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Abstract: At present, the recycling rate of End-of-life vehicles (ELVs) in China is far lower than the
heavily motorized countries, resulting in severe environmental pollution, waste of resource and
hidden traffic troubles, which has a negative impact on China’s economic and social sustainable
development. With the arrival of the peak season of generating ELVs in China, it is urgent and
important to improve the recycling rate of ELVs. The recycling rate of ELVs is influenced by multiple
factors together. The existing research about the identification of influence factors of ELV recycling
rate fewer considers the interaction effect among different factors. To fill the gap, firstly the influence
factors are analyzed from standpoints of economy, policy, recycling network and others. Then a hybrid
model based on DEMATEL (decision making trial and evaluation laboratory) and intuitionistic fuzzy
sets is employed to examine the cause–effect relationships among factors. In the study, the vagueness
of decision makers’ judgment and linguistic inaccuracy is dealt with effectively by intuitionistic
fuzzy sets. The research results reveal “fiscal subsidy”, “government’s restrictive policies to reuse
ELVs parts”, “coordination of the industry agencies”, “participation of automobile manufacturer”
and “supervision of the government” are most significant criteria influencing the recycling rate
of ELVs in China. A sensitivity analysis is conducted to verify the robustness of results. Lastly,
according to the critical influencing factors identified, some pertinent suggestions to the government,
ELV recycling enterprise, owner and vehicle manufacturer are put forward. In addition, the future
research directions are proposed.
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1. Introduction

In recent years, China’s auto industry maintains more than 10% growth each year. China has
become the largest automotive producer and consumer since 2009 [1,2]. It is estimated that the
stock of registered vehicles in use will be more than 200 million by the end of 2017, making China
the second largest in the world. Accordingly, a large number of end-of-life vehicles (ELVs) are
generated. It is estimated that the number of ELVs in China will reach 13 million by 2020 [3,4].
Compared with other end-of-life products, scrap cars have been regarded as the important part of
the urban mines. About 75% (by weight meter) materials of an ELV are recyclable. If the dismantled
parts are remanufactured, 50% of production cost of a new car can be saved [5]. It is helpful to realize
sustainable development of automobile industry by the collecting, disassembling and recycling of ELVs.
Besides, it also has positive impact on energy saving and emission reduction [3,6]. ELV dismantling
and recycling industry, as an important component of energy saving and environmental protection
industry, has been an emphatically supported and encouraged industry in China [4].

Sustainability 2017, 9, 1873; doi:10.3390/su9101873 www.mdpi.com/journal/sustainability

http://www.mdpi.com/journal/sustainability
http://www.mdpi.com
http://dx.doi.org/10.3390/su9101873
http://www.mdpi.com/journal/sustainability


Sustainability 2017, 9, 1873 2 of 22

However, the current level of ELV recycling and reuse in China has been far from meeting the
requirements of the circular economy development. At present, the deregistered rate of ELVs is only
about 4% of the car ownership in China, which is significantly lower than the level of 6–8% in developed
countries [1]. Worse, the recycling rate of ELVs (defined as the number of ELVs flowing into the formal
sector in a year divided by the vehicle population in the same year) is only 0.5–1% of the volume of
automobiles in use, considerably lower than the level of 5–7% in developed countries [7]. The greatest
obstacle of ELV dismantling and recycling industry in China is that the ELV taking-back amount is
too small to support the industry development [4,8]. Until 2014, there are only about 600 qualified
recycling enterprises throughout the country, and 2400 collecting points that are subordinate to these
enterprises [9]. The number of enterprises able to collect more than 10,000 ELVs every year is only 40.
Over 50% of the vehicles scraped in theory are passing into the informal sectors (Figure 1) [8]. A large
number of ELVs are delivered to black market or sold to unlicensed recyclers.
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Figure 1. Number of end-of-life vehicles collected legally, deregistered vehicles and ratio of ELVs 
flowing into the informal sector in China 2007–2016. Data source: Ministry of Commerce People’s 
Republic of China [10]. 
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At present, 40% of ELVs are recycled by the formal sectors in China, 30% dismantled illegally for
selling their parts and 30% delivered to remote areas to continue to travel as second-hand vehicles [11].
Dismantling ELVs illicitly means that a large number of recyclable and remanufacture components
cannot be disassembled due to poor dismantling equipment. At the same time, waste liquid and waste
residue are discharged at will, and some hazardous wastes, such as mercury and lead, are treated
extensively [4]. Scrapped vehicles entering the black market are sold to third- and fourth-tier cities
and rural areas to continue driving on the road, which brings about many social problems such as
the waste of resources, traffic accidents, energy consumption and environmental pollution. In short,
the illegal recycling of scrapped cars will bring serious economic, environmental and social problems.
Therefore, with the arrival of the peak of the automobile scrapping in China, it is urgent and important
to improve the recycling rate of ELVs.

To increase the recycling rate of ELVs, it is of great importance to find the key factors that influence
the recycling rate so targeted countermeasures can be proposed. Nowadays, existing research about the
influence factors of ELV recycling rate is mainly by means of empirical study, mathematical modeling
and system dynamics method [1,12–17], and proposes that recycling rate is influenced by multiple
factors. However, the interaction effect among different factors is hardly considered. Thus, the key
factors influencing recycling rate are not easily identified. Meanwhile, existing empirical studies must
rely on a mass of data that are hard to handle.
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ELVs recycling is a system project, influenced by economy, policy, recycling network and other
factors together [18–20]. These factors interact with each other. Thus, combined with the shortage of
existing research methods, Decision Making Trial and Evaluation Laboratory (DEMATEL) is applied
to reveal the comprehensive effect degree of various factors and identify the key factors of affecting
ELVs recycling. However, it is difficult to describe the logical relationships among the factors. Due to
the uncertainty of the external world, experts’ subjective preferences, and information incompleteness,
experts may have fuzzy judgments on the logical relationships among various factors, thus it is hard
to describe the influential degree among factors using accurate numerical values. To break the above
restrictions, there exists literature that combines fuzzy sets with DEMATEL to solve experts’ fuzzy
judgments [21,22]. However, traditional fuzzy sets cannot express the opinion of “neither this nor
that”, namely neutral degree. In 1986, Atanassow solved this problem and expanded traditional fuzzy
sets by considering the degree of hesitancy and put forward intuitionistic fuzzy sets [23]. Thus, this
paper combines intuitionistic fuzzy sets with DEMATEL to identify the influencing factors of ELV
recycling rate in China.

Specifically, the following research works will be done: (1) Propose a comprehensive list of
influence factors through a systematic literature review and an investigation of ELV dismantling and
recycling industry. (2) Considering the dependent relationships among the factors, the comprehensive
influence matrix is obtained with the intuitionistic fuzzy-DEMATEL approach. The key factors
influencing ELV recycling rate are found and the robustness of the results is verified by a sensitivity
analysis. (3) Some related countermeasures and suggestions are put forward to improve the recycling
rate of ELVs in China. The novelties of this paper are as follows: (1) using a hybrid model based
on DEMATEL and intuitionistic fuzzy sets to identify the critical factors, which is different from
the existing research methods; and (2) the vagueness of decision makers’ judgment and linguistic
inaccuracy is dealt with effectively by intuitionistic fuzzy sets. Thirdly, a sensitivity analysis is made
by applying the statistical test.

The paper is organized as follows: Section 1 introduces the background, motivation and conducts
a literature review. Section 2 is about identification of the influence factors to establish the index system
of influence factors and the intuitionistic fuzzy-DEMATEL approach is briefly described in this section.
The application of the method and results are in Section 3. The analysis and discussion of the research
results to recognize the key factors, sensitivity analysis to prove the robustness of the results and
the managerial implications are presented in Section 4. Finally, conclusions and the future research
directions are proposed in the Section 5.

