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In the study, the authors aim to rank Turkey’s 

provinces through the lens of innovativeness, 

entrepreneurship, and human capital. They use 

company establishment and liquidation statistics, 

industrial capacity report statistics, intellectual 

property statistics, national education statistics, 

and higher education statistics for this purpose. 

The presented 16 variables are grouped into  

3 categories: entrepreneurship, innovativeness, 

and human capital. As a ranking technique, the 

preference ranking organization method for en-

richment evaluation (PROMETHEE) is used. 

The 81 provinces of Turkey are ranked in terms 

of innovativeness, entrepreneurship and human 

capital performance, and their advantages are 

shown relative to one another. According to the 

results, Istanbul takes the first place followed by 

Ankara, İzmir, Konya, and Kocaeli provinces, 

while Sinop, Iğdır, Tunceli, Ardahan, and Bay-

burt provinces perform the worst.  

Introduction 

Many extant studies focus on ranking cities, provinces, or regions using various 

indicators in both developed and developing countries (Azar–Gholamrezaei 2006, 

Amini et al. 2006, Murias et al. 2006, Mehrjardi et al. 2012, Rostampour 2012,  

Csomos 2015). Regional (or provincial) statistics include economic accounts, de-

mography, labour market, education, health, agriculture, business, tourism, science 

and technology, transport, digital economy and society, poverty, crime, social con-

nections, social exclusion, governance, environment, among others  

(Brandmueller et al. 2017, p. 8., Bartha–Tóthné 2015, p. 127.). In Turkey, various 

institutions (especially the Ministry of Development [MoD]) have conducted studies 

to determine the socio-economic level of development of provinces and regions in 

certain periods. These studies use a large number of economic and social variables. 

Some examples of these studies are ‘Socio-economic development ranking of prov-
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inces and regions’ (SEGE) prepared by the MoD, ‘Well-being index of provinces’ 

prepared by TurkStat (TUIK), and ‘Provincial competitiveness index for Turkey’ 

conducted by the Centre for Economic and Foreign Policy Studies (EDAM). They 

are important references to determine policies and strategies in many other areas as 

well as to allocate public resources and orientate private sector investments. 

In addition to ministerial/institutional studies, there are academic papers that 

rank the provinces based on selected variables. Each paper has different indicators, 

time interval, and methods to determine provinces’ socio-economic development 

level. To rank and classify the provinces, several techniques can be used such as 

clustering analysis, discriminant analysis, principal component analysis (PCA), mul-

tidimensional scaling analysis, etc. (Filiz 2005). For example, Erilli et al. (2009),  

Erilli–Gundogdu (2013), and Yılancı (2010) used fuzzy clustering analysis;  

Kaygısız et al. (2005) used path analysis and clustering analysis;  

Özdemir and Altıparmak (2005) used factor analysis; Gul and Cevik (2014, 2015),  

Albayrak (2005), and Baday Yıldız et al. (2010, 2012) used PCA; Koç (2001) and 

Karabulut et al. (2004) used clustering analysis; Kılıç et al. (2011) used multidimen-

sional scaling analysis; and Filiz (2005) used multivariate statistical techniques. 

Albayrak (2005) examined the determinants of Turkish provinces’ socio-

economic development levels. The author used 48 variables from a large number of 

distinct fields, such as geography, demography, education and culture, health, em-

ployment, social security, finance, manufacturing industry, agriculture, export, ener-

gy, housing, and infrastructure. Based on the results, Istanbul, Izmır, Ankara, 

Kocaeli and Bursa rank as the most developed provinces. Baday Yildiz et al. (2010) 

determined the provinces’ socio-economic development ranking by using up-to-date 

data from the year of the publication. They selected 41 variables from social (demo-

graphic, employment, education, health, infrastructure, and other welfare) and eco-

