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Abstract: With the rapid development of high quality industries, it is particularly important to
study the sustainable competitiveness of manufacturing and its driving factors. The aim of this
paper is to build the whole competitiveness index to analyze the recent development trends of
manufacturing in G20 participating countries from 2008 to 2018. Meanwhile, based on the diamond
theory, this paper adopted a panel regression model to conduct an empirical analysis on various
factors that affect the sustainable competitiveness of manufacturing. These results showed the
following: (1) Transport services have the most significant effect on manufacturing in developing
countries. (2) Intellectual property only has a positive and significant effect on manufacturing in
developed countries. (3) Information technology plays a significant role in all countries, but it is
more effective in developed countries. Finally, this paper puts forward some suggestions for the
sustainable development of manufacturing.

Keywords: international competitiveness; manufacturing; sustainable development

1. Introduction

With the continuous development of the Internet of Things [1] and the progress
of information technology [2], all countries in the world are actively taking action to
emphasize the importance of manufacturing in the national economy. The number of
countries beginning to attach importance to the sustainable development of manufacturing
is rising. As a result, measuring the driving factors of manufacturing competitiveness has
become an urgent task. The analysis of manufacturing competitiveness and its driving
factors can not only effectively identify new problems and phenomena in the development
of manufacturing, but also promote the world’s major economies to participate in the
sustainable development of manufacturing. This study attempts to help readers understand
this field, that is, to ensure the sustainable development of manufacturing by looking for
the driving factors of manufacturing competitiveness.

Manufacturing competitiveness is derived from the concept of industrial competitive-
ness. The earliest research on the industrial competitiveness can be traced back to the 1980s.
According to Michael Porter [3], industrial competitiveness is the ability of a country to
create a good business environment in a certain industry, such that the domestic industry
can obtain competitive advantage. After that, scholars have conducted extensive research
on industrial competitiveness, such as concept, influencing factors, and measurement [4–6].

In recent years, manufacturing competitiveness has become a research hotspot.
(1) Some scholars have studied the evaluation system. For example, Huang et al. es-
tablished the equipment manufacturing competitiveness evaluation system [7]. Han et al.
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used factor analysis to calculate the index of manufacturing competitiveness in the Yellow
River Basin of China [8]. Jin et al. measured and analyzed the structural characteristics and
competitiveness of the manufacturing industry in the Shandong Province of China [9]. To
study the competitiveness of telecom equipment products in the Indian market, Zhang et al.
conducted quantitative analysis by using the market share index and the trade competition
index and revealed the comparative advantage index [10]. To evaluate the international
competitiveness more accurately, Zhang. J et al. conducted a comprehensive evaluation of
the high-tech industry based on comparative advantage and competitive advantage [11].
To study the influence of electronic information manufacturing competitiveness, Chen
et al. conducted a qualitative analysis of its comparative advantage and competitive ad-
vantage [12]. (2) Some scholars have studied the influencing factors based on the diamond
theory. For example, Shi et al. proposed a path to enhance the manufacturing competitive-
ness of China [13]. From the perspective of the diamond theory and the entropy method,
Qin et al. evaluated and analyzed China’s equipment manufacturing [14]. Liang et al. built
an evaluation index system of regional manufacturing competitiveness [15]. (3) Some schol-
ars have looked for significant influencing factors through regression analysis. For example,
Ming et al. used a regression model to empirically analyze factors that affect equipment
manufacturing competitiveness [16]. Liu et al. studied the impact of independent innova-
tion, collaborative innovation, and non-innovation on manufacturing competitiveness [17].
Ren et al. used the panel data of transnational industries to test the impact of manufac-
turing competitiveness [18]. Li et al. used a variety of econometric models to test export
manufacturing competitiveness [19].

Most of the current research on this topic involves independent analysis, e.g., driving
factors, evaluation systems, and regression analysis. The existing research lacks a system-
atic analysis of manufacturing competitiveness and its driving factors. To address this
knowledge gap, this study applies the entropy method to first provide the weight of the
individual index. We then use a panel model to find the driving factors of manufacturing
competitiveness, from the perspective of developed countries and developing countries.
Our research provides a systematic method to ensure its sustainable development.

The main objective of the current study is to evaluate the manufacturing competi-
tiveness of G20 countries using the comprehensive competitiveness index and to analyze
the effect of factors on manufacturing competitiveness, from the perspective of developed
countries and developing countries.

The rest of the paper is organized as follows: Section 2 presents the literature review;
Section 3 puts forward the methodology, including the evaluation index, the research
theory, and the research method. Section 4 describes the experiment results, including the
data collected, data test results, regression results, and classification test results. Section 5
is the discussion. Limitations and conclusion are presented in the Section 6.

2. Literature Review
2.1. The Concept of Industrial Competitiveness

Industrial competitiveness is derived from the concept of international competitive-
ness. Michael Porter believes that competitiveness provides products to the market more
effectively and enables self-development [20]. There are also many indexes for evaluating
industrial competitiveness, such as the revealed comparative advantage index (RCA) [21],
the international market share (MS) [22], the trade competitive advantage index (TCA) [22],
and the Michaely index (MI). For example, according to the classification standard of
Aiginger [23,24], Zhou et al. [25] measured industrial competitiveness based on the RCA.
Li et al. [26] constructed comprehensive international competitiveness from the aspects
of RCA and TCA. According to Lall’s [27] classification of products with different tech-
nological content, Jin et al. [28] used the RCA to measure industrial competitiveness.
Nevertheless, there is no integrated indicator to quantity the level of industrial competi-
tiveness. As such, Li et al. [29] and Chen et al. [30] weighted each index using the entropy
method to systematically measure the industrial competitiveness, respectively.
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To comprehensively evaluate the manufacturing competitiveness of various countries,
we used the entropy method to build an evaluation system of manufacturing competitive-
ness, based on the existing indexes.