2. Materials and Methods

2.1. Influence Factors of End-Of-Life Vehicle Recycling Rate in China

2.1.1. Economy Dimension Factors

Economic means is an important lever to regulate the behaviors of market players. Lack of
economic stimulus for scrappers is the major factor of low recycling rate in China [8]. Currently, a large
number of ELVs are flowing into illegal recycling channels, mostly due to the growing interests gap for
scrappers between handling the cars legally and illegally. Scrap tracks and buses now are recycled at
the price of about $255 per ton, while cars are usually priced from $120 to $180 per vehicle [8]. At this
stage, China’s per capital income level is considerably lower than that of developed countries, so
the recycling benefits become an important influencing factor for vehicle owners’ decision-making
behavior [8,24]. Meanwhile, most of formal recycling companies, being in a position of marginal profit
or loss, have an urgent need for government to give corresponding financial subsidies to improve the
current levels of ELV recycling and utilization. For example, in 2009, Chinese Government regulated
that the car owners who sent their cars to the designated recycling company to replace a new car
can obtain subsidies, ranging from $450 to $900. Introduction of the policy made the ratio of ELVs
flowing into the informal sectors significantly decline in 2010 (see Figure 1). Overall, compared to
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the recycling price in the informal ELV market, ELV recycling updating subsidies were less attractive.
Correspondingly, the punishments imposed to illegal recycling enterprises and scrappers also have
a direct impact on ELV recycling [25]. Currently, lower illegality cost makes illegal recycling enterprises
and scrappers ignore the state policies, laws and regulations and take chances to collect and dispose
the ELVs illegally. In addition, the income levels of vehicle owners also affect recycling rate [8,26].
Studies suggest that the owners with better economic conditions are less sensitive to the recycling
price. Even if the legal recycling companies provide lower price, they are also willing to deliver their
ELVs voluntarily. In conclusion, based on the analysis of the literature and current practices of ELV
recycling industry, from the perspective of economy, the recycling rate of ELVs in China is affected by
the following factors:

S1 recycling cost
S2 fiscal subsidy
S3 punishments on illegal recycling enterprises and scrappers
S4 vehicle owner’s income level

2.1.2. Policy Dimension Factors

Since 2001, China has gradually issued a series of ELV recycling policies and regulations, but the
effect of policies implementation is deflected from the expected objective. The policies and regulations
have little effect on improving the ELV recycling rate [27].In recent years, with the transformation
and upgrading of ELV recycling industry in China, and due to the lack and hysteresis of the existing
policies and regulations, the negative effect on the industry development becomes more and more
obvious. Firstly, the formal channel has complicated processes, is required to submit various proof
materials, requires multisectoral approval and must wait a long time to receive subsidies. In today’s
fast-paced world, the inconvenience caused by cumbersome recovery procedures has seriously affected
the enthusiasm of scrappers [15,16]. Moreover, the lack of effective supervision from the government
on the owners, vehicle repairers, 4S shops, used car dealers and dismantlers is leading a large number
of ELVs entering illegal channels. Thus, supervision of government is an important factor for ELV
recycling. For example, in China, taxis and buses are under greater government supervision, whose
scrap rate and recycling rate are significantly higher than ordinary cars [28].In addition, research
generally agrees that the current policy that the five functional assemblies (a general term for the
engine, front and back bridges, accelerator pedal, direction gear and chassis) can only be sold as
scrap metals that cannot be remanufactured is seriously affecting the profit margins and production
enthusiasm of ELV recycling enterprises, thereby also affecting the recycling rate [4,15,16]. In addition,
in the field of recycling waste materials in China, recycling enterprises cannot get input tax invoice,
thereby paying the value added tax in full amount, increasing the burden on enterprises, restricting
the improvement of recycling rate [17,28]. In summary, from the perspective of policy, the recycling
rate of ELVs in China is affected by the following factors:

S5 scrap procedures
S6 supervision of the government
S7 government’s restrictive policies on re-use of ELVs parts
S8 tax policy

2.1.3. Recycling Network Dimension Factors

At present, inadequate quantity and poor location of ELV collecting points in China has caused
great inconvenience for car owners when delivering their ELVs, which not only impedes the enthusiasm
of the car owners but also increases the operating cost of the ELV recycling companies [16,27].
Convenient and efficient reverse logistics network lays the basis of effective ELV recycling [29–31].
Previous study has concluded that the scientific design of the reverse logistics network has an important
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influence on the ELV recycling rate [6,32–34]. As an important supporter of ELV recycling, ELV reverse
logistics network is closely related to the ELV recycling mode [6,11]. The participators of the ELV
reverse logistics activities, the nodes in the network and the recycling efficiency are of difference
in different recycling modes. Thus, the ELV recycling mode is widely considered as an important
factor affecting the recycling rate [4,8,35]. Third parties dominate while vehicle manufacturers do not
currently participate in China .This is another factor contributing to low recycling rate [4,36]. The lack
of the linkage and collaboration of car manufacturers and ELV recycling companies fails to develop a
closed-loop supply chain network, resulting in a large number of ELVs flowing into the black market.
Under Extended Producer Responsibility (EPR), it is the manufacturers that are responsible for ELV
recycling. According to the experience from developed countries, the car manufacturers’ involvement
in ELV recycling will contribute to the improvement in the recycling technology, dismantling equipment
and quality of employees, and eventually increase the rate of ELVs recycling [37]. In summary, from
the view of the recycling network, the influence factors of the ELV recycling rate are as follow:

S9 reverse logistics system
S10 recycling mode
S11 participation of automobile manufacturer

2.1.4. Other Influence Factors

In addition to the above factors, the ELV recycling rate in China is also affected by technology,
marketing and environmental awareness. ELV recycling involves many participants, including car
owners, recycling enterprises, bureau of commerce (it regulates ELV collecting and recycling in China),
public security departments, and insurance companies [7,8]. Current ELV recovery management in
China lacks effective information communication and sharing mechanism among the participatory
bodies, so the motor vehicles management department could not clarify the vehicles with major
accidents through the annual inspection, leading to an inaccurate safety evaluation of the vehicle,
and it is difficult to judge which one should be scraped. Thus, the information management system
is assumed as an important influencing factor of the ELV recycling rate [8,38]. Besides, the ELV
recycling rate is also impeded by backward ELV collecting and dismantling technology, low renewable
resources utilization rate, and poor economic performance of the industry [7]. With the restriction
of the dismantling technology, 90% of an ELV is sold as scrap iron and steel at less than $150 per
ton [39], while only 5–10% is sold as reusable spare parts, which is far below the level of other
developed countries (70%). Furthermore, some of the car owners lack knowledge about ELV policies
and regulations, and do not know when, where and to whom to scrap the cars. All of the above
will block owners’ hands in ELV recycling. Some studies assume that it is urgent to strengthen the
publicity and promotion for improving ELV recycling rate [1,8]. In addition, ELV recycling can hardly
be done without the cooperation of industry associations, which play a more and more important role
in promoting the recycling rate of ELVs [16]. Moreover, ELV recycling rate is also affected by the car
owner’s own environmental awareness and legal awareness [8,28,40]. Individual environmental and
legal awareness are directly related to their cognition of the importance of ELV recycling, which will
affect their behaviors and decisions. Based on the above analysis, the influence factors are as follow.

S12 information management system
S13 dismantling and recycling technologies
S14 marketing and propaganda and popularization
S15 coordination of the industry agencies
S16 environmental and legal awareness of the car owners

In summary, the factors affecting the ELV recycling rate in China are shown in Table 1.
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Table 1. The factors affecting the ELV recycling rate in China.

Dimensions Influence Factors of ELVs Recycling in China Sources

Economy

recycling cost (S1) [8,24]
fiscal subsidy (S2) [1]

punishments on illegal recycling enterprises and scrappers (S3) [25]
car owner’s income level (S4) [8,26]

Policy

scrap procedures (S5) [15,16]
supervision of the government (S6) [28]

government’s restrictive policies on re-use of ELVs parts (S7) [4,15,16]
tax policy (S8) [17,28]

Recycling
network

reverse logistics system (S9) [6,29–34]
recycling mode (S10) [4,6,8,11,35]

participation of automobile manufacturer (S11) [4,36,37]

Others

information management system (S12) [7,8,38]
dismantling and recycling technologies (S13) [7,39]

marketing and propaganda and popularization(S14) [1,8]
coordination of the industry agencies (S15) [16]

environmental and legal awareness of the car owners (S16) [8,28,40]

2.2. Methods

2.2.1. The Basic DEMATEL Method

DEMATEL was proposed by American Bas title National Laboratory in 1971 [41,42]. It is a system
factor analysis method using graph theory and matrix [42]. Through analyzing the logical relationships
among various factors in the system, a direct-relation matrix can be constructed and the influential
degree, influenced degree, cause degree and center degree of each factor can be calculated further to
reveal the system structural relation [41,43]. The advantage of this method is that it can clearly identify
the correlativity among factors and judge the importance degree of each factor to the result. Meanwhile,
this method needs fewer data and is easier to operate. Nowadays, DEMATEL is widely used in supplier
selection [44,45], remanufacturing management [2,46,47], human resource management [48,49], facility
location selection [50–52], risk management [53,54], consumers’ behavior analysis [55], financial
performance diagnosis of insurance companies [56] and E-learning effectiveness evaluation [57].
The basic steps of this method are as follows:

(1) Determine influence factors: Through literature review, survey and interview, the influence
factors for the system can be determined, denoted as S1, S2, . . . , Sn.

