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Abstract

Digital transformation is gradually emerging as a core driver of high-quality economic
development and the achievement of sustainable development goals. As the core engine of
the digitalization process, digital innovation is becoming a key supporting force for activat-
ing the value of digital elements and fostering a new development pattern. Based on panel
data from 31 provincial-level administrative regions in China spanning from 2019 to 2023,
we undertook an in-depth exploration of how information ecosystems and digital transfor-
mation drivers synergistically enhance regional digital innovation capabilities and their
substitutive relationships. The results show the following: Firstly, technological, subject,
information, and environmental conditions cannot individually constitute the necessary
conditions for a high level of regional digital innovation capacity. Secondly, three types of
conditional configurations, namely technology–environment-driven, subject–environment-
driven, and balance-driven, are its main driving paths, with significant substitution effects
among these conditions. This study provides theoretical and empirical evidence for formu-
lating region-specific strategies to optimize digital innovation capacity and helps formulate
differentiated digital development strategies based on regional resource endowments and
institutional characteristics, ultimately promoting the construction of a more balanced and
resilient digital innovation ecosystem.

Keywords: regional digital innovation; information ecology; digital transformation;
dynamic QCA; panel data

1. Introduction
In the context of China’s digital power strategy, digital factors have emerged as a

key driver of economic growth. Through the combination of information, computing,
communication, and connection technologies, they trigger improvements in the attributes
of entities to achieve digital transformation, which has become a necessary condition for
promoting economic development and sustainable development [1–3]. The new gener-
ation of information and communication technologies, represented by big data, cloud
computing, blockchain, and artificial intelligence, has triggered a global wave of digital-
ization [4]. In the digital era, data serves as both a core production factor and a critical
asset, with its embedded informational energy reshaping industrial structures and societal
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frameworks [5]. Information quality acts as a pivotal intermediary, linking data collection,
processing, and application efficacy, thereby influencing the depth of data value extraction
and the effectiveness of decision-making support [6]. Data resources not only enable pre-
cise user information provision but also function as a catalyst for societal advancement,
fostering innovation through the integration of informational value and the stimulation of
developmental mechanisms [7,8]. At the enterprise level, digital transformation can drive
disruptive innovation, improve performance, and create competitive advantages [9,10]. At
the regional government level, the focus is on building a collaborative digital ecosystem,
enhancing economic vitality, optimizing innovation resources, and constructing a balanced
and collaborative digital ecosystem to achieve sustainable development. However, regional
governmental data governance faces significant challenges, including multi-stakeholder
coordination, technical complexity, and security–privacy trade-offs, which hinder data
integration, analysis, and utilization [11]. Meanwhile, rising public expectations necessitate
that governments enhance their strategic deployment of digital technologies and innovate
digital public services [12,13]. To address the challenges of “fragmentation” and “digital
divide” in digital governance, this study explores how information ecosystems and digital
transformation can jointly shape regional digital innovation capabilities through the coordi-
nated configuration of multidimensional elements in the context of heterogeneous regional
development. This study is based on panel data from 31 provincial-level administrative
regions from 2019 to 2023. By forming an organic network through the flow of various
elements, it constructs an indicator system covering seven dimensions, including digital
infrastructure, digital application capabilities, and satisfaction with public welfare needs,
balancing economic performance and public value. By assessing synergistic effectiveness
and examining conditional pathways for regional digital innovation, we identify substi-
tution effects and propose differentiated optimization strategies. Our findings provide
theoretical and empirical support for fostering a balanced, synergistic, and resilient digital
innovation ecosystem.

2. Literature Review
In recent years, scholars across disciplines have sought to construct a theoretical

framework for regional digital innovation capacity. The concept of digital innovation was
first introduced by Yoo et al. (2010), who defined it as the process of integrating digital
and physical components to generate novel products, services, and business models [14].
Developing a digital innovation strategy and cultivating core competencies in digital
environments are critical for fostering high-quality growth in the digital economy [15].
Due to its transformative potential, digital innovation has emerged as a key driver of
energy efficiency improvements and sustainable development [16]. Zhang et al. (2024)
examined the symbiotic relationship between digital innovation ecosystems (DIE) and the
technology–organization–environment (TOE) framework, identifying multiple elasticity
configurations and underscoring the importance of strategic resource allocation in research
and development (R&D) [17]. Perdal (2016) demonstrated that socioeconomic development
significantly influences governmental capacity to deliver internet-based services [18].

Meanwhile, from a practical perspective, Chenok, D. proposed a four-phase model
(“Digital Government 1.0 to 4.0”) to conceptualize public sector digital transformation,
grounded in a “citizen-as-user” paradigm [19]. Organizations leading digital transfor-
mation prioritize external networks and expertise [20], whereas citizens and businesses
emphasize higher-order value creation, and governments focus on long-term strategic plan-
ning [21]. To effectively advance digitalization, governments must align core operational el-
ements with adaptive strategies, enabling agile responses to dynamic demands [22]. Lever-
aging data resource advantages, governments play dual roles as suppliers and demand-
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side actors in data markets, enhancing societal benefits by optimizing supply–demand
cycles [23].

In summary, scholars have extensively examined digital innovation through its con-
ceptual foundations, evolutionary processes, and mechanistic roles, establishing a robust
theoretical framework for subsequent research. However, several limitations persist: First,
traditional linear regression analyses predominantly focus on single-factor effects, result-
ing in oversimplified frameworks for assessing governmental digital innovation capacity.
Second, while scholars increasingly employ fsQCA (fuzzy-set Qualitative Comparative
Analysis) to examine multi-factor configurations, most studies rely on static cross-sectional
data, which cannot capture dynamic evolutionary patterns. Consequently, further research
is needed to explore the temporal dynamics of regional digital innovation capacity. To
address these issues, this study innovatively proposes combining digital transformation
with information ecology theory. By developing a refined indicator system that captures
the cyclical interactions among technology, actors, information, and the environment, we
enable more precise assessments of digital innovation capability. Our approach overcomes
traditional QCA limitations in analyzing multi-factor linkage mechanisms by adopting
dynamic QCA methodologies. This allows us to reveal how information ecology and digital
transformation collectively shape regional innovation capacity across spatial and temporal
dimensions. Ultimately, this research aims to advance regional digital innovation while
fostering a more inclusive and forward-looking analytical framework.