nomic (manufacturing, construction, agriculture, financial) indicators for the 

81 provinces, and used PCA. In their study, Sakarya and Ibısoglu (2015) prepared 

a socio-economic development index with a geographically weighted regression 

model for 2011. The authors used eight out of the 61 indicators from the socio-

economic development index prepared by the MoD and investigated how these 

indicators explained the development rates geographically. Dikmen and  

Dursun (2016) examined the well-being and quality of life in Turkish provinces and 

ranked the provinces by 40 indicators. They used multi-objective optimization on 

the basis of ratio analysis (MOORA) and MOORA plus full multiplicative form  

(MULTIMOORA) methods. The results revealed that Istanbul, Ankara, Izmır, 

Trabzon and Yalova ranked as the top five provinces. Gulel et al. (2017) calculated  

a human development index for Turkey’s provinces for 2013. Their study concludes 

that Ankara ranks first and Mus ranks last.1  

 
1 For more studies on ranking provinces, see DPT (2003), EDAM (2009), Gul–Cevik (2014, 2015), Kalkınma 

Bakanlığı (2013), Karadeniz Yılmaz et al. (2016), Ozaslan et al. (2006), TEPAV (2013), and TUIK (2015). 
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This study aims to create a similar ranking through the lenses of characteristics 

such as innovativeness, entrepreneurship, and human capital. In this context, the 

number of patents, utility models, trademark registrations, established/closed com-

panies and higher education students as well as other relevant human capital indica-

tors are employed. We use the multi-criteria decision making (MCDM) method and 

the PROMETHEE II full ranking method as ranking techniques. As far as we 

know, this is the first study that uses PROMETHEE to rank provinces in Turkey as 

an alternative ranking technique. In the study, 81 provinces are ranked in terms of 

innovativeness, entrepreneurship and human capital performance, and the ad-

vantages of these provinces are compared with one another. 

The study consists of four sections. After an introduction and a brief literature 

review, we describe PROMETHEE in the first section. In the second section, we 

present the dataset used in the study. The analysis results are presented in tables and 

figures in the third section. The last section concludes the study. 

Methodology 

In this study, PROMETHEE is used to rank provinces in terms of the entrepre-

neurship, innovativeness, and human capital criteria. This method was developed by 

Brans et al. (1984, 1986) and Brans and Vincke (1985). The main purpose of 

PROMETHEE is to ensure the most suitable choice among alternatives depending 

on multiple criteria. 

According to PROMETHEE, an evaluation table, which includes both criteria 

and alternatives, must first be composed. The evaluation table is a  m n  matrix, 

where 1,2,3...m  indicates the number of alternatives, and 1,2,3...n  denotes 

the number of criteria (Bagci–Rencber 2014, p. 42.). Table 1 presents an example of 

such an evaluation table. 

Table 1  

Alternative/Weight Criterion 1 Criterion 2 Criterion n 

Alternative a f1(a) f2(a) fn(a) 

Alternative b f1 (b) f2 (b) fn(b) 

Alternative c f1 (c) f2 (c) fn (c) 

.... ... ... ... 

Alternative m f1 (m) f2 (m) fn (m) 

Weight w1 w2 wn 

Source: Fernandez (2014, p. 11.). 

As the first step, the preference function is defined for the relevant criteria. 

A preference function for a and b alternatives for criterion Cj is described as follows: 
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                                      ,j j ja b H dΩ ;    j jC a C b ,  (1) 

where dj  stands for the difference of evaluations (alternatives a and b), and Hj de-

notes the criterion function. In the second step, we calculate the preference indices 

reflecting the weights for criteria k depending on the preference function: 

                                      , ,j jj
c a b w a bΩ ;   1,2,...,jw j k .  (2) 

In the next step, positive (   aΦ ) and negative (   aΦ ) priorities (flows) are 

determined for the alternatives. A positive flow for alternatives a and b measures 

how good alternative a is compared with alternative b. On the contrary, a negative 

flow expresses how weak alternative a is compared with alternative b.  

