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A B S T R A C T

Digital technology policies beyond the traditional urban−rural dichotomy have become critical in economic

and industrial integration. Few empirical studies examine the specific impact pathway of digital economy

policy on urbanisation, especially urbanisation driven by the digital economy. This study attempts to reveal

the linkage between urbanisation and digital technology policies to provide a reference for cities aiming to

achieve urban transformation through upgrading their digital economies. Based on previous research, this

work examines Chongqing, a major city in terms of the digital economy. This study develops a three-tier indi-

cator system for digital technology policy, using the entropy-weighted technique for order of preference by

similarity to ideal solution technique to generate the indicators, and proves the partially mediating role of

urbanisation via regression modelling methods and Sobel−Goodman. The discoveries reveal that urbanisa-

tion mediates digital technology policy and economic development. Urbanisation driven by the digital econ-

omy is not merely the application of information technology and the expansion of cities but the synergy and

interaction of knowledge, industrial structures and resource allocation.
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Introduction

With increasing technological innovation and diffusion, the world

is experiencing a digital revolution that significantly impacts the

global economy and livelihoods. On the one hand, as represented by

artificial intelligence, digital technologies have a sustainable impact

on global productivity, equality and inclusion (Vinuesa et al., 2020).

Owners of digital platforms can avoid production and shaping while

extracting profit from participants (Foster et al., 2018). On the other

hand, technology spillover and information identification are effec-

tive channels for digital technology (DT) to develop (Fan & Liu, 2021);

however, the digital economy has high requirements regarding infra-

structure development, industrial base, labour quality and financial

investment (Autor & Dorn, 2013). Therefore, the service sector’s

industrial structure must be effectively improved at the initial stage

of DT application to effectively leverage the impact of the digital

economy (Lee et al., 2020). Otherwise, the digital economy may

widen the digital divide and the gap between labour productivity in

the tertiary and secondary industries, rendering the economy unable

to ensure sustained structural changes and technological upgrading

(Fan & Liu, 2021; Lauridsen, 2010). Moreover, the government should

promote the improvement and implementation of anti-monopoly

measures to avoid market monopolies caused by unfair competition,

such as data abuse and algorithm discrimination in DT development

(Chen et al., 2022).

However, most developing economies have gaps in their indus-

trial structure, often with export-oriented manufacturing as a critical

part of their industrial development (Foster & Azmeh, 2020; Lee et

al., 2020; Lee et al., 2020). As their products are at the lower and mid-

dle end of the market, there is a digital gap in the private sector, and

research and development (R&D) investment is far lower than in

industrialised countries. Under the DT policy, innovation output is

the core driving force of enterprise performance improvement. Fur-

thermore, applicable policy changes significantly impact enterprise

performance (Peng & Tao, 2022). Digital capabilities can generate

technological innovation faster than traditional capabilities, and

developing countries could use this opportunity (Heredia et al.,

2022). Therefore, it is crucial to analyse the forward-looking policies

of developing countries in response to DT, which can increase rural

resilience in the complex and challenging information age and help

rural economies create new market opportunities. This paper com-

bines DT and urban−rural linkages to analyse how governments,

especially in developing countries, could formulate rational DT policy
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frameworks and identify forward-looking preparations for the Fourth

Industrial Revolution (4IR).

First, the digital economy’s development, whether digitalisation of

industry or digital industrialisation, is essentially a reconfiguration of

production methods (Bolwijn et al., 2018). Currently, the 4IR may

subvert almost all industries in each emerging economy at an expo-

nential rather than a linear rate (Gil, 2015; Xu et al., 2018). The policy

has always been essential to upgrading industrial structures. In the

background of the 4IR, the impact of DT policies on economic devel-

opment is even more significant. A possible way to avoid increasing

productivity dispersion and improve the compensatory employment

effect’s long-term weakness is to consider all possible technological

complementarities. To achieve this objective, some public policies or

managers must take reasonable action (Ballestar et al., 2021). From

the 1970s to the present, the worldwide DT development has affected

economic structures, contributed to the transformation of industrial

technology systems in developing countries and influenced the

future of the Fifth Industrial Revolution (5IR). The 5IR aims to create a

people-centred society where products and services are readily avail-

able to meet various potential needs and reduce economic and social

disparities, enabling all people to live comfortable and vibrant lives

(Romero-Castro et al., 2022). A DT policy can facilitate the transition

between the two stages.

Applying DT policies to achieve economic development and

bridge the ‘digital gap’ and the ‘income inequality’ has gradually

become fundamental to the strategies of global countries (Drori,

2010; Ferraz et al., 2020). Demand for digital products and services is

expanding in emerging markets (Foster & Azmeh, 2020; Mayer,

2018), and critical elements of the existing economic structure, such

as marketing models, operations, total factor productivity and supply

chain management, will be challenged (Kim et al., 2018; Olsen &

Tomlin, 2020; Schwab, 2017).

Second, China represents a developing country that is developing

the digital economy through DT policies. Policies are frequently seen

as significant to China’s industrial concentration and urban growth

(Barbieri et al., 2012; Lai, 2018). The government has altered the

external development environment through policy-oriented gover-

nance and boosted business economic activity to promote industry

agglomeration and urban growth. In practice, the Chinese govern-

ment has been increasing its DT investment, issuing several major

plans and policy guidelines for the digital economy and emphasising

that the digital economy is the basis for developing a sustainable

growth model (Jitao, 2021). DT, such as big data and cloud comput-

ing, has improved the capital use efficiency of small and medium-

sized enterprises and promoted the operation efficiency of China’s

economy (Pan et al., 2021). Therefore, successful digital economy

companies have become a development focus for local governments

and are frequently subsidised to provide services for infrastructure

development, such as online taxis and couriers (Foster & Azmeh,

2020). In this context, it has become an essential strategy for China’s

development to reduce inequality, promote knowledge creation,

improve industrial structure optimisation and develop a scientifically

sustainable economy through DT policies.

China is applying DT to improve urban−rural linkages, undoubt-

edly providing an extensive experience for other developing coun-

tries like India and Malaysia. As a developing country with a large

population and geographic supermassive, China has developed

employment difficulties and structural contradictions, such as the

widening gap between urban−rural areas and between growth and

the environment. Long-term urban policies have distorted urban

−rural interaction and contributed to dilemmas in rural regions (Li et

al., 2018). Traditional industrial restructuring has made sustainable

economic growth challenging (see Fig. 1). Therefore, combining DT

policies and urbanisation is an important trend in China’s digital

economy. While the digital economy affects China’s urban and rural

structure, it also develops with land support. The agglomeration

effect of digital economic policies is generally more significant than

urbanisation (Zhu & Chen, 2022). As a result, the demand for land in

cities has increased.

