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Abstract 

Science and Technology Parks (STPs) are centers where modern technologies are produced and commercialized 

by sharing information with the universities and industry. To accelerate the development of technologies, new 

STPs have been established in many provinces in Türkiye since 1985. However, the efficiency of these centers, 

whose number is increasing rapidly, is a matter of debate. In this study, the efficiency of STPs in Türkiye was 

estimated using data envelopment analysis (DEA). For this purpose, the input-oriented DEA model was used to 

obtain the efficiency scores of STPs, and efficient and inefficient STPs were estimated. As a result of the study, 

policy recommendations are presented to increase the efficiency of STPs. 
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1. Introduction 

Science and Technology Parks (STPs), have a history of approximately 70 years and are known under different 

names across the globe, such as technopoles, research parks, and science parks. In what is now Silicon Valley, 

Stanford Research Park was established in the early 1950s as the first STP in the world. As a result of the Stanford 

Research Park's success, similar areas have been established across the globe in a short period (Castells and Hall, 

1994). 

There are 350 STPs worldwide that are members of IASP. When non-IASP STPs are included, the number of 

STPs approaches 1000. This number rises to 4000 when incubation centers are included. The majority of STPs in 

Türkiye were established after 1980s. In this sense, Türkiye has approximately 40 years of STPs history. The first 

STP in Türkiye was established in 1985 with the cooperation of Istanbul Technical University and the Istanbul 

Chamber of Commerce and it became operational in 1986 (Bülbül and Özbay, 2011). However, it was only after 

2001 that the STPs in Türkiye became fully operational. With the law numbered 4691 in 2001, STPs gained a legal 

structure under the name of "Technology Development Zones". 

As of 2022, there are a total of 92 STPs in Türkiye, of which 78 are operational and 14 are under construction. 

Approximately there are 8,000 firms in these STPs. In these companies, over 80,000 personnel are employed, 

including over 66,000 R&D personnel, around 1,000 design personnel and over 12,000 other personnel. In 

addition, more than 40 thousand projects have been successfully completed in these STPs since 2001. And there 

are more than 11,000 on-going projects (Ministry of Industry and Technology, 2022 May). 

For Türkiye to gain a sustainable competitive advantage, the resources allocated to STPs should be used 

effectively. For this reason, performance measurement emerges as an important issue to evaluate the efficiency of 

investments made in STPs (Çakın & Özdemı̇r, 2019, p. 274). The best tool for this evaluation is probably Data 

Envelopment Analysis, which is an effective technique for calculating the relative efficiency of a set of decision-

making units with multiple outputs and multiple inputs (Özsoy et al., 2021, p. 1). 

The rest of the paper was organized as follows. In the following section, the studies in which efficiency analysis 

was made using DEA for the STPs were briefly summarized. In the third section, the data set and variables used 

in this paper were explained. In the next section, the methodology of our study was presented. In the results and 

conclusion section, the results of the analysis were interpreted and discussed, and suggestions are made to policy 

makers.  
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2. Literature Review 

 

There are many studies in the literature on the efficiency of STPs. These studies can be grouped as empirical 

studies, case studies, theoretical or conceptual studies, reviews and studies related to evaluating STPs (Hobbs et 

al., 2017). However, from this extensive literature, we will only summarize studies examining the efficiency of 

STPs.  

Hu, Yeh, Lee and Chen (2005) applied one-stage DEA to assess the performances of the high-tech industrial zones 

in China. They used the number of enterprises and the numbers of labor as inputs and technological revenues, 

product sales revenues, and commodity sales revenues as outputs. They concluded that the most technology-type 

high-tech zones are in the east with many academic institutes and skilled labor around, among which Beijing, 

Shenyang, Guangzhou perform the best. Hu et al. (2010) analyzed the activities of 53 science and technology parks 

operating in China using data from 2004 to 2006 with Data Envelopment Analysis (DEA). The number of 

enterprises, the number of employees, the number of universities graduated employees, R&D expenditures, and 

the ratio of R&D personnel to the total number of employees were input variables; technical and patent revenue, 

product sales revenue and commodity sales revenue were used as output variables. In addition, Tobit regression 

analysis was applied to determine the environmental variables affecting the input variables. Yang and Li (2016) 

evaluated the efficiency of twenty-nine high-tech regions in China with a two-stage DEA. R&D expenditure, 

number of enterprises, energy consumption, investment, and budget were used as inputs. Patent applications, 

number of inventions, rate of innovative initiatives, university-industry cooperation were used as process variables 

and total income, sales from new products, growth rate, production rate of new products and total export variables 

were used as output variables (Çakın & Özdemı̇r, 2019, p. 277).  