(2) Establish relationships among influence factors: Analyze the existence of direct influence
relationship and its degree of strength or weakness among factors. If Si has direct influence on Sj,
then draw an arrow from Si to Sj, and use numbers to express the affecting degree (see Figure 2).

(3) Initialize Direct-relation matrix: Use matrix to express the direct influence relationship among
factors. If there are n influence factors, then X = (xij)n×n. If Si has direct influence on Sj, define
xij as the number that is used to express degree of the strength or weakness of the relationship, or
xij = 0.

(4) Judge the influence degree that factor Si has on Sj by experts: Suppose there are K experts, xk
ij is

denoted as the degree that factor Si has on Sj from the kth expert’s judgment. Because these
experts come from different fields, each expert’s judgment has different importance weight on
the final result. Define the wk as the weight of kth expert, aij as the mean value from K experts’
scores and A = (aij)n×n. The value of aij can be calculated by Equation (1). In this paper, the
triangular fuzzy numbers are used to substitute the linguistic variables for experts’ weights. Then,
the corresponding crisp weight wk is obtained according to the triangular fuzzy number.
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aij =

K
∑

k=1
wkxk

ij

K
∑

k=1
wk

(1)

(5) Normalize direct-relation matrix using Equation (2), marking it as G (G =
[
gij
]
):

G =
1

max
1≤i≤n

n
∑

j=1
aij

A (2)

(6) Calculate comprehensive influence matrix T (T = [tij]n×n) with Equation (3), where I is an n× n
identity matrix. T expresses all the influential relationships among factors including both direct
and indirect. tij is an element of matrix T, and is in ith row and jth column.

T = G + G2 + G3 + · · · =
∞

∑
i=1

Gi = G(I − G)−1 (3)

(7) Di denotes the sum of rows and Rj denotes sum of columns, which are separately computed
with Equations (4) and (5). A cause and effect graph can be obtained by mapping the dataset of
(Di + Rj, Di − Rj).

Di =
n

∑
j=1
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In Equation (4), Di indicates the total influence including both direct and indirect influence that
factor Si has given other factor Sj. Similarly, Rj shows the total influence that factor Sj has received
from other factor Si. If the value of (Di − Rj) is positive, factor Si affects factor Sj more easily. Thus, the
factor Si is a causal factor. On the contrary, a negative value of (Di − Rj) shows factor Si is more easily
affected by factor Sj. Thus, factor Si is an effect factor. (Di + Rj) is named “prominence” which reveals
the importance of the influence of every factor.
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2.2.2. Intuitionistic Fuzzy Set Theory

As an extension of traditional fuzzy set, intuitionistic fuzzy set (IFS) can describe the fuzzy
nature of the external world better, and is widely used in fuzzy multi-attribute decision and group
decision. Intuitionistic triangular fuzzy number and trapezoidal intuitionistic fuzzy number (TrIFNs)
are the expansion of intuitionistic fuzzy set (intuitionistic triangular fuzzy number is the specialness
of trapezoidal intuitionistic fuzzy number), which makes universe of discourse from discrete set to
continuous set [58,59]. Intuitionistic fuzzy set has two advantages compared to the traditional fuzzy
set proposed by Zadeh. The first advantage lies in semantic expression [60,61]. The membership,
non-membership and hesitancy of intuitionistic fuzzy set can express support, opposition and
neutrality, while the single membership of traditional fuzzy set can only express support or opposition.
The second advantage is that the computational accuracy of intuitionistic fuzzy set clearly improves.
The conformity of inference rule is also better than traditional fuzzy set.

Definitions of intuitionistic fuzzy set are described below [20].

Definition 1. Suppose X is a given domain of discourse, then IFS A in X can be described as:

A = {〈x, uA(x), vA(x)〉|x ∈ X } (6)

In Equation (6), uA(x) : X → [0, 1] and vA(x) : X → [0, 1] , respectively, represents the
membership function uA(x) and non-membership function vA(x) of A. Furthermore, x ∈ X,
0 ≤ uA(x) + vA(x) ≤ 1.

πA(x) = 1− uA(x)− vA(x) represents the hesitancy of x to A, 0 ≤ πA(x) ≤ 1, x ∈ X.

Definition 2. Suppose A is a intuitionistic fuzzy number on the set of real numbers and its membership function
and non-membership function can be described as follow [62].

uA(x) =


x−a1
a2−a1

1
x−a4
a3−a4

0

(7)

vA(x) =


x−b1
b2−b1

1
x−b3
b4−b3

0

(8)

In Equations (7) and (8), 0 ≤ uA ≤ 1, 0 ≤ vA ≤ 1, b1 ≤ a1 ≤ b2 ≤ a2 ≤ a3 ≤ b3 ≤ a4 ≤ b4,
A is the intuitionistic trapezoidal fuzzy number and A = 〈(a1, a2, a3, a4), (b1, b2, b3, b4)〉. If A1 =

〈(a1, a2, a3, a4), (b1, b2, b3, b4)〉 and A2 = 〈(c1, c2, c3, c4), (d1, d2, d3, d4)〉, Equations (8) and (9) can be
obtained based on [63]. Comparing with trapezoidal fuzzy number, a non-membership function
is added into the intuitionistic trapezoidal fuzzy number A1 and A2. Non-membership function
represents the probability that the decision makers think the decision information does not belong to
(b1, b2, b3, b4) or (d1, d2, d3, d4).

A1 + A2 = 〈(a1 + c1, a2 + c2, a3 + c3, a4 + c4), (b1 + d1, b2 + d2, b3 + d3, b4 + d4)〉 (9)

KA1 = 〈(ka1, ka2, ka3, ka4), (kb1, kb2, kb3, kb4)〉 (10)
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Theorem 1. Suppose A = 〈(a1, a2, a3, a4), (b1, b2, b3, b4)〉 is a TrIFN. When x−a1
a2−a1

, x−a4
a3−a4

, x−b2
b1−b2

, x−b3
b4−b3

, b1 ≤
a1 ≤ b2 ≤ a2 ≤ a3 ≤ b3 ≤ a4 ≤ b4, EV(A), the expected crisp value of A, is obtained with Equation (11) [63]
by converting the TrIFNs into the crisp values. Then, the DEMATEL method can be used to identify the
critical factors.

EV(A) =
1
8
(a1 + a2 + a3 + a4 + b1 + b2 + b3 + b4) (11)

3. Results

This paper takes the recycling of ELVs in Chengdu city as an example to explore the influence
factors of ELV recycling rate in China using intuitionistic fuzzy-DEMATEL approach. Chengdu,
located in the southwest of China, is the one of the largest city in China. Car ownership in Chengdu is
ranked second in China, reaching 4,120,000 by the end of 2016 [64]. Thus, the choice of Chengdu has a
certain representativeness. There are four proposed steps as follows.

Step1: Develop the direct-relation matrix

First, questionnaires were designed based on the influence factors shown in Table 1. Then, four
experts were invited to complete the questionnaires, including industry expert, government expert and
scholars from the university. The industry expert is from Chengdu Xingyuan Renewable Resources
Investment Co., Ltd. which is the only company in Chengdu with the qualified ELVs recycling license.
The scrap auto recycling volume of this enterprise was ranked first in China in 2012. The government
expert is from the Chengdu Municipal Commission of Commerce, which regulates the ELVs collecting
and recycling in Chengdu. The two university academics’ professional backgrounds relate to renewable
resources management and reverse logistics, respectively. The two experts have abundant experience
and knowledge in ELVs recovery and recycling. The direct-relation matrixes were built through four
experts judging the effect degree between any two factors in Table 1 and scoring from 0 to 6 according
to Figure 2. The matrixes are presented in Tables A2–A5 (see Appendix B).