                                                                ,a c a bΦ      (3) 

                                                          
      ,a c a bΦ

     (4) 

Finally, the partial priorities of alternatives are set using the PROMETHEE I, 

then full priorities are calculated by the PROMETHEE II (see Figures 1 and 2). 

 

Figure 1 

 

Source: Brans–Vincke (1985, p. 655.). 

Figure 2 

 

Source: Brans–Vincke (1985, p. 656.). 

The main difference between PROMETHEE I and PROMETHEE II is that 

while the former provides a partial ranking (priorities) of alternatives, the latter gives 

a final ranking (full priorities) of alternatives from best to worst, using net flow val-

ues (Macharis et al. 2004, pp. 308–309.). 
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Dataset 

We used company establishment and liquidation statistics, industrial capacity report 

statistics, intellectual property statistics, national education statistics, and higher 

education statistics in this study. The 16 variables presented are grouped into three 

categories (entrepreneurship, innovativeness, and human capital). The variables are 

shown in Table 2.  

Table 2  

Category Variable 

Entrepreneurship 
Number of companies established 

Number of companies closed 

Innovativeness 

Number of patents 

Number of utility models 

Number of trademarks 

Human capital 

Literacy rate (of people aged 15 and over) 

Number of students (associate’s and bachelor’s degrees) 

Number of students (master’s and doctoral degrees) 

Number of graduate students (primary education) 

Number of graduate students (secondary education) 

Number of graduate students (associate’s and bachelor’s degrees) 

Number of graduate students (master’s degree) 

Number of graduate students (doctoral degree) 

Number of academicians 

 Number of engineers 

 Number of technicians 

Our data is obtained from various sources such as the Union of Chambers and 

Commodity Exchanges of Turkey (TOBB), the Council of Higher Education 

(YOK), TUIK, the Turkish Patent and Trademark Office (TPE), and the Ministry 

of National Education (MEB). The number of established and closed companies, 

and the engineers’ and technicians’ statistics are from the TOBB; patent, utility 

model and trademark statistics are from the TPE; statistics on primary, secondary 

and higher education as well as on human capital are from MEB and YOK data-

bases. The ‘Visual PROMETHEE’ software was used to analyse data and rank the 

provinces. During the analysis, all the preference functions of variables were select-

ed as V-shaped since all the variables are quantitative. In addition, for all the varia-

bles, the maximum preference was selected, except for the ‘Number of companies 

closed’ variable; and no thresholds were selected.  

 



192 Onur Sungur – Yağmur Zararci 

 

Regional Statistics, Vol. 8. No. 1. 2018: 187–201; DOI: 10.15196/RS080106 

Results 

Table 3 shows the descriptive statistics for each variable. Since there are 81 provinces, 

each variable has 81 observations. As can be seen in Table 3, about 1,305 companies 

were established and 378 companies were closed in 2016, on average, across the prov-

inces of Turkey. In terms of innovativeness, 22 patents, 29 utility models, and  

1,033 trademarks were registered on average. The human capital indicators given in 

Table 3 are the literacy rate of the population aged 15 and over (the total number of 

the population aged 15 and over who can write and read), the number of higher edu-

cation students, the number of graduates from primary, secondary and tertiary educa-

tion, the number of academicians, the number of engineers, and the number of tech-

nicians. 

Table 3 

Variable Minimum Maximum Mean 
Standard 

deviation 

Number of companies established  31.0 40,924.0 1,304.7 4,659.2 

Number of companies closed 9.0 11,639.0 378.4 1,342.9 

Number of patents 0.0 956.0 22.1 108.9 

Number of utility models 0.0 985.0 29.0 116.7 

Number of trademarks 5.0 40,212.0 1,032.9 4,546.3 

Literacy rate (of people aged 15 and over) 64,014.0 10,865,370.0 706,752.0 1,316,345.9 

Number of students (associate’s  and bache-
lor’s degrees) 

2,370.0 2,914,115.0 76,370.5 327,994.2 

Number of students (master’s and doctoral 
degrees) 