3. Theoretical Basis and Framework Analysis
3.1. Information Ecosystem Theory

Since Kaprow first introduced the concept of “information ecology” in 1989, numerous
scholars have expanded upon this foundation, generating substantial theoretical develop-
ments. The information ecology framework comprises fundamental concepts including
information ecosystems and information ecological factors, with the former constituting its
core theoretical component. These ecological factors interact through information flows,
forming information chains and ecological relationship networks that give rise to niche
concepts. Through these interactions, the system develops operational mechanisms that
maintain dynamic equilibrium [24]. A key characteristic of information ecology is its
capacity to reduce uncertainty regarding phenomena and their transformations. This
reduction in uncertainty enhances decision making by enabling subjects to identify opti-
mal strategic matches [25,26]. Information ecosystems exhibit holistic and self-organizing
properties, with their primary function being information production, management, cir-
culation, and utilization. In public management contexts, these systems serve as public
service mechanisms that simultaneously generate information value and productive ca-
pacity [27]. Contemporary applications of information ecosystem theory have expanded
beyond information-centric discussions to encompass broader management, service, and
governance domains. Notably, the theoretical foundations and operational logic of infor-
mation ecosystems align closely with government data ecosystem frameworks. When
government data ecosystems achieve efficient operation, they establish the necessary con-
ditions for regional digital innovation. Conversely, thriving regional digital innovation
accelerates societal digital transformation. The synergy between information ecology
and digital innovation stems from their shared focus on information flow and integra-
tion. Both emphasize systemic elements coordination and optimized information resource
allocation to drive organizational and regional innovation, thereby facilitating societal
digital transformation.
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3.2. Framework Analysis

The research framework combines information ecosystem theory with digital transfor-
mation. The key elements affecting regional digital innovation capacity are decomposed
into four dimensions: technology (including digital infrastructure and application skills),
subjects (including satisfaction with people’s demands and organizational safeguard sys-
tem), information (including transparency of information dissemination and level of data
openness), and environment (characterized by digital economy development). The neces-
sity test of individual conditions and the sufficiency analysis of multi-conditional grouping
of these seven indicators are used to explore the driving paths of different combinations of
factors affecting the digital innovation capacity of high/low-level regions. The framework
diagram is shown in Figure 1.

Figure 1. Research framework diagram.

3.2.1. Technical

A solid technical foundation is essential for realizing the government’s digital innova-
tion capabilities [28]. The key supporting role of technology in enhancing the effectiveness
of regional digital innovation ecosystems is highlighted through the systematic integration
of technological frameworks to optimize digital and investment decisions [29]. Technology
mainly contains digital infrastructure, and its application skills in the development of
government digital innovation to protect the infrastructure of big data, cloud computing,
and other technology applications are the main method for participation in the technical
guarantee of open data activities throughout the entire process of digital innovation. With
certain digital technology, organizations can effectively participate in digital innovation, as
technology has become the core driving force to promote digital innovation.

3.2.2. Subjects

As an important entity, the government plays a central role in various configurations
that promote high regional digital innovation [30,31]. These subjects consist of stakeholders
in the process of open government data, covering individuals and organizations that can
influence or be influenced by open government data, i.e., social subjects that process data
and participate in the open process, and are the core force that actually participates in data
processing and promote the open process. Social subjects such as government officials and
citizens, whose practical activities are generated by data demand, make them naturally
an important part of the participating subjects and also serve as key ecological factors
influencing data innovation [32].

3.2.3. Information

The value of information in government data innovation is crucial [33]. From the
perspective of ecosystem theory, information is regarded as a part of environmental ele-
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ments, regardless of traditional ecosystem theory or information ecosystem theory. Digital
government is a dynamic system based on information transparency and an open platform,
which integrates information elements in a multi-dimensional way to enhance governance
effectiveness while stimulating innovation [34]. Information is considered an important
component of organizational innovation [35]. At the same time, the proposal of “green
information” emphasizes that through the configuration and application of information, it
can support the organization’s sustainable development decision making while achieving
more efficient development [36]. Information flows efficiently when it matches and takes
into account the needs of users [37].

3.2.4. Environmental

An open environment is a prerequisite for the development of activities, and data
innovation activities cannot be carried out in isolation from the environment. The envi-
ronmental setting in this paper refers to the external environment, which is outside the
ecosystem and mainly contains economic development factors, and a vibrant economic en-
vironment provides material resources for openness. The environment not only affects the
subject’s participation in activities, but its comprehensive composition affects the regional
data innovation environment [38]. The environment and other factors are interconnected
and profoundly affect the regional digital innovation capacity, which is the key content that
must be analyzed when exploring the optimization path.

4. Research Design
4.1. Research Methodology

Qualitative comparative analysis (QCA) views a single case as an organic whole
composed of prerequisites [39] and has two common forms: fsQCA and dynamic QCA.
fsQCA focuses on the relationship between static combinations of conditions and the
outcome and analyzes the effect of the set of condition variables on the outcome variables
at a given point in time. Dynamic QCA, on the other hand, breaks through the static
limitations and emphasizes the importance of temporal analysis, capturing the changes in
condition combinations at different time periods and their dynamic effects on the outcome.
This consideration of the time dimension is more in line with the dynamic nature of the real
world. Dynamic QCA focuses on exploring the co-existence of multiple conditions, and the
dynamic perspective has been used to understand the evolutionary changes of complex
systems, with the help of analyzing multiple cases to uncover the equivalent effects of
different combinations of antecedent variables on the outcome variables [40]. Advancing
group theorizing and dynamic QCA methods, as an emerging research paradigm, can better
analyze multifactor concurrent causal complexity problems [41]. More and more scholars
have started to call for the use of dynamic QCA methods to reveal the possible differential
effects of multiple trajectories formed by multiple conditions at different time periods
and to promote the development of dynamic group theory [42]. In this paper, we try to
introduce the dynamic QCA method into the research system of regional digital innovation
capability, which theoretically enriches the research on the group theory of longitudinal
sets, is more sensitive to the problem of finite diversity, and is of great significance in
promoting the development of dynamic group theory. In this paper, panel data analysis of
QCA is realized with the help of R studio software (2025.05.0) and R language (4.5.3).

4.2. Data Sources and Indicator Design

The evaluation of the government’s digital innovation capacity is based on the “Eval-
uation Report of China’s Regional Innovation Capacity” (2019 to 2023) [43] compiled by
the China Science and Technology Development Strategy Research Group and the China
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Innovation and Entrepreneurship Management Research Center of the University of Chi-
nese Academy of Sciences, which mainly evaluates the level of digital innovation capacity
of China’s 31 provincial governments and aims to serve the national digital innovation
strategy, which can comprehensively reflect the government’s comprehensive development
in digital innovation. The report can comprehensively reflect the development of govern-
ments in digital innovation and provide a quantitative basis for researching the influence
of information ecology theory on regional digital innovation capacity. The indicator system
is shown in Table 1.

Table 1. Indicator system and source of figures.

