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ABSTRACT

Climate change and digital transformation have significant effects on all aspects of society.
With the increasing importance of state-owned enterprises (SOEs) that represent governments’
stand to respond to environmental challenges, this study investigates how state ownership affects
green innovation and how digital transformation factors play a role at both the firm level and the
provincial level. Based on the data analysis of Chinese listed firms between 2008 and 2021, we find
that state ownership hinders green innovation. However, with a high degree of digital transformation
at the firm level and digital innovation capability at the province level, the state ownership and green
innovation relationship can be weakened. Overall, this study advances both green innovation and
SOE innovation literature by bridging state ownership, green innovation, and digital-related factors.
We advocate government and SOE managers to invest more in digital transformation and improve
their digital capabilities for better green innovation output.
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INTRODUCTION

Climate change and sustainability have gained increasing attention from practitioners and scholars.
In response to the worldwide concern for environmental issues, green innovation, which is regarded
as one of the important means for reducing environmental pollution, increasing energy and resource
utilization efficiency, improving overall operational productivity, and enhancing firm legitimacy, is
widely adopted by many firms (Chen, 2008; Liu et al., 2021; Matos et al., 2022). Governments also
play an important role in promoting a firm’s green innovation (Horbach, 2008; Kassinis & Vafeas,
2006; Wang et al., 2018). On the one hand, the government sets strict standards by formulating
environmental regulations and supervising firms’ environmental activities (Berrone et al., 2013;
Wang et al., 2018; Xu et al., 2022). On the other hand, it provides firms with R&D funds, subsidies,
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and green policies to respond to market failure and externalities related to green innovation (Chen,
2008; Guo et al., 2016; Jaffe et al., 2005).

Furthermore, governments are also actively involved in green innovation with their influence on
state-owned enterprises (SOEs). Compared to private-owned enterprises (POEs) whose main goal is
for profit maximization, SOEs are more politically-connected and are subjected to greater governments
pressure (Zhou et al., 2017). However, increasing attention has been paid to the relationship between
state ownership and firms’ green innovation, but with mixed findings (Wang & Jiang, 2021). According
to the logic of institutional view, some studies argue that state ownership promotes green innovation
through easier acquisition of more resources, such as land, financial capital, favorable policies, and
greater legitimacy (Bai et al., 2019; Chen et al., 2014; Li & Zhang, 2007; Wang & Jiang, 2021). As
delegates of governments, SOEs have greater expectations from the government than non-SOEs to
take the initiative and play an exemplary role in developing green innovation (Li & Lu, 2016; Wang
& Jiang, 2021). On the other hand, according to the logic of efficiency, state ownership hinders firms’
green innovation as state-owned enterprises lack incentives to pursue market-driven, efficiency-based
goals (Ramamurti, 2000). This argument is more dominant in the reviewed literature, especially in
the context of emerging markets where legal systems and market institutions are underdeveloped,
and governments’ interventions are highly intense (Choi et al., 2011; Jiang et al., 2020). Managers
in state-owned enterprises (SOEs) have insufficient willingness and capacities needed for green
innovation (Li & Lu, 2016). As green innovation is often risky, uncertain, and long-term based, SOE
managers tend to secure their political careers in the short term (Bai et al., 2019; Li & Lu, 2016;
Tan, 2002). As their careers are often promoted by their political linkages rather than their business
mindset and functional expertise, their capacities required by green innovation are also limited (Li
& Lu, 2016; Tan, 2002). Such inconsistency remains to be addressed and deserves more exploration.

In this study, we first develop our baseline relationship between SOEs and green innovation.
Then, we focus on the role of digital transformation to reconcile the mixed findings in the existing
literature. Digital transformation (DT) is defined as an evolutionary process through the use of new
digital technologies to enable major business improvements and to create values to customers (Gong
& Ribiere, 2021). Notably, recent developments in digital technologies such as artificial intelligence,
big data, cloud computing, and the Internet of Things (IoT) are increasingly influencing all aspects
of the economy and society. Recent studies suggest that firms’ digital transformation can promote
their economic, social and environmental performance (Fang et al., 2023; Meng et al., 2022). As
firms can access and process massive real-time information and make timely adjustments, the use
of advanced digital technology can effectively help reduce production costs and improve processes
such as product design, production, management, and marketing, thus increasing productivity and
financial performance (Li et al., 2023b). On the other hand, digital technologies also help to enhance
human resource management efficiency and green innovation capacity to make a positive social and
environmental impact (Cardinali & De Giovanni, 2022; Du et al., 2023; Lu et al., 2023; Meng et al.,
2022; Wen et al., 2022). However, very limited studies have considered how digital-related factors
such as provincial digitalization environment and the use of digital technologies influence SOEs’
green innovation. Wang and Jiang (2021) explored the role of environmental factors, including legal
development and industry uncertainty, and firm factors such as a board chair’s functional expertise
and firm resources in SOEs’ green innovation. Additionally work by Feng et al. (2022) revealed the
positive effect of digital transformation on SOEs’ green innovation. Due to the increasing importance
of digitalization and its role in improving firms’ operations and financial flexibility (Tian et al.,
2022), it is imperative to introduce digital factors into our discussion. On the one hand, we suppose
that firm’s digital transformation can help improve SOEs’ operational and organizational efficiency.
This leads to the optimization of green R&D resource allocation. Also, it promotes managers in SOEs
by improving information symmetry and their business expertise, thus enhancing their willingness
needed for green innovation. On the other hand, the moderating factor, province-level digital innovation
capacity, creates a favorable environment for firms' green innovation by improving firms' access to
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more resources and increasing SOE managers' willingness for green innovation, as digital know-how
spillovers are faster and stronger within the province.

