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ABSTRACT 

Today, it is known that successful companies in innovation applications have been maintaining their 

competitive power and even superiority in competition. In addition to successful innovation 

applications into practice, it is also necessary to analyze the innovation capabilities of enterprises on a 

regular basis. According to the findings based on these regular analyses and evaluations, the strengths 

and weaknesses of firms in innovation creation processes can be determined. In this respect, the data 

obtained through the field study, conducted with the technical textiles companies among the top 500 

industrial enterprises in Turkey, is evaluated within the methods of AHP and FCE (Fuzzy 

Comprehensive Evaluation). According to the research result, the innovation capability of the Turkish 

technical textile sector is measured as "Fair level" and the factors that bring the innovation capability 

of the sector to this final result are explained one by one. 
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1. INTRODUCTION 
 

In order for innovative applications to achieve success, it is 

necessary to regularly analyze the innovation capabilities of 

enterprises, as well as improving the working conditions, in 

the direction of "Unmeasurable things cannot be managed 

and developed". By doing that, the weak and strong aspects 

of the enterprises' innovation creation processes can be 

identified and the continuity of the successful innovation 

processes can be ensured. The measurement of innovation 

power has been applied in the literature through different 

analysis techniques and in various sectors such as food and 

agriculture. However, the number of studies based on 

defining the components of innovation process evaluation 

in the textile sector, analysis of these factors, and analysis 

of innovation process management within the firm and 

sectoral-levels has remained limited in the literature. So far, 

no systematic research has been done on the innovation 

capability analysis of the technical textile sector. Therefore, 

it is thought that this study will contribute to the academic 

world by presenting the effects of innovation applications 

on firm success indicators in the technical textile sector, 

through concrete statistical data. 

The Turkish technical textile sector has various advantages, 

such as being a sub-branch of an advanced textile industry 

which makes great contributions to total exports of the 

country, qualified human resource opportunities, well-

established textile education institutions, a broad domestic 

market, advanced transportation network, well and 

modernly equipped laboratory infrastructure and also trade 

agreements with various countries. Looking at the 

commercial data of the Turkish technical textiles sector, it 

is observed that the volume of foreign trade in this area has 

increased significantly over the last five years. Imports of 

technical textiles increased to 1.4 billion dollars as of 2017, 

whereas, Turkey is technical textile exports reached 1.5 

billion dollars in 2017. Therefore, Turkey's exports in this 

field has passed the imports during the latest years [1, 2].  

Moreover, Turkish textile industry has acted as a supplier 

for many years in line with the customer demands. Thanks 

to the changing perspective of the developing technological 

infrastructure, well-educated workforce and the developing 
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perspective of the sector managers, it is observed that the 

textile sector has become abler to direct customers and 

create new products and processes with its own possibilities 

and brain team. For these reasons, innovation culture has 

started to be more apparent in the textile industry in recent 

years and this situation has started to bring the results. The 

technical textile sector also benefits from the developing 

innovation culture in Turkey, like the textile sector as a 

whole in which it is one of the sub-branches. In the 

following periods, it can be said that the culture of 

innovation, that will become widespread in the sector, will 

be supportive of a wider range of innovative practices. 

Due to this importance of the sector, the analysis of 

innovation capability of the firms operating in the Turkish 

technical textiles sector was carried out through the 

combination of the Analytical Hierarchy Process (AHP) 

and Fuzzy Comprehensive Evaluation Method (FCE). 

Based on the sample of the study, the advantages and 

disadvantages of the Turkish technical textiles sector in 

international competition were tried to be reflected and 

various suggestions were made in order to increase the 

innovation capability of the sector. 

2. LITERATURE REVIEW 

The European Commission regularly provides a comparative 

analysis of innovation performance in EU countries, other 

European countries, and regional neighbors. "Innovation 

Scoreboard" assesses relative strengths and weaknesses of 

national innovation systems. The measurement framework 

distinguishes between 27 different indicators in total. 

