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Abstract This research is about the structural characteristics and regional differences of digital economy development
in 31 provinces of China from 2014 to 2021. The entropy weight-TOPSIS technique is used to identify the main reasons for
regional differences in the digital economy through a four-dimensional evaluation framework of 20 variables. The results
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1. Introduction

1.1. Research Goals and Questions

Current research primarily focuses on the development
level and growth effects of the digital economy (Jiao & Sun,
2021), neglecting the regional differences in the internal

structure of the digital economy and its development drivers.

Regional economic theory posits that the development of
different regions depends on their core development factors
(Krugman, 1991; Porter, 1998). Development in different
regions depends on different development factors, such as
more efficient communication networks, digital economy-
related investments, and the rate of return brought by
innovative technologies (Feng & Qi, 2024). To measure the
current state of development of China's digital economy, it
is necessary to understand the root causes of its uneven
development and its development trajectory.

Therefore, this study will focus on the following
questions:

RQ1: Do regional differences in China’s digital economy
reflect structural heterogeneity rather than only
development-level disparities?

RQ2: Which indicators constitute the major structural
drivers of regional digital economy development?

RQ3: What role does digital finance play within the
regional digital economy structure?

1.2. Theoretical Background

Driven by the rapid development of next-generation
technologies such as artificial intelligence, 5G networks,

cloud computing, and big data, the digital economy has
become a new arena for competition among major
economies (Brynjolfsson & McAfee, 2014).

The main driving force behind China's high-quality
development is the development of the digital economy
(Engineering, 2020). Recently, a series of policies have
been put into place, including Made in China 2025, the Plan
for Building a Digital China, and the Guiding Opinions on
Enhancing the Development of the Industrial Internet
through "Internet Plus Advanced Manufacturing" (Arcesati
et al., 2020; Engineering, 2020). These policies put digital
technology first in the real economy and speed up the
process of improving and changing industries (Sturgeon,
2021). The current study shows that improving digital
infrastructure and using digital technologies make
industries more efficient and regions more competitive
(Porter, 1998). However, China is still far behind wealthy
countries when it comes to basic technological self-
sufficiency, the complexity of its industrial base, and the
efficiency of resource use (Simon, 2021).

The development of the digital economy is uneven across
regions. Regional economic theory asserts that distinct
regions may rely on specific core components for their
growth (Krugman, 1991; Porter, 1998). This difference
shows that regional digital economies not only have
different levels of development, but they may also have very
different internal structures and driving forces.

1.3. Research Gap

Currently, there are still some gaps in the discussion of
regional development of the digital economy. The primary
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deficiency is the lack of a structural perspective. Existing
research mainly assesses the scale of digital economic
development and its impact on economic growth and
industrial progress (Bukht & Heeks, 2017), emphasizing the
importance of digital infrastructure and technological
innovation for economic development (Brynjolfsson &
McAfee, 2014). Most of these studies use composite indices
or single-dimensional indicators for comparison, failing to
consider the different weightings of various variables in the
digital economy (Ruan et al., 2024). Secondly, there is a
lack of a multi-path framework for the development of the
digital economy. Recent studies examining regional
disparities in the digital economy predominantly employ
either an "east-high, west-low" or "core-periphery" spatial
structure framework (Wei, 2025). This single gradient
explanation does not elucidate why certain regions excel in
innovation-driven development or technology
commercialization (Wang et al., 2023).

In short, recent studies show that structural weight
analysis, finding driving mechanisms, and making multi-
path patterns all have big problems. This study develops a
weighting system for regional digital economy indicators
using the entropy-weighted TOPSIS method to explores the
main driving factors of digital economy development, the
various development paths resulting from structural
differences, and how the digital economy achieves regional
growth within this context.

1.4. Thesis Significance

This study re-examines the development of regional
digital economies, expanding the analytical framework of
digital economy research from the perspective of weighted
differences.

This paper examines regional development disparities
and the weighting framework of indicators to explore the
primary determinants of regional digital economies and
their unique developmental pathways. It is also important to
think about the exact role of digital finance in the regional
digital economy. This research provides an impartial
assessment of the incremental role of digital finance,
thereby augmenting the theoretical contributions of
investigations into the internal framework of the digital
economy (Shan & Liu, 2023). This approach elucidates the
internal structural disparities and primary determinants
influencing regional digital economies (Novikova &
Strogonova, 2020). This provides theoretical support for
understanding the different ways that China's digital
economy has evolved and sets up a structural basis for
improving policies for regional digital economies.

2. Literature Review

2.1. Digital Economy and Regional Development

The digital economy is an economic system that relies on
digital technologies, data resources, and network
infrastructure (Milskaya & Seeleva, 2019; Williams, 2021).
Dahlman et al. (2016) argue that the digital economy
encompasses internet activity, the application of digital
technologies, and their impact on economic and social
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structures. Existing research also indicates that the digital
economy comprises several fundamental elements: data as
a crucial component of production; the importance of
modern information networks to operations; and the role of
information and communication technologies in improving
efficiency and optimizing structure (Berczi, 1981; Hu et al.,
2014; Qiang et al., 2004). However, existing concepts only
emphasize the multifaceted nature of the digital economy
and its macro-level impact, while ignoring the regional
differences in the internal structure of the digital economy,
such as the varying levels of technological innovation, data
acquisition, and digital infrastructure development (He et al.,
2024; Sidorov & Senchenko, 2020).

