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Abstract

Intelligentization-oriented development is a fast-developing trend of technological revolu-
tion. It promotes the reconstruction of the industrial system of a region and affects its overall
industrial competitiveness. This paper sets up a variety of models featuring intelligentization
level and multi-dimensional industrial competitiveness, and collects data of 28 provinces
and cities in China from 2003 to 2017 to test the influence of industrial intelligentization level
on the industrial competitiveness of a region. The result reveals that: 1) In China’s provincial
jurisdictions, the higher the level of intelligentization is, the lower the overall level of industrial
competitiveness and the lower the proportion of industry in the economic system will be. In
regions where the facilities are highly intelligentialized, the production sectors tend to move
to the less developed regions, and the growth effect of technological dividends is the focus.
2) Compared with the middle region and the Western region of China, the Eastern region,
which is more developed with higher intelligentization level, has stronger ability in the
research and development (R&D) of technologies, and the economic structure of the indus-
try there tends to be stable, manifesting a strong growth potential.

l. Introduction

Since 1978, China has seized the opportunity of the transfer of the global industrial chain and
has greatly improved its industrial competitiveness [1, 2]. According to the global industrial
competitiveness ranking released by the United Nations Industrial Development Organiza-
tion, China rose from 61st in 1985 to 2nd in 2019 [3, 4]. At the same time, China is also facing
the problem of imbalanced industrial development [5], especially the severe imbalance of the
internal structure of the industry with a huge overall scale but under-developed technology
[6]. Moreover, China’s industrial development is undergoing drastic changes as environmental
problems in such pollution-intensive industries as steel, petrochemicals and building materials
become increasingly prominent [7, 8].

Industrial competition is also competition among industries in essence, which is a dynamic
process [9]. Manufacturers take actions on their relative competitive position, integrate their
own resources by judging the market situation, reduce product prices, launch new products
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and other ways to gain market share and additional benefits [10, 11]. Regarding the acquisition
of competitive advantage, absolute advantage theory proposes that the difference of the cost of
production and efficiency leads to the difference of competitiveness [12]. Meanwhile, the com-
parative advantage theory holds that, an industry, even though having no absolute advantage,
can still participate in international competition with certain comparative competitiveness
[13], which was brought about by such resources endowment as production ability and inno-
vation ability [14]. But in general, based on the perception of changes in the competitive envi-
ronment, manufacturers must take actions to gain a competitive advantage [15]. After the
Second World War, underdeveloped countries gradually realized the importance of industrial
competition to fend off competition from developed countries [16]. Therefore, in the context
of the Cold War, early industrial economists directly linked industrial competitiveness with
national competitiveness, believing that national competitiveness depends on the competitive
advantage of industries and enterprises, which in turn depends on the “national environment”
[17]. When we turn our attention from a country to a region, industrial competitiveness is
directly related to the competitiveness of the region, but the attention to the industry is more
micro, involving mutual division of labor and association [18]. So when the level of regional
development is inspected, industrial competitiveness is often the most important element,
involving both such macro aspects as human capital, innovation, agglomeration and accessibil-
ity [19], and micro aspects as cost, structure and output [20]. Therefore, in today’s market
economy system, the fierce market environment also requires the industrial sector to have a
stronger survival ability, or competitiveness, and various factors affecting the industrial com-
petitiveness have, consequently, become the focus of research [21-23]. In this process, techno-
logical upgrading plays a very important role, and research and development is the source of
leadership [24].

Intelligent technology is the knowledge innovation carried out by human beings to solve
and control complex systematic problems. When Intelligent technology is combined with vari-
ous equipments in the production process, it will become “intelligentization”, such as artificial
intelligence and industrial robots [25]. The rule-based expert system represented by Feigen-
baum has been successfully developed and applied, providing powerful tools for industrial
data analysis, metallurgical control, computer design, commercial and scientific applications,
etc. This is the first industrial application of intelligent technology [26]. In the 1990s, with the
breakthrough of technical limitations, intelligent industrial robots and service robots have
been comprehensively developed and widely applied, resulting in the early prosperity of intelli-
gent robot industry [27]. Around 2006, computer scientists Geoffrey Hinton, Yann Lecun, and
Yoshua Bengio overcame the technical bottleneck of deep learning, marking a historic upsurge
in the use of intelligent technology in production [28]. Today, intelligentization refers to the
process of economic production, supported by High-speed Internet, Big data, Internet of
Things, Artificial Intelligence and other technologies, industrial machines and computers imi-
tating human behaviors or ways of thinking, so as to indirectly or directly replace human labor
[29, 30]. The goal is to increase the efficiency of production and get better output [31].

In the information age, great changes have taken place in the industrial field. Intelligent
technology is becoming a new driving force for industrial upgrading in various countries,
helping production departments to cope with more difficult challenges [32]. In 2013, The
United States released a number of strategic plans for artificial intelligence, and Germany
started the era of “Industry 4.0”. In 2015 and 2017, China also formulated the “Made in China
2025” and the “Next Generation Al Development Plan” [33]. A collation of the latest research
shows that Artificial intelligence and the Internet, as general technologies, have considerably
promoted complementary innovation and helped enterprises improve productivity by supple-
menting or replacing human resources, so as to complete more complex tasks, thus bringing
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about multiplier effect [34-36]. At present, intelligent technology is deeply integrated with
industry, and it will be more common for intelligent products to replace labor force,and enter-
prises are also willing to improve productivity by replacing labor force with advanced techno-
logical capital [37-40]. The level of intelligentization has become an important factor affecting
the competitiveness of enterprises, and it is more and more common for industry and
manufacturing industry to have intelligent technology [41-43]. From the perspective of econ-
omy, the application of intelligent technology can, first of all, effectively improve the product
innovation ability of enterprises, and then quickly promote industrial upgrading, enabling
enterprises to gain advantages in the industry and global competition and in the end achieve
revenue growth with a more qualified, efficient, profitable and flexible structure [44, 45]. With
respect to the environment, industrial competitiveness must take the factor of environment
into consideration [46]. Intelligentization will reduce the output of pollution in economic
development and bring about a positive impact on the environment [47]. Therefore, it is con-
firmed that intelligent technology will equip the industrial development with sustainable com-
petitive advantages [48, 49].

