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ABSTRACT 
Innovation is an essential tool for the supply chain to gain its competitive advantage and improve its 
performance. Many researchers have remarked that supply chain innovation is a vital tool for 
improving the performance of a supply chain and can be very productive. This research attempts to 
identify and analyze the effective factors on the innovation supply chain in the health sector. The 
effective factors on the innovative supply chain were extracted by reviewing the literature, similar 
studies, and experts’ surveys. In this regard, 49 criteria were determined in eight dimensions. Intuitive 
fuzzy DEMATEL (IFD) and AHP methods were used to determine the weight and the relationships 
between them. The results indicated organizational innovation as the most important dimension, 
government support innovation as the most effective dimension, and process innovation as the most 
affected dimension. Some researchers believe that this period guarantees the survival and success of 
service organizations in this competition. However, the logistics and communication network of a 
business is required as a new and innovative landscape to use the competitive advantage opportunities 
to perceive the global era. 
 
KEYWORDS: Innovative supply chain; Innovative supply chain in services; Intuitionistic fuzzy set. 
 

1. Introduction1 
Today, increasing global competition between 
companies and institutions creates new 
challenges in the supply chains. These include 
increased demand for cost reductions, high 
quality, improved customer service and assurance 
of continued supply [1-4]. At present, the supply 
chain faces advancement in ICT and chain 
integration by increasing customer 
responsiveness. Organizations in supply chains 
are forced to rebuild and re-engineer to increase 
their efficiency and meet customer expectations. 
At present supply chain is facing Increase 
customer responsiveness, advancement in ICT 
and Chain integration. Organizations in supply 
chains are forced to rebuild and re-engineer to 
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increase their efficiency and meet their 
customers’ expectations [3, 5]. Thus, one of 
integration cause is supply chain management 
that plays an important role in improving 
organizational performance to achieve a 
competitive advantage [5-9]. Many organizations 
including Health Care institutions use supply 
chain management (SCM). Over the past decade, 
many researchers have emphasized the 
importance of effective SCM in health services 
[7, 10-13]. The supply chain in the hospitals is 
unique and differs from ordinary supply chains in 
many ways. SCM is more complex in the hygiene 
care industry because it is directly related to 
patient care [8, 14]. The standard of services 
provided by the Health industry's supply chain is 
different from the production sector [15]. All 
these make the health chain more dynamic and 
sophisticated, which significantly affects the 
performance of health organizations. Thus, the 
concept of SCM in the field of health care is also 
considered as a tool to increase productivity and 
improve quality [16]. Therefore, SCM provides a 
new opportunity to create competitive 
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advantages. But to use these opportunities and 
gain a competitive edge, for understanding global 
supply, logistics, and business communication 
networks; new thinking and innovation are 
needed. Innovation is an essential tool to gain 
their competitive edge and improve 
organizational performance [4, 17-21]. 
Innovation is a collective process that is created 
through organizational tasks or different 
organizations, ideas generated in resources, skills, 
and employees [22]. Therefore, it is important to 
provide an environment where health care leaders 
focus on innovation through various devices 
(such as IT applications programs, leadership, 
etc.) [23]. A complex generating process in the 
information chain and logistic innovation 
services is the application of technology and 
process innovations, to provide solutions to 
customer needs and identify new ways for better 
processes [23, 24] In this way, it not only 
improve operational capability but also increases 
the ability to manage risk and serves as a catalyst 
for facilitating multiple activities such as 
planning, monitoring, forecasting and purchasing 
in complex supply chain programs. Arlbjørn [25] 
stated that supply chain innovation is a change in 
a supply chain network, supply chain technology, 
or supply chain process(or a combination of 
these) that can be found in a plant, a company, an 
industry, or a chain supply, to increase new 
creation value for the shareholder. Many 
researchers have pointed out that supply chain 
innovation is a vital tool for improving the 
performance of a supply chain and can lead to 
improved productivity [18]. In this way, the 
Supply Chain Innovation (SCI), the mentality, 
and the creative practice of exploring the 
opportunities present in SCM are to create 
competitive advantage [25, 26]. Thus combining 
the two concepts of supply chain and innovation 
in the service sector, especially health care, will 
improve the performance of this sector and create 
a competitive advantage for it. In this regard, this 
research tries to identify and analyze the effective 
factors in the innovation supply chain in the 
health sector. 
 

2. Literature Review 
2.1. Innovative supply chain in services 
Nowadays in a new business environment, 
successful organizations cover the needs of 
diverse customers, environmental dynamism, 
decrease environmental confidence, and the pace 
to meet the customers’ needs, the flexibility and 
innovation in which the supply chain 
management has received special attention. Some 

researchers believe this is a guarantee for survival 
and service organizations' success in the 
competition [25, 27, 28]. In the area of service 
management, a supply chain management service 
means planning and managing activities from raw 
materials to the final product. While the main 
goal of the industry's supply chain management is 
to obtain a proper composition of inventories in 
response to demand (especially in the case of an 
overly moderate demand), service chain 
management is related to planning and managing 
activities from supporting services to providing 
services to final consumers. Nonetheless, unlike 
in manufacturing units where their supply and 
demand are clearly visible commodities, raw 
materials, intermediaries, or end-uses, in service 
chains and demands because of the intangible 
nature of supply, it is to some extent difficult to 
predict and plan resources [23, 29-32]. In fact, 
the main goal in service chains is to estimate 
demand to use skills and services available in the 
system [23, 27, 29-31]. In this way, it can be used 
as a way to organize the management operation 
of the supply chain in addition, to a strategic plan 
to create the key to success in a competitive 
market [4, 28]. Taking into account the 
inadequacy of production-oriented supply chain 
models in the service sector, various researchers 
have attempted to define the concept of the 
supply chain in the service sector. Over the past 
few years, there have been several definitions of 
the supply chain. Ellram [32] stated that there is 
no exchange of goods in professional services. 
Exchange in service companies means the use of 
the services suppliers and its employees’ assets. 
Actually, the purchase of a service is a marker of 
the transforming capacity of the customer service 
provided to customers as a service, but the 
definition of the modified supply chain is, 
information management, processes, capacity, 
performance services, and funds from the initial 
supplier till final customers [27, 32, 33]. In 
addition, in the other definition, the supply chain 
of information management services, processes, 
resources, and service functions has been shown 
from the primary supplier to the end customer 
[27, 31-33]. Baltacioglu [27] also defined the 
supply chain system as a network of suppliers, 
service providers, customers, and other 
supportive units, focusing on the exchange of 
resources needed for services, transfer of these 
resources to core services, and support and 
delivery of these services to the customer. The 
supply chain as a life cycle process, including 
physical, informational, financial, and 
knowledge, flow, that is aimed at satisfying end-
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user needs through services is provided through 
connected suppliers. According to this definition, 
he further defines the management of supply 
chain management to design, maintain, and 
implement supply chain processes to meet the 
needs of the final customer service [28]. In the 
service dimension, like other industries, 
managers can also pay attention to supply and 
management. The service sector can be a 
significant sector, growth of which is increasing 
day by day and growing its range of activities, 
and it can be considerably affected by innovation. 
Innovation in services is a key to escape from 
traps, is a way to grow as well as a source of 
competitive advantage for organizations. 
Therefore, proper management and guidance 
towards innovations have high importance. 
Therefore, attention paid to innovation in 
organizations is obvious and is a new approach to 
business [24, 34]. 
There are many definitions of innovation, taking 
those definitions into the account we can say that 
innovation is an idea, action, or product that is 
considered new by people in a new social system. 
Gumusluoglu [35] defined innovation as an 
organization's desire to develop advanced and 
new products and services and deliver them to the 
market for success. In fact, innovation is any new 
operation in an organization that can include 
equipment, products, services, processes, 
policies, and projects [36]. Drucker [37] 
Introduces innovation as a special tool for 
entrepreneurs, through which they use change as 
an opportunity to create a different service or 
business. The innovation is associated with new 
ideas that lead to improved organizational 
performance. The organization's ability to 
innovate is one of the important factors in the 
survival and success of organizations, especially 
service organizations [38]. According to 
Christian [39], effective corporate innovation is 
the key to survival in a competitive environment. 
Innovation is one of the basic tools for growth 
strategies to enter new markets that increase the 
present market share and prepare the organization 
to face a competitive situation [24, 34, 40]. 
Innovation in service-giving organizations such 
as health care institutions can occur in the supply 
chain. Innovation in this area can include the 
supply chain structure and serve as a means to 
rebuild the supply chain [41, 42]. In addition, SC 
innovation has been considered as a vital factor 
for organizational performance in the health care 
industry [7, 42, 43]. In fact, the innovative SC 
provides innovative solutions, and the SC 
decision-makers can use it to counteract 

