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TAGGEDPA B S T R A C T

It is essential to adhere to innovative leadership and teach students in accordance with their aptitude

through the sustainable development of higher education. Promoting high-quality development of local uni-

versities is demanded and needed for the adaptive talent in this new era. This work aims to explore how

high-quality higher education can provide innovative decision-making solutions for economic development

in the digital economy (DE) era. First, the role of higher education in economic development is analysed.

Then, the importance of human capital cultivated by higher education to economic development is

explained. The innovations are as follows. (1) A high-quality economic development index system in the

Yangtze River Basin is established according to the requirements of quality change, dynamic change, and effi-

ciency change in the economic development of the Yangtze River Economic Zone (YREZ). (2) The entropy

weight method in intelligent decision-making and TOPSIS sorting technology are used to study the dynamic

relationship between DE development and the premium-quality economic advance of the provinces and cit-

ies in the YREZ from 2015 to 2021. (3) The analysis part adopts three indicators of mean logarithmic devia-

tion, Theil index, and the Gini coefficient to discuss the regional differences in economic development.

Finally, a targeted development strategy is proposed. The results indicate that the DE level of each province

in the YREZ in recent years has reached a maximum of 3.9309 and a minimum of 0.2844. The economic

development of each province is relatively different, and the level of development is uneven. The overall

Moran’s I of the premium-quality economic development level of the YREZ in recent years is greater than 0,

passing the significance test. This result suggests a positive spatial autocorrelation between them. The

research provides data support for the formulation of economic development strategies for the YREZ in the

future and reflects the key role of higher education in human capital training and economic development.
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TaggedH1Introduction TaggedEnd

TaggedPThe digital economy (DE) is different from the agricultural econ-

omy and industrial economy. It is a brand-new economy with new

kinetic energy and presentation form. In the era of knowledge as the

primary productive force, it has gradually caused profound changes

in the entire society and economy. Only a combination of innovation

and knowledge can give birth to a rapidly growing economy. China’s

economy has transformed from rapid growth to high-quality

development. The supply and demand and future trends of cloud

computing, the Internet of Things (IoT), big data, and artificial

intelligence talent worldwide are constantly changing with the

TaggedEndTaggedPdevelopment of DE (Kolesnikov et al., 2020; Sadovaya, 2019). Since

society entered the information age, the rapid development

and broad application of digital technology have produced digital

e-commerce. Under the wave of DE, the importance of human skills

that technology cannot wholly replace has become increasingly

prominent (Viriyasitavat et al., 2020; Mukhtorovna, 2021; Sturgeon,

2021). Higher education, as an important means of investment in

human capital, is gradually becoming central to the promotion of

high-quality economic development. In addition, higher education,

with the development of high-quality human capital at its core, has

clearly become a key component of the regions’ efforts (Brekke,

2021; Sonita et al., 2021; Zhou & Luo, 2018).TaggedEnd

TaggedPThe DE drives China’s comprehensive economic reform and

upgrading. Simultaneously, the digital transformation of education

ushers in an era of fast growth. Extensive study is required to propel
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TaggedEndTaggedPtertiary education to a new stage of development and advance eco-

nomic digitization (Ding et al., 2021; Holford, 2019; Saeedi & Visvizi,

2021). There are regional inequalities in tertiary education through-

out its evolution, as an essential component of talent capital training. TaggedEnd

TaggedPThe contribution of various degrees of education to high-quality

economic progress varies by area (Akhmadjonovich & Abdusalomo-

vich, 2022; Omodero & Nwangwa, 2020; Sachs, 2019). Moreover, fos-

tering the entrepreneurial spirit of college students can produce

qualified entrepreneurs for future economic progress. College stu-

dents’ capacity for creativity and entrepreneurship will influence the

development of the DE in implementing tertiary education. An era of

intense promotion of digital transformation and growth calls for

research into the effect and role of various educational tiers in the

creation of a high-quality economy in the digital age, as well as the

establishment of a strategy for economic development tailored to the

prevailing conditions. Data resources are a crucial component of the

DE, and current information networks are its primary transport

mechanism. It also uses the integrated application of information and

communication technology and the digital transformation of all ele-

ments as a vital driving force to promote a new economic form that is

both equitable and efficient (Chen & Wang, 2019; Chen et al., 2022;

Teece, 2018). The development strategy of the DE has steadily

become the driving force behind sustained economic expansion.

There are still numerous issues with digital core technology, digital

talent education, digital infrastructure construction, and government

policy assistance (Liu et al., 2021; Liu et al., 2018; Ye, 2022).TaggedEnd

TaggedPFew initiatives for high-quality economic development can be

adopted at now, according to the evidence presented. Therefore,

additional examination and research on the status are necessary to

facilitate the transformation of the DE. To this goal, a questionnaire

survey is conducted, and the impact of human capital on high-quality

economic growth, along with related research findings, are discussed.

First, an innovative evaluation index system of high-quality and

regional economic development levels is established for the Yangtze

River Economic Zone (YREZ). Then, the Technique for Order Prefer-

ence by Similarity to Ideal Solution (TOPSIS) and the improved

Entropy Weight Method (EWM) comprehensively evaluates the YREZ

indicators and provide constructive feedback. This work can generate

fresh research ideas for the advancement of DE. TaggedEnd

TaggedPThe follow-up study is divided into four sections. Section 2 covers

recent research findings in the relevant topic. Section 3 includes three

parts: a high-level analysis of the role of education in high-quality

economic development, research on the impact of the level of DE on

high-quality economic growth based on intelligent decision-making,

and the implementation of smart decision-making for high-quality

development of the DE. Section 4 presents and discusses the specific

results. Section 5 summarizes the existing research and limitations of

this work and proposes future research plans. TaggedEnd

TaggedH1Related work TaggedEnd

TaggedPDE has a broad meaning that encompasses all economic forms

that directly or indirectly use data to direct resources and increase

production. Humanity has entered the DE era on the back of a surge

of new scientific and technological innovations and industrial revolu-

tions, particularly the widespread use of next-generation information

technologies like Big Data, AI, mobile Internet, and Cloud Computing.