Countries fall into four performance groups, which are 

innovation leaders, strong innovators, moderate innovators 

and modest innovators. According to the innovation index 

obtained in 2018, countries such as Denmark, Finland, 

Luxembourg, the Netherlands, and Sweden are Innovation 

Leaders. Countries such as Bulgaria and Romania are in the 

class of Modest Innovators. In the context of this classification, 

Turkey is among the moderate innovative countries [3, 4]. 

Looking at patent and utility model applications, it is 

observed that 84 applications were made in the textile 

industry in 2016 and 86 applications were made in the 

clothing industry [5]. One of the reasons of this situation is 

that, while patent and utility model applications in the 

textile sector are generally based on the product and process 

innovation, the focus of the innovation applications in the 

clothing sector is mainly on design and branding activities. 

In addition, while in the past years, more patent and utility 

model applications were made in the textile products sector 

compared to clothing, the efforts and studies in the clothing 

industry have been fruitful in recent years and this situation 

has been reflected in the data in terms of the increase in 

these applications. 

Innovation is a complex, nonlinear and a multidimensional 

process that is difficult to predict. For this reason, there is 

no single criterion and method that can identify and 

measure the properties of this holism. Examining both 

Turkish and international literature, the number of studies 

carried out in the field of innovation ability analysis of 

enterprises, especially at the national level, was found to be 

limited. On the other hand, studies related to innovation 

ability analysis in the technical textiles sector have been 

determined to be scarce. 

The official standardization of innovation surveys was 

enabled after the preparation of the Oslo Manual by OECD 

and Eurostat. The latest version of the guide was translated 

into Turkish by TÜBİTAK [6]. In the literature, various 

innovation performance analysis studies were performed in 

the textile sector. In these studies, textile firms were 

evaluated within one sector or in combination with different 

sectors in terms of their innovation capability. In general, 

various criteria have been determined and field research has 

been carried out in order to obtain the data based on these 

criteria. In the evaluation of the obtained data, different 

methods have been applied. Balance scorecard method [7]; 

data envelopment technique [8]; factor and regression 

analysis [9]; multistage Delphi method and fuzzy logic 

method [10]; entropy weight rating, grey relational analysis 

[11]; parametric and non-parametric tests in accordance 

with social network analysis (SNA) [12] are some of 

examples of the utilized methods in the literature. 

2. MATERIAL AND METHOD 

A field research was carried out with the textile companies 

operating in the field of technical textiles, which are among 

the large-scale industrial enterprises of Turkey. 

The data were obtained through face-to-face interview 

technique conducted with the companies using a 

questionnaire, which was arranged in accordance with the 

objectives. In addition, published statistics, research reports, 

theses, articles and papers constituted secondary data sources 

of the study. Considering the scope of the study, it was 

necessary to include the technical textiles companies, which 

are among the large-scale companies in Turkey that could 

allocate more budget to the innovation activities. For these 

reasons, the largest 1000 company list prepared by Istanbul 

Chamber of Industry (ISO), the list of companies operating 

in the technical textiles field prepared by ITKIB, the list of 

textile firms with R&D centers announced by Turkish 

Ministry of Industry, and other companies that were found 

suitable for the study by the experts working in the field of 

technical textiles were utilized in order to generate the 

sample of this study. Within the framework of the mentioned 

sample forming criteria, twenty technical textile companies 

were selected as the most suitable companies for data 

collection. In consequence of the negotiations, fifteen of 

these technical textile companies agreed to share data. These 

companies are located in the provinces of Kahramanmaras, 

Gaziantep, Bursa, Izmir and Tekirdağ in Turkey, and they 

operate technical textiles activities in various branches 
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accepted all over the world, such as geotextiles, automotive 

textiles etc. [13]. 

