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Abstract: As a result of implementing new development concepts and absorbing new technical
revolutions in the Intelligent Economy Age, new infrastructure is defined as a new driving force for
high-quality development. However, as new infrastructure is constructed, there are problems such as
the small scale of high-tech industries, weak economic support and human capital, and difficulty
in carrying out new infrastructure construction projects, so it has become crucial to find solutions
to these problems. Using the slacks-based measure model and Moran index, this study compares
and analyzes the input efficiency of new infrastructure in 30 provinces of China from 2011 to 2020,
alongside the analysis of temporal and spatial differences. China’s new infrastructure input generally
shows a stable development trend in terms of efficiency, while the regional coordination still needs to
be strengthened. Eastern China maintains a leading trend, Central China is developing rapidly, and
the western region and Northeastern China do not form high-value agglomeration areas. This study
puts forward relevant policy recommendations from four dimensions—optimizing the industrial
structure, giving scope to government function, focusing on key areas, and compensating for weak
links—to supply a powerful impetus for the development of new infrastructure.

Keywords: new infrastructure; high-quality development; input efficiency; SBM model; spatiotem-
poral differences

1. Introduction

As a result of implementing new development concepts and absorbing new technical
revolutions in the Intelligent Economy Age, new infrastructure will lead to economic
community advancements and improve the living standards of residents [1]. Unlike
traditional infrastructure designed to connect physical spaces (highways, bridges, pipelines,
etc.), new infrastructure uses digital technology to enable connections between the physical
space and digital space. While building new infrastructure, traditional industries are also
being digitally transformed, and digital industries are being developed. As the guarantee
for a digital society, new infrastructure can significantly promote social progress [1,2].

China is currently undergoing an exciting and challenging time, and the Chinese gov-
ernment has realized that accelerating the creation of new infrastructure is the key support
for Information and Communication Technology (ICT) progress, an essential component
in achieving high-quality development as well as a guarantee for the construction of a
modern economic system and a modern socialist regime.

The Central Economic Work Conference first put forward the concept of new infras-
tructure in December 2018. The Chinese government has repeatedly emphasized that
new infrastructure construction has great potential in macroeconomic counter-cyclical
adjustment, stabilizing industrial input, and filling industrial shortcomings. Therefore, it
is necessary to focus on the national conditions; plan the overall situation and look to the
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future; define the construction scope, development goals, main tasks, and safeguarding
measures of new infrastructure; and accelerate the development of new infrastructure
across the country as a whole [3].

New infrastructure can therefore encourage high-quality growth. The Chinese gov-
ernment, taking into consideration the entire scenario, has developed a strategic plan of
“hurrying up the creation of a new development structure and exerting effort improving
high-quality development,” which has emerged as the most recent path for China’s social
advancement [4,5]. At a national level, building new infrastructure not only contributes
significantly to preventing and controlling epidemics and resuming work and production,
but also contributes to raising living standards within the country and optimizing the
industrial structure; it also has great potential in advancing high-quality development.

To encourage high-quality development, it is essential to place emphasis on the
problem of development quality, and new infrastructure construction could advance high-
quality development via kinetic energy conversion, structural optimization, and improved
efficiency, so accelerating new infrastructure construction is an important measure towards
high-quality development.

Every province, autonomous region, and municipality (“province” is used in the
following) in China is different in terms of its social structure, market, resources, etc. There
are also obvious differences in terms of culture and religion. Therefore, it is imperative that
new infrastructure inputs in various Chinese provinces are measured for their efficiency,
we develop a mechanism to link the new infrastructure in a blended approach, and we
advance the creation of new infrastructure.

The identification of new infrastructure, its effect on high-quality development, and
current policy suggestions are the primary areas of concentration in the present research
on new infrastructure. Firstly, in terms of classification, previous research introduced
new infrastructure from three dimensions of information infrastructure, converged in-
frastructure, and innovation infrastructure, and introduced the beneficial impacts of new
infrastructure [6–8]. Secondly, in terms of the impact on high-quality development, new
infrastructure not only generates economic benefits by promoting technological innovation
and digital transformation [1]; it also produces social benefits by improving the ecolog-
ical environment, responding to public health emergencies, and creating employment
opportunities [9–11].

Simultaneously, in terms of policy recommendations for new infrastructure construc-
tion, existing research proposes that new infrastructure should be integrated with various
industry sectors [12], and, according to the characteristics of new infrastructure, measures
such as strengthening top-level design, improving policy guarantees, improving innovation
capabilities, strengthening application leadership, and emphasizing educational develop-
ment are implemented to quicken the process of exploiting its great potential. However,
there is limited research on the input efficiency of new infrastructure, and the indicators
and methods to measure input efficiency need to be further explored to improve new
infrastructure’s input efficiency by studying potential problems. Therefore, this research
has achieved innovations in the selection of research objects, evaluation indicator systems,
and research methods [7].

Firstly, this study considers the key dimensions of information infrastructure, con-
verged infrastructure, innovation infrastructure, and social, economic, and technological
innovation, and creates a system to measure new infrastructure’s input efficiency. Then,
utilizing the Moran index approach and the super-efficient slacks-based measure (SBM)
model, the difference between the input efficiency and time and space of new infrastructure
is analyzed. We comprehensively measure the input efficiency of new infrastructure in 30
provinces in China, deeply analyze it, and propose targeted policy solutions to problems
encountered during the development of new infrastructure.

This study’s goal is to assess how new infrastructure affects high-quality development
by measuring the input efficiency of new infrastructure in selected regions. The remaining
sections are as follows. Section 2 is the literature review, including the classification of
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new infrastructure, its impact on high-quality development, and existing policy recom-
mendations. Section 3 introduces the research methods, which include the super-efficiency
SBM model and the Moran index. Section 4 details the new infrastructure input efficiency
measurement index system. Section 5 presents the case information and analysis results.
As a result of the analysis, Section 6 puts forward corresponding policy recommendations
from four dimensions: optimizing the industrial structure, highlighting the government’s
important role, focusing on key areas, and compensating for weak links. Finally, Section 7
summarizes the research results of this study and proposes follow-up research ideas.

2. Literature Review

As the supporting foundation for the development of a digital society, new infrastruc-
ture can markedly enhance the realization of high-quality development, so it has attracted
many scholars to study new infrastructure from multiple fields and perspectives. At
present, the research on new infrastructure is largely concentrated in the definition of new
infrastructure, its impact on high-quality development, and existing policy recommendations.

(1) Definition of new infrastructure. New infrastructure construction is a modern in-
frastructure that provides digitized transformation, intellectualized upgrades, and
integrated innovation services for the economic society. It mainly includes informa-
tion infrastructure, integrated infrastructure, and innovative infrastructure. In 2006,
Shin argued that the construction of information infrastructure should be viewed
from a long-term perspective, as information infrastructure can penetrate into society,
ICT, and other organizations [13]. In 2014, Grisot argued that the key to information
infrastructure advancement is a development strategy based on specific user needs,
usefulness, and evolutionary growth [8].

Construction of the digital economy is the main focus of information infrastructure,
while industrial digitalization is reflected in convergent infrastructure. With the increasing
infiltration of new Information and Communication Technology (ICT) in the overall in-
dustrial economic activity, it can improve the industrial value chain and energy utilization
rate [6,14].

Simultaneously, the transformation of the country’s economic structure has been driv-
ing the construction of innovative infrastructure. When building innovation infrastructure,
new knowledge and technology are needed to build on it; to protect and build scientific
and technological potential, innovation, and entrepreneurship; to guard against the loss of
intellectual assets in the form of copyright and patents for research scientists; to improve
the efficiency of research activities, and to address the creation of new employment op-
portunities and the formation of innovative markets [7]. New infrastructure construction
projects adapt to the changes of the current era, provide various support for the digital
society, advance the intelligent construction of countries and regions, and are defined as
the primary impetus of global economic development in the future [15].