As shown in Fig. 1, all data sources are from China Statistical Year-

book (2010−2020). The urbanisation rate is the proportion of people

in the urban population to the area’s total population; the industry

structure index is an indicator of the level of industrialisation and the

quality of the industrial structure of a region. The industry structure

index is expressed as
P

3

i¼1

i� Yi
Y , where Y is the total output and Yi is the

output of the primary, secondary and tertiary sectors.

The reshaping function of DT policy on economic activities and

institutional arrangements is increasing. For developing countries

like China, promoting the transformation of urban and rural struc-

tures is needed to achieve infrastructure development. The digital

economy can impact the tendency and manner of urban and rural

structural transformation; however, most existing research has

focused on only a single aspect of the digital economy and social

change. Few empirical studies examine urban development driven

by the digital economy and urbanisation (Zhu & Chen, 2022).

Before the emergence of the digital economy, rural areas concen-

trated on traditional agriculture with poor quality. In contrast, cities

focused on industry and services with high productivity. It has been

established that the digital economy affects urban and rural structure

transformation through product supply, factor allocation, income dis-

tribution and social governance; however, limited works analyse dig-

ital policy and urbanisation interactions. In addition to driving the

growth of the digital economy, the change in the urban−rural struc-

ture can be significantly impacted by the DT policy in several ways,

and several questions must be resolved. (1) What connections exist

between urbanisation and the digital economy? (2) Can DT policies

drive economic development while responding to the challenges of

the urbanisation process? (3) What impact would urbanisation have

on the digital economy development? This paper aims to demon-

strate the relationship between urbanisation in moderating digital

policy and local economic growth and explore DT policy’s role

beyond traditional urban−rural differences. This objective entails (1)

constructing a composite index of DT policy based on available eco-

nomic data to measure its role in urbanisation and the digital econ-

omy and (2) identifying urbanisation’s function in the digital

economy and economic development.

The remainder of the paper is structured as follows. The second

part presents the theoretical mechanism and research hypothesis

based on the review of relevant literature, the third part constructs

the DT policy index and the fourth part is the research design, includ-

ing data sources, variable selection and model construction. The fifth

Fig. 1. Changes in China’s urbanisation rate and industrial structure index (2010

−2020).
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part shows the empirical tests and results, while the last part is the

conclusion and enlightenment. This study extends previous research

on the digital economy, urbanisation and economic growth, provid-

ing a foundation for establishing smart cities and other frontier sec-

tors from a macro viewpoint.

Literature review and theoretical hypotheses

Previous studies have shown that the digital economy and eco-

nomic development have a significant inverted ‘U-shaped’ relation-

ship (Chen, 2021; Li et al., 2021; Yoon, 2008). The digital economy

effectively promotes early-stage economic development in different

regions. In later development stages, the digital economy can weaken

the economy’s sustainable development with the deepening of the

digital divide, the widening income gap between urban and rural

areas and the imbalance of regional development. This weakening

can potentially fall into vicious circles (Fong, 2009; Torrent-Sellens et

al., 2022; Zhang et al., 2021); however, supportive policies and infra-

structure investments can be combined with removing barriers to

urban−rural mobility to leverage broader economic gains (Turok &

McGranahan, 2013; Wang et al., 2021), and the availability and acces-

sibility of digital technologies make this combination possible (Drori,

2010). Gereffi (2001) argued that information and communication

technologies have created new economic sectors and lowered indus-

trial and commercial penetration barriers. For example, e-commerce

has profoundly changed the structure of business-to-business (B2B)

and business-to-consumer (B2C) transactions (Gereffi, 2001),

enabling farmers to be employed locally and helping local govern-

ments increase their financial revenues (Wang et al., 2021).

Moreover, the digital economy’s diffusion properties can facilitate

the continuous absorption of new technologies by traditional indus-

tries, thereby increasing knowledge density and enhancing innova-

tion capabilities (Hund et al., 2021). Several regions, such as Silicon

Valley in the United States, the Scandinavian Peninsula and Bangalore

in India, have evolved factor allocation and industrial upgrading

through technology entrepreneurship programmes.

The emphasis on the deep integration of the digital economy with

the real economy (mainly agriculture and industry) and urbanisation

is an essential strategy for developing DT in the Chinese government

(Xinhua News Agency, 2020). The government is now trying to

develop urban technology parks and smart cities as an essential strat-

egy to develop DT and alleviate severe regional disparities (China Tel-

ecom, 2019; Miao, 2013). This means that China’s DT policy has two

main directions: comprehensive digital transformation on a technical

basis and production methods and promoting the industrial chain

modernisation based on land (especially in suburban areas).

Furthermore, the transformation and upgrading of traditional

industries require significant investment, and the development gap

between many regions and urban and rural areas is still wide; the

investment needs required for urban−rural and regional synergy,

such as infrastructure improvement and industrial relocation, still

require more attention. Based on previous literature, this paper sum-

marises the following preconditions for DT development: infrastruc-

ture development, government financial investment and support,

digital governance (regulation) and the practical impact of encourag-

ing local businesses to innovate digitally (Flensburg & Lai, 2020;

Skare & Soriano, 2021). In brief, policy attention is vital to developing

the digital economy.

Thus, this paper puts forward hypothesis 1 as follows:

H1: DT policy has a direct positive effect on driving economic devel-

opment.

Theoretically, the economies of scale represented by cities can

spatially radiate to the surrounding towns and villages using popula-

tion clusters and industrial agglomerations; however, in reality, the

development gap between cities and towns under the urban−rural

dual economic structure has widened. Large cities modernise rapidly,

have more new businesses and are highly dynamic in innovation and

entrepreneurship. In contrast, smaller towns face development diffi-

culties with declining population densities and an ageing workforce.

In China, urban classes are distributed in a stepped pattern, and the

urban−rural divide is progressively more pronounced.

Smart cities are often cited as the best strategy for overcoming the

adverse effects of urbanisation, and information and communication

technologies (ICT) play the following fundamental roles (Noesselt,

2020). First, the application of DT policies could create employment

opportunities for both urban and rural residents and drive innovation

in digital underpinning technology, with rural residents having more

opportunities to find work locally through the digital economy,

reducing the barriers at the urban−rural border (Qi et al., 2019). Sec-

ond, ICT has gradually changed, urban morphology and structure are

gradually changing, and the concepts of mixed and sustainable land

use and compact city have emerged (Bibri & Krogstie, 2017). Third,

owing to DT’s apparent advantages in technological innovation,

industrial integration and market expansion, it provides a foundation

for constructing a ‘resilient city’ and ‘sponge city’ (de Jong et al.,

2015). Finally, the spatial spillover effect of ICT makes cooperation

between different cities closer (Ding et al., 2022). Thus, the aggrega-

tion of the digital economy has also directly contributed to urbanisa-

tion. Therefore, this paper posits hypothesis 2 as follows:

H2: DT policy drives sustainable urbanisation.