Overall, this study aims to resolve the inconsistency in the relationship between state ownership
and green innovation. Based on empirical analysis from Chinese firms, we argue that firms with a
higher level of state ownership tend to engage less in green innovation as they are reluctant to take
risks and lack innovation capacities. Then, we introduce digital transformation as moderators to
explore to what extent SOE improves or hinders green innovation. Notably, we focus on two levels of
digital factors: the firm’s level of digital transformation and the province’s level of digital innovation
capacity. Given the benefits associated with a firm’s digital transformation and digital innovation
capacity at the province level, we argue that the negative relationship between state ownership and
green innovation can be weakened when provincial and firm levels of digital transformation are high.

Using a sample of Chinese firms between 2008 and 2021, our study makes two main contributions
to the existing literature. First, we contribute to green innovation literature by resolving the negative
impact of state ownership on green innovation by introducing digital-related factors to the relationship.
The significant role of a firm’s digital transformation and digital innovation capacity at the province
level underscores the importance of digital factors in influencing how much SOEs contribute to green
innovation, which is underestimated in previous studies. Second, we also advance SOE innovation
literature on building a linkage between SOEs’ innovation and digitalization. Although there are a
number of studies focusing on exploring how much SOEs can improve innovation (Cao et al., 2020;
Tihanyi et al., 2019; Zhou et al., 2017), the role of digitalization is still largely understudied. Our
study sheds light on the value of investigating digital factors in SOE innovation studies.

THEORETICAL DEVELOPMENT AND HYPOTHESIS DEVELOPMENT

Green Innovation

Green innovation refers to new or modified processes, techniques, systems, and products intended
to prevent or reduce negative environmental impacts (Kemp et al., 2001; Rennings, 2000; Schiederig
et al., 2012). It is often interchangeably used with three other notions: sustainable innovation,
environmental innovation, and ecological innovation (Dangelico & Pujari, 2010; Rennings, 2000;
Schiederig et al., 2012).

Firms are motivated to engage in green innovation due to business and social incentives.
First, green innovation can help improve firms’ financial benefits and improve firms’ business
competitiveness (Chen et al., 2006; Cheng et al., 2014; Lee & Min, 2015; Xie et al., 2019). Specifically,
it helps save resources, reduce production and operation costs, improve energy efficiency, and develop
new market opportunities, thus achieving better business performance (Chen et al., 2006; Dangelico
& Pujari, 2010). Second, green innovation creates social value for firms. Under the rise of consumer
environmental consciousness (Peattie, 2008), green innovation helps firms build a green image and
reputation for outsiders. This enhances firms’ environmental legitimacy. Third, firms can gain more
policy and financial support from governments who are under pressure to go green through green
subsidies, green loans, and green R&D investments (Guo et al., 2016; Huang et al., 2019; Xia et al.,
2022). Therefore, all the above benefits promote firms’ engagement in green innovation.

However, in spite of various advantages, green innovation concerns discourage firms from
investing in green innovation. First, green innovation is inherently costly, uncertain, risky, and
long-term based (Chrisman & Patel, 2012 & Ma et al., 2019). Additionally, in contrast with other
innovations, green innovation suffers from double-externality problems: 1) innovating firms are
unable to prevent other firms or society from enjoying the innovation while the costs are covered by
the innovator alone (Liu et al., 2024) and 2) green innovation is able to mitigate negative externalities
stemming from environmental pollutions but such environmental pollutions are hard to be quantified,
creating a situation where firms generally lack the incentive to minimize their environmental impact
to a socially desirable level (Rennings, 2000; Xia et al., 2022).
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Due to the abovementioned complexity of green innovation, most literature has focused on
firm-level factors to explore how and to what extent firms will conduct green innovation. Based on
the resource-based view (RBV) (Barney, 1991), it is suggested that firms with sufficient resources
and innovative capacities will be more likely to adopt green innovation (Ardito et al., 2019; Cheng,
2020; Horbach, 2008; Jefferson et al., 2003; Wagner, 2007). For instance, Lee and Min (2015)
demonstrate that firms with green R&D investments can develop unique resources and capacities
that result in better performance.

Emerging literature focuses on how different firms’ ownership (e.g., private ownership, state
ownership, institutions) in impacting green innovation, especially the role of state ownership (Chen
et al., 2014; Jefferson et al., 2003; Qu & Pan, 2023; Tan, 2002). However, the relationship between
SOEs and green innovation has not yet reached a consensus. One group of scholars finds that firms
with high levels of state ownership are more likely to conduct green innovation because of their
resource access advantages and more environmental responsibilities (Chen et al., 2014; Zhou et al.,
2017). In contrast, other literature suggests that managers in firms with state ownership are often
risk-averse and reluctant to engage in green innovation (Tan, 2002; Tihanyi et al., 2019). Also, state
owned firms have insufficient capacities needed for green innovation (Liu et al., 2020).