(2) The effect of building new infrastructure on high-quality development. We may rely
on the application of ICT to support high-quality development when we are creating
new infrastructure. New infrastructure is driven by new ICT; on the other hand,
it has a substantial connection with economic and social development [16,17]. In
short, new infrastructure could provide key support for urban and regional develop-
ment. Meanwhile, new infrastructure promotes technological innovation and digital
transformation, which enrich the substance and measures of supply-side structural
reformation; exert a significant beneficial impact on the mode, structure, and layout
of production; and promote economic development [1].

New infrastructure generates not only economic but also social benefits. Information
infrastructure reduces air pollution and improves ecological quality by changing the con-
struction mode of traditional infrastructure and improving energy utilization [9]. In the
face of the global pandemic, digital infrastructure ensured the health of front-line staff
by providing valuable data for the first time, including through remote detection and
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diagnosis [11]. In addition, as digital infrastructure penetrates into various industries, a
large number of jobs will be generated in the process [10].

(3) Policy recommendations for new infrastructure construction. New infrastructure
brings a key impetus to regional digital construction, and scholars have proposed
recommendations to increase the input efficiency of new infrastructure from the
perspectives of public health, innovation and entrepreneurship, top-level design, and
education. When discussing how to increase the input efficiency of new infrastructure,
the relevant departments could give full consideration to how the infrastructure
supports the public health sector and enhances its ability to respond to major public
health events [12].

Governments may promote digital innovation and entrepreneurship, facilitate coordi-
nated efforts across industries, and adapt education systems to changing labor markets in
order to deliver digital knowledge and skills training to as many people as possible while
constructing new infrastructure [18]. Furthermore, the development of new infrastructure
is driven by innovative technologies, and the progress of education could advance the
progress of innovative technology. Universities and research institutions should integrate
educational development with scientific technology [7,19].

The findings pay attention to the classification of new infrastructure, its impact on
high-quality development, and existing policy recommendations, but it is still difficult
to give effective guidance and suggestions regarding the construction mode and path of
new infrastructure in China. In order to provide beneficial development recommendations
for China and other countries and regions, this study combines the requirements of new
infrastructure and high-quality development, builds an index system based on these
requirements, calculates the input efficiency of new infrastructure in China, and analyzes
the current issues.

3. Research Methods
3.1. Introduction to Research Methods

(1) Super-efficiency SBM model

The Data Envelopment Analysis (DEA) method was jointly proposed by Charnes,
Cooper, and Rodes in 1978 [20]. It is a nonparametric approach to estimating the efficacy of
multiple decision-making units that explicitly accounts for the application of several inputs
and the production of several outputs to compare the effectiveness of several service units
providing comparable services [20]. However, the following drawbacks are associated with
the traditional DEA model: (1) the radial DEA overestimates the efficiency of DMU in the
presence of input overpressure or insufficient output and non-zero relaxation of input or
output; (2) the angle DEA must ignore changes in inputs or outputs, and the calculated
results are not in line with objective reality.

Tone discovered an efficiency assessment approach in view of relaxation variables, the
SBM model, and developed the super-efficiency SBM model in 2002 to continually enhance
it in order to address the aforementioned issues [21]. This method has been applied to study
energy efficiency in European countries [22], measure regional transport sustainability [23],
and examine how regional variations affect the effectiveness of agricultural water use [24].

In measuring the input efficiency of new infrastructure, some relaxation variables are
selected to make the measurement results more accurate. The SBM model can be used
effectively to deal with relaxation variables. It is easier to assess the test results when
the efficiency values of effective efficiency data management units (DMUs) are further
examined using the super-efficiency SBM model to identify the level differences of effective
efficiency DMUs [23,25,26]. Therefore, this study selected the super-efficient SBM model
to measure the input efficiency of new infrastructure, in order to analyze whether the
construction of new infrastructure can promote high-quality development in the region.

(2) Moran index



Systems 2023, 11, 243 5 of 25

When scholars research objects or data, they tend to consider whether there are spatial
connections between different research objects, especially in terms of spatial relationships,
and the Moran index is a comprehensive assessment method used to measure spatial
autocorrelation [27,28]. The Moran index typically consists of the global Moran index and
the local Moran index. The global Moran index can indicate whether there are anomalies or
clustering traits present over the whole regional space; the local Moran index can be used
to aggregate certain geographical units and express how close these spatial units are to
other areas [29,30]. The Moran index has been widely used to study the regional pollution
characteristics of PM2.5 in Eastern and Central China [31]; it explained the complicated
interaction between vegetation and thermal behavior in urban areas [32]; and it identified
the features of healthy urban growth [33].

In this study, after calculating the input efficiency of new infrastructure in each region,
it was necessary to study the spatial differences between regions. As a thorough evaluation
technique to calculate spatial autocorrelation, the Moran index can objectively reflect the
spatial differences in the input efficiency values of new infrastructure, so this study assesses
the spatial distribution of new infrastructure’s input efficiency with the help of the Moran
index [34].

3.2. Research Method Details

The input efficiency of new infrastructure in various locations was evaluated and
examined in this study using the super-efficiency SBM model. The geographical correlations
and differences across areas were then analyzed using the Moran index. The specific
formula is as follows.

(1) Super-efficiency SBM model related calculation formula

The model is as follows:

minδ =

1
c

c
∑

p=1
xp/xp0

1
d

d
∑

q=1
yq/yq0

(1)

In addition, the above equation also conforms to x ≥
n
∑

t=1, 6=0
λtxt; y ≤

n
∑

t=1, 6=0
λtyt;

x ≥ x0, y ≤ y0;
n
∑

t=1, 6=0
λt = 1; y ≥ 0, λ ≥ 0.

Here, n denotes DMUs; c and d denote input indicators and output indicators, respec-
tively; x and y are relaxation variables representing inputs and outputs, respectively; λ is a
constant vector. If σ ≥ 1, the DMU is said to be an effective decision-making unit; if σ < 1,
the DMU is said to be an invalid decision unit. A higher σ represents higher efficiency.

(2) Moran index related calculation formula

The global Moran index:

I =

n
n
∑

p=1

n
∑

t=1
wpt
(
xp − x

)
(xt − x)(

n
∑

p=1

n
∑

t=1
wpt

)
n
∑

p=1

(
xp − x

)2
(2)

where n is the total number of cities; xp and xt are index values of variable x in city p and
city t, respectively; x is the mean of x; wpt is a matrix of adjacency distance space weights,
and wpt is 1 when xp and xt are adjacent and 0 when they are not adjacent. The range of
I is [−1, 1]. I > 0 indicates that space is positively autocorrelated; I < 0 indicates negative
autocorrelation in space; I = 0 means that there is no autocorrelation, and the geographical
distribution is random [35]. A larger value of I indicates that the variables are more related
and clustered in the spatial distribution.
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The Moran index significance test formula is

Z =
1− E(I)√

V(I)
(3)

where Z represents the significance level of spatial autocorrelation, E(I) is the mathematical
expectation of the Moran index, and V(I) is the variance.

The local Moran index:

Ii =

n
(
xp − x

) n
∑

t=1
(xt − x)

n
∑

p=1

(
xp − x

) (4)

xp, xt, x, and wpt have the same meaning as in formula (2). The value of Ii is positive,
indicating that the space has the same properties as the surrounding area; a negative
value indicates that the spatial unit is different from the surrounding area; the degree of
aggregation increases with the absolute magnitude of Ii.

4. Construction of a Measurement Indicator System

In light of the scientific character, impartiality, independence, and viability, this re-
search completely evaluates the influence of new infrastructure on the high-quality growth
of society, economics, and technology. It also develops a new infrastructure input efficiency
measurement indicator system in view of China’s current circumstances. The target value
of the indicator system is divided into two aspects, input and output, of which the input
aspect is the classification of new infrastructure; the output aspect is the perspective from
which new infrastructure contributes to high-quality development, including society, the
economy, and technological innovation. See Table 1 for details. Among them, “X” repre-
sents the input indicator and “Y” represents the output indicator. The first number after
“X (Y)” represents the input (output) dimension, and the second number represents the
specific indicator.

Table 1. New infrastructure input efficiency measurement indicator system.