Variable
Type

Level 1
Indicators

Secondary
Indicators Specific Measurement Indicators Data Sources

Outcome
Variable

Regional Digital Innovation
Capacity (Y) Government digital innovation capacity

Report on the
Evaluation of China’s
Regional Innovation

Capacity (2019 to 2023)

Condi-
tional

Variable

Technical

Digital
Infrastructure

(X1)

Number of mobile internet users (million)
China Science and

Technology Statistics
Yearbook (2019 to 2024)

Internet broadband access ports (million)
Number of internet domains (million)
Number of IPv4 addresses (million)

Digital
Application
Skills (X2)

Digital application
Digital Ecology Index

(2019 to 2023)
Digital capabilities
Digital foundation
Digital workforce

Subjects

Satisfaction
with People’s
Demands (X3)

Effectiveness of online services
Survey and Assessment
Report on the Capacity

of Provincial
Governments and Key

Cities to Integrate
Government Services

(2019 to 2022)

Handle maturity online
Completeness of service modalities

Coverage of services
Accuracy of clerical guidance

Organizational
Safeguard

System (X4)

Organization Digital Government
Development Index
Report (2019 to 2024)

Governance capacity
Effectiveness of governance

Information
Transparency
in Information
Dissemination

(X5)

Media outreach

Provincial government
WeChat and CNKI

newspaper databases,
searching for the

number of reports with
the keywords

“digitalization”, “digital
innovation”, and

“digital transformation”

Information release

Number of keywords
such as “digitalization”,

“digital innovation”, and
“digital transformation”
collected and published

on official provincial
government websites
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Table 1. Cont.

Variable
Type

Level 1
Indicators

Secondary
Indicators Specific Measurement Indicators Data Sources

Condi-
tional

Variable

Information

Transparency
in Information
Dissemination

(X5)

Website visits
Average daily visits to
provincial government

official websites

Transparency

Assessment Report on
the Chinese

Government Cyber
Transparency Index

(2019–2024)

Level of Data
Openness (X6)

Organizational readiness
China Local

Government Data
Openness Report China

Open Digital Forest
Readiness Index (2019 to

2023)

Podium floor
Data layer

Utilization factor

Environmental

Digital
Economy

Development
(X7)

General public budget revenues of local
finances

China Statistical
Yearbook (2020 to 2024)

General public service expenditures of
local finances

Revenue from software operations

The design of the secondary indicators in this paper is based on the integration of
existing relevant research results and the design of the indicator system of the survey report,
and the addition of specific indicators reflecting the current situation of the information
factor is enriched and improved, specifically including the following:

Digital infrastructure is measured by the internet penetration rate, internet broadband
access ports, the number of internet domain names, and the number of IPv4 addresses. As
digital infrastructure can break down spatial barriers and bring about network spillover
effects, these indicators comprehensively show the basic condition of digital infrastructure,
which is the network underlying support element of government digital construction [44].
The data comes from “China Science and Technology Statistical Yearbook” (2019–2024).

Digital application capacity is assessed in four aspects: digital application, digital
competence, digital foundation, and digital manpower. Digital application reflects the
practical application of digital technology in various fields; digital capacity involves the
ability of personnel to operate, apply, and innovate digital technology; digital foundation
covers basic conditions such as digital infrastructure and data resources; and digital man-
power emphasizes the number and quality of personnel engaged in digital-related work.
These dimensions comprehensively reflect the level of digital application capability, which
is the key capacity embodied in the transformation and application of technology in the
process of the government’s promotion of digital construction. The data is derived from
the “Digital Ecology Index published by the National Engineering Laboratory of Big Data
Analytics and Application Technology of Peking University” (2019–2023) [45].

Satisfaction with people’s demands is measured by the number of mobile internet
users, the effectiveness of online services, the maturity of online processing, the complete-
ness of service methods, the coverage of service matters, and the accuracy of office guides.
The government leads the digital transformation and needs public demand to drive the
development of digital cities [46]. The data comes from the “Survey and Assessment Re-
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port on the Capacity of Provincial Governments and Key Cities in Integrated Government
Services” (2019–2022).

The organizational guarantee system is assessed from three dimensions: organizational
structure, governance capacity, and governance effectiveness. The overall effectiveness
of the government’s digital level can be enhanced by strengthening interdepartmental
collaboration to promote cross-domain data flow and sharing [47]. It is thus clear that
the role of internal government organizations is crucial [48]. The data is derived from
the “Digital Government Development Index Report published by the Data Governance
Research Center of Tsinghua University” (2019–2024) [49].

Transparency of information dissemination is measured in three aspects: media pub-
licity, information dissemination, and transparency, and Matheus R et al. found that
government organizations should enhance digital transparency through technological
means [50]. Media publicity was measured by manually searching the CNKI Newspaper
Database, WeChat, and the public numbers of provincial governments and retrieving the
number of reports using the keywords “digitalization”, “digital innovation”, and “dig-
ital transformation”. The total number of information releases was manually collected
from the provincial government’s official website, reflecting the number and frequency
of government-initiated public information; transparency was measured using the “Chi-
nese Government Online Transparency Index Assessment Report” published by Zhejiang
University (2019–2024) [51].

The level of data openness is assessed at the organizational readiness, platform, data
and utilization levels. Data openness focuses on the platform, which is more generative
due to the government organization, and the platform technology system has an impact
on citizen satisfaction through complementary innovations, and its driving mechanism
involves the collective sharing of assets, generating a positive and negative double effect
on the creation of system value [52,53]. Organizational readiness reflects the government’s
readiness for open data in terms of organizational structure and staffing. The data refer to
the “China Local Government Data Openness Report China Open Digital Forest Readiness
Index” published by Fudan University (2019–2023) [54].

The development of the digital economy is measured in terms of local financial general
public budget revenue, local financial general public service expenditure, and software
business revenue, with data from the China Statistical Yearbook (2020–2024).

4.3. Data Processing

The study used the classic entropy method. Entropy weight method is an index to
measure the amount of information and uncertainty of things; the smaller the entropy,
the smaller the uncertainty of things, the more information it contains, and the greater
the weight. In this study, based on the entropy weight method, the weight of each index
was obtained by using SPSSPRO online data analysis platform. According to the obtained
weight coefficients, all indicators were weighted, and finally, each secondary indicator was
obtained. Since the data was collected from different data sources, linear interpolation of
some of the missing data first required the original data to be normalized for deviation [55].
The standardized formula is shown in Equation (1):

X =
xi − min{xi}

(max{xi} − min{xi}
(i = 1, 2, · · · , m), X ∈ [0, 1] (1)

Xi is the original data series, and X is the normalized new series mapped in the
interval [0,1].