Given the inconsistent findings in the literature, exploring the contingencies under which state
ownership can increase or decrease green innovation is essential. In the era of rapid development
of digitization, we cannot ignore the power of digital factors in supporting SOEs’ green innovation
(Karimi Takalo et al., 2021). To address the aforementioned research void, our study builds on prior
green innovation research and tries to resolve these theoretical and empirical inconsistencies by
exploring the moderating role of digital-related factors in the relationship between state ownership
and green innovation.

State Ownership and Green Innovation

States have become dominant owners of companies in many countries around the world, especially
in emerging markets like China (Li & Lu, 2020; Marquis & Qian, 2014; Wang et al., 2018). State
ownership refers to the percentage of stake the government controls in a firm (Commission, 2016;
Zhou et al., 2017). State-owned enterprises (SOEs) are firms with government ownership and are
operated and managed by the state. Compared to non-SOEs or private-owned enterprises (POEs),
SOE:s represent the government’s interest and carry out activities subject to the government’s policies,
regulations, and environmental and social responsibilities (Lazzarini et al., 2021; Liu et al., 2021).
As such, state ownership significantly affects a firm’s strategic choices (Cui et al., 2022; Tan, 2002;
Tihanyi et al., 2019), particularly green innovation.

Previous studies present conflicting findings on the relationship between state ownership and green
innovation. On the one hand, some scholars suggest that state ownership promotes green innovation.
According to the institutional view, SOEs are naturally politically connected and have better access
to government resources than non-SOEs (Wang & Jiang, 2021; Zhang et al., 2022). These resources
include land, technical infrastructure, green subsidies, bank loans, R&D grants, low-cost capital
and the latest policy information for green development (Chen et al., 2014; Pan et al., 2020; Peng
& Luo, 2000; Zhou et al., 2017). Green innovation often requires substantial investments (Bansal
& Roth, 2000; Berrone et al., 2013). With such government support, SOEs enjoy privileges granted
by governments that alleviate constraints of resources that are essential for green innovation (Wang
& Jiang, 2021; Zhou et al., 2017). Furthermore, having government as owner, SOEs hold more
environmental responsibilities than non-SOEs, which makes them more responsive to governments’
call for the progress of green development (Pan et al., 2020; Qu & Pan, 2023; Wang et al., 2018;
Zhou et al., 2017).

On the other side, however, we argue that the negative impact of state ownership on green
innovation is more dominant than the positive impact. There are two reasons explained below that
support this argument. First, managers in SOEs lack the willingness to engage in green innovation.
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Unlike non-SOE firms, SOE managers are often appointed directly by governments and are defined
as public employees (Zhou et al., 2017). Managers cannot only consider profits, but must also bear
the burden of R&D investments for the government’s green agenda (i.e., green innovation) due to
their role as government delegates (Bai et al., 2019). Thus, they are often reluctant to innovate due
to fewer incentives and the unavoidable financial burdens from governments’ requests. Additionally,
managers in SOEs often care more about their political careers in the short term and pay little attention
to the firm’s long-term performance, which is led by innovation (Bai et al., 2019; Li & Lu, 2016; Liu
et al., 2020). As job maintenance is the key goal for SOE managers, they are often risk-averse and
reluctant to innovate (Tan, 2002; Tihanyi et al., 2019). Therefore, they have weak internal incentives
to make risky innovation decisions.

Second, SOEs have insufficient capabilities for green innovation. SOEs are owned not by an entity
but by society and the whole population. Firms with state ownership belong to the public, and managers
are free of constraints (Ramamurti, 2000). This freedom allows managers to use firms’ resources for
their own interests instead of prioritizing firms’ performance. This may distract resource allocations
for developing firms’ green innovation capacity. As a result, the efficiency of resource allocation
and utilization is compromised. Also, as mentioned above, managers may lack the willingness
to engage in market-driven and efficiency-based activities, gradually losing competitiveness and
innovativeness over time (Zhou et al., 2017). Additionally, SOE managers are often selected based
on political knowledge rather than business expertise (Tan, 2002; Zhou et al., 2017). They normally
lack a market mindset for daily operations, which is important to develop efficient green innovation.
Empirical studies also echo this conclusion that POEs have more innovation capacities than SOEs
(Liu et al., 2020).

Taken together, although there are benefits associated with SOEs, the low level of willingness
and capacity to conduct green innovation overtakes benefits. Therefore, we hypothesized our baseline
hypothesis:

Hypothesis 1: Firms with a high (low) level of state ownership tend to engage less (more) in green
innovation.

The Moderating Effect of Firms’ Level of Digital Transformation

Given the negative impact of state ownership on green innovation, we further propose that such
a negative impact will be mitigated when the firm has a high degree of digital transformation for the
following reasons.