Step2: Interpret the linguistic information into intuitionistic fuzzy number

The influence scores of linguistic information in Tables A2–A5 are transformed into TrIFNs
according to Table A6. Subsequently, the TrIFNs are converted into the expected crisp values using
Equation (11). Meanwhile, due to the different knowledge structure and working experiences of
experts, the degree of knowledge for ELV recycling rate is also different. Thus, it is considered that
every expert’s opinion has a specific weight. The determination of the weight is ambiguous. Table A7
presents linguistic variable for the importance weight of expert. The weight of every expert is shown
as semantic variables in Table A8. Considering the expert’s weight, Equation (1) is used to get total
averaged crisp matrix A (see Table A9). The normalized direct-relation matrix G is presented in
Table A10 using Equation (2). Tables A7–A10 are shown in Appendix B.

Step3: Set up the total relation matrix

According to the normalized direct-relation matrix G in Table A10, the total relation matrix is
acquired using Equations (2) and (3), and is shown in Table A11 (see Appendix B).

Step4: Obtain the comprehensive influence relation table and overall DEMATEL prominence-causal
relationship diagram
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The influential impact D, influenced impact R, degree of prominence (D + R) and degree of cause
(D − R) can be calculated using Equations (4) and (5). The results are presented in the comprehensive
influence relation table (see Table A12 in Appendix B).

4. Discussion and Implications

4.1. Discussion

4.1.1. Discussion from the Perspective of Single Factor

According to the value of degree of cause factor (D − R), the factors affecting the recycling rate of
ELVs in China are divided into two categories: cause factors and effect factors. Compared with effect
factors, cause factors are more initiative and stable, not easily changed, and are the most fundamental
factors affecting the whole system. Therefore, the cause factors should be paid attention first during
the analysis of the factors. It can be seen in Table A12 that the values of degree of cause factors rank
as follows: S7 > S4 > S13 > S8 > S11 > S3 > S2 > S12.Becausethe influence degree D of these factors is
greater than their influenced impact R, they have a direct impact on other factors. Their performances
can affect the system’s goal. Thus, the factors in cause group should be emphasized and, based on
these factors, some long-term measures to improve the recycling rate of ELVs must be made. On the
contrary, effect factors ((D − R) is negative) are more easily affected by other factors. The size of the
absolute value of degree of cause factors to the effect factors can be sorted as follows: S1 > S14 > S16 >
S6 > S9 > S5 > S15 > S10.These factors can be changed more easily than other factors. At the current
stage, some short-term measures can be taken to raise the ELV recycling rate based on the effect factors,
such as adjusting the collection price; strengthening marketing, propaganda and popularization;
and simplifying the scrap procedures. In terms of degree of the prominence (D + R), the (D + R) score
of S2 is highest, following by S6, S15, S14, S10, S16, and S1 in (D + R) ranking.

Both (D − R) and (D + R) ranking should be considered together to identify critical factors
according to Table A12. Among all factors, fiscal subsidy (S2) has the highest (D + R) scores with
3.953 and the value of the degree of influential impact D is 2.095 which is also ranked first. Besides,
the (D − R) score of S2 is positive, so S2 is a cause factor. Therefore, fiscal subsidy (S2) should be
considered as a key factor. The factor whose value of degree of cause ranks first is government’s
restrictive policies on the reuse of ELVs parts (S7). S7 has great influence on other criteria and so
it should be recognized as a key factor. For coordination of the industry agencies (S15), although
the (D − R) score is slightly less than 0, its (D + R) and D are ranked in the top three among all factors.
In addition, the R score is fifth highest. Therefore, coordination of the industry agencies (S15) with an
important influence in the system is another key factor. Furthermore, the (D − R) score of participation
of automobile manufacturer (S11) is positive and obtains a higher ranking (5th). Its D ranks second
and R ranks only 11th, which means that S11 has a considerable impact on the other factors while
the influence it receives is small. Thus, S11 is also considered a key factor. Similarly, the (D − R) of
supervision of the government (S6) is negative, but (D + R) score of S6 is second highest, which shows
that S6 has a great influence on the whole system. Meanwhile the values of D and R are ranked fifth
and second, respectively. Hence, S6 is regarded as a key factor. Nevertheless, in (D − R) ranking, the
vehicle owner’s income level (S4) is the second highest, but the scores of D, R and (D + R) are ranked
last. Thus, it is not a key factor. Analogously, the D scores of tax policy (S8) and punishments on illegal
recycling enterprises and scrappers (S3) have high rankings, but their D, R and (D + R) get low rankings.
Therefore, S3 and S8 are not key factors. In summary, the key factors influencing the ELV recycling rate
in China are as follows: S2, S7, S15, S11, and S6. The study results from Hu and Wen [8] support the
above conclusion. They also believe that the present law enforcement for the illegal recycling ELVs in
China is not enough and the restriction on the reuse of components is unreasonable such as the policy
that “five functional assemblies” must be treated as scrap, resulting in a large number of scrapped cars
flowing into illegal channels. The findings of Wang and Chen [4] also show that the key to improve the
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ELV recycling rate in China lies in increasing financial subsidies, close cooperation with the relevant
agencies in the ELV recycling industry and the active participation of automobile manufacturers.

4.1.2. Discussion from the Perspective of Different Dimensions

The sum of affecting degree D, central degree (D + R), and causal degree (D − R) of factors can
also be calculated from the standpoints of economy, policy, recycling network and other dimensions.
The result can be seen in Table 2.

Table 2. Affecting degree, central degree and causal degree from the different dimensions.

Dimension D D + R D − R

Economy 5.088 10.197 −0.021
Policy 5.415 9.913 0.917

Recycling
Network 4.922 9.884 −0.04

Others 7.496 25.848 −0.856

It can be seen in Table 2 that causal degree (D − R) of factors from policy dimension is
the largest and affecting degree D ranks second. It shows that government plays a vital role in
promoting the recycling rate of ELVs in China, which is consistent with the status quo in China.
Both resource integration and transformation, and upgrading of ELV recycling need policy guidance
and standardization, which makes enterprises and vehicle users adjust economic behaviors according
to the government policy guidance. Besides, compared to the values of center degree (D + R),
the “others” dimension is the largest. It shows that factors, such as coordination of the industry
agencies (S15), marketing and propaganda and popularization (S14) and environmental and legal
awareness of the car owners (S16), play an important function in influencing recycling rate of ELVs
in China.

4.2. Sensitivity Analysis

To avoid potential biases of the experts affecting the results of the study, the sensitivity analysis is
needed to verify the robustness of the results. In this paper, the sensitivity analysis is completed by
using Chi-square test to prove the consistency of the research results under different expert weights.
Firstly, we change the weight of government expert to “low” (0.1,0.3,0.5) and “medium” (0.3,0.5,0.7)
and the weights of other experts are unchanged. Scenarios A, B and C, respectively, stand for the
government expert with weights “high” (0.5,0.7,0.9),“low” (0.1,0.3,0.5) and “medium” (0.3,0.5,0.7).
In the same way, we change the weight of industry expert to “high” (0.5,0.7,0.9) and “medium”
(0.3,0.5,0.7) and the weights of other experts are unchanged (Scenario D and Scenario E, respectively).
Besides, Scholar1’s weight is changed to “high” (0.5,0.7,0.9) and “low” (0.1,0.3,0.5) and the weights of
other experts are unchanged (Scenario F and Scenario G, respectively). Lastly, we change the Scholar2’s
weight to “high” (0.5,0.7,0.9) and “low” (0.1,0.3,0.5) and the weights of other experts are unchanged
(Scenario H and Scenario I, respectively). For the nine experiments (scenarios), the (D + R) and (D − R)
of every factor under different scenarios are shown in Tables 3 and 4.
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Table 3. The (D + R) scores of every factor under different scenarios.

