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Abstract

Digital transformation (DT) has become a core strategic priority for major economies, with
global investments exceeding $2 trillion worldwide and $0.55 trillion in China alone in 2025.
As DT reshapes the norms of international competitiveness and sustainable development,
experts frequently emphasize the need for innovative cross-domain frameworks to decode
the mechanisms of DT success. Even though public economists view government attention
to digital talent (GADT) as a key driver of DT, there is an acute shortage of empirical
models that explain how it affects firm-level DT directly or indirectly through intermediary
mechanisms, e.g., talent agglomeration, absorptive capacity, and subsidies. Thus, exploring
this relationship empirically holds significant theoretical and practical value. Based on the
latest keyword frequency data from government policies and annual reports from 2008 to
2022 for 3952 A-share listed companies across 243 cities in 31 provinces, this study constructs
an interactive two-way fixed-effects panel regression model with 35,058 valid observations.
The empirical results show that GADT significantly promotes the digital transformation
of enterprises (EDT), supported by enterprise talent agglomeration, absorptive capacity,
and government digital talent subsidies. Notably, the effects of GADT on EDT were
heterogeneous, with a significant positive impact observed in labor-intensive enterprises,
peripheral cities, and enterprises in non-digital-economy pilot areas. Moreover, the effects
of GADT on EDT were less pronounced among technology-intensive enterprises (e.g.,
automotive, pharmaceutical, and manufacturing), central cities (e.g., Chengdu, Fuzhou),
and those in digital economy pilot areas (e.g., Xinjiang, Ningxia). This study aims to
examine the impact mechanism of GADT on EDT, thereby providing theoretical support
and practical implications for more targeted and effective digital talent policies.
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Since the emergence of a new phase of global technological revolution, digital trans-

formation (DT) has been reshaping the world economy with unprecedented breadth and
This article is an open access article

depth, becoming a key driver of future growth. In 2023, the global DT market was projected

distributed under the terms and

to reach USD 109.446 billion by 2032 [1], indicating strong growth momentum. At its core,
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resource allocation, and enhancing productivity, thereby promoting sustainable economic
development [2]. As this transformation unfolds, economies that lead in digital innovation
are more likely to gain advantageous positions in the global value chain and strengthen
their international competitiveness [3-5]. In this context, China has experienced rapid eco-
nomic growth, becoming the world’s second-largest economy and a major manufacturing
center with a complete industrial chain [6,7]. Still, its traditional development model, which
relies heavily on factor inputs and cost advantages, is increasingly challenged by diminish-
ing marginal returns [8,9]. To address these structural constraints and achieve sustainable
development, DT has become an essential pathway for industrial upgrading and economic
restructuring [10,11]. Given the multi-domain systematic capability enhancements (at both
the enterprise and regional levels) of DT, its application is critical for addressing regional
economic disparities linked to technological upgrading, industrial diversification, and
efficient knowledge spillover effects [12].

Recognizing the strategic importance of DT, the Chinese government has explicitly
proposed elevating the role of digital technology in the modern economic system [13].
Since 2023, the Ministry of Industry and Information Technology and the Ministry of
Finance have successively launched three batches of DT pilot cities, with a cumulative
investment of more than RMB 14 billion [14]. In 2024 alone, the Chinese enterprises
invested more than RMB 2.5 trillion in digitalization projects. By 2026, such DT expendi-
ture is expected to be the highest in the world [15,16]. Within this strategic framework,
the government’s systematic attention to digital talents (GADT) has become increasingly
prominent. The reports of the 19th and 20th National Congresses of the Communist
Party of China both emphasized the fundamental and strategic supporting role of talent
in economic and social development [13,17]. To implement this strategic orientation,
the central and local governments have successively issued several special policies to
strengthen the supply capacity of digital talents, e.g., Nine-sector printing programmer-
Accelerate the cultivation of digital talents to support the development of digital economy [18],
Beijing Digital Economy Whole Industry Chain Open Development Action Plan [19], Notice of
the General Office of Guangzhou Municipal People’s Government on Printing and Issuing the
High-quality Development Plan of Guangzhou Digital Economy [20]. These policy initiatives
demonstrate the government'’s increasing focus on building a strong digital talent base
to support a DT-driven economy.

Existing studies have demonstrated that government attention, as a key institutional
policy signal, can significantly influence enterprise strategic choices and behavior by shap-
ing social expectations, resource allocation, and the institutional environment [21,22]. In
the context of DT, the GADT may influence enterprises through multiple channels. For
instance, policy support may provide direct financial incentives (e.g., subsidies for digital
talent training and recruitment). Moreover, it can enhance enterprise absorptive capacity
(EAC) and facilitate enterprise talent agglomeration (ETA), thereby strengthening innova-
tion capabilities and accelerating enterprise digital transformation (EDT) [23-28]. As China
is currently undergoing a critical stage of economic restructuring and social transformation,
the accumulation and effective utilization of digital talents have become an essential driving
force for DT [29,30]. As a significant policy signal, the GADT profoundly impacts EDT’s
decision-making by shaping social expectations and resource allocation [31,32]. Despite
the growing importance of digital talent, limited research has systematically examined the
dynamics of GADT-EDT. Therefore, the study attempts to answer the following questions:
Does the GADT significantly promote the EDT? What intermediary mechanisms, specif-
ically mediators, support such a relationship? In addition, does this relationship exhibit
heterogeneity across different regions of China?
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This research article extends beyond the traditional boundaries of DT research to
identify an unexplored external system-level mechanisms that endogenously translate
macro-level policy signals into macro-level outcomes. Most previous studies treat policy
support/attention as an exogenous institutional condition in public economics research,
specifically in endogenous growth theory (EGT) [33,34]. The proposed novel data-rich ana-
lytical framework introduces government attention as a core institutional force directly
driving EDT, with absorption capacity (EAC), talent aggregation (ETA), and government
digital talent subsidies (GDTS) serving as supporting mechanisms. The paper initially
attempts to capture the strategic coordination of two interdependent policy dimensions—
i.e., government attention to the digital economy (GADE) and government attention to
talent (GAT)—to offer a nuanced operationalization of macro-level institutional focus on
digital human capital. Using attention theory (AT), the model explicates how strategic
policy signals (GADT)—manifested in government communications—become credible
external attention structures that shape managerial strategic cognition, linking institutional
priority directly to enterprise strategic orientation. In this way, the model strengthens the
empirical foundations for contemporary perspectives in dynamic capability theory (DCT) [35]
and EGT [36] and their corresponding fields, strategic management [37] and public eco-
nomics [38], respectively. In addition, the paper specifies and captures the unique structural
conditions that determine the effectiveness of GDAT for the EDT nexus across regional and
organizational contexts. Empirically, the paper supports the theoretical framework through
a robust analytical design built on spatial econometrics, robustness checks, the latest data,
and text-based operationalization of GADT. This novel technique identifies an institutional
influence that is typically unobservable in conventional analyses, while strengthening the
causal interpretation of policy-driven DT.

The structure of this paper is as follows. Section 2 presents the theoretical analysis and
develops the research hypotheses. Section 3 describes the theoretical framework. Section 4
provides the empirical tests. Section 5 conducts the robustness analysis. Section 6 performs
the heterogeneity analysis. Section 7 concludes with findings and policy implications.

2. Literature Review and Hypothesis Development
2.1. Literature Review

Drawing from the DCT [39,40] in the strategic management literature [41,42], several
experts [41,43,44] argue that enterprises sense signals, seize opportunities, and reconfigure
their capabilities to achieve DT [45]. Theoretically, the debates on DT are mainly derived
from different schools of through and following conceptual premises: (i) production and
operational perspective—DT involves deploying technologies such as IoT and intelligent
manufacturing for equipment monitoring and data analysis, which in turn enables strategic
design and informed decision-making [46—48]; (ii) organizational structure and management
perspective—DT is not only a technological update but also a reconstruction of the internal
roles, processes, and governance mechanisms within the organization [49-51]; (iii) business
model transformation perspective—DT drives firms to shift from traditional value chains
to platform ecosystems [52,53], while it also alleviates environmental pressure, playing
a conducive role in improving environmental quality [54]. From an macro-meso—micro
perspective, previous debates on EDT have primarily focused on three critical aspects of
an enterprise: (i) the policy environment—policy support not only provides resources for
enterprises (such as economic incentives, tax benefits, and infrastructure development) but
also plays a crucial guiding role at the strategic level [55-58]; (ii) structural foundation—the
technical foundation and human resource structure together constitute the core internal
driving force for promoting its digital strategy [59-61]; (iii) external cooperation networks—
the technical support, data interfaces, and ecological collaboration services provided by
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platform enterprises can significantly enhance the digital response capabilities of traditional
enterprises [62-64]. Furthermore, in recent years, as the digital economy has rapidly devel-
oped, it has become an important new factor driving the EDT [65]. Unlike traditional policy
or enterprise-level determinants, the digital economy transforms data into key production
factors. It integrates digital technologies into various industries, thereby promoting digital
upgrades at both the enterprise and industry levels [66]. These theoretical viewpoints
indicate that the DCT provides a useful perspective for understanding EDT, i.e., enterprises
need to perceive digital trends, seize technological opportunities, and complete the trans-
formation and upgrading in this process [45]. Still, extant DT literature remains primarily
focused on internal processes, such as technology adoption and structural changes, with
frameworks addressing external institutional drivers relatively scarce. Specifically, the
effect of government policy signals on enterprises” dynamic capabilities related to DT has
not been fully studied.