There are also some papers on the efficiency of STPs in Türkiye. Baykul et al. (2016) evaluated the innovational 

activities of management companies of STPs using DEA with 2014 data. They used the number of key personnel, 

the number of firms, the stakeholder university score, and the innovation index score of the province as input 

variables, and the number of R&D revenues and total intellectual property as output variables. As a result of the 

study, ten STPs were found to be technical efficient, 23 STPs pure technical efficient and 12 STPs scale-efficient 

according to the CCR model. Arslan and Belgin (2020) firstly evaluated the performance of STPs using DEA. 

Then, to find out the strong and weak areas of STPs, they analyzed STPs based on six different DEA models as 

well. Özsoy et al. (2021) developed a new approach for determining common weights in two division network 

DEA and then they applied method to analyze the efficiency of STPs in Türkiye. In summary, there are many 

studies on the efficiency of STPs in the literature. These studies were carried out with different data sets and 

different models. Therefore, their results differ from each other. To contribute to this literature, in this study, the 

efficiency of STPs in Türkiye was analyzed using data on R&D and commercialization. 

3. Data and Variables 

 

As seen in the literature, the variables used by studies evaluating the efficiency of STPs differ. While some studies 

consider financial data such as the level, type and return of investments, some studies use innovation-related 

variables such as the number of start-ups, the number of patent applications and the number of new products and 

services (Bigliardi et al., 2006, p. 489). In this study, financial and innovation data were used together to measure 

the efficiency of STPs. In this context, the input and output variables used in the study and the data on the variables 

were obtained from the STP Performance Index prepared by the Ministry of Industry and Technology and were 

shown in Table 1. 
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Table 1. Variables 

Variables  Description 

Input   

Financing, incentives, 

and infrastructure 
IN1 

It is an index covering the supports provided to the managing company, 

the occupancy level of the STP, the exemptions provided to the 

companies and the expenditures made by the manager company. 

R&D Activity IN2 
It is an index covering R&D personnel, R&D expenses, and R&D 

projects. 

Cooperation Activity IN3 
It is an index covering knowledge and technology transfer, inter-firm 

cooperation, and international R&D cooperation. 

Output   

Intellectual Property OUT1 It is an index that covers patent, utility model and design. 

R&D Results and 

Internationalization 
OUT2 It is an index that covers R&D revenues and export revenues. 

 

4. Methodology 

The first DEA model was developed by Charnes, Cooper, and Rhodes (CCR) in 1978, based on Farrel's study. The 

CCR model performs the analysis under the assumption of constant returns to scale. Then, in 1984, Banker, 

Charnes, and Cooper introduced the BCC model, which considers technical efficiency and scale efficiency, and 

performs analyzes under variable returns to scale (Ji, Lee, 2010: 268). The basic logic of DEA is to measure the 

efficiency of decision-making unit (DMU) by dividing the weighted sums of the outputs by the weighted sums of 

the inputs. Assuming that there are n DMUs, m inputs and s outputs in a system, the efficiency of the examined 

DMU is calculated using the formula (1-3). vi  and ur indicate the input and output weights, xi and yr indicate the 

amount of input and output, respectively (Çakın & Özdemı̇r, 2019, p. 279).  

𝜃𝑜 =
∑ 𝑢𝑟𝑦𝑟𝑜

𝑠
𝑟=1

∑ 𝑣𝑟𝑥𝑖𝑜
𝑚
𝑖=1

 (1) 

∑ 𝑢𝑟𝑦𝑟𝑗
𝑠
𝑟=1

∑ 𝑣𝑟𝑥𝑖𝑗
𝑚
𝑖=1

≤ 1, (𝑗 = 1, … . 𝑛) (2) 

𝑢1, 𝑢2, … . . , 𝑢𝑟 ≥ 0, 𝑣1, 𝑣2, … . . , 𝑣𝑚 ≥ 0,  (3) 

The nonlinear fractional programming model above was transformed into a linear programming model by using a 

simple transformation developed by Charnes and Cooper in 1962, and it was made possible to solve with linear 

programming solution methods. The value of vi in the formula (1-3) turns into 𝜔𝑖  and the value of 𝑢𝑟 turns into 

𝜇𝑟. Below is the input oriented CCR model, organized as a linear programming model. 