uncertainty in a dynamic and competitive 
business environment [44, 45]. The researchers 
found that the innovative SC provides 
opportunities for increasing its productivity [44, 
46], improving the product and service 
quality[47-49], providing greater customer’s 
desired value [25, 50] and corporate social 
responsibility support [36, 51, 52].  
Chapman [53] indicated that the effective 
delivery services industry also needs to focus on 
SC innovation [7]. Because of the effective 
delivery of innovative services and high quality, 
SCMs decrease costs, on-time delivery, and 
effective operations [54]. Therefore, SC 
innovation is essential for organizational 
sustainability [37]. In addition, organizations 
need to pay more attention to innovation in the 
service industry at an accelerating pace [7, 55, 
56]. Arlbjorn [25] investigated a systematic 
literature review and described SCI as "a change 
in the SC network, technology, or processes (or a 
combination of these) that can be found in a 
company, in any industry or in a chain supply to 
create new value for shareholders.” 
Although SC management literature has 
discussed the innovation SC and mentioned the 
importance of SC innovation, there are often 
scientific studies on the content and determinants 
of SC innovation [25, 57]. In addition, some 
studies examined the various issues of innovation 
and their relationship with aspects of the SC [54, 
58-60]. Yoon [54] investigated the effect of 
leadership on innovation, and SC innovation on 
the performance of SC in health care institutions. 
The study suggested that the innovation of SC 
plays an important role in improving operational 
processes for the effectiveness of SC and helps 
the management of healthcare institutions. 
Theoretically, for the healthcare industry to 
succeed, innovation in SC management is 
essential. Lee [7] reviewed the innovative SC to 
improve organizational performance in the 
healthcare industry. The results of this research 
indicated that organizational performance is 
positively related to the structure of SC 
innovation. The results revealed that successful 
SC management is achieved through continuous 
SC innovation with the supplier, which in turn 
improves organizational performance. Soosay [3] 
in their study examined the relationship of 
cooperation with innovation in the SC. Their goal 
was to explain the importance of this relationship 
for innovation. The results showed that the 
performance of companies could have an impact 
on generating innovation.  
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As various scholars have stated, SC innovation is 
a multidimensional structure that can incorporate 
various aspects of innovation [18, 24, 61, 62]. In 
innovation, the rule is multidimensional services. 
Most probably service innovations are a 
combination of modernization in different 
dimensions of services. In this regard, the 
importance of the innovative SC in the field of 
health care institutions caused the researchers to 
investigate the dimension of its components. To 
this end, the factors that composed the innovative 
SC were identified in eight dimensions including 
marketing innovation, technological innovation, 
innovative infrastructure, enterprise innovation, 
innovative collaboration, process innovation, 
service innovation, government support for 
innovation. Each one is dealt with in detail in the 
following paragraphs.  
 
2.1.1. Marketing innovation 
Marketing innovation in today's business and 
global competitive markets seems to be very 
functional and operational because in today's 
markets the goals of the companies are customer 
satisfaction and their needs and wants [63-66]. 
Marketing innovation is defined as a new 
marketing method that requires significant 
changes in product design or packaging, location, 
advertising, or price [67]. Much literature refers 
to the marketing innovation role as the 
competitive advantage motive for companies [39, 
68]. In addition, creating innovative tools for 
production and services, innovation in product 
pricing or provision of services, in service 
delivery techniques, in product distribution or 
service delivery channels (such as advertising) 
[40], adaptation to the change in customer’s 
desired value in the SC and acquisition of value 
considered by the customer in the innovative SC 
is involved in healthcare services [18]. 
 
2.1.2. Technological innovation 
Technological innovation is the total product 
yield of / service/process innovation process and 
is described beyond the development of a new 
product and process. Major technological 
changes are also considered in existing products 
and processes, according to the situation [69]. 
Filipescu [70] argued that technological 
innovation can be a new method or the ability to 
produce a method for producing products, 
processes, and new services; in addition, offering 
new products for the first time, offering tailored 
products to the marketplace, developing (fast and 
competitive) new technologies, incorporating 
new technologies for the development of new 

products, utilizing modern techniques tailored to 
day-to-day knowledge and production processes 
[43, 71, 72]. The literature shows that selecting a 
technological innovation is not solely efficient to 
reach a competitive advantage, and other aspects 
of innovation should be considered in SC [73]. 
 
2.1.3. Innovative infrastructure 
Furman [74] acknowledged in the research that 
the common infrastructure of innovation includes 
the knowledge of an organization, the level of 
human resources, and the capital allocated to 
innovation and other policies and commitment 
resources that support innovation in that 
organization. These infrastructures also include 
general policies and other resources that 
influence innovation incentives and research and 
development productivity. It can be stated that 
innovation infrastructure in the innovative SC in 
health services includes: a system for sharing, 
sharing knowledge between individuals, a 
comprehensive system for collecting and 
analyzing data, the existence of a database of 
information and customer needs [63], assigning 
material resources and equipment needed to 
produce new products and services, encouraging 
research and development units [36] and 
spending on research and development should be 
in relation to annual revenue [75]. 
 
2.1.4. Organizational innovation 
Organizational innovation has different and 
diffuse literature, and still, researchers have not 
agreed to define this term. Organizational 
innovation is a management system that 
emphasizes the mission of the organization, and 
seeks exceptional and new opportunities, and 
identifies the criteria for success. Drucker [37] 
believes that the success of innovation requires 
hard, focused, and targeted work. Administrative 
innovation refers to changes in organizational 
structure, management approaches, strategies, 
processes, and administrative systems [76, 77]. 
Lu and Chen [78] considered organizational 
innovation to include changes in the structure and 
processes of an organization to employ new 
managerial, operational, and operational concepts 
such as the use of specialized workgroups in 
production, SC management, or quality 
management systems. In addition, organizational 
innovation in the innovative SC in healthcare can 
include Innovation in daily work, procedures and 
processes for managing company activities, 
innovation in quality management and production 
management systems, innovation in human 
resources management system, innovation in the 
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information management system of the 
organization and activity in information sharing 
field [40]. It seems that knowledge sharing and 
organizational innovation are the key motives to 
reach a competitive advantage [19]. It is argued 
that technological and organizational innovation 
has a synergistic effect on international 
performance and this effect depends on unique 
domestic institutional factors [79]. 
 
2.1.5. Collaborative innovation (inter-

organizational sharing) 
Participatory innovation in processes and 
products is very important in the information age 
[80]. Based on the relational perspective, 
collaborative relationship helps organizations 
build and maintain relationships with customers 
and suppliers. Collaborative relationships can 
improve organizational capabilities and, in turn, 
facilitate superior organizational performance 
[81]. Organizations that engage in more 
collaborative communication with their 
customers and suppliers will achieve mutually 
beneficial relationships, market intelligence, and 
more collaborative activities. In this way, 
innovative technological collaboration refers to 
collaborative agreements between organizations 
aimed at developing technologies for process or 
product innovation using a variety of 
collaborative forms. The organization can 
enhance its technological capability in interaction 
with various partners (suppliers, customers, 
competitors, and research organizations) [82].  
Tsai and Wang [82] found that the coordination 
and high internal sharing level of R & D with an 
external low level of R & D cause technological 
innovation of the organization. 
Shen [80] examined the suppliers' and 
manufacturers' innovation participation in the SC 
in the study they conducted. Related to the 
supplier and producer innovation they indicated 
that if there are sufficient abilities and resources 
for investment in product innovation, the 
producer always intends to invest in the product 
innovation. However, the supplier is reluctant. 
Thus, the innovated production is mostly related 
to the producer’s innovative attempt. 

 
2.1.6. Process innovation 
Some studies have argued that service innovation 
should be part of product innovation for service 
organizations. However, Su [83] suggested it is 
better if innovation focus on services itselves. 
They argued that service companies need to 
implement service innovation practices to create 
a new market [83]. Innovation provides a tool for 

maintaining and improving quality and cost 
savings [84], and involves the adoption of new or 
improved methods of production, distribution, or 
delivery of services. In fact, the purpose of 
process innovation means to what extent the 
organization uses the new technologies in 
experimenting or testing. In fact, this innovation 
refers to everything that changes the way work is 
done and changes the designing methods of jobs 
[85, 86].  Thus, innovation in the innovative SC 
in healthcare involves: using an informal process 
for the production and development of ideas, 
Dolog [87] using modern technology in 
expanding the service delivery process [88], 
supporting ideology and creativity ( development 
of new and non-traditional solutions [89], 
reduction of bureaucracy (for more access to 
services), Darroch [90] formal methods (using 
the formal process to improve services), Gupta 
and Sharma [91] developing strategy and 
perspectives (applying developed and specific 
strategies), identifying and eliminating waste 
activities in the process of product production or 
service delivery, reducing the cost of production 
factors, including methods, software and 
hardware products or services, increase in the 
speed of delivery of products or the provision of 
services to customers, the use of new methods, 
techniques and processes in order to produce a 
product or provide services [40].   
De Giovanni and Cariola [92], studied the effect 
of process innovative strategy of companies by 
Industry 4.0 technology through the lean 
practices and green SCs. This research 
investigated whether the process innovation can 
be used as leverage to reinforce the relationships 
between lean practices, green SC management, 
and performance or not. The results showed that 
lean practices facilitate cooperation in 
environmental plans and positively help 
environmental performance. 
 