In practice, enterprises often respond to policy signals to obtain institutional resources
and strategic advantages. For example, firms may leverage political connections to gain
policy information, financial support, and market access, thereby strengthening their
competitiveness during the DT process [67,68]. To better understand how policy signals
influence organizational behavior, scholars have introduced the Attention Theory (AT).
Simon pioneered the concept of attention in government attention research, emphasizing
the selective nature of decision-makers’ attention in information processing [69]. Ref. [70]
extended the AT to government decision-making and proposed an attention-driven policy-
choice model, positing that the government’s attention to specific issues affects the policy
priority sequence and resource allocation. Academic experts agree that the government’s
attention is often reflected in official policy documents, e.g., the Royal Address of the United
Kingdom [71] and the State of the Union Address [72]. In China, government work reports
(GAR) serve as strategic documents that articulate the policy focus and priorities mandated
by national and provincial authorities [73]. Even though a few studies have used such
documents to examine government attention in areas such as ecological governance [74]
and talent policy [75], the implications of GADT for DT and technological upgrading have
attracted limited academic attention.

Digital talents represent a critical form of human capital in the digital economy. EGT
advocates assert that human capital accumulation is a fundamental endogenous driver
of long-term economic growth [36,76,77]. DT scholars extend this notion by arguing that
digital talents play a dual role: technological creation and knowledge absorption. Although
these roles directly influence firms” ability to adopt new technologies and implement
digital strategies [78], extant human capital research mainly focuses on the economic
outcomes of talent accumulation. Since public economists (specifically EGT) have scarcely
examined the impact of government policy priorities on the development and allocation of
digital talent, less is known about why certain policy signals emerge or how they translate
into enterprise-level actions. The paper introduces AT to offer a feasible explanation:
governments selectively allocate attention to specific issues, which, in turn, shape policy
priorities and resource allocation. Drawing on EGT and AT, we propose that GADT serves
as an institutional mechanism: policy attention directs resources toward specific forms of
human capital, thereby shaping the external environment in which enterprises accumulate
knowledge and develop digital capabilities [79,80].

In summary, although the previous literature provides an essential basis for under-
standing the relationship between the policy environment and the EDT, it offers limited
insight into how GADT affects the EDT. Given the strategic role of digital talent in the
digital economy era, it is necessary to develop a systematic analytical framework to explore
the internal mechanisms of GADT that affect the EDT and to fill this research gap. This
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study defines GADT as an external institutional factor and argues that it can influence
the EDT process. It integrates the AT (policy signals), the EGT (talent endowment), and
the DCT (enterprise adaptation) to provide a more systematic theoretical perspective for
explaining how macro policy attention translates into micro-EDT.

2.2. Hypothesis Development
2.2.1. Government’s Attention to Digital Talent and the Enterprise Digital Transformation

The influence of GADT on EDT is rooted in the conceptual premise that governments
frequently intervene in markets [81] for several reasons, including path correction and
maintaining market stability. Governments influence the expectations and behaviors of en-
terprises through both explicit industrial policies and strategically oriented implicit policies.
While proponents of AT argue that governments’ emphasis on cultivating digital talent
and digital strategies in official documents constitutes a strong policy signal [82], experts
in EGT consider digital talent the core driver of enterprises’ long-term development [76].
Thus, as per the DCT, enterprises need to swiftly integrate, build, and reconfigure internal
and external resources to adapt to environmental changes. With the government paying
more attention to digital talent, enterprises are more likely to translate such signals as
key information to plan future resource allocation and invest in digital innovation and
talent reserves, thereby adjusting their expected responses and specific actions towards
DT [83,84]. In short, GADT serves as both a new institutional arrangement and an effective
mechanism for enterprises to integrate strategic priorities with national goals. With an
ever-increasing emphasis on governments’ digital talents, such a collaborative mechanism
can facilitate the efficient alignment of corporate digital strategies with national priorities,
thereby enabling sustainable urban development. If enterprises can accurately interpret
market guidance from government reports and other documents, they can align their busi-
ness ecosystems, particularly those related to transforming digital infrastructure, investing
in data research and development, and enhancing resource integration capabilities and
operational efficiency, to ensure sustainable resource support for DT [85]. In summary, this
paper proposes the following assumptions:

Hypothesis 1 (H1). The GADT has a positive impact on the EDT.

2.2.2. Role of Intermediary Mechanisms: Enterprise Talent Agglomeration (ETA),
Absorptive Capability (EAC), and Government Digital Talent Subsidies

Experts in the field of EGT [36] argue that GADT drives enterprise development
by emphasizing policies that support talent and optimize the institutional environment,
as reflected in policy orientations and resource allocation initiatives, e.g., policies and
subsidies for skilled talent, collaborative training mechanisms, and university—industry
collaboration incentives. Talent facilitates the accumulation of knowledge and techno-
logical progress in an economy [86]. By focusing policy attention and public resource
allocation on digital talent, the government can enhance the supply of and mobility effi-
ciency in human capital, thereby creating favorable external conditions for enterprises to
acquire and cultivate strategic talent reserves. This strategic focus not only improves the
external conditions for enterprises to recruit digital talent directly but also sends a clear
signal to invest time, money, and resources in expanding internal talent development for
sustainable performance [87]. Governments often amplify the effects of such policies by
creating conducive living and working conditions for talent, including housing subsidies,
high-quality educational resources, and research subsidies. Such systemic optimization
facilitates talent agglomeration within enterprises across different regions. While provid-
ing external support for talent retention over extended periods, this approach lays the
foundation for a collaborative innovation ecosystem [88]. In short, extensive talent pools
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enable resource integration and team building, thereby accelerating the EDT in product
development and process optimization [89,90]. Based on the above, this paper proposes
the following hypothesis.

Hypothesis 2 (H2). The GADT can promote the ETA and the EDT.

At the enterprise level, EAC is a key dynamic capability for an enterprise to integrate
internal and external knowledge for application [91,92]. EDT requires the use of digital
technologies to reconfigure resources, optimize processes, and create value. Therefore,
an EAC will determine whether it can convert external digital opportunities into internal
competitive advantages. According to the EGT and the AT, the government’s focus on
specific fields (e.g., cultivating and introducing digital talent) is regarded as an insti-
tutional signal [74] that can guide the flow of innovation resources and alleviate the
difficulties enterprises face in transforming due to knowledge barriers. Specifically, from
an institutional perspective, GADT promotes EAC in some of the following ways: (i) pro-
moting cooperation between enterprises, universities, and scientific research institutions;
(ii) creating multi-collaborative knowledge-sharing networks; (iii) facilitating external
inflow of critical resources. Enterprises significantly increase their EAC by adapting to
technological change, integrating resources, and reconfiguring their knowledge base to
achieve their desired DT goals [93]. EAC enables efficient technology adaptation and
integration while encouraging enterprises to allocate government-provided resources.
As a result, enterprises develop their own digital solutions [94-96], thereby reducing
costs, improving efficiency, and accelerating DT. In line with the above, the following
hypothesis is proposed:

Hypothesis 3 (H3). The GADT can affect the EDT through the EAC.

Considering institutional support, government-issued subsidies (GDTS) for local
digitization and digital talent agglomeration can directly affect organizational support
for attracting and retaining digital talent [97]. Specifically, governments have increased
investments in digital infrastructure and talent policies to boost EDT in recent years [98].
These initiatives, such as 5G networks and high-performance data centers, have lowered
the baseline threshold for enterprises to innovate progressively [99]. GDTS has alleviated
the financial burden on enterprises in the following ways: (i) sharing the cost associated
with inducting high-skilled talent and staff training; (ii) helping them build talent teams
for continuous innovation [100]; (iii) providing direct resources for purchasing advanced
technology and equipment; (iv) reducing the cost and risk linked to DT; (v) enhancing
the confidence and willingness of enterprises to extend beyond local digital technological
frontiers to seek and develop global solutions [101]. In view of such arguments, this paper
proposes the following hypothesis:

Hypothesis 4 (H4). GADT can affect the EDT through GDTS.