2.2. Related Theories of Industrial Competitiveness

One of the theoretical bases of industrial competitiveness is international trade the-
ory. Early scholars believed that industrial competitiveness was composed of resource
endowment advantage and relative competitive advantage. For example, in the theory
of absolute advantage, Adam Smith thinks that international trade is explained by the
absolute cost between countries. If the cost of a country in the production of a commodity
is absolutely lower than that of other countries, the country has the absolute advantage
of the product [31]. As per the theory of comparative advantage, Ricardo believes that
the basis of international trade is the relative difference in production technology and the
resulting relative cost. Each country should concentrate on producing and exporting its
products with “comparative advantage” [32]. Heckler and Orin believe that the relative
differences of factor endowments among countries are the basis of international trade;
different factors of production are needed to produce goods [33].

Another theoretical basis of industrial competitiveness is Michael Porter’s diamond
model. Porter believes that industrial competitiveness is the ability of a nation’s interna-
tional competitiveness in a certain industry. It can create a good business environment and
enable its enterprises to gain competitive advantage [3]. Porter mainly explains the advan-
tages of national competitiveness from the aspects of resource elements, market demand,
supporting industries, and industrial strategy. Under the background of the development
and change of the age, the connotation and manifestation of national competitiveness are
constantly changing. With the emergence and development of globalization, the differ-
ences in resource elements and scientific and technological strength between countries are
increasingly obvious. All countries compete with others through their technology. From
the perspective of economics, Porter’s theory is more suitable for the study of industrial
competitiveness.

This paper studies manufacturing competitiveness and its driving factors. By find-
ing the relevant factors that affect manufacturing, countries can promote its sustainable
development. Therefore, Porter’s theory is more consistent with the theoretical basis of our
article.

2.3. Motivation of Manufacturing Competitiveness

Manufacturing competitiveness to a large extent is mainly due to the improvement of
manufacturing competitive advantage. Scholars have studied this in finance, transportation,
information technology, and innovative technology. (1) In terms of finance, Qi et al.
found that financial services can make manufacturing enterprises obtain the financing
convenience and financial support of production activities, which can significantly improve
their technical complexity [34]. Yang et al. found that the development of manufacturing
will be significantly affected by the financial capital market [35]. Li et al. found that the
impact of manufacturing on finance is related to economic development [36]. Svalleryd et al.
believe that the financial market can affect a country’s industrial development [37]. (2) In
terms of transport, Shao et al. analyzed the correlation between port throughput and the
scale of manufacturing. They found that the rapid development of manufacturing can drive
the growth of coastal port transport [38]. Karimi et al. studied the production and transport
scheduling problem [39]. Tian et al. studied the relationship between the quality of
transportation infrastructure and the export of machinery manufacturing [40]. Ismail et al.
found that the construction of transport infrastructure can promote the import and export
of manufacturing in Asia [41]. (3) In terms of information technology, Han et al. found
that information technology can significantly drive the improvement of the manufacturing
industry in the global value chain [42]. Frishammar et al. found that informatization has a
significant impact on China’s industrial technology innovation efficiency [43]. Zhang et al.
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confirmed that there is a positive relationship between informatization and innovation
performance [44]. Dewan et al. pointed out that, with the improvement of enterprise
information technology capabilities, information investment can significantly improve
the level of enterprise profits [45]. (4) In terms of innovative technology, Kleynhans
verified the role of technology spillover in promoting industrial competitiveness through
regression analysis [46]. Lee et al. believe that manufacturing should focus on innovation.
This can not only improve manufacturing competitiveness, but also promote the sustainable
development of traditional manufacturing [47]. Lee et al. found that the innovation effect
dominates the productivity of the Korean manufacturing industry [48].

These studies have rich theoretical and practical value for analyzing and understand-
ing manufacturing competitiveness. However, most of the existing studies ignore the
common influence of these factors. We use the diamond model and entropy model to select
the influencing factors and comprehensively evaluate the driving factors of manufacturing
competitiveness in this paper.

3. Methodology
3.1. Evaluation Index
3.1.1. Existing Indexes

The commonly used method for trade evaluation is the comparative advantage analy-
sis method based on industrial import and export data, which mainly include the RCA,
MS, TCA, and MI. These indexes have various forms and reflect the trade competitiveness
of the industry from different aspects.

(1) RCA

The RCA represents the status of a product in the global export pattern by comparing
it with the average export level of similar products in the world, as shown in Equation (1):

RCAit = (Cmeit / Cteit)/(Wmet /Wtet) (1)

where i = 1, 2, . . . , m, m is the number of countries, t = 1, 2, . . . ,T, T is the number of years,
Cmeit is the export volume of manufactured products of the ith country in the tth year,
Cteit is the total export volume of manufactured products of the ith country in the tth year,
Wmet is the global export volume of manufactured products in the tth year, and Wtet is the
total export volume of the global trade products in the tth year.

