
Edith Cowan University Edith Cowan University 

Research Online Research Online 

Research outputs 2014 to 2021 

2020 

Identifying the critical factors of sustainable manufacturing using Identifying the critical factors of sustainable manufacturing using 

the fuzzy DEMATEL method the fuzzy DEMATEL method 

Luwei Jiang 

Tenghao Zhang 
Edith Cowan University 

Yanfei Feng 

Follow this and additional works at: https://ro.ecu.edu.au/ecuworkspost2013 

 Part of the Business Administration, Management, and Operations Commons 

10.2478/amns.2020.2.00045 
Jiang, L., Zhang, T., & Feng, Y. (2020). Identifying the critical factors of sustainable manufacturing using the fuzzy 
DEMATEL method. Applied Mathematics and Nonlinear Sciences, 5(2), 391-404. https://doi.org/10.2478/
amns.2020.2.00045 
This Journal Article is posted at Research Online. 
https://ro.ecu.edu.au/ecuworkspost2013/9675 

https://ro.ecu.edu.au/
https://ro.ecu.edu.au/ecuworkspost2013
https://ro.ecu.edu.au/ecuworkspost2013?utm_source=ro.ecu.edu.au%2Fecuworkspost2013%2F9675&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/623?utm_source=ro.ecu.edu.au%2Fecuworkspost2013%2F9675&utm_medium=PDF&utm_campaign=PDFCoverPages
http://dx.doi.org/10.2478/amns.2020.2.00045
https://doi.org/10.2478/amns.2020.2.00045
https://doi.org/10.2478/amns.2020.2.00045


Open Access. © 2020 Jiang et al., published by Sciendo.
This work is licensed under the Creative Commons Attribution alone 4.0 License.

Applied Mathematics and Nonlinear Sciences 5(2) (2020) 391–404

Applied Mathematics and Nonlinear Sciences
https://www.sciendo.com

Identifying the Critical Factors of Sustainable Manufacturing Using the Fuzzy DE-
MATEL Method

Luwei Jiang1†, Tenghao Zhang2, Yanfei Feng1

1School of Management, Wuhan University of Technology, Wuhan 430070, China,
E-mail: jlw910618@163.com (L.J.), hsfyf3012@163.com (Y.F.)
2School of Business and Law, Edith Cowan University, Joondalup, W.A 6027, Australia,
E-mail: tenghaoz@our.ecu.edu.au

Submission Info

Communicated by Juan Luis García Guirao
Received May 28th 2020

Accepted August 14th 2020
Available online November 5th 2020

Abstract
The burgeoning trend of globalization gives rise to the formation of the manufacturing ecosystem. This study aims to
identify the critical factors of sustainable manufacturing for countries and regions across the globe finding their unique
ecological niches. From the perspective of the ecological niche, we develop an evaluation system of the manufacturing
niche. By using the fuzzy Decision-Making Trial and Evaluation Laboratory (DEMATEL) method, the critical factors,
and its causal relationships of the manufacturing niche can be quantified and visualized. The results indicate that: (1)
the evaluation system of the manufacturing niche is characterized by complexity and interactivity; (2) technical factors
have the strongest impact on the evaluation system, among which R&D investment intensity and the input-output ratio of
new products are key indicators; and (3) technical and policy factors are decisive for the system and actively influence
economic and ecological factors. Theoretically, it is beneficial to augment the niche theory and industrial economics.
Practically, it helps to create a win-win situation to facilitate governments to enact suitable industrial strategies and assist
the manufacturing toward a more sustainable trajectory.