Considering the scope of the study, a hierarchy of criteria 

was formed in order to analyze the innovation related 

activities exhibited by the companies operating in the field 

of technical textiles and to prepare the ground for the 

methods to be used in the analysis of the data. These 

criteria are shown in the Table-1 below.  

Within the frame of the analysis, five main criteria were 

determined, namely, innovation investment force, technology 

and human resources, communication opportunities, 

innovation environment and innovation production and 

management. These main criteria are also divided into sub-

criteria. The criterion of innovation investment force implies 

the size of the investment allocated to R&D activities in 

order to create innovative applications within the company. 

This criterion is divided into two groups: The ratio of the 

amount of budget allocated to R&D activities (%) = (Budget 

of the R&D activities/Total budget) and the ratio of the 

budget allocated to the training required for R&D personnel 

(%) = (Budget allocated to the education/ Total R&D 

budget). Technology and human resources criterion is 

divided into two subcriteria: The technology level of 

equipments used for R&D activities (Via verbal judgement 

set) and the ratio of R&D personnel to all personnel in the 

company (%). The criterion of communication opportunities 

is for determining the level of innovation-oriented 

communication across the company and it is divided into 

four sub-criteria: The level of innovation-oriented 

communication between the company departments, the level 

of innovation-oriented communication with suppliers, the 

level of innovation-oriented communication with customers, 

and the level of innovation-oriented communication with 

other institutions (public, university, industry, etc.). These 

criteria were evaluated through a verbal judgement set. 

Innovation environment means the evaluation of the 

environment in which the company is located, from the 

perspective of innovation. This criterion is divided into three 

sub-criteria: The Company’s competitiveness in the entire 

Turkish technical textiles market, the state support for 

innovation provided to technical textile enterprises and the 

innovation-oriented cooperation level of the company with 

other institutions. These criteria were also evaluated through 

the verbal judgement set. Innovation production and 

management, which is the last main criterion, aims to 

determine the level of effective management of innovative 

activities and the transformation of these activities into 

commercial benefits within the company. This criterion 

comprises the following sub-criteria: The number of patents 

(numerical data), the number of utility models (numerical 

data), the number of industrial designs (numerical data), the 

number of the completed projects (numerical data), the 

number of scientific publications (numerical data), average 

new product development time (numerical data), the level of 

internal innovation incentive system (verbal judgement set) 

and commercial turnover ratio of the R&D activities (%) 

[13]. 

 

Table 1. The criteria used to analyze the innovation capability 

Main criteria Sub-Criteria 

1. Innovation 

investment force 

1. The ratio of the amount of budget allocated to R&D activities (%) = (Budget of the R&D activities/Total 

budget) 

2. The ratio of the budget allocated to the training required for R&D personnel(%) = (Budget allocated to the 
education/ Total R&D budget) 

2. Technology and 

human resources 

1. The technology level of equipments used for R&D activities (Verbal judgement set) 

2. The ratio of R&D personnel to all personnel in the company (%)  

3. Communication 
opportunities 

1. The level of innovation-oriented communication between the company departments (Verbal judgement set), 

2. The level of innovation-oriented communication with suppliers (Verbal judgement set), 

3. The level of innovation-oriented communication with customers (Verbal judgement set),  

4. The level of innovation-oriented communication with other institutions (public, university, industry, etc.) 

(Verbal judgement set) 

4. Innovation 

environment 

1. The company's competitiveness in the entire Turkish technical textiles market (Verbal judgement set), 

2. The state support for innovation provided to technical textile enterprises (Verbal judgement set), 

3. The innovation-oriented cooperation level of the company with other institutions (Verbal judgement set)  

5. Innovation 

production and 
management 

1. The number of patents (Numerical data),  

2. The number of utility models (Numerical data),  

3. The number of industrial designs (Numerical data),  

4. The number of the completed projects (Numerical data),  

5. The number of scientific publications (Numerical data),  
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6. Average new product development time (Numerical data), 

7. The level of internal innovation incentive system (Verbal judgement set),  

8. Commercial turnover ratio of the R&D activities (%) 
 

 

 
 

The combination of AHP, point allocation and FCE 

methods were utilized in realization of the innovation 

analysis of the Turkish technical textile sector, due to their 

advantages provided and their suitability for the study goal. 