Urbanisation could provide the human and social capital neces-

sary for developing digital service industries and upgrading industrial

structures and infrastructure to facilitate the development of the dig-

ital economy (Xu et al., 2022). An increase in the level of urbanisation

also means an increase in the height of the industrial structure.

When urbanisation reaches a certain level, the effectiveness of digital

policy guidance becomes increasingly evident. The interaction evolu-

tion of the digital economy and urban development can show specific

characteristics in the digital economy and urbanisation process. As a

coordination mechanism of the digital economy and urban develop-

ment, the DT policy may enhance the motivation of metropolitan

peripheries beyond urban centrality.

Therefore, combining hypotheses 1 and 2 above, we propose

hypothesis 3 as follows:

H3: Urbanisation can mediate DT policy and economic development,

and its mediating role is partial.

The measurement of DT policy in Chongqing, China

Theory and selection for the DT policy index

According to the evolutionary economic theory (Perez, 1983), eco-

nomic change is driven by the new technological revolution. Based on

key elements, emerging technologies gradually replace traditional

ones, changing old production methods and creating new market

conditions, resulting in new or converging industrial models (Perez,

2010).

DT policies that focus solely on the formation and development of

a techno-economic paradigm do not necessarily maximise the eco-

nomic efficiency of high technology and may even lead to techno-

feudalism. Therefore, it is necessary to consider social and political

paradigms so that social members can share the dividends of techno-

logical progress (Lundvall, 2017). Moreover, DT necessitates changes

in how governments see property rights and distribution. Otherwise,

DT may cause the industrial structure to become overly financial,

increasing the disparity in economic development across areas (Dosi
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and Virgillito, 2019). Consequently, DT’s effects on working techni-

ques and service delivery have the potential to influence rural com-

munities significantly. Effective digitalisation in rural communities

requires establishing the right conditions at the local level, including

high-quality broadband civil infrastructure, education/skills and

future-proofed regulations and policies (OECD, 2019).

This paper constructs an evaluation index system for the level of

development of the digital economy based on the ‘foundation-tech-

nology-industry-society’ model from four standard layers: digital

infrastructure, financial investment, digital industry development

and digital governance.

First, developing the digital economy requires technical and eco-

nomic support through digital infrastructure development to com-

pensate for the industry chain’s shortcomings.

Second, developing the digital economy is a long-term process,

and the government needs to provide substantial economic support

for the industrial reconfiguration of digital production methods.

Third, providing traditional enterprises with the impetus for digi-

tal transformation through technology policies can synergistically

facilitate the proliferation of information technology and the related

reorganisation of digital industries. The digital industrial system and

capabilities are a solid foundation for the digital economy’s new

development pattern.

Finally, society’s main contradictions and development goals are

constantly shifting in the process of changing industrial systems.

There is a need to ensure that the efficacy of economic growth result-

ing from digital technologies meets the minimum expectations of the

overall society.

Although digital economic development has received increasing

attention worldwide, the interaction between urbanisation and DT

has been overlooked. A discrepancy exists between digital policy

development and the digital economy. Therefore, this paper exam-

ines the impact of digital policy and urbanisation on regional eco-

nomic development through a mediating effects model.

This study conducted a case study in Chongqing, China, located in

western China. Chongqing is one of the four central municipalities

directly under the central government (see Fig. 2) and is currently

listed as a priority area for developing smart cities in China. It is a typ-

ical city for economic development through DT and has achieved

explosive industrial growth, with big data and artificial intelligence

as its core industries, through three central policies: fostering smart

equipment industry clusters, implementing smart manufacturing

projects and building a comprehensive public platform (Li & Wool-

rych, 2021).

In this context, the digital economy has become necessary to fuel

Chongqing’s economic development. Based on existing relevant

research (Huang & He, 2013; Wang & Chen, 2021; Wu et al., 2022)

and the reliability of data sources, we chose the initial DT policy indi-

cator system; however, the relevant data may be biased due to the

Corona Virus Disease 2019 (COVID-19) outbreak in 2020 and China’s

urban closure policy from 2020 to the present. Therefore, this paper

selects the data from 2011 to 2019, as shown in Table 1, which has

significant research implications. First, it has become the consensus

that the pandemic has stabilised and most countries co-exist with

COVID-19. Second, the DT advantage in China has not developed sig-

nificantly until recently; therefore, prior retrospective policy and pro-

spective preparation are crucial.

Indicator data sources and screening

Most data indicators are from the China Statistical Yearbook,

Chongqing Statistical Yearbook and China Science and Technology

Statistical Yearbook for the years. It should be noted that we have

used interpolation to fill in the blanks because there are a few cases

of omissions or errors in the data.

Based on the basic concepts of the techno-economic paradigm of

the digital economy, we have constructed a preliminary system of

evaluation indicators. The four guideline layers cover 21 indicators in

total, which should be further filtered. Specifically, a Kaiser−Meyer

−Olkin (KMO) value of less than 0.5 implies inadequate data for the

underlying analysis. Furthermore, a p-value of less than 0.05 indi-

cates that the data meet the standard and the variables are relatively

independent. In this paper, factor analysis of the relevant indicator

data was conducted with STATA software. The KMO and Bartlett tests

for the four different attribute criterion layers were suitable for prin-

cipal component analysis (see Table 2).

The remaining indicators were subjected to principal component

analysis; the principal components with a value greater than one and

a cumulative variance of 80% or more at each criterion level were

selected. At the development of the digital industry criterion level,

the first principal components were extracted, with a cumulative var-

iance of 80.086%. The first and second principal components were

Fig. 2. Location of Chongqing, China.
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extracted at the digital governance criterion level, with a cumulative

variance of 93.688%. The first principal components were extracted

at the digital infrastructure criterion level, with a cumulative variance

of 94.804%. The first and second principal components were

extracted at the financial input criterion level, with a cumulative vari-

ance of 88.509%.

Subsequently, indicators with a first component value coefficient

greater than 0.8 were retained, along with the indicator with the

highest absolute value of the second principal component factor

value coefficient at each criterion level. Finally, we removed two indi-

cators: the transaction of technology exchanges and amount of infor-

mation the government actively disclosed (see Table 3).

Explanation of DT policy indicators

Digital infrastructure

China is the world’s largest telecommunications market; personal

internet usage is higher than the global average, and ICT has pene-

trated urban and rural China (Wang et al., 2021). In recent years,

China has introduced the concept of ‘New Infrastructure’, which aims

to build information infrastructures, such as 5 G base stations, artifi-

cial intelligence, Internet of Things and others (Wu et al., 2021). Infra-

structure construction is an essential prerequisite for China’s DT

policy. Given that the development of DT policy must consider the

existing infrastructure, this paper has selected indicators that tradi-

tionally reflect China’s digital information base. For example, the

length of fibre optic cable lines and mobile phone base stations reflect

the capacity of the telecommunication base, and mobile phone

exchange capacity reflects the capacity of the network communica-

tion base.