𝑚𝑎𝑥 𝜃𝑜 = ∑ 𝜇𝑟𝑦𝑟𝑜

𝑠

𝑟=1

 

∑ 𝜔𝑟𝑥𝑖𝑜 = 1

𝑚

𝑖=1

 

∑ 𝜇𝑟𝑦𝑟𝑗
𝑠
𝑟=1 − ∑ 𝜔𝑖𝑥𝑖𝑗 ≤ 0𝑚

𝑖=1  , (𝑗 = 1, … . 𝑛) 

𝜇𝑟 , 𝜔𝑖 ≥ 𝜀 ≥ 0, (𝑟 = 1, … . . , 𝑠) 

If 𝜃𝑜 = 1, DMU is defined as efficient, if 𝜃𝑜 ≠ 1, it is defined as inefficient DMU. In addition, the ε value in the 

constraint is a small value such as 10-6, which prevents the weights from being 0 (Beasley, 1990). 
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5. Results 

In this study, the efficiency of 29 STPs were analyzed by using input-oriented DEA model. Input-oriented 

efficiency measures show the necessary improvement for the relevant decision-making unit by comparing the 

actual input level with the best input level while keeping the output constant. Table 2 presents the efficiency score 

obtained with the input oriented CCR model. According to the results in Table 2, there were four efficient STPs 

and twenty-five inefficient STPs. Average efficiency score of STPs was 0.72 and Samsun STP had the lowest 

efficiency score with 0.41. 

Table 2. Efficiency scores of STPs 

Rank STP Efficiency 

1 İTÜ Arı Teknokent STP 1 

1 ODTÜ Teknokent STP 1 

1 TÜBİTAK Marmara STP 1 

1 Yıldız Teknik Üniversitesi 1 

2 Mersin STP 0.9659 

3 Dokuz Eylül STP 0.9625 

4 Kocaeli Üniversitesi STP 0.9459 

5 GOSB Teknopark STP 0.9006 

6 Ulutek STP 0.8323 

7 Eskişehir STP 0.7568 

8 Hacettepe Üniversitesi STP 0.7103 

9 Erciyes Üniversitesi STP 0.7043 

10 Trakya Üniversitesi STP 0.6955 

11 Erzurum Ata Teknokent STP 0.6952 

12 Trabzon STP 0.6835 

13 İzmir STP 0.6808 

14 Selçuk Üniversitesi STP 0.674 

15 İstanbul STP 0.6701 

16 Pamukkale Üniversitesi STP 0.6631 

17 Ankara STP(CYBERPARK) 0.6458 

18 Boğaziçi Üniversitesi STP 0.6397 

19 İstanbul Üniversitesi STP 0.6366 

20 Gazi Teknopark STP 0.634 

21 Ankara Üniversitesi STP 0.5871 

22 Göller Bölgesi STP 0.5624 

23 Namık Kemal Üniversitesi STP 0.5258 

24 Fırat STP 0.4251 

25 Sakarya Üniversitesi STP 0.4165 

26 Samsun STP 0.41 
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6. Conclusion 

In this study, the efficiency of selected STPs was measured using DEA. As a result of the analysis, only four out 

of 29 STPs were found to be efficient. These were ITU Ari STP, METU STP, TUBITAK STP and Yıldız Technical 

University STP. Most of the STPs (i.e., about 86%) were found to be inefficient.  

Both nationally and regionally, STPs contribute significantly to innovation ecosystems by maintaining community 

among ecosystem participants and promoting coordination. The number of these regions is increasing steadily, 

and the added value provided by STPs to Türkiye is constantly increasing. To gain sustainable competitive 

advantage for Türkiye, the resources allocated to STPs should be used efficiently. For this reason, performance 

measurement emerges as an important issue to evaluate the efficiency of STPs.  
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