Adhering to the objective rules of economic development and sus-

taining China’s economic growth necessitates the promotion of high-

quality economic development. DE emerged in the backdrop of the

digital age (Ma et al., 2019; Shi et al., 2020). Existing study by special-

ists and academics focuses on how to effectively boost the growth of

DE and achieve superior economic advancements. TaggedEnd

TaggedPLi et al. (2020) evaluated the strategy of new value chains to alter

country-level participation in global manufacturing and offered Smile

Curve Theory predictions for high-tech businesses and their

TaggedEndTaggedPeconomic advance in Asian global value chains. They concluded that

digital entrepreneurship in Asian countries entailed the transforma-

tion of business processes through technological innovation, govern-

ment growth policies, and digital entrepreneurship. They also

considered the research orientation driven by platform economy,

data analysis, AI, fintech innovation, digital trade, and economic and

social sustainability. Jiang (2020) reviewed the effect of Digital Twins

(DTs) on mitigating COVID-19, maintaining routine life, and evolving

China’s DE toward long-term growth. The report revealed that DTs

have powered short-dated tactics for the onset of epidemics. In the

long run, DT will serve as the technical underpinning of the Industrial

IoT and the Consumer Internet and the driving force for the unified

growth of service and manufacturing sectors. Positive trends have

been observed in the government’s DE Policy-supported expansion

of the DE over the long run. Pan et al. (2022) utilized ensemble

regression to inspect the positive impact of the DE creation on Total

Factor Productivity (TFP) in China using the data containing the pro-

vincial TFP solved by the paired method and the DE indicator. They

discovered a positive and nonlinear correlation between the DE indi-

cator and provincial TFP. The findings demonstrated that DE is an

innovative driving force for wide DE indicators and TFP sustainability.

Nonetheless, there is regional regularity, with digitalization in east-

ern China propelling the creation of high-quality TFP, whereas the

central and western regions are relatively poor. TaggedEnd

TaggedPAgasisti et al. (2021) investigated the correlation between the effi-

cacy of the Russian local tertiary education system (LTES) and the

progress of the territorial economy from 2012 to 2015. The authors

analyzed two-stage semiparametric data envelopment, calculated

efficiency values for educational institutions, and compiled the scores

across regions. In addition, they developed an economic gain model

that takes the efficacy of the LTES as an explanatory variable. These

findings underscored the favorable and statistically significant rela-

tionship between the efficiency of tertiary education institution and

regional economic growth. China’s economy is transitioning from a

stage of high-speed growth driven by labor and capital to an era of

high-quality development driven by innovation. An intelligent envi-

ronment developed with a new generation of cyber-physical systems

can reach a high concentration of information resources (Lv et al.,

2020). Deep learning approaches’ distinctive feature extraction tech-

niques can still play a critical role in research in various fields (Xie et

al., 2021). Zhou et al. (2020) incorporated the government’s propen-

sity for technical creation into the traditional neoclassical economic

advance model as a factor affecting the internal growth model and

the efficacy of capital collection. The authors hypothesized that public

funds were allocated to public and research expenditures. They ana-

lyzed the effect of technological innovation preferences on the econ-

omy and their effect on premium-quality economic advancements.

They reasoned that if the government boosted its respect for techni-

cal innovation, duty rates and growth ratios would rise but the pro-

portion of public utility expenditures would fall. TaggedEnd

TaggedPMa and Zhu (2022) assessed the DE level and high-quality green

development of Chinese cities to reveal the mechanism and impact of

DE within a coherent framework. They discovered that combining

green technology and innovative industrial restructuring can pro-

mote high-quality economic development. Wang et al. (2022) uti-

lized a dynamic panel model to estimate the link between the DE and

high-quality economic growth for Chinese provincial panel dataset

from 2007 to 2017. They also explored its heterogeneity impact. The

results showed that for the high-quality economic development

index increases by 0.191% for every 1% increase in the DE index.

According to these findings, the DE has a favorable effect on China’s

high-quality economic development. In regions with a higher DE

score and high-quality economic development index, the DE signifi-

cantly affects high-quality economic development, as demonstrated

by the heterogeneity results. Nonetheless, the economic ecology of

diverse businesses and regions varies. In addition, Ma et al. (2022)
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TaggedEndTaggedPreported that despite the fact that the digital economy is overgrow-