(2) MS

The MS reflects the international competitiveness of a national product, as shown in
Equation (2).

MSit = Cmeit/Wmet (2)

(3) TCA

TCA is a powerful tool for the analysis of international competitiveness of an industry,
which can reflect whether domestic industry has a competitive advantage over the same
industry trade of other countries in the world market. TCA is shown in Equation (3).

TCAit =|Cmeit − Cmiit|/|Cmeit + Cmiit | (3)

Cmiit is the import value of manufactured products in the tth year of country i.

(4) MI

MI is an important index reflecting the annual average change degree of a certain
product in a country, as shown in Equation (4).

MIit = (Cmeit/Cteit)− (Cmiit/Ctiit) (4)

Ctiit is the total import value of tradable products of country i in year t.
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3.1.2. Whole International Competitiveness Index (WIC)

The above-mentioned RCA, MS, TCA, and MI have different focuses on the evaluation
of industrial competitiveness. However, all of them have limitations (it is worth noting that
using the entropy method to build the whole evaluation index method has been recognized
by a large number of scholars [49–51]). Therefore, a whole international competitiveness
index (WIC) was constructed to analyze the current situation of manufacturing competi-
tiveness in various countries. The concept of WIC is shown in Figure 1. Based on this, this
paper puts forward:
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Hypothesis 1 (H1): The WIC can more comprehensively reflect manufacturing competitiveness.

For the treatment of index standardization, this paper uses a range change method to
obtain the standardization matrix xij

′ and carries out normalization, and the formula is as
follows:

Xij
′ =

(
Xij −minXij

)
/
(
maxXij −minXij

)
(5)

where i = 1, 2, . . . , m, m is the number of countries, j = 1, 2, . . . , n, n is the number of
evaluation indexes, and Xij represents the jth index value of the ith country.

Secondly, the weight of each index Wj is calculated as follows:

Wj =
(
1− ej

)
/

n

∑
j=1

(
1− ej

)
(6)

where ej = −k
m
∑

j=1
(Yij − ln Yij), Yij = Xij

′/
m
∑

i=1
Xij
′.

Thus, the whole index WICi = Wj ∗ Xij of manufacturing competitiveness can be
obtained, which is repeated t times (t = 1, 2, . . . , T), along with the whole index value of
the tth year of the ith country WICit.

3.2. Research Theory

The diamond theory put forward by Porter [52–54] is used to analyze how a national in-
dustry forms its whole advantages and judge whether it has strong competitiveness. Many
scholars have used it to study industrial competitiveness. For example, Fan et al. used it
to explain the determinants of manufacturing competitiveness in Marchaco County [55];
Nyambane et al. used it to analyze the urban rail transit equipment manufacturing in
Machakos [56]; Men et al. used it to analyze the competitive advantages and disadvantages
of Soviet-style furniture in Ming Dynasty [57]. It can mainly divide the influencing factors
of industrial competitiveness into four levels: the resource factor [58], market demand [59],
the supportive industry [60], and the industrial strategy [61]. The basic idea of the diamond
model is shown in Figure 2.
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In this study, different factors of service in different countries were classified and
mapped to the four factors, respectively. The basic idea of our research is shown in Figure
3.

Sustainability 2021, 13, x FOR PEER REVIEW 6 of 17 
 

3.2. Research Theory 
The diamond theory put forward by Porter [52–54] is used to analyze how a national 

industry forms its whole advantages and judge whether it has strong competitiveness. 
Many scholars have used it to study industrial competitiveness. For example, Fan et al. 
used it to explain the determinants of manufacturing competitiveness in Marchaco 
County [55]; Nyambane et al. used it to analyze the urban rail transit equipment manu-
facturing in Machakos [56]; Men et al. used it to analyze the competitive advantages and 
disadvantages of Soviet-style furniture in Ming Dynasty [57]. It can mainly divide the in-
fluencing factors of industrial competitiveness into four levels: the resource factor [58], 
market demand [59], the supportive industry [60], and the industrial strategy [61]. The 
basic idea of the diamond model is shown in Figure 2. 

Industrial
Competition

Market
demand

Industrial
strategy

Support
industry

Resource
element

 
Figure 2. The basic idea of the diamond model. 

In this study, different factors of service in different countries were classified and 
mapped to the four factors, respectively. The basic idea of our research is shown in Figure 
3. 

 
Figure 3. The basic idea of our research. 

(1) The resource factor: Financial services can effectively reflect the situation of economic 
resources. A national financial strength indicates the adequacy of national funds. 
When the financial level is higher, the country has high economic strength. It can ef-
fectively invest capital in manufacturing, i.e., product development, the construction 
of supporting facilities, etc. See Section 2.3 for a review of related research. Thus, we 
put forward the following hypothesis: 

Hypothesis 2 (H2): Financial service has a positive impact on manufacturing competitiveness. 

(2) Market demand: Transport services can be measured to reflect the consumption situ-
ation. Enterprises in different regions need to carry out cross-regional transportation 
to purchase manufacturing products. They can transport manufacturing goods pro-
duced in different regions to markets in different regions for sales, so as to promote 

Figure 3. The basic idea of our research.