As mentioned above, China is developing ambitious plans for industrial intelligentization and
is leading the global development of intelligent technology, in which industrial intelligence
upgrading is the core of China’s development [50-52]. In contemporary society, in terms of tech-
nology, China’s exploration of intelligent technology has formed a unique and rich system, with
its own technological advantages in information processing, machine learning, industrial Inter-
net and e-commerce [53]. However, compared with the United States, China pays more atten-
tion to the application of intelligent technology, with as high as 75.2% of Chinese enterprises
employing Al (Fig 1), which enables the technology to contribute to profits in a quick fashion. In
electronics, the core of intelligent technology, Chinese enterprises take on prominent advantage
in the world’s major manufacturers, if the impact of trade war with U.S.A. is factored out (Fig 2)
[54, 55]. Now, a complete intelligent technology system and industrial chain have been estab-
lished in China, and intelligentization has become the inevitable trend of industrial upgrading
[56, 57]. The Chinese Government attaches great importance to the formulation of relevant poli-
cies and is committed to industrial intelligentization upgrading [58, 59]. In the Chinese indus-
trial sector, the number of industrial robots has maintained a rapid growth with an average
annual growth rate of around 20-30%. According to the large data, the industrial output value
will reach $15 billion over the next five years, while the application value of AI will reach $20
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Fig 1. Distribution of AI enterprises in China and the United States. (Data source: China’s New Generation Al
Technology Industry Development Report (2019), Evergrande Research Institute).

https://doi.org/10.1371/journal.pone.0271186.9001
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Fig 2. Global telecom equipment market revenue 2018-2019. (Data source: China’s New Generation Al Technology
Industry Development Report (2019), Evergrande Research Institute).
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billion (National Bureau of Statistics of China, 2019). Predictably, China is likely to be the world
leader in intellectual technology and related high-tech industries.

For developing countries, how to influence industrial development through intelligentiza-
tion also needs a successful case. China has the most complete industrial system and the fastest
developing intelligent technology system in the world. At present, industrial sectors in differ-
ent regions of China are experiencing the impact of intelligent technology, and the differences
between developed regions and undeveloped regions are very obvious. So, it is of vital signifi-
cance to study the relationship between the industry intelligentization and Chinese industrial
development so as to help promote the industrial competitiveness of emerging developing
countries [60, 61], which at the same time help to improve and supplement the industrial the-
ory in the intelligent era [62]. Based on the above reasons, this paper designs a targeted
research framework to analyze the relationship between intelligentization and industrial com-
petitiveness of various regions in China (Fig 3). Compared with the existing literature, the
innovation of this study lies in three aspects: (1) Currently, the study on intelligentization is
mainly about the successful experience of developed countries, such as Germany’s Industry
4.0. This paper focuses on China, a developing country with the fastest development of intelli-
gent technology in the world, to discuss the relationship between intelligentization and indus-
trial competitiveness in developing countries. (2) At present, the research on intelligent
technology mainly focuses on the micro level, for instance the change of the internal structure
of the industry, which belongs to the category of industrial economics. The research perspec-
tive of this paper is macro level, taking regions as the research object, focusing on the change
of industrial competitiveness between regions in the era of intelligentization, which belongs to
the category of economic geography. (3) According to the actual situation of the development
of intelligent technology in China, this paper improves and constructs the index system to
evaluate the level of intelligentization. At the same time, the ecological niche theory is intro-
duced for the first time in the process of evaluating industrial competitiveness of each region.

Il. Research hypotheses

This paper takes China’s provincial jurisdictions as the research object, and reviews the process
of industrial development from the perspective of regional economics. The most direct impact
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Fig 3. Framework diagram of this paper.
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of the changes of external factors on industries and industrial sectors is usually the transfer or
flow of industrial elements and relevant knowledge, which brings about the change of location
of industry, the impact of which on the local economic development can never be overlooked
[63]. In contrast, when an industrial sector is looking for an ideal location, the relationship
among factors affecting economic activities should be taken into consideration [64]. The same
is true to industry. The industrial location theory proposed by Weber is an important theoreti-
cal basis for location selection, which comprehensively introduce the influencing factors of
industrial location [65]. For example, factors as trade, agglomeration and infrastructure will
affect the location selection of industrial sectors [66, 67]. Because industrial location is closely
related to competitiveness, changes in location also indicate changes in the competitiveness of
industrial sectors [68]. Therefore, this paper will discuss how intelligentization would affect
industrial competitiveness from the perspective of industrial transfer.

In 1961, Posner, an American technology and trade economist, put forward the “technol-
ogy gap Theory”, pointing out that the technology gap is the main factor for the inter-regional
flow of products in the industrial era [69]. Based on the “technology gap Theory”, Vernon pro-
posed the product life cycle theory. According to Vernon, every product has its own life cycle,
going through birth, growth, maturity and decay. The most important idea of the theory is
that when a product reaches maturity, the production process becomes standardized and
widely accepted, so that there is no need for many skilled workers to continue to produce the
product. In order to save costs, the developed region that originally produced the product will
transfer the production process to the less developed region [70]. According to these theories,
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the most developed regions are always keen on non-standardised products that contain new
and more advanced technologies [71]. In the 1980s, Gort, Klepper and other scholars devel-
oped the product life cycle theory into the field of industry, forming the “Industry life cycle
theory” [72, 73]. As for how to overcome the downturn of the industry, there are two main
focus fronts at present: one is the internal operation of the industry, the other is the external
location of the industry. Within the industry, it is generally the innovation activities that
enhance the enterprise vitality to delay the industrial recession. In the choice of industrial loca-
tion, regional transfer is advocated to maintain industrial efficiency [74].

When the impact of innovation and location on industry is taken into account, the main
point of this paper can be extended, that is, the industrial gradient transfer caused by technologi-
cal innovation, which is the development of industry life cycle theory in the field of economic
geography [75]. As the life cycle of an industry changes, the location of production will eventu-
ally change, leading to industrial transfer [76]. The Japanese economist Kaname Akamatsu pro-
posed in the 1930s the “flying geese pattern” theory of industrial development, that is,
economically-developed regions play the leading goose, the developing regions fly in the middle,
and the under-developed areas take the tail position. As the leader, the developed areas actively
develop the knowledge and technology-intensive industries and at the same time pass to the
developing and under-developed areas the ripen industries through trade, technology transfer
and direct investment, thus forming a “flying geese pattern” [77]. Kojima further argued that
industrial transfer should basically follow the order of industrial evolution, that is, the transfer
should be carried out in the order of resource-intensive, labor-intensive, capital-intensive and
technology-intensive [78]. Specifically, with the improvement of the level of industrialization
and the maturity of industrial sectors, labor costs will continue to rise, and labor-intensive indus-
tries will gradually lose their comparative advantages. Developed regions will transfer labor-
intensive industries to underdeveloped regions, while strengthening the development of technol-
ogy-intensive industries to maintain their technological advantages [79].