First, digital transformation enhances SOEs’ green innovation capabilities. Green innovation
capabilities normally refer to product and process innovation capacities in pollution prevention, green
product designs, energy-saving, and waste recycling (Chen et al., 2006). Using digital technologies,
firms’ overall operational and organizational efficiency is improved (Alojail & Khan, 2023; Liu et
al., 2023; Xue et al., 2022). For example, Alojail and Khan (2023) found that digital transformation
can provide organizations with high productivity tools to reduce inefficient and work tasks, leading to
higher accuracy and, consequently, better operational efficiency. Chen et al., (2020) found digitalization
can help build more sustainable manufacturing by tracking and optimizing resource use and more
effective communication over the whole life cycle among employees and customers. This efficiency
leads to the optimization of green R&D resources, and better SOE financial and environmental
performance, thus helping build more robust green innovation capacities.

Second, digital transformation promotes SOE managers by improving information symmetry
and risk-taking courage needed for green innovation. Liu et al. (2023) found that every 1% increase
in financial digital transformation leads to 15.1% growth in the information symmetry level. With the
use of digital technologies, firms can capture and update market information quickly, accurately, and
systematically, making real-time adjustments accordingly (Alojail & Khan, 2023; Chen, 2020; Du et
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al.,2023; Lietal., 2020; Xue et al., 2022). It increases managerial risk-taking by improving operational
flexibility and financial availability (Tian et al., 2022). Because of information transparency, it is proved
that digital transformation can also change the organizational culture from a high level of uncertainty
avoidance towards a lower level of the dimension (Pfaff et al., 2023). In this way, SOE managers
are promoted to make innovative decisions that usually involve risks with more comprehensive and
real-time information and a feeling of certainty. As mentioned above, SOE managers are usually
appointed based on their political background rather than their functional business expertise. The
decrease of information asymmetry by digital transformation enhances the ability of SOE managers
to cope with changes in external environments and compensates them with the required knowledge
and capacities of SOE managers for better green innovation output.

Furthermore, SOEs with a high level of digital transformation endow a culture of innovation.
Green innovation often involves knowledge spillover (Aldieri et al., 2019). The use of digital
technologies enhances processes for better information sharing and communications within firms, thus
improving the quality and quantity of knowledge sharing. This is due to the high level of autonomy
and flexibility that the digital workplace provides to employees, and it also helps to foster good
collaborative relationships between managers and subordinates, which are beneficial for innovation
activities (Baumgartner et al., 2021). Digital transformation does not mean only the adoption of digital
technologies. It also implies changes to firms’ organizational culture (Baumgartner et al., 2021; Pfaff
etal., 2023). Martins and Terblanche (2003) viewed organizational culture as an organization's shared
deep-seated ideas and values. Digital transformation changes the company’s organizational culture
towards increased collectivism, long-term orientation, and less uncertainty avoidance, which are vital
for promoting a culture of innovation (Pfaff et al., 2023). Therefore, SOEs with a high level of digital
transformation are more likely to enjoy using digital technologies for green innovation activities and
are more willing to share innovation ideas that are impossible without digital transformation.

Taken together, we thus propose the following:

Hypothesis 2: The negative relationship between state ownership and green innovation is weakened
when firms have a high level of digital transformation.

The Moderating Effect of Digital Innovation Capacity in Province

The impact of the macro-environment, such as the digital innovation environment, on business
innovation has received increasing attention (Caballero et al., 2022; Huang et al., 2022). We expect
that the negative impact of state ownership on green innovation will also be weakened when firms
operate in provinces with high levels of digital innovation capacity.

First, firms with state ownership are likely to receive more resources in provinces with high
digital innovation capacity. Using Chinese provinces as an example, researchers found that the
development of the digital economy varies significantly from province to province (Huang et al., 2022;
Xu & Li, 2022). In China particularly, because of significant differences in economic development,
urbanization, and population density, eastern provinces such as Guangdong and Zhejiang enjoy
more advanced digital development than rural provinces (Liu et al., 2022). Provincial governments
in China also play an essential role in driving digital transformation through policies, investment
strategies, and incentives. In general, when the province has a high level of digital innovation capacity,
the provincial government prioritizes digital technologies and is willing to support the development
of digital innovations through more favorable subsidies, R&D expenses, and digital infrastructure
constructions (Kuo et al., 2019). Firms with state ownership can take advantage of greater access
to the government’s abundant digital advance provisions such as high-speed internet connectivity,
mobile networks, better digital payment systems, a workforce with better digital skills, and digital
development subsidies, thus improving their overall digital capacities for decision-making.
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Second, when firms operate in provinces with high levels of digital innovation capacity, firms with
state ownership will be more willing to engage in green innovation because of the benefits of digital
innovation spillovers within the same province. A favorable digital business environment generally
accompanies an inflow of digital talent, technologies, and other resources (Li & Lu, 2023). The
province with high digital innovation capacity is characterized by stronger innovation systems with
more research institutions, universities, and start-up incubators (Tian et al., 2023). Firms in provinces
with robust digital innovation capacity will experience faster digital know-how spillovers (Liu et al.,
2023; Zhao et al., 2015; Xu et al., 2024). As firms with state ownership usually are less motivated
to pursue green innovation due to high risks, a provincial environment with faster digital spillovers
will equip managers lacking business expertise with more real-time data for making decisions and
adjustments accordingly. Therefore, firms with state ownership are motivated to take more risky
decisions associated with green innovation. Overall, the spillover effects associated with a high level
of digital innovation capability not only improve firms with state ownership access to digital-related
resources, but also improve their willingness to engage in the use of digital technologies. As a result,
a firm’s efficiency in conducting green innovation increases.