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16 Sum

A 3.42 3.95 2.06 0.76 2.89 3.76 2.04 1.22 3.10 3.45 3.34 3.00 2.09 3.65 3.67 3.44 45.84
B 3.42 3.93 2.26 0.76 2.94 3.86 2.16 1.24 3.14 3.43 3.27 3.07 2.05 3.63 3.59 3.39 46.11
C 3.51 3.91 2.58 0.74 3.01 3.98 2.35 1.28 3.18 3.37 3.19 3.12 2.05 3.57 3.47 3.29 46.62
D 2.99 3.53 1.81 0.57 2.52 3.32 1.82 1.09 2.74 3.02 2.95 2.82 1.73 3.14 3.17 3.07 40.29
E 3.08 3.61 1.88 0.62 2.57 3.44 1.84 1.08 2.83 3.12 3.04 2.81 1.84 3.32 3.30 3.13 41.51
F 3.19 3.65 1.96 0.63 2.62 3.54 1.88 1.09 2.89 3.16 3.03 2.77 1.90 3.36 3.36 3.12 42.15
G 3.14 3.66 1.77 0.64 2.59 3.49 1.80 1.07 2.88 3.19 3.07 2.78 1.90 3.40 3.43 3.19 42.00
H 3.19 3.65 1.16 0.65 2.64 3.58 1.85 1.07 2.93 3.20 3.02 2.77 1.91 3.42 3.41 3.17 41.62
I 3.14 3.66 1.85 0.62 2.58 3.43 1.83 1.08 2.84 3.14 3.07 2.76 1.90 3.33 3.36 3.14 41.73

Sum 29.08 33.55 17.34 5.99 24.36 32.39 17.57 10.22 26.53 29.08 27.98 25.90 17.36 30.82 30.75 28.95 387.87

Table 4. The (D − R) scores of every factor under different scenarios.

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16

A −1.36 0.24 0.40 0.70 −0.32 −0.52 1.12 0.63 −0.43 −0.07 0.46 0.01 0.65 −0.73 −0.11 −0.68
B −1.35 0.25 0.31 0.68 −0.34 −0.54 1.10 0.59 −0.32 −0.02 0.52 −0.05 0.61 −0.69 −0.10 −0.66
C −1.26 0.28 0.24 0.65 −0.36 −0.58 1.09 0.56 −0.18 0.07 0.56 −0.16 0.63 −0.75 −0.11 −0.66
D −1.43 0.31 0.23 0.51 −0.32 −0.46 0.90 0.45 −0.30 0.06 0.61 0.10 0.43 −0.52 0.11 −0.67
E −1.40 0.33 0.28 0.56 −0.31 −0.48 0.94 0.50 −0.37 0.04 0.60 0.05 0.52 −0.64 0.02 −0.63
F −1.35 0.35 0.36 0.57 −0.32 −0.50 1.00 0.55 −0.39 0.02 0.53 −0.01 0.60 −0.72 −0.04 −0.66
G −1.40 0.34 0.43 0.60 −0.31 −0.49 0.98 0.57 −0.46 −0.03 0.53 0.06 0.56 −0.66 −0.03 −0.65
H −1.37 0.35 1.16 0.61 −0.32 −0.50 1.01 0.57 −0.41 −0.02 0.52 0.01 0.57 −0.68 −0.05 −0.65
I −1.38 0.34 0.35 0.56 −0.30 −0.49 0.97 0.54 −0.42 0.02 0.55 0.04 0.60 −0.71 0.00 −0.66

Table 5. The tested sample data for proving the consistency for (D − R) scores under different scenarios.

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16 Sum

A 1.36 0.24 0.40 0.70 0.32 0.52 1.12 0.63 0.43 0.07 0.46 0.01 0.65 0.73 0.11 0.68 8.42
B 1.35 0.25 0.31 0.68 0.34 0.54 1.10 0.59 0.32 0.02 0.52 0.05 0.61 0.69 0.10 0.66 8.12
C 1.26 0.28 0.24 0.65 0.36 0.58 1.09 0.56 0.18 0.07 0.56 0.16 0.63 0.75 0.11 0.66 8.12
D 1.43 0.31 0.23 0.51 0.32 0.46 0.90 0.45 0.30 0.06 0.61 0.10 0.43 0.52 0.11 0.67 7.41
E 1.40 0.33 0.28 0.56 0.31 0.48 0.94 0.50 0.37 0.04 0.60 0.05 0.52 0.64 0.02 0.63 7.67
F 1.35 0.35 0.36 0.57 0.32 0.50 1.00 0.55 0.39 0.02 0.53 0.01 0.60 0.72 0.04 0.66 7.97
G 1.40 0.34 0.43 0.60 0.31 0.49 0.98 0.57 0.46 0.03 0.53 0.06 0.56 0.66 0.03 0.65 8.10
H 1.37 0.35 1.16 0.61 0.32 0.50 1.01 0.57 0.41 0.02 0.52 0.01 0.57 0.68 0.05 0.65 8.80
I 1.38 0.34 0.35 0.56 0.30 0.49 0.97 0.54 0.42 0.02 0.55 0.04 0.60 0.71 0.00 0.66 7.93

Sum 12.30 2.79 3.76 5.43 2.89 4.56 9.11 4.96 3.28 0.35 4.87 0.48 5.17 6.11 0.57 5.91 72.54
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Firstly, we apply Chi-square test to testify whether there is difference in (D + R) scores of factors
at different experts weights based on Table 3. The steps are as follows:

(1) The hypotheses of the tested question are put forward. H0: there exists no difference in (D + R)
scores of factors for different experts’ weights; and H1: there exists difference in (D + R) scores of
factors for different experts’ weights.

(2) The level of significance is defined at p < 0.01.
(3) Calculate the value of χ2.

χ2 = 387.87×
[

(3.42)2

45.84 ∗ 29.08
+

(3.95)2

45.84 ∗ 33.55
+ · · ·+ (3.14)2

41.73 ∗ 28.95
− 1

]
= 2.45

(4) Look up the table of χ2 and make adjustment.

When the number of degrees of freedom is 120 ((16 − 1) × (9 − 1) = 120), χ2
0.01(120) = 158.95 >

2.45. Thus, H0 is accepted and H1 is refused.
Therefore, there is no difference in (D + R) scores of factors for different experts’ weights.
In the same way, we can use Chi-square test to prove whether there is difference in (D − R) scores

of factors for different experts’ weights. In Table 4, if the values of (D − R) are negative, the absolute
values of (D − R) of the factors will be used in the Chi-square test (see Table 5).

Testing steps are as follows.

(1) H0: There exists no difference in (D − R) scores of all factors for different experts’ weights. H1:
there exists difference in (D − R) scores of all factors for different experts’ weights.

(2) The level of significance is defined at p < 0.01.
(3) Calculate the value of χ2.

χ2 = 72.54×
[

(1.36)2

8.42× 12.30
+

(0.24)2

8.42× 2.79
+ · · ·+ (0.66)2

7.93× 5.91
− 1

]
= 2.57

(4) Look up the table of χ2. When the number of degrees of freedom is 120 ((16 − 1) × (9 − 1) = 120),
χ2

0.01(120) = 158.95 > 2.45. Thus, H0 is accepted and H1 is refused.

Therefore, there is also no difference in (D − R) scores of factors for different experts’ weights.
In summary, there is no difference in (D + R) scores or (D − R) scores of all factors when the

weights of the experts are changed. Thus, the study results have strong robustness.

4.3. Managerial Implications

Above research comprehensively and quantitatively considers the interactions among various
factors and presents the key affecting factors of ELV recycling rate in China. This paper proposes
three types of countermeasures based on different factors: long-term measures based on cause factors,
short-term measures based on effect factors and key measures based on prominence factors. It can
provide theoretical guidance for managers to reasonably allocate management resources and adopt
different management measures in different development stages to improve the recycling rate of ELVs.
According to the results of above research, five factors, fiscal subsidy (S2), government’s restrictive
policies on the re-use of ELVs parts (S7), coordination of the industry agencies (S15), participation
of automobile manufacturer (S11), and government supervision (S6), according to government
regulators and enterprises, should especially be worthy of more attention. Thus, a conceptual
model (government–recycler–manufacturer–owner recycling model) was built, involving government,
recycling enterprises, auto manufacturers and vehicle owners, to improve the end-of-life vehicle
recycling rate in China (Figure 3).
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Figure 3. Government–recycler–manufacturer–owner recycling model.