China’s industrial development is extremely mature, and it has formed a complete stan-
dardization system. From the perspective of industrial life cycle, the industrial systems of Chi-
na’s developed provinces have entered a mature area, even a period of decline [80, 81]. From
the perspective of technological innovation, developed regions will further develop technol-
ogy-intensive industries by virtue of the advantages of intelligent technology. Does this mean
that less developed areas will become centres of industrial development? Will the advantageous
area of traditional industry shift?

Hypothesis 1: According to the “industrial gradient shift theory” of location choice, intelli-
gent technology as a new impact factor, will promote the industrial sector to shift from devel-
oped regions to the undeveloped areas, and the latter will gain stronger industrial
competitiveness.

Each industry is composed of different sectors, and its competitiveness is also manifested in
market influence, industrial growth, resource allocation, structural transformation, industrial
innovation and other aspects [82]. According to the “flying Geese model” theory, labor-inten-
sive, resource-intensive and capital-intensive industries will first move to developing regions.
Economically developed areas generally have advantages in technology and capital, but not in
labor cost. So on the one hand, some capital which has no advantage or external economic
activities will transfer from the economically-developed regions to the less developed regions;
while on the other hand, some factor endowments will outflow from the under-developed
regions to the developed regions. But more importantly, the new capital will be mainly allo-
cated in the developed areas. For instance, in a certain period of time, enterprises with low pro-
duction efficiency will be closed, but at the same time, more and more advanced enterprises
will be established [83, 84]. The core of intelligentization is intelligent technology, which is an
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intermediate product in the industrial chain. On the one hand, in order to prevent other inter-
mediate product manufacturers from obtaining monopoly profits through continuous innova-
tion of intermediate products, R&D departments will compete to increase R&D investment to
improve the production efficiency and production technology level of intermediate products.
On the other hand, the final product itself will in turn affect the efficiency of innovation and
generate new endogenous driving force [85, 86]. In the Eastern part of China, the so called
“marginal industries” which are resource-intensive or resource-dependent, still account for a
large proportion and are huge consumers of energy and raw material. With the drying-up of
natural resources and the rising price of raw material in the East, many above mentioned
enterprises are facing the great pressure of survival and development. Consequently, the East-
ern region will transfer the production sector to the West, either out of the need for adjusting
the industrial structure or the retention of cost advantage, meanwhile it will enhance the com-
petitiveness of R&D by further drawing on the technological advantages so as to obtain the
growth advantage. In general, in the era of continuous innovation of intelligent technology,
developed regions will further shift the industrial focus from production to R&D, so as to
obtain stronger competitiveness in technological innovation.

Hypothesis 2: The developed region does not transfer the entire industrial system to the
undeveloped region, but transfers the production department out, and retains the research
and development department itself, which exists the phenomenon of “relative transfer”.

lll. Model and methodology
3.1 Model set

In light of the above analyses and hypotheses, the main purpose of this paper is to analyze the
effect of intelligentization on industrial competitiveness. With the development of mathemati-
cal statistics, metrology is often used to discuss the influence of one factor on another in social
science, psychology, medicine and other fields [87, 88]. According to the metrological method-
ology, we first need to understand the fundamental impact of intelligentization on industrial
competitiveness in each region [89, 90]. The development of intelligent technology belongs to
technological progress, so the econometric model can be constructed from the perspective of
technological progress to economic development [91]. Like a large number of studies, we first
constructed the following “linear regression model” as a benchmark [92-94]:

Compy, = oy + oy Inty + 0, X, + 11, + €, (1)

In this model, Comp,,, represents the competitiveness level of j dimension of i region in
period; Int;, represents the level of industrial intelligentization of j dimension of i region in ¢
period; the unobservable random variable y; is the intercept representing individual heteroge-
neity, £, is the disturbance term that changes with individual and time, « is the constant inter-
cept term, a; and ¢, are the related coefficients (the same below), and X, is the control variable.

The economic system is a complex and giant system composed of multiple elements, and the
interrelation between variables is often caused by spatial relations. Eq (1) only investigates the
impact trend of intelligentization on the change of regional industrial competitiveness in rela-
tion to time, but it does not take into consideration factors such as spatial dependence, which
may thus lead to biased regression results [95]. In the region involved in this research, the spa-
tial factor is the factor that needs to be investigated [96, 97]. Therefore, in order to figure out
whether intelligentization level has spatial independence in the regions, this paper introduces
spatial factors into the traditional regression model, which entails that “spatial econometric
model” needs to be selected [98]. The “Spatial Dubin model” is a form of spatial econometric
model. Compared with basic regression model (1), it assumes that the explained variables of
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one region are affected by the explanatory variables of other regions [99]. In this paper, the
competitiveness transfer of the industry is shown as the center of the industry changes from
one region to another, so the following spatial Dubin model needs to be constructed.

Comp,, = BInt, + B, Y _ W,Comp, + ;> W,Int, + B,X, + &, (2)
j:] j:l

Wherein, Wj; is the spatial weight matrix of row i and column j (i = 1,2,3. . .n; j = 1,2,3.. .n).

Z W,;,Comp,, represents the spatial lag item of the explained variable, Z W, Int, represents
1 =1

the spatial lag of the core explanatory variable, X, is the control variable, £ is the perturbation
term that changes with individual and time.

According to the assumption of the classical model of spatial economics, there are three
main types of spatial weight matrix: Geographical Matrix (W;), Economic Matrix (W), Eco-
nomic-Geographic Matrix (W3) [100, 101]. Considering that intelligent technology is the fur-
ther development of Internet and information technology, and it has broken through the limit
of distance, this paper adopts the Economic Matrix(W,) and Economic-Geographic Matrix
(W3). Different spatial weight matrices can reflect the spatial correlation between different
provinces, their expressions are as follows [102, 103]:

Ve (i#]))
(i=J)
i G#)
(i =)
o Economic-Geographic Matrix(W3): W, ='/,W, + !/, W,

o Eeographical Matrix(W): {

« Economic Matrix(W,): {

Wherein, d is the distance between the two regions, G, , G, is the GDP of the i or j province

during the study period.

3.2 Data selection and measurement

3.2.1 Core explanatory variable-level of industrial intelligentization(Int). Currently,
there are not many representative index systems to measure the level of intelligentization, and
even fewer literature to measure the level of industrial intelligentization. The relevant index
system mainly measures the level of informatization or internetization, so the core explanatory
variable system in this paper is not limited to the research of some authoritative scholars [104,
105]. At the same time, some actual situation of China should be taken into consideration and
the index systems raised by some representative Chinese scholars borrowed [106, 107]. The
whole index system mainly includes the following three dimensions (Table 1). Factor Analysis
is adopted to measure the industrial intelligentization level of each region (For processing con-
venience, 1 is added to the standardized comprehensive score obtained).