ing, it is crucial to take advantage of all of its benefits and deal with

its problems, such as a lack of highly qualified workers and jobs. Mar-

ginson (2019) claimed that human capital theory imposes a single

linear path on the complex pathway between heterogeneous educa-

tion and work. It cannot explain how education boosts productivity,

why wages become uneven, or the function of status. The writers out-

lined the limitations of human capital theory on productivity. In other

words, human capital, as a key output of tertiary education, is con-

strained in its ability to promote productivity growth. In addition,

sufficient practical experience is required to validate the relationship

between education and production for economic growth. TaggedEnd

TaggedPIn conclusion, China’s ecological development and environmental

pollution problems are growing increasingly serious due to its rapid

economic expansion. The relationship between DE development and

high-quality economic development is inextricable. However, the

role of human capital in promoting economic development still has

certain limitations. Therefore, a high-quality economic development

model is conducive to attaining a win-win situation of high-quality

economic development and carbon emission reduction under China’s

existing Carbon Neutrality objective restrictions. China has embraced

a resource-driven economic development strategy. Still, there are

obstacles to its success, such as severe ecological and environmental

pressure. Therefore, in addition to establishing appropriate economic

indicators, the impact of environmental factors and human capital on

economic development should be assessed to achieve qualitative

economic growth. TaggedEnd

TaggedH1Research purposes and method TaggedEnd

TaggedH2Analysis of the contribution of tertiary education in premium-quality

economic advance TaggedEnd

TaggedPHigh-quality economic advance lies in the economy’s vitality, com-

petitiveness, and innovation, and supply-side structural reform (Kar et

al., 2019). Promoting high-quality development is an unavoidable pre-

requisite for maintaining long-term and healthy economic growth,

responding to changes in China’s major contradictions, constructing a

moderately prosperous society in all areas, and creating a modern

socialist country in all aspects. DTs’ research & development (R&D)

and innovation are the driving forces behind economic expansion. All

of these require the assistance of superior human capital. Education is

the primary means of developing human capital. The final complete

quality of talent is influenced by the quality of education, the caliber

of teachers, and the educational setting (Miethlich et al., 2020). The

development and transformation of the knowledge economy is the

fundamental way to promote premium-quality economic progress.

Human capital’s significance to economic growth is determined by

the period of the information economy. Fig. 1 reveals the mechanism

by which education contributes to superior economic growth.TaggedEnd

TaggedPAccording to the laws of talent development, the educational

approach and content must vary among age groups. They have dis-

tinct forces on economic advance. Figure 1 demonstrates that educa-

tion consists of primary education, secondary education, and tertiary

education. Tertiary education contributes greatly to economic growth

since it directly faces social employment and the training of scientists

and engineers. The Internet can have a nonlinear impact on the qual-

ity of economic development due to its unique network effect, supe-

rior technology, and lack of time and geographical limits.

Additionally, the Internet+ education model encourages economic

development via direct products and industrial upgrading. Education

fosters high-quality economic development from three aspects:

changes in quality, efficiency, and dynamics. TaggedEnd

TaggedPFirst, tertiary education may give premium-quality talents for pre-

mium-quality economic progress and contribute to altering the qual-

ity of economic progress by cultivating diverse and specialized

TaggedEndTaggedPtalents. A talent supply system that is on par with the degree of eco-

nomic development is required for premium-quality economic

growth. This is an educational system. In particular, the DE mandates

the adoption of a digital talent training model by the education sys-

tem to avoid delivering a cognitively detached workforce.TaggedEnd

TaggedPSecond, education increases labor productivity through the accu-

mulation of human capital, altering the efficiency of economic

advancements and fostering premium-quality economic advances.

Specifically, labor expenses continue to rise when the number of

laborers is no longer expanding. It is vital at this time to modify the

quality of labor to achieve a constant increase in labor productivity.

Education boosts the efficacy of economic growth by increasing labor

productivity, hence fostering a superior economic advance. TaggedEnd

TaggedPLastly, tertiary education employs the accumulation of informa-

tion to inspire, which can bring dynamic changes for economic

advance and create premium-quality economic improvement. The

reason is that education enables the knowledge-bearer to realize the

transformation from material to life. The knowledge capital pos-

sessed by talents in economic activities is manifested as innovation

ability. Education in innovation and entrepreneurship fosters innova-

tive individuals with the knowledge and ability to innovate. It is con-

ducive to enterprise product innovation and technological progress,

ultimately promoting enterprise development and achieving eco-

nomic progress. TaggedEnd

TaggedH2Investigation of the impact of DE level on premium-quality economic

advance based on intelligent decision-making TaggedEnd

TaggedPDE has gradually transformed into a new driving force for the pre-

mium-quality development of China’s economy, affecting all aspects

of the development of the national economy. Fig. 2 depicts the eco-

system organization of DE. TaggedEnd

TaggedPThe DE ecology consists of an environmental service system, an

infrastructure support system, a technical support system, an appli-

cation service system, and a standard rule system, as depicted in

Fig. 2. The extent of DE’s impact on premium-quality economic

advance warrants additional research. Promoting premium-quality

development is essential for adhering to the laws of economic

advancement and maintaining sustainable and healthy economic

advances. Fig. 3 displays examples of premium-quality economic

enhancement initiatives. TaggedEnd

TaggedPAs the economic core of China’s future, the YREZ requires eco-

nomic characteristics reliant on high-tech and information. It encom-

passes 11 provinces and cities in the east, center, and west of China,

including Shanghai, Jiangsu, Zhejiang, Anhui, Jiangxi, Hubei, Hunan,

Chongqing, Sichuan, Yunnan, and Guizhou. It is a coordinated

TaggedEnd TaggedFigure

Fig. 1. Education’s action method for high-quality economic growthTaggedEnd
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TaggedEndTaggedPdevelopment belt of interaction and cooperation between east, west,

and central regions of China. Therefore, this work studies the impact

of the DE in the YREZ on premium-quality economic advances. The

premium-quality development of the YREZ is divided into three

aspects to study based on the above analysis of the connotation of

premium-quality advance and the mechanism analysis of the impact

of the DE: quality change, dynamic change, and efficiency change.