Figure 1 illustrates the conceptual model.
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Figure 1. The conceptual model.

3. Theoretical Framework

Economists and digital experts agree that a government’s capacity to promote EDT
depends on the extent to which it emphasizes digital economy development and allocates
resources [102,103], particularly in attracting and cultivating digital talent. Thus, this study
conceptualized GADT as a composite policy construct arising from the interaction between
GADE and GAT. While GADE provides strategic direction for EDT, GAT supplies essential
human capital support [32,104,105]. The interaction between these two dimensions reflects
the synergistic policy environment conducive to EDT. GADT is defined as

GADT; = GADE; ; x GAT; (1)

Based on Equation (1), a set of baseline and extended regression models was con-
structed to examine the impact of GADT on EDT. Equation (2) estimates the baseline
specification with GAT as the core explanatory variable. While GAT is replaced with GADE
to examine the independent effect of GADE in Equation (3), Equation (4) incorporates both
GADE and GAT simultaneously. As a final step, Equation (5) was formulated to include
the interaction term GADT, capturing the impact of GADT on EDT.

EDT = g + oGAT;; + ) _ Controls; s + Firm + Year + ¢; )
EDT = B + 1 GADE; + ZControlsi,t -+ Firm + Year + ¢; 3)
EDT = vy +v1GAT;+ +v,GADE;; + ZControlsi,t + Firm + Year + € 4)

EDT = 80 + 61GAT; ¢ + 5,GADE; + + 63 x GADT; ; + Z Controls; s + Firm + Year +¢;+ (5)
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To further explore the impact of GADT on EDT, this study analyzed the mediating

mechanism. Given that the traditional three-stage mediating test may limit causal infer-

ence [106], this paper adopted a four-step mediating mechanism model [107-109]. That is,

each mediating variable was regressed separately on the explained variable, and the results

were further evaluated using Bootstrap testing to enhance the completeness and credibility

of the mediating effect analysis. Thus, the following mediating mechanism model, i.e.,

Equations (6)—(8), was formulated:

M = eo + &1 X GADT;; + ¢,GADE;; + e3GAT; ¢ + ZControlsi,t + Firm + Year +¢;+ (6)

EDT; = 69 4 01 X Mj¢ + 02GADE; ; + 83GAT; + ) _ Controls, , + Firm + Year +¢&;; (7)

EDTi: = up + g X Mt + po X GADT; ¢ + i3GADE; ¢ + g GAT; ¢ + ZControlsi T Firm + Year + €;

(8)

Here, M; ; represents the mediating variables, including ETA, EAC, and GDTS, and
the definitions of other variables are consistent with Equation (5).

All models included both firm and year fixed effects, where Firm and Year represent

the fixed effects of the enterprise and the year, respectively. The firm fixed-effects controlled

for time-invariant unobserved characteristics, while year fixed effects absorbed common

macroeconomic shocks and policy changes affecting all firms. The & was the random

error term, and the standard errors were clustered at the firm level. The subscripts i and t

represented the enterprise and the year, respectively.

3.1. Data Sources, Variables, and Methods

Table 1 provides a summary of the data details.

Table 1. Key Variables and Data Sources.

Indicator Abbreviations Source
Government Attention on Talent GAT NBS [110]
Explanatory variables Government Attention on the Digital Economy GADE //
Government Attention on Digital Talent GADT //
Explained variables Enterprise Digital Transformation EDT CSMAR [111]
The agglomeration of talent in firm 1 TA_firm1 //
The agglomeration of talent in firm 2 TA_firm?2 //
Mediating variables The agglomeration of talent in cities TA_city NBS [110]
Enterprise Absorptive Capacity EAC CSMAR [111]
Government Digitalization Subsidy GDTS //
Regional Economic Development Level GDP WDS [112]
The share of the secondary industry’s value-added in GDP DECY //
Debt-to-Asset Ratio DAR CSMAR [111]
CEO Duality DUA //
Control variables Return on Assets ROA //
Tobin’s Q TBQ //
Ownership Concentration Top10 //
Firm Size Size //
Proportion of Independent Directors PID //
Firm Age Firm Age //

Note: Abbreviations: NBS = National Bureau of Statistics; CSMAR = China Stock Market and Accounting Research

Database; WDS = Wind Data Service. // = Same as previous entry.
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This study used A-share listed companies from 31 mainland Chinese provinces over
the period 2008-2022, excluding Hong Kong, Macau, and Taiwan. Following [113,114],
we excluded financial sector firms, ST/*ST/PT-labeled firms, IPO-year observations, and
enforced winsorization at the 1% and 99% levels for continuous variables to mitigate the
influence of outliers. Finally, 35,058 annual observations were obtained.

Dependent variable: EDT was measured using a textual analysis approach based
on corporate annual reports. Following the text-mining method widely adopted in prior
studies [100,101], this study employed Python 3.10 to parse the annual reports of Chinese
A-share-listed companies in depth from 2008 to 2022. A digital technology keyword
dictionary was constructed, comprising 76 digital feature terms across five dimensions:
artificial intelligence, blockchain, cloud computing, big data, and digital applications [115].
The frequency and intensity of these digital keywords in firms” annual reports were used
as the primary measure of EDT. To mitigate the potential influence of extreme values in the
raw data, the total keyword frequency was transformed using the natural logarithm, with
1 added. The resulting index served as a standardized measure of EDT, with higher values
indicating a greater degree of DT.

Independent variable: GADT was taken as the interaction term between GADE and
GAT. Government attention is often measured through keyword frequencies in official
policy documents [116-118]. GADE was measured by adding 1 to the total frequency of
keywords related to the digital economy in the government work report [119]. At the same
time, the GAT was computed by adding 1 to the frequency of talent-related keywords in
the government work reports of the same period [120,121]. GADT is constructed as the
interaction term between GADE and GAT, following the logic of strategic fit [122] and
complementarity theory [123]. Proponents of these perspectives argue that multiplica-
tive specifications are appropriate when the focal construct emerges from the alignment
between two complementary dimensions rather than from their independent additive
contributions. That is, effective GADT emerges only when governments simultaneously
emphasize digital economic development and talent cultivation, making these dimen-
sions inherently interdependent. Digital economy growth, including digital technology
innovation, industrial applications, and digital governance, generates strong demand for
specialized digital human capital [124,125]. GADT determines whether sufficient policy
support is directed toward cultivating, attracting, and allocating such digital skills [78,126].
While prioritizing GADE without a corresponding GAT would constrain EDT due to talent
shortages, a high level of GAT without a clear digital economic agenda would lack strategic
direction and policy focus.

In this study, the interaction term GADE x GAT captures the degree of GADT as a
joint institutional signal. It reflects the extent to which governments align demand-side
(digital economy) and supply-side (talent) priorities, representing a unified rather than a
decomposed policy emphasis. Many earlier studies have adopted this multiplicative speci-
fication when constructs reflected strategic fit or complementarity rather than independent
main effects. For example, ref. [127] used an interaction term for internal integration and
product modularity to demonstrate that two complementary organizational dimensions
more effectively explain competitive capabilities than separate effects alone, an approach
followed by others to examine digital contexts [128,129]. In short, these studies provide
sufficient support for the use of multiplicative interaction terms as a reliable empirical
tool for constructing GADT that depends on the coordinated emphasis of two mutually
reinforcing policy dimensions.

Mediating variable: EAT was measured from both the enterprise and city levels.
At the enterprise level, the proportion of employees with a bachelor’s degree or above
(TA_firm1) [130] and the proportion of senior executives with backgrounds in informa-
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tization and digitalization (TA_firm2) [131] were used as proxy variables for the EAT in
enterprises; At the urban level, the proportion of employees in the information transmis-
sion, computer service and software industries among the total number of employees in
urban units at the end of the year (TA_city) [132] was used as representation. The EAC
was measured as the proportion of Research and Development expenditure to operating
income [133], and GDTS was expressed as the proportion of digital and talent-specific
subsidies received by the enterprise to total government subsidies [134].

Control variables: This paper controlled for the characteristic variables at both the
enterprise and city levels [135,136]. Control variables at the firm level include financial
leverage (asset-liability ratio, DAR), firm size (logarithm of total assets, Size), duality (chair-
man and general manager, DUA), proportion of independent directors (PID), net profit
margin of total assets (ROA), Tobin’s Q value (TBQ), ownership concentration (proportion
of the top ten shareholders, Top10), and firm age (Firm Age). At the city level [137], the
control variables included the level of regional economic development (the logarithm of
GDP) and industrial structure, i.e., the proportion of the secondary industry’s added value
in GDP, DECY.