Keywords: ecological niche; sustainable manufacturing; evaluation system; influencing factors; fuzzy DEMATEL
AMS 2010 codes: F18941

1 Introduction

The manufacturing has evolved into an enormous industrial ecosystem in which a growing number of areas
are embedded [1, 2]. To recognize the sustainable development of manufacturing in the ecosystem, countries,
and regions across the globe need to develop unique competitive advantages [3]. Having a competitive advantage
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means the region can occupy a unique niche in the ecosystem. The ecological niche of a region is formulated by
the active change and passive influence in its resource environment [4,5]. Similarly, the essence of manufacturing
is to meet human needs by transforming natural resources, which is directly manifested as the material exchange
between human society and the natural environment [6]. Thus, constructing a manufacturing niche is a dynamic
process of utilizing resource endowment to interact with the environment. The country or region which occupies
a unique ecological niche can take advantage of its superior resources in the fierce competition of manufacturing
and find its advantageous position in the industrial ecosystem [7].

Research on manufacturing competitiveness is mainly based on the theories of comparative advantage and
competitive advantage [8,9]. The comparative advantage focuses on the potentiality of industry, while the com-
petitive advantage emphasis the competitiveness of industry [10]. The traditional theory of industrial compet-
itiveness achieves the goal of maximizing individual economic benefits by analyzing the relative and absolute
advantages but ignores the symbiotic relationship between industry and environment. The perspective of the
ecological niche focuses on the co-evolutionary relationship between the niche subject and the environment,
which reflects the situation and trend of the subject and its adaptive degree to the environment. Besides, it
is emphasized that industrial development needs to be evaluated within the framework of economic and so-
cial sustainability [11]. Based on it, the possible future of sustainable manufacturing is to build a suitable and
competitive industrial status from the perspective of the ecological niche.

To construct a manufacturing niche, regions must identify the key factors affecting the niche. The existing
research mainly explores the influencing factors through literature analysis [12], an expert investigation [13],
factor analysis [14], and fuzzy DEMATEL method [15]. The fuzzy Decision-Making Trial and Evaluation
Laboratory (DEMATEL) method is used for mathematical processing and visual analysis of subjective judgment
based on literature analysis and expert investigation, which enhances the rationality and objectivity of research.
Besides, the fuzzy DEMATEL method can also study the causal relationship between the influencing factors and
analyze the internal structure of the influencing indicator system, which is difficult to achieve by other methods
mentioned above [16].

Therefore, this paper adopts the fuzzy DEMATEL method to study the impact factors of the manufacturing
niche, and it aims to answer the following questions.
Q1: What are the influencing factors of the manufacturing niche? What are the key factors?
Q2: Do the influencing factors of the manufacturing niche interact with each other?

The remainder of this paper proceeds as follows. Firstly, the influencing factors of the manufacturing niche
were determined by a detailed literature review. Next, the fuzzy DEMATEL method was used to identify critical
factors and their causal relationships. The last part is the discussion and conclusion based on the research results.

The contribution of this article is twofold. Theoretically, this paper addresses the issues of the sustainability
of manufacturing which can enrich the theory of ecological niche and industrial competitiveness. Practically, it
helps to create a win-win situation that to facilitate countries and regions across the globe to form their unique
niches and to assist the global manufacturing industry transforms toward the direction of integrated, ecological,
and sustainable.

2 Literature review

The following literature review is summarized from three aspects: ecological niche, manufacturing niche,
and the influencing factors of the manufacturing niche. Based on this, the indicators of manufacturing niche are
sorted out.