By considering the above criteria, innovation ability 

analysis requires a combination of both qualitative and 

quantitative data, and selected methods are capable of 

adapting to this purpose. AHP and point allocation methods 

were used to determine the weights of all criteria. For this 

purpose, the criteria were asked to be compared in pairs by 

using the scale in the range of 1-9, which was developed by 

Satty [14] for the AHP method. The consistency of the 

matrices used within the method was tested by means of 

CR values. Moreover, within the scope of the study, 

evaluations were carried out depending on the multiple 

experts' opinion to avoid the bias that may be present. To 

perform the aggregation of these multiple ideas, arithmetic 

method is utilized. Although it is possible to combine these 

data with different methods, it has been observed that one 

of the frequently preferred methods in the literature is the 

arithmetic mean method [15, 16]. Another method of 

determining the relative weights of the criteria is the 

method of point allocation. In addition to the AHP method, 

this method is also included in the study because of the 

reason that innovation production and management criteria 

comprises eight sub-headings in total. Since the increase in 

the number of criteria will also result in the increase of the 

pair-wise comparisons, the responder is more likely to show 

distraction and reluctance, resulting from the extension of 

the questionnaire, could negatively affect the reliability of 

the questionnaire. In the most basic form, the method aims 

to determine the relative weights based on the distribution 

of a score between the criteria, conducted by the responder 

[17]. 

Other method used was the fuzzy comprehensive evaluation 

(FCE). This method is developed mainly for the multi-

stage, multi-variable and wide-area related problems [18, 

19, 20, 21]. The basis of this method includes: a set of 

evaluation standards (U), evaluation set (V), the fuzzy 

membership degree of appraisal of the factors (r), single-

factor fuzzy evaluation matrix (R), the weight set of the 

factors (A), the fuzzy comprehensive membership grade set 

(B) obtained by the combination of A and R. The evaluation 

set V, includes the entire possible judgment degrees, and is 

determined by the expert opinions in line with the criteria 

and the area studied, based on linguistic variables [22]. 

Similar with the evaluation set, various formulations and 

approaches exist in the literature for membership degrees of 

the factors that compose the matrix of R. It is observed that 

membership degrees of the factors (criteria) are shaped by 

experts according to the scope of study [18, 23, 24, 25]. In 

the frame of the method, decision-making matrices have 

been formed for the purpose of mathematical reflection of 

expert opinions. Based on the matrices obtained, fuzzy 

comprehensive evaluations were performed. In this way, 

both the "must haves" for a successful innovation 

management process and the current situation of the 

technical textile companies in innovation were determined 

and analyzed. 

3. GENERAL FINDINGS OF THE RESEARCH  

This part of the study was taken into consideration within 

the steps followed in the integrated use of AHP and FCE 

methods.  

1. Determination of the evaluation factor set: Firstly, the 

factor set to be evaluated within the framework of the FCE 

method was determined. In other words, the hierarchical 

structure of the problem was determined to be used in the 

AHP method. In total, twenty-four factors, consisting of 

five main and nineteen sub-factors, are listed as follows: 

U= {U1, U2, ..., U24}={Innovation investment force, 

Technology and human resources, ...., The commercial 

turnover ratio of the R&D activities } 

2. Determination of the factor weights: The factor weights 

were obtained via pair-wise comparisons of AHP procedure 

and the average weights were calculated based on the 

decision makers' appraisals, through the program of Expert 

choice 11. For the determination of the weights of 

innovation production and management criteria, SPSS-20 

program was used for the point allocation method. The 

following table summarizes the criteria weights obtained in 

line with the opinions of the managers of fifteen companies 

included in the study (Table 2). The table is compiled 

according to the ranking of the main and sub criteria 

weights. 