Sustainability 2025, 17, 7534 9 of 24

Second, the jth indicator under the ith province was subsequently calculated to ac-
count for the proportion pij under the indicator in order to form the normalized matrix
Y = {Pij}m × n. The specific expression is shown in Equation (2):

pij =
yij

∑m
i=1 yij

, pij ∈ (0, 1] (2)

Third, the information entropy ej of indicator j can be calculated as shown in
Equation (3):

ej = − 1
ln(n)

·
n

∑
i=1

(
pij · ln

(
pij

))
(3)

Fourth, the information entropy redundancy dj can be calculated as shown in
Equation (4):

dj = 1 − ej (4)

Fifth, the final weight of indicator j can be calculated based on the information entropy
redundancy, where m denotes the number of indicators, as shown in Equation (5):

wj =
dj

∑m
j=1 dj

(5)

Sixth, the secondary index can be synthesized according to the linear weighting
method and the final score of each observation expressed as scorei, as shown in Equation (6):

scorei =
m

∑
j=1

(
wj · X̂ij

)
(6)

The index was synthesized according to the steps described above, and the score of
each secondary indicator was calculated. This study systematically collected data related
to government digital innovation from 2019 to 2023, and in view of the space limitation
and the typicality of the data in 2023 in reflecting the latest achievements and dynamics,
some key data of that year were selected for highlighting. The changes in values at each
stage are shown in Table 2:

Table 2. Indicator data-processing processes (localized).

Data-Processing
Phase Province Mobile Internet

Users (million)

Internet
Broadband Access

Port (Million)

Number of
Internet Domains

(Million)

Number of IPv4
Addresses
(Million)

Raw Data

Beijing 3364.7 2112.3 589.9 8643.4
Tianjin 1644.7 1517.3 20.7 356.9
Hebei 7892.9 5480.5 53 964.2
Shanxi 3721.2 2828.3 34.8 432.3

Neimenggu 2661.5 1792.7 12.2 264.2

Standardized
Data

Beijing 0.2081814 0.1868428 0.7664366 0.9878810
Tianjin 0.0987896 0.1284299 0.0253873 0.0360006
Hebei 0.4961744 0.5175091 0.0674391 0.1057619
Shanxi 0.2308548 0.2571347 0.0437443 0.0446619

Neimenggu 0.2081814 0.1868428 0.7664366 0.9878810
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Table 2. Cont.

Data-Processing
Phase Province Mobile Internet

Users (million)

Internet
Broadband Access

Port (Million)

Number of
Internet Domains

(Million)

Number of IPv4
Addresses
(Million)

Weighting of
Indicators

Beijing 0.0336587 0.0254965 0.2400786 0.3839152
Tianjin 0.0159723 0.0175255 0.0079523 0.0139907
Hebei 0.0802214 0.0706192 0.0211246 0.0411017
Shanxi 0.0373246 0.0350886 0.0137024 0.0173567

Neimenggu 0.0264278 0.0212149 0.0044859 0.0098524

Indicator
Information

Entropy
0.941 0.950 0.885 0.857

Indicator
Weights 0.16168 0.13646 0.31324 0.38862

4.4. Variable Calibration

In this study, all data were calibrated using the R language program to assign a pooled
affiliation to each variable, and in this paper, the method of Guedes M J et al. was used for
direct calibration [56]. Based on the distribution of the variables in the sample aggregate,
95%, 50%, and 5% of the sample were set as calibration anchors for full affiliation, crossover
point, and no affiliation at all, respectively, which is widely used in academia [57,58]. All
the data was calibrated to a fuzzy set between 0 and 1 according to the preset anchor points.
In order to avoid cases not being included in the analysis when the fuzzy set affiliation was
exactly 0.5, the 0.5 affiliation was replaced with 0.501 [42]. The calibration information for
each variable is shown in Table 3.

Table 3. Fuzzy-set calibrations.

Variable Type Variable Name Full Affiliation
(0.95)

Crossove
(0.5)

Completely
Unaffiliated (0.05)

Outcome
Variable Regional digital innovation capacity (Y) 55.258 25.770 18.042

Conditional
Variable

Digital infrastructure (X1) 0.6196130 0.1399371 0.0098369
Digital application skills (X2) 0.8538128 0.2402327 0.0609096

Satisfaction with people’s demands (X3) 0.7756052 0.4927488 0.1723232
Organizational safeguard system (X4) 0.8306571 0.5872520 0.2168272

Transparency in information
dissemination (X5) 0.6619023 0.1356811 0.0316048

Level of data openness (X6) 0.8172450 0.2004388 0.0137302
Digital economy development (X7) 0.1901243 0.0169215 0.0009399

5. Empirical Analysis
5.1. Univariate Necessity Analysis

According to the QCA theory, the judgment criterion of necessity analysis is that when
the consistency level of a condition variable exceeds the threshold value of 0.9, the condition
variable can be regarded as a necessity condition for the outcome variable. This theory is
also applicable in the dynamic QCA method based on panel data. In the correlation analysis
of high-level regional digital innovation capacity, the aggregated consistency of digital
application skills (X2) is greater than 0.9, which indicates that this condition is a necessary
condition for constituting high-level regional digital innovation capacity, whereas the
aggregated consistency of the other condition variables is lower than the judgment criterion
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of 0.9, and thus, they do not constitute a necessary condition. In the analysis of low-level
regional digital innovation capacity, the aggregated consistency of low digital application
skills (~X2) and low digital economy development (~X7) are both greater than 0.9, so these
two factors are necessary conditions that lead to a low level of regional innovation capacity.
It should be noted that the terms “high level” and “low level” in this study are not mutually
exclusive in the absolute sense. For details of the necessity analysis, see Table 4.

Table 4. Analysis of necessary conditions.

Condi-
tional

Variable

High Level of Regional Digital Innovation Capacity Non-High Level of Regional Digital Innovation Capacity

Aggregate
Consis-
tency

Aggregate
Coverage

Intergroup
Consistency
Adjustment

Distance

Intra-Group
Consistency
Adjustment

Distance

Aggregate
Consis-
tency

Aggregate
Coverage

Intergroup
Consistency
Adjustment

Distance

Intra-Group
Consistency
Adjustment

Distance
X1 0.831 0.835 0.0318810 0.2918240 0.466 0.614 0.0927448 0.3700859

~X1 0.616 0.468 0.0376775 0.4027172 0.875 0.871 0.0608637 0.0695276
X2 0.922 0.889 0.0492706 0.1750944 0.457 0.578 0.0901344 0.6225211

~X2 0.562 0.441 0.0434741 0.4494090 0.912 0.939 0.0492706 0.0445028
X3 0.884 0.757 0.0927448 0.2101133 0.512 0.574 0.2144723 0.4426182

~X3 0.503 0.440 0.2260654 0.5077738 0.783 0.899 0.0985413 0.1004384
X4 0.876 0.744 0.2202689 0.1050566 0.541 0.602 0.3970637 0.7424564

~X4 0.531 0.469 0.3622844 0.4435725 0.770 0.891 0.0316720 0.0834130
X5 0.772 0.791 0.4028602 0.1867674 0.476 0.639 0.6897895 0.3908604

~X5 0.647 0.485 0.0941844 0.3618618 0.844 0.829 0.0825913 0.0635601
X6 0.782 0.746 0.0347793 0.3326794 0.465 0.582 0.0565068 0.3306486

~X6 0.562 0.445 0.0637620 0.4844279 0.797 0.827 0.0231862 0.1279860
X7 0.883 0.903 0.0521689 0.2568051 0.421 0.565 0.0933320 0.4672802

~X7 0.575 0.431 0.0260844 0.4377361 0.928 0.912 0.0202879 0.0456896

Studies have shown that when the adjustment distance is not higher than 0.1, the
aggregated consistency (POCONS) has a high measurement accuracy and can be used
as a reliable basis for judgment [59]. Based on this, this study selected 31 provincial-
level administrative regions in China from 2019 to 2023 as case study subjects. Due to
the significant differences among provinces in terms of policy environment, economic
development level, and different resources, in the process of various types of resources
acting on the government’s digital innovation, different provinces are affected by the
differentiation of their own internal and external conditions (e.g., economic foundation,
technological reserves, institutional perfection, etc.), which leads to large fluctuations in
the adjustment distance of intra-group consistency.