Financial input

Financial input is a core indicator of the strength of DT policy

implementation, directly or indirectly reflecting the level of govern-

ment support. For example, information transmission, computer

services and software construction projects reflect the government’s

support for ICT enterprises. In contrast, government spending on sci-

ence and technology reflects its commitment to DT diffusion, includ-

ing, for example, the cost of making digital information available to

the population. The above two indicators are essential for overcom-

ing the digital divide and reducing regional imbalances (Wang et al.,

2021).

Development of the digital industry

The development of digital industries is a critical indicator of the

effectiveness of DT policies, representing the size of the local digital

economy in terms of industry, employment and investment develop-

ment. This component reflects the development of DT and the effi-

ciency improvement of the whole industry.

Digital governance

Digital industrialisation alone cannot effectively measure the full

impact of DT policies on the local economy. Zhang et al. (2021) argues

that ‘digital economy + government’ and ‘digital economy + people’s

livelihood’ are two essential aspects of digital inclusion development.

At the same time, digital governance also reflects the application of

the digital economy in government (Zhang et al., 2021).

Entropy technique for order of preference by similarity to ideal solution

(TOPSIS) method to calculate the index

Basic steps of the entropy-weighted TOPSIS method

The TOPSIS is one of the most known and commonly used meth-

ods. Its usage spectrum is so broad that it is hard to find a problem

that this method was not tried to solve (Behzadian et al., 2012). TOP-

SIS is also known as the ‘Approximation to Ideal Solution Ranking’

Table 2

KMO and Bartlett’s spherical test results.

Criterion level KMO p

Development of the digital Industry 0.784 0.0000

Digital governance 0.745 0.0000

Digital infrastructure 0.794 0.0000

Financial input 0.651 0.0000

Table 1

The initial DT policy indicator system.

Criterion Unit Source

Digital infrastructure

Mobile Phone Exchange Capacity Ten Thousand China Statistical Yearbook.

Chongqing Statistical Yearbook.

China Science and Technology Statistical

Yearbook.

Mobile Phone Base Stations Million

Length of Fibre Optic Cable Lines Kilometres

Telephone Penetration Rate Units per 100 population

Internet Broadband Access Ports Million

Mobile Internet Users Million

Financial input

Total Investment in Construction 10,000 Yuan

Number of Projects Under Construction

Government Financial Expenditure on Science and Technology 10,000 Yuan

Number of Information Transmission, Computer Services and

Software Construction Projects

Information Transmission, Computer Services and Software Con-

struction Projects Commissioning Rate

Development of the

digital Industry

Computer Services, Number of Software Personnel Employed 10,000 persons

Expenditure on R&D Activities in the Digital Field by Large and

Medium-Sized Industrial Enterprises

10,000 Yuan

Number of R&D Activities in the Digital Field by Large and

Medium-Sized Industrial Enterprises

Expenditure for New Digital Product Development of Large and

Medium-Sized Industrial Enterprises

10,000 Yuan

Transaction of Technology Exchanges 10,000 Yuan

Digital governance

Amount of Information Actively Disclosed by the Government

Amount of Information Published on Government Website

Amount of Information Released by Government Blogs, Press Con-

ferences and Other Methods

Number of Network Government Services

Number of Social Welfare Related Staff
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method, where the best object is the one that is closest to the optimal

target and furthest from the worst target; best and worst are estab-

lished by determining the positive and negative ideal values of the

different evaluation units, thus deriving the closeness of the evalua-

tion unit to the optimal solution (Deng et al., 2000). The entropy TOP-

SIS model uses the concept of information entropy to determine an

indicator’s weight based on the indicator itself and then uses the sys-

tems engineering multi-objective system decision-making TOPSIS

analysis method to make a comprehensive assessment of policy

effects (Kuang & Chen, 2007; Zhao & Yang, 2019). The weight vector

must be specified with this method, and data normalisation is also

required to obtain correct results (Paradowski et al., 2020). Based on

the data from various fields, several other methods are later used for

verification, confirming that the entropy TOPSIS method is the most

suitable for this paper.

Construction of the decision matrix. Assume that there are m evalua-

tion indicators, n objects to be evaluated and Xij is the data corre-

sponding to the jth object to be evaluated under the ith evaluation

indicator ði ¼ 1; 2; :::; m; j ¼ 1; 2; :::; nÞ. Thus, a matrix RX as Eq. (1)

can be constructed:

RX ¼

X11 . . . Xm1

..

.
Xij

..

.

X1n . . . Xmn

2

6

4

3

7

5
ð1Þ

Standardisation of indexes. Before the normalised decision matrix can

be calculated, the indicators must be standardised. Data for individual

indicators can vary in units and magnitudes; therefore, data collection

should be dimensionless to prevent extraneous factors, such as magni-

tudes, from interfering with the accuracy of the DT policy and other

indicator measurements. The indicators selected in this paper are all

positive and are standardised by Eq. (2). Following the standardisation

of indexes, the indicator of the standardised indexmatrix is Yij.

Yij ¼
Xij �min X1j; . . . ;Xmj

� �

max X1j; . . . ;Xmj

� �

�min X1j; . . . ;Xmj

� � ð2Þ

Entropy weighting method to calculate the weights of indicators. After

standardisation, a new matrix RY is obtained by Eq. (2), and the

weights are determined by the entropy weighting method as Eq. (3).

RY ¼

Y11 . . . Ym1

..

.
Yij

..

.

Y1n . . . Ymn

2

6

4

3

7

5
ð3Þ

Based on the new matrix RY , the weight of the jth object to be

evaluated under the ith evaluation indicator Pij is calculated by Eq.

(4).

Pij ¼ Yij=
X

k

j¼1

Yij i ¼ 1; 2; :::; m; j ¼ 1; 2; :::; nð Þ ð4Þ

We calculate the entropy value of the ith evaluation indicator ei
by Eq. (5).

ei ¼ �
1

lnn

X

n

j¼1

Pij lnPij i ¼ 1; 2; :::; m; j ¼ 1; 2; :::; nð Þ ð5Þ

We calculate the entropy Wi by Eq. (6).

Wi ¼ 1� eij
� �

=
X

m

i¼1

1� eij
� �

i ¼ 1; 2; :::; m; j ¼ 1; 2; :::; nð Þ ð6Þ

In information theory, the entropy weight represents valuable

evaluation index information. Therefore, the higher the entropy

weight of the index is, the more useful its information is; the reverse

is also true (Li et al., 2011).

Structure of the decision matrix. Based on the original matrix RX , the

TOPSIS method requires normalisation of the decision matrix to

improve the comparability of data across indicators for calculation

and analysis. As all data are positive, the matrix is normalised by Eq.