The innovation ability of technical textile companies is 

primarily driven by innovation production and management 

(27.7%), secondly by innovation environment (21.7%), 

third by technology and human resource (19.4%), fourth by 

innovation investment force (18.6%) and finally by the 

effectiveness of communication opportunities (12.7%). 

Therefore, in terms of companies, the tangible products 

obtained because of innovative activities, the conversion of 

these products into commercial benefits and the effective 

management of these factors constitute the most important 

criteria in constituting the innovation capability. All of the 

decision matrices obtained through pair-wise comparisons 

provide the rule of CR<0.10 for reliability. Therefore, it is 

possible to say that the data can be regarded as valid and 

reliable. 
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3. Determination of the evaluation set and standard 

membership degree of the evaluation set 

Two types of evaluation sets were determined to obtain the 

judgments based on the verbal and quantitative data. This 

need arises from the fact that the criteria such as "the level 

of innovation-oriented communication with the suppliers of 

the company" criterion is subjected to verbal evaluation, 

while the criteria such as "number of the patents" need to be 

analyzed within numerical data. The evaluation set used to 

determine the entire possible verbal judgments is as 

follows: V={v1,v2,v3,v4} {Excellent, good, fair, poor}. 

These evaluation set degrees were assigned by the company 

managers. The membership degree set of the evaluation 

expressions above is as follows: u={1/excellent, 0.8/good, 

0.6/fair, 0.1/poor} 

Membership classifications for numerical data are 

determined in the light of the numerical data obtained from 

companies. The maximum and minimum values used in the 

creation of these membership classes and the number of 

these classes can be assigned and created by experts 

according to the former studies [26, 27, 28]. Accordingly, 

four equal-sized membership classes are categorized by 

taking the lower and upper values of the obtained data into 

account. For example, the upper value of data for the 

innovation investment force criterion is 15 and the lower 

value is 0.5. For this reason, the class size, which will 

include both limits and provide data distribution to four 

classes, is calculated as 3,5. Other classes were also formed 

according to this view. The table below shows the 

membership classifications of the main and the sub-criteria 

based on numerical data (Table 3). 

 

Table 2. Innovation ability factor weights obtained through AHP 

Factor sets Weight sets of the factors 

A (Main criteria): Innovation production and management, innovation environment, technology and 
human resources, innovation investment force, communication opportunities  

A= (0.277, 0.217, 0.194, 
0.186, 0.127) 

A1 (Innovation production and management): Commercial turnover ratio of the R&D activities, 
average new product development time, number of the completed projects,  number of the patents, 
number of the industrial designs, the level of internal innovation incentive system, number of the 
utility models and the number of scientific publications  

A1=(0.209, 0.159, 0.148, 

0.109, 0.107, 0.106, 0.100, 
0.061) 

A2 (Innovation environment): The company's competitiveness in the entire Turkish technical 
textiles market, the innovation-oriented cooperation level of the company with other institutions and 
the governmental incentives for innovation provided to technical textile enterprises 

A2= (0.650, 0.195, 0.155) 

A3 (Technology and human resources): The technology level of equipments used for R&D 
activities and the ratio of R&D personnel to all personnel in the company 

A3= (0.617, 0.383) 

A4 (Innovation investment force): The ratio of the budget allocated to the training required for R&D 

personnel and the ratio of the amount of budget allocated to R&D activities and  
A4= (0.514, 0.486) 

A5 (Communication opportunities): The level of innovation-oriented communication with 

customers, the level of innovation-oriented communication between the company departments, the 
level of innovation-oriented communication with suppliers and the level of innovation-oriented 
communication with other institutions 

A5= (0.334, 0.267, 0.216, 

0.182) 

 
 