3.2.2 Core explained variable-industrial competitiveness(Comp;;). As for the measure of
industrial competitiveness, this paper defines and measures it on the theory of niche situation.
Ecological niche in ecology is the study of the relationship among time, space, and function and
relative status. Specifically, it refers to the relative position, level of a species in time and space
resources and external environment and the functional relationship with the other related species.

Scholars as Dimmick [108], Baum&Olive [109] have introduced the idea of ecological
niche into the study of industrial competitiveness. The ecological niche defined in this
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Table 1. Evaluation index system of intelligentization level.

Industrial First Level Index

Intelligentization Level

Investment in intelligent

equipment

Production capacity of
high-tech enterprises

Internet Infrastructure

https://doi.org/10.1371/journal.pone.0271186.t001

Second Level Index Index Explanation
Property
Popularity of related software | positive The proportion of application software, embedded application
software, industrial software and other software products to the
main business revenue of all industrial enterprises
Intelligent equipment positive The proportion of imports of computers, electronic components,
application instruments and equipment to the main business income of all
industrial enterprises
Information resource positive The proportion of system integration and service revenue,
collection and data processing information consulting and management service revenue, software
capability service revenue in the main business revenue of all industrial
enterprises
Profits from high-tech positive | The proportion of the main business income of high-tech industries
industries in each province to the national main business income of high-tech
industries
New product production positive The proportion of new product sales revenue in the main business
income of industrial enterprises
Accessibility of the working- positive The percentage of people online in the population aged 15-64
age population to the Internet
Construction level of Internet | positive Number of Internet ports per 10,000 people
access equipment
Construction of fiber optic positive Length of long distance optical cable lines per square kilometer

infrastructure

paper refers to the relative position and functional position of the resources occupied by
industry in a certain region in the regional industrial ecosystem and the relationship
between them and production services in other regions. The biggest difference between the
niche in this paper and the biological niche is this: due to the significant initiativeness of
economic industry, industries of a region will voluntarily choose to join in or withdraw
from the competition. Accordingly, this paper adopts the Niche “Ecostate-Ecorole” model
(3) proposed by Zhu [110, 111], which divides industry development into its current state
and its future potential. The current state refers to the existing state and competitive advan-
tage of the industry based on its own growth and development, as well as the interaction
between the industry and the environment, which reflects the survival capacity. In this
paper, the current state level is represented by relevant index data of each year from 2003
to 2017. The future potential of an industry refers to the trend and potential of its develop-
ment and change, a portrait of the dominance and influence of certain environment, thus
reflecting the capacity of development of the industry. In this paper, the potential value is
represented by the annual average growth value of the relevant index data from 2003 to
2017. By comprehensive calculation of the current state and future potential of the indus-
try-related indicators, the niche width, or the size of the industrial niche can be obtained,
which reflects the strength of the industrial competitiveness of a region or the relative posi-
tion in the regional industrial system.

N, = (Si + Aipi)/zn: (Sj + Aij) (3)

Wherein, N; refers to the niche of industrial competitiveness index i, S; is the current state of
industrial competitiveness index i, P; is the potential of industrial competitiveness index i,
Si+A,P; represents the absolute niche of productive industrial competitiveness index i. A;
represents the dimensional conversion coefficient, and la is used as the dimensional
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coefficient (1a is the time scale. Since the time scale is in the unit of year, the dimensional
conversion coefficient in this paper adopts "1"). The ecological niche or comprehensive eco-
logical niche being jointly determined by multiple index factors, the calculation formula of
the industrial comprehensive ecological niche in a certain area is shown in the following
model (4).

Mi = il:NiWi (4)

Wherein, M; represents the comprehensive ecological niche of the industry or the ecological
niche of a certain dimension, and W; represents the weight corresponding to the index i. Many
scholars in biology argue that multiple dimensions of ecological niche act together, in other
words, the subject species itself faces a multi-dimensional environment [112-114]. Drawing on
this concept, holding that industrial competition also happens in a multi-dimensional situation,
this article determines the four competitiveness dimensions: the Basic Dimensions (Bas), the
Structure Dimension (Cons), the Potential dimension (Pote), and the Innovation Dimension
(Inno). The basic competitive dimension represents basic industrial production capacity, and is
mainly related to production sector; the structure dimension represents the proportion of indus-
try in the whole economic system; the potential dimension indicates the industry’s growth
potential, and the innovation dimension stands for technical innovation ability and is related to
R&D sector. In addition, This paper assumes that less inventory means higher social recognition
and shorter sales cycle. The application of intelligent technology will directly affect the micro
financial ability of enterprises. Financial level plays a core role in creating value and reducing
cost of enterprises. It can significantly improve the efficiency of capital operation of enterprises,
thus enhancing the macro-operation level of enterprises and improving their competitiveness.
Based on this consideration, this paper adopts the micro financial benefit index in the intelligent
index, and regards the asset operation and total income level as the macro competitiveness, so as
to reflect the difference between the operation process and the operating income, as is shown in
Table 2:

3.2.3 Control variable. In econometric models, not only the influence of core variables
on the explained variables, but also the influence of other factors must be considered to ensure
the accuracy of the results. In this paper, we refer to relevant literature on influencing factors
of industrial competition, and select education level (Ec), trade level (Tra), government educa-
tion expenditure (Es), capital stock (Hc) and urbanization level (Ur) as control variables [115-
119]. Table 3 shows the specific contents of control variables.

3.2.4 Data analysis. China’s industrial classification has been revised several times, and
the most recent second revision is in 2002, on which most relevant industrial studies are based.
Therefore, this paper takes 2003 as the base period and uses data from 2003 to 2017. As there is
large missing data of Qinghai, Tibet and Xinjiang provinces and interpolation would produce
distortion, the paper uses the rest 28 provincial jurisdictions in China as the research sample.
Data sources include China Electronic Information Industry Statistical Yearbook, China Statis-
tical Yearbook, China Industrial Statistical Yearbook, as well as local statistical yearbooks of
provincial jurisdictions in China, EPS Database and CSMAR Database. The descriptive statisti-
cal analysis of relevant variables in this paper is shown in Table 4. Meanwhile, Table 5 presents
Pearson correlation among variables. According to the results, explanatory variables, control
variables and explained variables are significantly correlated, indicating that there may be
functional relationships among variables.
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Table 2. Multidimensional niche evaluation index system of industrial competitiveness.