3.2. Econometric Tools and Techniques

This study combined text mining with econometric analysis. The annual reports
of A-share-listed firms and concurrent provincial/prefecture government work reports
(2008-2022) were parsed in Python to extract keyword frequencies and construct measures
of EDT, GAT, GADE, and their interaction, i.e., GADT. On this basis, all estimations were
performed in Stata 17, including baseline regressions, mediation tests, robustness tests, and
heterogeneity analyses. The baseline regressions followed Equations (2)—(5), in which the
effects of GAT, GADE, their simultaneous inclusion, and GADT on EDT were examined.
Next, based on Equations (6)—(8), we examined the mediating roles of ETA, EAC, and GDTS
in the relationship between GADT and EDT.

To ensure the reliability of the baseline estimates, we conducted robustness tests to
verify their accuracy. First, we augmented the baseline model with province-specific fixed
effects to capture unobserved regional factors that could influence firm behaviors [138].
The stability of results suggests that they are unlikely to be driven by provincial heterogene-
ity [139]. Second, we re-estimated the dependent variable using an alternative proxy. For
instance, replacing the outcome indicator is a standard robustness test that assesses whether
the findings are sensitive to a specific variable definition, thereby mitigating potential bias
arising from definitional differences or measurement error [140]. Finally, we recomputed
the model using the trimmed samples to minimize concerns about exogenous shocks (e.g.,
COVID-2019, 2020, 2021) or sector-specific characteristics (e.g., high-tech industries, 143,
164, 165), i.e., firms in Industry type [141,142]. In this study, heterogeneity was examined
across three dimensions: location in central cities, presence in national digital-economy
pilot zones, and production type (labor-intensive versus technology-intensive) to assess
how the effect of GADT on EDT varies.

4. Results and Discussion

As shown in Table 2, a descriptive statistical analysis of the core variables was con-
ducted for the sample of selected enterprises. The results show that the min-max value of
EDT indicated significant differences in the degree of DT promotion among different enter-
prises, providing sufficient grounds for further analysis. The GADT scores, which span
multiple scenarios, showed significant variation in attention intensity across regions and
enterprises. As shown in Table 3, the correlation analysis indicated a significant positive
correlation between GADT and EDT, suggesting that GADT supported enterprise digital
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development across the selected sample. The correlation coefficients between all variables
were generally significant, allowing for further analysis. As shown in Figure 2 below, the

variance inflation factor (VIF) outputs for each variable were all below 5, indicating that the

model did not exhibit serious multicollinearity. In short, the regression results demonstrate
good stability and reliability.

Table 2. Descriptive statistics.

Variables N Mean Std min p50 max
EDT 35,058 1.050 1.281 0.000 0.693 4.670
GAT 35,058 2.670 0.642 0.690 2.773 3.69

GADE 35,058 2.747 0.812 0.00 2.944 3.99
GADT 35,058 7.568 3.105 0.00 7.907 13.61
DAR 35,058 0.421 0.209 0.05 0.413 0.90

Size 35,058 22.155 1.307 19.85 21.954 26.24
DUA 35,058 1.716 0.451 1.00 2.000 2.00
PID 35,058 37.489 5.246 33.33 35.290 57.14
ROA 35,058 0.038 0.062 —0.24 0.038 0.20
TBQ 35,058 2.025 1.280 0.85 1.610 8.35
Top10 35,058 35.043 22.562 0.90 33.400 85.80

Firm Age 35,058 2.832 0.0375 1.61 2.890 3.56

GDP 35,058 18.180 1.104 15.44 18.327 19.88
DECY 35,058 40.482 11.179 15.83 41.360 64.38

Note: The analysis covers only the 31 provinces, excluding regions of China, i.e., Hong Kong, Macau, and Taiwan.
Data sources: NBS [110], CSMAR [111], and WDS [112].

Table 3. Correlation analysis.

Variables  EDT GAT GADE  GADT GDP DECY
EDT 1
GAT 0240 *** 1
GADE  0.296 *** 0.462 *** 1
GADT 0316 ** 0.820 ** 0.859 ** 1
GDP  0314* 0.648 *+* 0.495** 0,650 *** 1
DECY  —0.253* —0.408 *** —0.305**  —0.406 *** —0.572 *** 1
DAR  —0.098 *** —0.034 *** —0.054 %% (0,049 **+* —0.042 0.019 **
DUA  —0.122*** —0.067 *** —0.099 *** (0,097 *** —0.097 *** —0.022
ROA  —0.029 ** 0.007 —0.013*  —0.016*** —0.009 * —0.049 ***
TBQ 0.087 *** —0.002 0.043 % 0025 *** 0.026 *+* —0.036
Topl0  —0.024 ** 0.050 ** 0.105** 0,090 *** 0.057 ** —0.089 ***
Size 0.014 ** 0.084 *+* 0.097 *#* 0104 *** 0.085 *** —0.132
PID 0.083 ** 0.057 *+* 0.075**  0.076 *** 0.071 ** —0.059 ***
Firm Age  0.084 *** 0.163 *** 0.336**  0.299 *** 0.152 ** —0.148 **+*
DAR DUA ROA TBQ Top10 Size PID 12;‘:
DAR 1
DUA  0.167** 1
ROA  —0377** —0.048** 1
TBQ 0251 %%  —0.072**  (0.142 *** 1
Topl0  0251**  0.174** —0.064** 0.095*** 1
Size 0499 **  0176**  —0.013* —0364** (.388 *** 1
PID  —0018** —0115** —0014** 0038**  —0.005  0.009* 1
Firm Age  0.174*%  0.078** —0121**  —0.001  0252%%* 0.208** ~0.010 * 1

Note. The values in parentheses are t-values: * p < 0.1, ** p < 0.05, *** p < 0.01. The analysis covers only
the 31 provinces, excluding regions of China, i.e., Hong Kong, Macau, and Taiwan. Data sources: NBS [110],
CSMAR [111], and WDS [112].
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Figure 2. VIF scores. Note: The analysis covers only the 31 provinces, excluding regions of China, i.e.,
Hong Kong, Macau, and Taiwan. Data sources: NBS [110], CSMAR [111], and WDS [112].

4.1. Benchmark Regression Results

As shown in Table 4, the benchmark analysis demonstrated a statistically insignificant
effect of GAT and a significant adverse effect of GADE on EDT at the 1% level. This
result suggests that attention to talent and the digital economy alone had made no direct
contribution or played a disruptive role in shaping EDT outcomes. While the GADE and
GAT summation term reflected disruptive EDT outcomes, the interaction coefficient (0.0337)
for GADT was significantly positive at the 1% level, indicating that GADT promoted EDT
in the sampled provinces, thereby supporting H1. The above finding supported earlier
views, yet it differs in the following ways. While some experts state that government
attention and guidance are central to the DT [143], others consider digital talents as a
prerequisite for enabling the successful application and diffusion of technology during
the DT [144]. Apart from establishing GADT as a measurable policy tool, this study
empirically supports prior claims by testing it as an external policy signal/pressure that
exerts macro-to-micro-level influence on corporate human capital development and by
establishing the defining role of focusing on digital talent as a pathway to successful DT.
From the perspective of the AT, GADT may function as an external policy signal that
reshapes firms’ strategic priorities and resource allocation, thereby encouraging investment
in digital human capital [145]. This mechanism is also consistent with EGT and DCT,
which emphasize the role of human capital accumulation and capability reconfiguration
in facilitating technological transformation [146,147]. It is worth noting that although the
GADT coefficient was significantly positive, the individual effect of GADE was negative.
This seemingly contradictory result implied potential path dependence in government
intervention. That is, the structural misalignment between long-term digital economy
initiatives and inefficient talent cultivation across some regions over the selected period
may have led to short-term resource misallocation or digital anxiety among enterprises,
thereby disrupting EDT. Although the results supported H1, they also suggested that the
synergy of policy signals was more crucial than focusing on a single dimension.
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Table 4. Benchmark regression results.