Target Layer Quasi-Measurement
Layer Metric Layer

Input

Information
infrastructure (X1)

Mobile phone base station coverage (X11)
Long-distance cable coverage (X12)
Internet broadband coverage (X13)

Converged
infrastructure (X2)

The proportion of enterprises that adopt information management (X21)
The proportion of enterprises that carry out production and business activities

through the Internet (X22)
The proportion of enterprises that carry out publicity and promotion through the

Internet (X23)

Innovation
infrastructure (X3)

Ratio of R&D researchers (X31)
Ratio of internal expenditure of R&D funds of industrial enterprises on the plan (X32)

Regional innovation capacity (X33)

Output

Society (Y1)

Number of mobile phone subscribers (Y11)
Financial inclusion index (Y12)

Number of persons employed in information transmission, software, and information
technology services (Y13)

The proportion of fiscal expenditure for people’s livelihoods (Y14)

Economy (Y2)

Software business revenue (Y21)
The total industrial output value of high-tech enterprises (Y22)

The added value of the tertiary industry (Y23)
Green finance index (Y24)
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Table 1. Cont.

Target Layer Quasi-Measurement
Layer Metric Layer

Technological
innovation (Y3)

Number of new product development projects in high-tech industries (Y31)
Number of effective invention patents in high-tech industries (Y32)

The number of companies that graduated from the tech business incubator
in that year (Y33)

Technology market turnover (Y34)

4.1. Indicators of New Infrastructure Inputs

A new infrastructure system is one that is built on new development principles, driven
by technical advancement, with an eye toward information networks, and in response to
the desire for high-quality development. Information infrastructure, convergence infras-
tructure, and innovative infrastructure make up the majority of this infrastructure system,
which provides digital transformation, intelligent upgrading, and integrated innovation
services. Therefore, this study divides the input indicators into three areas: information
infrastructure (X1), converged infrastructure (X2), and innovation infrastructure (X3).

Information infrastructure (X1): Information infrastructure mainly includes infras-
tructure generated by the evolution of new ICT. Information infrastructure can greatly
improve the ability to process, integrate, analyze, and use information and data, while
also changing the ways in which countries operate [36]. Therefore, this study reflects the
input in information infrastructure in terms of mobile phone base station coverage (X11),
long-distance optical cable coverage (X12), and Internet broadband coverage (X13) [37–40].

Converged infrastructure (X2): Infrastructure that facilitates the modernization and
transformation of conventional sectors through information technology, such as the Internet
and big data, is referred to as converged infrastructure. Information and communications
technology can improve people’s lives, work, and interactions by digitizing traditional so-
cial technologies and social infrastructure [41–43]. Therefore, the proportion of enterprises
that use information management (X21) and the proportion of enterprises that carry out
production and business activities through the Internet (X22) are used in this study, and
the proportion of enterprises promoting through the Internet (X23) reflects the input in
converged infrastructure [44–46].

Innovation infrastructure (X3): Science, technology, and product development are
represented mostly by innovation infrastructure. Innovation infrastructure has a strong
impact on achieving sustainable development goals and enabling economic growth and
development in emerging economies [47,48]. The ratio of research and development (R&D)
researchers (X31) and the ratio of the internal expenditure of R&D funds of industrial
enterprises on the scale (X32) to the number of resources are used to characterize technology
R&D and innovation [49,50]. The success rate of patent applications in a region can reflect
the innovation capacity of the region, so this study measures the input in innovation
infrastructure in terms of regional innovation capacity (X33) [51–53].

4.2. Indicators of Outputs

The creation of new infrastructure may accelerate social and economic progress while
simultaneously fostering technological advancement and innovation, giving rise to a con-
tinuous flow of high-quality development momentum [54]. Therefore, in this study, social
(Y1), economic (Y2), and technological innovation (Y3) were selected as output indicators.

Society (Y1): The construction of new infrastructure has made the results of ICT
available to more and more people and regions, as well as enhancing the convenience of
living, working, and communicating, and this study characterizes the audience by the
number of mobile phone subscribers (Y11). The digital financial inclusion index (Y12)
reflects the enhancement in people’s everyday lives and jobs from a variety of angles [55].



Systems 2023, 11, 243 8 of 25

Meanwhile, there are a number of job possibilities created by the building of new
infrastructure, so this study uses the number of persons employed in information transmis-
sion, software, and information technology services (Y13) to characterize the capacity of the
new infrastructure to increase the employment rate of the population [56,57]. The effect of
new infrastructure on people’s livelihoods is not limited to employment; it can also improve
the quality of social livelihoods, education, medical care, housing, and social security, so it
is reflected in the proportion of people’s livelihood fiscal expenditure (Y14) [58,59].

Economy (Y2): The construction of new infrastructure is based on ICT, which will
generate many software products and various types of services related to information
technology and information security. In addition, this study uses the software business
revenue (Y21) to characterize the driving force provided by information technology for
economic development [37,60,61].

Meanwhile, the construction of new infrastructure promotes industrial transformation
and intelligent upgrading, especially the rapid development of emerging enterprises, so
the gross industrial output value of high-tech enterprises (Y22) is used to express the
contribution of new infrastructure to industrial improvement [62,63], reflecting the growth
of digitized industries and industrial digitalization in terms of tertiary industry added
value (Y23) [64,65]. In addition, this study adopts the green finance index (Y24) to judge a
region’s extensive growth in green finance, which can scientifically and objectively reflect
the overall advancement of regional green finance [66,67].

Technological innovation (Y3): While building new infrastructure, massive technologi-
cal and scientific advances and patented inventions will be derived, which can not only
improve residents’ daily life and work efficiency, but also indicate the direction for the
development of new infrastructure. This study takes the number of new product develop-
ment projects in high-tech industries (Y31) and the number of effective invention patents in
high-tech industries (Y32) to characterize scientific and technological achievements and
patented inventions [68,69].

Meanwhile, tech business incubator can improve enterprise technology development,
improve national and regional innovation systems, and strengthen the economy, which has
great social and economic significance, and the number of companies that graduated from
the tech business incubator in that year (Y33) is used to characterize the contribution of
new infrastructure to business growth enhancement [70,71]. In addition, the volume of the
technology market is the key indicator to evaluate a region’s capacity to apply technical and
scientific advances, and the active technology transactions reflect the increasing liquidity,
activity, and efficiency of innovation resource inputs in the regional technology factor
market, so this study uses the technology market turnover (Y34) to reflect the capacity to
transform technical and scientific achievements [72].

5. Empirical Analysis
5.1. Case Information and Preliminary Analysis
5.1.1. Case Information

At present, as a key part of the modern infrastructure system, new infrastructure has
attracted extensive attention from the academic community. In this digital era, building
new infrastructure to guide and assist the development of sophisticated production forces
is vital given the large increases in China’s economic development’s speed and quality.

Since the new infrastructure concept was first presented at the Central Economic Work
Conference, the Chinese government has repeatedly emphasized that new infrastructure
construction has great potential in macroeconomic counter-cyclical adjustment, stabilizing
the industrial input, and filling industrial shortcomings. It is evident that China’s economy
has evolved to be characterized by high-quality development, and the development and use
of modern infrastructure has become the cornerstone of China’s high-quality development.
The in-depth study of the theory and trajectory of how China’s new infrastructure affects
high-quality development is necessary to understand this.
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For this reason, using China as an example, this study analyzes the investment ef-
ficiency of new infrastructure and investigates the impact of new infrastructure on the
high-quality development of a country or region using the super-efficiency SBM model.
Tibet, Hong Kong, Macao, and Taiwan are not taken into account in this analysis due to a
lack of data.

5.1.2. Preliminary Analysis

The data of this study are derived from the China Statistical Yearbook, China Science
and Technology Statistical Yearbook, China Torch Statistical Yearbook, and China Tertiary
Industry Statistical Yearbook. In order to better evaluate the efficiency of investment in
new infrastructure, this study first conducts a preliminary analysis of the collected data.

