained by GWR analysis. In this section, we will try to make 

sense of GWR results. 

6.1. Findings Obtained by Regression Analysis 

As there were multiple variables used in this study, multiple linear regression analysis was 

applied. The results of the test subjects shown in Table 2 and Table 3 are among the accepted values in 

terms of the validity of the analysis. The subject matter is important in terms of the possibility that it 

provides for a generalization. The D-W values between 1.5 and 2.5 indicate that there is no 

autocorrelation; hence, this is the range of values that must be considered for the analysis to be valid 

(Küçüksille, 2017). As shown in Table 2, with 2,116, D-W values are among the accepted values. 

Another test to check the validity of the analysis is the VIF test. If the VIF value is equal to 1, there is 

no multiple linear dependencies. There is a moderate multiple linear dependence if 1 <VIF≤5; a high 

level of multiple linear dependence if 5<VIF≤10; and a high level of multiple linear dependence if 

VIF>10 (Küçüksille, 2017; Özdamar, 2009: 523-524). From this point, if the VIF is between 1 and 5, 
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the analysis is statistically valid. As seen in Table 3 VIF value is 1,264 in our analysis. Therefore, the 

VIF test also confirmed that the analysis is statistically valid. 

As known, in regression analysis, the prediction effect of the independent variables on 

dependent variables is provided through creating a model. There are two commonly used methods to 

create that model. One is the 'enter', and the other is the 'stepwise' method. The stepwise method is 

preferred in this study as it is automatically set by the software. In this method, all variables considered 

to be related to the dependent variable are cultivated, and the variables that have the effect of prediction 

on the dependent variable are automatically selected by the software based on their order of importance. 

When there are a large number of independent variables, the stepwise method-based regression model 

is the only method that gives the best regression model that maximizes R2 while minimizing the number 

of independent variables (Clark and Hosking, 1986, p. 419). 

After providing the assumptions of regression analysis, the software created two models as a 

result. In this research, the second model is taken into consideration as it is the model with the highest 

description effect (74 %).  

As known, ANOVA is the first table to be taken into consideration in regression analysis. The 

ANOVA table is important in that it shows whether the analysis is significant or not. The ANOVA 

results show that the analyze is statistically significant at p <0.000. 

   Table 2. Model summary of regression analysis. 

On the other hand, the table of model summary and the table of coefficients give the regression 

coefficients and their significance levels which are used for the regression equation. The description 

effect of each model on the dependent variable is best understood through adjusted R2 value, the 

contribution level of the variable to the model through t value, the prediction level of the independent 

variable on the dependent variable through  value. Accordingly, the results of the model are as follows.  

There are two independent variables in the model that predict the dependent variable (patent per 

person/INNOV): the number of employees in R&D and design centers (RDPER) export per person 

(EXP). The R2=.728 value of the model indicates that the model reveals 73% of the effect on the 

innovation. The three variables that predict innovation all have a high level (p=,000) and positive 

significance (Tables 2 and 3). The t values indicating the level of effect of these three independent 

variables on innovation are very close to each other. This effect appears to be (t=6,514) in RDPER, 

(t=4,267) in the EXP. These results showed that human capital has to effect the patent activity much 

more than export. This means internal resources are more important than external ones in patent activity. 

Model Summaryc 

Model R R Square Adjusted R 

Square 

Std. Error of 

the Estimate 

Change Statistics Durbin-

Watson 
R Square 

Change 

F Change df1 df2 Sig. F 

Change 

1 ,786 a ,617 ,607 ,49167 ,617 62,870 1 39 ,000  

2 ,861b ,741 ,728 ,40955 ,124 18,208 1 38 ,000 2,116 

a.Predictors: RDPER 

b. EXP 
c. Dependent Variable: INNOV 
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The regression coefficients in the model are as follows: in the RDPER (=,605), in the EXP (=,396). 

As evidenced by the beta values, it is estimated that any 1% increase in the human capital of a region 

can increase the innovation by an additional of %0,605, any 1% increase in the export by an additional 

0.396% (see Table 3).  

Table 3.  Coefficient results of regression analysis. 