2.1.7. Service innovation 
Innovation in services provided by service 
organizations is seen as services like products 
and goods produced in manufacturing 
organizations. But service innovation can be 
defined as the supply of new services to existing 
or new customers and the provision of existing 
services to new customers [77]. The service 
companies focus on service innovation and 
provide opportunities to better understand the 
customer's needs and create processes that make 
money. But for manufacturing companies, 
service innovation means the review of 
innovation in achieving an integrated solution for 
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product innovation and innovative activities. 
Therefore, service innovation involves changes 
that lead to changes in the way of delivering 
services or their features, and the use of new 
technology to meet market needs. Introducing the 
way of providing new services in the real sense 
means in the market at the right time [38]. In the 
area of SC Innovation, healthcare services 
include need assessment based on age group 
needs (providing services and products based on 
the needs of different age groups) [93], upgrading 
quality (improving current services and 
improving service quality) [88], technology 
(provision of services and Electronic products, 
related today technology [94], speed and 
accuracy of operation (speed in the identification 
of urban and citizen’s needs and the provision of 
contingency services) [95], width and 
dynamics(providing a wide range of products and 
services) [87].   
 
2.1.8. Government support for innovation 
Examples of the advanced technology sector in 
the United States show that innovative 
organizations receive funding from public 
investment. In this regard, such investments 
cause a combination of the required amount of 
fixed costs and the degree of uncertainty in 
innovation, and the government is more likely to 
invest in physical and human infrastructure than 
individuals and businesses companies [96]. 
Government support for companies can take 
various forms, such as grants, tax incentives, 
government-sponsored labs, or direct investment 
through public investment. Literature showed that 
the government supports innovation factors 
directly and indirectly through innovation in R & 
D, internal and external cooperation [97-99]. 
Research on active companies in Brazil showed 
that government incentives to innovate and 
support organizations depend on the performance 
of organizations themselves [100-102]. However, 
public funding and government support for 
innovation are not the only way to advance 
innovation [103]. Government support in the SC 
of innovation in healthcare services can include: 
having necessary government's financial support 
to develop innovation, creation of new goods and 

services, the existence of laws and regulations 
from the government for the development of 
innovation, holding various classes from the 
government for educating the staff of the 
organization, providing the conditions and areas 
for marketing and sale of new ideas by the 
government [36]. 

 
2.2. Intuitionistic fuzzy set(IFS) 
An intuitionistic fuzzy set (IFS) is one of the 
generalizations of fuzzy sets theory [104] out of 
several higher-order fuzzy sets, IFS, first 
introduced by Atanassov [105], are more 
compatible to deal with vagueness. The 
conception of IFS can be viewed as an 
appropriate/alternative approach in cases where 
available information is not sufficient to define 
the impreciseness by the conventional fuzzy set. 
Fuzzy sets only consider the degree of 
acceptance, but IFS is characterized by a 
membership function and a non-membership 
function so that the sum of both values is less 
than one [108]. Presently, IFSs are being studied 
and applied in different fields of science. Among 
the research works on IFS we can mention 
Atanassov and Szmidt [106-109]. 
Definition 1- Assume reference set

 1 2 3, , ,...X x x x . In this case, set A which is 
a subset of X is an intuitionistic fuzzy set defined 
as Eq. (1). 
 

(1)       XxxxuxA AA   ,,  
 
In the above definition,    xvxu AA ,  are degree 
of membership and non-membership 
respectively, which are defined as 

       1,0:,1,0:  xxvxxu AA  and satisfy
    10  xvxu ijij . In addition, for each

x X , intuitionistic index x  is defined as 

xxx vu 1 [106]. 
Definition 2-       xxvxu ijijij ,,  is an 
intuitionistic fuzzy number that satisfies the 
following conditions Eq. (2). 

 
(2)                       xxuxxxuxxxu ijijijijijijijij   1,10,1,0,1,0,1,0  

 
It must be noted that although intuitionistic fuzzy 
number is similar (in appearance) to triangular 
fuzzy number ( , , )a b c , it is quite different. 
Triangular fuzzy number is a convex normal 

fuzzy set with a membership function in which
( )a b c  ; while an intuitionistic fuzzy number 
is a point in three-dimensional space constructed 
by axes      xxvxu ijijij ,,  [39]. Atanassov and 
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Gargov [106] have described intuitionistic fuzzy 
number (0.50,0.20,0.30) as a scenario where 

votes in favor of adoption are 0.5, votes against it 
are 0.2 and abstained votes are 0.30. 
In this context the following relationship holds 
true (Eq. (3)). 

 
            10,10,1  xvxvxuxxvx ijijijijijij

   (3) 
 
These numbers are better suited to deal with 
uncertainty and provide a more logical 
mathematical framework to deal with inexact 
facts and incomplete information [110].Some of 
the operators and relationships between these 
numbers are provided in the following. For 
simplicity's sake, these numbers are expressed as

      xxvx ijijij  ,, where  xij  ،  xvij and

 xij  are numbers in the range [0, 1]. 

Definition 3- Assume intuitionistic fuzzy 
numbers     XxxvxxA AA  ,, and

    XxxvxxA AA  111 ,, and

    XxxvxxA AA  222 ,, and the real 
number n . According to [112] the following 
relationships are defined as Eq. (4)-(10) :

 
    XxxxvxA AA  ,,  (4) 

          XxxvxvxxxAA AAAA 
2121

,max,,min,21   (5) 

          XxxvxvxxxAA AAAA 
2121

,min,,max,21   (6) 

            XxxvxvxxxxxAA AAAAAA 
212121

,,21   (7) 

            XxxvxvxvxvxxxAA AAAAAA 
212121

,,21   (8) 

      XxxvxxnA n
A

n
A  ,11,   (9) 

      XxxvxxA n
A

n
A

n  11,,   (10) 

 
Where n  is a Positive integer. 
 

3. Designing an Innovative SC Model in 
Service Using AHP and DEMATEL in 

Intuitionistic Fuzzy Environment 
This study aims to identify and rank the effective 
factors on the innovative SC in the service sector. 
To identify the factors from the literature and 
similar studies, a survey of experts was used. On 
this basis, a total of 49 criteria were determined 
in eight dimensions. Determining the weight of 

the factors, regardless of their relationship matrix, 
their relationship is not in vain. So, to determine 
their weight, the integrated approach of AHP and 
DEMATEL in an intuitionistic fuzzy 
environment will be used. The research method 
consists of three phases and 14 steps, which will 
be presented in continuation. Figure 1 depicts a 
general outline of the research methodology 
stages, separated into three phases. 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

ie
pr

.iu
st

.a
c.

ir
 o

n 
20

24
-0

7-
18

 ]
 

                             7 / 26

http://ijiepr.iust.ac.ir/article-1-1031-en.html


8 Analyzing the Effective Factors on Innovative Supply Chain Model in Service Organizations 
Applying Intuitive Fuzzy DEMATEL and AHP Methods 

 

International Journal of Industrial Engineering & Production Research, December 2021, Vol. 32, No. 4 

  
 
 
 
 

Fig. 1. A general overview of the research methodology steps 
 

3.1. Phase I: Identification of the 
effective factors on the innovative SC in 
the service sector:  
Applying the library resources and similar studies 
and expert perspective, effective factors affecting 
the innovative SC in the service sector were 
determined. 

 
3.2. Phase II: Determining intuitionistic 
fuzzy weights using the IF-AHP technique:  
Analytic Hierarchical Method (AHP) is a multi-
criteria decision-making method for determining 
the weight and priority of factors. In fact, the 
AHP method is a method used to solve multi-

criteria decision-making problems with a 
hierarchical structure. There are several 
intuitionistic fuzzy AHP methods. In this study, 
Zhou [111] Intuitionistic fuzzy AHP method, is 
used. Usually, the construction of the priority 
scale for each criterion and option can be 
expressed using the AHP measurement scale. A 
new priority scale with the sign of fuzzy intuitive 
numbers instead of definite numbers can be 
introduced. The discussion of intuitionistic fuzzy 
numbers includes the standard AHP scale and the 
intuitionistic fuzzy number. The AHP language 
priority scale is presented in the intuitionistic 
fuzzy number and inverse one in Table 1. 