(7).

X0

ij ¼ Xij=

ffiffiffiffiffiffiffiffiffiffiffiffiffiffi

X

n

j¼1

X2
ij

v

u

u

t ð7Þ

Subsequently, normalised indicators X0

ij give the decision matrix

R0

Xshown as Eq. (8)

R0

X ¼

X0

11 . . . X 0

m1

..

.
X0

ij
..
.

X0

1n . . . X 0

mn

2

6

6

4

3

7

7

5

ð8Þ

Table 3

Principal component factor weighting coefficients.

Criterion Indicator First principal

component

Second principal

component

Result

Digital infrastructure Mobile Phone Exchange Capacity 0.905 None Reserved

Mobile Phone Base Stations 0.98 None Reserved

Length of Fibre Optic Cable Lines 0.992 None Reserved

Telephone Penetration Rate 0.986 None Reserved

Internet Broadband Access Ports 0.988 None Reserved

Mobile Internet Users 0.988 None Reserved

Financial input Total Investment in Construction 0.007 0.997 Reserved

Number of Projects Under Construction 0.966 �0.045 Reserved

Government Financial Expenditure on Science and Technology 0.932 0.173 Reserved

Number of Information Transmission, Computer Services and Software Construction Projects 0.966 �0.02 Reserved

Information Transmission, Computer Services and Software Construction Projects’ Commissioning Rate 0.811 �0.072 Reserved

Development of the

digital industry

Computer Services, Number of Software Personnel Employed 0.961 None Reserved

Expenditure on R&D Activities in the Digital Field by Large and Medium-Sized Industrial Enterprises 0.958 None Reserved

Number of R&D Activities in the Digital Field by Large and Medium-Sized Industrial Enterprises 0.991 None Reserved

Expenditure for New Digital Product Development of Large and Medium-Sized Industrial Enterprises 0.961 None Reserved

Transaction of Technology Exchanges 0.507 None Delete

Digital governance Amount of Information Actively Disclosed by the Government 0.374 0.847 Delete

Amount of Information Published on Government Website �0.042 0.949 Reserved

Amount of Information Released by Government Blogs, Press Conferences and Other Methods 0.974 0.163 Reserved

Number of Network Government Services 0.977 0.15 Reserved

Number of Social Welfare Related Staff 0.983 0.094 Reserved
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Determination of the weighted decision matrix. Each vector in the nor-

malised decision matrix is multiplied by the weight of the indicator

corresponding to that vector to obtain the weighted normalisation

index Vij by Eq. (9).

Vij ¼ WiX
0

ij i ¼ 1; 2; :::; m; j ¼ 1; 2; :::; nð Þ ð9Þ

We calculate the weighted normalisation matrix V shown as Eq.

(10):

V ¼

V11 . . . Vm1

..

.
Vij

..

.

V1n . . . Vmn

2

6

4

3

7

5
ð10Þ

Determination of the ideal solution. Positive and negative ideal solu-

tions are determined based on the optimal value of indicators for dif-

ferent attributes. We express the positive ideal solution Vþ and the

negative ideal solution V� in terms of number sets, as shown in Eqs.

(11) and (12):

Vþ ¼ max1<¼j<¼nVijÞ

�

�

�

�

j2 J

� ��

¼ Vþ
1 ; . . . ;V

þ
j ; . . . ;V

þ
m

n o

ð11Þ

V� ¼ min1<¼j<¼nVijÞ

�

�

�

�

j2 J

� ��

¼ V�
1 ; . . . ;V

�
j ; . . . ;V

�
m

n o

ð12Þ

Calculation of the distance. The Euclidean distance between each

evaluation object and the ideal and negative ideal solutions is calcu-

lated by Eqs. (13) and (14). The Euclidean distance from the evaluated

object for the positive ideal solution Vþ is Dþ
j ; the Euclidean distance

from the object to be evaluated to the positive ideal solution V� is D�
j .

Dþ
j ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

X

m

i¼1

Vij � Vþ
j

	 
2

v

u

u

t ð13Þ

D�
j ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

X

m

i¼1

Vij � V�
j

	 
2

v

u

u

t ð14Þ

Then, we calculate the relative closeness to the ideal solution by

Eq. (15). The Euclidean distance is calculated for each object to be val-

ued, and the relative posting progress is used as a comprehensive

evaluation value for the object to be valued as Cj.

Cj ¼
D�
j

Dþ
j þ D�

j

j ¼ 1; 2; :::; nð Þ ð15Þ

DT policy index in Chongqing

Following the improved entropy weighting method described

earlier, each indicator’s weighting coefficients can be obtained by

substituting the relevant data into the corresponding formula; the

results are shown below (Table 4).

The two distances, Vþ and V�, were sorted in descending order for

the calculated Vþ distance and ascending order for the V� distance;

the sorting results were consistent, verifying the reliability of the

results. The weighted normalised decision matrix is derived from the

weights of the DT policy indicators, and the distance to the positive

ideal solution and the distance to the negative ideal solution are cal-

culated; the DT policy index ideal Cj is obtained according to the

Euclidean distance formula. This paper defines the ideal distance in

the entropy-weighted TOPSIS method as the DT policy index to facili-

tate understanding. The distance of every feasible solution from the

ideal solution and the negative ideal solution is obtained according to

Eqs. (13) and (14). The relative degree of approximation is deter-

mined using Eq. (15). The results are shown in Table 5.

Model construction

Empirical model

Reuben M provides a test method (Baron & Kenny, 1986). In Fig. 3,

path a indicates that the independent variable influences the media-

tor, while path b denotes the effect of the mediator on the implicit

variable. Path c indicates the total effect of the explanatory variable

on the variable being explained. Finally, path c’ indicates the direct

effect of the explanatory variable on the variable being explained

when path a and path b are controlled simultaneously.

This paper draws on the bootstrap approach proposed by

Preacher & Hayes (2004). Compared to the earliest causal stepwise

regression methods, the bootstrap method has some improvements.

First, the presence of mediating effects does not require a significant

Table 4

The weighting of DT policy evaluation indicators.