The construction of an indicator system for premium-quality eco-

nomic development must adhere to scientific, systematic, practical,

and dynamic principles. This work selects 20 indicators to build the

high-quality development index system of the YREZ based on the

three directions of quality change, dynamic change, and efficiency

change, as indicated in Table 1.TaggedEnd

TaggedPEnvironmental quality is assessed using the ratio of pollutant inten-

sity to Gross National Product. As the cornerstone of premium-quality

economic development, quality change indicators include traditional

product and service quality, environmental quality improvement, and

product quality optimization. The calculation method of pollutant emis-

sion intensity is as follows. Firstly, the Analytic Hierarchy Process

method calculates the weight of three pollutants: wastewater, sulfur

dioxide, and soot. The respective weight results are 0.342, 0.361, and

0.297. The pollutant emission intensity is calculated using Eq. (1).

g i ¼
X

3

j¼1

wjxij ð1Þ

TaggedEnd

TaggedPIn Eq. (1), g i represents the emission intensity of pollutants in the

ith area; wj signifies the weight of the pollutants; xij refers to the dis-

charge amount of the jth pollutant in the ith area. Three kinds of pol-

lutants are mentioned above, so the value range is j = 1, 2, 3. As the

core goal of high-quality development, efficiency change indicators

include resource element allocation and collaboration efficiency. Cap-

ital efficiency and labor efficiency are resource considerations. Since

the YREZ includes 11 provinces and cities, the value of I ranges from

1 to 11.

Ko ¼ Io 1þ gð Þ= g þ dð Þ ð2Þ
TaggedEnd

TaggedPIn Eq. (2), Ko represents the initial capital stock; g stands for the

investment growth rate; d represents the capital depreciation rate; Io
indicates the amount of capital investment. Then, the capital stock

from 2017 to 2021 is expressed as Eq. (3).

Kt ¼
It
pt

þ 1� dð ÞKt�1 ð3Þ

TaggedEnd

TaggedPIn Eq. (3), pt represents the capital price index. TaggedEnd

TaggedPThe DE progress of the YREZ is evaluated from four aspects: digital

industries, digital infrastructure, digital applications, and inclusive

finance. Twenty sub-indicators are picked from these four directions

to form the digital economic level indicator evaluation system of the

YREZ, as presented in Table 2. TaggedEnd

TaggedPHere, the improved EWM is adopted to quantitatively assess the

link between premium-quality development and DE level. EWM is

frequently employed to calculate weights. It is a measure of the linear

dependence between a random variable and a group of random vari-

ables and an explanation, derived from the fundamental concepts of

information theory. Entropy is a measure of the degree of disorder in

a system. The greater the index’s weight, the greater its importance

in the overall rating. EMW is enhanced by combining temporal data

with regional variables. TaggedEnd

TaggedPAssume that there are p years, m regions, and n indicators. Then,

the data standardization process is executed. Positive and negative

indicator normalization procedures are indicated by Eqs. (4) and (5).

x‘tij ¼
xtij � xmin

xmax � xmin
ð4Þ

x‘tij ¼
xmax � xtij
xmax � xmin

ð5Þ

TaggedEnd

TaggedEnd TaggedFigure

Fig. 3. Measures to attain premium-quality economic development. TaggedEnd

TaggedEnd TaggedFigure

Fig. 2. DE ecosystem structures TaggedEnd

TaggedEnd Table 1

An evaluation index system for the superior level economic development of

the YREZ.

Sub-direction Metrics Effect

Quality change Degree of pollution Negative

Excellent product rate Positive

Product quality loss rate Negative

Product quality pass rate Positive

Urban and rural income coordination Negative

Regional revenue sharing Positive

Rationalization of industrial structure Negative

Service product quality Positive

Dynamic change R&D human capital investment Positive

Number of patents owned per capita Positive

Profitability of new products Positive

The degree of capital marketization Positive

Degree of labor marketization Positive

Technology market turnover share Positive

Social spending power Positive

Efficiency change Labor efficiency Positive

Capital efficiency Positive

Energy efficiency Positive

Full factors production rate Positive

Land efficiency Positive

Note: "Negative" indicates that a lesser value indicates better performance.

"Positive" suggests that a large value indicates excellent performance.
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TaggedPIn Eqs. (4) and (5), xtij represents the index value of the jth item in

the ith region; xmax denotes the maximum value of the jth index;

xminrefers to the minimum value of the jth indicator; x‘tij denotes the

standardized value. TaggedEnd

TaggedPEq. (6) determines the value ratio of the ith sample indicator

under the jth indicator.

ptij ¼
x‘tij

P

t

P

ix
‘
tij

ð6Þ

TaggedEnd

TaggedPThen, the information entropy value of the jth index can be writ-

ten as Eq. (7).

ej ¼ �k
X

t

X

i

ptijlnptij ð7Þ

TaggedEnd

TaggedPIn Eq. (7), k represents a constant, as presented in Eq. (8).

k ¼
1

lnpm
ð8Þ

TaggedEnd

TaggedPEq. (9) describes the information entropy redundancy dj.

dj ¼ 1� ej ð9Þ
TaggedEnd

TaggedPThe weight of the jth indicator wj is calculated according to Eq.

(10).

wj ¼
dj

P

jdj
ð10Þ

TaggedEnd

TaggedPThe multi-objective decision-making method, TOPSIS, was

adopted to calculate the comprehensive evaluation value of the pre-

mium-quality advance and DE level of the YREZ. It is a thorough

approach for measuring distance that sorts the evaluation objects

according to their proximity to the ideal object. The distance between

each sample and the positive and negative ideal solutions is mea-

sured by assuming the positive and negative ideal solutions. Besides,

their relative closeness to the ideal solution is obtained to rank the

merit of each evaluation object. In other words, the result is further

from the negative ideal solution the closer it is to the positive ideal

solution. First, the decision matrix is constructed. Eqs. (11) and (12)

describe, the scheme set and the indicator set respectively.