(1) Descriptive statistics

Descriptive statistical analysis seeks mainly to perform statistical analysis on the basic
information of the sample, and, in this study, the selected data were simply sorted and
analyzed via the SPSS 26.0 software, and the specific results are shown in Table 2. By
comparing the mean and standard deviation, it can be seen that X11, X12, X13, Y21, Y32,
and Y33 have a large degree of dispersion, which shows that, in these aspects, China’s
provinces may be in a state of unbalanced development.

Table 2. Descriptive statistics.

Variable
Name

Sample
Size

Maximum
Value

Minimum
Value Average Value Standard

Deviation

X11 299 112.38 0 7.078 21.685

X12 299 73.551 0 1.066 5.253

X13 299 2.663 0 0.186 0.568

X21 299 99.1 90.5 96.186 1.371

X22 299 100 67.795 95.703 7.469

X23 299 92.7 15.607 69.946 20.053

X31 299 0.722 0.254 0.488 0.096

X32 299 0.991 0.699 0.933 0.047

X33 299 0.835 0.251 0.554 0.1

Y11 299 16,823.3 463.5 4465.586 3017.394

Y12 299 431.928 18.33 217.767 96.709

Y13 299 92.3 0.6 11.934 15.037

Y14 299 17,430.79 249.92 2487.156 2120.877

Y21 299 6,968,925,762 2.15 133,417,695.9 597,796,163

Y22 299 7,956,479,801 74 650,265,971.7 994,603,891

Y23 299 62,540.78 540.18 12,442.634 10,903.669

Y24 299 0.839 0.062 0.191 0.113

Y31 299 46,263 12 3147.649 5414.682

Y32 299 63,161,622 0 920,674.689 4,896,247.62

Y33 299 271,200 0 2438.947 16,406.447

Y34 299 56,952,843 4.76 3,263,925.531 7,021,035.395

(2) Correlation analysis

Based on the results of the descriptive statistical analysis, this study explores the rela-
tionship between the input and output indicators through Spearman correlation analysis.
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Due to the large number of indicators used in this study, for brevity, the correlation analysis
results are included in Appendix A. The specific results are shown in Tables A1 and A2.

Spearman correlation analysis mainly reflects the degree of correlation between vari-
ables through the correlation coefficients and significance relationships between variables.
Among them, the significance relationship reflects whether there is a correlation between
two variables, while the correlation coefficient reflects the degree of correlation between
variables. According to Appendix A, out of 231 significance relationships, a total of 181 re-
lationships met the 1% significance level, 12 relationships met the 5% significance level,
and 8 relationships met the 10% significance level. This means that approximately 87% of
the samples have a correlation. From this, it can be concluded that the selected indicators
in this study have a good correlation and meet the criteria for further analysis.

5.2. Analysis of the Results
5.2.1. Analysis of New Infrastructure Input Efficiency Measurement Based on
High-Quality Development

The National Development and Reform Commission of China has clarified that new
infrastructure includes information infrastructure, converged infrastructure, and innovation
infrastructure. Although the concept of new infrastructure has only been proposed in recent
years, its contents have already begun to be constructed. In the literature review part of this
study, it was observed that there is a certain connection between new infrastructure and
traditional infrastructure. Therefore, this study takes 2011 as the starting point to study the
input efficiency of new infrastructure in China in the past decade. In order to determine the
new infrastructure input efficiency of 30 Chinese provinces from 2011 to 2020, this study
adopts the super-efficiency SBM model, and the specific input efficiency is shown in Table 3.
When the input efficiency value is greater than 1, the new infrastructure input efficiency in
the region is said to be in an effective state; when the input efficiency value is less than 1, it
is considered an invalid state.

Based on the Implementation Opinions of Several Policies and Measures issued by the
State Council on the Great Development of the Eastern Region and the Several Opinions
of the Communist Party of China (CPC) Central Committee and the State Council on
Promoting the Rise of the Central Region, China’s economic regions are divided into
four major regions in this article: Eastern China, Central China, Western China, and
Northeastern China.

Among them, Eastern China includes 10 provinces, namely Beijing, Tianjin, Hebei,
Shanghai, Jiangsu, Zhejiang, Fujian, Shandong, Guangdong, and Hainan; Central China in-
cludes six provinces, namely Shanxi, Anhui, Jiangxi, Henan, Hubei, and Hunan provinces;
the western region includes the Inner Mongolia Autonomous Region, Guangxi Zhuang Au-
tonomous Region, Chongqing Municipality, Sichuan Province, Guizhou Province, Yunnan
Province, Shaanxi Province, Gansu Province, Qinghai Province, Ningxia Hui Autonomous
Region, and Xinjiang Uygur Autonomous Region, with 11 provinces; Northeastern China
includes three provinces, namely Liaoning, Jilin, and Heilongjiang.

(1) Analysis of the temporal evolution of the input efficiency of new infrastructure

To visually express the distribution of and change in new infrastructure input efficiency
in the 30 provinces in China, this study represents and analyzes the input efficiency of the
provinces in the form of line charts. See Figure 1 for details.

Table 3 and Figure 1 present the changes in new infrastructure input efficiency in
Eastern China, Central China, Western China, and Northeastern China during 2011–2020.

The overall input efficiency level is quite high as viewed from Eastern China, and the
five provinces of Beijing, Shanghai, Jiangsu, Zhejiang, and Guangdong have been in an
effective state; Hebei, Shandong, and Tianjin have overall good performance, with only
occasional inefficiencies between 2015 and 2020. Besides 2018, Fujian and Hainan are in an
invalid state for the rest of the time period.
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Table 3. China’s efficiency in investing in new infrastructure.

Region Province
Year

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Eastern China

Beijing 1.296 1.309 1.255 1.333 1.328 1.299 1.275 1.269 1.247 1.287
Tianjin 1.070 1.030 1.049 1.029 1.036 1.013 1.003 1.003 0.142 0.150
Hebei 1.191 1.009 1.003 1.004 0.169 0.081 0.077 0.115 0.095 0.063

Shanghai 1.120 1.043 1.073 1.038 1.037 1.027 1.031 1.050 1.045 1.032
Jiangsu 1.206 1.121 1.136 1.109 1.052 1.031 1.038 1.025 1.041 1.008

Zhejiang 1.036 1.108 1.031 1.036 1.024 1.016 1.013 1.021 1.021 1.016
Fujian 0.155 0.176 0.214 0.354 0.172 0.150 0.134 0.134 0.137 0.121

Shandong 1.064 1.088 1.028 1.028 1.020 1.013 0.423 1.004 0.395 0.450
Guangdong 1.252 1.243 1.249 1.262 1.291 1.379 1.474 1.438 1.495 1.513

Hainan 0.011 0.003 0.014 0.004 0.009 0.010 0.012 1.027 0.018 0.015

Central China

Shanxi 0.025 1.008 0.026 0.021 0.019 0.017 0.017 0.017 0.024 0.020
Anhui 0.136 1.006 1.007 1.014 0.319 1.005 1.007 1.016 1.004 1.006
Jiangxi 0.043 0.067 0.068 0.150 0.057 0.051 0.076 0.177 0.126 0.085
Henan 1.013 1.010 1.009 1.024 1.004 1.009 1.009 1.021 1.015 1.011
Hubei 1.012 1.011 1.020 1.010 1.010 1.016 1.019 1.016 1.011 1.004
Hunan 1.002 1.010 0.326 1.046 1.001 1.011 1.004 1.004 1.008 1.006

Western
Region

Inner Mongolia 0.007 0.010 0.006 0.004 0.008 0.007 0.009 0.007 0.004 0.009
Guangxi 0.019 0.019 1.002 1.017 1.029 1.034 1.023 0.068 0.048 0.041

Chongqing 0.094 1.012 0.347 0.288 0.250 0.144 0.100 0.188 0.122 0.202
Sichuan 1.030 1.023 1.015 1.017 0.299 1.001 1.004 0.347 0.261 0.225
Guizhou 0.049 1.002 1.008 1.001 1.005 1.006 0.129 0.159 0.094 0.134
Yunnan 0.046 0.106 0.249 1.010 0.156 0.089 0.123 0.104 0.166 0.053
Shaanxi 1.001 1.023 1.002 1.002 1.003 0.211 1.006 0.157 0.303 0.165
Gansu 0.013 0.015 0.012 0.022 0.025 0.017 0.016 0.012 0.011 0.011