2.1 Ecological Niche

Niche was first proposed by natural ecologist Johnson in 1910, but the concept of niche has not fully formed.
Ecologist Joseph Grinnel (1917) initially defined ecological niche as "the final unit distributed by exactly one
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species or subspecies," which was later defined as "spatial niche" [17]. Based on the perspective of biological
status, Elton (1927) proposed that the niche of an animal was the mutual relationship among animals, food,
and predators, which later referred to as the "functional ecological niche" [18]. Hutchinson (1957) established
the multi-dimensional super-volume niche model, which defines the niche as the combined total of the living
conditions of a biological unit and its relationship with other organisms [19]. This theory has been widely
recognized from the view of the organism’s demand and adaptation to the resource environment, which is known
as a multi-dimensional super-volume niche. The development of the concept of niche has gone through three
major stages: "spatial niche," "functional niche" and "multi-dimensional super-volume niche." Since then, many
scholars have further studied the connotation and extension of a niche. Most of them have integrated or enriched
the concept of niche based on previous studies. Combining "spatial niche" and "functional niche," Woodwell
et al. (1975) pointed out that niche refers to the location of a species in a natural ecosystem and its functional
relationship with related species [20]. Cao (1995) applied fuzzy mathematics to put forward the concept of fuzzy
niche, in an attempt to overcome the limitation of Hutchinson’s concept of multi-dimensional super-volume
niche [21]. He argues that the boundary of the niche is fuzzy and needs further clarification. Hao (2005) further
explores and measures the theory of fuzzy super-volume niche on this basis [22]. Odling-Smee et al. (1996)
emphasized the function of the niche and believed that the construction of niche was the self-positioning created
by biological units through metabolism, selection, and other biological activities [23]. Zhang and Xie (1997)
believed that a "multi-dimensional super-volume niche" could better reflect the essence of the concept of niche
and better adapt to the development of ecological theory [24]. Warren et al. (2008) established the ecological
niche model, popularly known as the ENM model, and pointed out that the difference in the niche was affected
by environmental factors [25]. Laland et al. (2016) suggest that niche is an active choice made by biological
units under environmental impact by discussing the concept of niche and related research results, emphasizing
the important role of environmental factors [26]. Peng and Wang (2016) identify the development course of
relevant studies on niche concepts and considered that the connotative characteristics of niche concepts include
spatiotemporal, functional, environmental adaptability and population relationship, etc. [27]. This provides
a more comprehensive view of niche theory. Li’s (2019) study reveals the functional relationship between
species and proposes that the niche has the characteristics of mutual benefit, adaptability, potential energy,
etc. [28]. Schirmer et al. (2019) argue that niche is influenced by species activities, emphasizing the functional
connotations of niches [29]. Although the foregoing conceptions of a niche are defined from different aspects,
the basic ideas of niche theory are predominantly reflected in three aspects. First, it represents the status and
function of biological units in the ecosystem. Second, it reflects the degree of acquisition and utilization of
resources by biological units in the living environment. Third, it exhibits the competitive relationships among
biological units and the impacts of such relationships on ecosystem diversity and order.

2.2 Manufacturing Niche

The application of niche theory in industry-related research involves a wide spectrum of sectors, such as
agriculture [30], manufacturing [31], and tourism [32]. The research objectives of the manufacturing niche can
be divided into three main categories from macro- to micro-level: manufacturing industry [33–35], manufactur-
ing enterprises [36,37], and manufacturing enterprise managers or employees [38]. The manufacturing industry
is considered as the objective of this study. The manufacturing niche lies in the geographical or functional posi-
tion of each region in the manufacturing ecosystem. On this basis, the influencing factors of the manufacturing
niche are discussed.

2.3 Factors of the Manufacturing Niche

To develop a framework to evaluate the manufacturing niche, we used keywords "manufacturing devel-
opment," "manufacturing evaluation" and "niche" in Google Scholar, Web of Science, and Scopus to identify
pertinent literature that can facilitate our investigation. We set strict criteria to ensure that the documents we
retrieved from the databases are up-to-date and of high relevance to our study [39–48]. We select some of the
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Fig. 1 Factors of manufacturing niche

most frequently occurring factors in the literature and invite experts to confirm the importance of indicators. And
then the influencing factors of the manufacturing niche are divided into the economic factors, technical factors,
policy factors, and ecological factors (Fig. 1). According to the evaluation principles of scientificity, flexibility,
and operability [49], the indicators of each factor are summarized in Table 1.