) @ 3 @

Variables GAT-EDT GADE-EDT GAT + GADE-EDT GADT-EDT
GAT —0.0082 —0.0034 —0.0904 ***
(0.5213) (0.7878) (0.0012)
—0.0327 *** —0.0323 *** —0.1063 ***
GADE (0.0031) (0.0030) (0.0000)
0.0337 ***
GADT (0.0005)
DAR —0.1104 —0.1122 —0.1122 —0.1137
(0.1249) (0.1178) (0.1178) (0.1122)
Size 0.2478 *** 0.2472 *** 0.2472 *** 0.2466 ***
(0.0000) (0.0000) (0.0000) (0.0000)
DUA —0.0053 —0.0053 —0.0053 —0.0048
(0.7972) (0.7953) (0.7958) (0.8132)
PID —0.0019 —0.0019 —0.0019 —0.0019
(0.2661) (0.2703) (0.2699) (0.2750)
ROA —0.3532 *** —0.3471 *** —0.3469 *** —0.3431 ***
(0.0024) (0.0028) (0.0028) (0.0032)
TBQ 0.0367 *** 0.0366 *** 0.0366 *** 0.0364 ***
(0.0000) (0.0000) (0.0000) (0.0000)
Top10 —0.0003 —0.0003 —0.0003 —0.0002
P (0.4795) (0.4907) (0.4922) (0.4989)
Firm Age 0.1597 0.1656 0.1653 0.1633
& (0.1604) (0.1450) (0.1457) (0.1500)
GDP 0.0474 0.0450 0.0456 0.0383
(0.2395) (0.2597) (0.2558) (0.3364)
DECY —0.0017 —0.0017 —0.0017 —0.0018
(0.4624) (0.4493) (0.4485) (0.4189)
N 35,058 35,058 35,058 35,058
adjusted R2 0.7287 0.7288 0.7288 0.7290
firm fixed effects control control control control
year fixed effects control control control control

Note. The values in parentheses are t-values: *** p < 0.01. The analysis covers only the 31 provinces, excluding
regions of China, i.e., Hong Kong, Macau, and Taiwan. Data sources: NBS [110], CSMAR [111], and WDS [112].

4.2. Mediating Mechanisms: ETA, EAC, and GDTS

As a technologically skilled workforce is more likely to master and apply the latest
digital technologies, enterprises seek such individuals from home and abroad to pro-
mote DT [148]. For ETA, the following proxies were created using the above premises:
(i) TA_firm1—enterprise-level talent aggregation; (ii) TA_firm2—the talent characteristics
of senior management or top management team (TMTs), given that their information cogni-
tion level and digital decision-making capacity play a key role in the EDT process [149];
(iiif) TA_city—to capture city-level talent aggregation and used to test the mediating ef-
fects, considering the external spillover effects of talent accumulation on EDT. Table 5
presents the mediating mechanism through which GADT affects the concentration of en-
terprise talents. Columns (1)—(6) indicate that GADT was conducive to the concentration
of internal talent within enterprises. Among them, the regression coefficients for GADT
in columns (1) and (4) were significantly positive at the 1% and 5% levels, respectively,
indicating that GADT promoted the concentration of internal talent within enterprises.
More so, the coefficients of TA_firm1 and TA_firm2 in columns (2), (3), (5), and (6) were all
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significantly positive, indicating that the concentration of internal talents within enterprises
enhanced the EDT.

Table 5. Mechanism test 1.

(4))

(2

3)

@

(5

(6)

?)

®

©

TA_Firm1 EDT EDT TA_Firm2 EDT EDT TA_City EDT EDT
GADT 0.7293 *** 0.0303 *** 0.0023 ** 0.0355 *** 0.0005 ** 0.0434 ***
(0.0000) (0.0015) (0.0477) (0.0009) (0.0466) (0.0000)
GAT —1.8950 *** —0.0033 —0.0816 *** —0.0051 0.0010 —0.0922 *** 0.0022 *** 0.0018 —0.1085 ***
(0.0000) (0.7915) (0.0032) (0.1262) (0.9409) (0.0033) (0.0006) (0.8855) (0.0002)
GADE —2.0235 *** —0.0303 *** —0.0968 *** —0.0029 —0.0361 *** —0.1145 *** —0.0036 *** —0.0304 *** —0.1255 ***
(0.0000) (0.0054) (0.0002) (0.3262) (0.0014) (0.0000) (0.0000) (0.0072) (0.0000)
. 0.0047 *** 0.0047 ***
TA_firm1 (0.0000) (0.0000)
. 0.2847 *** 0.2806 ***
TA_firm2 (0.0084) (0.0094)

. 0.6134 ** 0.6002 **
TA_city (0.0251) (0.0284)
controls Yes Yes Yes Yes Yes Yes Yes Yes Yes
N 35,057 35,057 35,057 31,499 31,499 31,499 33,103 33,103 33,103
adjusted R? 0.8237 0.7301 0.7302 0.8273 0.7324 0.7326 0.7882 0.7207 0.7210
firm fixed Yes Yes Yes Yes Yes Yes Yes Yes Yes
effects
year fixed Yes Yes Yes Yes Yes Yes Yes Yes Yes
effects
Bootstrap
gff?;g:s) [0.0007154, 0.0121139] [0.548577, 0.722976] [0.0074712, 0.123902]
interval

Note. The values in parentheses are t-values: ** p < 0.05, *** p < 0.01. The analysis covers only the 31 provinces,
excluding regions of China, i.e., Hong Kong, Macau, and Taiwan. Data sources: NBS [110], CSMAR [111], and
WDS [112].

Additionally, columns (7)—(9) show that GADT optimized enterprises” external talent
environments and enhanced their innovation capabilities, thereby promoting the EDT.
Moreover, the Bootstrap test results show that the confidence intervals for the mediating
effect did not include 0, supporting the validity of the mediating mechanism. This result
implied that GADT contributed to ETA formation across the candidate sample, thereby
promoting EDT. Supporting the above finding, refs. [150,151] agree that governments’
emphasis on talent, often through various tools (e.g., institutional guarantees and policies),
promotes talent aggregation. From an enterprise perspective, some experts [88,89] argue
that a continuous pursuit of digital talent-aggregation strategies can facilitate the adoption
and diffusion of digital technologies across enterprises, thereby driving their digital devel-
opment. By unifying the above independent ideas, the findings empirically demonstrate
that ETA serves as a critical transmission channel through which government focus is trans-
formed into desired DT goals at the enterprise, city, and regional levels. This mechanism is
consistent with the tenets of AT, which suggests that government attention functions as
an external policy signal that redirects firms’ strategic focus toward digital talent accumu-
lation [143]. At the same time, the importance of talent aggregation also resonates with
EGT, which emphasizes the role of human capital in enabling technological progress and
organizational transformation [152]. That said, the result suggests that the transmission
mechanism did not function uniformly across all candidate contexts. Possibly, limited
organizational flexibility or managerial commitment constrained firms from efficiently
leveraging their aggregated talent to achieve substantive digital restructuring outcomes.
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An alternative possibility is that regions with stronger pre-existing digital ecosystems at-
tracted talent and received greater government attention, thereby amplifying the observed
mediating effects. While our empirical design mitigates these concerns, these contextual
factors should be acknowledged when interpreting the strength of the mediation pathway.

Secondly, the results in Table 6 support the significant role of EAC in the GADT-
EDT relationship, as evidenced by the positive EAC coefficient. The results in column (1)
showed that the influence of the GADT on the EAC is positive at the 5% significance
level, indicating that the GADT helped enterprises place greater importance on talent
cultivation and development, thereby enhancing the EAC in the candidate sample. As seen
in columns (2) and (3), the regression coefficients of EAC were all significantly positive,
suggesting that EAC complemented the effects of GADT on EDT. Next, the Bootstrap test
indicated that the confidence interval for the mediating effect did not include 0, indicating a
significant mediating effect and thus verifying Hypothesis 3. This finding aligns with earlier
views. For instance, Ref. [153] argues that capacity-building measures at the enterprise and
industry levels (EAC) rely on national and local government policies and support mecha-
nisms. At the same time, some experts consider them central to enterprise transformation
and innovative development [154,155]. In translating implicit policy guidelines into specific
metrics (GADT), this finding provided data-driven evidence that organizations had sensed
and decoded national priorities from official communications to build EAC for efficient
DT. From a theoretical perspective, this process reinforced the DCT concept: enterprises
strengthen their ability to sense external technological opportunities and integrate digital
knowledge through enhanced EAC [156]. As per the results, EAC exhibited firm-specific
and path-dependent characteristics. That is, insufficient technological experience or finan-
cial resources appeared to have hindered enterprises from efficiently leveraging insight
from policy signals to strengthen EAC. Also, the clarity, stability, and consistency of policy
communications are potential issues that may undermine their accurate interpretation
and effectiveness. If policy objectives are ambiguous or subject to frequent adjustments,
firms are more likely to adopt short-term compliance strategies rather than long-term
capability building. Thus, it is safe to conclude that EAC serves as an important mediat-
ing mechanism, though its strength is likely influenced by organizational readiness and
institutional stability.