Qinghai 0.000 0.001 0.000 0.001 0.001 0.001 0.001 0.001 0.001 0.002
Ningxia 0.004 0.003 0.004 0.008 0.014 0.006 0.005 0.005 0.004 0.005
Xinjiang 0.006 0.004 0.002 0.005 0.006 0.006 0.008 0.007 0.004 0.006

Northeastern
China

Liaoning 0.140 1.007 0.189 0.175 0.153 0.113 0.112 0.110 0.103 0.101
Jilin 0.055 0.098 0.061 0.048 0.052 0.040 0.036 0.085 0.061 0.032

Heilongjiang 0.057 1.027 0.107 0.150 1.002 0.078 0.138 0.022 0.097 0.019

From the viewpoint of Central China, the input efficiency of Henan and Hubei has
been in an effective state; the efficiency values of Shanxi, Hunan, and Anhui fluctuated in
2012, 2013, and 2015, respectively, with Anhui and Hunan basically remaining in the valid
state, while Shanxi was basically in the invalid state. Jiangxi has been ineffective.

From the viewpoint of the western region, the input efficiency value of each region
has changed greatly, and most of the regions are in an invalid state. Sichuan and Shaanxi
were basically in an active status before 2017, but both changed to an invalid status in
2018; the efficiency value change curves of Guizhou and Guangxi are of the “π” type,
both of which are low at both ends and high in the middle. Chongqing and Yunnan are
basically invalid only in 2012 and 2014, respectively; the remaining regions, including Inner
Mongolia, Gansu, Qinghai, Ningxia, and Xinjiang, have been in a state of ineffectiveness,
and the efficiency values are close and the change curves are basically overlapping.

From the perspective of Northeastern China, since the region only includes three
regions, only Heilongjiang was in effect in 2012 and 2015. Liaoning was in an effective
state in 2012, and, in the rest of the period, it was the same as Jilin as a whole, all in an
invalid state, which shows that the input efficiency of new infrastructure in the region is
relatively low.

(2) Spatial distribution analysis of new infrastructure input efficiency

To compare the geospatial layout and change characteristics of China’s new infras-
tructure input efficiency level, with the support of the ArcMap 10.5 software, the natural
breakpoint method was used to compare 2011, 2014, 2017, and 2020. For 2020, the input
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efficiency of new infrastructure in the 30 provinces in China was graded and visualized.
The natural breakpoint method is helpful to analyze the efficiency and structural distribu-
tion of new infrastructure investment, reflecting regional spatial differences, as shown in
Figure 2 [73–75].
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The results show that except for Hainan, the input efficiency of new infrastructure
in Eastern China remains ahead, although the input efficiency of Hebei and Fujian is
relatively backward compared with other provinces in Eastern China, but they are still
ahead nationally.

There is a polarization in the efficiency of input in new infrastructure in Central China.
Since 2014, Hubei, Hunan, Henan, and Anhui have all been at or below a “high level” in
terms of input efficiency, while Shanxi and Jiangxi have been at a “low level” and below.

The input efficiency of new infrastructure in the western region is delimited to two
regions. The first region is the five southwestern provinces and Shaanxi, namely Chongqing,
Sichuan, Yunnan, Guizhou, Guangxi, and Shaanxi; the second region consists of five
northwestern provinces, namely Gansu, Qinghai, Xinjiang, Ningxia, and Inner Mongolia.
Group I’s Sichuan, Shaanxi, Guizhou, Yunnan and Guangxi were all at a “high level” in 2014
and then the input efficiency began to decline until it fell to a “medium level” and below.
Chongqing has been at the “medium level” and below. In the second group, only Gansu
was at a “low level” in 2014, while the others were at a “very low level”. Moreover, these
provinces have a large area, so they form a large group of low-level agglomeration areas.

Northeastern China comprises three provinces, Heilongjiang, Jilin, and Liaoning, and
the input efficiency of new infrastructure in these three provinces is similar; all of them
are at a “low level” or “medium level” in the selected years, making this a medium-level
region from a national perspective.

5.2.2. Analysis of Spatiotemporal Differences in Input Efficiency of New Infrastructure
Based on High-Quality Development

(1) Global autocorrelation analysis of China’s new infrastructure input efficiency

The input efficiency of new infrastructure in every province in the country shows a
spatial correlation, and the provinces do not develop independently when building new
infrastructure, so it can be inferred that there may be a spatial correlation between provinces.
This study calculates the global Moran index of China’s new infrastructure input efficiency
from 2010 to 2020 with the help of the GeoDa software. Its spatial correlation is analyzed.
See Figure 3 for details.
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The global Moran index of China’s new infrastructure investment efficiency from 2010
to 2020 is greater than 0, and the results of 2012, 2015, and 2017 meet the 5% significance
level test, while those of the other years satisfy the 1% significance level test. This explains
why China’s new infrastructure input efficiency is not distributed randomly across space
but has strong spatial aggregation, and the result rejects the hypothesis that space is
irrelevant. From a timing perspective, the global Moran index of China’s new infrastructure
input efficiency began to increase sharply in 2012, peaked at 0.454 in 2014, and then fell
sharply in 2015; it fell to a minimum of 0.186. From 2015 to 2019, China’s new infrastructure
input efficiency fluctuated and developed, and then stabilized.

(2) Local autocorrelation analysis of China’s new infrastructure input efficiency

The Linear System Analysis (LISA) agglomeration map was created using the GeoDa
program in order to further examine the relevance of the input efficiency of new infrastruc-
ture in each province of China, as shown in Figure 4.
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Among them, red represents high–high agglomeration areas, i.e., provinces and neigh-
boring provinces that have higher input efficiency of new infrastructure, and the two are
positively correlated. Light red represents high–low agglomeration areas, i.e., provinces
that have higher input efficiency in new infrastructure while neighboring provinces have
low input efficiency, and the two are negatively correlated and there is a spillover effect
in space. Blue represents low–low agglomeration areas, i.e., the province itself and neigh-
boring provinces are both low, and the two are positively correlated; light blue represents
low–high agglomeration areas, i.e., provinces that have low input efficiency in new in-
frastructure while neighboring provinces have higher input efficiency, and the two are
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negatively correlated, which is spatially manifested as a “basin”. Gray indicates that the
province is not significant; black indicates that there are no data for the province, and it is
not considered in this study. The specific analysis is as follows.

The high–high agglomeration areas include Shandong and the Yangtze River Delta
(Jiangsu, Shanghai, and Zhejiang), and Jiangsu, Shanghai, and Zhejiang have been in
an effective state from 2010 to 2020, which indicates that the input efficiency of new
infrastructure in these and neighboring provinces is relatively high. In 2020, it is ineffective,
but the input efficiency is still the highest. The other two important urban agglomerations
in Eastern China, the Beijing–Tianjin–Hebei region and the Guangdong–Hong Kong–Macao
Greater Bay Area, are not high agglomeration areas, which shows that these two regions
should increase their assistance to the surrounding areas while constantly improving
themselves. Anhui in Central China is adjacent to the Yangtze River Delta, and, under its
driving role, it was integrated into the high–high agglomeration area in 2017.

Low–low agglomeration areas include Xinjiang, Inner Mongolia, and Gansu in the
western region, and the entirety of Northeastern China.

The provinces situated in the low–high agglomeration area are mainly Jiangxi and
Chongqing, and Fujian also entered the low level in 2020. Fujian and Jiangxi are adjacent
to the well-developed Yangtze River Delta and Guangdong, but they have not formed a
good learning and cooperative relationship in terms of new infrastructure, and there is a
gap between their own development and that of neighboring provinces. As a municipality
directly under the central government, Chongqing, despite its social, political, and eco-
nomic development, falls behind in the construction of new infrastructure compared to
neighboring provinces.

