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Abstract. This study focuses on the impact of digitization level on firms' sub-
stantive green innovation capability, using data from Chinese A-share listed
companies from 2013 to 2023. The results show that firms' digitization level has
a significant impact on substantive green innovation, and this finding remains
valid after robustness and endogeneity tests. These findings provide new per-
spectives for understanding how digitization empowers firms' green innovation
and reveal the important role of media in this process.
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1 Introduction

Driven by global climate change and China’s "double carbon" goal, green development
and digital transformation are central to the country’s national strategy (emphasized in
the 20th Party Congress Report), with the digital economy deeply integrated with real
industries. While digital technology boosts manufacturing efficiency and supports
green transformation, traditional manufacturing faces high energy consumption and
emissions (industrial energy use accounted for over 65% of China’s total in 2023) and
lagging green innovation efficiency [1], making leveraging digitalization to advance
substantial green innovation in manufacturing a key sustainable development issue.
Proposed by Negroponte in 1995, digital transformation initially referred to enterpris-
es’ comprehensive digital innovation in production, systems and business models [2],
later expanding to digital technology application, organizational change and strategic
integration; empirical findings are mixed (Song Yingchun, Jiang Ziqi [3] et al. con-
firmed its positive impact on manufacturing performance via dynamic capabilities,
while Ghasemaghaei and Calic [4] found big data volume’s insignificant effect on
innovation performance), and it promotes enterprise upgrading through performance
improvement, organizational change (eliminating inertia, enhancing flexibility [5]) and
high-quality development. Defined by Fussier et al. in 1996, green innovation refers to
technology, production and product innovation balancing economic performance and
environmental protection [6], covering multiple dimensions and divided into strategic
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(short-term policy compliance) and substantive (long-term technological progress)
types; its influencing factors include external ones (environmental regulation with
controversial effects [7], green finance , industrial policy) and internal ones (green
innovation strategies [8], ESG performance, executives’ background).

2 Theoretical Analysis and Research Hypotheses

2.1  The Degree of Digitization and Substantial Green Innovation

Against the backdrop of global focus on environmental protection and sustainable
development, manufacturing firms face multi-stakeholder green transformation pres-
sure, with digital transformation (driven by big data, Al IoT) as a key driver of green
innovation—it optimizes production, cuts energy consumption/emissions, and en-
hances adaptability. Zhang Zenan [9] et al. found digital transformation significantly
promotes green innovation, especially substantive innovation. It also boosts innovation
capability via data tools and collaboration, lowering substantive innovation thresholds
through technology synergy and data sharing [10]; financially sound firms prioritize it
to gain advantages. Based on this, Hypothesis 1 is proposed:H1: Enterprise digitization
degree is positively associated with substantive green innovation activities.

2.2 The Mediating Role of Innovation Resource Input

Manufacturing R&D investment, defined by R&D capital, personnel input and inten-
sity, reflects enterprises’ resource commitment to technological and product innovation
for competitiveness and sustainability. Cao Jinxia [11] et al. found R&D capital and
personnel inputs positively affect output; Based on this, Hypothesis 2 is proposed: H2:
Enterprise digitization degree prompts more innovation resource investment, which in
turn enhances substantive green innovation level.

2.3  The Moderating Role of Media Attention

China prioritizes the digital economy and enterprise digital transformation, a media
focus, with media’s impact on enterprises growing. Liu Chang [1] et al. note poli-
cy-aligned digital transformation attracts media attention and positive publicity; Zhang
Yuming [12] et al. indicate positive media coverage incentivizes green technological
innovation (negative coverage risks reputational damage), and media monitoring drives
enterprises to conduct green innovation. External supervision and reputational incen-
tives promote substantive green innovation and enterprise digitalization (empowering
green innovation). Based on this, Hypothesis 3 is proposed: H3a) Media attention
enhances the positive association between enterprise digitization and substantive green
innovation; H3b) Media attention enhances the positive association between enterprise
digitization degree and innovation resource investment; H3c) Media attention enhances
the positive association between innovation resource investment and substantive green
innovation.
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3 Research Design

3.1 Sample Selection and Data Sources

This study uses 2013-2023 data of China’s A-share listed manufacturing firms as
samples, excluding ST/*ST/PT and financially abnormal companies, as well as records
with missing key regression variables. All continuous variables are winsorized to
mitigate extreme value impacts. Referring to Wu Fei [13] et al., corporate digital
transformation is measured by digitization-related keyword frequency from WinGo;
other financial data are from CSMAR, and green innovation patents and media cov-
erage data are from CNRDS.