M1;M2; . . . ;Mmð Þ ð11Þ

D ¼ D1;D2; . . . ;Dnð Þ ð12Þ
TaggedEnd

TaggedPThe value of the schemeMi to the indicator Dj is xij. Then, the deci-

sion matrix X can be expressed as Eq. (13).

X ¼

D1 D2 . . . Dn

M1 x11 x12 . . . x1n
M2 x21 x22 . . . x2n

..

. ..
. ..

. ..
.

Mm xm1 xm2 xmn

2

6

6

6

6

6

6

4

3

7

7

7

7

7

7

5

ð13Þ

TaggedEnd

TaggedPThe positive and negative indicators perform dimensionless proc-

essing on the decision matrix.

vij ¼
xij �min xj

� �

max xj
� �

�min xj
� � ð14Þ

vij ¼
max xj

� �

� xj

max xj
� �

�min xj
� � ð15Þ

TaggedEnd

TaggedPIn Eqs. (14) and (15), vij represents the normalized value; maxðxjÞ

and minðxjÞ represent the maximum and minimum values of the jth

index, respectively. TaggedEnd

TaggedPThen, a weighted decision matrix is built according to Eqs. (16)

and (17).

R ¼ rijm�n
ð16Þ

rij ¼ wjvij ð17Þ
TaggedEnd

TaggedPThen, the positive and negative ideal solutions are calculated

according to Eqs. (18) and (19).

max rij
� �

; j ¼ 1;2; . . . ;n;Dj is a positive indicator

min rij
� �

; j ¼ 1;2; . . . ;n;Dj is a reverse indicator

�

ð18Þ

S�j ¼
min rij

� �

; j ¼ 1;2; . . . ;n;Dj is a positive indicator

max rij
� �

; j ¼ 1;2; . . . ;n;Dj is a reverse indicator

�

ð19Þ

TaggedEnd

TaggedPIn addition, the Euclidean distance is employed to determine the

distance between the different schemes and the positive and nega-

tive ideal solutions:

Sdþi ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

X

n

j¼1

Sþj � rij

� 	2

v

u

u

t ð20Þ

TaggedEnd Table 2

An assessment indicator system for the DE level of the YREZ.

Sub-direction Metrics Unit Effect

Digital industry The proportion of asset input in the information technology industry in the whole society % Positive

The proportion of information technology employees in the total employment of the society % Positive

Information Technology Industry Enterprise Operating Income Billion Positive

Telecom’s main business income Billion Positive

Total telecom business Billion Positive

Digital infrastructure Number of internet sites Ten thousand Positive

Internet broadband access port Ten thousand Positive

Office switch capacity Ten thousand Positive

Number of domain names Ten thousand Positive

mobile phone penetration Department/100 people Positive

Internet penetration % Positive

Mobile telephone exchange capacity Million households Positive

Digital application Mobile phone users Million households Positive

Number of companies conducting business activities through the Internet Pieces Positive

E-commerce sales Billion Positive

Internet broadband access users Million households Positive

The number of enterprises adopting information management Pieces Positive

Number of businesses advertising through the Internet Pieces Positive

Inclusive finance The coverage of digital finance Positive

Depth of use of digital finance Positive

Note: "Negative" means that the smaller the value, the better the performance. "Positive" means that the larger the value, the better the performance.
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TaggedEndTaggedP

Sd�i ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

X

n

j¼1

S�j � rij

� 	2

v

u

u

t ð21Þ

TaggedEnd

TaggedPMoreover, the relative fit hi of different schemes and positive ideal

solutions can be described as Eq. (22).

hi ¼
Sd�i

Sd�i þ Sdþi
ð22Þ

TaggedEnd

TaggedPThe greater the value of hi, the closer the decision plan Mi to the

positive ideal solution, and the better the plan. This work incorpo-

rates the above EWM with TOPSIS. First, the index weight is deter-

mined using EWM. Then, the final evaluation results are determined

by combining the weights obtained with the specific values of the

indicators in each year of the YREZ. TaggedEnd

TaggedPThe data set here comes from 11 provinces and cities (Shanghai,

Jiangsu, Zhejiang, Anhui, Jiangxi, Hubei, Hunan, Chongqing, Sichuan,

Yunnan, and Guizhou) in the YREZ. Their panel economic develop-

ment index data from 2015 to 2021 are used to calculate the weight

of each indicator as a data set. TaggedEnd

TaggedPThere are apparent district disparities between the premium-

quality economic advance and the DE level. The mean log deviation

(MLD), Theil index (Theil), and the Gini coefficient (GINI) are selected

to measure the difference, which are calculated according to:

MLD ¼
1

N

X

i¼N

ln
m

yi
ð23Þ

Theil ¼
1

N

X

i¼N

yi
m
ln
m

yi
ð24Þ

where N represents the number of regions; m refers to the average

value of premium-quality economic advance and the DE level; yi
denotes the level of provinces and cities in the YREZ.

GINI ¼ �
nþ 1ð Þ

n
þ

2

n2m

X

n

i¼1

iyi ð25Þ

TaggedEnd

TaggedPIn Eq. (25), n represents the number of samples; yi denotes the

level of the ith province and city after the premium-quality advance

and DE level of the YREZ are arranged in ascending order. TaggedEnd

TaggedPHere, the global Moran’s I is used as the evaluation index. Spatial

econometrics is used to analyze the impact of DE on premium-quality

economic advance, as shown in Eq. (26).