Table 5 demonstrates that for the situations where the between-group consistency-
adjusted distance and the within-group consistency-adjusted distance are greater than 0.1,
first, the between-group consistency levels in situations 1, 3, and 5–7 are all less than 0.9
and therefore do not have a necessity relationship; and second, although the consistency
of situation 2 is greater than 0.9, and the coverage is greater than 0.5 for the years 2022 to
2023, it is found with the help of the X-Y scatter plot test that they are all concentrated on
the right y-axis and failed the necessary conditions test [60], as shown in Figure 2a–d. By
plotting the scatterplot for situation 4 in 2022 to 2023, it was found that the conditioning
variables also failed the necessity test.

Finally, by carefully analyzing the changes in the level of intergroup consistency for
Case 2 and Cases 4–7 in Figure 3, it can be found that under the accelerated iterative
updating of digital technology and the vigorous and continuous development of the digital
economy, the attention to digital innovation has been increasing in all provinces and
regions, and the degree of necessity for digital innovation has also shown a significant
upward trend. This phenomenon is not accidental, and it deeply reflects that the position
of digital innovation is more and more critical in promoting regional development and
also strongly confirms the important viewpoints put forward in the previous research: the
enhancement of the satisfaction of people’s livelihood, the improvement of the organization
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and guarantee system, as well as the enhancement of the transparency of the dissemination
of information play an indispensable and important role in empowering the enhancement
of the capacity of digital innovation and also provide multi-dimensional support for digital
innovation to be promoted.

Table 5. Results of between-group analyses with consistency-adjusted distances greater than 0.1.

Situations Combination Standards
Years

2019 2020 2021 2022 2023

Situation 1 ~X3 Intergroup consistency 0.637 0.587 0.491 0.428 0.409
Y Intergroup coverage 0.404 0.411 0.442 0.436 0.540

Situation 2 X4 Intergroup consistency 0.749 0.634 0.887 0.995 0.965
Y Intergroup coverage 0.840 0.835 0.668 0.674 0.797

Situation 3 ~X4 Intergroup consistency 0.662 0.767 0.363 0.422 0.488
Y Intergroup coverage 0.389 0.435 0.468 0.496 0.641

Situation 4 X5 Intergroup consistency 0.401 0.552 0.877 0.969 0.967
Y Intergroup coverage 0.953 0.932 0.745 0.718 0.801

Situation 5 X3 Intergroup consistency 0.410 0.448 0.505 0.583 0.642
~Y Intergroup coverage 0.643 0.622 0.554 0.575 0.513

Situation 6 X4 Intergroup consistency 0.347 0.346 0.670 0.677 0.719
~Y Intergroup coverage 0.621 0.693 0.568 0.608 0.577

Situation 7 X5 Intergroup consistency 0.140 0.217 0.634 0.683 0.792
~Y Intergroup coverage 0.531 0.559 0.674 0.671 0.638

       

(a)  (b)  (c)  (d) 

Figure 2. Scatterplot grouping for the necessity condition test. (a) Situation 2: Sample Scatterplot for
2023. (b) Situation 2: Sample Scatterplot for 2022. (c) Situation 4: Sample Scatterplot for 2023. (d)
Situation 4: Sample Scatterplot for 2022.

Figure 3. Intergroup Consistency Change Charts for Five Situations.

5.2. Sufficiency Analysis of Conditional Grouping

As the core link of QCA method, the core objective of group analysis is to explore
the impact of different combinations of antecedent conditions on the results, and the key
criterion for judgment is the consistency level of adequacy. Schneider and Wagemann
proposed in a related study that the consistency level should not be lower than 0.75 [60].
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Combining the results of previous research with the specific practical situation of this study,
the consistency threshold finally selected in this paper is 0.9, the frequency threshold is 1,
the PRI threshold is 0.75 [61], and a total of 155 cases are covered under this setting. From
the data in Table 6, it can be clearly seen that the consistency of the overall solution of
high-level regional innovation capacity is 0.961, and the consistency of the overall solution
of low-level regional innovation capacity is 0.948, and both values are much higher than
the standard value of 0.75; at the same time, the overall coverage of the two reaches 74%
and 85.6%, which both satisfy the judgment criteria and fully indicates that the overall path
has a high explanatory power. The groupings of high- and low-level regional innovation
capacity are further classified and analyzed and can be categorized into five models.

Table 6. Grouping analysis of regional digital innovation capabilities.

Conditional Variable

Y ~Y
M1 M2 M3 M4 M5
H1 H2 H3 NH1a NH1b NH1c NH2a NH2b

X1 ● • ○X   ○X • • ○X  
X2 ● • ● ○X ○X ○X •
X3 ● ● ● ○X   ○X   • •
X4 • ● ○X ○X  
X5 • ● • ○X ○X

X6 • ○X • ○X   ○X

X7 ● ● ● ○X   • ○X ○X
Consistency 0.960 0.968 0.971 0.976 0.939 0.979 0.972 0.938

PRI 0.906 0.929 0.937 0.957 0.987 0.781 0.831 0.867
Raw coverage 0.690 0.647 0.555 0.728 0.595 0.212 0.300 0.263

Unique coverage 0.077 0.035 0.015 0.064 0.003 0.006 0.003 0.007
Intergroup Consistency

Adjustment distance 0.0318810 0.0289827 0.0294641 0.0854896 0.0086948 0.0173896 0.0260844 0.0231862

Intra-group
Consistency

Adjustment distance
0.0950566 0.0975069 0.0933837 0.0583648 0.0525283 0.0933837 0.0908931 0.0525283

Overall consistency 0.961 0.948
Overall PRI 0.913 0.906

Overall coverage 0.740 0.856

Notes: ● indicates the presence of a core condition;○X indicates the absence of a core condition; • indicates the
presence of a peripheral condition; ○X   indicates the absence of a peripheral condition; the blank area indicates
”dispensable”.