As the only province belonging to the high–low agglomeration area, Sichuan, with
its rich natural resources, labor quantity, and cost advantages, has become a leader in new
infrastructure construction in the western region.

5.3. Analysis Summary

From the above analysis, it can be concluded that provinces with lower investment
efficiency in new infrastructure are concentrated in the central, western, and northeastern
regions. This study combines the analysis results and the actual situation of each province
to explore the content that needs to be focused on.

The main provinces in the central region that need to accelerate the construction
of new infrastructure are Shanxi and Jiangxi. Shanxi has a wide distribution of mineral
resources, but there are problems such as low per capita energy consumption and serious
pollution, which represent obstacles to the high-quality development of Shanxi. Shanxi
could exploit the advantages of this region, attract foreign-funded enterprises to conduct
business activities, keep improving the industrial structure, improve the eco-environment,
and adhere to sustainable development. Jiangxi Province lacks large enterprises and
has fewer employment opportunities than neighboring provinces, resulting in Jiangxi
becoming a major labor-exporting province and failing to provide human capital assistance
for new infrastructure construction. In addition, the new infrastructure construction-related
industries are developing rapidly, and the demand for talent is growing rapidly, while the
number of universities in Jiangxi Province is relatively small and there is a lack of talent
training, resulting in poor talent quality at this stage. Therefore, Jiangxi should strengthen
the formation of human capital and strengthen the attraction of talent.

The construction of new infrastructure in Northeastern China is in a relatively stable
state, and economic development depends on agriculture and industry. In the previous
development process of Northeastern China, the volume of the old industry was too large,
emerging industries were at a small scale, and the economic drive was obviously deficient;
the economic revitalization of the entirety of Northeastern China could not rely only on the
transformation of old industries and enterprises. Therefore, Northeastern China should
increase its input in new infrastructure construction; through the improvement of basic
elements, this is a key measure to accelerate the northeast’s digital construction.
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Compared to the others, the western region shows the largest gap in human capital,
knowledge, and technology; lacks funds for economic development; and is affected by the
topography, ecological environment, and other factors, resulting in relatively backward new
infrastructure. Moreover, the input in new infrastructure in the western region mainly relies
on government financial input, which is less able to attract financial and social capital, and
financial support is relatively limited. Therefore, the western region should also narrow
its gap with Eastern China and Central China and pursue similar prosperity in terms
of continuing to promote infrastructure construction, adjusting the industrial structure,
strengthening national preferential policies, and providing strong financial capital as a
guarantee of support.

6. Policy Recommendations

Combined with the above analysis, this study summarizes the main problems in China
as follows.

(1) Shanxi and Jiangxi in Central China, Sichuan in the western region, and the entirety of
Northeastern China should improve their industrial structure at a faster pace, improve
the supporting role of new kinetic energy, and promote industrial upgrading.

(2) Governments at all levels should propose corresponding policies in terms of policy
heterogeneity, enterprises, talent, ecology, and other aspects in view of the different
contents, patterns, and paths of the development of new infrastructure in different
provinces, so as to promote the steady progress of new infrastructure.

(3) Leading regions should further accelerate the construction of key areas of new infras-
tructure and improve the development speed of new infrastructure in surrounding
areas through technology diffusion.

(4) The western region, especially the five northwestern provinces, should continuously
overcome the challenges brought by the eco-environment, seize the opportunity for
new infrastructure construction, continue to address the insufficiency in traditional
infrastructure, funds, and technology, and enhance the vitality and motivation of
high-quality development.

Aiming at the above problems, this study puts forward relevant suggestions from
four dimensions: improving the industrial structure, highlighting the government’s role,
focusing on key areas, and compensating for weak links.

6.1. Optimize the Industrial Structure and Promote Industrial Upgrading

Similar to Shanxi, Sichuan, and Northeastern China, many regions around the world
belong to resource-based areas (special types of areas developed by relying on natural
wealth); due to a decreasing stock of resources and the singular economic structure of
such regions, they are highly vulnerable to global market fluctuations and financial risks.
Therefore, these regions should seize the opportunity for new infrastructure construction,
develop smart industries, and optimize their industrial structures.

When carrying out industrial structure transformation in resource-based areas, they
should not only consider the development status of cities but also fully consider the overall
industrial development situation of the country, and guide high-pollution, high-energy-
consumption enterprises to gradually transform their production and operation methods,
take advantage of the high-level new ICT in the new infrastructure, promote industrial
transformation through technological innovation, develop emerging industries, advance
changes in industrial development toward the orientation of intelligence, and improve
the industrial structure. For local national enterprises and large enterprises, it is necessary
to take the initiative to play a leadership role in demonstration, understand marketplace
dynamics in a timely manner through information technology, and rationally allocate
resources, so as to expand the scale of development.

When promoting industrial upgrading, we should pay great attention to the interme-
diary benefit of new ICT innovation between industrial upgrading and new infrastructure
construction, continue to provide resources and cutting-edge technologies, break technical
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barriers, and fundamentally clear obstacles for industrial upgrading and new infrastructure
construction. First of all, all industries can achieve technological upgrading through new
infrastructure; guide traditional industries to innovate and upgrade production, operation,
and publicity methods through ICT; and accelerate the digital and intelligent transfor-
mation of enterprises by building smart factories, digital workshops, enterprise big data
platforms, etc., to greatly improve the production efficiency and market competitiveness
and build a modern industrial system.

Secondly, all industries should take advantage of the supporting and leading role
of new infrastructure construction in industrial modernization and transition, rely on
the advantages of various resources, and vigorously develop high-tech industries and
other strategic new industries with highly professional capabilities, while eliminating the
constraints of large-scale integrated circuits, high-end equipment, industrial information
control systems, basic design software, etc., so as to achieve industrial upgrading and
occupy the high end of the value chain.

Finally, under the current situation of vigorously developing new infrastructure in
various regions, the input in funds and various resources is large, and the new infrastructure
input structure should be optimized by adjusting the credit structure and tax structure, so
as to realize the integration of agriculture, finance, transportation, education, medical care,
and other industries with new infrastructure, thus following the trend of industrial chain
integration and comprehensively enhancing the competitiveness of cities. Meanwhile, the
government needs to place high value on the overall layout of new infrastructure resources
in the region, try to avoid unnecessary input and construction, and maximize the social
value of new infrastructure.

6.2. Give Scope to the Government to Improve All-Round Development

During the building of new infrastructure, the government should, on the one hand,
play an incentive role, and, on the other hand, regularly play a major role as a decision-
maker. The government should focus on the planning and design, resource integration,
and policy guarantee of new infrastructure construction; fully absorb the lessons learned
from the past infrastructure construction process; promote the successful model experience
of new infrastructure, and realize high-quality development.

First, thanks to the return on scale, regions with a better degree of development
are more likely to achieve the conversion from resources to income, while regions with
relatively backward development have a weaker ability to accept policies. When building
new infrastructure, the government should give enough consideration to the economic,
social, and cultural differences between different regions, establish corresponding policies
and laws according to local conditions, put forward the rational layout and key construction
content of new infrastructure construction in a targeted manner, standardize and guide
the development of new infrastructure, avoid homogeneous development, and accurately
promote high-quality development.

Secondly, the development of new infrastructure can effectively lead the digital trans-
formation of the industry and the close connection between new infrastructure and all
walks of life should be strengthened. However, due to the fact that enterprises in dif-
ferent industries, sizes, and regions have different capacities and responsiveness when
accepting policies, the government should coordinate their development and implement
targeted development strategies. The government can supply a fully competitive market
environment for all types of entities by optimizing the environment, balancing resources,
and formulating preferential policies. At the same time, the government should promote
collaboration among large businesses and small- and medium-sized enterprises (SMEs),
increase financial and technical assistance for SMEs, encourage enterprises to accumulate
material resources and human capital, increase labor income and enterprise productivity,
bring mutual benefits and win–win cooperation, and improve high-quality development.