 

Step 8. Constructing the 
decision matrix 

Step 12. Calculating the 
Total Relation Matrix (

) 

Step 4. Creating a 
Matrix of Consolidation 
of Experts' perspectives 

Step 3. Determining the 
relative importance of 
experts’ opinions 

Step 2. Formation of the 
Paired Comparison 
Matrix 

Step 1. Designing the 
hierarchy tree of 
research 

Step 11. Defuzzification 
of normalized matrix 

Step 10. Normalizing the 
Direct Relation Matrix 

Step 9. Constructing 
aggregated intuitionistic 
fuzzy decision matrix 
based on experts’ 
opinions 

It was used to identify 
factors from similar 
research literature and 
surveys of experts. 

Phase III: The Relationship between 
Effective Factors on the Innovative 
Supply Chain in the Service Sector 
with Intuitionistic fuzzy DEMETAL 
Technique Analysis 

Phase I: Identification of the effective 
factors on the innovative supply chain 

in the service sector 

Phase II: Determining Intuitionistic 
Fuzzy Weights using the IF-AHP 

Technique 

Step 5. Investigation of 
the compatibility of the 
paired comparison 
matrix

Step 13. Combining 
fuzzy weights and E (w) 

Step 6. Calculation 
priority vector 

Step 7. Combination all 
weights 

Step 14. developing the 
causal diagram 
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Tab. 1. Linguistic terms for the inference fuzzy numbers 
The inverse value of 

intuitionistic  
intuitionistic fuzzy numbers  Preference in pairwise comparisons 

 )0.02, 0.18, 0.80 ( 0.02, 0.18, 0.80)(  Equal priority 
 )0.13, 0.27, 0.60(  0.27, 0.13, 0.60)(  Fairly preferred 
)0.33, 0.20, 0.40(   (0.27, 0.33, 0.40)  Strong preference 
 )0.62, 0.18, 0.20(   )0.18, 0.62, 0.20(  Very strong preference 

 )1, 0, 0(   )0, 1, 0(  Quite strong preference 
 
Zhou [111] Intuitionistic fuzzy AHP method, 
includes the following steps: 
Step 1. Designing the hierarchy tree of 
research: In this step, a hierarchy tree of 
research is drawn based on criteria, sub-criteria, 
and options. 
Step 2. Formation of the Paired Comparison 
Matrix: In this step, based on the hierarchy tree 
of the research, the paired comparison matrix is 
designed, and, based on experts' opinions, a 

pairwise comparison of the hierarchical tree 
levels is done. In this step, for pair comparison, 
linguistic terms and the Intuitionistic fuzzy 
numbers are used (Table 1). 
Step 3. Determining the relative importance of 
experts’ opinions: Suppose that the decision-
making team is composed of k experts and the 
importance of each expert is expressed by 
linguistic terms and intuitionistic fuzzy numbers 
shown in Table 2.

 
Tab. 2. Linguistic terms for rank the importance of criteria and decision-makers 

IFNs Linguistic terms 
(0.9,0.1) Very important 

(0.75,0.2) Important  
(0.5,0.45) Middle important 
(0.35,0.6) Low important 
(0.1,0.9) Unimportant  

 
Assuming that  kkkk vD  ,,  is an 
intuitionistic fuzzy number expressing the 
importance of k -th expert, the weight of k -th 
expert is calculated as Eq. (11): 
 

푞 =
휇 + 휋

휇 + 휋

푞 = 1

 (11)  

 

Step 4. Creating a Matrix of Consolidation of 
Experts' perspectives: The Eq. (12) is used to 
aggregate the paired comparison matrices. In this 
relationship, kq is the weight of the expert k and 
is determined on the basis of Eq. (11). 

           
1 1 1 1

1 2

1 1 ,1 1 , ,

, ,...,

      

   

                


   
h h h hq q q qk k k k

ij ijk ijk ijk ijk
k k k k

n

r x x x x

j C C C

 
(12)  

 
Step 5. Investigation of the compatibility of the 
paired comparison matrix: Every Inference 
preference relationship, preference is based on 
Eq. (13), if all the intuitive parenting 
relationships have acceptable compatibility, then 
step 7 is considered; otherwise, step 5 should be 
performed. 
 

 (13)  

 
Description of the above-mentioned parameters 
has been given in the continuation. 
 

  RRd ~,
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Step 6. Calculation of the priority vector: In 
this step, the priority vector, that is

 1 2, ,...,    n any intuitive preference 
relationship, is calculated through Eq. (14). 
 

 

 
1 1

1 1 1 1

1
,1 , , 1,2,...,

1

 


 
 

   

  
   

 
 

 

 

n n

ik ik
k k

i n n n n

ik ik
i k i k

i k n 

(14)  

 
Step 7. Combination of all weights: From the 
lowest to the highest level using the Eq. (15), the 
combined weights, ranking of the total weights 
are calculated using Eq. (16). Then the best 
option is chosen. 
 

 (15)  

    0.5 1 1     p  (16) 
 
3.3. Phase III: The relationship between 
effective factors on the innovative SC in 

the service sector with intuitionistic fuzzy 
DEMETAL technique analysis 
 

Step 8. Constructing the decision matrix: The 
present study aimed to explain the causal 
relationships between the key factors in the 
effective factors on the innovative SC in the 
service sector with the IF-DEMATEL technique. 
In this regard, the decision matrix was formed to 
evaluate the factors identified in the previous 
step. This matrix is as Eq. (17). 
   

      jijjijjijij CCvCx  ,,  


















k
ij

k
i

k
j

k

k

xx

xx
D






1

111

 
(17)  

 
This matrix is used to evaluate the impact of each 
factor in the row on each factor in the column 
according to experts’ opinions. Following the 
intuitionistic fuzzy approach used in this study, in 
this step, experts used linguistic terms and 
intuitionistic fuzzy numbers shown in Table 3 to 
fill the decision matrix. 

 
Tab. 3. Intuitionistic fuzzy linguistic terms 

Linguistic terms IFNs  
No Influence (0.1,0.9) 
Very Low Influence (0.35,0.6) 
Low Influence (0.5,0.45) 
High Influence (0.75,0.2) 
Very High Influence (0.9,0.1) 

 
After collecting the evaluations of experts in the 
format of linguistic terms, the values of linguistic 
terms were converted into corresponding 
intuitionistic fuzzy numbers and construct an 
intuitionistic fuzzy matrix of evaluation of each 
expert. 
 
Step 9. Constructing aggregated intuitionistic 
fuzzy decision matrix based on experts’ 
opinions (Direct Relation Matrix): Suppose 
that    

mm
k

ij
k rR


  is the intuitionistic fuzzy 

decision matrix of expert k, and

 1 2 3, , , , kq q q q q   is the weight of each 
expert obtained from Step 3, where

 
1

1 , 0,1
l

k k
k

q q


  . The group decision-

making process requires all individual decisions 
to be aggregated in the form of an intuitionistic 
fuzzy decision matrix. This can be done by 
IFWA operator provided by Xu (2007d) as Eq. 
(18). In this case  

mm
k

ijrR


 , and we have: 

      
       

           

1 2

1 2 3
1 2 3

1 1 1 1

, , ,

1 1 , , 1
k k k k

l
ij ij ij ij

l
ij ij ij l ij

l l l lq q q qk k k k
ij ij ij ij

k k k k

r IFWA r r r

q r q r q r q r

v v



 
   



    

 
     
 
   



  (18) 

 

 ijj

m

j
iW  
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Where:         , , 1,2, ,    ij C j C j C ji i i
r C v C C i j m  

The aggregated intuitionistic fuzzy decision matrix has been shown below: 
 

               
               
                    

                























9.0,0,1.0,,,,

,,,,,,
,,9.0,0,1.0,,
,,,,9.0,0,1.0

222111

222111

111

222

333333333

222222

111111








CCvCCCvC

CCvCCCvCCCvC
CCvCCCvC
CCvCCCvC

R

nnnnnn CCCCCC

nCnCnCCCCCCC

nCnCnCCCC

nCnCnCCCC







 

 
Step 10. Normalizing the Direct Relation 
Matrix: In this step, the concept of function 
score was used to normalize the direct relation 
matrix. To do so, first Eq. (19) was used to obtain 

the sum of entries in each column of the direct 
relation matrix. Then, Eq. (20) was used to 
determine the function score for the summation 
of each column. 

 
            jijjijjijjijjijjij CvCvCCCC 21212121 ,~~    

             jijjijjijjijjijjij CvCvCCCC 2121211    (19)  

   jijjijij CvCS    (20) 
 
Assuming that  

mmijij nN


 ~  is the normalized 
matrix, L is the inverse of maximum function 
score in direct relation matrix(R); on this basis, 
the normalized matrix was obtained by the Eq. 
(21)-(22): 
 
   

mmijmmij RLN


  (21) 
Where: 

       L
jij

L
jijij CvCn ,11~   (22) 

 

mmiji

j

ij

nn

nn
N



















~~

~~

1

111





 

 
Step 11. Defuzzification of normalized matrix: 
To defuzzify the normalized matrix, the 
preference risk coefficient ( ) (Eq. (23)) was 
usedas below:  
Preference risk coefficient  1,0  represents 
an expert’s uncertainty in a decision; so 1  is 
the certainty of expert regarding the decision. A 

5.0  indicates that decision-maker is willing 
to take risks, and higher  s represent a greater 
risk in decisions; in contrast 5.0  indicate a 
more risk-averse approach. When 5.0 , an 
expert has a balanced approach toward risks in 
decisions. 
 

       jijjijjijij CCvCn  12   (23) 
 
Where  1,0  
Step 12. Calculating the Total Relation Matrix 
( T ): After defuzzifying the normalized direct 
relation matrix ( R ),the total relation matrix (T ) 
via the Eq. (24) is obtained: 
 
      1


 ijmmijmmij NINT  (24)  

Where I is the identity matrix. 
 