5.2.1. Analysis of Aggregated Results

The M1 model is shown in Figure 4a,b. The model was able to explain about 69%
of the high-level website building performance cases, of which about 7.7% could only be
explained by the model. The model is useful for provincial governments that face both
high levels of satisfaction with people’s demands and organizational security systems and
which will also have high levels of digital innovation capabilities if they can achieve faster
economic development, digital infrastructure, and digital application capabilities invested
in the topic of government digital innovation. Among them, digital infrastructure and
digital application skills (technical), satisfaction of people’s demands (subjects), and digital
economy development (environmenal) are the core conditions, and the organizational
safeguard system (subjects) is the supplementary condition. Since the driving path is
mainly composed of two types of conditions, technical and environmental, it is named
the technical–environmental-driven type, which can explain the cases including Jiangsu,
Sichuan, Henan, and other provinces. Sichuan Province, as a representative province,
focuses on communication network and arithmetic support, builds a “cloud, network, end”
digital base, forms ecological channels for data elements flow, supports the data circulation
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and computing needs of the whole region’s intelligence industry, takes the release of
data elements value as the core, builds a data trading market, and focuses on electronic
information and other industries to create “5G+ intelligent agricultural machinery” and
other scenarios. The digital economy core industry has anadded value of 137 billion yuan,
opening up the path of digital industry innovation.

   

(a)  (b) 

   

(c)  (d) 

   

(e)  (f) 

Figure 4. Scatterplot of high-level regional cases. (a) M1: technology–environmen- driven. (b) M1:
case diagram. (c) M2: subject–environment-driven. (d) M2: case diagram. (e) M3: balance-driven.
(f) M3: case diagram.

The M2 model is shown in Figure 4c,d. The model was able of explaining about
64.7% of the high-level website building performance cases, of which about 3.5% could
only be explained by the model. The model is useful for provincial governments with
a high level of digital application capacity and transparency of information dissemina-
tion, which will also have a high level of digital innovation capacity if they can invest
in higher economic development, satisfaction with people’s livelihood demands, and an
organizational safeguard system for government digital innovation. Among them, the
satisfaction of people’s demands, organizational safeguard systems (subjects), and digital
economy development (environmenal) are the core conditions, and digital application skills
(technical) and transparency in information dissemination (information) are the comple-
mentary conditions. Since the driving path consists of two types of conditions, subject
conditions and environmental conditions, it is called the subject–environment-driven type.
Explanatory cases include Zhejiang, Chongqing, Hunan, and other provinces. Zhejiang
Province, as a representative province, represents digital economy innovation and quality



Sustainability 2025, 17, 7534 15 of 24

as the “No. 1 development project”, with eight major actions to promote digital change
around cloud computing and other cutting-edge fields to build a mechanism of collabora-
tion between industry, academia, and research. Relying on the “1 + 8 + 11” policy system,
it has built a policy framework for strategic planning, industrial promotion, and factor
guarantee synergy, and through the institutional design of the main body of the policy, it
has introduced policies to strengthen the status of enterprise innovation’s main body and
transformed the economic resources into digital innovation kinetic energy, forming a new
pattern of digital innovation development.

The M3 model is shown in Figure 4e,f. The model was able to explain about 55.5%
of the high-level website building performance cases, of which about 1.5% could only be
explained by the model. The provinces with perfect technical facilities and a high level of
information in this model will also have a high level of digital innovation capability if they
can improve the satisfaction of people’s livelihood demands and high-quality economic
development. Among them, digital application skills (technical), satisfaction with people’s
demands (subjects), transparency in information dissemination (information), and digital
economy development (environmenal) are the core conditions, while digital infrastructure
(technical) and the level of data openness (information) are the complementary conditions.
In this driving path, since the realization of high-level digital innovation capability still
requires the synergistic and concurrent effects of technology, subject, information, and
environment, it is called the balanced driving type, which can explain cases including
Guangdong Province and Shandong Province. As a representative province, Guangdong
Province has integrated the internet and overall development thinking into the digital trans-
formation of the government, and based on the Guangdong Province “Digital Government”
Reform and Construction Master Plan (2018 to 2020), it has clarified eight construction
concepts and created the “1 + 3 + N” model, utilizing the mobile phone and the internet
to create a “1 + 3 + N” model. The N” model, the use of mobile technology, and artificial
intelligence identification technology contribute to the formation of synergistic demand.
This has resulted in an intelligent cloud platform for government data across the province,
implementation of a standardization project for government services, the breakdown of
departmental barriers, and achievemetn of a coordinated flow of data.

The M4 model mainly includes NH1a, NH1b, and NH1c, which can explain 72.8%,
59.5%, and 21.2% of the sample cases, respectively. In this model, a digital facility base,
digital application skills (technical), satisfaction with people’s demands, and organizational
safeguard system (subjects) are the core missing conditions, indicating that when the level
of digital technology is low, and the main body is poorly organized, the other conditional
variables do not have a significant effect on the improvement of innovation capability.
Since the driving path consists of two types of conditions, namely technology conditions
and subject conditions, it is called the technology–subject restriction type. The M5 model
mainly consists of NH2a and NH2b, which can explain 30% and 26.3% of the sample
cases, respectively. In this model, transparency in information dissemination and the
level of data openness (information) and digital economy development (environmental)
are the core missing conditions, indicating that when information dissemination and
openness are low, and economic development is poor, the other conditional variables do
not have a significant effect on the improvement of innovation capacity. Since the driving
path consists of both information and environmental conditions, it is called information–
environment restriction. The sample cases of low-level regional innovation capacity are
mainly concentrated in the western and northeastern regions, and digital infrastructure
development remains weak in some areas, with incomplete support systems and insufficient
momentum for digital economic development. The application of digital technology and
core capabilities also need to be improved, but the development environment is being
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optimized under the strong impetus of the national “one chain, one policy” and other major
strategic initiatives. Low-level regions need to grasp the opportunities of the country’s
digital development, transform the region’s natural resource advantages into scientific and
technological development momentum, and continue to narrow the development gap with
advanced regions. Gansu Province takes digital innovation as an opportunity for industrial
upgrading and social development and makes every effort to promote e-commerce. By
strengthening top-level design and optimizing industrial layout, it has created e-commerce
industry clusters, promoted the integration of e-commerce and the real economy, and
built a characteristic digital ecology. Guizhou Province focuses on the data industry by
expanding the scale of arithmetic power; participating in the construction of the national
integrated arithmetic power network; cultivating digital productivity with the core of
industry, application, arithmetic power, and data linkage; improving the effectiveness
of “one network”; promoting the digital transformation of the industry; and creating a
digital development innovation zone. Liaoning Province coordinates and promotes the
construction of digital infrastructure, stimulates the potential of data elements, promotes
digital industrialization and industrial digitization, creates cluster industries, improves
the digitalization level of grassroots governance, and contributes to the development of
regional digital innovation.