First Level Index Second Level Index Third Level Index
The Basic

Dimensions Rate

Level of Industrial
Competitiveness

Ratio of Profits to Cost
Current Assets Turnover
Sales of Industrial Products

Total Income Level

The Structure The Proportion of

Dimension Industrial Output
Employment Ratio
The proportion of tax
The Ratio of Investment in
fixed Assets
The Potential Employment Trend
Dimension

Tax Trend
Trend of Output Value
The Innovation R&D Expenditure
Dimension
R&D Project

Scale of R&D Personnel of

The Enterprise
Patent Output

https://doi.org/10.1371/journal.pone.0271186.t002

IV. Results and analysis

4.1 Basic regression results

Total Asset’s Contribution

Fixed Investment Trend

Index
properties

positive

positive
positive
negative

positive

positive

positive

positive

positive

positive

positive
positive
positive

positive

positive

positive

positive

Explanation
(Total Profits+Total Taxes+Interest Expense) / Average Total Assets

Total profit/Total cost
Net Income From Main Business / Average Total Current Assets
Industrial Stock above Designated Size / Industrial Capital Stock

Total Revenue from Main Business Above Designated Size / Total
Assets above Designated Size

Industrial Added Value / Gross GDP

Number of People Employed in Industry / Number of People
Employed in the Whole Society

Total Industrial Revenue / Total National Revenue

Industrial Fixed Asset Investment / National Fixed Asset Investment
(Excluding Rural Households)

The Growth Rate of Industrial Employment

The Growth Rate of Industrial Fixed Assets Investment (Excluding
Rural Households)

The Growth Rate of Industrial Tax Collection
The Growth Rate of Industrial Added Value

Internal Expenditure of Industrial Enterprises’ R&D Funds/Internal
Expenditure of R&D Funds

Average Number of R&D Projects / Number of Industrial Enterprises

Average Annual Number of R&D Personnel in Industrial Enterprises /
Employees in Industrial Enterprises Above Designated Size

Number of Patent Applications for Industrial Enterprises / Full Time
Equivalent of R&D Personnel

Regression is performed on Eq (1). Firstly, OLS regression is used in this paper, and it is more
reasonable to select fixed effect through Hausman test, In this paper, both time and region are
fixed. Due to the adoption of panel data, further tests are required between regressions. First,
there is no obvious between-group heteroscedasticity in OLS regression results. However, the
correlation test mentioned above only proved the correlation between cross-sectional data, so
the further test in this paper found that there was a correlation between inter-group

Table 3. The index system of control variables.

Indicators

Education level

Trade level

Government education
expenditure

Capital stock

Urbanization level

Index Explanation

Property

positive The average number of years of education of the population over

6 years old
positive The proportion of total imports and exports in GDP of each
region

positive The proportion of education expenditure in fiscal expenditure
positive The capital stock per capita

positive The proportion of urban population in the total population

https://doi.org/10.1371/journal.pone.0271186.t003
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Table 4. Descriptions of the main variables.

Type of variable

Explained variable

Explanatory variables

Control variables

Variables

Comp
Bas
Cons
Pote
Inno
Int
Ec
Tra
Es
Hc
Ur

https://doi.org/10.1371/journal.pone.0271186.t004

Table 5. Correlation between variables.

Sample Size
420
420
420
420
420
420
420
420
420
420
420

Average

6.252
1. 501
1. 656
1. 603
1. 492
1. 000
8.686
0.462
0.163
1.722
0.518

Standard Deviation

0. 001
0. 054
0. 048
0. 100
0. 054
0.751
1.015
0.883
0.025
0.174
0.147

Minimum
6.250
1. 407
1. 538
1. 439
1. 342
1. 159
6.040
0.032
0.111
1.303
0.248

Maximum

6. 254
1. 592
1.733
1.785
1. 591
5.556
12.502
7.001
0.222
2.342
0.896

autocorrelation and intragroup autocorrelation among variables, which had a great impact on
the results. Therefore, this paper adjusts the estimation by iterative FGLS. The estimated
results are shown in Table 6. Through the comparison of the results, it is indicated that the

adjusted estimates promote little change in the overall trend. Therefore, the results are consid-

ered valid and robust. The following analysis is also based on the results of FGLS.
Models (1)-(5) test the overall competitiveness level and the competitiveness level of each

dimension respectively. Result of model (1) shows that the coefficient of intelligentization level

is significantly negative, indicating that with the increase of intelligentization level, the overall
industrial competitiveness level of a region is declining. In the results of model (2) and model
(3), the coefficient of intelligentization level is significantly negative. Since the basic competi-

tiveness represents the most basic production and operation capacity, the negative coefficient
indicates that the region with a higher level of intelligentization takes on a declining competi-
tiveness of industrial production, and the same is true for the proportion of industrial econ-

omy in the whole economic structure, which reflects the crowd-out effect of intelligent
technology on industry and the fact that the higher the intelligentization level, the lower the
industrial production capacity. However, in the results of model (4) and model (5), the coeffi-
cients of the core explanatory variable are significantly positive, which indicates that higher
level of intelligentization means higher level of innovation and R&D, and stronger industrial
growth capacity and greater potential of the whole region. The above findings show that on the

Int Bas Cons Pote Inno Comp Ec Tra Es Hc Ur
Int 1.000
Bas -0.717 1.000
Cons -0.079 0.085 1.000
Pote 0.290 -0.799 -0.437 1.000
Inno 0.251 0.409 -0.176 -0.669 1.000
Comp 0.195 -0.429 -0.200 0.424 -0.166 1.000
Ec 0.951 -0.689 0.116 0.189 0.237 0.252 1.000
Tra 0.472 -0.408 -0.027 0.086 0.273 0.023 0.504 1.000
Es 0.307 -0.358 0.196 0.083 0.033 0.389 0.406 0.268 1.000
Hc 0.951 -0.755 0.086 0.279 0.163 0.336 0.974 0.509 0.392 1.000
Ur 0.966 -0.672 -0.044 0.216 0.315 0.287 0.958 0.484 0.413 0.9489 1.000
https://doi.org/10.1371/journal.pone.0271186.t005
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Table 6. Influence of intelligentization on industrial competitiveness.