Step 13. Combining fuzzy weights and E (w): 
Fuzzy weights from Step. 6 in phase II were 
combined with E (W). The new expected value 
was obtained using the multiplication operation 
as Eq. (25). 
 
퐸(푊)
= 푤 ⊗ 퐸(푊) (25)  

 
Step 14. developing the causal diagram: The 
sum of entries of each row (D) shows how much 
a variable affects other variables, and the sum of 
entries of each column (R) shows how much a 
variable is affected by other variables. The 
horizontal vector ( ii RD  ) represents how 
influencing and influenced a factor is; this means 
that a factor with higher RD  has more 
interaction with other variables. The vertical 
vector ( ii RD  ) shows the overall influence of 
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each variable; so generally, when ii RD   is 
positive variable is a “cause”, and when ii RD   
is negative variable is an “effect”. Finally, 
Cartesian coordinate system was plotted, where 
longitudinal axis represents RD  and transverse 
axis represent RD  ; so status of each variable is 
represented by a point with coordinates
 RDRD  , . 
 

4. Analysis 
Based on the proposed steps, in the present 
section, the results of the research data collected 
are presented in the form of phases. 

Phase I: Identifying Effective Factors on the 
Innovative SC in the Service Sector using library 
resources and similar studies, and academic and 
industrial experts’ effective factors on the 
innovative SC were identified in the service 
sector. In this way, the component factors of the 
innovative SC in eight dimensions were 
identified including marketing innovation, 
technological innovation, infrastructural 
innovation, organizational innovation, 
collaborative innovation, process innovation, 
service innovation, governmental support for 
innovation. The factors mentioned are shown in 
Table 4. 

 
Tab. 4. Effective factors on the innovative SC in the healthcare sector 

Source sub-Indexes ( sub- categories) Index 

[18] 
Learning the value considered by customer in the SC M

arketing Innovation 

Adapting to changes in customers desired value in the SC 

[40] 

Innovation in product design (by altering appearance, packaging, shape or 
volume without changing the technical characteristics of goods and services) 
Innovation in distribution channels or service delivery (such as offering new 
advertisements) 
Innovation in product pricing or service delivery techniques 
Innovative tools for developing product and service markets 

[43, 71, 
72, 112] 

Utilizing modern techniques and technology innovation appropriate to up to 
date knowledge and the production process 

Technological 
innovation 

New technologies for the development of new products 
The speed of developing new products (fast and competitive) 
Providing adequate products suitable for the marketplace 
Introducing new products first time to the market. 

[63] 
A system for sharing and sharing knowledge between organization Infrastructure 

Innovation 

A comprehensive system for collecting and analyzing data 
The existence of a database of information and customer needs 

[36] 
Allocation of material resources and equipment necessary for the production of 
new products and services 
Encourage R & D units 

[75] R & D expenditure related to annual revenue 

[40] 

Innovation in daily work, procedures and processes used to manage company 
activities. 

O
rganizational Innovation 

Innovation in Quality Management and Production Systems 
Innovation in HRM 
Innovation in Internal Management Information System of organization and in 
Information Sharing activities. 
Innovation in organizational structure in order to facilitate teamwork, find 
strategic partnerships and build long-term partnerships with them, coordination 
between different tasks such as marketing, production, and performing  
organizational projects. 

[75] 

Organization cooperation with other similar organizations in the field of R & D 
innovation and activities. 

C
ooperation 

(inter-
organizational 
partnership) 

Cooperation of the organization with customers in the field of research and 
development activities and innovation. 
Organization cooperation with suppliers in the field of R & D and innovation 
activities. 
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Source sub-Indexes ( sub- categories) Index 
Cooperation of the organization with competitors in the field of research and 
development activities and innovation 
Cooperation with specialists and consultants in the field of R & D and 
innovation activities 
Cooperation of organizational Laboratory and research and development 
companies. 
Organization cooperation with universities in research, development and 
innovation activities 
The organization's cooperation with public scholars or technical centers in 
research and development activities and innovation. 

[87] Using the informal process to produce ideas 

Process Innovation 

[88] Use of modern technology in expanding the delivery process 

[89] Support for ideas and creativity (the development of new and non-traditional 
solutions) 

[90] Decrease in bureaucracy (for easy access to services) 
[91] Official practices (using the formal process to improve services) 

[7] Developing strategy and vision (applying developed and specific strategies) 
 

[40] 

Determine and eliminate wasteful activities in the process of product 
production or service provision 
Reducing the cost of production factors including methods, software, and 
hardware and product manufacturing or service provision 
Increasing the speed of delivery of products or providing services to customers 
 
Application of new methods, techniques and processes in order to produce a 
product or provide services 

[93] Need analysis based on age group (providing services and products based on 
the needs of different age groups) 

Innovation in Service 
 

[88] Upgrading Quality (Improving Current Services and Upgrading Service 
Quality) 

[94] Technology (providing services and electronic products related up to date 
technology) 

[95] Speed and accuracy of operation (rapid detection of urban and citizen needs 
and provision of contingency services) 

[87] Extension and dynamism (providing a wide range of products and services) 

[36] 

The existence of necessary financial support from the government to develop 
innovation and creation of new goods and services. 

G
overnm

ent support 
for  innovation 

The existence of laws and regulations from the government to develop 
innovation 
Organizing various classes by the government to train personnel of the 
organization. 
Providing conditions and areas for marketing and selling new ideas of 
organization through the government. 

  
Phase II: Determining Intuitionistic Fuzzy 
Weights Using the IF-AHP Technique: The 
results obtained from this phase of research are 
shown in the following steps. 
 
Step 1. Design of the Hierarchical Tree of the 
Research. Based on the factors identified in the 
first phase, the hierarchy tree is shown in Table 4. 
 
Step 2. Formulation of Paired Comparative 
Matrix: Based on the identified factors, a 

questionnaire for comparative AHP research was 
designed and distributed among 15 experts in the 
Kerman (Iran) Hospital. Only four of them 
agreed to cooperate. In this questionnaire, the 
intuitionistic fuzzy numbers in Table 1 were 
used. After collecting data in the form of 
linguistic terms, using the fuzzy numbers shown 
in table two, linguistic terms were changed in 
intuitionistic fuzzy numbers. 
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

ie
pr

.iu
st

.a
c.

ir
 o

n 
20

24
-0

7-
18

 ]
 

                            13 / 26

http://ijiepr.iust.ac.ir/article-1-1031-en.html


14 Analyzing the Effective Factors on Innovative Supply Chain Model in Service Organizations 
Applying Intuitive Fuzzy DEMATEL and AHP Methods 

 

International Journal of Industrial Engineering & Production Research, December 2021, Vol. 32, No. 4 

Step 3. Determining the relative importance of 
experts’ opinions: The importance of each of the 

experts based on linguistic terms of table 2 is 
shown in the table below. 

 
Tab. 5. Importance of each expert 

 
1K  2K  3K  4K  

Linguistic terms Middle important Important Very Important Very Important 
 
Weight of each expert ( k ) was determined by 
converting the linguistic terms of mentioned table 
to intuitionistic fuzzy numbers of table 2 and then 
the Eq. (11) was used. The obtained weights are 
presented below. 
 

k 1K  2K  3K  4K  

= 0.1585253 0.2110599 0.2986175 0.3317972 
 
Step 4. Creating a Matrix of Aggregation of 
Experts' Views: An aggregation of expert 
opinions was done using Eq. (12). Table 10 
shows the matrix of aggregation of paired 
comparisons of expert opinions. 