By analyzing the patterns of high- and low-level regional innovation capacity, it
can be seen that the development of digital economy as a core condition in realizing
the grouping of high-level regional innovation capacity and the role played by people’s
livelihood and participating subjects is becoming more and more significant. The high-
level regional innovation capacity in the central and western regions is mainly driven by
technology, while the eastern coastal region is mainly driven by the synergistic concurrency
of the linkage and adaptation of different variables in the four dimensions of technology,
subject, information, and environment. The low-level grouping significantly highlights
the constraining effect of insufficient digital innovation capacity. When the province does
not meet the conditions of specific dimensions, the structural adjustment and functional
substitution of factor combinations can break through the limitation of a single missing
condition and then build a synergistic innovation grouping of multiple paths to provide
feasible solutions for realizing a high level of regional innovation capacity.

5.2.2. Analysis of Results Between Groups

As can be seen from the results in Figure 5a,b, the intergroup consistency of the eight
generated groupings breaks through the 0.90 threshold, far exceeding the conventional
consistency judgment standard of 0.75 and indicating that the groupings constructed in
the study have good stability and reliability. Further focusing on the time dimension
and analyzing the dynamic changes of each grouping pattern from 2019 to 2023, it was
found that the consistency level of all groupings fluctuates within the interval of 0.93~1.00.
With 2021 set as a key milestone, the high-level H1 showed a significant downward trend
between 2019 and 2021. Exploring the causes in depth, it is very likely that the strike of
the COVID-19 epidemic forced the governmental information flow to shift to epidemic
prevention and control, and the external perturbation led to the transient impact of the
government information system’s homeostasis, which in turn caused a transient impact
on the regional innovation environment. The consistency of the group state rebounded
after 2021 through 2023, indicating that the system achieved a new equilibrium through
self-organized regulation, which is exactly the evolution process of ecosystem resilience
captured by dynamic QCA, providing a solid theoretical basis for the subsequent related
research and policy formulation.
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Figure 5. Plot of changes in the level of intergroup consistency of regional innovation capacity
groupings at the high (low) level. (a) Digital innovation capability in high-level regions. (b) Digital
innovation capability in low-level regions.

5.2.3. Analysis of Results Within the Group

From the results of the data analysis, the adjusted distance for within-group consis-
tency, like the adjusted distance for between-group consistency, did not exceed 0.1, which
indicates that the explanatory validity of each conditional grouping did not differ signif-
icantly across provinces [59]. Intra-group consistency focuses on the province level and
is mainly used to assess the degree of adequacy of each conditional grouping pattern for
the results in each province over the sample period. Through an in-depth comparison of
high-level and low-level regional innovation cases, the imbalance between the eastern and
western development of China’s regional innovation capacity is clearly visible. In terms of
investment in innovation resources, the eastern region has a significant advantage, with
Beijing, Zhejiang, Guangdong, and other provinces and cities ranking at the forefront of
the country in terms of the intensity of investment in scientific research, with Beijing, for
example, investing more than 6% of its GDP in R&D annually and bringing together top
research institutions such as Tsinghua University and Peking University and many national
laboratories; meanwhile, the central and western regions of China, such as Shanxi and Tibet,
as well as part of the three northeastern provinces are constrained by their weak economic
foundations and seriously underinvested in scientific research, with high-end scientific
research talent being severely underinvested. The investment in scientific research is seri-
ously insufficient, and the phenomenon of outflow of high-end scientific research talents
is serious. In terms of transformation of achievements, the developed regions in the east
rely on a perfect industrial chain and market-oriented mechanism, and the transformation
rate of scientific and technological achievements is high; for example, Zhejiang’s digital
economy can be seen as an engine, giving birth to Alibaba and many other innovative enter-
prises, to promote the rapid application of new technologies; on the contrary, the low level
of the region as shown by the transformation of scientific and technological achievements
is not a smooth channel, and the conversion rate of patents is insufficient and has not been
effectively transformed into real productivity. At the level of industrial support, the eastern
region has formed an innovation-driven industrial system dominated by high-tech indus-
tries and strategic emerging industries, with Guangdong’s electronic information and new
energy automobile industries booming, while the central and western and northeastern
regions are still dominated by traditional resource-based and labor-intensive industries,
and emerging industries are small in scale, weak in competitiveness, and lack momentum
for industrial innovation and development. For regions with lower innovation capacity,
we will strive to break the shackles of regional innovation development and gradually
narrow the gap with high-level regions by setting up special funds to integrate regional
innovation resources, introducing tax incentives and talent introduction policies, focusing
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on building digital innovation incubation platforms, and accelerating the construction
of digital innovation ecosystems for the in-depth integration of industry, academia, and
research in an effort to narrow the gap of regional innovation development.

5.3. The Robustness Text

In this study, consistent with the method proposed by Zhang Ming and Du Yunzhou,
two methods were used for robustness testing [42]. First, the case frequency threshold was
increased from 1 to 2. Second, the sample data calibration anchor points for the conditional
variables and results were modified to the 75th, 50th, and 25th percentiles. The results of
the robustness testing are shown in Table 7.

Table 7. The robustness test results.

Conditional Variable

Y Y
Increase the Case Frequency

Threshold
Change Data Calibration Anchor

Point
M1 M2 M3 M1 M2 M3

H1 * H2 * H3 * H1 ** H2 ** H3 **
X1 ● • ● •
X2 ● • ● ● • ●
X3 ● ● ● ● ● ●
X4 • ● • ●
X5 • ● • ●
X6 • •
X7 ● ● ● ● ● ●

Consistency 0.957 0.963 0.962 0.885 0.961 0.968
PRI 0.924 0.915 0.904 0.671 0.946 0.958

Raw coverage 0.612 0.601 0.537 0.621 0.525 0.548
Unique coverage 0.072 0.026 0.013 0.065 0.005 0.016

Intergroup consistency adjustment distance 0.0843789 0.0748790 0.0479808 0.1897368 0.1936468 0.1648654
Intra-group consistency adjustment distance 0.1276900 0.1488870 0.1023310 0.1902037 0.1864747 0.1967324

Overall consistency 0.959 0.943
Overall PRI 0.912 0.920

Overall coverage 0.706 0.723
Notes: ● indicates the presence of a core condition; • indicates the presence of a peripheral condition; the blank
area indicates ”dispensable”. The superscript */** indicates two robustness test results.

After testing according to the robustness assessment criteria (Table 7), it was found
that the new results generated by increasing the case frequency threshold were basically
consistent with the original results. The overall consistency slightly decreased from 0.961
to 0.959, and the overall coverage rate slightly decreased from 0.740 to 0.706. From the
perspective of changes to the calibration anchor points, the overall consistency of the results
decreased slightly from 0.961 to 0.943, and the overall coverage rate decreased slightly from
0.740 to 0.723. Despite these adjustments, the test results remained highly consistent with
the original configuration, further highlighting the robustness of the research conclusions.