Criterion Indicator Standard deviation Weighting

Digital infrastructure Mobile phone exchange capacity 0.265 1.95%

Mobile phone base stations 0.338 5.26%

Length of fibre optic cable lines 0.355 4.58%

Telephone penetration rate 0.35 3.31%

Internet broadband access ports 0.38 4.41%

Mobile internet users 0.354 3.13%

Financial input Total investment in construction 0.379 5.03%

Number of projects under construction 0.379 9.46%

Government financial expenditure on science and technology 0.323 3.67%

Number of information transmission, computer services and software construction projects 0.378 9.16%

Information transmission, computer services and software construction projects’ commissioning rate 0.319 3.01%

Development of the digital industry Computer services, number of software personnel employed 0.31 3.09%

Expenditure on R&D activities in the digital field by large and medium-sized industrial enterprises 0.435 7.42%

Number of R&D activities in the digital field by large and medium-sized industrial enterprises 0.376 5.62%

Expenditure for new digital product development of large and medium-sized industrial enterprises 0.408 5.92%

Digital governance Amount of information published on the government website 0.292 4.34%

Amount of information released by government blogs, press conferences and other methods 0.332 9.06%

Number of network government services 0.359 7.98%

Number of social welfare related staff 0.297 3.57%
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main effect. Second, partial mediation means that there are still

mediating paths that have not been revealed. Finally, the bootstrap

method reduces the probability of making a type of error and is easy

to use (Wen & Ye, 2014).

Based on the above theory and mediating effects model con-

structed by Jin et al. (2017) and Lv et al. (2021), we build the follow-

ing models. In these models, t represents the year, and e is a random

disturbance term; dtpt represents the level of the DT policy index,

and gdpt represents economic development indicators, reflecting the

economic development of Chongqing. urbt represents the level of

urbanisation development and is the mediating variable in this paper.

contral_(j,t) is the control variable; superscripts 1 and 2 indicate dif-

ferent sets of control variables.

gdpt is expressed as Eq. (16):

gdpt ¼ a0 þ a1dtpt þ
X

k

j¼1

bjcontral
1
j;t þ e1t ð16Þ

a1measures the total impact of DT policy on economic develop-

ment.

urbt is expressed as Eq. (17):

urbt ¼ b0 þ b1dtpt þ
X

n

j¼1

mjcontral
2
j;t þ e2t ð17Þ

b1measures the impact of DT policy on urbanisation.

gdpt is expressed as Eq. (18):

gdpt ¼ c0 þ c1dtpt þ
X

k

j¼1

g jcontral
1
j;t þ c3urbt þ e3t ð18Þ

c1measures the direct impact of DT policy on economic develop-

ment.

Summing up the above Eqs. (16)−(18), we acquire Eq. (19):

gdpt ¼ c0 þ c2b0ð Þ þ c1 þ c2b1ð Þdtpt þ
X

k

j¼1

g jcontral
1
j;t

þ c3
X

n

j¼1

mjcontral
2
j;t þ e3t ð19Þ

The coefficient c2b1 represents the indirect impact of DT policy on

economic development through the intermediary role of urbanisa-

tion. The magnitude of the direct, indirect and total impact of numer-

ical DT policy on economic development can be obtained by using

the above Eq. (19).

Data sources and variable selection

To test our hypotheses, we used disaggregated data relating to DT

policy and economic development in Chongqing from 2011 to 2019.

The data comes from the Chongqing Statistical Yearbook, China Sta-

tistical Yearbook, China Economic Network Statistical Database and

the compilation of statistical data for 60 years of the People’s Repub-

lic of China.

Explanation of variables

This paper considers the impact on the economic development

index in two aspects: DT policy and urbanisation. The calculation of

the above variables can be found in Table 6.

Transport indicator in Chongqing

Following existing research (Ambarwati et al., 2017; Pokharel et

al., 2021; Xiao et al., 2021), this paper constructs a transaction effi-

ciency index to measure transport development. This section’s calcu-

lation procedure is partially omitted because the subsequent

calculation procedure applies the same equations and techniques as

the DT policy index above.

Several significant aspects of traffic facilities and transport capac-

ity were initially selected for the transaction efficiency index. These

included road mileage, number of road bridges, mileage of inland

waterways, number of navigable cities, number of flight movements

at airports, length of shoreline at ports and terminals and railway

mileage. After further screening, a streamlined traffic indicator sys-

tem and transport indicators with a KMO value of 0.676 and a p-value

of 0.000 were obtained. Then, the weights of the traffic indicators

were obtained by the entropy-weighted TOPSIS method above (see

Table 7).

The above indicators are dimensionless, and each year’s traffic

index is calculated according to the entropy-weighted TOPSIS

method (see Table 8).

Results

Bootstrap results

This paper used STATA 17.0 Parallel Edition to assist in the com-

putation of statistical data. The outcomes given in Table 9 are the

consequence of including the aforementioned factors in the regres-

sion equations.

We then use the bootstrap of STATA software to test the mediat-

ing effect by repeating the sampling 5000 times and calculating at

the 95% confidence interval (Fang et al., 2012). The results are shown

in Table 10.

According to Tables 8 and 9, none of the confidence intervals for

the indirect effects include 0, while the confidence intervals for the

direct effects include 0, indicating a partial intermediation effect in

the model. The total impact of the DT policy indicator on economic

development is a1= 0.497, suggesting that for every unit increase in

the DT policy indicator, economic development increases by 49.7%.

Table 5

Relative distance and level of policy for digital technologies from 2011 to 2019.

Year Positive ideal solution distance Negative ideal solution distance DT policy index C j Sequence

2011 0.243 0.044 0.154 8

2012 0.238 0.024 0.091 9

2013 0.224 0.042 0.157 7

2014 0.213 0.062 0.226 6

2015 0.181 0.089 0.331 5

2016 0.167 0.102 0.381 4

2017 0.159 0.139 0.467 3

2018 0.08 0.194 0.709 2

2019 0.032 0.243 0.884 1

Fig. 3. Mediator model.
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The direct impact of the DT policy indicator on economic develop-

ment is c1= 0.152; for every unit increase in the DT policy indicator,

economic development is induced to increase by 15. 2%. The magni-

tude of the indirect effect of urbanisation on economic development

is c2b1 = 0.345, showing that each unit increase in the DT policy indi-

cator leads indirectly to an increase in the economic development of

about 34.5% through urbanisation. The mediating effect of urbanisa-

tion is 0.695, accounting for 69.5% of the total impact of DT policies

on economic development (see Fig. 4).

Robustness test

Sobel verification

The Sobel test divides the mediating effect estimate by the stan-

dard error of the mediating effect estimate to obtain a z value, which

is compared with a critical z value based on a standard normal

distribution. If the z value is greater than the critical z value, the

mediating effect is present; if the z value is less than the critical z

value, the mediating effect is not present (MacKinnon et al., 2002).

According to the Sobel−Goodmanmediation test result (see Table 11),

P being less than 0.05 means that the original hypothesis is rejected.

In addition, the mediating effect holds, and 69.5% of the total effect is

mediated.

Retest with ‘science and technology expenditure’ as the independent

variable

This paper also verifies the robustness of the model by replacing

the independent variables to prove the scientific validity of the find-

ings. Technology spending and DT policies influence each other and

have a long-term correlation with regional economic growth (He,

2011). Therefore, this paper chooses technology expenditure as a

replacement for the DT policy variable; we use the fiscal science and

technology expenditure proportion to total fiscal expenditure for the

year as a measure. As shown in Table 12, compared with the baseline

regression results, the model’s significance and the coefficients’ sign

are consistent, except for a slight change in the magnitude of the

coefficients, proving that this paper’s conclusions are highly robust.