Then, the government needs to take note of the human capital agglomeration impact
that can promote new infrastructure. The effect can not only promote ICT innovation but
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also promote industrial upgrading. The government should formulate more active, open,
and effective talent support policies; improve the talent innovation incentive and assess-
ment mechanism; and encourage the creativity and innovation ability of talent through
policy support. Meanwhile, the government should strive to raise the quality of urbaniza-
tion, attract high-quality talent and technologies, and realize industrial agglomeration in
emerging economies, so as to improve high-quality development.

Finally, while the government promotes the construction of new infrastructure, it is
also essential to appreciate the ecological environment and consider green environmental
protection, and to vigorously develop green environmental protection technologies. Ecolog-
ical environment problems have always been a major and difficult problem in China, and
the goal of achieving carbon neutrality has also put forward new requirements for green
technology innovation. The construction of new infrastructure should not only consider
social and economic results, but also place an emphasis on ecological and environmental
benefits. Governments should take advantage of the opportunity to build new infrastruc-
ture to supply a good environment for the innovation of green technologies, and promote
the development of green environmental protection technologies.

6.3. Focus on Key Areas and Form Technology Diffusion

The distinction between new and old infrastructure is evident from the fact that
new infrastructure is built with the concept of new development in mind and is driven by
technical innovation; hence, ICT innovation has helped in the creation of new infrastructure.
As a cutting-edge location for China’s new infrastructure construction, Eastern China is at
the forefront of development in key areas of ICT. In addition, while continuously improving
themselves, leading regions should also take the initiative to share the experiences explored
and summarized in the construction process, provide assistance to regions in need of
financial and technical support, and drive other regions to achieve common progress.

As the world promotes the construction of new infrastructure, emerging ICT is also
being further developed and deepened. Therefore, the leading regions in China should
focus on the domestic demand, accelerate digital construction by promoting the integration
and innovation of ICT, accelerate the intelligent transformation of industrial enterprises,
improve the standards of digital, networked, and intelligent construction in the manufac-
turing industry, and take advantage of the opportunities of the new technology revolution
to pursue digital construction. At the same time, leading regions should deepen their
international cooperation under the guarantee of relevant policies, learn from the advanced
technologies and innovation experiences of developed countries and regions, and provide
a greater development space for new infrastructure construction.

Second, through the sharing of talent and technology, advanced regions can enable
more regions to obtain development opportunities and enjoy the fruits of development.
Other regions can build on their own foundations and combine talent and technical support
to help upgrade their industrial chains to high-tech, high-value links and improve the
transformation of the industrial structure. This can not only address the imbalance of the
industrial structure and improve the industrial upgrading and transformation capacity of
the region, but also stimulate the development vitality and motivation of each region.

In addition, human capital can guarantee technological innovation, and regions
wherein new infrastructure construction needs to increase the support of human capital
should also fully consider factors such as policy preferences and the innovation envi-
ronment to enhance the attractiveness and cultivation ability of talent, placing a specific
emphasis on the quality advancement of talent, deepening the integrated advancement
of talent, achieving a high-quality talent system, and pursuing policy exchange, talent
sharing, and achievement sharing; this can serve to vigorously improve the innovation
environment and provide a steady stream of power for new infrastructure construction
and high-quality development.
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6.4. Exploit the Opportunity for New Infrastructure Construction to Compensate for Weak Links
in Development

Although the western region is limited by its geographical location and inconvenient
transportation, it is unable to accept the driving role of Eastern China, but it is adjacent to
some countries in Central Asia, West Asia, and South Asia. This makes it very important
for the western region to seize the opportunity for new infrastructure construction and
improve the high-quality social, economic, and technological progress of border areas in
light of its own characteristics.

For the first time, the western region should attach importance to the opportunity for
new infrastructure construction, accommodate the new development opportunities, attach
importance to the integration of new infrastructure and traditional infrastructure, and
use traditional infrastructure as the carrier to accelerate the digitalization and intelligent
construction of transportation, medical care, and education in the region, so as to supply
strong support for the development of the western region that is of a high standard. Mean-
while, the goal of new infrastructure construction is to find a high-quality development
path suitable for the western region by developing scientific and effective short-, medium-,
and long-term plans; promoting high-quality development; and closing the gap between
the western region and China’s developed regions.

Second, the western region should attach importance to the mutually reinforcing
relationship between economic development and the building of new infrastructure. On
the one hand, the building of new infrastructure needs financial guarantees, and, at present,
the economic support in the western region basically comes from government input. Social
financing led by commercial banks should be strengthened, and a favorable environment
for regional economic development and technological innovation should be provided by
developing financial products related to new infrastructure construction and relying on the
strength of third-party institutions. The development and utilization of new infrastructure
can promote the integration of industrial chains, supply chains, and value chains between
the western border areas and neighboring countries, continuously promote regional eco-
nomic cooperation, improve the economic and trade levels of both sides, and provide new
development methods for high-quality development.

Meanwhile, the western region can rely on the scientific and technological resources
generated by the new infrastructure; fully integrate the new infrastructure with local
industries; focus on big data, new materials, new energy, and other high-tech aspects;
promote research and development, design, production, integration, and service levels;
form industrial agglomeration linkages; and achieve breakthroughs in key industries.

In addition, the government should summarize the existing construction experience of
high-tech development zones and economic development zones, combine the actual situa-
tion of the western region, give consideration to their respective advantages according to the
positioning and functions of different cities, clarify the key points and construction paths of
new infrastructure construction, improve the local carrying capacity and innovation capac-
ity for new infrastructure construction, and hasten the pursuit of high-quality development,
ensuring the vitality of new infrastructure development in the western region.

7. Conclusions

As the product of a new ICT and digital technology era, new infrastructure is expected
to become one of the key foundations of digital advancement. The characteristics of the new
infrastructure determine that it can be integrated and innovated with various industries
and fields and can promote the country’s digital development in multiple dimensions.
Meanwhile, the construction of new infrastructure can provide digital services, providing a
steady stream of motivation for regions to attain high-quality development.

In this process, problems such as an unbalanced industrial structure, uncoordinated
regional development, and insufficient momentum for regional development may arise.
Therefore, it is necessary to identify solutions to these problems, so that we can effi-
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ciently improve the construction of China’s new infrastructure and promote China’s high-
quality development.

This study used 30 provinces in China as measurement objects. In response to the
current scenario in China, a new infrastructure input efficiency measuring index system was
developed. The super-efficiency SBM model and Moran index approach was then utilized
to evaluate and assess the input efficiency of new infrastructure, as well as its temporal and
geographical variations, across the 30 Chinese provinces. Finally, based on the findings of
the research, four policy recommendations are made: optimizing the industrial structure,
highlighting the government’s engagement, focusing on critical sectors and compensating
for weak linkages, and being dedicated to supporting China’s high-quality growth.

This study offers the following three contributions.

(1) This study fully considers the classes of new infrastructure and new infrastructure’s
effects on social, economic, and technological advancement; structures an appropri-
ate evaluation indicator system for the input efficiency of new infrastructure, and
closely integrates new infrastructure construction with high-quality development to
promote its understanding and identify similarities and differences between theory
and practice.

(2) Building new infrastructure is only worthwhile if it is put to use and contributes to
advancing economic and social progress; this study analyzes the input efficiency of
new infrastructure through the SBM model, improves the study of the benefits of new
infrastructure development from existing research, reveals important insights, and
provides ideas for research after new infrastructure.

(3) This study analyzes the space–time differences in the input efficiency of new infras-
tructure in different regions with the help of the Moran index, explores the advanced
experience of leading regions, summarizes the potential problems of backward re-
gions, and provides a basis for regional decision-makers who need to improve the
level of new infrastructure input to formulate policies related to new infrastructure
construction and high-quality development.

The study’s concepts, techniques, and preventative measures serve as a guide for the
construction of new facilities and more research. This study attempts to provide a research
idea for the evaluation of the construction level of new infrastructure; however, due to the
diversity of DEA methods, the results obtained by different methods may vary. Therefore,
in our follow-up research, we hope to use more DEA methods to improve the research on
new infrastructure, comprehensively improve the input efficiency of new infrastructure,
and achieve high-quality social, economic, and technological development.
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Appendix A

Table A1. Spearman correlation analysis results.