Variables

Int

Ur
Constant

Fixed effect
R2
F
Wald
Hausman
Greene Test

Wooldridge
Test

Frees Tset

Note:

sk kR ok
>

https://doi.org/10.1371/journal.pone.0271186.t006

Comp-(1)
OLS FGLS
-0.001** (-2. -0.001***
31) (-21.62)
-0. 001**(-3. -0.001%**
61) (-19. 64)
-0. 0001 (0. -0. 0001***
89) (-14. 14)
0.016"** (4. | 0.014"** (26.
43) 14)
0.008** (5. | 0.007*** (25.
23) 43)
-0.001 (-0. | -0.001"** (-4.
69) 74)
6. 244" 6. 245
(4350. 75) (17400)
Yes Yes
0.2041 -
45. 06" -
12270%**
31.27%%*
15. 62 -
247.801*** -
18. 431 -

Bas-(2) Cons-(3) Pote-(4) Inno-(5)
OLS FGLS OLS FGLS OLS FGLS OLS FGLS
-0. 015 (-1. -0.010*** -0.038*** -0.039"** 0. 055" (2. 0. 026" -0.003 (-0. | 0.006"** (6.
48) (-8.89) (-41.4) (-55.75) 73) (18.62) 25) 27)
0.033*** (3. | 0.010"** (6. | 0.063"** (6. 0. 045" -0. 120%** -0. 022%** 0.024* (1. | 0.007*** (5.
37) 45) 32) (47.71) (-6.52) (-13.19) 92) 00)
-0. 001 (-0. -0. 002*** -0. 001 (-0. -0. 001*** -0. 002(-0. 0. 003*** 0. 005 (0. 97) 0. 002***
30) (-10. 54) 92) (-6. 54) 34) (14. 09) (14. 80)
-0.380"** -0.207*** 0. 530" (3. 0. 646" 0. 256 (0. -0. 355%** -0. 389"** -0.283***
(-2.85) (-12.94) 97) (48.10) 99) (-38. 36) (-2.87) (-19.42)
-0.417%** -0.321%** 0. 170*** (3. 0.215"** 0. 707*** (9. 0. 449" -0. 4527 -0. 395***
(-10. 74) (-22.69) 46) (43.90) 82) (31.10) (-9. 16) (-33.71)
0.028(-1.31) | 0.016(1.52) | -0.316*** -0.305*** | 0.092*** (0. | 0.052™** (-8. | 0.195** (2. | 0. 165"** (9.
(-3.78) (-35.69) 47) 50) 26) 02)
2.015%** (31. | 2.115"** (0. | 0.965"* (-2. 1. 049*** 1.306"** (8. | 0.932*** (-0. 1.958"** 2. 042" (-6.
91) 018) 21) (52.08) 65) 75) (25.20) 10)
Yes Yes Yes Yes Yes Yes Yes Yes
0. 5935 - 0. 1743 - 0. 1245 - 0. 1897 -
171.29%** - 59. 70%** - 36.30%"* - 59. 43*** -
- 6563. 63°** 10236. 29*** 10644. 03*** 2278. 82%**
36.75%** 51.91%** 11.18* 23.48***
2.97 - 4.95 - 1. 41 - 2.56 -
59. 800*** - 38.934*** - 4. 689" - 79.983%** -
19.228 - 19. 188 - 22.004 - 21.572 -

represent the significance at the level of 1%, 5%, and 10% respectively. The data in parentheses are either t values or z values. (The same below)

one hand, the regions with a higher level of intelligentization have a smaller scale of industry
in its economic aggregate, which reflects the trend of de-industrialization in the industrial cen-
ters in the technologically developed regions and the trend of production center shifting from
the economically and technologically developed regions to the undeveloped regions—the rea-
son for the fact that the lower intelligentization, the higher competitiveness level of industrial
production. On the other hand, as further development of internet and information technol-
ogy, intelligent technology has brought about enormous R&D dividends. The economically
developed regions will make more investment in R&D, thus compared with the developing
regions, they will demonstrate stronger innovation competitiveness. The technology dividend
also leads to stronger economic growth momentum. Therefore, hypothesis 1 is verified that
China’s industrial center is shifting from the developed regions to undeveloped regions. Mean-
while, it has also partly verified hypothesis 2, that there is a regional heterogeneity in the indus-
trial transfer, which means that industrial transfer does not exist in all industrial sectors.

To ensure the robustness of the results, the provincial jurisdictions studied in this paper are
further divided into Eastern, Central and Western China according to the convention of
regional division in China. In particular, Eastern China included Beijing, Tianjin, Hebei, Liao-
ning, Shanghai, Jiangsu, Zhejiang, Fujian, Shandong, Guangdong, Hainan; Central China
included Shanxi, Inner Mongolia, Jilin, Heilongjiang, Anhui, Jiangxi, Henan, Hubei, Hunan;
Western China included Guangxi, Chongging, Sichuan, Guizhou, Yunnan, Shaanxi, Gansu,
Ningxia. Table 7 reports the regression results of the impact of multi-dimensional
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Table 7. The influence of the intelligentization of sub-region and sub-dimension on industrial competitiveness.

Variables

Int

Ec
Tra

Es

Hc

Ur

Constant
Wald

Fixed
effects

Eastern
Region(6)

-0. 006**
(-2.16)

0.012***
(3. 86)

-0.001***
(-2.93)

-0. 274"+
(-5. 89)

-0. 258
(-8.57)

0. 035***
(1.24)

1. 958(42.
42)

497. 12
Yes

Bas

Central
Region(7)

-0.023***
(-4.82)

-0. 005
(-1.03)

-0. 026"
(-5.17)

-0. 126
(-1. 96)

-0.231°**
(-5.62)

0. 095***
(-2.87)

1. 949%**
(39.19)

617.95%**
Yes

Westen
Region(8)

-0.031%**
(-5.39)

-0. 004
(-1. 00)

0.004 (1.
59)

-0. 090**
(-2.30)

-0. 155"
(-5.16)

-0.267 (1.
45)

1. 873%*
(55.05)

377.01°%*
Yes

https://doi.org/10.1371/journal.pone.0271186.t007

Cons Pote Inno
Eastern Central Western Eastern Central Eastern Eastern Central Eastern
Region(9) | Region | Region(11) | Region Region Region Region | Region(16) Region
(10) (12) (13) (14) (15) (17)
-0.016*** | -0.011** | -0.025** (-. | 0.008** 0.051*** 0.039** 0.005** | 0.002*** (3. | -0.015"**
(-6.75) (-2.26) 23) (2.26) (6. 49) (2.21) (2. 14) 35) (-3.37)
0. 020"** 0.107*** 0.011 (1. -0.022*** | 0.006 (1. | -0.006 (-1.| 0.010** -0.001 (-1. | -0.004 (-1.
(7.04) (4. 15) 46) (-6.04) 11) 12) (2.28) 54) 34)

-0. 002*** | 0.003 (0. 0. 001 (0. 0.002*** | 0.024*** |-0.001(-0.| 0.001** | -0.002** (-2. | 0.010***
(-4. 61) 51) 16) (4.52) (3. 68) 19) (2.04) 22) (4.14)
0.663*** | 0.153* (1. | -0.007 (-0. | -0.171*** | -0.184*** -0. 134* -0.276%** -0. 023 (-1. 0. 003 (0.