In terms of government, firstly fiscal subsidy policies of ELV recycling should be enacted and
perfected. A new subsidy mechanism should be explored based on old-to-new replacement to
encourage vehicle owners to deliver the ELVs voluntarily. Meanwhile, government should give
financial supports to ELV recycling and dismantling enterprises in the aspects of recycling system
construction, information system perfection, scrap process optimization and market propaganda
promotion to solve the problems of continuous financial losses and operational difficulties that are
generally faced in the whole industry in China. Secondly, government should issue and revise
relevant policies and mechanisms of the ELV recycling management. Combined with the practical
situation of the ELV recycling industry and the improvement of remanufacturing technology in China,
the restriction on the reuse of vehicle parts should be loosened. Permission for remanufacturing vehicle
five functional assemblies should be made to raise economic benefits of ELV recycling industry. Besides,
the specific collection, recycling and recovery targets for the overall recycling rate and various raw
materials should be set within a period frame. Thirdly, government should intensify the supervision
of ELVs recycling and strike illegal recycling and refitting of ELVs by enhancing punishment. At the
same time, the supervision of car owners should be strengthened, and a record of the vehicle that
is about to be scraped to trace and reduce illegal drain of ELVs should be established. Fourthly,
the recycling deposit policy is recommended. The new vehicle buyer needs to pay some money to
the government as the recycling deposit. The government uses the deposit to encourage the formal
ELV treatment sectors. Eventually, when the vehicle is scrapped, the vehicle owner will obtain the
principle of the deposit and additional benefits if the end-of-life vehicle is delivered to the licensed
recyclers. Otherwise, if the vehicle owner submits the ELV to the black market, they will lose the
deposit. Moreover, Extended Producer Responsibility (EPR) should be enforced and the government
should supervise the manufacturers’ participation to strengthen the responsibilities of automobile
manufacturers. If automobile manufacturers participate in ELV recycling, their capital and brands can
be taken advantage of to improve the recycling rate. Lastly, government should strengthen guidance
and encourage industry associations, insurance companies and automobile dealers to take part in the
recycling of ELVs.

For recycling enterprises, firstly they should work with other organizations to explore recycling
modes using the Internet, and optimize reverse logistics system. Secondly, recycling enterprises
should also improve industry self-discipline and win over governments’ policy support and fiscal
subsidy to increase economic efficiency. Thirdly, the recycling enterprises should carry out dismantling
technology innovation to improve scrap car recycling rate and reduce the environmental pollution in
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the recycling and dismantling process. Lastly, the recycling enterprises should strengthen cooperation
with auto manufacturers to form a closed supply chain, so the components and raw materials of the
ELVs can be remanufactured/recycled/reused further.

For the vehicle owners, they need to continue to raise awareness of environmental protection,
and take the initiative to report illegal recovery actions to the local government. For the auto
manufacturer, they can perform the EPR indirectly by paying the disposal fee to the recyclers.
Meanwhile, the environmentally friendly materials and components should be considered at the
automotive design phase. Besides, manufacturers play a capital and technological advantage to drive
innovation, such as remanufacturing technology innovation, and eventually build a sustainable supply
chain ecosystem for the whole automobile industry.

5. Conclusions

Nowadays, the recycling rate of ELVs is quite low in China. Many ELVs flow into illegal channel,
causing a serious waste of resources, environment pollution and public security problems. With the
coming of ELVs’ peak season, increasing the recycling rate is urgently needed. Identifying the key
factors to influence ELV recycling is the premise and basis for setting out measures to increase the
recycling rate.

Combined with the practical recycling situation, this paper systematically proposes 16 factors
that influence ELV recycling rate in China through expert interviews, field research and literature
review. Intuitionistic fuzzy DEMATEL method is adopted to calculate the values of influential degree,
influenced degree, and prominence degree to identify cause factors, effect factors and key factors.
The results provide theoretical references for the government and enterprises to make decisions on
ELV recycling. In this paper, the influence scores of linguistic information are transformed into TrIFNs
and the TrIFNs are converted into the expected crisp values. Besides, Fuzzy numbers are used to
express the weight of every expert. The fuzziness of experts’ scoring results and the importance
weight are solved effectively. Through systematic study, cause factors are: government’s restrictive
policies on the re-use of ELVs parts (S7), income level of car owner (S4), dismantling and recycling
technologies (S13), tax policy (S8), participation of automobile manufacturer (S11), punishments on
illegal recycling enterprises and scrappers (S3), fiscal subsidy (S2) and information management system
(S12). Long-term countermeasures should be made according to the cause factors to increase recycling
rate persistently. Effect factors are: recycling price (S1), marketing and propaganda and popularization
(S14), environment and legal consciousness of car owner (S16), supervision of the government (S6),
reverse logistics system (S9), scrap procedures (S5), cooperation between profession organizations (S15)
and recycling mode (S10). Short-term countermeasures should be made according to these effect factors.
Moreover, the key factors are fiscal subsidy (S2), restrictions on the reuse of parts (S7), coordination
of the industry agencies (S15), participation of automobile manufacturer (S11) and supervision of the
government (S6). To conclude, this paper proposes suggestions and countermeasures to increase the
recycling rate of ELVs from perspective of government, recycling enterprises, auto manufacturers
and vehicle owners. A sensitivity analysis has been carried out to verify the robustness of the results.
Besides, the research results of this paper can also be used as reference for developing countries with
low recycling rate of end-of-life vehicles such as Turkey and Mexico to improve the rate of end-of-life
vehicle recycling. At present, these developing countries are facing similar problems to China in terms
of the recycling of waste automobiles, such as the prevalence of illegal recycling, inadequate awareness
of consumer environmental protection and imperfect laws and regulations [29,32].

Nonetheless, there are some limitations in the paper and future research may further expand these
results. In this paper, only four experts are selected, from government, enterprise and universities.
Future research may expand the range of experts to car owners, industry associations and automobile
dealers to reduce the influence that expert preference may have on the results. Meanwhile, some certain
areas with lower recycling rate of ELVs in China can be selected, such as Chongqing, Zhengzhou,
Suzhou, etc., whose recycling rate in 2014 are, respectively, 0.35%,0.36% and 0.37%. Data from these
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areas can be collected to prove the validity of the results. Otherwise, the redundancy of the information
that is expressed by the 16 factors is not examined. Future research can simplify the information
through rough set theory to ensure no existence of information redundancy in the index system and
improve the accuracy of the research result.
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Appendix A. Example of DEMATEL Questionnaire

The questionnaire includes the following five aspects: (1) cover letter; (2) introduction;
(3) description of the connotation of the factors; (4) the method of how to fill in the questionnaire; and
(5) pair-wise comparisons of the factors.

Those surveyed are invited to evaluate the existence of direct influence relationship and its degree
of strength or weakness among factors (see Table 2), scoring from 0 to 6 (0: absolutely no influence;
1: a little bit influence; 2: a small influence; 3: a normal influence; 4: a high influence; 5: a very high
influence; 6: an absolutely high influence).The DEMATEL pair-wise comparison questionnaire is
shown in Table A1.

Table A1. The DEMATEL pair-wise comparison questionnaire.

No. 1 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16

S1 0
S2 0
S3 0
S4 0
S5 0
S6 0
S7 0
S8 0
S9 0
S10 0
S11 0
S12 0
S13 0
S14 0
S15 0
S16 0

1 S1: recycling cost; S2: fiscal subsidy; S3: punishments on illegal recycling enterprises and scrappers; S4: vehicle
owner’s income level; S5: scrap procedures; S6: supervision of the government; S7: government’s restrictive policies
on re-use of ELVs parts; S8: tax policy; S9: reverse logistics system; S10: recycling mode; S11: participation of
automobile manufacturer; S12: information management system; S13: dismantling and recycling technologies;
S14: marketing and propaganda and popularization; S15: coordination of the industry agencies; S16: environmental
and legal awareness of the car owners.
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Appendix B.

Table A2. Direct-relation matrix by industry expert.