3 Materials and Methods

To further explore the influencing factors and analyze the structure of the evaluation system of the manufac-
turing niche, the fuzzy DEMATEL method is used to quantify and visualize the research issues. The DEMATEL
method, first proposed by the Battelle Memorial Institute at the Geneva Research Center in 1973 [50], is a
comprehensive method that combines matrix and mathematical models to analyze structural relationships. The
purpose of this approach is to help decision-makers identify causal relationships between essential criteria and
key components of complex systems [51]. DEMATEL, as a valid evaluation technology, refers to the systematic
relationships that can be clearly expressed with accurate values. However, it is difficult to realize the ideal state
of precise description. Due to the limitations of evaluation criteria, different preferences, and other uncertain
factors, it is often difficult to determine the exact value of the relationships. To improve the DEMATEL, many
scholars use the fuzzy DEMATEL method to reduce subjective differences and judgment ambiguities [52–54].
According to the level identification, the impact degree is converted to the accurate value by the form of interval
value. The operation steps are shown in figure 2.

3.1 DEMATEL Method

The DEMATEL method can adequately visualize the causal relationship of a complex structure and identify
the critical indicators based on graphics. This method is widely applicable to solve comprehensive problems.
According to the definition and method of Fontela and Gabus (1976) [55], the steps of using the DEMATEL
method are as follows.
Step 1: Determine the influencing factors and define the relationships between factors. Suppose that the system
contains a group of elements E={e1,e2, . . . ,en}, and there is a specific pairing relationship (ei,e j) among the
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Table 1 Indicators of manufacturing niche.
Factors Indicators

Economic factor (A1)

Total asset contribution rate N1

Industrial value-added growth rate N2

Profit margin on output N3

Profit margin on sales N4

Profit margin on cost and expense N5

Fixed assets investment novelty coefficient N6

Technical factor (A2)

R&D investment intensity N7

R&D personnel investment intensity N8

The number of invention patents per capita N9

The input-output ratio of new products N10

The proportion of technology market turnover N11

Policy factor (A3)
Government R&D expenditure ratio N12

The number of government innovation policies N13

The rate of introduction of scientific and technological talents N14

Ecological factor (A4)
Energy consumption per unit output value N15

Completion rate of industrial pollution control N16

Air quality ratio N17

Source: sorted out by authors

Fig. 2 Steps of fuzzy DEMATEL
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factors. Use ai j to express the influence relationship of the element ei on the element e j.
Step 2: Construct the direct relation matrix A. The influence intensity between the two factors is divided into
five levels of "0-4". 0, 1, 2, 3 and 4 indicate "no influence", "low influence ", "medium influence ", "strong
influence" and "very strong influence" respectively. The direct relation matrix A can be expressed as:

A =


0 a12 . . . a1n

a21 0 . . . a2n

. . . . . . . . . . . .
an1 an2 . . . 0

=[ai j]n×n(1≤ i≤ n,1≤ j ≤ n, i 6= j) (1)

Step 3: Normalization matrix A. The normalized direct relation matrix Z is obtained as follows:

s =
1

max
1≤i≤n

n
∑
j=1

ai j

(2)

Z = s×A (3)

Step 4: Calculate the comprehensive relation matrix T, where I represents the unit matrix.

T =
n

∑
i=1

Zi =
+∞

∑
i=1

Zi = Z(I−Z)−1 (4)

Step 5: Calculate the sum of rows and columns of the matrix T. The index ti j in matrix T indicates the com-
prehensive influence degree of the element ei on e j. The sum of the line i is represented by ri, which is called
the influence degree D. D represents the sum of the effects of the factor ei on others. The sum of columns j is
represented by c j, which is called the affected degree R. R represents the sum of the extent to which the factor e j

is affected by others. When i = j, (ri + ci) denotes the impact degree of the index i on the whole system, which
is called centrality (D+R). When i = j, (ri−ci) denotes the impact degree of the index ei on the whole system,
which is called cause degree (D−R). If (ri− ci) > 0, index ei denotes causal factor, and if (ri− ci) < 0, index
ei denotes outcome factor.