(1) The resource factor: Financial services can effectively reflect the situation of economic
resources. A national financial strength indicates the adequacy of national funds.
When the financial level is higher, the country has high economic strength. It can
effectively invest capital in manufacturing, i.e., product development, the construction
of supporting facilities, etc. See Section 2.3 for a review of related research. Thus, we
put forward the following hypothesis:

Hypothesis 2 (H2): Financial service has a positive impact on manufacturing competitiveness.

(2) Market demand: Transport services can be measured to reflect the consumption situa-
tion. Enterprises in different regions need to carry out cross-regional transportation
to purchase manufacturing products. They can transport manufacturing goods pro-
duced in different regions to markets in different regions for sales, so as to promote the
development of manufacturing from the perspective of market demand. See Section
2.3 for a review of related research. Thus, we put forward the following hypothesis:

Hypothesis 3 (H3): Transport service has a positive impact on manufacturing competitiveness.

(3) The supportive industry: Information technology can support the sustainable de-
velopment of the manufacturing. The manufacturing system is relatively complex,
requiring a large amount of information technology to design, operate, and maintain.
The more developed a national information technology, the better its manufacturing.
See Section 2.3 for a review of related research. Thus, we put forward the following
hypothesis:

Hypothesis 4 (H4): Information technology has a positive impact on manufacturing competitive-
ness.
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(4) Industrial strategy: Intellectual property can effectively reflect the national strategy.
A national manufacture has a large number of independent core technologies, which
can determine its position as a manufacturing power. Therefore, the manufacturing
competitiveness of various countries can be understood in terms of the competition
in core technologies, and intellectual property rights are the most representative.
See Section 2.3 for a review of related research. Thus, we put forward the following
hypothesis:

Hypothesis 5 (H5): Intellectual property has a positive impact on manufacturing competitiveness.

3.3. Research Methods

Due to the numerous influencing factors discussed in this paper, the panel regression
model was adopted for analysis. The reason for this is that the application space of the
model shrinks when the research variables increase in the theoretical assumptions of many
cutting-edge models, while the panel regression model has good operability in dealing
with multiple variables, which has been confirmed by many scholars [62–64].

Based on different indexes, the following five-panel regression models are constructed
here to empirically test the impact of each influencing factor on manufacturing competi-
tiveness:

The model 1 as shown in Equation (7).

RCAmanuit = α(1)RCA f inait + α(2)RCAtranit + α(3)RCAteleit+
α(4)RCAl.nteit + C(1)it

(7)

where RCAmanuit is the RCA of manufacturing competitiveness of the ith country in the
tth year, RCA f inait is the RCA of financial service competitiveness of the ith country in
the tth year,RCAtranit is the RCA of transport service competitiveness of the ith country
in the tth year, RCAteleit is the RCA of information technology competitiveness of the ith
country in the tth year, and RCAl.nteit is the RCA of intellectual property competitiveness
of the ith country in the tth year.

The model 2 as shown in Equation (8).

MSmanuit = α(5)MS f inait + α(6)MStranit + α(7)MSteleit+
α(8)MSl.nteit + C(2)it

(8)

where MSmanuit is the MS of manufacturing competitiveness of the ith country in the tth
year, MS f inait is the MS of financial service competitiveness of the ith country in the tth
year,MStranit is the MS of transport service competitiveness of the ith country in the tth
year, MSteleit is the MS of information technology competitiveness of the ith country in the
tth year, and MSl.nteit is the MS of intellectual property competitiveness of the ith country
in the tth year.

The model 3 as shown in Equation (9).

TCAmanuit = α(9)TCA f inait + α(10)TCAtranit + α(11)TCAteleit+
α(12)TCAl.nteit + C(3)it

(9)

where TCAmanuit is the TCA of manufacturing competitiveness of the ith country in the
tth year, TCA f inait is the TCA of financial service competitiveness of the ith country in
the tth year, TCAtranit is the TCA of transport service competitiveness of the ith country
in the tth year, TCAteleit is the TCA of information technology competitiveness of the ith
country in the tth year, and TCAl.nteit is the TCA of intellectual property competitiveness
of the ith country in the tth year.
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The model 4 as shown in Equation (10).

MI.manuit = α(13)MI f inait + α(14)MItranit + α(15)MIteleit+
α(16)MIl.nteit + C(4)it

(10)

where MI.manuit is the MI of manufacturing competitiveness of the ith country in the tth
year, MI f inait is the MI of financial service competitiveness of the ith country in the tth
year, MItranit is the MI of transport service competitiveness of the ith country in the tth
year,MIteleit is the MI of information technology competitiveness of the ith country in the
tth year, and MIl.nteit is the MI of intellectual property competitiveness of the ith country
in the tth year.

The ED model as shown in Equation (11).

WICmanuit = α(17)WIC f inait + α(18)WICtranit + α(19)WICteleit+
α(20)WICl.nteit + C(5)it

(11)

where WICmanuit is the WIC of manufacturing competitiveness of the ith country in the
tth year, WIC f inait is the WIC of financial service competitiveness of the ith country in the
tth year, WICtranit is the WIC of transport service competitiveness of the ith country in the
tth year, WICteleit is the WIC of information technology competitiveness of the ith country
in the tth year, and WICl.nteit is the WIC of intellectual property competitiveness of the ith
country in the tth year.