(0. 067) 82) 08) (-3.24) (-2.67) (-1. 66) (-5.05) 55) 10)
0.107*** 0. 050 (1. 0. 120" 0. 343*** 0.303*** 0.113** -0.245*** | 0.017*** (3. | -0. 165"**
(5. 95) 25) (3.07) (9.44) (6.47) (2.56) (-6.74) 36) (-4.97)
-0.112*** | -0.045 (-1. | -0.103 (-0. | 0.013 (0. | -0.131"** | 0.282*** | 0.136"** | 0.016"* (2. | -0.151*"*
(-2. 60) 23) 76) 43) (-2.79) (2.81) (4.21) 07) (-2.50)

13045 | 1,457 | 1.457°** | 1.108*** | 1.403*** | 1.403*** | 1.752°** | 1.322%* | 1733
(32.90) | (20.23) (20.23) (20.85) | (29.73) | (29.73) (38.07) (177. 95) (38.73)

440. 87°** | 28.60"* 28. 60** 210. 47°** | 54, 52%** 54,52 | 111.49*** | 8842394"** | 117.88***
Yes Yes Yes Yes Yes Yes Yes Yes Yes

intelligentization-oriented development in each part on industrial competitiveness. The results
of model (6)-(8) show the outcomes of the basic competitiveness dimension, which indicate
that all the coefficients of explanatory variables are significantly negative, consistent with the
previous results. Moreover, there is an obvious trend of regional extension. In other words, the
further the inland, the greater the absolute value of the coefficient, indicating that the transfer
of production sectors is stronger in Western China than in Central China and Eastern China.
Results of model (9)-(10) exhibit the outcomes of the structural competitiveness dimension.
The coefficients of all parts are also significantly negative, and the absolute value of the coeffi-
cients of Western China is greater than that of Central and Eastern China. The results reveal
that the city with a higher level of intelligentization-oriented development in the Western
China suffers faster decline of the proportion of industry in the economic structure, while the
lowest decline degree lies in the Central China. The results of model (12)-(14) show the out-
comes of the potential dimension. The coefficient is significantly positive, consistent with the
previous results. Central China has the highest level of growth potential. The Results of model
(15)-(17) indicate the outcome of the innovation competitiveness dimension. Central China
and Eastern China show outcomes that are significantly positive, while Western China’s out-
come is significantly negative. The results show that in Eastern and Central China, the impact
of intelligent technology on industrial technology innovation is stronger than that in Western
China, and Eastern China than Central China.

The regression results in Tables 6 and 7 show great consistency, indicating that the results
are robust. Here is a detailed analysis of the regression results. First of all, in 1997, China pro-
posed the strategy that “Eastern China regions should actively implement industrial transfer to
Central China and Western China regions”, and the economically developed Eastern China
and Central China regions have been transferring some high-cost industries to Western China
regions. Therefore, the industrial structures in Central China and Eastern China regions have
been relatively stable. At the same time, intense environmental regulation will promote inter-
regional industrial transfer and structural upgrading. Western China has a fragile ecological
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environment, meaning that the region is more environment-sensitive than Central China and
Eastern China. Therefore, under the stimulation of technological progress, Western China is
taking more noticeable industrial transfer. For instance, the regions with a higher economic
level and more technological advantages, such as Sichuan Province and Chongqing Municipal-
ity, make further effort to transfer industrial production sectors to other provinces and cities
in the further western regions. In other words, the technological innovation represented by
intelligent technology is promoting the reshaping of industrial system in Western China. Sec-
ondly, there is a stronger positive relationship between the level of innovation competitiveness
and the level of intelligentization in Eastern China. It indicates that economically developed
regions do have stronger technological advantages. In addition, the coefficient of Western is
negative, which demonstrates that the research and development level of intelligent technology
in Western China is still weaker than that in Central China and Eastern China, and has not
formed strong innovation competitiveness. Finally, the structure of the industrial economy in
Eastern China is relatively stable in the whole economic system, and its growth potential is
stronger, indicating that Eastern China is in the mature period of the industrial cycle. The
above results also further verify hypothesis 1 and hypothesis 2, and show that the regional
competitiveness of Chinese industry is affected by the level of intelligentization, and the trans-
ter of industry from developed regions to undeveloped regions takes on different degrees.

In addition, endogeneity should be considered, which is mainly brought about by two ele-
ments: reverse causality and missing variables. All the regression above uses panel data, which
avoids the problem of missing variables to a certain extent. In order to ensure the robustness
of the results, the Instrumental Variable Method was used for regression on the basis of the
above basic regression. In terms of the selection of instrumental variables, considering the
close relationship between emerging technologies and the level of economic development, per
capita GDP is selected as the instrumental variable, and the two-period lag item of Int is also
added. In addition, drawing on the method of Nunn and Qian (2019) [120], this paper selects
the proportion of the number of fixed telephone per ten thousand people in 1990 and the pro-
portion of high-tech enterprises to industrial enterprises above designated size in 1999 to rep-
resent the level of early technology and communication convenience in each region.
Considering that only one year’s data to be used as the instrumental variable will lead to
immeasurability due to the application of the fixed model, the above two indicators are multi-
plied by the “investment in reconstruction and technical transformation projects” from 2002
to 2016 to form two interaction items, ending up with two new instrumental variables. The
regression results are shown in Appendix 1, which reveal that all the instrumental variables
adopted passed the over identification test of 90% significance, and the positive and negative
of coefficients did not change significantly, with only few exceptions. In addition, Hausman
test finds that OLS regression is more effective than the instrumental variable method, indicat-
ing that the core explanatory variables did not have obvious endogeneity problems. Therefore,
the robustness of the above regression results is further vindicated.