D =
[
∑

n
j−1 ti j

]
n×1

(5)

D =
[
∑

n
j−1 ti j

]
n×1

(6)

Step 6: Draw the elemental influence diagram. The Cartesian coordinate system is established with the central
degree (D+R) and the cause degree (D−R) as the horizontal and vertical axes. Mark the positions of elements
in the coordinate system and rank the indicators in order of importance.

3.2 Fuzzy Set Method

In actual decision-making situations, evaluation on a pair of objects is not an accurate score, but a linguistic
expression based on the experience and expertise of experts. The ambiguity of evaluation increases the difficulty
of calculating evaluation results. To measure and quantify the subjective judgments or fuzzy concepts of the
expert panel, this paper introduces the fuzzy set theory. It uses Triangular Fuzzy Number (TFN) to convert the
judgment statements numerically. In fuzzy logic, each number between 0 and 1 represents a partial actual value,
corresponding to binary logic [0, 1]. According to the research and application of fuzzy set theory by Cerioli
(1990) [56] and Chen et al. (2006) [57], the following definitions are given.
Definition 1: Define the fuzzy number Ã on the real number set R. Define the membership function uÃ(x). uÃ(x)
is the degree of membership of x to u. For any x ∈ Ã, there is a number uÃ(x) ∈ [0,1] corresponding to it.
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Definition 2: Ã is defined as a triple (l,m,r) according to Triangular Fuzzy Number (TFN), where l, m, r are
real numbers and l ≤ m ≤ r. The lower and upper limits of the fuzzy number are l and r respectively. The
membership function can be expressed as:

uÃ(x) =


0,x≤ l
x−l
m−l , l < x≤ m
r−x
r−m ,m < x≤ r
0,x > r

(7)

Converting the fuzzy language judgments into specific scores is the core of the fuzzy set method. According
to the Converting Fuzzy Data into Crisp Scores (CFCS) method proposed by Opricovic and Tzeng(2004) [58],
the total normalized value is calculated by the left and right normalized values, and the quantification process of
the fuzzy data is completed by weighting the total score. Assuming that there are K experts who are invited to
express their judgments on the impact of the factor ei on the factor e j by ki j, the specific steps of applying the
CFCS method are as follows.
Step 1: Standardize the triangular fuzzy number.

xlk
i j =

lk
i j−min lk

i j

∆max
min

(8)

xmk
i j =

mk
i j−minmk

i j

∆max
min

(9)

xrk
i j =

rk
i j−minrk

i j

∆max
min

(10)

Where, ∆max
min = maxrk

i j−min lk
i j.

Step 2: Calculate left and right normalized values.

xlsk
i j =

xmk
i j

1+ xmk
i j− xlk

i j
(11)

xrsk
i j =

xrk
i j

1+ xrk
i j− xmk

i j
(12)

Step 3: Calculate the total normalized value.

xk
i j =

xlsk
i j(1− xlsk

i j)+ xrsk
i jxrsk

i j

1− xlsk
i j + xrsk

i j
(13)

Step 4: Calculate the influence value of factor ei evaluated by the expert k on factor e j.

wk
i j = min lk

i j + xk
i j∆

max
min (14)

Step 5: Calculate the influence value of factor ei evaluated on the factor e j by expert panel K.