4. Experimental Results
4.1. Data Collection

The G20 group is an organization that promotes the development of the industrialized
market, and its participants play an important role in promoting economic stability and
sustained growth. Therefore, G20 participating countries were selected as the research ob-
ject of this paper. However, the European Union is a multi-national coalition. Saudi Arabia
and Turkey depend on oil resources and tourism resources, respectively. They should not
be regarded as research countries. Only 17 of the G20 group are considered in this paper
(Table 1). Meanwhile, data regarding the above countries from 2008 to 2018 were selected.
The data in this paper are from WTO.

Table 1. Name and serial number of G20 participating countries.

Number Country Number Country Number Country

1 Argentina 7 Germany 13 Mexico

2 Australia 8 India 14 Russian
Federation

3 Brazil 9 Indonesia 15 South Africa

4 Canada 10 Italy 16 United
Kingdom

5 China 11 Japan
17 United States

of America6 France 12 Korea

4.2. Data Test

Table 2 shows the correlation test results of all variable data. The correlation between
each variable is small, so the multi-linearity can be reduced.
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Table 2. Correlation test.

Variable
RCAmanu RCA f ina RCAtran RCAtele RCAi.nte

(Y1) (X11) (X12) (X13) (X14)

Model1
(M1)

Y1 1.00 - - - -
X11 0.15 1.00 - - -
X12 0.13 −0.25 1.00 - -
X13 0 −0.02 −0.23 1.00 -
X14 0.41 0.33 0.18 −0.24 1.00

Variable
MSmanu MS f ina MStran MStele MSi.nte

(Y2) (X21) (X22) (X23) (X24)

Model2
(M2)

Y2 1.00 - - - -
X21 0.3 1.00 - - -
X22 0.71 0.68 1.00 - -
X23 0.4 0.52 0.55 1.00 -
X24 0.38 0.74 0.76 0.4 1.00

Variable
TCAmanu TCA f ina TCAtran TCAtele TCAi.nte

(Y3) (X31) (X32) (X33) (X34)

Model3
(M3)

Y3 1.00 - - - -
X31 −0.01 1.00 - - -
X32 0.13 0.41 1.00 - -
X33 0.1 −0.08 −0.18 1.00 -
X34 0.31 0.54 0.68 −0.12 1.00

Variable
MI.manu MI f ina MItran MItele MIi.nte

(Y4) (X41) (X42) (X43) (X44)

Model4
(M4)

Y4 1.00 - - - -
X41 0.06 1.00 - - -
X42 −0.09 0.2 1.00 - -
X43 0.13 −0.22 −0.4 1.00 -
X44 0.5 0.28 0.17 −0.21 1.00

Variable
WICmanu WIC f ina WICtran WICtele WICi.nte

(Y5) (X51) (X52) (X53) (X54)

ED Model
(M5)

Y5 1.00 - - - -
X51 0.24 1.00 - - -
X12 0.60 0.47 1.00 - -
X53 0.22 0.19 0.04 1.00 -
X54 0.40 0.68 0.64 0.04 1.00

Note: Number is the number of the observed value. Y1 is short for RCAmanu. Yi(i = 1, . . . 5), Xij(j = 1, 2, . . . 5; i
6= j) are the same mean.

To guarantee the robustness of regression results, we deal with the LLC, ADF, the PP
unit root test, and the Pedroni co-integration test. As shown in Tables 3 and 4, all models
passed the test, which indicates that there is a long-term equilibrium and stable relationship
among the variables in the model.
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Table 3. Unit root test.

The Original Sequence A First Order Differential The Second Order Differential

LLC ADF PP LLC ADF PP LLC ADF PP

M1

Y1 −21.85 *** 54.59 ** 30.31 −9.17 *** 52.33 ** 91.18 *** −16.20 *** 87.06 *** 158.46 ***
X11 −28.24 *** 59.09 *** 46.78 * −13.50 *** 79.15 *** 117.78 *** −22.93 *** 126.58 *** 211.29 ***
X12 −11.22 *** 36.45 34.71 −14.12 *** 72.36 *** 99.15 *** −23.70 *** 105.35 *** 178.76 ***
X13 −40.29 *** 42.13 35.08 −6.05 *** 71.96 *** 109.20 *** −40.46 *** 104.25 *** 180.69 ***
X14 −684.27 *** 57.36 *** 37.17 −209.15 *** 89.90 *** 104.66 *** −22.06 *** 95.58 *** 170.13 ***

M2

Y2 −16.63 *** 48.00 * 62.22 *** −17.36 *** 84.89 *** 117.32 *** −20.27 *** 110.89 *** 188.28 ***
X21 −106.98 *** 63.13 *** 51.60 ** −17.40 *** 96.08 *** 117.97 *** −21.63 *** 125.29 *** 196.89 ***
X22 −66.18 *** 60.54 *** 52.29 ** −16.94 *** 95.18 *** 150.59 *** −30.51 *** 133.79 *** 210.84 ***
X23 −80.07 *** 55.81 ** 57.34 *** −27.22 *** 101.54 *** 124.80 *** −23.93 *** 116.49 *** 192.69 ***
X24 −2318.71 *** 44.61 52.65 ** −915.61 *** 77.12 *** 116.50 *** −31.71 *** 125.31 *** 197.21 ***