Taken together, we argue that firms with state ownership operating in a province with a high
level of digital innovation capacity are likely to increase their capacity and willingness to conduct
green innovation via leveraging benefits from digital resources within the province, thus mitigating
the negative impact of state ownership on green innovation. Thus, we propose:

Hypothesis 3: The negative relationship between state ownership and green innovation is weakened
when the firm operates in provinces with a high level of digital innovation capacity.

METHODOLOGY

Database

The study adopted a sample of Chinese firms listed on the A-share markets of the Shanghai
and Shenzhen Stock Exchanges from 2008 to 2021. We used the Chinese Research Data Services
(CNRDS) database to collect firm-level financial data and information on firms’ green patents. The
CNRDS is a widely adopted database used in previous Chinese research (Gu at al., 2022; Yao at al.,
2023). Province-level data was sourced from various years of the China Province Statistical Yearbook,
published by the National Bureau of Statistics of China (Liu et al, 2021).

Measurement

Green patent. Following prior studies (Ren et al., 2022), green innovation was measured as the total
count of green patents applied in a certain year. Every patent has a unique IPC classification.
Whether the patent is green can be determined if the IPC falls into the list of the IPC Green
Inventory, a widely used international classification (Orsatti et al., 2020; Ren et al., 2022).

State ownership. We followed previous studies and measured state ownership, the ratio of firm shares
owned by the state to a firm’s total shares (Jia et al., 2019; Pan et al., 2020; Zhou et al., 2017).

Firms’ digital transformation. To capture the degree of Chinese firms’ digital transformation, we
followed previous studies (Chen et al., 2023; Zeng et al., 2022) and adopted a textual mining
approach to extract keywords related to digital transformation. We first followed prior studies
(Chen et al., 2023; Lu et al., 2023; Zeng et al., 2022) and identified all the keywords related
to artificial intelligence, cloud computing technology, blockchain, big data, and application of
digital technologies. Then, for each firm, we measured firms’ digital transformation as the total
number of digital transformation-related key words mentioned in each year’s annual report.
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To be accurate, we only focused on the focal firm’s digital transformation and eliminated any
expressions from the annual report from shareholders, customers, and suppliers.

Province digital innovation capacity. We calculated the total number of digital patents applied in
a certain province to capture the digital innovation capacity at the province level. We sourced
patent data from China National Intellectual Property Administration and followed an official
document by the China National Bureau of Statistics on the digital economies to identify whether
the patent is a digital patent (Liu et al., 2021; Wang et al., 2023).

Control variables. Sets of variables were also included as controls that could affect green innovation.
At the firm level, we controlled for firm age, calculated as the logarithm of the total number
of years since the firm’s inception (Berrone et al., 2013). We also controlled for firm size,
measured as the logarithm form of a firm’s total assets (Berrone et al., 2013; Yang et al., 2023).
As resources facilitate resource-consuming green innovation, we controlled for financial slack,
which measured the total current assets to total current liabilities ratio (Chrisman & Patel, 2012;
Kim et al., 2008). In addition, as R&D investments are critical for innovation, we also controlled
for R&D intensity as the total amount of expenses on research and development divided by total
sales (Lietal., 2021). At the industry level, we controlled for industry concentration by calculating
the Herfindahl index at a two-digit industry level. At the province level, we controlled GDP per
capita to capture economic development in the province. We also winsorized all continuous
variables at 99% to mitigate outlier influences.

Estimation Method

As our dependent variable is the count variable, we employed the Poisson random effect panel
regression to test our hypothesis. Compared to the negative binomial model, the Poisson estimator
relies on weaker distributional assumptions and produces more consistent and robust estimates of
the parameters even if the variances are misspecified (Cameron & Trivedi, 2009; Jia et al., 2019;
Wooldridge, 1999). Thus, the following is our estimation model.

Green innovation,, = f3 + f3, State ownership, | + f3,State ownership,_,
*Firm's digital transformation _ + f3, State ownership |

+ pControls,  + €,

it—1

*Province digital innovation capacity -

it—1

where i indicates firms, ¢ indicates year, Controls is a vector of control variables, and ¢, _, is the
error term. All the independent variables and control variables were lagged by one year to mitigate
concerns about endogeneity. We also included time- and industry-fixed effects in all estimations to
control for unobserved heterogeneities associated with time and industry. To test Hypothesis 1, we
are interested in §, and for Hypotheses 2 and 3, f3, and f, are of interest.