wi j =
1
K

K

∑
k=1

wk
i j (15)
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4 Results

The fuzzy DEMATEL method was used to identify the key influencing factors and analyze the relationships
between factors of the manufacturing niche. The specific steps are as follows.
Step 1: Invite an expert panel to assess the relationships between factors. According to the evaluation system
determined above, the primary impact factors of manufacturing niche include economic factor (A1), technical
factor (A2), policy factor (A3), and ecological factor (A4). The four factors contain a total of 17 order parameter
components (N1-N17). Seven experts in the field of industrial management were invited to determine the degree
of interaction between factors based on knowledge reserves and practical experience by questionnaire. The
expert panel is composed of three scholars specialized in industrial management, two government officials from
the industrial development sector, and two senior managers from manufacturing enterprises. All the experts
have been working in the field of manufacturing for more than ten years. The composition of the expert panel
represents perspectives from various stakeholders including researchers, policymakers, and practitioners, which
ensures the reliability of our analysis. The influence degree of factors were divided into five levels: with no
influence as "0," low influence as "1," medium influence as "2," strong influence as "3" and very strong influence
as "4." The direct relationship matrix A was constructed according to formula (1).
Step 2: According to the Fuzzy Semantic Scale (Table 2) and the CFCS method, the experts’ judgments were
converted into fuzzy triangular numbers. The direct relation matrix Ã was calculated by using formula (8)-(13).

Table 2 The Fuzzy Linguistic Scale.
Linguistic terns Influence score Triangular fuzzy numbers(TFN)

No influence 0 (0,0.1,0.3)

Low influence 1 (0.1,0.3,0.5)

Medium influence 2 (0.3,0.5,0.7)
Strong influence 3 (0.5,0.7,0.9)
Very strong influence 4 (0.7,0.9,1)

Source: proposed by Wang and Chang [59].

Step 3: Normalize matrix Ã according to formula (2)-(3) and calculate comprehensive relation matrix T accord-
ing to formula (4). The total relation matrix T of the influencing factors is shown in table 3.
Step 4: Calculate the influence degree (D), affected degree (R), center degree (D + R), and cause degree (D-R)
of each factor according to formula (5)-(6) which is shown in table 4.
Step 5: Draw an impact diagram (Fig. 3). Centrality is used as the horizontal axis to measure the importance
of the factors. The greater the centrality (D+R) of the factor, the more important it is in the system. The causal
degree is used as the vertical axis to judge the causal group. If the causality (D-R) of the factor is greater than 0,
it indicates that the factor is the causal factor and vice versa is the outcome factor.

Based on the calculation results and the visualization diagram, the components of the evaluation index
system of the manufacturing niche are classified and the following results are obtained.

In general, the evaluation system consists of 4 influencing factors and 17-factor order parameters, which is
characterized by complexity and interactivity.

In terms of the importance of factors, the centrality value (D + R) of technical factor (A2) is the largest,
followed by the economic factor (A1) and policy factor (A3). The centrality value of the ecological factor (A4)
is the smallest. It shows that the technical factor has the most significant impact on other factors and the whole
evaluation system. It is the most important factor in the evaluation system, while the ecological factor is the
least. Specifically, to the five order parameter components (N7-N11) of the technical factor (A2), the centrality
values (D+R) ranked in the top five of the evaluation system. Among them, R&D investment intensity (N7)
ranks first and the input-output ratio of new products (N10) ranks second, with little difference in centrality
value. It shows that R&D investment intensity (N7) and the input-output ratio of new products (N10) are the key
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Table 3 The total relation matrix T