M3

Y3 −17.67 *** 53.06 ** 45.79 * −11.63 *** 85.70 *** 152.45 *** −26.17 *** 122.67 *** 202.21 ***
X31 −107.66 *** 66.04 *** 43.95 −27.64 *** 66.06 *** 83.53 *** −20.57 *** 84.74 *** 158.55 ***
X32 −11.21*** 60.15 *** 68.39 *** −12.89 *** 82.20 *** 145.85 *** −21.43 *** 98.70 *** 183.95 ***
X33 −5.55 *** 40.02 49.31 ** −9.26 *** 57.11 *** 116.89 *** −15.20 *** 83.46 *** 167.03 ***
X34 −59.57 *** 55.90 ** 40.48 −24.19 *** 89.93 *** 123.96 *** −19.63 *** 91.14 *** 168.19 ***

M4

Y4 −14.76 *** 98.91 *** 62.19 *** −9.77 *** 72.81 *** 102.55 *** −12.50 *** 78.42 *** 149.69 ***
X41 −6.46 *** 48.09* 60.10 *** −10.50 *** 76.80 *** 105.74 *** −10.58 *** 78.36 *** 156.71 ***
X42 −8.35 *** 67.61 *** 67.46 *** −14.27 *** 106.38 *** 163.99 *** −15.27 *** 110.05 *** 220.33 ***
X43 −8.68 *** 65.42 *** 87.91 *** −15.71 *** 102.56 *** 110.71 *** −18.09 *** 108.23 *** 155.85 ***
X44 −4.61 *** 44.01 48.73 ** −11.251 *** 77.91 *** 113.87 *** −22.66 *** 104.11 *** 189.50 ***

M5

Y5 −10.20 *** 70.22 *** 59.66 *** −11.22 *** 100.27 *** 165.96 *** −16.84 *** 136.94 *** 232.89 ***
X51 −5.06 *** 36.25 39.75 −9.47 *** 65.60 *** 124.88 *** −18.40 *** 92.21 *** 162.86 ***
X52 −8.54 *** 70.63 *** 91.24 *** −15.60 *** 108.97 *** 182.59 *** −18.82 *** 124.53 *** 234.71 ***
X53 −4.688 *** 41.35 54.56 ** −9.01 *** 62.98 *** 83.99 *** −10.72 *** 78.34 *** 153.66 ***
X54 −6.59 *** 54.09 ** 51.46 ** −14.19 *** 100.63 *** 126.01 *** −15.27 *** 119.20 *** 218.68 ***

Note: ***, **and * means passing the significance level test of 1%, 5%, and 10%, respectively.



Sustainability 2021, 13, 1143 11 of 17

Table 4. Co-integration test.

Pedroni Residual Cointegration Test

Model Panel PP Panel ADF Group PP Group ADF

M1 0.53 0.49 −7.94 *** −3.30 ***
M2 −9.32 *** −4.52 *** −8.58 *** −2.92 ***
M3 −2.46 *** −2.09 ** −5.15 *** −2.98 ***
M4 −1.58 *** −1.31 *** −1.44 *** −0.74 ***
M5 −1.17 *** −1.14 *** −9.06 *** −5.39 ***

Note: ***, ** means passing the significance level test of 1% and 5%, respectively.

To select the appropriate regression methods, we used the F test, the Breusch–Pagan
(BP) test, and the Hausman test. These results are shown in Table 5. It can be seen that
under the assumption of homology variance, all models in the F test and BP test rejected the
hypothesis of mixed regression. In the Hausman test, M1, M3, and M5 rejected the original
set, indicating that the random effect model should be selected for regression analysis. The
fixed effect model should be selected for regression analysis in both M2 and M4.

Table 5. Model selection.

M1 M2 M3 M4 M5

F test 988.44 *** 433.54 *** 537.45 *** 523.96 *** 591.55 ***
BP

test(chibar2(01)) 898.85 *** 823.67 *** 848.84 *** 837.89 *** 872.21 ***

Hausman
test(chi2(5)) 1.12 12.29 ** 7.19 24.26 *** 3.47

Note: ***, ** mean passing the significance level test of 1%, 5%, respectively.

4.3. Regression Result

Table 6 shows the regression results of M1-M5. Due to the different focus of different
models, the impact of various factors on manufacturing competitiveness is inconsistent in
different scenarios.

Table 6. Regression results.

X11 X12 X13 X14 C1 R-sq1 WALD-
Test1

F-
Value1 Number1

Y1 −0.002 0.10 *** −0.07
*** 0.06 *** 0.85 *** 0.07 38.08 *** - 187

X21 X22 X23 X24 C2 R-sq2 WALD-
test2 F-value2 Number2

Y2 0.02 0.50 *** 0.59 *** 0.004 0.01 * 0.35 - 23.69 *** 187

X31 X32 X33 X34 C3 R-sq3 WALD-
test3 F-value3 Number3

Y3 0.11 *** 0.45 *** 0.06 ** 0.01 0.003 0.02 66.11 *** - 187

X41 X42 X43 X44 C4 R-sq4 WALD-
test4 F-value4 Number4

Y4 0.1 0.03 −0.16 −0.29 −0.06
*** 0.27 - 0.7 187

X51 X52 X53 X54 C5 R-sq5 WALD-
test5 F-value5 Number5

Y5 0.04 0.19 *** 0.13 *** 0.05 3.45 *** 0.3 27.05 *** - 187

Note: ***, **, * mean passing the significance level test of 1%, 5% and 10%, respectively. Number is the number of
the observed value. Yi, Xi1, Xi2, Xi3, Xi4, Ci, R-sqi, WALD-Testi, F-valuei and Numberi belong to Mi, i = (1, 2, . . .
5).