3.2 Definition of Variables

Explained Variables: Substantial Green Innovation. Referring to Ma Yonggiang
[14] et al., this paper uses green invention patent applications (instead of granted pa-
tents) to measure substantive green innovation (GI), classified by attention intensity
and logarithmically processed for normal distribution alignment.

Explanatory Variables: The Degree of Enterprise Digitization. Drawing on Wu
Fei [13] et al., this study measures enterprise digitization (DT) by counting digitiza-
tion-related term frequency in the MD&A section of listed companies’ annual reports.
The term frequency is processed with “+1 and natural logarithm” to address
right-skewed distribution, yielding the DT index.

Mediating Variable: Innovation Resource Input. The article measures the enter-
prise's innovation resource input by taking the value of its total R&D investment cap-
ital after logarithmic processing as a proxy indicator. -

Moderating Variable: Media Attention. Referring to Yang Guochao [15] et al,
Zhang Zhaoguo [16] et al, and Shen Hongtao [17] et al,, media attention (Media) is
quantified via the Janis-Fadner (J-F) coefficient (see Formula 1). The data, including
positive (e), negative (c) and neutral news counts, are collected and sorted from
CNRDS and online sources.

2_
%, e>cC
ec—c?
] — F coefficient =4 —5—, e <¢ (1)
0, e=c

In the formula, denominator t is the sum of positive (e) and negative (c) reports.
The J-F coefficient approaches 1 as positive reports increase (lower corporate media
pressure) and tends to -1 with more negative reports (stronger media supervision) .
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Control Variables. Referring to prior studies, control variables include firm size, firm
age, gearing ratio, return on assets, duality of positions, independent director percent-

age and board size. Their definitions and measurement methods are detailed in Table 1.

Table 1. Description of main variables

Variable name Variable Variable definition
symbol
green innovation GI In (number of green 1nvent101:—511;1dependently filed in the year
Digitization DT Frequency of digitized words in t.he annual report taken as
natural logarithms
Innovative Resource Inputs RD In(total R&D investment + 1)
Media Attention Media Propensity of online media to rejport on corporate news, J-F
coefficient
Enterprise Size Size Logarithmic value of total company assets
Asset-Liability Ratio Lev Total liabilities/total assets
Return on Assets Roa Net profit/average balance of total assets
Age of business Age Current year - year of establishment

Size of the Board of Directors ~ Board Logarithmic value of the total number of members of the Board

of Directors
Percentage. of Independent Indep Independent directors/total number of board members
Directors
Dual Role of the Board Chairman and general manager of the two positions in one for
. Dual .
Chairman 1, otherwise 0

3.3  Model Setting

This paper constructs the following multiple regression model to test the impact of
digitization degree on substantive green innovation of enterprises.

GI; =0, +0,DT; (+a; Controls; (+Y earFE+IndustryFE+g;

In the above equation: GI denotes the level of substantive green innovation, Dt
denotes the degree of digitization, Controls denotes the control variables; € denotes the
residual term; i and t denote the company and year. Considering the influence of spe-
cific industry characteristics and time, in the model, we also implement the corre-
sponding control treatments for the fixed effects of the industry as well as the fixed
effects of the year.

4 Bench Marking Empirical Results

4.1 Descriptive Statistics

Descriptive analysis (Table 2) shows the mean of substantive green innovation is 0.275
(SD=0.646, within a reasonable range) and the mean of enterprise digitization is 1.463
(SD=1.301), indicating digital transformation is not widely adopted and there are
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significant gaps among enterprises. Other variables’ descriptive statistics are within the
expected normal range.

Table 2. Descriptive statistics of the main variables

VARIABLES N Mean SD Min Max
GI 23823 0.275 0.686 0 6.328
DT 23823 1.463 1.301 0 6.244
RD 23823 18.14 1.426 7.720 25.02

Media 23823 0.169 0.228 -1 1
Size 23823 22.07 1.161 20.00 25.68
Lev 23823 0.382 0.189 0.0550 0.859
Roa 23823 0.0450 0.0670 -0.208 0.229
Age 23823 2.951 0.304 2.079 3.555

Board 23823 2.094 0.190 1.609 2.565

Indep 23823 37.80 5.363 33.33 57.14
Dual 23823 0.345 0.475 0 1

4.2  Analysis of Regression Results

To explore how enterprise digitization affects substantive green innovation, this study
conducts empirical research based on a benchmark model with year and industry fixed
effects. Table 3 Column (1) shows regression results without control variables, and
Column (2) with control variables. The digitization coefficient is significantly positive
at the 1% level in both cases, with a coefficient of 0.067 when control variables are
included, verifying Hypothesis H1 that enterprise digitization positively impacts sub-
stantive green innovation.