The digital economy has strong effects that spread
beyond its immediate impact, as digital technologies help
different industries come together and benefit related
sectors by creating new ways of doing business through
network effects, sharing knowledge, and spreading
platforms (Z. Wang et al., 2024; Zou et al., 2024). At the
same time, digitalization greatly lowers the costs of copying
and sharing information products, which lowers the costs of
new ideas and spreading new technologies within an
organization. This boosts the driving force in many fields
and industries (Polyakov & Kovshun, 2021), leading to
increased innovation, improved efficiency, and enhanced
competitiveness  across various sectors. Regional
differences in the digital economy may not grow in a
straight line but instead cause structural changes through
"key indicators (such as telecommunications service
volume, platform and network capacity, and technology
transaction activity)" (Hao et al., 2023).

Finally, there is the innovative integration capability of
the digital economy. Digital technology is both a tool and
an object of innovation, applying its innovative capabilities
in organizational structures, governance models, and
business practices (Chirkunova et al., 2020; Ding et al.,
2025). Therefore, the innovation process in the digital
economy often follows a chain path: R&D investment —
output — market transformation (Yi et al., 2024). Regional
differences in each link are also one of the sources of
differentiation in the digital economy (Zhang & Xing, 2025).
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So compared with the traditional economy, the digital
economy exhibits stronger dependence on data resources,
network externalities, platform coordination, and digital
infrastructure. These characteristics imply that regional
digital economy development may rely on different
structural drivers. Table 1 summarizes the major structural
differences between the digital economy and the
traditional economy.

Table 1. Characteristics of the Digital Economy vs. the Traditional

Economy.
C().mparl'son Digital Economy Traditional Economy
Dimension
Main F f . .

am actgrs © Information, Data. Labor, Capital, Land.
Production

Dominant In-depth participation of

Economic demand, platform Supply-led.

Force collaboration.

Main Micro Platform enterprises, multi- | Single-center or multi-
Subjects sided market entities. center enterprises.
Hierarchical
Form of Networked and multi-form | organizational network
. organizational structure based on factor
Economic

with data and information
links at its core.

separation and
contractual
relationships.

Organization

Decreasing (law of

Marginal Increasing (driven b . .
N g (driv oy diminishing marginal
Return network externalities).
returns).
Consumption Integration of online and . .
P g R Offline-oriented.
Pattern offline.
. Traditional
New infrastructure such as .
. infrastructure such as
5@, big data centers, cloud R
Infrastructure transportation, water

computing platforms, and

. and electricity, and
computing power centers.

energy.

Source: The author compiled this information based on relevant
literature.

Table 1 compares the digital economy and the
traditional economy in terms of production factors,
organizational forms, and value creation mechanisms. In
more concrete terms, the increasing significance of data
resources, network  externalities, and platform
coordination implies that the development of regional
digital economies may exhibit differentiated structural
patterns, rather than uniform development paths.

2.2. Regional Heterogeneity and Structural Drivers

Research on the regional imbalance in the development
of the digital economy typically begins with the premise
that "the spatial distribution of the digital economy is not
naturally balanced" (Han et al., 2024). This phenomenon
has a relatively straightforward explanation. New
economic geography suggests that when economic
activities exhibit increasing economies of scale and
agglomeration effects, a stable core-to-periphery structure
forms, resulting in the concentration of production and
innovation resources in a few core areas (Krugman, 1991;
McCann & Van Oort, 2019). In the context of the digital
economy, the economic attributes of digital products and
services reinforce this logic.

Early research on the digital economy primarily
focused on its impact on economic growth and

productivity, exploring how digital technologies can improve
economic efficiency by reducing costs, optimizing resource
allocation, and facilitating dissemination (Brynjolfsson &
McAfee, 2014; Polyakov & Kovshun, 2021). Later research
revealed that the digital economy is not a single factor of
production, but a multi-dimensional, complex system
encompassing digital infrastructure, digital platforms, data
resources, innovation capabilities, and institutional policies
(Rong, 2022). These findings suggest that in regions with
abundant innovation resources or advanced institutional
policy frameworks, the development of the digital economy
relies not solely on scale expansion but more on collaborative
innovation and information spillover. Evolutionary economic
geography proposes that the development paths of different
regions are influenced by multiple factors, exhibiting path
dependence and multi-path evolution characteristics
(Boschma & Frenken, 2006; Sun et al., 2024). Therefore,
using comprehensive indicators to assess the development of
the digital economy may, to some extent, obscure the
fundamental reasons for its differences (He et al., 2024).

3. Methodology

This study constructs a four-dimensional assessment
framework comprising 20 indicators, aiming to explore the
structural differences and driving patterns of regional digital
economies. The study employs the entropy weighting method
to validate indicator weights and uses the TOPSIS method to
assess the development level of the digital economy in 31
provinces of China. Information entropy of the indicators is
used to represent data dispersion, which is then used to assess
the relative impact of each indicator on regional differences,
while avoiding subjective weight bias (Wu et al., 2022). The
TOPSIS technique computes the relative closeness of each
region to an optimal solution, producing a detailed ranking
that allows for comparability (Celikbilek & Tiiysiiz, 2020).
Crucially, the weight distribution produced within the
entropy-weighting framework inherently signifies the
structural importance of various indicators in influencing
regional disparities, thus offering a quantitative basis for
discerning multi-pathway driving patterns (Wu et al., 2022).

This analytical approach allows the research to investigate
gradient disparities in the levels of regional digital economic
development and to pinpoint fundamental supporting factors
across regions from a structural weight perspective. This
makes it easier to figure out if regional digital economies have
a "multi-path driven" development pattern and to look at the
current structural state of digital finance-related variables.
The shift from "horizontal comparison" to "structural
identification" addresses the shortcomings of current research
in terms of mechanisms. It also provides empirical support for
regional differences in the digital economy (Moder, 2017).
3.1. Evaluation Framework and Indicator System

The digital economy is based on data, supported by
information and communication technologies, and
characterized by its reliance on infrastructure, industrial
features, integrated services, and emphasis on innovation
(Ouyang et al.,, 2024). The digital economy is not only
reflected in the improvement of information infrastructure,
but also in the revenue scale of digital industries, the
complexity of digital service systems, and the driving force of
innovation capabilities (Williams, 2021). This study aims to
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explore the contribution of each indicator to regional
differentiation.