No. S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16

S1 0 2 1 0 0 2 0 1 0 0 0 0 0 0 0 4
S2 6 0 2 0 2 3 3 3 4 3 3 4 5 4 4 3
S3 2 1 0 0 0 4 0 0 0 0 0 1 2 2 1 5
S4 3 2 0 0 0 1 0 0 1 1 0 0 0 1 0 3
S5 2 2 3 0 0 2 0 0 3 3 1 4 0 3 2 2
S6 1 2 4 0 3 0 4 2 0 1 1 5 0 3 1 5
S7 5 4 3 0 1 3 0 0 2 2 2 0 4 3 2 2
S8 4 4 1 0 2 2 0 0 0 0 0 0 0 1 2 1
S9 5 4 1 0 3 1 0 0 0 5 3 4 0 2 2 1
S10 4 3 0 0 4 3 0 0 6 0 5 4 0 4 3 2
S11 5 4 2 0 4 2 4 4 6 6 0 5 5 3 3 2
S12 4 3 3 0 5 5 0 0 4 4 2 0 0 5 3 4
S13 4 4 0 0 1 2 3 0 0 0 2 0 0 0 2 0
S14 5 3 1 0 3 4 0 0 2 2 3 2 0 0 3 5
S15 3 5 3 0 3 4 3 2 2 2 2 3 2 4 0 4
S16 3 2 4 2 3 5 0 0 2 2 1 3 0 4 3 0

Table A3. Direct-relation matrix by government expert.

No. S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16

S1 0 2 0 0 0 2 0 1 0 3 2 0 0 3 3 3
S2 5 0 1 0 2 3 0 2 4 4 4 3 4 4 4 3
S3 1 2 0 0 0 4 0 0 0 0 2 0 0 3 3 4
S4 2 2 0 0 0 2 0 0 0 2 1 0 0 2 1 3
S5 4 1 0 0 0 2 0 0 3 2 1 4 0 3 2 3
S6 2 3 3 0 4 0 1 0 1 1 2 3 0 3 3 3
S7 4 2 0 0 0 3 0 0 3 1 3 1 3 2 3 2
S8 4 2 0 0 3 0 0 0 0 0 4 0 0 3 2 1
S9 5 3 0 0 3 0 0 0 0 2 1 2 0 2 1 1
S10 4 3 0 0 3 3 0 0 6 0 2 3 0 3 4 2
S11 3 3 0 0 3 2 0 0 6 6 0 2 3 3 4 3
S12 3 2 0 0 4 4 0 0 3 3 1 0 0 4 2 4
S13 3 4 0 0 0 0 4 0 4 3 4 0 0 4 2 2
S14 3 3 0 0 1 4 0 0 0 2 3 1 0 0 4 6
S15 3 4 0 0 3 4 0 0 4 4 3 1 4 4 0 4
S16 3 3 0 0 1 4 0 0 3 3 2 2 0 4 3 0

Table A4. Direct-relation matrix by Scholar1.

No. S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16

S1 0 2 1 0 1 3 2 3 2 1 2 1 1 4 2 4
S2 5 0 2 1 3 3 1 4 4 3 4 4 1 4 4 4
S3 3 3 0 0 1 5 4 0 0 1 2 1 2 4 3 4
S4 2 2 0 0 0 2 0 0 1 1 1 0 0 2 0 3
S5 4 1 1 0 0 4 1 0 3 3 1 4 0 3 2 2
S6 3 3 5 0 3 0 3 0 1 1 1 4 1 3 4 4
S7 5 5 3 0 3 3 0 0 3 2 2 3 4 2 1 2
S8 4 4 2 0 1 2 0 0 0 0 2 0 0 2 2 1
S9 5 3 1 0 4 3 0 0 0 4 3 4 0 3 1 1
S10 4 2 1 0 4 3 0 0 6 0 4 4 0 3 4 2
S11 4 4 1 0 3 3 0 0 4 4 0 3 4 4 3 2
S12 3 1 4 0 4 4 0 0 3 3 1 0 0 3 2 2
S13 4 4 1 0 1 3 4 0 2 2 2 1 0 3 3 1
S14 3 3 0 0 2 3 0 0 1 2 2 2 0 0 3 5
S15 3 3 1 0 3 5 0 0 4 4 1 1 2 4 0 3
S16 2 2 3 0 2 4 0 0 1 2 1 2 0 4 3 0
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Table A5. Direct-relation matrix by Scholar2.

No. S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16

S1 0 1 1 0 1 3 0 1 1 2 2 0 0 3 3 3
S2 5 0 3 0 1 3 0 1 4 3 4 3 3 4 3 3
S3 2 2 0 0 1 5 1 0 1 2 2 1 0 4 3 4
S4 3 2 0 0 1 2 0 0 0 1 1 0 0 3 1 3
S5 4 2 2 0 0 3 0 0 2 2 1 4 0 3 1 2
S6 3 2 4 0 4 0 3 0 3 3 1 4 0 3 4 4
S7 3 2 3 0 2 4 0 0 3 2 2 1 4 3 3 2
S8 4 3 0 0 2 0 0 0 0 1 2 1 0 2 2 1
S9 4 2 1 0 3 4 0 0 0 4 1 3 0 3 3 2
S10 4 2 1 0 4 3 0 0 6 0 2 3 0 3 3 2
S11 3 3 0 0 2 3 0 0 4 4 0 1 4 2 3 2
S12 2 2 0 0 4 4 0 0 3 3 1 0 0 4 2 2
S13 3 3 0 0 1 2 2 0 3 2 2 0 0 2 3 2
S14 3 4 1 0 2 3 1 0 2 3 3 1 2 0 3 5
S15 3 3 0 0 2 4 0 0 3 4 2 3 3 3 0 3
S16 3 3 0 0 3 5 0 0 1 2 1 2 0 3 3 0

Table A6. Linguistic values of TrIFNs for linguistic terms.

Linguistic Variable Influence Score Corresponding Trapezoidal Intuitionistic
Fuzzy Numbers (TrIFNs) Expected Crisp Value

absolutely no influence 0 <(0,0,0,0), (0,0,0,0)> 0
a little bit influence 1 <(0,0.1,0.2,0.3), (0,0.1,0.2,0.3)> 0.15

small influence 2 <(0.1,0.2,0.3,0.4), (0,0.2,0.3,0.5)> 0.25
normal influence 3 <(0.3,0.4,0.5,0.6), (0.2,0.4,0.5,0.7)> 0.45

high influence 4 <(0.5,0.6,0.7,0.8), (0.4,0.6,0.7,0.9)> 0.65
very high influence 5 <(0.7,0.8,0.9,1), (0.7,0.8,0.9,1)> 0.85

absolutely high influence 6 <(1,1,1,1), (1,1,1,1)> 1

Table A7. Linguistic variable for the importance weight of expert.

Linguistic Variable Fuzzy Numbers

very low (VL) (0,0.1,0.3)
low (L) (0.1,0.3,0.5)

medium (M) (0.3,0.5,0.7)
high (H) (0.5,0.7,0.9)

very high (VH) (0.7,0.9,1)

Table A8. The semantic variables in expert weight.

Experts Linguistic Variable Important Weight Crisp Weight

industry expert Low (0.1,0.3,0.5) 0.3
Government expert High (0.5,0.7,0.9) 0.7

Scholar 1 Medium (0.3,0.5,0.7) 0.5
Scholar 2 Medium (0.3,0.5,0.7) 0.5
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Table A9. Total averaged crisp matrix A.