Table 3. Benchmark regression results

VARIABLESS ((;I) ((il)
DT 0.084%** 0.067%**
(23.87) (19.62)
Constant -0.066*** -3.569%**
(-2.91) (-30.67)
Controls YES
IndustryFE YES YES
YearFE YES YES
Observations 23,823 23,823
R-squared 0.061 0.139

Note: *, **, *** represent significant at the 10%, 5% and 1% levels, respectively.
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4.3 Robustness Test

Replacement of Explanatory Variables. To test robustness, this chapter replaces the
explanatory variable substantive green innovation (GI) with AGI (the ratio of listed
companies’ annual independent green invention patent applications to their total annual
independent patent applications). Regression results (Table 4) show digitization’s
positive effect on substantive green innovation remains significant.

Table 4. Robustness test results (replacement of explanatory variables)

VARIABLES = @ ®) @
AGI AGI GI GI
DT 0.004*** 0.003*** 4.101%** 3.301***
(7.90) (6.94) (18.01) (15.08)
ADT 4.101%** 3.301***
Constant -0.000 -0.030* -0.016 -3.652%**
(-0.03) (-1.76) (-0.71) (-31.32)
Controls YES YES
YearFE YES YES YES YES
IndustryFE YES YES YES YES
Observations 23823 23823 23,823 23,823
R-squared 0.010 0.016 0.052 0.134

Replacing Explanatory Variables. Referring to Chenyu Zhao [18] et al., this paper
selects another indicator to construct the digital transformation framework, applying
logarithmic transformation to digitization keyword frequency (consistent with previous
methods) to measure enterprise digitization (ADT) . Empirical results (Table 4) show
that after replacing the explanatory variable, enterprise digitization still positively
contributes to substantive green innovation, and the research conclusions remain valid.

4.4  Endogeneity Problem

The benchmark regression shows that listed firms' digitalization positively enhances
their substantive green innovation capability. While year and industry fixed effects
mitigate endogeneity to some extent, the risk of omitted-variable-induced endogeneity
remains. Following Yang Tianshan [19], we use the average digitalization level of
other firms in the same city as the key instrumental variable for digital transformation.
This variable is relevant (influencing the target firm’s digitalization) and exogenous
(not directly affecting its green innovation), enabling more accurate assessment of
digitalization’s impact on green innovation.

We adopt the same-city, same-year average digitalization of other firms (Mean_DT)
as the instrumental variable to address endogeneity (Table 5). First-stage results show a
significantly positive coefficient for the instrumental variable. Second-stage tests
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confirm validity: the Kleibergen-Paap LM test (1% significance) rejects un-
der-identification, and comparisons of Cragg-Donald-Wald F and Kleibergen-Paap rk
Wald F statistics with Stock-Yogo critical values (10% significance) reject weak in-
struments. Post-endogeneity correction, the digital transformation (DT) coefficient
remains significantly positive, confirming that higher digitalization in listed manu-
facturing firms promotes substantive green innovation.

Table 5. Endogeneity treatment results (instrumental variables approach)

First stage Second stage
VARIABLESS (€)) 2)
DT GI
mean DT 0.4227%**
(30.77)
DT 0.1392%**
(0.018)
Constant -2.5123%** -3.5491%**
(-11.26) (0.128)
Kleibergen-PaaprkLMstatistic 188.663
Cragg —DonaldWaldFstatistic 947.007
kleibergen-PaaprkWald F statistic 193.007
HansenJ Calculate the p-value 0
Controls YES YES
YearFE YES YES
IndustryFE YES YES
Observations 22,449 22,449
R-squared 0.180 0.129

5 Further Analysis

5.1 Testing the Mechanism of Action

Mediating Mechanism. To verify the mediating role of innovation resource input in
the relationship between digital transformation and corporate green innovation, the
following mechanism test model is constructed by referring to Wen Zhonglin et al.’s

(2004) mediating effect test procedure.

Gl = a; + a,DT; + azControl;; + YearFE + IndustryFE + €;;

RD;; = By + B,DTi + BsControl;; + YearFE + IndustryFE + &;;

Gl;t =y, + v.DT + y3RD;; + y,Control;; + YearFE + IndustryFE + €;;
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To explore the mechanism of digital transformation on substantive green innovation,
a mediation effect model is constructed (Table 6) to test the mediating role of innova-
tion resource input (RD). Column (2) shows DT significantly promotes RD (1% sig-
nificance level). Column (3) reveals RD positively impacts GI (coefficient=0.105, 1%
significance level), verifying Hypothesis H2: innovation resource input plays a sig-
nificant mediating role—digitization directly boosts RD and indirectly promotes sub-
stantive green innovation via this path.