3.1.1. Digital Economy Indicator System

This study constructs indicators in four dimensions:
digital infrastructure, profitability of the digital industry,
operational capability of digital services, and operational
capability of digital innovation. The system is based on
the structural features of the digital economy and the
theoretical framework of regional development. This

model fully includes the "input foundation,

" on:

industrial

output,”" and "innovation support" of the digital economy,
making it easier to systematically study regional digital
economic systems. As shown in Table 2.

Table 2. Digital Economy Evaluation Index System.

Code Secondary indicators Primary indicators
X1 Length of optical fiber cables (km)
X2 Number of broadband internet
access ports
Penetration rate of mobile phones
X3 (number of users per hundred Digital infrastructure
people)
Number of domain names (in ten
X4
thousand)
X5 Capacity of mobile telephone
exchanges (in ten thousand)
X6 Revenue from software business
(10,000 RMB)
X7 Revenue from information
technology services (10,000 RMB)
X8 Telecom business volume (100 Revenue from the
million RMB) digital industry
X9 E-commerce procurement volume
(100 million RMB)
X10 E-commerce sales volume (100
million RMB)
X11 The breadth of digital financial
coverage
X12 | The depth of digital financial usage
X13 Level of online and mobile
payments
Level of digitalization of inclusive Digital service
X14 e
finance capability
Number of employed persons in
urban units engaged in information
X15 transmission, software, and
information technology services (in
ten thousand)
Full-time equivalent (FTE) R&D
X16 personnel in industrial enterprises
above designated size (person-years)
R&D expenses in industrial
X17 enterprises above designated size
(10,000 RMB) C .
Number of R&D projects in Digital 1nr.1<.>vat1on
X18 industrial enterprises above capability
designated size
X19 Technology market turnover (100
million RMB)
Number of domestic patent
X20 . .
applications and authorizations
Source: The Authors’ own work.
X1-X5 represent the dimensions of digital

infrastructure, which serve as the physical foundation for
the functioning of the digital economy (Milskaya &
Seeleva, 2019). This dimension aims to assess the network
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support  capabilities and information transmission
infrastructure of a region's digital economy.X6—X10 denote
the revenue-generating aspect of the digital sector. This
dimension assesses the levels of industrialization and
marketization within the digital economy. Dimensions X11-
X15 denote the digital service capability dimension,
characterized by the digital economy's integration with social
and financial processes. The first four indicators are derived
from the Peking University Digital Inclusive Finance
Index(Li & Zhang, 2024), used to assess the penetration and
utilization rate of digital finance. This dimension defines the
ability of the digital economy to connect with social services
and the financial system. X16 - X20 represent the digital
innovation capability dimension, reflecting the unique
innovation-driven attributes of the digital economy (Chen &
Xing, 2025). Five indicators were identified, as shown in
Table 2. The first three indicators reflect the scale of R&D
investment; technology market transaction volume assesses
the transformation capability of technological progress; and
patent authorization volume represents intellectual property
output. This dimension is used to assess the innovation
support capability and technology diffusion potential within
the digital economy.

3.1.2. Data Sources and Sample Description

The sample data for this study comes from all 31
provincial-level administrative regions of China (excluding
Hong Kong, Macau, and Taiwan) (He et al., 2018). All data
are from publicly available statistical resources to ensure
reproducibility and verifiability.

All other indicator data were sourced from(China, 2026)
except the digital finance indicators :

* National Bureau of Statistics of China (NBS)

+ China Statistical Yearbook

* China Information Industry Yearbook

* Provincial statistical yearbooks

Digital finance indicators (X11-X14) were sourced from:
Digital Inclusive Finance Index compiled by Peking
University Digital Finance Research Center (Series of Digital
Finance Indexes, n.d.).

All 20 indicators selected in this study are positive
indicators, requiring no inverse transformation. To eliminate
the impact of differences in the dimensions of the indicators
on the comprehensive evaluation results, all variables were
standardized before calculation to ensure data comparability
and stability. To ensure data consistency and logical
coherence, the statistical definitions and units of measurement
for each indicator were uniformly calibrated. For missing
values that may exist in specific years or regions,
supplementary data published by the National Bureau of
Statistics (China, 2026) and relevant authoritative yearbooks
were consulted.

3.2. Methods

The overall analytical process of this study involved
developing indicators for evaluating the digital technology
economy and collecting statistical data from various
provinces. Then, the entropy weight method is used to find
the indicators' objective weights. After that, the TOPSIS



30 Mengsi Li (et al.): Structural Patterns and Multi-Path Development of China’s Regional Digital Economy

method is used to find out how developed the digital
economy is in different areas. Finally, a robustness test is
done with the equal-weight method to see how different
weight settings affect the results of the study.

3.2.1. Entropy Weight Method

The entropy weight method was employed to
objectively determine the contribution of each indicator
based on the degree of variation across regions. The
entropy weight method assigns weights to indicators
based on the extent of data variability (Chen, 2021).
Indicators exhibiting greater dispersion encompass more
information and hence are assigned higher weights (Wu et
al., 2022).

Step 1: Construction of the Original Data Matrix

There are n provinces and m indicators. The original

matrix is:
X = (xij)nxm) (1)
where x;; represents the value of indicator j for
province i (Wu et al., 2022).
Step 2: Data Normalization
Since all indicators are positively oriented,
normalization is conducted to eliminate dimensional
differences. Following the mean normalization approach:

(zij = —) )

where X;denotes the mean value of indicator j (Wu et
al., 2022).
Step 3: Calculation of Proportions

Z::
(pij = =) (3)
DI
=1
Step 4: Entropy Value Calculation
n
1
(ej =—k Zi—l pijIn(p;;)), where k = -

4)
Step 5: Information Utility Value

(di=1—¢) (5)

Step 6: Determination of Entropy Weights
d .
W = =) (6)
Z 4
j=1

The resulting weight w; reflects the contribution of
indicator jto regional differentiation.
Step 7: Weighted Standardized Matrix
(Vi = w; - z5) (7)
The entropy weights derived here are later used in the
TOPSIS evaluation process.