RESULTS

Table 1 shows the means, standard deviations, and correlations describing the variables. All
significant correlations are below 0.4. The largest variance inflation factor is 1.95, substantially below
the rule-of-thumb cutoff of 5 (Ryan, 1997). Therefore, multicollinearity is not a major concern for
our study.

Table 2 reports the estimation results of the relationship between state ownership and green
innovation. Model 1 is the baseline model, which only includes the control variable. Model 2 adds
State ownership to test Hypothesis 1. Model 3 adds the interaction term on State ownership * Firm’s
digital transformation to test Hypothesis 2. Model 4 adds the moderation effect of Province digital
innovation capacity to test Hypothesis 3. Model 5 is the full model.



Journal of Global Information Management
Volume 32 « Issue 1 * January-December 2024

Table 1. Descriptive analysis and correlation matrix

Variables Mean |0 | 1 | 2 | 3 [ 4] s 6|78 9w
1. Green innovation 1.94 | 5.28 1
2. State ownership 0.03 0.1 0.02 1
3. Firm digitalization 2.09 1.13 | 0.06 | -0.05 1
4. Province digital 10.52 | 1.31 | 0.05 | -0.09 | 0.18 1
innovation capacity
5. Firm age 291 | 0.31 | -0.02 | -0.02 | 0.03 | 0.14 1
6. Firm size 22.11 | 1.28 | 0.27 | 0.16 | -0.01 | -0.01 | 0.23 1
7. Financial slack 273 | 2.68 | -0.09 | -0.05 | 0.05 | 0.01 |-0.22 | -0.38 1
8. R&D intensity 0.05 | 0.05 | 0.04 |-0.07 | 0.31 | 0.13 | -0.13 | -0.28 | 0.36 1
9. Industry concentration 0.79 | 025 | 0.05 | -0.04 | -0.08 | 0.03 | -0.14 | -0.14 | 0.14 | 0.06 1
10. Province GDP per 11.24 | 043 | 0.01 | -0.07 | 0.19 | 0.69 | 0.14 | 0.05 | 0.01 | 0.15 | -0.03 | 1
capita

Note: N = 13,712. Correlation coefficients with values lower than |0.0169)| are significant at 5% level

Hypothesis 1 proposes that firms with higher state ownership tend to decrease their green
innovation. In Model 2, the coefficient on State ownership (f = -0.3452 with p < 0.01) is significant
and negative, supporting H1. This means that although firms with state ownership can have resource
and legitimacy advantages, their negative impact still dominates.

In Hypothesis 2, we contend that the negative relationship between state ownership and green
innovation is weakened when the firm has a high degree of digital transformation. In Model 3 of
Table 2, the significant and positive coefficient on the interaction term State ownership * Firm’s
digital transformation (f = 0.2638 with p < 0.01) supports Hypothesis 2. Similarly, in Model 4,
the interaction term on State ownership*Province digital innovation capacity (f = 0.3302 with p <
0.01) is significant and positive, showing a weakened relationship between state ownership and green
innovation. Overall, the results support our Hypothesis 3 that the negative relationship between state
ownership and green innovation becomes weaker when firms operate in the province with strong
digital innovation capacity.

Robustness Test

We also employed a few additional tests to check the robustness of our analysis. First, we adopted
an alternative dependent variable. We use the total number of green patents that firms themselves apply
rather than jointly to capture whether the firm is strong in green innovation. The results are shown in
Table 3. In Model 1, the coefficient on State ownership (f =-0.3558 with p <0.01) is still significant,
supporting Hypothesis 1. Similarly, in Model 2 and Model 3, the interaction coefficients on State
ownership * Firm’s digital transformation (f = 0.2697 with p < 0.01) and State ownership*Province
digital innovation capacity (ff = 3428 with p < 0.01) are all significant and positive, lending support
to supporting Hypothesis 2 and Hypothesis 3.

Second, as state-owned firms might be different from non-state-owned firms, unobserved
heterogeneities confound our proposed relationships. We adopted a propensity score matching (PSM)
method to address this issue. We adopted all the variables from Table 1 in the PSM procedure. We
first matched state-owned firms with non-state-owned firms, using STATA 18 command psmatch?.
After matching, the median bias on all variables between state-owned groups and non-state-owned
groups drops from 6.5 to 1.1, and the p-value for Chi-square drops to 0.99, suggesting a good match.
We rerun our analysis in Table 2 using the matched samples. The results of Models 4-6 in Table 3
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Table 2. Main results