0.0 150,721.0 6,212.1 18,631.1 

Number of graduate students (primary educa-
tion) 

744.0 202,282.0 14,344.5 24,501.1 

Number of graduate students (secondary edu-
cation) 

816.0 174,411.0 12,255.2 21,365.0 

Number of graduate students (associate’s and 
bachelor’s degrees) 

685.0 204,029.0 9,300.0 24,918.3 

Number of graduate students (master’s de-
gree) 

8.0 17,226.0 541.1 2,007.6 

Number of graduate students (doctoral de-
gree) 

1.0 1,547.0 93.1 259.1 

Number of academicians 246.0 27,634.0 1,802.9 3,661.8 

Number of engineers 10.0 21,926.0 1,458.5 3,600.4 

Number of technicians 4.0 24,868.0 1,560.6 3,743.1 

Table 4 shows the provinces’ net flows of priorities and ranking based on 

PROMETHEE analysis results. As the table shows, Istanbul took the first place 



Ranking of provinces by entrepreneurship, innovativeness, and human capital 
indicators, using PROMETHEE – The case study of Turkey 

193 

 

Regional Statistics, Vol. 8. No. 1. 2018: 187–201; DOI: 10.15196/RS080106 

based on the mentioned 16 variables. Istanbul has a positive flow of 0.921, a nega-

tive flow of 0.065 (only for the ‘Number of companies closed’ variable), and thus,         

a net flow of 0.856. Istanbul is the most populous province having about  

15 million people. Nearly one-third of Turkey’s universities are located in Istanbul, 

and 27 thousand academics work at these universities. In addition, 10% of associate 

and undergraduate students and 30% of graduate and doctoral students are educat-

ed in the province. Moreover, there are 127 R&D centres in Istanbul, and 30% of            

Turkey’s enterprises are also located there. Hence, 956 patents, 985 utility models, 

and more than 40 thousand trademarks were registered in Istanbul in 2016. 

Table 4 

Rank Province Φ   Rank Province Φ  

1 İSTANBUL 0.856  28 KÜTAHYA 0.251 

2 ANKARA 0.838  29 ELAZIĞ 0.234 

3 İZMİR 0.806  30 AFYON 0.222 

4 KONYA 0.745  31 ÇANAKKALE 0.207 

5 KOCAELİ 0.721  32 SİVAS 0.205 

6 BURSA 0.709  33 VAN 0.111 

7 GAZİANTEP 0.651  34 ŞANLIURFA 0.067 

8 ADANA 0.644  35 DÜZCE 0.035 

9 SAKARYA 0.616  36 ZONGULDAK 0.013 

10 KAYSERİ 0.611  37 EDİRNE –0.003 

11 ESKİŞEHİR 0.609  38 TOKAT –0.018 

12 ANTALYA 0.557  39 BOLU –0.035 

13 MANİSA 0.541  40 AKSARAY –0.052 

14 SAMSUN 0.521  41 RİZE –0.082 

15 MERSİN 0.505  42 GİRESUN –0.096 

16 DENİZLİ 0.466  43 UŞAK –0.112 

17 AYDIN 0.402  44 KIRIKKALE –0.116 

18 TRABZON 0.392  45 ADIYAMAN –0.134 

19 HATAY 0.354  46 KIRKLARELİ –0.138 

20 KAHRAMANMARAŞ 0.349  47 KARABÜK –0.173 

21 BALIKESİR 0.347  48 NİĞDE –0.176 

22 ERZURUM 0.340  49 ORDU –0.176 

23 ISPARTA 0.331  50 BURDUR –0.183 

24 TEKİRDAĞ 0.326  51 KASTAMONU –0.193 

25 MALATYA 0.291  52 ÇORUM –0.208 

26 MUĞLA 0.281  53 AMASYA –0.244 

27 DİYARBAKIR 0.267  54 NEVŞEHİR –0.250 

(Continued on the next page) 
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(Continued) 