3.2.2. TOPSIS Comprehensive Evaluation Method

TOPSIS evaluates each province by calculating its
distance from the ideal solution (Celikbilek & Tiiysiiz,
2020; Wang & Wang, 2014).

Step 1: Construction of the Weighted Decision Matrix
(V = (vij)nxm) (8)

Step 2: Determination of Ideal Solutions
Positive ideal solution (Chen, 2021):

(A+ = {max(vij)}) (9)
Negative ideal solution (Chen, 2021):

(A7 = {min(v;;)}) (10)

Step 3: Euclidean Distance Calculation
Distance to positive ideal (Wang & Wang, 2014):

m
0F = | 2] (vy = 41)?) (an
Distance to negative ideal (Wang & Wang, 2014):
- m -
07 = |2 (vy = 47)?) (12)
Step 4: Relative Closeness Calculation

(€ =) (13)

+ —
D} +D;

The wvalue C; € [0,1] represents the comprehensive
development level of province i. A larger value indicates a
higher digital economy development level.

Importantly, beyond ranking provinces, the entropy
weights allow identification of structural contribution
differences across regions, which serves as the foundation for
structural heterogeneity and multi-path development
analysis(Wu et al., 2022).

3.2.3. Robustness Check: Equal-Weight Comparison

To assess the robustness of the entropic weighting method's
results, this study further employs an equal-weighting
approach for comparative analysis (Esangbedo & Wei, 2023).
Specifically, while maintaining the unchanged indicator
system, the standardized contribution values e; for
secondary indicators X1-X20 are assigned equal weights.
The comprehensive scores for each province are then
calculated using simple averaging:

1

(Score; = —Zm eij) (14)
j=1

m

Here,m = 20 denotes the number of indicators. To verify
the impact of different weights on the results. The results of
the equal weight calculation are shown in Table 5.

4. Results

4.1. Descriptive Structural Characteristics of China’s

Digital Economy Development

Based on the construction of the indicator system and
measurement model, the weights (W;) of each evaluation
indicator in every region are calculated according to the above
formula, as shown in

Table 3 below.
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Table 3. The weights of each evaluation index in Eastern China from 2014 —2021.