5.4. Analysis of Substitution Relationships

By comparing the similarities and differences of groupings 1~4 [62], we can further
identify potential substitution relationships among technologies, subjects, information,
and environmental conditions. First, by comparing H1 and H2, we find that digital
infrastructure (technical) and transparency in information dissemination (information)
substitute each other to promote the government’s digital innovation capability when they
are jointly faced with higher digital economic development, as shown in Figure 6. That
is, when the digital infrastructure is not good enough, if the information dissemination
transparency is high, it can promote the government’s digital innovation capability to
some extent; on the contrary, when the digital infrastructure is good, and the information
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dissemination transparency is a little bit weak, the two guarantee the advancement of
digital innovation through complementary substitution.

Figure 6. Replacement relationship between technology and information.

Second, the comparison of H1 and H3 shows that the combination of the organizational
safeguard system (subjects) and the transparency in information dissemination and the
level of data openness (information) can and do substitute each other for the province that
invests more application capacity in the government’s digital innovation and at the same
time possesses a high-level economic environment, as shown in Figure 7. That is, when the
organizational security system is imperfect, information dissemination transparency and
a high level of data openness can enhance the value effectiveness of government digital
innovation; conversely, a strong organizational security system and a slightly weaker
information dimension can also achieve the innovation value objective.

Figure 7. Replacement relationship between subject with “technology + information”.

Finally, a comparison of H2 and H3 reveals that for provinces with high levels of satis-
faction with people’s demands (subjects), the organizational safeguard system (subjects)
can be substituted for each other with the combination of digital infrastructure (technical)
and data openness level when they are jointly faced with high levels of economic devel-
opment (environmental), as shown in Figure 8. That is, when the organizational security
system is slightly lacking in construction effectiveness, relying on the advantages of the
combination of technology and information dimension can also promote the government’s
digital innovation work; on the contrary, a well-constructed organizational security system,
even if there are deficiencies in the digital infrastructure and information dimensions, can
also help promote the government’s digital innovation.

Figure 8. Substitution of subjects with “technology + information”.
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In summary, this study used configuration analysis to reveal the core role of the
information ecosystem in shaping regional digital innovation capabilities. The dynamic
equilibrium characteristics of the information ecosystem manifest as multiple substitution
relationships among technological, subject, information, and environmental elements:
when digital infrastructure (technical) is weak, high information transparency (information)
can compensate for functional deficiencies by enhancing data liquidity; when organizational
support (subjects) is insufficient, the synergy between data openness levels (information)
and digital application capabilities (technical) can maintain the system’s innovative efficacy.
These findings confirm that the information ecosystem establishes a resilient mechanism
characterized by “element substitution–functional compensation–sustainable efficacy”,
enabling regions with different endowments to identify suitable innovation pathways.

6. Conclusions and Contributions
6.1. Conclusions and Discussion

This study aims to address the issue of how information ecosystems and digital trans-
formation jointly shape regional digital innovation capabilities through the coordinated
allocation of multi-dimensional factors in heterogeneous regional development contexts. It
systematically examines the configurational effects of information ecosystems and digital
transformation in jointly driving regional digital innovation capabilities, providing a new
theoretical perspective for understanding digital innovation mechanisms in heterogeneous
regional development contexts. Based on the panel data of 31 provincial-level administra-
tive regions from 2019 to 2023, using the dynamic QCA method, this study explored the
driving factors that influence regional digital innovation capabilities, including technology,
entities, information, and environmental conditions. It was found that, first, technology,
subject, information, and environmental conditions cannot individually constitute the nec-
essary conditions for high-level regional digital innovation capability. Instead, three types
of condition groupings constitute the driving path of high-level regional digital innovation
capability. The technology–subject type is composed of digital infrastructure, digital appli-
cation capacity, people’s demand satisfaction, an organization guarantee system, and digital
economy development, and the subject–environment type is composed of digital applica-
tion capacity, people’s demand satisfaction, an organization guarantee system, information
dissemination transparency, and digital economy development. The subject–environment
type and the balanced type emphasize digital infrastructure, digital application capac-
ity, people’s satisfaction with their demands, transparency of information dissemination,
openness of data, and development of the digital economy. Second, the information ecosys-
tem provides differentiated paths for enhancing digital innovation capabilities in regions
with different endowments through dynamic substitution and functional compensation
mechanisms among the elements of “technology–subject–information–environment”.

6.2. Research Contribution

The research contribution of this thesis is mainly reflected in the following aspects: It
is a breakthrough in the application of methods, constructing the framework of “dynamic
QCA + information ecology”, realizing a multi-condition combination test, and identifying
high- and low-level innovation driving paths and a condition substitution relationship.
It also contributes the expansion of index system by using the entropy value method to
calculate the measurement indexes, constructing a seven-dimension index system, and
refining the second-level indexes to make up for the defects of the existing research that is
insufficient to pay attention to the information factor and dynamic synergies.
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6.3. Suggestion

First, the foundation for innovation should be strengthened. The regionally balanced
layout of digital infrastructure should be strengthened, especially by increasing the invest-
ment of core resources in central and western provinces and by narrowing the gap in the
allocation of technological resources. A livelihood technology linkage mechanism should
be established, promoting the transformation of digital technology through the opening
up of governmental affairs scenarios, such as intelligent examination and approval, and
enhancing the practical and innovative capabilities of governmental subjects on digital
tools. Second, ecological effectiveness shoud be optimized. Considering information dis-
semination transparency, the thematic construction of the government’s official website
and social media should be improved by regularly publishing data opening dynamics and
typical cases, enhancing public participation, and activating the vitality of data utilization
by social subjects. Third, a differentiation strategy should be implemented. Based on the
types of grouping identified by the dynamic QCA, a dynamic classification list of provincial
digital innovation capacity should be established, customizing the adaptation path for
different regions and regularly tracking and periodically revising the policy portfolio to
ensure that the strategy evolves in tandem with the development of digital innovation in
the region to avoid “one-size-fits-all” interventions.

6.4. Research Limitations and Prospects

This study has certain limitations. First, although the indicator system covers seven
dimensions, the consideration of some sub-divisions is not yet sufficient, which may affect
the comprehensive portrayal of the complex ecosystem; second, although the dynamic QCA
method can capture time-series changes, the analysis of the long-term evolution path is still
insufficient due to the limitation of the panel data length, and the transient impact of policy
shocks on the grouping is not explored in depth; third, the study focuses on the macro-
analysis at the provincial level and lacks the micro-case nesting of local municipalities or
specific industries, making it difficult to accurately reveal the differentiated logic of digital
innovation at the grassroots level.

Future research can be expanded in two ways. The first is to improve the indicator
system, incorporate emerging dimensions such as data security and digital inclusion
and building a more inclusive assessment framework; the second is to extend the data
observation cycle, carry out event studies in conjunction with major policy nodes, and
deepen the analysis of dynamic mechanisms. The third is to nest micro cases of cities and
regions so as to accurately identify the differences in the driving paths of digital innovation
at different levels through the linkage analysis of “macro pattern + micro mechanism” and
to provide more refined theoretical support for the collaborative development of the region.
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