 
Tab. 6. Matrix of aggregation of paired comparisons of expert opinions 

 
Step 5. Investigating the compatibility of the 
paired comparative matrix: In this step, using 
algorithms I and II, the compatibility of the 
paired comparative matrix (Table 6) was 

examined and an incompatibility improvement 
was made. The paired comparative matrix which 
was made compatible is shown in Table 7. 

 
Tab. 7. Compatible paired comparative matrix. 

 C1 C2 C3 C4 C5 C6 C7 C8 
C
1 

(0.05, 
0.580, 
0.370) 

(0.270, 
0.618, 
0.112) 

(0.147, 
0.776, 
0.077) 

(0.125, 
0.757, 
0.117) 

(0.104, 
0.762, 
0.133) 

(0.146, 
0.756, 
0.096) 

(0.150, 
0.718, 
0.130) 

(0.133, 
0.794, 
0.071) 

C
2 

(0.316,0.5
74, 0.11) 

(0.02,0.75
8, 0.222) 

(0.270, 
0.618, 
0.112) 

(0.106, 
0.736, 
0.157) 

(0.100, 
0.740, 
0.158) 

(0.139, 
0.717, 
0.143) 

(0.142, 
0.702, 
0.155) 

(0.131, 
0.704, 
0.163) 

C
3 

(0.08, 
0.235, 
0.685) 

(0.36, 
0.474, 
0.166) 

(0.020, 
0.758, 
0.222) 

(0.163, 
0.687, 
0.149) 

(0.095, 
0.744, 
0.160) 

(0.104, 
0.752, 
0.143) 

(0.110, 
0.727, 
0.161) 

(0.196, 
0.616, 
0.186) 

C
4 

(0.608, 
0.219, 
0.173) 

(0.134, 
0.85, 

0.284) 

(0.474, 
0.360, 
0.166) 

(0.02, 
0.757, 
0.222) 

(0.224, 
0.637, 
0.138) 

(0.161, 
0.716, 
0.122) 

(0.126, 
0.714, 
0.159) 

0.157, 
0.690, 
0.152) 

C
5 

(0.568, 
0.250, 
0.181) 

(0.539, 
0.243, 
0.217) 

(0.544, 
0.232, 
0.223) 

(0.446, 
0.406, 
0.147) 

(0.02, 
0.757, 
0.222) 

(0.257, 
0.691, 
0.051) 

(0.161, 
0.716, 
0.122) 

(0.172, 
0.695, 
0.132) 

C
6 

(0.601, 
0.229, 
0.171) 

(0.468, 
0.283, 
0.249) 

(0.554, 
0.251, 
0.193) 

(0.516, 
0.295, 
0.188) 

(0.520, 
0.373, 
0.105) 

(0.02, 
0.757, 
0.222) 

(0.224, 
0.637, 
0.138) 

0.149, 
0.690, 
0.159) 

C
7 

(0.470, 
0.302, 
0.228) 

(0.450, 
0.289, 
0.261) 

(0.550, 
0.227, 
0.221) 

(0.506, 
0.293, 
0.199) 

(0.467, 
0.319, 
0.213) 

(0.446, 
0.406, 
0.147) 

(0.09, 
0.357, 
0.267) 

(0.27, 
0.618, 
0.111) 

C
8 

(1.00, 
0.00, 0.00) 

(0.494, 
0.304, 
0.202) 

(0.504, 
0.302, 
0.193) 

(0.436, 
0.312, 
0.251) 

(0.442, 
0.336, 
0.221) 

(0.506, 
0.293, 
0.199) 

(0.359, 
0.474, 
0.165) 

(0.02, 
0.757, 
0.222) 

 C1 C2 C3 C4 C5 C6 C7 C8 

C
1 

(0.02, 
0.758, 
0.222) 

(0.270, 
0.618, 
0.112) 

(0.147, 
0.776, 
0.077) 

(0.125, 
0.757, 
0.117) 

(0.104, 
0.762, 
0.133) 

(0.146, 
0.756, 
0.096) 

(0.150, 
0.718, 
0.130) 

(0.133, 
0.794, 
0.071) 

C (0.36,0.47 (0.02,0.75 (0.270, (0.106, (0.100, (0.139, (0.142, (0.131, 
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Step 6. Calculating Priority Vector: Using the 
Eq. (14), the priority vector of the factors 
influencing the implementation of the innovation 
chain in healthcare was determined as shown in 
Table 8.  

Step 7. Combination of weights: Based on 
Table 4, the hierarchy tree has two level. Thus 
the Combination of weights is not required. 

 
Tab. 8. The final weights matrix of factors related to the target 

Component Final fuzzy weight  The final decisive 
weight components 

Marketing Innovation 0.036, 0.894, 0.069)(  0.126104 
Technological innovation   (0.042, 0.868, 0.088) 0.127632 

erInnovative Infrastructu  (0.068, 0.833, 0.098) 0.125252 
Organizational Innovation  (0.076, 0.812, 0.110) 0.125532 
Cooperation (inter-organizational partnership)  (0.090, 0.793, 0.115) 0.12425 
Process Innovation  (0.101, 0.769, 0.128) 0.124099 
Innovation in Service (0.106, 0.753, 0.140)  0.124768 
Government support for  innovation (0.125, 0.731, 0.143) 0.122362 
 
The results of the above table indicated that 
among the identified factors, technological 
innovation with a coefficient (0.1276) has the 
highest definitive weight. Then, in turn, the 
dimensions of marketing innovation, 
organizational innovation, and infrastructure 
innovation were important. 
 
Phase III: Explaining the Relationship 
between Effective Factors on the Innovative 
SC in the Health Care Service Using the IF-
DEMATEL Technique 
 
Step 8. Constructing the decision matrix: After 
determining the importance of the factors, the 

relationship between them was explained with the 
intuitionistic fuzzy DEMTAL method. For this 
purpose, the questionnaire related to the level of 
influence of each index on the other was prepared 
and distributed among experts. After collecting 
the views of experts and using Table 3, verbal 
data was changed to intuitionistic fuzzy numbers. 
 
Step 9. Constructing aggregated intuitionistic 
fuzzy decision matrix based on experts’ 
opinions (Direct Relation Matrix): The weights 
obtained for experts were used along with Eq. 
(18) to form the aggregated decision matrix (
 mmR 


) as blow. 

 

2 4, 0.166) 8, 0.222) 0.618, 
0.112) 

0.736, 
0.157) 

0.740, 
0.158) 

0.717, 
0.143) 

0.702, 
0.155) 

0.704, 
0.163) 

C
3 

(1.00, 
0.00, 0.00) 

(0.36, 
0.474, 
0.166) 

(0.020, 
0.758, 
0.222) 

(0.163, 
0.687, 
0.149) 

(0.095, 
0.744, 
0.160) 

(0.104, 
0.752, 
0.143) 

(0.110, 
0.727, 
0.161) 

(0.196, 
0.616, 
0.186) 

C
4 

(0.608, 
0.219, 
0.173) 

(0.534, 
0.255, 
0.211) 

(0.474, 
0.360, 
0.166) 

(0.02, 
0.757, 
0.222) 

(0.224, 
0.637, 
0.138) 

(0.161, 
0.716, 
0.122) 

(0.126, 
0.714, 
0.159) 

0.157, 
0.690, 
0.152) 

C
5 

(0.568, 
0.250, 
0.181) 

(0.539, 
0.243, 
0.217) 

(0.544, 
0.232, 
0.223) 

(0.446, 
0.406, 
0.147) 

(0.02, 
0.757, 
0.222) 

(0.257, 
0.691, 
0.051) 

(0.161, 
0.716, 
0.122) 

(0.172, 
0.695, 
0.132) 

C
6 

(0.601, 
0.229, 
0.171) 

(0.468, 
0.283, 
0.249) 

(0.554, 
0.251, 
0.193) 

(0.516, 
0.295, 
0.188) 

(0.520, 
0.373, 
0.105) 

(0.02, 
0.757, 
0.222) 

(0.224, 
0.637, 
0.138) 

0.149, 
0.690, 
0.159) 

C
7 

(0.470, 
0.302, 
0.228) 

(0.450, 
0.289, 
0.261) 

(0.550, 
0.227, 
0.221) 

(0.506, 
0.293, 
0.199) 

(0.467, 
0.319, 
0.213) 

(0.446, 
0.406, 
0.147) 

(0.02, 
0.757, 
0.222) 

(0.27, 
0.618, 
0.111) 

C
8 

(1.00, 
0.00, 0.00) 

(0.494, 
0.304, 
0.202) 

(0.504, 
0.302, 
0.193) 

(0.436, 
0.312, 
0.251) 

(0.442, 
0.336, 
0.221) 

(0.506, 
0.293, 
0.199) 

(0.359, 
0.474, 
0.165) 

(0.02, 
0.757, 
0.222) 
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Tab. 9. Aggregated decision matrix  mmR 


 

 

Step 10. Normalizing the direct relation 
matrix: In this step, Eq. (19)-(22) were used to 

normalize the direct relation matrix. This matrix 
is presented below. 