Region | yjo, | X1 | X2 | X3 |X4 | X5 | X6 | X7 | X8

X9 | X10 | X11|X12|X13 | X14 | X15| X16 | X17 | X18 | X19 | X20

Beijing |4.08]2.24(3.05|2.97 | 7.14 | 6.94 | 7.48 | 9.98

5.36|5.66(4.59(5.07|293|2.75(4.02| 4.61 [5.75|4.17| 791

Tianjing |5.35|4.28|5.70(2.43 | 401 | 555 | 5.73 {11.82

6.81)5.0414.84(447|2.732.51(521|4.07 |4.68|5.69| 597 | 3.12

Hebei |4.10]2.73|3.93(3.55|4.80 | 6.53 | 6.75 [11.32

4.15(432(4.21(4.00(2.67|2.50(4.59|4.10 [4.55|7.13 5.97

Shanghai | 2.64 5.37(4.00 | 459 | 438 | 4.77 | 9.47

5.9716.19(3.80(4.04]|2.29|2.47(545|3.29 (3.77|3.84| 7.29 |12.29

Jiangsu |3.06|2.52|4.92(2.45| 7.34 | 3.70 | 3.90 {10.68

6.36|7.69(4.34(421|2.57|2.54(491| 386 |4.48|5.87| 7.80 | 6.83

Eastern

Zhejiang | 3.48 (2.09|4.86|4.51 | 436 | 4.60 | 5.04 |12.04

6.4415.5314.50(4.57(2.61(2.69(549| 393 |459|5.14| 7.78 | 5.77

Fujian [4.32(2.99|3.33|3.94|4.33 (329 | 3.12 |12.08

8.00|8.15(5.08 (4.37]2.99|3.52(2.69| 528 |3.89|7.66| 7.92 | 3.05

Shandong | 3.16 | 3.05|3.67|4.32 | 4.79 | 5.86 | 5.23 |10.74

4.34|434|4.55(1432(2.75|2.61(5.43|4.09 [4.74|6.72 7.13

Guangdon
g

3.97(3.28(3.98(4.25|3.84 | 484|550 (11.49

4.29|5.63|4.47|4.55(2.87|3.45|5.51 4.21(5.89| 6.80 | 5.70

Hainan |3.523.11 6.98 4.14 | 4.05 |10.74

3.9014.75(4.07 {3.40|2.57|2.33 | 4.65 4.30(9.87] 6.68

Shanxi [3.49(2.83]4.37|5.62| 6.09 | 7.07 | 5.51 |10.08

5.04]6.52(3.83(3.49|250|1.87(6.75 4.08 494 6.04 | 6.40

An'hui 2.32|3.17|547| 298 | 497 | 494 |11.24

6.0214.714.91(4.42)|283]2.76|4.48 5.53|7.07| 8.61 | 593

Jiangxi |4.04 396(4.22|4.08 | 448 | 593 | 8.74

3.16|1.89(3.26 [3.08|1.98]1.923.73 327|481 7.05 | 3.22

Central

Henan |[2.69(2.44|491(4.98 447 |4.79 | 4.83 [10.30

5.2212.79(4.25|3.89|2.88|2.35(4.40 4.70 | 6.42|14.75] 5.10

Hubei [3.82(2.64|5.07|3.57|10.70| 3.74 | 5.21 |10.93

5.6815.76 | 4.30 2.5612.45(4.20 4.58 (5.07| 5.38 | 6.27

Hunan |3.62 4.8113.62| 520 6.02 | 549 |10.45

5.9215.45(4.06 2411228 |4.54 4.19 [6.4610.09| 5.35

Neimengg
u

4.21]2.64|3.01[4.11| 3.69 [13.15[16.59]| 9.22

3.082.87 2.3012.39(3.67 3.803.72| 5.61 | 5.73

Guangxi |4.31|2.86|4.46(3.84|3.72 | 8.01 | 7.62 | 9.02

3.5215.68|3.50 221]1.69(4.13 3.6216.90(10.86| 4.74

Chonggqin
g

3.43(2.52(3.57(3.71 | 6.61 | 459 | 5.72 {13.38

4.69 |6.97|3.87 235)2.15(7.49 4.30(4.74] 9.51 | 3.01

Sichuan |4.60 | 3.46|4.96|3.50| 3.18 | 5.08 11.34

6.76 1591 | 4.84 2771236 |4.64 | 428 |4.75|5.65| 6.32 | 5.35

Guizhou |2.95|3.03(4.14(6.91 | 7.48 | 7.34 10.15

4.14 |4.73|3.83 2.5112.05[5.313.61 404|540 6.11 | 5.75

Yunnan |4.62(2.78(5.12(5.47| 8.40 | 5.01 11.48

Western

4.60 (4.17|4.17 2.5812.10(4.78 | 3.78 |4.31 |3.61| 8.65 | 5.24

Tibet [2.69]2.69|1.54(2.28 | 2.04 {21.32 6.46

223272271 147131390 1.44 {534 (3.39| 9.08 | 4.13

Shaanxi [4.35|2.91|4.27|4.59| 4.63 | 4.44 11.52

6.97 4.46 2.96 (2.5814.49| 3.99 |4.66 |5.16| 7.19 | 4.48

Gansu [4.33 4.7715.32| 4.07 | 3.18 11.54

4.60 | 8.934.59 3.19|4.4416.75| 4.17 |4.61 |4.58| 5.00 | 5.41

Qinghai |4.91|3.13|4.26 |4.54| 4.77 | 7.06 11.19

4.03 5.64|4.53 2.94 (258233 | 4.12 |4.68 [5.02| 8.97 | 5.68

Ningxia |3.77 [ 4.34|2.86|4.15| 2.99 | 6.29 11.96

5.3315.08 [4.50 2.94(29713.79| 4.13 {492 [5.83| 7.86 | 6.24

Xinjiang [4.13|3.28|4.62|3.56| 3.05 | 3.58 11.54

5.7115.14 430 2.70 [2.517.63| 3.86 |4.52 [6.34| 9.00 | 5.55

Liaoning |3.70|2.05|3.74 {4.44 |11.13| 6.49 9.71

6.7515.04 [ 4.45 2.632.66|4.11| 4.01 {4.60[3.92| 529 | 6.63

Northeaste
m

Jilin 5.07[295[4.92(643 | 523 | 5.06 11.76

5.2614.77 | 4.60 2.65(2.64|5.10| 4.32 {4.90 [2.56| 8.14 | 6.23

Heilongjia
ng

4.61|2.64|570(9.81 339|553 634|921

3.4213.87[4.26 (3.782.502.21 (3.97 | 4.04 |4.81 |4.32| 8.77 | 6.82

Source: The author's own calculation is based on data from the National Bureau of Statistics of China, China Statistical Yearbook, China Information

Industry Yearbook, Provincial Statistical Yearbooks, and Digital Inclusive Finance Index.

Table 3 shows the entropy-weighted indicator structure
of the digital economy in 31 provinces of China from 2014
to 2021. The results of weight show that China’s regional
digital economy development presents significant
structural heterogeneity, rather than a simple hierarchical
gap in the level of development. The various regions are
characterized by different combinations of indicators of
infrastructure,  industrialization,  innovation, and

transformation that reflect the diversified development
mechanisms in the country.

From the perspective of national structure, the volume of
telecommunications services (X8) has always been one of the
highest weighted indicators in almost all regions, indicating
that the scale of communication and the transmission capacity
of information are still the most basic driving forces for the
development of the regional digital economy. The burden of
X8 is generally greater than 9%—12% in the Eastern, Central,
and Western regions, respectively, which reflects the strong
role of telecommunications infrastructure and communication
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service development in the formation of regional digital
economy differences. This finding indicates that the
development foundation of China’s digital economy still
heavily depends on communication networks.

Furthermore, the technology market turnover (X19)
also has a relatively high structural importance in several
provinces, in Western and innovation-oriented provinces.
The increasing importance of X19 indicates that the
commercialization of innovation and the transformation
of technology have become increasingly important
sources of regional differentiation. The growing
importance of technology transaction indicators relative to
traditional infrastructure indicators reflects the gradual
shift of China’s digital economy from infrastructure
expansion to innovation-driven development.

Indicators of digital industrialization, especially the
indicators of software business revenue (X6) and
information technology service revenue (X7), also have
relatively high weights in economically developed regions.
This phenomenon shows that the income generation of the
digital industry has become a significant structural support
for the advanced digital economy of the region. The
Eastern region is relatively more coordinated between
digital industrial revenue, e-commerce activities, and
innovation capacity, which reflects a relatively mature
digital economic ecosystem.