Third, as predicted, the estimates supported the significant positive role of GDTS in the
relationship between GADT and EDT in the candidate sample. In Table 6, columns (4)-(6)
present the mediating mechanism through which GADT influences EDT via GDTS. Col-
umn (4) shows that the regression coefficient of GADT on GDTS was positive (0.009) at
the 5% significance level, indicating that GADT had promoted fiscal investment in digital-
ization and talent development across the candidate sample. In columns (5) and (6), the
regression coefficients on GDTS were all positive and significant at the 1% level, indicating
that an increase in GDTS investment significantly enhanced DET by alleviating financial
constraints. Further, the Bootstrap test results indicated that the confidence interval for the
mediating effect did not include 0, indicating a significant mediating effect and thereby
verifying Hypothesis 4. With this support, the significant positive coefficient for GDTS
affirmed that the government’s emphasis on digital talent had a more profound effect on
EDT when supported by targeted subsidies for the procurement of digital products and
services and the construction of digital teams, a view consistent with earlier views [151]. Re-
searchers, including [79], consider GDTS a supply-side policy tool that enables countries to
incentivize corporate digitalization initiatives through financial support [97,157]. Although
these studies have shown the direct effects of GDTS, the above finding highlights its poten-
tial as a conduit between GADT and EDT. In this sense, government subsidies reinforce
the policy signal highlighted by the AT and provide tangible resources that enable firms
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to develop the capabilities required for DT [57]. Then again, subsidy-based interventions
are subject to fiscal constraints and implementation inefficiencies. In regions with limited
public resources, sustained financial support for DT is often difficult due to budgetary con-
straints. Additionally, excessive reliance on subsidies may induce opportunistic behavior
or symbolic digitalization efforts aimed at securing financial benefits rather than achieving
substantive transformation. Hence, the mediating role of GDTS should be interpreted with
consideration of fiscal sustainability and governance quality.

Table 6. Mechanism test 2.

1 (2) 3) @ (5) 6)
EAC EDT EDT GDTS EDT EDT
GADT 0.0007 ** 0.0313 *** 0.0090 ** 0.0607 ***
(0.0252) (0.0036) (0.0166) (0.0015)
GAT —0.0021 ** 0.0004 —0.0826 *** —0.0282 ** 0.0258 —0.1420 **
(0.0334) (0.9763) (0.0088) (0.0112) (0.2855) (0.0150)
GADE —0.0015 * —0.0303 *** —0.1007 *** —0.0191 ** —0.0379 * —0.1841 ***
(0.0893) (0.0071) (0.0004) (0.0475) (0.0597) (0.0004)
—_— .
EAC 00000 (0.0000
T s
controls Yes Yes Yes Yes Yes Yes
N 32,890 32,890 32,890 10,001 10,001 10,001
adjusted R? 0.8269 0.7328 0.7329 0.5359 0.7728 0.7730
firm fixed effects Yes Yes Yes Yes Yes Yes
year fixed effects Yes Yes Yes Yes Yes Yes
Bootstrap (1000
times) confidence [0.164007, 0.0281499] [0.0118947, 0.0403126]

interval

Note. The values in parentheses are t-values: * p < 0.1, ** p < 0.05, *** p < 0.01. The analysis covers only
the 31 provinces, excluding regions of China, i.e., Hong Kong, Macau, and Taiwan. Data sources: NBS [110],
CSMAR [111], and WDS [112].

5. Robustness Tests

The robustness test results are presented in Table 7. As seen below, after adding
provincial fixed effects, the coefficient of GADT remained significantly positive, i.e., an
increase in provincial fixed effects in Table 7. Second, by replacing the explained vari-
able: one was measured by the proportion of digital assets to total assets of enterprises
(TD_1) [158], while the other included the frequency of 139 digital keywords in the annual
report, which were summed up and then 1 was added to form the logarithm (TD_2) [159].
Under both alternative indicators, the GADT coefficient remained significantly positive.
As shown in Table 6, the explanatory variables with alternative proxies in the robustness
check were consistent with the benchmark results. Finally, after excluding special years
and industries highly related to digitalization, the core explanatory variable remained
significantly positive (see the exclusion of special Year and special Industry in Table 7).
Overall, the above tests jointly verified the robustness of the research outputs.
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Table 7. Robustness test.
(1) () 3) @) (5)
In‘cre‘ase in Replace the Explanatory Replace the‘ Explanatory Exclud‘mg Excluc!mg
Provincial Fixed Variable with TD 1 Variable Special Special
Effects arlable - with TD_2 Year Industry
GADT 0.0281 ** 0.0002 ** 0.0399 *** 0.0464 ** 0.0343 ***
(0.0231) (0.0206) (0.0004) (0.0000) (0.0002)
GAT —0.0622 * —0.0007 *** —0.1021 *** —1.1030 *** —0.0885 ***
(0.0509) (0.0085) (0.0019) (0.0003) (0.0008)
GADE —0.0720 ** —0.0006 ** —0.1124 *** —0.1230 *** —0.0997 ***
(0.0262) (0.0143) (0.0002) (0.0000) (0.0000)
controls Yes Yes Yes Yes Yes
N 35,058 28,115 35,058 24,290 32,437
adjusted R? 0.7325 0.7345 0.7499 0.7306 0.6592
year-province Yes No No No No
firm fixed effects Yes Yes Yes Yes Yes
year fixed effects Yes Yes Yes Yes Yes

Note. The values in parentheses are t-values, * p < 0.1, ** p < 0.05, *** p < 0.01. The analysis covers only
the 31 provinces, excluding regions of China, i.e., Hong Kong, Macau, and Taiwan. Data sources: NBS [110],
CSMAR [111], and WDS [112].

6. Heterogeneity Analysis
6.1. Central Cities vs. Non-Central Cities

Due to differences in resource endowments and development stages, the levels and
quality of digital economic development vary significantly across regions. Therefore, the
impact of GADT on the EDT may be heterogeneous at the urban levels. In response
to this problem, this paper draws on [160] and classified municipalities, sub-provincial
cities, and provincial capitals as central cities. At the same time, other prefecture-level
regions were divided into peripheral cities. Table 8 further reports the results of the regional
heterogeneity analysis. Table 8, which compares central cities and non-central cities, shows
that the GADT had a significant positive impact on the EDT in peripheral cities. To further
examine whether the differences between the two groups were statistically significant, we
conducted Fisher’s permutation test for the coefficient differences. The results showed that
the difference between the two groups is significant at the 5% level (p = 0.019), indicating
that the effect of GADT on EDT varied significantly across urban levels. Although central
cities like Fuzhou and Guangzhou exhibited insignificant effects, the GADT had effectively
promoted the EDT in peripheral cities, e.g., Sanming and Shantou.

To visually compare regional differences, maps of central and peripheral cities were
constructed based on their digital economy development and digital talent distribution.
As shown in Figure 3, the spatial pattern of digital economy development indicated that
central cities exhibited significantly higher levels of digital economic activity than their
peripheral towns. Figure 4 provides clear evidence that central cities have a pronounced
advantage in talent concentration over other regions.

Since central cities (usually provincial capitals) often receive preferential policies
in regional economic development, they gain a clear advantage in digital infrastructure
and talent reserves earlier than peripheral cities, enabling them to pursue steady digital
development [161,162]. In contrast, the peripheral cities are relatively short of resources
and talent and are generally at a stage of catching up in DT [78]. Therefore, when the
governments of peripheral cities attach great importance to developing digital talent, they
can effectively address infrastructure shortfalls and alleviate the talent shortage in the
short term, thereby bringing greater resource benefits to enterprises and accelerating their
EDT pace.
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Table 8. Heterogeneity analysis.
(1) ) 3) (e (5) (6)
CoaiCites  NoRSenel  Diialbonomy | Novbigial | Ttology:  Libor
GADT 0.019 0.038 *** 0.019 0.038 *** 0.021 0.038 ***
(0.014) (0.014) (0.014) (0.013) (0.016) (0.014)
GAT —0.071 —0.060 * —0.071* —0.101 *** —0.025 —0.119 **
(0.040) (0.035) (0.040) (0.035) (0.050) (0.038)
GADE —0.083 ** —0.063 * —0.083 ** —0.113 *** —0.086 * —0.087 **
(0.038) (0.035) (0.038) (0.032) (0.047) (0.034)
controls Yes Yes Yes Yes Yes Yes
N 22,388 11,780 22,388 18,053 16,203 12,320
adjusted R? 0.746 0.625 0.738 0.701 0.773 0.690
firm fixed effects Yes Yes Yes Yes Yes Yes
year fixed effects Yes Yes Yes Yes Yes Yes
Pemf;ii‘ggﬁ Test 0.019 ** 0.020 *** —0.017 **

Note. The values in parentheses are t-values, * p < 0.1, ** p < 0.05, *** p < 0.01. The analysis covers only
the 31 provinces, excluding regions of China, i.e., Hong Kong, Macau, and Taiwan. Data sources: NBS [110],
CSMAR [111], and WDS [112]. Fisher’s Permutation Test set the sampling frequency to 1000 and obtained the p
value for the difference in coefficients.