Variable Name X11 X12 X13 X21 X22 X23 X31 X32 X33

X11 1 (0.000 ***)
X12 0.328 (0.000 ***) 1 (0.000 ***)
X13 0.921 (0.000 ***) 0.164 (0.005 ***) 1 (0.000 ***)
X21 0.087 (0.135) −0.014 (0.813) 0.106 (0.067 *) 1 (0.000 ***)
X22 0.888 (0.000 ***) 0.255 (0.000 ***) 0.847 (0.000 ***) 0.21 (0.000 ***) 1 (0.000 ***)
X23 0.646 (0.000 ***) 0.001 (0.991) 0.657 (0.000 ***) 0.438 (0.000 ***) 0.785 (0.000 ***) 1 (0.000 ***)
X31 0.000 (0.999) 0.404 (0.000 ***) −0.09 (0.122) −0.221 (0.000 ***) −0.088 (0.130) −0.298 (0.000 ***) 1 (0.000 ***)
X32 0.24 (0.000 ***) −0.045 (0.438) 0.317 (0.000 ***) 0.075 (0.197) 0.283 (0.000 ***) 0.205 (0.000 ***) −0.428 (0.000 ***) 1 (0.000 ***)
X33 0.241 (0.000 ***) 0.125 (0.030 **) 0.275 (0.000 ***) −0.036 (0.536) 0.196 (0.001 ***) −0.035 (0.542) −0.143 (0.013 **) 0.26 (0.000 ***) 1 (0.000 ***)
Y11 0.152 (0.009 ***) −0.228 (0.000 ***) 0.269 (0.000 ***) 0.124 (0.032 **) 0.286 (0.000 ***) 0.387 (0.000 ***) −0.423 (0.000 ***) 0.336 (0.000 ***) 0.21 (0.000 ***)
Y12 0.926 (0.000 ***) 0.139 (0.016 **) 0.921 (0.000 ***) 0.107 (0.065 *) 0.891 (0.000 ***) 0.725 (0.000 ***) −0.113 (0.051 *) 0.273 (0.000 ***) 0.213 (0.000 ***)
Y13 0.148 (0.010 **) −0.375 (0.000 ***) 0.307 (0.000 ***) −0.012 (0.831) 0.21 (0.000 ***) 0.287 (0.000 ***) −0.241 (0.000 ***) 0.105 (0.071 *) 0.192 (0.001 ***)
Y14 0.496 (0.000 ***) 0.034 (0.556) 0.565 (0.000 ***) 0.122 (0.035 **) 0.606 (0.000 ***) 0.559 (0.000 ***) −0.23 (0.000 ***) 0.324 (0.000 ***) 0.278 (0.000 ***)
Y21 0.177 (0.002 ***) −0.126 (0.030 **) 0.351 (0.000 ***) −0.026 (0.656) 0.113 (0.050 *) 0.164 (0.005 ***) −0.236 (0.000 ***) 0.136 (0.019 **) 0.25 (0.000 ***)
Y22 −0.149 (0.010 ***) −0.715 (0.000 ***) −0.011 (0.847) 0.138 (0.017 **) −0.013 (0.820) 0.252 (0.000 ***) −0.437 (0.000 ***) 0.16 (0.006 ***) −0.092 (0.111)
Y23 0.304 (0.000 ***) −0.358 (0.000 ***) 0.457 (0.000 ***) 0.103 (0.075 *) 0.375 (0.000 ***) 0.45 (0.000 ***) −0.437 (0.000 ***) 0.321 (0.000 ***) 0.241 (0.000 ***)
Y24 0.408 (0.000 ***) −0.449 (0.000 ***) 0.55 (0.000 ***) 0.037 (0.528) 0.39 (0.000 ***) 0.42 (0.000 ***) −0.377 (0.000 ***) 0.174 (0.002 ***) 0.094 (0.105)
Y31 −0.056 (0.331) −0.683 (0.000 ***) 0.103 (0.076 *) 0.069 (0.233) 0.047 (0.417) 0.239 (0.000 ***) −0.509 (0.000 ***) 0.125 (0.031 **) 0.033 (0.570)
Y32 0.486 (0.000 ***) −0.182 (0.002 ***) 0.614 (0.000 ***) 0.029 (0.618) 0.513 (0.000 ***) 0.468 (0.000 ***) −0.358 (0.000 ***) 0.231 (0.000 ***) 0.302 (0.000 ***)
Y33 0.384 (0.000 ***) −0.179 (0.002 ***) 0.528 (0.000 ***) −0.011 (0.855) 0.434 (0.000 ***) 0.376 (0.000 ***) −0.325 (0.000 ***) 0.305 (0.000 ***) 0.276 (0.000 ***)
Y34 −0.073 (0.206) −0.598 (0.000 ***) 0.015 (0.801) 0.037 (0.522) −0.023 (0.691) 0.207 (0.000 ***) −0.092 (0.111) −0.202 (0.000 ***) −0.279 (0.000 ***)

Note: ***, **, * represent significance levels of 1%, 5%, and 10%, respectively.

Table A2. Spearman correlation analysis results.

Variable
Name Y11 Y12 Y13 Y14 Y21 Y22 Y23 Y24 Y31 Y32 Y33 Y34

Y11 1
(0.000 ***)

Y12 0.326
(0.000 ***)

1
(0.000 ***)

Y13 0.79
(0.000 ***)

0.342
(0.000 ***)

1
(0.000 ***)

Y14 0.833
(0.000 ***)

0.635
(0.000 ***)

0.682
(0.000 ***)

1
(0.000 ***)



Systems 2023, 11, 243 22 of 25

Table A2. Cont.

Variable
Name Y11 Y12 Y13 Y14 Y21 Y22 Y23 Y24 Y31 Y32 Y33 Y34

Y21 0.444
(0.000 ***)

0.248
(0.000 ***)

0.569
(0.000 ***)

0.516
(0.000 ***)

1
(0.000 ***)

Y22 0.597
(0.000 ***)

0.074
(0.200)

0.632
(0.000 ***)

0.342
(0.000 ***)

0.145
(0.012 **)

1
(0.000 ***)

Y23 0.87
(0.000 ***)

0.513
(0.000 ***)

0.892
(0.000 ***)

0.811
(0.000 ***)

0.562
(0.000 ***)

0.656
(0.000 ***)

1
(0.000 ***)

Y24 0.495
(0.000 ***)

0.561
(0.000 ***)

0.683
(0.000 ***)

0.51
(0.000 ***)

0.564
(0.000 ***)

0.49
(0.000 ***)

0.754
(0.000 ***)

1
(0.000 ***)

Y31 0.688
(0.000 ***)

0.172
(0.003 ***)

0.781
(0.000 ***)

0.462
(0.000 ***)

0.418
(0.000 ***)

0.83
(0.000 ***)

0.777
(0.000 ***)

0.685
(0.000 ***)

1
(0.000 ***)

Y32 0.667
(0.000 ***)

0.634
(0.000 ***)

0.735
(0.000 ***)

0.799
(0.000 ***)

0.738
(0.000 ***)

0.368
(0.000 ***)

0.817
(0.000 ***)

0.786
(0.000 ***)

0.646
(0.000 ***)

1
(0.000 ***)

Y33 0.696
(0.000 ***)

0.536
(0.000 ***)

0.738
(0.000 ***)

0.749
(0.000 ***)

0.62
(0.000 ***)

0.421
(0.000 ***)

0.826
(0.000 ***)

0.71
(0.000 ***)

0.615
(0.000 ***)

0.853
(0.000 ***)

1
(0.000 ***)

Y34 0.379
(0.000 ***)

0.118
(0.042 **)

0.586
(0.000 ***)

0.214
(0.000 ***)

0.11
(0.058 *)

0.776
(0.000 ***)

0.511
(0.000 ***)

0.515
(0.000 ***)

0.721
(0.000 ***)

0.332
(0.000 ***)

0.344
(0.000 ***)

1
(0.000 ***)

Note: ***, **, * represent significance levels of 1%, 5%, and 10%, respectively.
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