The findings of the analysis are compatible both with the literature that shows the positive 

impact that human capital has on innovation (Iqbal et al., 2011; Kanama and Nishikawa, 2017; Riccardo 

Crescenzi and Rodríguez-Pose, 2013; Sayili, 2020; Tan et al., 2017) and with the literature that shows 

the positive impact that the export has on innovation (Andersson and Lööf, 2009; Fassio, 2017; López-

Bazo and Motellón, 2018; Movahedi et al., 2017; Rodil et al., 2016; Salomon, 2006; Salomon and 

Shaver, 2005) learning (Andersson and Lööf, 2009) and productivity (Andersson et al., 2008). 

6.2. Findings Obtained by Geographically Weighted Regression (GWR) Analysis 

Regression analyses are place-blind analyses that take into consideration the place is flat, which 

does not take the spatial differentiation into account. In other words, it is assumed that the models created 

according to the regression analysis will give the same results in each region. However, in the real world, 

the place is rough. In this sense, while regression analysis is defined as 'global' because of its blindness 

to differentiation of place, GWR analysis is sensitive to place. That is to say, and the GWR analysis 

reveals that the prediction results of the global regression analysis cannot have a similar effect in each 

region (Fotheringham et al., 2002; Longley et al., 2011, pp. 356-360). The following maps generated 

according to GWR analysis results show that the predictors in the global regression model are spatially 

differentiated. 

The predictive variables (like RDPER and EXP) obtained by the global regression model are 

subjected to GWR analysis. The GWR results about these variables are shown in Figures 4 and 5. It is 

seen that the number of personnel working in R&D and design centers per person (it means human 

capital called RDPER), one of the predictors, does not have the same standard deviation everywhere, as 

shown in Figure 4. For instance, the effect of the human capital in the cities indicated by yellow on the 

dependent variable is close to the values in the global regression model. This shows that the human 

capital in the cities colored in yellow has close predictive power to that in the global regression. There 

are seen negative deviations in the prediction of innovation of human capital towards the blue colors 

and positive deviations towards the red colors. This indicates that the human capital’s ability to predict 

innovation is moving away from the average in the blue and red provinces (Figure 4).  

Coefficientsa 

Model Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig. 95,0% Confidence 
Interval for B 

Correlations Collinearity Statistics 

B Std. 
Error 

Beta   Lower 
Bound 

Upper 
Bound 

Zero-
order 

Partial Part Tolerance VIF 

(Constant) -8,123 ,903  -8,996 ,000 -9,951 -6,295      

RDPER ,346 ,053 ,605 6,514 ,000 ,238 ,453 ,786 ,726 ,538 ,791 1,264 

EXP ,170 ,040 ,396 4,267 ,000 ,090 ,251 ,672 ,569 ,352 ,791 1,264 

Dependent Variable: INNOV 
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Figure 4. GWR map of spatial determinants of innovation. Dependent variable: INNOV; Independent variable: Number of 

personnel working in R&D and design centres (RDPER). 

 

Figure 5. GWR map of spatial determinants of innovation. Dependent variable: (INNOV), Independent variable: Export per 

person (EXP). 

Based on the GR model, another predictor variable that contributed to the increase in innovation 

was determined as export per person (EXP). As seen in Figure 5, the spatial response of this predictor 

also differs. While the EXP in yellow regions are an important variable that predict the innovation, the 

standard deviation of the variable gains positive or negative values from orange to red or from grey to 

blue and the predictability of this independent variable over innovation is becoming increasingly 

insignificant. GWR results show that the independent variables predicting innovation differ regionally. 
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7. Discussion and Conclusion  

In this study, spatial determinants of innovation in Turkey are modeled statistically. As it is 

shown in Figure 3, the innovative regions of Turkey are concentrated. The concentration tendency of 

innovative regions is the same as other regional innovation studies in the literature (Crescezni et al., 

2012; Goncalves and Almeida, 2009; Guerro and Sero, 2011; Lim, 2003; Quatraro, 2009; Tan et al., 

2017). Knowledge spillovers have spilt from the innovation pioneers such as Istanbul, Ankara, and Izmir 

to the new industrial regions in the neighborhood thanks to the advantages of geographical proximity, 

and as a result, the innovation capabilities of these regions have increased rapidly in twenty years. This 

means the new innovative milieu has absorbed knowledge from its more innovative neighbours. The 

findings of the spillover effect are similar to those of Crescenzi and Jaax (2017). However, this does not 

mean that former industrial regions have lost their innovation capabilities. This finding contradicts the 

findings of Sun (2000) in China. 