In contrast, digital finance-related indicators (X11-X14)
generally maintain relatively low weights in most
provinces and regions, usually between 2% and 5%. The
lack of dominant digital finance indicators indicates that
digital finance plays a more supportive role than a main
driving force in regional digital economic development.
Even in the economically developed Eastern provinces,
digital finance does not show an absolute structural
predominance. This finding suggests that the current stage
of the development of China’s digital economy is still
primarily driven by infrastructure expansion, industrial
digitalization, and innovation transformation rather than
financial digitalization alone.

The Eastern region exhibits a relatively balanced
structure at the regional level, with coordinated
development of digital industrial revenue and innovation
capacity. Indices such as software business revenue,
information service revenue, e-commerce activities, and
patent-related innovation indices generally have relatively
high weights, which reflects strong industrial synergy and
innovation integration.

The Central area shows a communication-scale-
supported structure. In most of the Central provinces, the
telecommunications service volume level is the most
stable and dominant indicator, while the innovation-
related indicators show relatively divergent patterns. This
implies that the Central region is strongly dependent on
the expansion of communication infrastructure while also
developing differentiated innovation paths.

The West shows a stronger structural concentration and
a higher degree of regional differentiation. Except for the
leading role of the telecommunications service volume,
the technology market turnover and industrial
transformation indicators perform relatively stronger in
several provinces. The development trend of

“communication scale support + technology transformation
enhancement” has been formed, which shows that the
commercialization of innovation has become an increasingly
important driving mechanism for the development of the
digital economy in the Western region.

Northeast China has a multi-core structural pattern with
communication support, internet resource differentiation, and
technology transaction variation compared with other regions.
The region lacks a single dominant structural path, although
telecommunication indicators remain important. Rather,
different provinces depend on different combinations of
internet resources, communication capacity, and technology
transformation  indicators, which reflect a more
heterogeneous development structure.

In general, the analysis of descriptive structure indicates
that China’s digital economy development is characterized
not only by regional disparities in development levels but also
by significant differences in structural driving mechanisms.
The results indicate that the development of the regional
digital economy in China has gradually changed from
infrastructure-oriented expansion to diversified paths
integrating communication scale, industrial digitalization,
and innovation transformation.

4.2. Comparative Analysis of Regional Digital Economy
Structures

To more clearly identify the structural differences in
regional digital economy development, a comparative
analysis was conducted on the indicator weights of provinces
in China based on four dimensions: digital infrastructure,
digital industry revenue generation, digital service
capabilities, and digital innovation capabilities. The results
are shown in Table 4.

Table 4 presents the results of the four main dimensions of
development of the digital economy in China’s eastern,
central, western, and northeast areas. The results suggest that
the differences in the development of the digital economy
among regions are embodied not only in the overall level, but
also in the structure of digital infrastructure, the revenue of
the digital industry, the competence of digital services, and
the capability of digital innovation. This suggests that
multiple development trajectories exist for various regions
instead of a single linear path.

The digital infrastructure has relatively large structural
contributions in the South as well as the northeastern regions.
Additionally, some western provinces, including Yunnan,
Guizhou, Gansu, and Qinghai, make relatively significant
infrastructure contributions, while Heilongjiang, Liaoning,
and Jilin also have infrastructure weights exceeding 24%.
This means that infrastructure construction remains an
important foundation for the development of a digital
economy in less developed or geographically remote
territories. In contrast, the infrastructure weights of most
eastern provinces are 19% to 22%. This indicates that the
digital infrastructure of the region is relatively developed and
has entered a more stable stage. In other words, the
development of the digital economy in the eastern region no
longer primarily relies on infrastructure construction. For its
development, however, industrial revenue and innovative
capacity are becoming more important instead. Anhui and
Jiangxi still struggle with poor infrastructure in the central
area, while Hubei and Shanxi perform relatively well. This
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situation indicates that the infrastructure development of
the central region is still uneven and has not yet formed a
fully balanced digital foundation.

Table 4. Regional Comparative Analysis of Digital Economy Entropy
Rights Measured by TOPSIS in China.

Re . Digital | REVeMUC | pyioital Digital
gio | Region | . from the . . .
infrastr .. service mnovation
n | Index tur digital bilit bilit
ucture industry capability | capability
Beijing | 19.48 35.42 19.36 2574
T‘a;”m 21.77 34.95 19.76 23.53
Hebei | 19.10 33.07 17.97 29.86
Sh*:i‘gh 20.70 30.77 18.05 30.47
Fa | Jiangsu | 2028 3233 18.56 28.84
ste | Zhejian | g 99 33.65 19.85 2721
m g
Fujian | 1891 34.64 18.64 2781
Shi;d" 18.99 30.52 19.65 30.85
Guang |93, 31.74 20.84 28.10
dong
Hainan 22.50 27.58 17.02 32.90
Shanxi | 2239 34.22 18.43 24.95
co | Anhui | 17.08 31.88 19.39 31.65
m‘i Jiangxi | 18.02 2421 13.96 4381
al Henan 19.49 27.92 17.77 34.82
Hubei | 25.80 3131 17.72 25.17
Hunan | 20.15 3332 16.87 29.67
Neime |5 o6 44.92 15.22 2220
nggu
Giaing 19.18 33.84 14.85 32.13
Chong |4 ¢s 3535 19.65 25.15
qing
S‘°:”a 19.69 3491 19.05 2634
G“LZhO 2451 33.72 16.86 24.90
w Yunna
est N 2639 30.60 17.43 25.59
N Tibet | 1123 54.04 1134 2339
Shaia“" 2075 35.17 18.61 25.48
Gansu | 21.64 31.59 23.03 2375
Qmigha 2161 34.01 15.92 28.46
Ningxi
a 18.11 34.88 18.04 28.96
Xinjian
. 18.65 31.07 21.02 29.26
No | Liaoni | »s0s | 3555 22.99 24.44
rth ng
eas | Jilin | 24.60 30.15 23.88 26.14
. :
er | Heilon |0 ¢ 2837 20.58 2876
n gjiang

Source: The author's own calculation is based on data from the
National Bureau of Statistics of China, China Statistical Yearbook,
China Information Industry Yearbook, Provincial Statistical Yearbooks,
and Digital Inclusive Finance Index.