4.2 Spatial regression results

The spatial Durbin regression for Model (2) is used. Before the regression, spatial correlation
test should be carried out first, which is the premise for spatial regression. The test results of
spatial correlation are shown in Appendix 2. According to the results, except for a few years,
the index of intelligentization level has significant overall or local correlation, indicating that
the intelligentization level of this region can affect the surrounding regions, and then the
regression can be carried out. Similarly, according to the Hausmann test, fixed-effect regres-
sion was selected in this part.
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Table 8 shows the regression results of economic weight matrix, Table 9 shows those of the
Economic-Geographic Matrix. The basic competitiveness represented by models (34)-(37),
(50)-(53), and the innovation competitiveness by models (46)-(49), (62)-(65) show significant
spatial correlation. In the basic competitiveness dimension, the intelligent space coefficient is
significantly positive, indicating a strong positive spatial effect. On the one hand, it is proved
that the region with a higher intelligentization level has a positive spillover effect on the indus-
trial production level of the neighboring region. On the other hand, the region with closer eco-
nomic or geographical space has a more prominent positive effect. Specifically, Central China
is stronger than Eastern China and Western China, higher than the national average level. In
the innovation dimension, the spatial coefficient of intelligentization level is significantly nega-
tive, indicating that there is a negative spatial effect. Regions with higher levels of intelligentiza-
tion experience crowding-out effect for the neighboring innovation capabilities, showing an
innovation agglomeration. Such phenomenon is more prominent in Western China than in
Central China, and the same in Central China than in Eastern China. It reveals that the inno-
vation gap in Western China and Central China is gradually widening. The overall intelligenti-
zation level in the Eastern China is higher, and the technological innovation system in Eastern
China is relatively stable. Furthermore, in the structural dimension, there is no obvious spatial
effect in the whole country, or in Eastern China or Central China, but the spatial coefficient in
Western China is significantly negative. The reason is that regions with similar economic levels
are often geographically adjacent, which means fiercer regional competition, because these
regions tend to adopt the same industrial development strategies; and from the perspective of
industrial transfer, these regions tend to move similar traditional industries out and then
develop emerging industries with greater technological dividends. In terms of potential com-
petitiveness dimensions, regional data does not show any significant effects of space, except
the national data. This indicates that in the potential competitiveness dimensions, intelligenti-
zation has a trans-regional spatial effect among Eastern China, Western China and Central
China. The technological competitiveness advantage of the Eastern China developed regions
will restrain the industrial economic growth potential of the undeveloped regions in the Cen-
tral China and the Western China to some extent. In general, the results of spatial analysis fur-
ther support Hypothesis 2, that is, industrial competitiveness transfer appears to be the
absolute transfer of economic aggregate, but essentially it is the relative transfer following the
comparative advantage theory. In the era of intelligentization-oriented development, devel-
oped regions not only have robust growth momentum and technology advantages, but to a
certain extent, they also restrain the growth potential of the undeveloped regions in China.

V. Conclusion and suggestions

Industry is the field where intelligent technologies are adopted earlier than other fields, and
the effect of its intelligentization level on its competitiveness level is a valuable lesson for other
fields in the future. By analyzing the effect of industrial intelligentization level on the overall
competitiveness and the competitiveness of various dimensions and regions, the paper finds:
1) In general, the region with a higher level of intelligentization has a lower overall level of
industrial competitiveness and a lower proportion of industry in the economic system, which
is in compliance with the “Gradient transfer theory”, and proves the existence of industrial
competitiveness transfer. However, this shift does not represent an absolute abandonment of
industrial development, but it is for the relocation of local production sectors whose labor
costs are higher, so that the region retains greater R&D advantages and have stronger growth
momentum 2) From the view of different regions, first of all, the regions with a higher level of
intelligentization have a lower competitiveness level of the production sector, indicating that
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the absolute transfer exists within all the regions. Besides, the incentive and promotion effect
of intelligent development on innovation and R&D in the Eastern region is obviously stronger
than that in the Central and Western regions. And the region with a higher level of intelligent
development has greater potential of industrial economic growth. Moreover, the region with a
higher intelligent level has a positive effect on the production activities in the regions with sim-
ilar economy and geographical proximity, but a negative effect on the innovation activities. It
indicates that intelligent technology promotes technology agglomeration. 3) Government
behavior, financial development and marketization level can significantly improve the level of
intelligentization. However, intelligentization guided by government behavior has an adverse
effect on industrial competitiveness, which leads to the result that financial development level
also has the same effect, while on the contrary, the market-guided intelligentization has a posi-
tive role in promoting the competitiveness.

So, it is obvious that if industrial intelligentization wants to promote the realization of a
healthy growth of industrial competitiveness and a high-quality development of the national
economy, an in-depth plan shall be made. Accordingly, this paper puts forward the following
suggestions:

First, we should make a rational distribution of industries and encouraging a healthy com-
petition. To promote the intelligent development of industry, on the one hand, industrial
transfer shall be done in line with the local conditions, that is, the development of industries
shall be planned out according to the actual regional situation. The enterprises with develop-
ment conditions, potentials and customers should be given intelligentization upgrading prior-
ity so as to enhance their competitiveness, while those energy-intensive and high-polluting
industrial enterprises with high cost of modification, small market space should be closed reso-
lutely so as to avoid unnecessary reform expenses after mandatory saving. On the other hand,
an overall plan of intelligentization industrial system development should be made. For a long
time, there exists overlapping and vicious competition of industrial development among the
regions. With the promotion of “new infrastructure”, all regions will usher in a boom of intelli-
gent technology investment with provinces and cities issuing guidance and plans, leading to
serious industrial overlap. In this regard, a benign competition mechanism should be estab-
lished in the cooperation between regions to promote industrial complementarity.

Second, we should take a market-oriented and policy-guided industrial intelligentization
development. In Chinese industrial sector, it has always been the policy to guide the produc-
tion capacity and the function of market tends to be weak in this respect. The abnormal pro-
duction capacity structure has long been restricting the healthy development of industry. In
this regard, taking advantage of the intelligent technology revolution, we shall, firstly, give free-
dom to the market, loosen the restriction reasonably on the fields for non-state-owned intelli-
gent manufacturing enterprises, fully mobilize the innovation efficiency of the market, and try
to avoid “customized innovation” by government policies. Secondly, the government should
make good use of its role as a “night watchman”. On the premise of maintaining the lifeline of
the national economy, the government should strive to create a sound and stable market envi-
ronment, maintain healthy competition and avoid being offside. At the same time, the govern-
ment should make good effect to formulating relevant industrial policies. Both wild activity
and inactivity of government should be stamped out. The point is, when the explosive growth
of emerging technologies leads to rapid changes in the market structure, the government
should play a vital role.

Thirdly, we should support innovation and encouraging entrepreneurship. The characteris-
tics of high integration make industrial intelligentization an opportunity for more people to be
engaged in it. Intelligent industry is a new industrial system highly integrated with agriculture
and service industry, and the industrial boundary is gradually blurred. Therefore, taking
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advantage of the long-term effect of intelligentization to industrial growth, the government
should encourage enterprises to adhere to innovation by issuing policies and incentive mea-
sures, so as to maintain the technological commanding heights. Meanwhile, the government
should encourage more qualified individuals to start business drawing on the industrial intelli-
gent technology tide and guide the integration of innovation and startup activities of other
industries with the intelligent industry, so as to improve the overall efficiency.
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