Spatial Distribution Characteristics of Digital Economy Development: Chinese Prefecture-Level Cities
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Figure 3. Spatial Distribution Characteristics of Digital Economy Development Levels in Chinese
Prefecture-Level Cities. Note: The map uses a graduated color scheme, with darker shades repre-
senting higher levels of digital economy development. To enhance spatial comparison, only key
central cities are labeled due to the large number of cities nationwide. The analysis covers only the 31
provinces, excluding regions of China, i.e., Hong Kong, Macau, and Taiwan. Data sources: NBS [110],
CSMAR [111], and WDS [112].
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Spatial Distribution Characteristics of Talent Agglomeration: Chinese Prefecture-Level Cities
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Figure 4. Spatial Distribution Characteristics of Talent Agglomeration in Chinese Cities. Note: The
map uses a graduated color scheme to represent city-level talent aggregation, with darker shades
indicating higher concentrations. Given the large number of cities, only key central cities are labeled to
facilitate comparison between core and peripheral regions. The analysis covers only the 31 provinces,
excluding Hong Kong, Macau, and Taiwan, due to data unavailability. Data sources: NBS [110],
CSMAR [111], and WDS [112].

6.2. Digital Economy Pilot Zones vs. Non-Digital Economy Pilot Zones

Given the spatial dynamics observed earlier, this study examined the heterogeneous
impact of the GADT on the EDT to gain an in-depth understanding of the foundational
and institutional contexts that govern diverse digital economic development. Since the
beginning of the 13th Five-Year Plan [163], China has launched the strategic layout of
big data. By building cross-regional collaborative innovation networks, national big data
reform pilot areas have been deployed in batches across strategic regions, e.g., Guizhou,
Beijing-Tianjin—Hebei, the Pearl River Delta, Shanghai, Henan, Chongqing, Shenyang, and
Inner Mongolia [164]. Since these special zones aim to explore the strategic guidance and
coordinated promotion of the big data industry through differentiated experiments, the
sample was divided into two groups for further analysis: (i) the digital economy region
group; (ii) the non-digital economy region group. Based on whether the enterprise’s reg-
istered address was within a Big Data Experimental Zone, the analysis examined how
GADT’s impact on EDT varies across different digital economy development environ-
ments. Figure 5 showed that digital economy pilot regions exhibited significantly higher
levels of digital economy development than non-pilot areas. At the same time, the latter
lagged overall, providing sufficient contextual foundation for the subsequent regional
heterogeneity analysis.
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Spatial Distribution Characteristics of Digital Economy Development: Chinese Province-Level Cities
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Figure 5. The Spatial Distribution Characteristics of Provincial Digital Economy Development.
Note: Provinces are shaded according to their level of digital economy development, with darker
shades representing higher development levels. The analysis covers only the 31 provinces, excluding
regions of China, i.e., Hong Kong, Macau, and Taiwan. Data sources: NBS [110], CSMAR [111], and
WDS [112].

In line with the results in Table 8, the GADT had a significant positive impact on the
EDT in the non-digital economy region group; however, such effects were less pronounced
in the digital economy region groups. Since comparing coefficient magnitudes alone cannot
fully determine whether differences between the two groups are statistically significant,
this study also employed Fisher’s permutation test to assess these differences. The results
indicated a significant difference at the 5% level (p = 0.020), suggesting that the impact
of GADT on EDT varied across different digital economy development environments.
A possible explanation is that policy environments and market conditions significantly
influence the EDT process [12]. Enterprises in preferential zones have strong access to
robust technologies, talent, and other key resources [165]. Among other reasons, it appears
that an over-reliance on government support has weakened the ability of enterprises in
digital economy pilot zones, thereby affecting the EDT’s outcomes. In contrast, consistent
with the present findings, experts agree that increased government attention and support
can fill resource gaps, such as digital economy incentives and the provision of human
resources in non-digital economy regions, to promote EDT [166].

6.3. Analysis of the Heterogeneity by Production Types of Firms

Based on the proportions of enterprise production factors, this paper classifies enter-
prises as labor-intensive and technology-intensive (see Table 8). The significant positive
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effect of GADT on EDT was more pronounced in labor-intensive enterprises but was
insignificant in technology-intensive enterprises. Notably, Fisher’s Permutation Test sup-
ported that the differences were significant at the 5% level (p = 0.017), indicating that the
impact of GADT on EDT varied across enterprise types. A feasible explanation lies in the
differing digital maturity baselines and industry-specific characteristics across these sectors.
For labor-intensive enterprises (e.g., the catering and hospitality industry), their DT often
starts from a relatively low baseline. These sectors typically operate with thin margins,
high employee turnover, and fragmented service processes, making them heavily reliant
on external support to overcome technical and talent shortages. GADT can provide the
initial capital and infrastructure needed to implement basic digital tools (e.g., supply chain
management platforms), effectively helping them leapfrog the early-stage barriers of digital
adoption. As a result, the marginal impact of GADT on their EDT is substantial.

In contrast, technology-intensive enterprises (e.g., the new energy sector) typically
possess a higher level of digital maturity from the outset. These industries are inherently
data-driven and innovation-oriented, often having already integrated advanced technolo-
gies, such as Al into their operations [166]. Their motivation to pursue EDT stems more
from endogenous drivers—such as market competition, technological leadership, and
global supply chain demands—than from exogenous policy support [167].

7. Conclusions and Policy Recommendations
7.1. Conclusions of Key Findings

Over the past few decades, national and regional policy disclosures and reports have
frequently prioritized the digital economy, digital talent, and the digital transformation of
industries as core drivers of sustainable high-quality development [168]. Building on the
above institutional setting, the study developed a tripartite framework by integrating EGT,
AT, and DCT theories to investigate how GADT (a macro-level signal) is elevated to a cross-
sector strategic priority [36] in China. Through the attention-to-allocation led by AT, these
attention signals are transmitted to firms’ strategic cognition (via AT) [79], motivating them
to mobilize external policy-driven support (GDTS), operationalize capacity (EAC), and seek
digital talent and resources (EDT) to drive DT [45]. The integrated analytical framework,
with benchmark regression and spatial econometrics, supported all hypotheses in the
conceptual model, confirming both direct and indirect effects of GADT on EDT from 2008
to 2022. Robustness analyses, including substituting for the dependent variable, applying
provincial fixed effects, and removing special industries and years, further corroborated
the validity and stability of the main findings.

To explain the underlying mechanism, the study applied a three-step mediation model
with Bootstrap inferences using data from A-listed enterprises in China. The findings
consistently demonstrated ETA, EAC, and GDTS as significant intermediary transmission
channels. Specifically, GADT increased both internal and external digital talent concen-
tration, which facilitated EDT across the candidate sample. This finding extends earlier
views cf. [36,77,169] in the EGT perspective by showing that policy-driven agglomera-
tion of digital talent represents not merely a labor input redistribution but a dynamic
accumulation mechanism through which government signals/reports/communication
are institutionalized into enterprise-level digital transformation trajectories. The results
of the EAC mediating effects in the GDAT-EDT nexus validated DCT research [91,93],
offering empirical evidence that policy attention is less likely to translate into desired
EDT outcomes unless enterprises possess the capacity to adapt and integrate externally
induced opportunities and knowledge. In parallel, the significant positive effects of GDTS
echoed prominent views [170,171] in EGT by underscoring the favorable impact of policy-
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supported innovation and financial resources in reducing enterprise-level constraints in
digital upgrading and transformation.

Furthermore, the heterogeneity tests across digital-economy pilot zones, city hierar-
chies, and production factor intensity using Fisher’s test revealed that marginal GADT
effects were more significant in non-digital pilot zones, peripheral cities, and labor-intensive
companies. This finding supported the integrated conceptual framework by reflecting that
enterprises operating in resource-constrained areas often exhibit high sensitivity to external
government policy attention due to weak internal grants [78,166]. Unlike technologically
advanced enterprises that possess a strong digital foundation and exhibit relatively lower
reliance on GADT as an EDT driver, labor-intensive enterprises are more dependent on
externally induced capacity development due to resource constraints [172].

7.2. Theoretical Implication

From a public economics perspective, although past studies grounded in EGT recog-
nize DT as a critical factor in knowledge production underpinning long-term productivity
and technological progress [173,174], there is limited empirical and conceptual evidence
on how such policies actively shape the endogenous growth process in an economy. The
paper addresses this gap by adopting the AT view to conceptualize policy attention (as
captured in official communications) as a credible and reliable external driver that directs
strategic prioritization of digital talent within enterprises in China, a view supporting
earlier claims [37,175]. The empirical estimates confirm that GADT enhances EDT by
repositioning the government policy signals from a passive external institutional factor to
an active trigger process within the endogenous development process. Furthermore, the
mediating effects of GDTS enrich the EGT perspective by demonstrating that government
policy signals not only accelerate the pace of digital economy initiatives but also enhance
the accumulation efficiency of endogenous factors, particularly by improving access of
firms to strategic opportunities and financial resources [176,177]. In this context, the paper
introduces AT as a micro-foundational bridge connecting macro-level policy instruments to
enterprise-level resource allocations, elucidating how policy salience shapes the dynamics
of endogenous growth processes.