I ¼

Pn
i¼1

Pn
j¼1 wij xi � xð Þ xj � x

� �

S2
Pn

i¼1

Pn
j¼1 wij

ð26Þ

TaggedEnd

TaggedPIn Eq. (26), wij represents the weight matrix; x denotes the mean

value of the development level of the YREZ; xi and xj signify the

development level of provinces i and j in the economic zone, respec-

tively. Moran’s I is divided into Global Moran’s I and Anselin Local

Moran’s I. Moran’s I, in a narrow sense, is a rational number. After

normalization, the variance’s value will be normalized to a range

between -1.0 and 1.0. Moran’s I > 0 indicates a positive spatial corre-

lation. The spatial association becomes clearer as the value increases.

Moran’s I < 0 demonstrates a negative spatial correlation. The smaller

the value, the greater the spatial difference. When Moran’s I = 0, the

space is random. Randomness characterizes the spatial distribution

of premium-quality advance stages in the YREZ. TaggedEnd

TaggedPThe Spatial Error Model (SEM) addresses spatial disturbance cor-

relation. The model is defined as:

y ¼ Xbþm ð27Þ

m ¼ rMmþ � ð28Þ

TaggedEndTaggedP

�»N 0;s2In
� �

ð29Þ

where r refers to the spatial error coefficient; M stands for the

weight matrix; y and X represent the premium-quality development

level score of the YREZ and the n £ k-order matrix formed by the

data used for regression, respectively. The spatial correlation is

mainly reflected bym.TaggedEnd

TaggedH2Innovative and intelligent decision-making to achieve premium-quality

development of the DETaggedEnd

TaggedPChina has entered a new historical phase of building a new social-

ist, modernized country and advancing toward its second-centennial

objective. The issue of imbalanced and inadequate regional economic

advance is still relatively prominent. The DE has high innovation,

intense penetration, and extensive reach. Accelerating the develop-

ment of the DE is a crucial support force for expanding domestic

demand, promoting growth, increasing employment, and preserving

stability. It is conducive to supporting China’s economic system mod-

ernization, facilitating China’s economic cycle, activating develop-

ment drivers, and bolstering economic resilience. Therefore, it is

essential to make efforts in the following aspects to promote the pre-

mium-quality advance of the DE.
TaggedEndTaggedP

(1) Lay a solid foundation for the development of the DE. China’s DE

development is based on key core technologies and new digital

infrastructure, both of which have substantial limitations and

vulnerabilities. Therefore, it is imperative to firmly grasp the

autonomy to develop the DE and focus on improving the intelli-

gent and comprehensive digital information infrastructure to

enhance the innovation capability of key digital core technolo-

gies and attain a high level of independence and autonomy. TaggedEndTaggedP

(2) Activate the vitality of data production factors effectively. Infor-

mation is essential to the development of the DE. Therefore, it is

necessary to strengthen the supply of premium-quality data ele-

ments, accelerate the market-based circulation of data elements

and innovate the development and utilization mechanism of

data elements. We should also focus on launching pilot projects

to improve data quality, cultivating the market for data elements,

and reforming the market-based distribution of data elements to

strengthen data governance norms and methods. TaggedEndTaggedP

(3) Enhance the efficiency of DE governance. Development promo-

tion and regulation must function in unison. It is essential to con-

struct a digital government and a digital society and strengthen

collaborative management and regulatory mechanisms. In addi-

tion, it is necessary to establish and strengthen a governance

framework for the DE to boost the DE’s security assurances. The

measures can comprehensively enhance the efficacy of digital

governance and maintain the security baseline. TaggedEndTaggedP

(4) Encourage the innovation and entrepreneurship skills of tertiary

education talents. As a critical component in the production of

human capital, tertiary education necessitates individuals with

extensive entrepreneurial experience and the capacity to give

ideas in the session of enterprise development. Enterprise devel-

opment drives economic advance. Therefore, education is the

engine of economic advancement, requiring adequate attention

and investment. TaggedEndTaggedP

(5) Expand the development space of the DE continuously. The DE is

the future development direction of the world. Its healthy and

orderly development depends on the shared responsibility of all

countries, joint cooperation, and common promotion. All

humankind may benefit from premium-quality DE development

only by actively cooperating on DE governance and preserving

and improving global DE governance institutions. TaggedEnd
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TaggedH1Results and discussion TaggedEnd