Conclusion and policy suggestions

Conclusion

The digital economy’s development is not simply about using

information technology but about integrating knowledge and

mechanical models with data models from past industrial enterprises

to reinvent, reconfigure, reorganise and reengineer the business. In

Table 8

Transport index in Chongqing.

Year Positive ideal solution distance Negative ideal solution distance Transport index C j Sequence

2011 0.491 0.087 0.151 9

2012 0.456 0.148 0.245 8

2013 0.431 0.233 0.351 6

2014 0.441 0.146 0.248 7

2015 0.427 0.271 0.388 5

2016 0.106 0.468 0.815 1

2017 0.165 0.435 0.725 2

2018 0.222 0.439 0.665 4

(2019) 0.218 0.448 0.673 3

Table 7

Transport indicator weighting.

Criterion Indicator Weight Source

Traffic facilities Railway operating mileage 12.35% China Statistical

Yearbook.

Chongqing Statis-

tical Yearbook.

Year-on-year growth rate of rail-

way mileage

19.49%

Inland waterway mileage 40.52%

Transport

capacity

Number of cities with air access 14.57%

Airport flights 13.06%

Table 6

Definition of main variables.

Variable Name Variable Definition

Independent variable DT policies index (urbt) This is a comprehensive index to measure technology policy; this paper’s independent variable is to

measure the DT policy in Chongqing.

intermediary variable urbanisation indicator (urbtÞ the level of urbanisation is an important symbol to measure a country or region’s social and economic

development level. it is usually measured by the proportion of the permanent urban population in

the total permanent population of the region, reflecting the process and degree of population aggre-

gation in cities and towns.

dependent variable economic development index (gdptÞ this results from the production activities of all regional resident units in a certain period. gross domes-

tic product (gdp) is the core indicator of national economic accounting and is essential to measuring a

country’s economic situation and development level.

Control variable Transport indicator (trat) This reflects the development of transport in the region. The higher the transport indicator, the better

the overall transport capacity is. The establishment of this indicator is discussed in the next section of

this paper.

Land revenue (lant) This is the fiscal revenue generated from land use rights transactions in that area each year. The change

volume reflects the fiscal revenue generated by the incremental land in the area.

The growth rate of urban building land (ulrt) In China’s land system, urban construction land is only available for large-scale industrial construction

or commercial use, and the number of this indicator reflects the development of urban building facili-

ties and land requirements.

The year-on-year population growth (pgyt) Year-on-year growth is growth compared to the previous period, the previous year, or history and is

usually calculated by ðcurrent period � same periodÞ
same period � 100%.
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this process, digital policy, as well as a strategy and plan for develop-

ing the digital economy, has significantly impacted national urbanisa-

tion.

With the promotion of China’s DT policy, DT’s rapid development

has played a critical driving role in industrial integration. Based on

the objective of studying the relationship between DT and urbanisa-

tion, this paper takes the digital technology data of Chongqing, a typi-

cal city in China, as an example. We construct the measurement

indicators of DT policy from the four aspects: digital infrastructure,

financial input, development of digital industry and digital gover-

nance. This paper discusses the impact of DT policy on economic

development through the mediation modelling analysis, and the fol-

lowing three points can be concluded.

(1) Formulating DT policies can effectively promote economic devel-

opment. The digital economy reduces costs through knowledge

spillover and integration with the primary industry to promote

industrial innovation (Pan et al., 2021). China attaches great

importance to digital policy, both an opportunity and a challenge

for development. On the one hand, the policy could lead to more

capital investment in digital service-oriented enterprises, pro-

mote the development of the digital economy and accelerate the

digitisation process of cities. On the other hand, policy over-

investment may bring a series of negative impacts. As the urbani-

sation of local populations increases, excessive government poli-

cies can weaken the role of urbanisation in promoting economic

development and the positive role of expanding the scale of gov-

ernment spending, creating a vicious circle in local economic

development. Regarding the empirical results of digital policy on

local economic development, in addition to the need to continue

to develop DT infrastructure, such as the establishment of indus-

trial parks and policy support for related enterprises, it is also nec-

essary to pay attention to aspects of talent development, such as

professional teaching practices.

(2) In urbanisation, DT policies can mitigate some of the challenges

caused by structural changes. While future predictions on how

technological progress and automation can affect rural economies

are difficult to make, many rural regions are still greatly influ-

enced by digital policy. Technological progress can reach every-

where and lead to negative or positive outcomes at the local level.

Rural regions must invest in local capacities to trigger long-term

investments and policy foresight. In many ways, DT policies are

compatible with the process of urbanisation. For example, the

Chinese government is working to bridge the ‘‘digital divide’

between urban and rural areas, which can help farmers to receive

and share information faster through more channels, reducing

information asymmetry and increasing income. The Chinese gov-

ernment sees urbanisation as a vital component of its Rural Revi-

talisation Strategy, which intends to offer farmers a vast number

of job changes, production and commercial prospects and enhan-

ces various sorts of property revenue. As a result, the digital policy

provides new economic models to realise optimal resource alloca-

tion based on information technology, serving as a network plat-

form for aggregation, optimisation and distribution of production

factors. Promoting economic development can also help with

resource allocation in urbanisation construction.

Table 9

Regression results*.

Variable M: Urb Y: Gdp

Coefficient SE 95%CI Coefficient SE 95%CI

constant 0.3322083** 0.0739743 0.0967889,

0.5676276

�0.0586755 0.0565819 �0.3021278,

0.1847767

X: dtp 0.3898659** 0.0978773 0.0783766,

0.7013552

0.1517488 0.0675578 �0.1389289,

0.4424265

M: urb None none none 0.8859** 0.158911 0.2021612,

1.569639

pgy �0.442582** 0.1015862 �0.7658747,

�0.1192892

0.0266084 0.0756854 �0.2990395,

0.3522562

tra 0.364977** 0.0709893 0.1390573,

0.5908967

0.0074909 0.0612017 �0.2558388,

0.2708205

ulr 0.1606613 0.0780079 �0.0875947,

0.4089174

0.0306367 0.0333591 �0.112896,

0.1741694

lan �0.0996352 0.0853868 �0.3713741,

0.1721038

�0.0134396 0.0283378 �0.1353675,

0.1084882

R-sq 0.9930 0.9997

F-test 84.99** 977.47**

** p < 0.05,.

* p < 0.1

Note: * and ** indicate significance at the statistical levels of 10% and 5%, respectively.

Table 10

The mediation effect validation results.