In M1, X12 and X14 have a positive impact on Y1, while the impact of X13 on Y1
is negative. This shows that knowledge service plays an important role in the world.
Market demand still plays a very important role. In addition, information technology
requires innovation and it is costly. Therefore, in the world, the proportion of information
technology service relative to manufacturing is low, and the proportion does not match.

In M2, the impact of X22 and X24 on Y2 is significant. The reason is that these
services exported by various countries are highly consistent with those exported by the
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world. The international market has a strong demand for manufacturing products, and the
relevant supporting industrial services exported by various countries are used to guarantee
the normal transaction of manufacturing.

In M3, the effect of X31 is not significant, while others are positive. This shows that
the regulation of products or services cannot be separated from a reasonable allocation of fi-
nancial services. In addition, each national market has a strong demand for manufacturing,
and the relevant supporting industrial services are used to ensure the normal transaction
of domestic manufacturing.

In M4, the effects of all variables are not significant. The reason is that the total export
and import of each country are inconsistent with the proportion of import and export of
products or services, which makes it impossible to effectively identify factors that affect
manufacturing competitiveness.

In M5, X53 and X54 have a significant effect, which indicates that market demand
and the supporting industry have important effects on manufacturing competitiveness.
The market demand for products stimulates enterprises to respond quickly to the demand,
promotes their production efficiency, and expands the scale of production. Additionally,
countries put forward intelligent manufacturing strategies to promote the integration of
new generations of information technology and manufacturing. The more perfect the
information technology service is, the better the development of manufacturing will be.
In addition, although resource factors and industrial strategies are not significant, they
play a role in promoting manufacturing competitiveness. This indicates that the effective
coordination of resource allocation among countries makes it difficult for manufacturing
to fluctuate greatly. Furthermore, all countries put forward their own industrial strategic
planning and intellectual property protection, and their strength is relatively balanced.

In conclusion, information technology and transport services have a significant im-
pact on manufacturing competitiveness. Information technology, to some extent, is an
emerging industry, and therefore cannot effectively demonstrate a logical relationship
with manufacturing. They may even be negatively correlated. However, through the
comprehensive consideration of M5, it can be shown that there is a positive and significant
relationship between information technology and manufacturing, which, like a transport
service, plays a positive role in manufacturing competitiveness. In addition, it has been
found that, when countries emphasize intellectual property rights, intellectual property
has a significant impact on manufacturing, but through a comprehensively considered M5
model. Since specific national conditions are different, and manufacturing classifications
are various, the relationship between intellectual property services and manufacturing
competitiveness is not clear. At the same time, we find that the impact of financial services
on the manufacturing industry can be ignored.

The M5 results show that the research on manufacturing competitiveness should
mainly focus on the whole situation of domestic and international industries. The concept
is shown in Figure 4. Therefore, M5 takes into account the international and domestic
market situation, which can show that the WIC value is more convincing than other
indicators. This is consistent with H1.
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4.4. Classification Test

To further analyze the development of manufacturing competitiveness, we further
distinguish research objects according to developed countries and developing countries
(Figure 4). In this way, we can judge whether the factors that affect manufacturing compet-
itiveness have changed given different degrees of development. The regression method
used is consistent with the previous one. Table 7 shows the regression results of country
category.

Table 7. Regression results of country category.

- X61 X62 X63 X64 C6 R-sq6 F-statistic6

-M6- Y6 0 −0.01 0.12 * 0.17 *** 5.10 *** 0.99 711.56 ***
- X71 X72 X73 X74 C7 R-sq7 F-statistic7

-M7- Y7 0.36 0.45 *** 0.08 * 0.13 2.53 0.21 5.60 ***
Note: ***, * mean passing the significance level test of 1%, 10%, respectively. M6 represents the developed country
category. M7 represents the developing country category. Yi, Xi1, Xi2, Xi3, Xi4, Ci, R-sqi, WALD-Testi, F-valuei
and Numberi belong to Mi, i = (6, 7).

The results show that information technology and especially intellectual property have
a significant positive impact on manufacturing competitiveness in developed countries.
Developed countries have complete information networks that inject new vitality and
power into the development of manufacturing. Information technology can promote the
globalization of manufacturing. At the same time, guided by the 5G technology revolution,
a new generation of information technology, such as the Internet of Things, will promote
the sustainable development of manufacturing. In addition, developed countries with
intellectual property rights will turn their technological advantages into market advantages
and occupy a larger international market scale. In this way, they can always be in a favorable
competitive position in the international market and provide a good environment for the
sustainable development of manufacturing.