TaggedH2Calculation results of index weights of provinces in the YREZ TaggedEnd

TaggedPEWM calculates the index weights of premium-quality economic

advances in the YREZ. Quality change is 0.32680, power change is

0.39958, and efficiency change is 0.26959. Fig. 4 presents the compre-

hensive indexes of the premium-quality development level of each

province calculated by TOPSIS. TaggedEnd

TaggedPIn Fig. 4, the highest level of premium-quality economic growth in

the YREZ is in the YREZ is indicated by the index value of 3.8582 in

Shanghai in 2018; the lowest level is indicated by the indicator value

of 0.7324 for Guizhou Province in 2016. It can be seen that there are

pronounced regional differences in the level of high-quality eco-

nomic growth among the YREZ cities. Shanghai, Jiangsu, and Zhejiang

have economic quality levels above 2, and their development levels

are generally remarkable. Other provinces, including as Anhui, Guiz-

hou, Hunan, Jiangxi, and Yunnan, have a quality rating of approxi-

mately 1, indicating a rather backward development level. China’s

economic growth rate remains largely stable and upward from 2015

to 2021, with a tiny drop in 2016 and 2021. Anhui province attained

the highest composite index of high-quality economic level in 2020,

at 1.2479. Shanghai achieved the highest composite index of high-

quality economic level in 2018, at 3.8525. Hubei province had the

highest composite index of high-quality economic level in 2020 at

1.6351. Guizhou province reached the highest composite index of

high-quality economic level in 2020 at 0.9689. Hunan province

achieved the highest composite index of high-quality economic level

in 2020 at 1.1542. In 2020, the composite index of high-quality eco-

nomic level hit its peak of 1.1542. Six provinces and cities have a

greater growth rate than the national average, and their development

pattern is quite constant. TaggedEnd

TaggedPSimilarly, the weight of digital economy indicators for each prov-

ince in the YREZ is calculated. Digital industry weight is 0.3174; digi-

tal infrastructure weight is 0.3786; digital application weight is

0.2428; financial inclusion weight is 0.0612. Fig. 5 depicts a compre-

hensive index of the DE level in the YREZ derived in this manner. TaggedEnd

TaggedPFig. 5 suggests that in recent years, the province with the greatest

DE level in the YREZ is Zhejiang Province, which reached 3.9309 in

2020; the province with the lowest DE level is Guizhou Province,

reaching 0.2844 in 2015. There are substantial disparities and uneven

development across provinces. Shanghai, Zhejiang, and Jiangsu prov-

inces have the highest economic level, and their composite score is

above 2. Other regions’ average composite index sis lower.

TaggedEndTaggedPSpecifically, the highest average composite indexes of Anhui, Hubei,

Chongqing, Yunnan, Hunan, Guizhou, Jiangxi, and Sichuan are

1.5621, 1.191, 1.2277, 1.667, 1.6119, 1.0526, 1.137, and 2.3016,

respectively. From the standpoint of the time axis, the DE levels of

the YREZ provinces has exhibited an upward trend year by year.

Meanwhile, the growth rate has remained constant. Except for 2018,

which dipped to 5.019%, all other years showed an upward trend in

terms of growth rate, particularly linear growth from 2018 to 2021.

Other than Shanghai, Jiangsu, and Zhejiang, the provincial growth

rates of Anhui, Hubei, Chongqing, Yunnan, Hunan, Guizhou, Jiangxi,

and Sichuan were greater than the national average. TaggedEnd

TaggedPThe development levels of various YREZ provinces fluctuate across

years, as depicted in Figure 5. Shanghai, Zhejiang, and Jiangsu are also

ahead of other provinces in terms of education. The export of talent

from these regions’ institutions of tertiary education each year has

contributed to indisputable economic growth. Consequently, the eco-

nomic status of these provinces is considerably better than that of

other provinces. TaggedEnd

TaggedPFig. 6 illustrates the disparities in the level of premium-quality

economic advance in different regions according to MLD, Theil, and

GINI. TaggedEnd

TaggedPThe Theil indicator of the premium-quality economic advance

level of the YREZ has a minimum value of -0.296, a maximum value

of -0.0225, and an average value of -0.0253, as shown in Fig. 6. The

minimum value of MLD is 0.1116, the maximum value reaches

0.1433, and the average value is 0.1215. The minimum Gini coeffi-

cient value is 0.2473, the maximum value reaches 0.2974, and the

mean value is 0.2732. Except for 2016, the change trends of these

three indicators are similar, but the changes are considerably distinct.

In 2018 and 2016, the MLD decreased by 0.0388, the Theil index

decreased by 0.0262, and the Gini coefficient decreased by 0.018. The

changes were comparable, indicating that the overall changes in the

level of premium-quality economic advance level of the YREZ in

2018 remained consistent. TaggedEnd

TaggedPFig. 7 presents the differences in the DE levels amongst different

provinces. TaggedEnd

TaggedPThe minimum value of the Theil index of the DE level in these

years is -0.0285, the maximum value is -0.0191, and the mean value

is -0.0236. Minimum MLD value is 0.1156, maximum MLD value is

0.2850, and average MLD value is 0.1891. Minimum Gini coefficient

value is 0.2670, maximum value is 0.3975, and mean value is 0.3300.

In 2019, the MLD of the DE level of the YREZ fell by 0.0737, the Theil

index fell by 0.0124, and the GINI fell by 0.0349, all of which are less

than 0.1. In 2019, the overall change in DE level remained steady. TaggedEnd

TaggedEnd TaggedFigure

Fig. 4. Comprehensive indexes of the premium-quality economic development level of the YREZ (a:2015»2021; b: the trend of the comprehensive index). TaggedEnd
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TaggedH2Impact of the DE on the level of premium-quality economic advanceTaggedEnd

TaggedPThe aforementioned conclusions prove that the regional distribu-

tion characteristics of the premium-quality economic advance level

and the DE development level are identical. These indicate a

TaggedEndTaggedPrelationship between the two. Fig. 8 provides Moran’s I analysis

results of the premium-quality economic advance level and non-

high-quality development level of the YREZ in the past seven years

based on spatial econometric theory and STATA software discussed

previously. TaggedEnd

TaggedEnd TaggedFigure

Fig. 7. MLD, Theil, and GINI at the DE level (a: differential outcome; b: growth rate).TaggedEnd

TaggedEnd TaggedFigure

Fig. 5. Comprehensive indexes of the DE level of the YREZ (a: 2015»2021; b: average level and growth rate). TaggedEnd

TaggedEnd TaggedFigure

Fig. 6. MLD, Theil, and GINI at premium-quality developmental levels (a: differential outcomes; b: growth rates). TaggedEnd
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TaggedPThe total Moran’s I value of the leading level of the premium-qual-

ity economic advance exhibits a trend of up-and-down swings, as

shown in Fig. 8. The overall Moran’s I of YREZ’s premium-quality eco-

nomic advance level and DE level in recent years is greater than 0.