Model 1 Model 2 Model 3 Model 4 Model 5
Firm age -0.0468 -0.0724 -0.0987 -0.0863 -0.0990
(0.101) (0.101) (0.102) (0.102) (0.102)
Firm size 0.3604%** 0.3667%** 0.3723%** 0.3705%** 0.3731%*%*
(0.019) (0.019) (0.019) (0.019) (0.019)
Financial slack -0.0141%* -0.0142%* -0.0153%* -0.0151%* -0.0156%*
(0.006) (0.006) (0.006) (0.006) (0.006)
R&D intensity 2.4273%4% 2.4422 %% 2.4306%** 2.4633%#* 2.4527%**
(0.360) (0.360) (0.359) (0.359) (0.359)
Industry concentration 0.4459%%*%* 0.4430%%** 0.4425%%% 0.4397%%%* 0.4399%#*
(0.061) (0.061) (0.061) (0.061) (0.061)
Province GDP per capita 0.1693%* 0.1535% 0.1452% 0.1517* 0.1473*
(0.086) (0.086) (0.086) (0.086) (0.086)
Firm's digital transformation 0.0769%** 0.0777%%%* 0.0720%** 0.0812%** 0.0774%%%*
(0.012) (0.012) (0.012) (0.012) (0.012)
Province digital innovation capacity 0.2086%** 0.2119%#* 0.21207%** 0.1896%** 0.1927%#:#*
(0.031) (0.031) (0.031) (0.032) (0.032)
State ownership -0.3452% %% | -0.8318%** | -3.6552%**% | -3.4928%k*
(0.095) (0.173) (0.699) (0.705)
State ownership * Firm's digital 0.2638%#** 0.1536*
transformation
(0.078) (0.083)
State ownership * Province digital innovation 0.3302°%#* 0.2858##*
capacity
(0.069) (0.073)
Constant -12.4036%** | -12.2342%%*% | -12.1966%** | -11.9439%** | -11.965]1%***
(1.003) (1.005) (1.005) (1.007) (1.007)
Observations 13712 13712 13712 13712 13712
Number of firms 3179 3179 3179 3179 3179
Log likelihood -18777.34 -18770.40 -18764.64 -18758.41 -18756.71
Chi-square 1909.314 1920.534 1930.430 1939.195 1942.101
Prob > Chi-square 0.000 0.000 0.000 0.000 0.000

Note: **p < 0.01, **p < 0.05, *p < 0.1; robust standard errors are in parentheses. All models included industry and year dummies.

show that our main results were all well aligned with those in Table 2. Therefore, endogeneity is not
a major concern for our study and our results are robust.

DISCUSSION AND IMPLICATIONS

The relationship between green innovation and state ownership has attracted a great deal of
attention, as state ownership plays a crucial role in driving the country’s green development. In this
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Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
Alternative DV: self-applied green Regression after PSM
innovation
Firm age -0.3315%%% | -0.3539%** | -0.3556%** -0.0694 -0.0914 -0.0813
(0.112) (0.113) (0.113) (0.101) (0.102) (0.102)
Firm size 0.3329%** 0.3384%** 0.3374%** 0.3699%** 0.3741%** 0.3711%**
(0.021) (0.021) (0.021) (0.019) (0.019) (0.019)
Financial slack -0.0157** -0.0169%** -0.0165%* -0.0140%* -0.0149%* -0.0146%*
(0.007) (0.007) (0.007) (0.006) (0.006) (0.006)
R&D intensity 2.2685%*%* 2.2638%#* 2.2868%** 2.4846%** 2.4704%%* 2.4824%%*
(0.392) (0.392) (0.392) (0.360) (0.360) (0.359)
Industry concentration | 0.3824%%* 0.3827%** 0.3787%** 0.4448%** 0.4440%** 0.4410%**
(0.070) (0.070) (0.070) (0.061) (0.061) (0.061)
Province GDP per -0.1280 -0.1367 -0.1340 0.1421* 0.1360 0.1436*
capita
(0.096) (0.096) (0.096) (0.086) (0.086) (0.086)

Firm's digital
transformation

0.0936%** 0.0881%#* 0.0971%#*

0.0818%3* 0.0767%** 0.0826%**

(0.014) (0.014) (0.014)

(0.012) (0.012) (0.012)

Province digital
innovation capacity

0.2363%** 0.2361%** 0.2164%#*

0.1966%#* 0.198 1% 0.1860%%**

(0.035) (0.035) (0.035) (0.032) (0.032) (0.032)
State ownership -0.3558%#% | -0.8446%** | -3.82]1%** -0.2939%** -0.6920%** -2.6276%**

(0.112) (0.200) (0.854) (0.096) (0.176) (0.770)
State ownership 0.2697%%* 0.2133%%*
* Firm's digital
transformation

(0.090) (0.079)
State ownership 0.3428%** 0.2308%*%**
* Province digital
innovation capacity
(0.084) (0.076)

Constant -8.6369%%* | -8.6075%** | -83045%** | -12.1866%** | -12.1769%** | -12.0881%**

(1.113) (1.114) (1.116) (1.024) (1.024) (1.024)
Observations 13712 13712 13712 13687 13687 13687
Number of firms 3179 3179 3179 3175 3175 3175
Log likelihood -16184.26 -16179.80 -16175.34 -18742.19 -18738.50 -18737.41
Chi-square 1396.722 1404.843 1411.801 1917.162 1923.597 1924.701
Prob > Chi-square 0.000 0.000 0.000 0.000 0.000 0.000

Note: ***p <0.01, **p < 0.05, *p < 0.1; robust standard errors are in parentheses. All models included industry and year dummies.
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study, we find that firms with high state ownership tend to engage less in green innovation. We also
find that such a negative impact of state ownership on green innovation is mitigated when the firm has
a high level of digital transformation and operates in a province with a high level of digital innovation
capacity. Our studies contribute to existing literature in the following ways.