In developing countries, information technology and especially transport services
have a significant positive impact on manufacturing competitiveness. Manufacturing in
developing countries is mainly labor-intensive and resource-intensive and has become
the “processing factory” of developed countries. Thus, it is closely related to transport
services. The transport service is the foundation and forerunner of manufacturing. Devel-
oping countries need cross-regional transportation to sell processed products. Further, the
sustainable development of manufacturing promotes the development scale of the trans-
portation service industry. As the scale of transport development increases, the capacity of
the transport supply is constantly enhanced, and the trade volume of manufacturing also
increases. In addition, with globalization and the development of information technology,
developing countries have begun to focus on the integration of industrial informatization.
However, compared with developed countries, the impact of information technology on
manufacturing is still limited.

5. Discussion
5.1. Theoretical Implications

Manufacturing competitiveness is a hot topic. Previous studies have been based on a
single method, such as the evaluation system and the regression test. However, there is a
lack of systematic research. Existing research lacks systematic analysis of manufacturing
competitiveness and its driving factors.

Thus, one of the key points of this paper is to systematically discuss how factors
can significantly influence the manufacturing industry. It enriches the literature on the
manufacturing competitiveness and provides a comprehensive examination of factors
affecting the manufacturing from the perspective of the national development level, based
on four types of factors.
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In the process of studying manufacturing competitiveness, we combine the entropy
model with the diamond model to build a new theoretical framework to systematically
study driving factors, such as financial services, transport services, information technology,
and intellectual property, on manufacturing competitiveness. Thus, we can comprehen-
sively consider the development of manufacturing competitiveness and avoid the problems
of existing indexes, such as RCA, TCA, MC, and MI, which have different focuses on the
evaluation of competitiveness. The panel regression model can lead to a deeper under-
standing of the driving factors of manufacturing competitiveness and of which factors
have an important impact on manufacturing. This can then lead to reasonable suggestions
for the sustainable development of manufacturing in various countries.

5.2. Practical Implications

Under the background of globalization, G20 participating countries have their own
interests in the development of manufacturing. Therefore, on the basis of proving H3–H5,
countries should actively carry out the construction of manufacturing ecology. It can
stimulate the development of manufacturing industry more sustainability. Promoting
the construction of regional and multi-lateral manufacturing development ensures the
sustainable competitiveness of manufacturing.

Intellectual property has a significant positive impact on the manufacturing com-
petitiveness in developed countries. Developed countries should attach importance to
intellectual property protection and strengthen intellectual property management. Firstly,
technological innovation needs to be driven through institutional innovation. Developed
countries should fully integrate the resources of local governments and scientific research
institutions, and systematically improve the national innovation capacity of manufacturing.
Secondly, they should increase research input in the field of manufacturing. Through the
integration of resources and platform, enterprises can realize technological innovation
and accelerate technological transformation. Thirdly, they should construct scientific and
effective innovation incentives. Finally, they should pay attention to the development of
high-tech talent. Relying on scientific research institutions, universities, and advanced man-
ufacturing enterprises, they should systematically promote the integrated development of
high-end technical personnel and management personnel.

The market demand has a positive significant impact on manufacturing competitive-
ness in developing countries. Transportation services can significantly improve the level of
manufacturing when transportation service investment reaches a certain scale, in terms of,
e.g., personnel, capital, and time investment. For example, reducing the cost of transport
services and improving the efficiency of transport services can promote the sustainable
development of manufacturing and enhance competitiveness.

All countries have a significant impact on information technology. According to
their own industrial characteristics and environment, countries should promote the de-
velopment of information technology. The development of manufacturing depends on
it. Manufacturing is not an isolated industry category. It is a compound cross industry
with strong diffusion and a large industrial chain span. To improve their manufacturing
competitiveness, countries need to rely on the development of information technology to
improve the value content of manufacturing products. Therefore, all countries should ac-
tively promote the development of the Internet, artificial intelligence, and new-generation
information technologies. This can promote the sustainable development of manufacturing
competitiveness.

6. Conclusions

Based on the entropy diamond theory, this paper uses a panel regression model to
analyze manufacturing competitiveness and its driving factors. The results show the fol-
lowing: Firstly, in M5–M7, the information technology industry, as a supporting industry,
has a significant positive impact on manufacturing competitiveness. This reflects the rapid
development of information technology. Both developed and developing countries are
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using information technology to enhance their manufacturing competitiveness. Secondly,
compared with M5, market demand has a more significant impact on manufacturing com-
petitiveness in M6. This shows that developing countries, as the “processing factories” of
the world’s manufacturing, can significantly improve the level of manufacturing through
transport services, so as to promote the sustainable development of manufacturing and
enhance their international competitiveness. Thirdly, the industrial strategy passed the
significance test in M7, but failed in M5. Although the manufacturing of different countries
is uneven in strength, there is substantial development space. Developed countries monop-
olize core technology, which hinders the sustainable development of developing countries
in the core of manufacturing. Finally, the regression coefficients of resource elements did
not pass the significance test. Thus, even with the support of financial services, manufac-
turing cannot effectively improve their competitiveness. The reason for this is likely to be a
lack of government policy supporting services.

At present, the study of manufacturing in this paper is only a preliminary exploration.
There are still many areas that need to be improved. The current indexes of manufacturing
competitiveness lack a unified caliber, which has an impact on the evaluation of manu-
facturing competitiveness and the judgment of their driving factors. With a continuous
deepening of the research, the current results need to be updated. Furthermore, only the
whole manufacturing competitiveness has been studied at present. To find sustainable
development strategies, a subdivision of manufacturing must be carried out.
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