Factors A1 A2 A3 A4

N1 N2 N3 N4 N5 N6 N7 N8 N9 N10 N11 N12 N13 N14 N15 N16 N17

A1

N1
0.310 0.330 0.337 0.319 0.325 0.260 0.315 0.298 0.301 0.329 0.307 0.272 0.251 0.272 0.301 0.270 0.242

N2
0.369 0.379 0.392 0.372 0.379 0.301 0.369 0.349 0.353 0.385 0.359 0.320 0.294 0.318 0.352 0.317 0.285

N3
0.372 0.387 0.387 0.375 0.381 0.303 0.370 0.350 0.354 0.389 0.362 0.319 0.295 0.318 0.354 0.319 0.285

N4
0.320 0.333 0.341 0.316 0.329 0.261 0.318 0.301 0.305 0.333 0.310 0.274 0.254 0.273 0.303 0.273 0.245

N5
0.331 0.347 0.354 0.335 0.335 0.272 0.331 0.313 0.317 0.346 0.322 0.285 0.264 0.283 0.317 0.285 0.254

N6
0.337 0.352 0.358 0.340 0.348 0.271 0.337 0.319 0.321 0.353 0.327 0.290 0.267 0.287 0.321 0.290 0.258

A2

N7
0.435 0.455 0.461 0.437 0.446 0.354 0.427 0.413 0.417 0.455 0.425 0.376 0.346 0.374 0.413 0.374 0.334

N8
0.437 0.459 0.464 0.440 0.450 0.357 0.440 0.408 0.421 0.459 0.428 0.379 0.349 0.377 0.417 0.377 0.337

N9
0.421 0.442 0.446 0.424 0.433 0.344 0.424 0.403 0.398 0.443 0.413 0.366 0.338 0.364 0.402 0.363 0.324

N10
0.416 0.436 0.442 0.420 0.428 0.341 0.417 0.395 0.399 0.428 0.407 0.360 0.333 0.359 0.397 0.357 0.319

N11
0.416 0.436 0.443 0.421 0.428 0.341 0.418 0.396 0.401 0.436 0.400 0.362 0.334 0.360 0.397 0.358 0.320

A3

N12
0.440 0.459 0.466 0.442 0.452 0.360 0.442 0.419 0.424 0.461 0.430 0.375 0.353 0.381 0.420 0.379 0.340

N13
0.423 0.442 0.449 0.427 0.435 0.347 0.426 0.404 0.408 0.443 0.415 0.371 0.334 0.369 0.405 0.366 0.328

N14
0.413 0.433 0.437 0.414 0.423 0.336 0.413 0.394 0.398 0.432 0.404 0.359 0.332 0.350 0.394 0.356 0.318

A4

N15
0.365 0.381 0.386 0.368 0.375 0.297 0.363 0.344 0.346 0.379 0.353 0.314 0.290 0.313 0.342 0.318 0.286

N16
0.331 0.347 0.352 0.335 0.342 0.271 0.332 0.314 0.318 0.347 0.323 0.288 0.266 0.287 0.322 0.283 0.263

N17
0.267 0.281 0.285 0.271 0.277 0.220 0.269 0.255 0.257 0.281 0.261 0.234 0.216 0.233 0.261 0.238 0.206

Source: calculated by authors.

Fig. 3 Cause-effect group diagram.

indicators affecting the manufacturing niche.
In terms of the correlations between factors, the causal factors are mainly distributed in technical factors

(A2) and policy factors (A3). In contrast, the outcome factors are mainly distributed in economic factors (A1)
and ecological factors (A4). Indicators with a (D-R) value greater than 0 are the causal factors, including fixed
assets investment novelty coefficient (N6), R&D investment intensity (N7), R&D personnel investment intensity
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Table 4 The centrality of factors and cause-effect group.
D R (R+D) (R-D)

A1

N1 5.040 6.403 11.443 -1.363
N2 5.890 6.700 12.591 -0.810
N3 5.919 6.800 12.718 -0.881
N4 5.090 6.455 11.545 -1.365
N5 5.289 6.587 11.876 -1.298
N6 5.378 5.234 10.612 0.143

A2

N7 6.944 6.411 13.356 0.533
N8 6.999 6.075 13.074 0.923
N9 6.748 6.139 12.886 0.609
N10 6.656 6.697 13.354 -0.041
N11 6.666 6.246 12.911 0.420

A3

N12 7.042 5.544 12.586 1.499
N13 6.792 5.118 11.910 1.675
N14 6.608 5.518 12.126 1.090

A4

N15 5.823 6.120 11.943 -0.297
N16 5.323 5.524 10.846 -0.201
N17 4.312 4.946 9.257 -0.634

Source: calculated by authors.