In most places the most visible structural dimension is
digital industry revenue. The digital business is
contributing robust and consistent revenues, with most of
the provinces contributing more than 30% in the eastern
area. The relatively high numbers in Beijing, Tianjin,
Fujian, Zhejiang, Jiangsu, and Hebei all show the
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importance  of  software revenue, IT  services,
telecommunications services, and e-commerce to the eastern
digital economy. The western area also generates a lot of
money from the digital business, but the structure is more
concentrated and uneven. Especially for Tibet and Inner
Mongolia, the values are high, indicating that a few leading
indicators, rather than extensive industrial cooperation, drive
the digital industry revenue in some western regions. In
contrast, the eastern region's heterogeneous digital industrial
ecosystems have a stronger correlation with the revenue
generated from the digital sector. The central area has
moderate revenue contributions from the digital sector.
Jiangxi’s performance is much worse than Shanxi and Hunan,
which indicates that the central region has yet to form a stable
and coordinated digital industry revenue structure. Liaoning
is leading Jilin and Heilongjiang in the northeastern region,
and this situation indicates that the digital industry sector of
the northeast remains heavily reliant on a few industrial and
telecommunications foundations instead of a complete digital
industrial ecosystem.

The strongest regional structural differentiation is in the
ability to innovate digitally. The most obvious differences
were in the central region, especially in Jiangxi Province with
a comparatively high innovation capacity of 43.81%, whereas
Hubei Province only reached 25.17%. This suggests that the
distribution of innovation capability in the central region is
rather uneven and is strongly influenced by several
innovation-related metrics such as R&D spending. Moreover,
the eastern region has a relatively large innovation capacity,
especially in Shanghai, Shandong, Hainan, and Hebei.
However, the eastern innovation is more correlated with the
developed industrial system, technological market, and patent
output than the central. This indicates that innovation and
industrial development in the eastern region are more closely
linked, and that there is a greater emphasis on market
orientation. In the west, the key measures of innovation
capacity are metrics related to technology market turnover
and commercialization. The relatively large innovation
weights of Guangxi, Xinjiang, Ningxia, and Qinghai indicate
that technological transformation has become an important
driving force for the growth of the western digital economy.
The Northeast, particularly Heilongjiang and Jilin, also has a
technology-transaction-oriented innovation pattern, where
innovation differences are more correlated to technology
market activity than to general R&D expansion.

It is usually the smallest and weakest factor in most areas.
However, the weight of this dimension in the total is still
lower than the revenue and innovation capability of the digital
industry, although some provinces such as Liaoning, Jilin,
Gansu, and Xinjiang have relatively higher weights of service
capability. The pattern is very much in line with the relatively
low weight of digital finance indicators. The digital finance-
related variables do not exert a prominent structural impact in
any of the four regions. This suggests that other factors, rather
than digital finance, now drive the development of the digital
economy in various regions of China. Digital finance has not
been a major differentiator in the east due to the relative
maturity of digital infrastructure and services. The central and
western regions’ digital finance development is constrained
by regional development imbalances and uneven service
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coverage. Digital finance has not yet replaced the
activities of the telecommunications and internet
resources and technology market in the northeastern
region.

The regional comparison shows four major structural
trends in total. The eastern region has higher digital
industry revenue and relatively mature innovation
capabilities, forming a pattern of "industry revenue +
innovation”. Second, the middle area shows different
innovation paths and is more dependent on the scale of
communication. Third, the western region has a mixed
structure of technology transition, concentrated revenue
from the digital economy, and communication support.
Fourth, there is a multi-core structure of the northeastern
area based on technological transactions, internet
resources, telecommunications size, and infrastructure.
Thus, the development of China’s regional digital
economy is not a simple “east high and west low” pattern.
Instead, it is a fundamentally heterogeneous development
model, in which different regions depend on different
combinations of infrastructure, industry revenue, service
competence, and innovation transformation. This result
underlines the relevance of a structural comparison rather
than a mere ranking for understanding the evolution of
regional digital economies.

4.3. Robustness Test: Equal-Weight TOPSIS
Comparison

The results of equal-weighted ranking and entropy-
weighted TOPSIS show a high degree of consistency:
provinces with developed digital economies in the east
(such as Beijing, Guangdong, Jiangsu, and Zhejiang)
maintain a relatively leading position, while some western
and northeastern regions lag. This also proves that the
research conclusions do not depend on specific weight
settings, and the overall results are robust, as shown in
Table 5.

Table 5. Equal-weight robustness comparison based on e;; indicator

shares.
Provine Equal— Rank | Province Equal— Ran
e weight score weight score k
Fujian 0.8788 1 Xinjiang 0.85775 17
Jilin 0.8728 2 Jiangsu 0.8577 18
Sichuan 0.87175 3 Henan 0.85745 19
Beijing 0.8715 4 Yunnan 0.8546 20
Guangd | 85045 5 Hainan 0.8502 21
ong
Gansu 0.8682 6 Hunan 0.84685 22
Ningxia 0.867 7 Ch"‘;gqm 0.84425 23
Qinghai 0.8667 8 Shanxi 0.8427 24
An'hui 0.8665 9 Guizhou 0.8404 25
Shando | ¢¢s65 jo | Neimengg 0.836 26
ng u
Heilong .
.. 0.86395 11 Guangxi 0.8293 27
jiang
L‘a;“m 0.8629 12 | Shanghai | 081985 28
Hebei 0.8626 13 Jiangxi 0.81055 29
Shaanxi 0.86245 14 Tibet 0.76545 30
Zhegjl‘m 0.8603 15 | Tianjing 0.13475 31
Hubei 0.8582 16

Source: The author's own calculation is based on data from the National
Bureau of Statistics of China, China Statistical Yearbook, China Information
Industry Yearbook, Provincial Statistical Yearbooks, and Digital Inclusive
Finance Index.