Building on the above foundation, the paper advances DCT by integrating external
institutional factors as an important antecedent to enterprise-level capacity development.
Extant DCT works predominantly focus on internally driven mechanisms of sensing, seiz-
ing, and reconfiguring, emphasizing organizational restructuring, technology adaptation,
and business model transformation [178,179], while providing limited insight into how
such drivers are motivated externally. This paper addresses this limitation by conceptu-
alizing GADT as an external attention structure that shapes the cognition of corporate
decision-makers and steers them to reconfigure digital capabilities. Notably, the empirical
evidence for the mediating effects of EAC colloquially confirms a central DCT proposition
that attention to policy alone may not generate the desired EDT outcomes. Instead, enter-
prises must develop the capacity to internalize and integrate opportunities and knowledge
signaled from external environments and sources [91,180]. Therefore, the core concep-
tual contribution to the existing literature resides in integrating DCT and EGT via AT
into a single data-driven conceptual model, in which endogenous resource accumulation,
macro-level institutional attention, and enterprise-level capacity building co-evolve to
drive DT.

Methodologically, this investigation contributes by constructing a novel GADT vari-
able, operationalized as an interaction term between GADE and GAT, initially derived
from official communications spanning from 2008 to 2022. Unlike the independent treat-
ment of these dimensions in earlier studies, the current technical approach captures their
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strategic alignment and complementarity. Importantly, the multiplicative development of
GADT provides support for past studies in complementarity theory, demonstrating that
the combined emphasis on interconnected policy aspects/dimensions yields non-additive,
reinforcing, and non-linear effects [123]. The GADT modeling within a two-way fixed-
effect analytical framework improves empirical identification by providing a more precise
and accurate measurement of how coordinated macro-level government policy focus is
transmitted into EDT within the institutional context of China.

7.3. Policy Recommendation

Drawing on the integrated conceptual framework (EGT-AT-DCT) and empirical in-
sights, the study offers a coherent policy logic in which GDAT functions as a signal-centric
process that shapes EDT across the Chinese A-listed enterprises through the formation of
expectations, resource allocations, and capacity activation. Firstly, the promoting role of
GDAT in improving EDT within the candidate enterprises suggests that policy attention
functions principally through institutional instead of direct government interventions. In
line with EGT, policies for digital talent become more effective when enterprises develop
stable expectations concerning their access to skilled and productive human capital [76,126].
Through the policy attention-resource allocation mechanism driven by AT, credible and
sustained signals increase corporate motivation to upgrade their digital infrastructure [97].
Accordingly, in line with earlier assertions [181], the Chinese government should prior-
itize the continuity, credibility, and observability of digital strategies, integrating them
within institutional evaluation systems, strategic planning frameworks (e.g., Digital China,
5-Year Plans, education-science-technology-talent development), and cross-departmental
coordination mechanisms. At the same time, the government should introduce feedback
loops to ensure that articulated attention to policy is accurately interpreted and effectively
perceived, and is converted into a strategic response at the enterprise level.

Secondly, the positive intermediary effect of ETA indicates that favorable economic
outcomes of policy attention occur only when Chinese A-listed enterprises possess the
capability to attract, retain, and utilize digital talent efficiently. This finding implies that
the digital talent policies are more effective when there are low structural frictions in
allocation and talent mobility. Thus, governments should prioritize the development of
well-coordinated talent ecosystems that link industrial clusters, universities, and lead-
ing enterprises, alongside context-specific incentives, such as housing subsidies, targeted
recruitment, and mobility mechanisms. While such targeted alignment strategies are consis-
tent with the tenets of AT, they resonate with the findings that ETA constitutes a mandated
transmission channel between government attention and corporate digital transformation
success. Thirdly, the findings on the favorable mediating effect of EAC reinforce a DCT
premise that external pressures (as policy signals) only yield effective transformation out-
comes when enterprises possess sufficient capacity to absorb digital talent. Consistent with
past assertions [179], this finding implies that enterprises should strive to develop internal
capacity to utilize and internalize externally induced knowledge, signals, and information
inflows for EDT in China. Simultaneously, this finding suggests that government policies
should be extended beyond talent introduction to deepen enterprise learning infrastruc-
tures, including interdisciplinary knowledge integration practices, digital training systems,
and experimentation capabilities at the firm and industry level.

Fourthly, the significant, positive mediating effects of GDTS provide credible evidence
for the favorable implications of government-sponsored financial reinforcements for EDT.
Consistent with EGT, fiscal tools should serve as capacity-building mechanisms that mini-
mize digital upgrading costs for enterprises rather than as undifferentiated transfers [182].
Consistent with the above finding, tangible financial support enables effective conversion
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of policies into substantial outcomes [183]. Thus, governments should articulate integrated
subsidy models linking digital investments, talent acquisition, and transformation goals. As
emphasized earlier in the 10th 5-Year Plan [181], governments should encourage financial
institutions and funding agencies to incorporate digital capacity indicators, such as training
intensity and talent allocation, into credit assessment systems, to ensure continued financial
backing for responsive enterprises.

Finally, as observed in the heterogeneity analysis, the relatively significant marginal
influence of GADT was evident in non-digital-economy pilot areas, peripheral cities, and
among labor-intensive enterprises in China. Therefore, the government should make
efforts to reduce disparities and ensure uniformity in policy implementation to achieve
optimal outcomes in digital economy initiatives. For instance, governments should focus
on addressing talent shortages through local training infrastructure and inter- regional
collaborations in less developed regions. In labor-intensive industries, focus should be
placed on applied skill development and on improving access to low-cost digital technolo-
gies. For technologically advanced enterprises, the government policies should prioritize
state-of-the-art innovation, collaborative R&D ecosystems, and high-end talent incentives,
acknowledging their distinct capacity limitations.

7.4. Limitations and Future Recommendations

Although this study utilizes an extensive sample data system to explore the impact
of GADT on the EDT, addressing some limitations could facilitate future research. First,
China has a unique government governance model. Thus, the research sample, model, and,
primarily, the outcomes of the current model may exhibit certain limitations, particularly
in their applicability across diverse governance models. Future research could test the
generalizability of these findings by applying the proposed mechanisms to cross-country
or multi-regional samples. Secondly, although this study identifies heterogeneous effects of
GADT across regions and industries within China, these patterns may be context-specific.
Differences in institutional arrangements, industrial structures, and levels of digital econ-
omy development across countries may influence how GADT affects EDT. Therefore,
whether the observed regional and industry heterogeneity holds in other national contexts
remains an open question. Future research could conduct comparative analyses across
different countries to examine the stability and universality of these heterogeneous effects.
Thirdly, this study uses the proportion of word frequency related to the digital economy
and talents in the government work report as a proxy variable to measure the government’s
attention to other critical aspects, i.e., Blockchain and IoT. Although it can reflect the degree
of policy attention to some extent, it may still be influenced by text expression norms and
the language style of official documents. Therefore, future research can further enrich
measurement methods by incorporating local leaders’ speeches and policy conference texts
into the analysis framework and by utilizing natural language processing to construct more
accurate and dynamic policy attention indicators. Finally, this study primarily employs
Ordinary Least Squares (OLS) estimation in the empirical analysis. Although the introduc-
tion of multi-dimensional fixed effects and a series of control variables partially alleviated
endogeneity, this linear regression framework remained insufficient to capture the potential
endogeneity between GADT and EDT. For instance, GADT might be influenced by factors
such as firms” digital maturity and regional development conditions. Therefore, future
research could employ instrumental-variables methods to address potential endogeneity or
employ machine learning to explore potential nonlinear relationships.
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Abbreviations

The following abbreviations are used in this manuscript:

AT Attention Theory

DAR Debt-to-Asset Ratio

DCT Dynamic Capability Theory

DECY The share of the secondary industry’s value-added in GDP
DT Digital Transformation

DUA CEO Duality

EAC Enterprise Absorptive Capacity

EDT Enterprise Digital Transformation

EGT Endogenous growth theory

ETA Enterprise talent agglomeration

Firm Age Firm Age

GAT Government Attention on Talent

GADE Government Attention on the Digital Economy
GADT Government Attention on Digital Talent
GAR Government Work Reports

GDP Regional Economic Development Level
GDTS Government Digitalization Subsidy
NBS National Bureau of Statistics

PID Proportion of Independent Directors
ROA Return on Assets

Size Firm Size

TA _city The agglomeration of talent in cities
TA_firm1l The agglomeration of talent in firm 1
TA_firm2 The agglomeration of talent in firm 2

TBQ Tobin’s Q
TD_1 Enterprise Digital Transformation 1
TD_2 Enterprise Digital Transformation 2
Top10 Ownership Concentration
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