First, our study contributes to green innovation literature by shedding new light on previous
inconsistent findings. Given the increasing number of studies discussing SOEs’ green innovation,
the findings are still inconclusive (Bai et al., 2019; Pan et al., 2020; Wang & Jiang, 2021; Zhou et al.,
2017). In this study, we first offer firm-level empirical evidence from China and find that high-level
state ownership hinders green innovation. The reason for this finding is that managers in SOEs are
often reluctant to promote green innovation, as it is highly risky and uncertain. Since SOE managers
are often appointed based on their political experience but not professional expertise, they also
have insufficient capacities to convert acquired resources into innovation output efficiently. More
importantly, we introduce two different levels of digital factors into our discussion to further resolve
this relationship. We find that the extent of negative impacts of state ownership on green innovation
is not constant but contingent on whether the SOEs have a high level of digital transformation
and operate in the provincial environment with a high degree of digital innovation capacity. The
reason is that digital transformation can help increase managerial risk-taking, which is essential for
green innovative practices. Using new digital technologies improves communication and resource
utilization efficiency and helps reduce information asymmetry. Because of greater access to real-time
and comprehensive information with digital transformation, managers in SOEs can improve green
innovation willingness and capacity. This result is consistent with Xue et al. (2022), who also found
that digital transformation significantly impacts green innovation in firms with state ownership. Such a
significant moderating role of digital factors highlights the importance of how digitalization improves
green innovation, casting light on the inconsistent relationship in the prior green innovation literature.

Second, our study also advances SOE innovation literature. Although SOE innovation has gained
increasing attention over years (Benassi & Landoni, 2019; Chen et al., 2014; Genin et al., 2021;
Jiang et al., 2020; Pan et al., 2020; Wang & Jiang, 2021; Wu et al., 2016; Zhou et al., 2017), the role
of digitalization has been largely ignored (Feng et al., 2022). For example, Wang and Jiang (2021)
found that state ownership increases innovation. In contrast, (Zhou et al., 2017) found a nonlinear
relationship. Prior studies mostly investigate the institutional environment, industrial environments,
firms’ human resources practices, and manager characteristics as moderators (Wang & Jiang, 2021;
Zhou et al., 2017). Our focus on digital factors adds to these existing studies by highlighting the
importance of jointly considering digital factors that improve how much SOEs can innovate.

The results have several practical implications for government and managers. Since resources
are scarce, the government should consider digital advances within SOEs and allocate resources
such as developing digitalization-related funds, subsidies, and financial loans that can encourage
SOEs to pay attention to digital transformation. This will encourage resource utilization efficiency
and incentivize SOEs to conduct more green innovation. In addition, policymakers need to create a
macro environment with a digitally favorable culture. For example, governments can invest resources
in building the digital infrastructure. This includes consolidating infrastructure hardware and network
system construction such as 5G base stations, cloud computing platforms, and big data systems.
Government also can provide strong support for firms to adopt digital-related technologies through
supported policies, subsidies, and innovation collaborative programs. In this way, the effect of SOEs’
green innovation is amplified.

Additionally, SOE mangers should be well aware of the negative impact of state ownership
on green innovation and also should take the initiative to increase R&D digital investments and
improve firm-level digitalization. It is important to make long-term digital strategies, improve digital
infrastructure, and adopt suitable digital tools that can effectively reduce information asymmetries as
well as transaction costs. Also, short-term digital improvements within firms are also needed to catch
up with the new era of digitalization with incremental change. These short-term improvements include

12



Journal of Global Information Management
Volume 32 « Issue 1 * January-December 2024

implementing basic digital tools (e.g., Dropbox), digitalizing paper-based processes, and offering
digital training programs. In doing so, managers can have a more comprehensive understanding of
the market and adjust their green innovation accordingly based on real-time information.

Limitations and Further Research

This study has several limitations. First, as with most studies, we use patent data to measure firms’
green innovation. However, not all firms protect their assets and innovation performance with only
patents. As legal systems for patent protection are often underdeveloped in emerging countries like
China, many firms cannot apply for patents. It would be interesting for future studies to collect firsthand
data and capture unpatented green innovation to understand our proposed relationships better. Also,
as digital transformation is a rapidly evolving field, it is challenging to measure it from a static set of
quantitative data. Future studies should develop more advanced measure to capture the dynamics of
digital transformation. Second, our empirical findings are only based on the context of China. Further
research in other emerging countries (e.g., India and Thailand) and developed countries is needed to
validate our hypothesis and generate more robust findings based on multi-country comparisons. Third,
further research on case-specific studies is also needed for a more comprehensive understanding of
the relationship between state ownership and green innovation. Case-specific studies can provide
detailed and vivid insights at the firm level, which can be more practical for SOE managers to take
action for better green innovation using digital technology. Fourth, this study has considered only
firm-level and province-level digital transformation. However, city-level digital transformation varies
significantly in China, where government policies and digital development differ across cities. It is
also meaningful to address how digital transformation moderates the relationship from city-level
related factors.
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