Rank Province Φ   Rank Province Φ  

55 YALOVA –0.254  69 BARTIN –0.481 

56 MARDİN –0.255  70 SİİRT –0.482 

57 BATMAN –0.262  71 ŞIRNAK –0.503 

58 KARAMAN –0.281  72 GÜMÜŞHANE –0.545 

59 OSMANİYE –0.284  73 HAKKARİ –0.581 

60 BİLECİK –0.327  74 BİTLİS –0.581 

61 YOZGAT –0.375  75 KİLİS –0.640 

62 KARS –0.383  76 ARTVİN –0.647 

63 KIRŞEHİR –0.384  77 SİNOP –0.666 

64 ERZİNCAN –0.414  78 IĞDIR –0.676 

65 AĞRI –0.414  79 TUNCELİ –0.689 

66 ÇANKIRI –0.469  80 ARDAHAN –0.735 

67 BİNGÖL –0.470  81 BAYBURT –0.760 

68 MUŞ –0.473     

Istanbul is followed by Ankara (with a net flow of 0.838), İzmir (0.806),  

Konya (0.745), and Kocaeli (0.721). Ankara is Turkey’s capital and the second most 

populous city in the country. There are 17 universities in Ankara, where more than 

18 thousand academicians work. Ankara has 46 R&D centres specialised in fields 

such as computer, software, and defence industries. Izmir is a port city located in 

the west and Turkey’s third most populous city. It is highly developed in terms of 

R&D, innovation, and human capital. In the province, there are eight universities as 

well as an Innovation Centre, and various regional innovation systems are carried 

out in many areas. Konya, which is Turkey’s largest city by land area, is located in 

central Anatolia, close to Ankara. It stands out with its industrial sector, especially 

with its machinery and equipment, and automotive industries. There are four uni-

versities and five R&D centres in Konya. Kocaeli, located east of Istanbul, is con-

sidered Turkey’s ‘industrial capital’. Chemistry, steel, automotive and iron industries 

are its biggest industrial sectors. The city has a major role in the country’s automo-

tive industry. 

The worst performing provinces are Sinop, Iğdır, Tunceli, Ardahan, and  

Bayburt. All these provinces are located in Eastern Anatoli Region. This result is not 

surprising as Turkey’s eastern part is much less developed than the western part, 

and the disparities between them are high (Onder et al. 2007). In terms of many 

socio-economic indicators such as population, income, GDP per capita, industry, 

employment, and financial indicators, Turkey’s eastern part has remained quite 

backward compared with the west. This is not much different when it comes to 

innovativeness, entrepreneurship, and human capital indicators as well.  
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Figures 3, 4, and 5 are maps that show the provinces and their net flow of priori-

ties from various aspects. According to Figure 3, Turkey’s western and southern prov-

inces generally have positive net flow values, while the central and eastern provinces 

have negative ones. In Figure 4, the provinces are coloured in different tones accord-

ing to their net flow values of priorities. It is clear from the figure that Φ values in-

crease from east to west. Finally, Figure 5 shows a map of the provinces’ grouping 

into five scales based on their net flow values. The first group has the highest net flow 

values, while the fifth group consists of provinces with the lowest Φ values.  

Figure 3  

 
 

Figure 4  
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Figure 5  

 

Note: For the Φ  intervals and the province list of the five groups, see Table 5.   

Table 5 shows the provinces grouped into five categories based on their net 

flows of priorities. Istanbul, Ankara, Izmır, Konya, Kocaeli, Bursa, Gaziantep,           

Adana, Sakarya, Kayseri, Eskişehir, Antalya and Manisa have the highest values. 

They can be considered developed provinces based on their industrial and other 

socio-economic development indicators and are mainly located in Turkey’s western 

part, as can be seen in Figure 5. Besides these 13 provinces of Group 1, there are 

17 provinces in Group 2, 13 in Group 3, 22 in Group 4, and 16 provinces in 

Group 5 (that has the lowest net flows). 