 Table 3. Membership degree set of criteria based on numerical evaluation  

Main Criteria Sub-criteria Membership degree set of numerical data 

Excellent Good Fair Poor 

Innovation 

investment force 

Budget of the R&D activities/Total budget 

(%) 

10,8 and above 7.2-10.7 3.6-7.1 0-3.5 

Budget allocated to the 

Education/Total R&D budget (%) 

36.3 and above 24.2-36.2 12.1-24.1 0-12 

Technology  and  

human resources 

The ratio of R&D personnel to all personnel  

in the company (%) 

4.8 and above 3.2-4.7 1.6-3.1 0-1.5 

Innovation 

production  

and management 

Number of the patents 30 and above 20-29 10-19 0-9 

Number of the utility models 6 and above 4-5 2-3 0-1 

Number of the industrial designs 9 and above 6-8 3-5 0-2 

Number of the completed projects 168 and above 112-167 56-111 0-55 

Number of scientific publications 30 and above 20-29 10-19 0-9 
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4. Establishing the single-factor fuzzy evaluation matrices 

(R): The evaluations of verbal expression-based factors 

were converted into fuzzy sets of the above-mentioned set 

of verbal judgments. In other words, the appraisal set of R 

can be considered as the fuzzy subset of V. In the creation 

of matrices, the membership degrees of the factors were 

utilized and they were formed by considering the secondary 

criteria related to their main criteria. Fuzzy R matrices 

formed in the light of the data obtained within the scope of 

the study considering the membership degrees of sub-

factors, are shown below.  

The matrix of R1 is shown below as an example, containing 

the normalized data for the innovation investment force 

criterion. This criterion comprises the ratio of the amount of 

budget allocated to R&D activities (R&D activities 

budget/total budget) and the ratio of budget allocated to the 

training required for R&D personnel (budget allocated to 

education/total R&D budget) based on the numerical data, 

as stated previously. Numerical data for the sub-criteria 

mentioned and membership classes (Table 2) based on the 

numerical data were utilized in forming this evaluation 

matrix. Similarly, the matrix (R2), which is created for the 

technology and human resource criterion, is shown below. 

This criterion covers level of equipments used for R&D 

activities (verbal judgement set) and the ratio of R&D 

personnel to all personnel in the company (%). Data 

resulting from the verbal evaluations, membership degree 

set of the evaluation expressions (Excellent, good, fair, 

good), numerical data and membership degree set of 

numerical data (Table 2) related to these criteria were 

utilized to form this matrix.  

 

 
5. Determining the fuzzy comprehensive membership grade 

sets of the factors and the overall comprehensive 

membership grade of the hierarchy  

At the primary level, the weights (A) and evaluation 

matrices (R) of all sub-criteria were multiplied for each 

main criteria and fuzzy membership sets were determined. 

Afterwards, at the secondary level, the most comprehensive 

fuzzy membership set of the hierarchy (B) was obtained via 

the weights of the main criteria and fuzzy comprehensive 

membership sets. For example, the fuzzy comprehensive 

membership set of the innovation investment force criterion 

(B1) is shown as follows. 

 

 

At the secondary level, the relative factor weights of the 

main criteria and the fuzzy comprehensive membership sets 

of each criteria were benefited in obtaining the most 

comprehensive fuzzy membership set of B. 

 

The next step is determining the numerical value of the 

innovation power of the Turkish technical textiles sector 

and defining the class in which this data corresponds to the 

judgment set. In order to make this assessment, the most 

comprehensive fuzzy membership grade of the data set was 

obtained with the help of the following formula. The 

formula used for this purpose is as follows: F = B.uT , uT: 

(1, 0.8, 0.6, 0.1). Here, "u" represents the membership 

degree set of the evaluation expressions. 

 

6. Reaching the final judgment: The obtained value of 

"0.543" becomes included in the evaluation expression set 

of "Fair", which is the final and integrated evaluation result, 

by taking the distance between the evaluation result and the 

membership degree set of the evaluation expression into 

account. Therefore, in the light of the evaluations, it can be 

assumed that the innovation ability of the Turkish technical 

textiles sector performs at the fair level. 