 
Tab. 10. Normalized direct relation matrix )( mmN   

Items C1 C2 C3 C4 C5 C6 C7 C8 

C1 (0.821, 0.921) (0.497, 0.620) (0.521, 0.642) (0.497, 
0.620) 

(0.370, 
0.489) 

(0.521, 
0.642) 

(0.521, 
0.642) 

(0.521, 
0.643) 

C2 (0.521, 0.642) (0.831, 0.921) (0.497, 0.620) (0.190, 
0.294) 

(0.521, 
0.642) 

(0.103, 
0.198) 

(0.236, 
0.355) 

(0.497, 
0.620) 

C3 (0.521, 0.642) (0.521, 0.642) (0.831, 0.921) (0.163, 
0.257) 

(0.144, 
0.251) 

(0.521, 
0.642) 

(0.521, 
0.642) 

(0.521, 
0.643) 

C4 (0.521, 0.642) (0.090, 0.183) (0.521, 0.642) (0.831, 
0.921) 

(0.296, 
0.406) 

(0.202, 
0.310) 

(0.190, 
0.294) 

(0.521, 
0.643) 

C5 (0.354, 0.472) (0.521, 0.642) (0.497, 0.620) (0.521, 
0.642) 

(0.831, 
0.921) 

(0.521, 
0.642) 

(0.521, 
0.642) 

(0.521, 
0.643 

C6 (0.354, 0.472) (0.521, 0.642) (0.497, 0.620) (0.370, 
0.489) 

(0.521, 
0.642) 

(0.831, 
0.921) 

(0.497, 
0.620) 

(0.521, 
0.643) 

C7 (0.163, 0.257) (0.370, 0.489) (0.497, 0.620) (0.521, 
0.642) 

(0.314, 
0.427) 

(0.370, 
0.489) 

0.831, 
0.921) 

(0.521, 
0.643 

C8 (0.521, 0.642) (0.521, 0.642) (0.103, 0.198) ()0.190, 
0.294 

(0.497, 
0.620) 

(0.521, 
0.642) 

(0.497, 
0.620) 

(0.831, 
0.921) 

Step 11. Defuzzification of normalized matrix: 
In this step, preference risk coefficient (  ) and 
Eq. (23) was used to defuzzify the normalized 

direct relation matrix. This resulting defuzzified 
matrix is presented in Table 11 (note that at this 
stage 5.0 ). 

 
 
 
 

 C1 C2 C3 C4 C5 C6 C7 C8 

C
1 

(0.1, 0.9, 
0) 

(0.410, 
0.539, 
0.05) 

(0.385, 
0.564, 
0.050) 

(0.410, 
0.539, 
0.050) 

(0.549, 
0.396, 
0.05) 

(0.385, 
0.564, 
0.050) 

(0.385, 
0.564, 
0.050) 

(0.385, 
0.564, 
0.050) 

C
2 

(0.385, 
0.564, 
0.050) 

(0.1, 0.9, 
0) 

(0.410, 
0.539, 
0.050) 

(0.760, 
0.205, 
0.034) 

(0.385, 
0.564, 
0.050) 

(0.868, 
0.123,0.00

8) 

(0.705, 
0.262, 
0.032) 

(0.410, 
0.539, 
0.050) 

C
3 

(0.385, 
0.564, 
0.050) 

(0.385, 
0.564, 
0.05) 

(0.1, 0.9, 
0) 

(0.793, 
0.172, 
0.033) 

(0.817, 
0.167, 
0.015) 

(0.385, 
0.564, 
0.050) 

(0.385, 
0.564, 
0.050) 

(0.385, 
0.564, 
0.050) 

C
4 

(0.385, 
0.564, 
0.05) 

(0.884, 
0.111, 
0.004) 

(0.385, 
0.564, 
0.050) 

(0.1, 0.9, 
0) 

(0.633, 
0.311, 
0.054) 

(0.746, 
0.220, 
0.033) 

(0.760, 
0.205, 
0.034) 

(0.385, 
0.564, 
0.050) 

C
5 

(0.568, 
0.379, 
0.052) 

(0.385, 
0.564, 
0.050) 

(0.410, 
0.539, 
0.050) 

(0.385, 
0.564, 
0.050) 

(0.1, 0.9, 
0) 

(0.385, 
0.564, 
0.050) 

(0.385, 
0.564, 
0.050) 

(0.385, 
0.564, 
0.050) 

C
6 

(0.568, 
0.379, 
0.052) 

(0.385, 
0.564, 
0.050) 

(0.410, 
0.539, 
0.050) 

(0.549, 
0.396, 
0.053) 

(0.385, 
0.564, 
0.050) 

(0.1, 0.9, 
0) 

(0.410, 
0.539, 
0.050) 

(0.385, 
0.564, 
0.050) 

C
7 

(0.793, 
0.172, 
0.03) 

(0.549, 
0.396, 
0.053) 

(0.410, 
0.539, 
0.050) 

(0.385, 
0.564, 
0.050) 

(0.613, 
0.333, 
0.053) 

(0.549, 
0.396, 
0.053) 

(0.1, 0.9, 
0) 

(0.385, 
0.564, 
0.050) 

C
8 

(0.385, 
0.564, 
0.050) 

(0.385, 
0.564, 
0.050) 

(0.868, 
0.122, 
0.008) 

(0.760, 
0.205, 
0.034) 

(0.410, 
0.539, 
0.050) 

(0.385, 
0.564, 
0.050) 

(0.410, 
0.539, 
0.050) 

(0.1, 0.9, 
0) 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

ie
pr

.iu
st

.a
c.

ir
 o

n 
20

24
-0

7-
18

 ]
 

                            16 / 26

http://ijiepr.iust.ac.ir/article-1-1031-en.html


17 Analyzing the Effective Factors on Innovative Supply Chain Model in Service Organizations 
Applying Intuitive Fuzzy DEMATEL and AHP Methods 

 

International Journal of Industrial Engineering & Production Research, December 2021, Vol. 32, No. 4 

Tab. 11. Defuzzified normalized direct relation matrix 
Items C1 C2 C3 C4 C5 C6 C7 C8 

C1 -0.0905604 -0.1228535 -0.1212415 -
0.1228535 

-
0.1194221 

-
0.1212415 

-
0.1212415 

-
0.1212415 

C2 -0.1212415 -0.0905604 -0.1228535 -
0.1037148 

-
0.1212415 -0.094821 -

0.1186105 
-

0.1228535 

C3 -0.1212415 -0.1212415 -0.0905604 -
0.0941963 

-
0.1069744 

-
0.1212415 

-
0.1212415 

-
0.1212415 

C4 -0.1212415 -0.093117 -0.1212415 -
0.0905604 

-
0.1091707 

-
0.1083308 

-
0.1037148 

-
0.1212415 

C5 -0.1186464 -0.1212415 -0.1228535 -
0.1212415 

-
0.0905604 

-
0.1212415 

-
0.1212415 

-
0.1212415 

C6 -0.1186464 -0.1212415 -0.1228535 -
0.1194221 

-
0.1212415 

-
0.0905604 

-
0.1228535 

-
0.1212415 

C7 -0.0941963 -0.1194221 -0.1228535 -
0.1212415 

-
0.1130999 

-
0.1194221 

-
0.0905604 

-
0.1212415 

C8 -0.1212415 -0.1212415 -0.094821 -
0.1037148 

-
0.1228535 

-
0.1212415 

-
0.1228535 

-
0.0905604 

 
Step 12. Calculating the Total Relation Matrix 
(T ): In this step, Eq. (24) and the identity matrix 
(I) were used to calculating the total relation 

matrix. Results of this step are presented in Table 
12. 

 
Tab. 12. Total relation matrix (T ) 

Items C1 C2 C3 C4 C5 C6 C7 C8 
C1 -0.033904 -

0.0671434 
-

0.0646945 
-

0.0692994 
-

0.0638442 
-

0.0662792 
-

0.0646246 
-

0.0632932 
C2 -

0.0685309 
-

0.0363034 
-

0.0696028 
-

0.0521455 
-

0.0686672 
-

0.0409839 
-

0.0645812 
-0.068038 

C3 -
0.0685481 

-
0.0675772 

-0.036076 -
0.0418901 

-
0.0532656 

-
0.0688757 

-
0.0670661 

-
0.0662375 

C4 -
0.0699925 

-
0.0404079 

-
0.0697849 

-
0.0405167 

-
0.0577917 

-
0.0566851 

-
0.0508211 

-
0.0682009 

C5 -0.062968 -
0.0655523 

-
0.0665775 

-
0.0677791 

-
0.0342972 

-0.06638 -
0.0647565 

-
0.0634599 

C6 -
0.0630339 

-
0.0655182 

-
0.0665937 

-
0.0658612 

-
0.0659587 

-
0.0347229 

-
0.0664558 

-
0.0634784 

C7 -0.039375 -
0.0661107 

-
0.0690242 

-
0.0703179 

-
0.0597013 

-
0.0668745 

-
0.0355241 

-
0.0658363 

C8 -
0.0686322 

-
0.0678386 

-
0.0395641 

-
0.0512265 

-
0.0698706 

-
0.0689978 

-
0.0689381 

-
0.0345719 

 
Step 13. Combining fuzzy weights and E(W): 
According to the Eq. (25), by multiplying, the 
significance of the determined factors, in 
significance amount and criterion effect, new 

values ii RD  and ii RD  were determined. The 
results are shown in Table (13). 