Table 6. Results of mechanism of action tests

H2 H3a H3b H3c
VARIABLESS (D 2 (3 %) 5) (6)
GI RD GI GI RD GI
DT 0.067*** 0.132%** 0.053%** 0.066*** 0.127%** 0.115%**
(0.003) (0.005) (0.003) (0.003) (0.005) (0.005)
RD 0.105%**
(0.005)
DT*Media 0.063*** -0.030
(0.014) (0.019)
RD*Media 0.061***
(0.013)
Media 0.037* 0.434%** 0.014
(0.020) (0.027) (0.020)
Constant -3.569%** -2.579%** -3.297%** -3.552%%%* -2.051%** -3.450%**
(0.116) (0.157) (0.116) 0.117) (0.151) (0.112)
Controls YES YES YES YES YES YES
IndustryFE YES YES YES YES YES YES
YearFE YES YES YES YES YES YES
Observations 23823.000 23823.000 23823.000 23823.000 23823.000 23823.000
R-squared 0.139 0.639 0.156 0.140 0.645 0.150

Moderating Mechanism. In order to assess the moderating effect of media attention in
measuring the relationship between the level of digitization and substantial green
innovation activities of a company, we constructed the following moderating effect test
model:

Gliy = py + u, DTy + psMedia; + p DTy X Media;; + psControl;; + YearFE
+ IndustryFE + &;;

RD;¢ = py + p, DTy + pzMedia; + pyDT;¢ X Media; + psControl;; + YearFE
+ IndustryFE + &;;
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Gl; = 6, + 8,DT;; + 83RD; + 8,Media;, + 8sControl;; + YearFE + IndustryFE
+&¢

Gli; = t; + t,DTj + 13RD;; + T,RD;¢ X Media;; + tsMedia; + T4Control;
+ YearFE + IndustryFE + g;,

Table 6 presents media attention’s moderating effect test results. Column (4):
DTMedia interaction coefficient is 0.063 (1% significance), supporting H3a. Column
(5): The interaction term between digitization and media attention is insignificant (H3b
not supported), as digitization’s direct effect overshadows media attention. Column (6):
Innovation resource inputMedia interaction coefficient is 0.061 (significantly positive),
verifying H3c. Higher media attention strengthens digitization’s facilitating effect on
substantive green innovation.

5.2  Heterogeneity Analysis

Table 7. Ownership Heterogeneity (SOEs/non-SOEs)

1) ) (3) “4)
VARIABLES GI GI GI GI
SOEs non-SOEs SOEs non-SOEs
DT 0.083%** 0.066%** 0.080%** 0.066%**
(0.009) (0.004) (0.009) (0.004)
DT*Media 0.099** 0.058%**
(0.038) (0.015)
Media 0.046 0.031 0.071 0.033
(0.052) (0.021) (0.053) (0.021)
Constant -4.772%%* -2.615%** -4.808%*** -2.609%**
(0.282) (0.137) (0.282) (0.137)
Controls Yes Yes Yes Yes
YearFE Yes Yes Yes Yes
IndustryFE Yes Yes Yes Yes
Observations 5360.000 18463.000 5360.000 18463.000
R-squared 0.165 0.120 0.166 0.120
ChowTest-p-value 0.000%** 0.000%**

These findings confirm theoretical hypotheses and media’s positive moderating role in
enterprise digitization and substantive green innovation. Does this role vary by firm
characteristics? Ownership nature affects the link between digitization and substantive
green innovation. Main effect heterogeneity (Table 7): DT coefficients are 0.080 (1%
significance) for SOEs and 0.066 (1% significance) for NSOEs, both positive. Mod-
erating effect heterogeneity: DT*Media coefficients are 0.099 (5% significance) for
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SOEs and 0.058 (1% significance) for NSOEs, with media attention exerting positive
moderating effects. Chow test (1% significance, referring to Lian Yujun [20] et al.)
confirms inter-group differences—digitization’s promoting effect is stronger for SOEs,
possibly due to higher environmental assessment pressure and social responsibility
(consistent with Yang Tianshan [19] et al.).

6 Research Conclusions

Based on existing research, this study constructs a framework of enterprise digitaliza-
tion empowering substantive green innovation, using 2013-2023 microdata of Chinese
A-share listed manufacturing firms for empirical analysis. Key findings: 1) Manufac-
turing digitization significantly enhances substantive green innovation. 2) The mech-
anism is mediated by innovation resource input, facilitating green patent applications
and technological synergy. 3) Media attention positively moderates the relationships
between digitization, innovation resource input, and substantive green innovation. 4)
Heterogeneity exists: main effect is significant for SOEs; media attention’s moderating
effect is significant for SOEs, non-SOEs).
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