(N8), the number of invention patents per capita (N9), the proportion of technology market turnover (N11), gov-
ernment R&D expenditure ratio (N12), the number of government innovation policies (N13), rate of introduction
of scientific and technological talents (N14). They belong to the technical factor (A2) and the policy factor (A3).
Indicators with a (D-R) value less than 0 are the outcome factors, including total asset contribution rate (N1),
industrial value-added growth rate (N2), the profit margin on output (N3), the profit margin on sales (N4), the
profit margin on cost and expense (N5), the input-output ratio of new products (N10), energy consumption per
unit output value (N15), the completion rate of industrial pollution control (N16) and air quality ratio (N17). They
are economic factors (A1) and ecological factors (A4). The distribution of the factors indicates that technical and
policy factors play a decisive role in the evaluation system, actively affecting economic and ecological factors.
Economic and ecological indicators are the embodiment of output.

5 Discussion

This study provides insights into the influencing factors and the evaluation structure of the manufacturing
niche. Countries and regions can identify the strengths and weaknesses of the manufacturing niche, which
supports the development and implementation of rational industrial strategies. The results indicate that tech-
nical factors and policy factors are decisive for the evaluation system of the manufacturing niche. It shows
that strengthening innovation activities and policy supports can increase the economic output and environmen-
tal friendliness of the manufacturing. It can also enhance competitive advantage and sustainability. Dynamic
strategies can be enacted to be adapted to local conditions. As for the role of technical factor, there has been a
consensus on its crucial function [60]. The lack of technical capacity is the bottleneck hindering the improve-
ment of national economics and the development of the manufacturing industry. With the advance of science
and technology, the weights of technical factors are increasing. However, the emphasis on economic and policy
factors is different. Most of the existing studies have focused on the role of economic factors. These studies
demonstrate that the market is the driving force to enhance industrial competitiveness [61]. While the policy
factors tend to be treated lightly or to be limited to the scope of policy research [62]. As for ecological factors,
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more attention has been paid with the popularization of ecological concepts in recent years.
Thus, the results of this paper confirm the salient role of technical factors. The development and enhance-

ment of innovation activities can significantly increase the competitive advantage of manufacturing. A series
of arrangements for technological innovation has accelerated the flow of technology from advanced countries
to developing countries. This kind of technological innovation activity is mainly manifested in the process of
digestion, absorption, and re-innovation of technology in the developing countries to play the diffusion effect of
technology, which leads to the rapid development of a series of related industries.

Meanwhile, the results of this paper underline the role of policy factors. It is considered that the strengthen-
ing of policy is the reason for improving market efficiency and green development of the manufacturing industry.
The formulation and implementation of a series of industrial policies can accelerate the flow and allocation of in-
dustrial resources such as capital, technology, and talents. It also guides the manufacturing toward the direction
of low energy consumption and low pollution.

6 Conclusions

This paper develops a system to evaluate the manufacturing niche and analyze the key factors and their causal
relationships. It can provide the basis for scientific decision-making by the governments and industrial organi-
zations, contributes to build a more sustainable manufacturing ecosystem and to promote the manufacturing
toward the direction of integration, dynamics, and ecology.

The fuzzy DEMATEL method is used in this paper to quantify and visualize the critical factors and system
structure of the manufacturing niche. This method can reduce the subjective biases and vague judgments. It
facilitates policymakers, practitioners, and researches to identify the causal relationships between important
standards and examine the key components of complex systems.

According to the results, the evaluation system of the manufacturing niche is characterized by complexity
and interactivity. Technical factors have the strongest impact on the system among which R&D investment
intensity and the input-output ratio of new products are the key indicators affecting the manufacturing niche.
Technical and policy factors are decisive for the system and affect the economic and ecological factors actively.

In this paper, the number of experts interviewed is limited and the results lack the verification of empirical
data. In terms of further research perspectives, we may dig into the niche of specific manufacturing industries
and extend the comparisons to different countries and regions.
Acknowledgments: The work described in this paper is supported by the MOE Layout Foundation of Humani-
ties and Social Sciences (Grant: 19YJAZH055). The authors are very grateful to the experts for the questionnaire
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