 
Tab. 13. The importance and effectiveness of criteria 

 i iD R  

New 
 i iD R

New 
IF Weight  

-AHP ii RD   ii RD   Component Criteria 

-0.00228 0.01980 0.12610 0.15702 0.12610 Marketing Innovation C1 
0.00097 0.02295 0.12763 0.17978 0.12763 Technological innovation C2 
0.00155 0.02175 0.12525 0.17363 0.12525 Innovative Infrastructure C3 
0.00061 0.02659 0.12553 0.21185 0.12553 Organizational Innovation C4 
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-0.00228 0.01987 0.12425 0.15992 0.12425 Cooperation (inter-
organizational 
partnership) 

C5 

-0.00271 0.02031 0.12410 0.16367 0.12410 Process Innovation C6 
0.00125 0.02116 0.12477 0.16956 0.12477 Innovation in Service C7 
0.00287 0.01986 0.12236 0.16233 0.12236 Government support for  

innovation 
C8 

 
Step 14. developing the causal diagram: On the 
bases  i i newD R  and  i i newD R   Fig. (2) 

were plotted on the basis of the cause and effect 
values (Figure 2). 

 

 
Fig. 2. Effective factors on the innovative SC in the healthcare sector 

 
5. Discussion 

The purpose of this study was to identify the 
effective factors on the innovative SC in the 
services sector in the hospitals of Kerman (Iran). 
To this end, according to the literature of research 
and interview with experts, 49 criteria were 
identified and categorized in 8 dimensions 
(Table4). Then, with special attention to the 
existence of causal relationships between them 
and the importance of each index, the combined 
approach of the two methods of AHP and 
DEMATEL decision-making in the intuitionistic 
fuzzy environment has been used. In this study, 
using the AHP method, the weight of the 
dimensions was determined; then, using the 
DIMETL techniques, the causal relations 
between the dimensions and the degree of 
influencing(effecting) and being influenced 
(being effected) of each dimension was 
determined. The results of the analysis of the 
research data in Table 13 and Fig. 2 indicate 
organizational innovation dimension with 0.026 
(= ii RD  NEW) which is recognized as the most 
important dimension.      

Subsequently, the dimensions of technological 
innovation, infrastructure innovation, service 
innovation, process innovation, inter-
organizational collaboration, government support 
for innovation, and finally marketing innovation 
are important, respectively. In other words, the 
three dimensions of inter-organizational 
cooperation, government support for innovation, 
and marketing innovation are not very 
significant. In this way, among the dimensions 
identified, the dimension of organizational 
innovation is of paramount importance. In this 
way, it can be admitted that in the innovative SC 
in the service sector, organizational innovation is 
potentially important. In the innovative SC, 
innovation can be seen as the participation of all 
parts of the organization in the development of 
new products and services that result in product 
innovation, service innovation, and marketing 
innovation. In fact, organizational innovation in 
the SC leads to innovation in daily operations, 
procedures, and processes such as innovation in 
management information systems, innovation in 
HRM, innovation in quality management 
systems, and production and innovation in the 
organizational structure. Ultimately, when 

C1

C2

C3

C4

C5
C6

C7

C8

-0.003

-0.002

-0.001

0

0.001

0.002

0.003

0.019 0.02 0.021 0.022 0.023 0.024 0.025 0.026 0.027

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

ie
pr

.iu
st

.a
c.

ir
 o

n 
20

24
-0

7-
18

 ]
 

                            18 / 26

http://ijiepr.iust.ac.ir/article-1-1031-en.html


19 Analyzing the Effective Factors on Innovative Supply Chain Model in Service Organizations 
Applying Intuitive Fuzzy DEMATEL and AHP Methods 

 

International Journal of Industrial Engineering & Production Research, December 2021, Vol. 32, No. 4 

supported by organizational creativity and when 
these initiatives are appropriate for the 
organization, they gain a competitive advantage 
through innovation in shaping new products, 
services, new processes, and new marketing or a 
combination of both.       
On other hand, the government support for 
innovation with ( ii RD   new)= 0.0028 was an 
affective dimension. Also Innovation in 
Infrastructure with ( ii RD   new) = 0.0015 and 
innovation in services with ( ii RD   new) = 
0.0012 were affective dimensions respectively. 
Government support for innovation due to the 
creation of a suitable foundation for SC supply 
has more effect on other dimensions. 
Government support can include government 
funding for the development of innovation. But 
government support is not limited to financial 
support for the development of innovation and 
the creation of new goods and services, it can 
include providing conditions and areas for 
marketing and providing new ideas from the 
government. The government can also provide a 
variety of training courses for the organization's 
staff in the SC. In addition, government support 
includes laws and regulations related to the 
development of innovations in the supply of 
services. After government support, the 
dimensions of innovation in infrastructure, 
innovation in support, technological innovation, 
and organizational innovation, because of the 
positive ( ii RD  NEW), have an effect on the 
innovative SC in the service sector. But the basic 
point is that organizational innovation has the 
least effect among influential factors.  
Also, innovation in the process with the lowest 
value (NEW) has been identified as the most 
effective dimension. In fact, innovation in the 
process through the use of new methods and 
processes in the production of products or 
services to reduce the cost of factors of 
production, elimination of waste activities in the 
process of product or service, the speed of 
delivery of products or the provision of services 
to customers need a suitable foundation;  that can 
be achieved through factors such as government 
support for innovation, infrastructure innovation, 
service innovation, technological innovation, and 
organizational innovation. Thus, based on the 
results obtained, it can be stated that government 
innovation support dimensions, service 
innovation, infrastructure innovation, 
technological innovation, and organizational 
innovation, and the dimensions of marketing 

innovation, inter-organizational collaboration, 
and process innovation are components which are 
influenced.  
 

6. Results 
In this study, the combination of AHP and 
DEMATEL techniques was used in an 
intuitionistic fuzzy environment. The advantages 
of this method are to prioritize and determine the 
importance of the indices, which enables 
decision-makers to manage their time and money 
to address the results and continue their work in a 
guided fashion. Since it is important for service 
managers and planners in the SC to know which 
indicators are effective on the innovative SC in 
services, the indicators are effective (cause), 
using the intuitionistic fuzzy DEMATEL 
technique, the status of each dimension and index 
in terms of cause or effect is examined and the 
results are shown in table (13 ). In such a way 
that indicators that have D-R positive values are 
cause indices, D-R with negative values are effect 
indicators. It means that according to the results 
obtained, whenever decision-makers, depending 
on the subject of the research, seek to achieve 
early, but superficial results, they can focus on 
the priorities of the affected group. Now, if these 
decision-makers aim to take basic steps or focus 
on the main and basis of the subject, they can 
focus on the priorities of the influential layer or 
causes and set their plans accordingly. This issue 
becomes more accurate and more reliable when 
compared to an intuitionistic fuzzy approach. The 
achievements of this research can lead to the 
development of literature on the innovative SC in 
the service sector, including health care 
institutions. In addition, the results of this 
research can be considered important services for 
various groups, including managers in different 
SC categories, and serve as guidance for 
managers of these institutions. Based on the 
results of this study, it is suggested to managers 
of health care institutions, especially in the SC, to 
develop and provide innovative services and use 
of tools and practices that improve service SC 
performance, try to improve innovation in the SC 
services sector. Also, providing a comprehensive 
model based on the factors affecting the 
efficiency and effectiveness of an innovative SC 
would make managers aware of the importance 
of these factors. Despite the innovative research 
opportunities in the field of innovative SC in the 
service sector, unfortunately, this field has not 
received much attention from researchers. It is 
suggested that researchers explore the challenges 
and opportunities for increasing the awareness 
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and knowledge of the benefits of the innovative 
SC in the services. The present research is 
essentially limited to the innovative SC in health 
services and terms of spatial domain in Kerman 
(Iran) and terms of data analysis method, it is 
limited to AHP techniques and DMTEL 
intuitionistic fuzzy.  
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