Indicators Effect BootSE 95%(P) 95%(BC)

Indirect effect 0.34538219 0.23948363 0.0528057,

1.374162

0.0091458,

0.7512424

Direct effect 0.1517488 0.22058111 �0.7814583,

0.5572779

�0.1071124,

0.777267

Total effect 0.49713099 none none none

Fig. 4. Mediation modelling analysis of the relationship among variables.Note: ** indi-

cate significance at the statistical level of 5%, respectively.

Table 11

Sobel−Goodman mediation test result.

Coefficient Std Err Z P

Sobel 0.34538219 0.10656845 3.241 0.00119135

Indirect effect 0.345382 0.106568 3.24094 0.001191

Direct effect 0.151749 0.067558 2.24621 0.024691

Total effect 0.497131 0.089456 5.55727 2.7e-08
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(3) Urbanisation partially mediates DT policies and regional economic

development, revealing how urbanisation influences digital policy

to drive local economic development. Digital policy-encouraged

technology-oriented industries, based on the internet and data as

a factor of production, incentivise urbanisation to drive economic

growth. While increasing total factor productivity, urbanisation

also breaks down the urban−rural divide, enhancing resource

allocation efficiency in space. DT policies drive technological inno-

vation while strengthening the economic interaction between

urban and rural areas, such as the planning of Xiantao data Valley

in Chongqing and the construction of information infrastructure.

Moreover, DT policies could stimulate the creation of new eco-

nomic sectors and thus promote the convergence of different

industries, profoundly impacting the urban−rural divide (Gereffi,

2001; Ren & Chao, 2018).

Policy suggestions

The policy is crucial in digital technologies, which can play an

essential function in sustainable economic development and over-

coming the digital divide. Based on the results of the empirical study

above, this paper makes the following recommendations.

(1) The government could improve human capital and adapt soci-

ety and businesses to digitalisation, thereby promoting the practical

application of digital technologies and reducing the urban−rural

divide (Grigorescu et al., 2021). The interplay between digital policy

and urbanisation is complex, and their contribution to economic

development is only meaningful when a certain threshold is crossed.

Urbanisation development is not about blindly expanding the land

area of cities but about changing the original industrial structure of

urban−rural isolation and increasing the productive capacity of the

rural labour force. Therefore, it is a reasonable development direction

to cultivate rural talent with transferable skills and make the digital

industry a supplement to the rural economy.

(2) The government could use DT policies to promote the transfor-

mation of rural industries and economic development. In the context

of the digital economy, the development and application of ICT have

led to changes in resource allocations throughout society, which has

essentially broken down urban−rural isolation. DT policies have

boosted regional economic development and helped transform rural

industries. For example, the development of ICT has enabled agricul-

tural operators to implement more accurate and scientific field

management, reduce the impact of natural disasters and increase the

efficiency of agricultural production. By reducing transaction costs

and improving transaction efficiency, traditional rural industries

have obtained greater scope for development, which is consistent

with the aims of urbanisation.

(3) The government must continue strengthening its infrastruc-

ture, including traditional infrastructures, such as transport facilities

and logistics networks; it also requires IT infrastructure, such as big

data centre platforms. The construction of the digital economy is

somewhat the same as the construction of cities, meaning that the

digital divide mainly comes from the lagging development of rural

areas. Therefore, the digital policy could focus on improving digital

infrastructure development in rural areas to provide a high-quality

infrastructure for business development.

(4) DT could develop forward-looking policies and regulations with

greater involvement of marginalised communities. New technolo-

gies can modify how people access public services and interact

with society. Under reasonable supervision, the digital economy

can effectively reduce transaction costs, form larger markets,

accelerate commodity circulation and improve the radiation of

central cities to surrounding areas, reflecting the intermediary

role of urbanisation in DT policy and development.

The conclusions of the previous literature have tended to identify

spatial differences (digital divides) in digital development at a

regional level (Lucendo-Monedero et al., 2019; Song et al., 2022; Zhu

& Chen, 2022) or analyse the impact of digital technologies on urbani-

sation at a legal level (Zhang & Zhou, 2022). Both approaches are con-

fined to the traditional urban−rural dichotomy (Wang & Chen,

2021); however, researching the impact path of DT policies beyond

the dichotomy is necessary because it has become an essential com-

ponent of global urban construction. This study’s results represent a

novel contribution and enrich the literature on the industrial restruc-

turing in cities driven by the digital economy. The study makes sev-

eral contributions. (1) A three-level indicator system based on a

practical DT strategy was constructed, which can be used to analyse

different countries or geographical regions. (2) Benefiting from

regression modelling methods and the Sobel−Goodman approach,

the essential role and specific impact pathways of urbanisation in DT

policy and economic development were analysed to provide a refer-

ence for digital economy-driven cities. (3) The direction of DT policy

to adjust the urban−rural structure was analysed. In summary, this

Table 12

Result for the science and technology expenditure as an independent variable*.

Variable M: Urb Y: Gdp

Coefficient SE 95%CI Coefficient SE 95%CI

Constant 0.322163** 0.0914574 0.0311047,

0.6132213

�0.0798949 0.0355333 �0.2327823,

0.0729926

X: ste 0.4039748** 0.1259587 0.003118,

0.8048316

0.1492691 0.0454429 �0.046256,

0.3447942

M: urb None none none 0.9271709** 0.098978 0.5013029,

1.353039

pgy �0.3931432 0.1317686 �0.8124895,

0.0262032

0.0678523 0.0449942 �0.1257423,

0.2614468

tra 0.3295436** 0.0904466 0.0417023,

0.6173849

�0.023162 0.0361155 �0.1785546,

0.1322306

ulr 0.2573406 0.0843759 �0.0111811,

0.5258622

0.0567785 0.0292918 �0.069254,

0.182811

lan �0.2909257** 0.0859963 �0.5646042,

�0.0172472

�0.0760888 0.0323499 �0.2152791,

0.0631016

R-sq 0.9900 0.9998

F-test 59.68** 1774.69**

** p < 0.05,

* p < 0.1

Note: * and ** indicate significance at the statistical levels of 10% and 5%, respectively.
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paper emphasises that the urbanisation driven by the digital econ-

omy is not simply the application of information technology and the

expansion of cities but the synergy and interaction of knowledge,

industrial structures and resource allocation.

There are several limitations to this study. First, this paper only

uses GDP as an indicator to measure economic development.

Although it is a crucial indicator of economic development, in prac-

tice, we could also consider factors such as the income gap, consumer

price index and changes in industrial structure. Second, although the

robustness test was conducted, the paper could have been extended

to other global cities, especially those with economic development

differing from Chongqing, to verify unique distinctions in the impacts

of DT policies. Finally, further research is needed on how DT policies

can use technological innovation and cooperation with local commu-

nities to support the structural transformation of industries in rural

areas.
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