Note: Equal-weight scores are calculated as the average of the 20
standardized indicator shares e;;. Provinces with extremely low values reflect
structural differences in indicator contributions rather than absolute
development levels.

It is important that the results of the equal-weight
calculation show that some provinces have numerical
characteristics that are very different from the overall
distribution. Tibet's composite score is also low, and Tianjin's
equal-weight composite score is much lower than that of other
areas. An examination of the initial indicator framework
reveals that this conclusion primarily results from the uneven
distribution of wvalues in certain indicators. From the
perspective of the general ranking framework, except for a
few outlier instances, the relative standings of most provinces
demonstrate considerable alignment with the entropy-
weighted TOPSIS results. This evidence indicates that the
principal conclusions of this paper are minimally affected by
the weighting methodology. As a result, the results of the
equal-weight test further support the strength of the empirical
study presented here.

5. Discussion

5.1. Structural Heterogeneity and Regional Driving
Mechanisms

The weight distribution from the entropy-weighted
TOPSIS framework highlights an important fact: the
differences in China's digital economy are not simply a
ranking of overall performance, but a significant change in
how different regions value their indicators. Different
development factors have formed different structural
compositions both between and within regions.

The analysis results show that digital finance-related
variables (X11-X14) have low to medium weights in all four
regions, with no region having a particularly high weight.
This does not mean that digital finance is unimportant but
rather indicates that its current "structural position" is more
like a supporting auxiliary variable. This stage-dependent and
condition-dependent assessment is consistent with the
regional differences and development stages of digital
finance(Li & Zhang, 2024). From the perspective of driving
structures, digital finance plays a role in all regions but is still
in the development stage. The basic structure of regional
digital economies is still based on indicators related to
communication scale (X8) and industrial profitability and
technology sales capabilities (e.g., X6, X7, X19, X20). The
results show that the regional differences in digital economy
are caused not only by the differences in the level of
development but also by the differences in the structural
composition and dominant development mechanisms.

5.2. Theoretical and Policy Implications

This paper's theoretical contributions are reflected in three
aspects. First, it expands the explanatory framework for
regional digital economy disparities from "single-stage
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development" to "multi-path-driven structural evolution,"
emphasizing that regional development is influenced by a
combination of factors rather than a fixed linear trajectory,
including communication scale, platform industry
revenue, technology transfer, and R&D investment.
Second, it proposes a verification hypothesis of "driving
structural heterogeneity" at the regional level: even in
regions with similar growth dimensions (e.g., the central
and northeastern regions), the combination of key driving
indicators can differ significantly. This makes regional
disparity research focus on the reasons for the existence of
disparities and the structural configurations that support
the generation and expansion of these disparities. This
study reveals the existence of multiple driving paths and
identifies the mechanisms of path combination, providing
an analytical framework for regional digital economy
research.

The policy implications of this article can be
summarized in one sentence: "Customize structural and
path-based development measures." First, the policy focus
should shift from "whether to build" to "how to build,"
emphasizing improving marginal efficiency and the
spillover effects of network capabilities, especially in
terms of "communication scale." For example, in regions
with abundant infrastructure like eastern China, efforts
should be made to promote the deep integration of
network capabilities with industrial applications, thereby
further enhancing the role of digital infrastructure in
driving service transformation and industrial innovation
(Li & Zhang, 2022). In regions with poor infrastructure,
efforts should be made to address network capacity and
access issues to prevent the digital divide from widening
further. Second, regional strategies should not be
generalized; different regions have different structural
paths, such as ‘"industry revenue-concentrated,"
"technology transfer-driven," or "R&D-intensive" models.
Efforts should be focused on the combination of key
indicators based on each region's resource framework.
Finally, although digital finance is not currently the most
important factor in most regions, its long-term impact
should not be ignored. Conversely, digital finance should
be viewed as a "fundamental support" dimension,
evolving and advancing alongside industrial digitalization,
platform construction, and innovative thinking.

6. Conclusion

At the macro-structural level, communication scale
indicators (such as telecommunications service volume)
have established a stable foundation in most regions.
Indicators such as digital industry revenue, e-commerce
scale, and technology market transaction volume show
different strengthening trends in different regions, thus
collectively creating different driving paths, such as
industry synergy-driven, technology transfer-driven, and
innovation-enhanced-driven. This also demonstrates that
the growth of the digital economy in different regions does
not follow a single development path but rather exhibits a
multi-path coexistence model. Secondly, within regions,
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provinces with similar development levels may also have
significant differences in the weighting of basic indicators.
These differences indicate that the main reason for regional
differences in the digital economy is "which combination of
factors drives development." This finding deepens the
understanding of the causes of regional differences in the
digital economy. This study’s data results reveal the
differences in the development trajectories of regional digital
economy economies, thus validating the theory of multi-path
driven development models. The findings indicate that
regional digital economy policies should not be universal
growth strategies but rather tailored to the specific needs of
each region.

While this study provides a comprehensive overview of the
structural differences in regional digital economies, several
significant limitations remain. The constructed indicator
system covers four basic dimensions but lacks advanced
elements such as data governance capabilities, platform
ecosystems, and the application of artificial intelligence. This
study employs cross-sectional weighted structural analysis
but does not delve into the dynamic evolutionary process.
Future research could utilize time series or panel data to
explore the structural evolution paths and phased
transformation processes of regional digital economies. Also,
could use dynamic panel data or spatial econometric methods
to study how the regional digital economy develops over time
and across different areas.
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