 

4. DISCUSSION, GENERAL EVALUATION AND 

CONCLUSIONS    

The level of the integrated innovation ability of the Turkish 

technical textiles sector revealed in this study has been 

similar to the position of Turkey in innovation within the 

European countries, which was stated as the moderate class. 
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According to the opinions of the R&D managers, the area 

that needs to be given the most priority among the criteria 

that affect the innovation capabilities of technical textile 

companies is the innovation production and management in 

terms of the main criteria. Similarly, the commercial 

turnover ratio of the R&D activities becomes the most 

important and effective sub-criteria. This ratio ranges 

between 5% and 100% according to the data obtained from 

the companies and the average commercial turnover ratio of 

the R&D activities in technical textiles is 57.3%. Looking 

at the literature, this figure is defined as 55% on average in 

the fields of technology, industrial products and consumer 

goods in which the technical textiles sector takes place [29]. 

The data of this study becomes consistent with these results 

in the literature. One of the reasons why this ratio is stated 

higher than the average is that in some companies new 

product development processes are purely directed 

according to the customer requests. On the other hand, the 

limited commercial turnover ratio mainly stems from the 

following reasons. One of these reasons is the effort in 

realization of a large number of projects, however, not 

achieving success in the entire number. The other reason is 

that R&D activities in the technical textiles field are more 

backward compared to the conventional textiles products 

with a wider sales volume.  

Average new product development time becomes of 

secondary importance. According to the data obtained 

within the scope of the study, this period ranges between 2 

months and 15 months and the average duration of a new 

product development in technical textiles companies is 5.4 

months. This criterion is followed by the number of 

completed projects. According to the survey carried out, 

this number ranges between 0 and 219 and technical textile 

companies have 62 completed projects on average. These 

projects include the partnerships conducted with the 

external stakeholders such as TUBITAK or universities, as 

well as the ones realized by internal resources, which last at 

least 6 months and implemented for innovations to be 

realized in company products, processes and services. It 

was observed that 75.3% of the innovative projects realized 

in technical textile enterprises were based on new product 

innovation, 16% on process innovation, 5.5% on organizational 

innovation and 3.2% on marketing innovation.  

The patent, industrial design and utility model ownerships 

of Turkish technical textiles companies have lower 

significance levels in terms of enabling both commercial 

earnings and the innovation ability. It is observed that the 

number of patents varies between 0 and 37, and companies 

have 6 patents on average. It is observed that the number of 

industrial designs varies between 0 and 8, on average 

companies have only 1 certified industrial design. Looking 

at the number of utility models, it is observed that 

companies have an average of 1 utility model and this 

number varies between 0 and 5 within the technical textiles 

companies. In addition, it is stated that the products 

produced in Turkish technical textiles sector are mainly 

shaped in line with the feedback and requests of customers 

and therefore the companies in the sector prefer to carry out 

their activities towards customer demands rather than trying 

to meet the requirements of such certifications. According 

to the study, the ratio of the budgets allocated for 

innovation activities are above the general average in the 

companies with the highest number of patent ownerships. 

Correspondingly, their average product development times 

are below the general average, and the ratio of the new 

product developments turning into commercial benefits is 

above the average. Moreover, it is observed that technical 

textile companies have less demand for utility model 

applications because of the reason stated by them is that the 

protection period of utility models is less than patents and 

this kind of protection does not require a step of invention. 

The presence of a system that encourages innovative 

activities is of less significance in terms of creating the 

innovation power of companies compared to other criteria 

and the systems that encourage innovative activities are 

carried out at a "good" level throughout the enterprises 

according to interviewed managers. However, the number 

of scientific publications has become the criterion that is 

considered to be least important in influencing innovation 

power. The reasons of this situation are that scientific 

publications play an important role in strengthening the 

prestige of companies, but cannot be turned into an 

advantage that is a priority for customers or provide 

commercial earnings. It is observed that the number of the 

scientific publications varies between 0 to 35, and on 

average, the companies have eight scientific publications. 