Figure 6 presents PROMETHEE II’s final ranking based on the provinces’ net 

flows. According to the results, while the provinces’ ranking is evident to a certain 

point (Denizli province), after that it becomes unclear, especially after Van province. 

In other words, the provinces’ superiority over one another is increasingly ambigu-

ous following Denizli province.  

Finally, the GAIA plane results are presented in Figure 7. The GAIA plane dis-

plays each alternative’s relative position in terms of its contributions to the various 

criteria (Macharis et al. 2004, p. 309.). Even though the provinces’ ranking remains 

unchanged, some useful conclusions can be drawn from the figure. The provinces 

on the left side of the optimal line (the left side of the vertical axis in the graph) are 

the ones that have no superiority in terms of any criteria. These include the worst 

performing provinces such as Kırıkkale, Bolu, Tunceli, Siirt, Yozgat, Ağrı, Ordu, 

Batman, Mardin, etc.  
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Table 5  

Number 

of 

prov-

inces 

Group 1 Group 2 Group 3 Group 4 Group 5 

Φ  interval 

0.86 to 0.54 0.54 to 0.22 0.22 to –0.12 –0.12 to –0.44 –0.44 to –0.76 

1 İSTANBUL SAMSUN ÇANAKKALE KIRIKKALE ÇANKIRI 

2 ANKARA MERSİN SİVAS ADIYAMAN BİNGÖL 

3 İZMİR DENİZLİ VAN KIRKLARELİ MUŞ 

4 KONYA AYDIN ŞANLIURFA KARABÜK BARTIN 

5 KOCAELİ TRABZON DÜZCE NİĞDE SİİRT 

6 BURSA HATAY ZONGULDAK ORDU ŞIRNAK 

7 GAZİANTEP KAHRAMANMARAŞ EDİRNE BURDUR GÜMÜŞHANE 

8 ADANA BALIKESİR TOKAT KASTAMONU HAKKARİ 

9 SAKARYA ERZURUM BOLU ÇORUM BİTLİS 

10 KAYSERİ ISPARTA AKSARAY AMASYA KİLİS 

11 ESKİŞEHİR TEKİRDAĞ RİZE NEVŞEHİR ARTVİN 

12 ANTALYA MALATYA GİRESUN YALOVA SİNOP 

13 MANİSA MUĞLA UŞAK MARDİN IĞDIR 

14 
 

DİYARBAKIR 
 

BATMAN TUNCELİ 

15 
 

KÜTAHYA 
 

KARAMAN ARDAHAN 

16 
 

ELAZIĞ 
 

OSMANİYE BAYBURT 

17 
 

AFYON 
 

BİLECİK 
 

18 
   

YOZGAT 
 

19 
   

KARS 
 

20 
   

KIRŞEHİR 
 

21 
   

ERZİNCAN 
 

22 
   

AĞRI 
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Figure 6 

 

 

Figure 7  

 

Note: Axis U denotes the first principal component and accounts for the maximum possible variance in infor-

mation. Axis V is orthogonal to Axis U and shows the second principal component. It captures the maximum 

variance in additional information.  

Denizli 

Van 
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Conclusions 

This study aimed to rank Turkey’s provinces in terms of innovativeness, entrepre-

neurship, and human capital indicators. Although considerable research has been 

devoted in the literature to this subject, so far no study has used our analysis meth-

od. Besides emphasising the importance of using multiple variables in the provinces’ 

ranking based on innovativeness, entrepreneurship, and human capital indicators, 

we demonstrated that PROMETHEE could be used as an alternative method. 

Our findings are consistent with other research mentioned in the literature sec-

tion. According to many studies, Istanbul, Ankara, İzmir, Kocaeli, Bursa, and Konya 

rank on the top places. This research also proves that these provinces are the best 

performers in terms of innovation, entrepreneurship, and human capital. However, 

several eastern provinces, especially Kilis, Artvin, Iğdır, Tunceli, Bayburt, and 

Ardahan, have been performing poorly as measured by the subject variables. 
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