These metrics passed the significance test, indicating that they are

spatially positively connected. The DE development level had a

declining and then climbing pattern. This phenomenon illustrates

that the correlation of the development level of the regional DE first

decreases and then increases. Besides, the spatial correlation is devel-

oping in a favorable manner. As a result of the YRBZ provinces’

regional agglomeration effect, common values with significant space

for development surround low values of the development level. TaggedEnd

TaggedPTable 3 lists the coefficients and P values of the SEM. TaggedEnd

TaggedPAccording to Table 3, the aforementioned variables pass the test at

a minimum of the 10% level. Results reveal that elements, including

human capital, significantly impact the premium-quality advance of

the YREZ. TaggedEnd

TaggedH2Discussion TaggedEnd

TaggedPThe impact of the economy on the premium-quality advance of

the YREZ is demonstrated by establishing a structural Eq. model.

Global autocorrelation and local autocorrelation tests are performed

TaggedEndTaggedPon the measurement results based on the above calculation of YREZ

high-quality development and DE levels. The results indicate that

weight change is the most critical factor affecting the high-quality

development of the YREZ. Significant differences exist between the

ratios of mass change and efficiency change, with the ratio of mass

change being slightly greater than that of efficiency. Although the

influence coefficient of the YREZ’s economic development level on

the premium-quality development level is not the maximum value, it

has a favorable effect. This finding is consistent with the original

hypothesis, suggesting that fostering regional economic development

is essential for achieving high-quality growth in the YREZ. Human

capital variables, such as tertiary education, transportation infra-

structure, government financial resources, investment levels, and

openness to the outside world, influence the level of high-quality

growth in YREZ. TaggedEnd

TaggedPThe above conclusions are similar to those of previous studies.

China’s DE statistics from 2004 to 2019 were used by Tang et al.,

(2021) to suggest an indicator system to gauge the degree of DE

development. They also employed factor analysis to determine these

provinces’ annual development levels. Theil index and kernel density

estimates were used to assess regional differences at the develop-

mental stage. Moreover, the network method was used to investigate

the association between the levels of agricultural sustainable devel-

opment in various Chinese provinces and cities. Regional differences

exemplify the problem of polarized and uncoordinated economic

development, as demonstrated by research. The southern region has

a higher level of DE development than the northern region. Region-

ally speaking, network research suggests that interprovincial digital

economic development has positive spillover effects. Li et al., (2021)

explored the relationship between sustainable development and

environmental quality in 217 cities in China from 2003 to 2018. The

TaggedEnd TaggedFigure

Fig. 8. Moran’s I for the global autocorrelation test (a: premium-quality development level; b: DE level).TaggedEnd

TaggedEnd Table 4

A specific comparison between this work and other literature.

Research Scope Research Methods Conclusion Discussion

Research reported here China’s DE and premium-quality

economic development in the

YREZ from 2015 to 2021

An index system, EWM, and

TOPSIS

The economic development of each

province is quite different, and the

level of development is unbalanced

The comparison shows that the

results reported here and the

conclusions of the two litera-

ture studies are similar to a

certain extent, reflecting the

reliability and accuracy of the

results reported here.

Tang et al. (2021) China’s DE data from 2004 to

2019

An index system and factor

analysis

There is profound polarization. Cross-

provincial DE development has ben-

eficial spillover effects.

Li et al. (2021) The dynamic relationship

between the digital economic

system and the environmental

system

Coupling coordination and

threshold effect analysis

Urbanization, population density, and

economic development all create

threshold effects.

TaggedEnd Table 3

Coefficients and P values of the SEM.

DE Investment level Human capital Opening up

Model coefficient 0.145 -0.0035 -0.009 0.013

P value 0.015 0.073 0.593 0.046
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TaggedEndTaggedPauthor evaluated the degree of coupling and coordination between

the digital economic and ecological systems. They discovered that

the collar and coordination between the digital economic and envi-

ronmental systems fluctuated upward from 2003 to 2018. The forma-

tion of DE was also observed to considerably reduce PM2.5 levels.

Urbanization, population density, and economic growth all create

threshold effects. When the urbanization rate and population density

surpass a specific threshold, DE will substantially suppress PM2.5 lev-

els. Therefore, the research findings given here are consistent with

the current state of economic development and reach comparable

conclusions. Table 4 summarizes the specific comparison. TaggedEnd

TaggedH1Conclusion TaggedEnd

TaggedPAs the primary method of cultivating human capital, higher

education should develop talent who love the country and the

people and insist on the fundamental task of cultivating people

with virtue. The quality of human capital determines the pre-

mium-quality economic advance level to a certain extent. The DE

is a new financial form based on the internet. It is a reallocation

of resources, in line with China’s concept of innovative, coordi-

nated, green, open, and shared development, and fits the pro-

found content of premium-quality economic advance. This work

first analyses the role of higher education in high-quality eco-

nomic development. Then, an evaluation index system for the

YREZ is established based on the DE and premium-quality eco-

nomic advances. However, this work has various shortcomings.

For example, only the YREZ was chosen to establish an evaluation

index system, and the proposed development strategy is targeted.

Further cases are needed to confirm the implementation on a

national scale. Future research will conduct long-term dynamic

observations of the future economic trend of the YREZ and even

the whole country, explore the dynamic relationship between

higher education and economic development, and formulate and

adjust economic development plans promptly. TaggedEnd
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