No. S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16

S1 0.00 1.75 0.65 0.00 0.50 2.50 0.50 1.50 0.75 1.80 1.70 0.25 0.25 2.80 2.30 3.40
S2 5.15 0.00 1.90 0.25 2.00 3.00 0.70 2.40 4.00 3.35 3.85 3.40 3.15 4.00 3.75 3.25
S3 1.90 2.10 0.00 0.00 0.50 4.50 1.25 0.00 0.25 0.75 1.70 0.65 0.80 3.35 2.70 4.15
S4 2.40 2.00 0.00 0.00 0.25 1.85 0.00 0.00 0.40 1.35 0.85 0.00 0.00 2.10 0.60 3.00
S5 3.70 1.40 1.20 0.00 0.00 2.75 0.25 0.00 2.75 2.40 1.00 4.00 0.00 3.00 1.75 2.35
S6 2.35 2.60 3.90 0.00 3.60 0.00 2.45 0.30 1.35 1.50 1.35 3.80 0.25 3.00 3.20 3.80
S7 4.15 3.05 1.95 0.00 1.40 3.25 0.00 0.00 2.85 1.65 2.35 1.35 3.65 2.40 2.35 2.00
S8 4.00 3.05 0.65 0.00 2.10 0.80 0.00 0.00 0.00 0.25 2.40 0.25 0.00 2.20 2.00 1.00
S9 4.75 2.90 0.65 0.00 3.25 1.90 0.00 0.00 0.00 3.45 1.80 3.05 0.00 2.50 1.65 1.25
S10 4.00 2.50 0.50 0.00 3.65 3.00 0.00 0.00 6.00 0.00 2.95 3.40 0.00 3.15 3.60 2.00
S11 3.55 3.40 0.55 0.00 2.90 2.50 0.60 0.60 5.00 5.00 0.00 2.45 3.80 3.00 3.35 2.35
S12 2.90 1.90 1.45 0.00 4.15 4.15 0.00 0.00 3.15 3.15 1.15 0.00 0.00 3.90 2.15 3.00
S13 3.40 3.75 0.25 0.00 0.65 1.55 3.35 0.00 2.65 2.05 2.70 0.25 0.00 2.65 2.50 1.45
S14 3.30 3.25 0.40 0.00 1.80 3.50 0.25 0.00 1.05 2.25 2.75 1.40 0.50 0.00 3.35 5.35
S15 3.00 3.65 0.70 0.00 2.75 4.25 0.45 0.30 3.45 3.70 2.10 1.80 2.95 3.75 0.00 3.50
S16 2.75 2.60 1.35 0.30 2.05 4.40 0.00 0.00 1.85 2.35 1.35 2.15 0.00 3.75 3.00 0.00

Table A10. The normalized direct-relation matrix G.

No. S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16

S1 0.00 0.03 0.01 0.00 0.01 0.05 0.01 0.03 0.01 0.04 0.03 0.00 0.00 0.05 0.04 0.07
S2 0.10 0.00 0.04 0.00 0.04 0.06 0.01 0.05 0.08 0.07 0.08 0.07 0.06 0.08 0.07 0.06
S3 0.04 0.04 0.00 0.00 0.01 0.09 0.02 0.00 0.00 0.01 0.03 0.01 0.02 0.07 0.05 0.08
S4 0.05 0.04 0.00 0.00 0.00 0.04 0.00 0.00 0.01 0.03 0.02 0.00 0.00 0.04 0.01 0.06
S5 0.07 0.03 0.02 0.00 0.00 0.05 0.00 0.00 0.05 0.05 0.02 0.08 0.00 0.06 0.03 0.05
S6 0.05 0.05 0.08 0.00 0.07 0.00 0.05 0.01 0.03 0.03 0.03 0.07 0.00 0.06 0.06 0.07
S7 0.08 0.06 0.04 0.00 0.03 0.06 0.00 0.00 0.06 0.03 0.05 0.03 0.07 0.05 0.05 0.04
S8 0.08 0.06 0.01 0.00 0.04 0.02 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.04 0.04 0.02
S9 0.09 0.06 0.01 0.00 0.06 0.04 0.00 0.00 0.00 0.07 0.04 0.06 0.00 0.05 0.03 0.02
S10 0.08 0.05 0.01 0.00 0.07 0.06 0.00 0.00 0.12 0.00 0.06 0.07 0.00 0.06 0.07 0.04
S11 0.07 0.07 0.01 0.00 0.06 0.05 0.01 0.01 0.10 0.10 0.00 0.05 0.07 0.06 0.07 0.05
S12 0.06 0.04 0.03 0.00 0.08 0.08 0.00 0.00 0.06 0.06 0.02 0.00 0.00 0.08 0.04 0.06
S13 0.07 0.07 0.00 0.00 0.01 0.03 0.07 0.00 0.05 0.04 0.05 0.00 0.00 0.05 0.05 0.03
S14 0.06 0.06 0.01 0.00 0.04 0.07 0.00 0.00 0.02 0.04 0.05 0.03 0.01 0.00 0.07 0.10
S15 0.06 0.07 0.01 0.00 0.05 0.08 0.01 0.01 0.07 0.07 0.04 0.04 0.06 0.07 0.00 0.07
S16 0.05 0.05 0.03 0.01 0.04 0.09 0.00 0.00 0.04 0.05 0.03 0.04 0.00 0.07 0.06 0.00

Table A11. Total relation matrix.

No. S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16

S1 0.065 0.084 0.037 0.001 0.056 0.106 0.022 0.037 0.064 0.083 0.072 0.049 0.025 0.113 0.097 0.121
S2 0.225 0.103 0.081 0.006 0.129 0.174 0.039 0.062 0.173 0.162 0.151 0.147 0.097 0.195 0.175 0.174
S3 0.111 0.101 0.031 0.001 0.064 0.156 0.041 0.010 0.062 0.073 0.079 0.064 0.040 0.135 0.115 0.148
S4 0.090 0.073 0.017 0.001 0.036 0.077 0.008 0.007 0.042 0.060 0.044 0.031 0.013 0.082 0.050 0.098
S5 0.148 0.088 0.053 0.001 0.059 0.127 0.019 0.011 0.112 0.107 0.067 0.129 0.021 0.132 0.098 0.117
S6 0.144 0.126 0.111 0.002 0.137 0.098 0.064 0.018 0.102 0.105 0.086 0.137 0.036 0.152 0.142 0.162
S7 0.176 0.135 0.073 0.001 0.093 0.150 0.022 0.014 0.128 0.107 0.105 0.090 0.100 0.137 0.125 0.125
S8 0.132 0.101 0.033 0.001 0.078 0.068 0.011 0.010 0.044 0.051 0.081 0.043 0.020 0.095 0.085 0.072
S9 0.171 0.116 0.043 0.001 0.120 0.113 0.014 0.013 0.066 0.129 0.084 0.114 0.023 0.125 0.099 0.099
S10 0.181 0.128 0.048 0.001 0.145 0.153 0.018 0.014 0.192 0.085 0.117 0.137 0.030 0.157 0.151 0.131
S11 0.188 0.156 0.052 0.002 0.139 0.153 0.035 0.027 0.187 0.184 0.074 0.127 0.105 0.166 0.158 0.146
S12 0.148 0.107 0.063 0.001 0.145 0.164 0.017 0.012 0.130 0.130 0.078 0.067 0.024 0.160 0.117 0.141
S13 0.152 0.138 0.036 0.001 0.071 0.107 0.080 0.013 0.118 0.106 0.105 0.062 0.032 0.129 0.117 0.102
S14 0.152 0.131 0.043 0.002 0.099 0.151 0.022 0.014 0.092 0.114 0.106 0.090 0.038 0.087 0.138 0.179
S15 0.169 0.154 0.055 0.002 0.130 0.179 0.032 0.021 0.151 0.154 0.108 0.111 0.087 0.173 0.092 0.162
S16 0.137 0.115 0.059 0.007 0.101 0.162 0.017 0.012 0.100 0.110 0.078 0.100 0.025 0.151 0.127 0.080
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Table A12. The comprehensive influence relation table.

D Sum Ranking R Sum Ranking R + D Ranking D − R Ranking

S1 1.030 14 2.387 1 3.417 7 −1.357 16
S2 2.095 1 1.858 6 3.953 1 0.237 7
S3 1.232 13 0.832 12 2.064 13 0.4 6
S4 0.731 16 0.032 16 0.763 16 0.699 2
S5 1.287 12 1.603 9 2.89 11 −0.316 11
S6 1.622 5 2.138 3 3.76 2 −0.516 13
S7 1.580 6 0.461 14 2.041 14 1.119 1
S8 0.926 15 0.296 15 1.222 15 0.63 4
S9 1.332 11 1.765 7 3.097 9 −0.433 12
S10 1.691 4 1.760 8 3.451 5 −0.069 9
S11 1.899 2 1.437 11 3.336 8 0.462 5
S12 1.506 7 1.498 10 3.004 10 0.008 8
S13 1.371 10 0.717 13 2.088 12 0.654 3
S14 1.458 8 2.189 2 3.647 4 −0.731 15
S15 1.779 3 1.889 5 3.668 3 −0.11 10
S16 1.382 9 2.059 4 3.441 6 −0.677 14
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