The second most important main factor that constitutes the 

innovation power of enterprises is the environment of 

innovation in which the company is located. Technical 

textile enterprises participating in the study rate the 

competitiveness skills, the innovation-oriented cooperation 

level of the company with other institutions and the 

governmental incentives for innovation provided to 

technical textile enterprises as "good", within the evaluation 

set for classification. It has been determined that the 

technology level of the equipment utilized for R&D 

purposes is "good", throughout the large-scale technical 

textile enterprises participating in the study. The majority of 

the companies agree that the number of R&D personnel 

employed or the ratio of these personnel in total personnel 

is not an adequate data in formation of innovative activities 

solely. It was determined that this ratio changes between 

0,4% and 6,1% in the technical textile companies 

participating in the study and the average ratio of R&D 

personnel is 2,33%. 

One of the other criterion that enables companies to come 

to the forefront compared to their competitors in their 

innovation ability is their investment force. In the scope of 

the study, innovation investment of the companies was 

examined within two categories: The ratio of the amount of 

budget allocated to R&D activities (%)=(Budget of the 
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R&D activities/Total budget) and the ratio of the budget 

allocated to the training required for R&D personnel 

(%)=(Budget allocated to the education/Total R&D 

budget). According to the responses obtained from the 

companies interviewed, these two ratios have an effect on 

the innovation ability of companies at approximately equal 

levels. Technical textile companies allocate 2.46% of their 

general budgets to R&D and P&D activities on average. 

According to the firms' responses, this ratio ranges between 

0.5% and 15%. The average R&D expenditure ratio of the 

technical textile companies obtained is above the R&D 

expenditure rate of Turkish GDP, which was 0.94 as of 

2016 (30). Companies allocate 12,87% of their total R&D 

budget to the training expenses of R&D personnel. It is 

observed that the rate of the budget allocated to education 

varies between 0.03% and 50%. The last criteria that affects 

the innovation ability of technical textile companies is the 

effectiveness of the communication channels of the 

companies. In terms of the aspects of communication, 

innovation-oriented communication with customers takes 

place on the top amongst the communication channels. 

Accomplishments of the sector will be able to make 

important contributions at both micro and macro levels. 

From this point of view, our companies need to gain a 

proactive structure, by directing the customers to their new 

offerings of latest innovations, rather than implementing the 

product and process improvements based only on the 

demands of customers. In this way, Turkish technical 

textile companies may become a pioneer in both domestic 

and foreign markets. Besides, the increase in innovation 

activities also stems from the increase in production and 

exports of the technical textile products. Similarly, the 

increase in production and exports is primarily due to the 

increase in consumption in the domestic market. Therefore, 

the compulsory usage of technical textiles in public places 

such as hospitals will provide significant advantages. In this 

regard, public procurement to be carried out in public areas 

such as medical and defense industries will enable domestic 

producers to move their existing facilities and productions 

to a more advanced level. 

In addition to innovative applications, the regular 

implementation of innovation analysis inspections is also 

important in terms of sustainability of such applications. In 

order to be able to achieve this goal, information sources 

need to be constantly updated. In addition, the analysis of 

the data obtained because of the innovation analysis 

surveys together with additional economic indicators of the 

country, where the activities are carried out, will allow 

companies to analyze their innovation position in a 

healthier way. In addition, it has been observed that a 

database is needed for gaining detailed and concrete 

information about technical textile companies. This kind of 

a database that facilitates access to a range of information, 

such as the technical textiles branches of companies, 

product diversities etc., will be able to provide great 

advantages and communication opportunities for 

researchers, industrialists and retailers in both Turkey and 

abroad. 
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