Although innovation is a development that is spreading throughout Turkey, it is also seen that 

the differentiation between regions is evident. As previously emphasized, the focus of this study is also 

to reveal the dynamics that create the differentiation. As a result of the regression analysis conducted on 

NUTS Level 3 to determine the factors affecting the distribution of innovation activities within the 

country. It is seen in the model resulting from the analysis that the number of personnel working in R&D 

and design centers per person (RDPER), which we can call it as human capital, and export per person 

(EXP), which we call it external source, is the determinant on the innovation activities in Turkey. When 

we evaluate both variables in their contexts, we encounter two different situations. Results showed that 

the influence of human capital in innovation activities in Turkey is efficient. This result shows that 

internal dynamics are important for innovation activity. The importance of human capital based on our 

findings is consistent with the following literature (Baycan et al., 2017; Crescenzi and Rodriquez-Pose, 

2017; Sayili, 2020; Tan et al., 2017; Zemtsov et al., 2016). On the other hand, export’s impact on 

innovation activities can be related to external knowledge flows (Andersson and Johansson, 2008; 

Andersson and Lööf, 2009; Fassio, 2017; Lopez-Bazo and Motellon, 2018; Salomon and Shaver, 2005; 

Yang and Li, 2012). In fact, the global pipelines Bathelt et al. (2004) created by exports provide the 

formation of knowledge pathways. 

The abovementioned studies about the spatial dynamics of innovation are presented in a 

generalist understanding, with no focus on regional uniqueness. To demonstrate this uniqueness, the 

GWR model, which has never been used before in innovation studies, was used. Using the GWR 

analysis to figure out the uniqueness of the determinant is a methodical innovation that this study adds 

to the innovation studies. 

According to the GWR results in which the effect levels of the two parameters (the components 

of the model resulting from the regression analysis) for each region on NUTS Level 3 are analyzed, it 

is found that these two variables do not have the same level of effect on each region (Figures 4 and 5). 

According to the results of the GWR analyses, the spatial dynamics with the highest impact on 

innovation in Turkey are sequential as follows: The number of personnel employed in R&D and design 

centers per person and export per person. The effect of this variable on each region (province) is flexible. 
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As you will see in Figure 4, the human capital on innovation activities has not the same effect in each 

region. For instance, in the regions whose yellow colours, human capital (RDPER) is important, as the 

GR model, but in the other regions, the human capital does not have the same effect on innovation as 

the yellow ones. In the regions except for yellow ones, where the effect of human capital is found to be 

relatively small, on the innovation performance of the regions. 

On the other hand, it has been seen in Figure 5 export per person (EXP) has not had the same 

effect on innovation, either. As a result, human capital and openness are important factors for innovation, 

but they do not have the same effect on innovation in every region. In order to understand why the 

factors affecting innovation do not have the same level of impact in each region, more focus is needed 

on the structure of each region. 

As Barca et al. (2012) and Capello and Lenzi (2013) already stated, our empirical findings from 

GWR show the need to take into account place-based approaches. Because the same variables do not 

have the same effect on every region as we mentioned above. 

These findings showing the distribution of innovation activities and the regionally differing 

factors that cause regional differentiations set this study apart from the other researches and serve as an 

original finding. Therefore, even within the same country, different spatial dynamics have been found 

to have an impact on innovation activities. It should be noted that these spatial dynamics are 

complementary to each other. 

In conclusion, this study indicates that different spatial dynamics are effective on the innovation 

performance of the regions, mentions that these dynamics can differ from region to region even within 

the same country, and puts the emphasis on the fact that future studies to focus on the dynamics that 

provide spatial differentiation. The research also depicted an important image reflecting the urging the 

policymakers to take the local and regional dynamics into account in addition to their top-down policies 

on innovation. It can be said that the research has the qualities that can give policy ideas that will increase 

the efficiency of innovation-based policies in Turkey. To get a deep understanding of innovation and its 

spatial differences qualitative research should be the address for future research agenda. 

Notes 

1. Law on Supporting Research, Development and Design Activities, (see. Official Journal, Date: 12.03.2008; Law number: 

5746; Issue: 26814). 

2. Because patent registration, patent application and utility model data have very strong correlation to each other, we preferred 

just using the patent application data as a dependent variable, which is frequently used in the literature. 

3. We think that imports may also be an external resource. However, it was excluded from the regression analysis because the 

import had a high correlation with export. 

4. Turkish Patent and Trademark Office 

5. The Union of Chambers and Commodity Exchanges of Turkey 

6. Council of Higher Education. 

7. Ministry of Industry and Technology 
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