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Abstract

:

With climate warming, the human living environment faces significant challenges, and global environmental protection and sustainable development are accelerating. As a result, ESG has become an essential area of research. This study explores the impact of employees’ perceptions of corporate ESG performance on green innovation, focusing on the moderating role of digital transformation. A survey was conducted among 316 employees from the wholesale, retail, IT, and computer services industries to validate this study. Research results show that employees’ cognitions of corporate ESG performance have a positive impact on green innovation. In addition, digital transformation plays a positive moderating role in the impact of the environmental (E) and social (S) dimensions of ESG performance on green innovation. These findings not only highlight the critical role of personal awareness and ESG management concepts in future corporate strategies but also indicate the importance of the extent of digital transformation in companies to improve innovation performance.
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1. Introduction


Climate change significantly impacts Earth’s ecosystems and humans, as evidenced by melting glaciers, increased incidence of forest fires, and the expansion of desert areas [1]. Existing literature shows that large amounts of greenhouse gas (GHG) emissions caused by human activities are the leading cause of climate change [2]. The extensive economic development model caused severe environmental damage [3]. As a result of the global focus on sustainable development, international businesses are recognizing the importance of environmental, social, and governance (ESG)-related issues [4].



As an essential part of social and economic progress, enterprises bear inevitable social obligations [5]. As public expectations for corporate environmental, social, and ethical responsibilities continue to increase, companies must focus on the management of ESG strategies [6]. Not only that, companies need to seriously consider how to improve their understanding of ESG to promote ecological innovation and achieve sustainable development goals [7]. Green innovation is an essential path for enterprises to pursue sustainable development, which requires firm support and leadership from enterprises, as well as the participation and recognition of enterprise executives and a wide range of employees. However, green innovation often faces challenges such as high investment, risks, and long-term returns [8]. In this scenario, organizational members’ cognitive attitudes toward corporate ESG performance will significantly affect green innovation. This relationship has yet to be explored in depth and is also the subject of our research. As an essential psychological concept, cognition involves an individual’s perception, reasoning, and thinking construction of environmental and organizational stimuli and is the basis for decision-making and behavior [9]. Cognitive theory emphasizes that human behavior is the product of the interaction between the self-system and the external environment [10]. As the core of the organizational structure, the cognition and behavior of organizational members play a crucial role in affecting the enterprise’s economic performance [11]. However, despite the importance of ESG standards for corporate social responsibility and sustainable development [12], there needs to be more research on how organizational members’ perceptions of ESG affect corporate green innovation.



To realize digital transformation, enterprises proactively harness digital technologies and reform their organizational architectures and business operations to adapt to the swiftly expanding digital economy [13]. Digital transformation promotes enterprises to control costs and improve resource utilization efficiency [14]. Notably, the correlation between ESG performance and green innovation varies among enterprises with different levels of digitizing [15]. Specifically, the augmentation of digitizing levels contributes to the diminution of management, innovation transactions, and contracting expenses, easing financial outcomes and fostering the advancement of green innovation [16]. Moreover, highly digital enterprises can optimize the integration of production factors and digital technologies, improving the efficiency of data collection, analysis, and reporting, further accelerating the process of green innovation [17]. This phenomenon reinforces the correlation between ESG performance and green innovation [18]. Conversely, in enterprises with lower levels of digitizing, the efficiency of data utilization is lower, and the costs are higher, which is not conducive to converting the resources brought by ESG performance into the realization of green innovation.



This study focuses on the influence of organizational members’ cognition of corporate ESG performance on green innovation outcomes, examining the moderating effect of digital transformation within this dynamic. The findings of this study are expected to have significant implications for your professional development. First, although some research results have been obtained on the impact of ESG performance on financial performance [19,20,21], the relationship between the perception of ESG performance and green innovation needs to be further explored, which is conducive to exploring effective, sustainable development paths for enterprises. Secondly, although some research results have been obtained on the impact of ESG cognition of corporate executives on green innovation [22], there needs to be more research on the effects of ESG cognition of employees on green innovation. Adopting a cognitive approach to studying green innovation at the organizational level is innovative. It will help managers in both private and state-owned enterprises engage more proactively in managing strategic innovation for sustainability. Finally, with the development of the digital economy, improving the competitiveness of enterprises through digital transformation has become a prudent issue, and the impact of digital transformation on the path of sustainable development of enterprises needs to be further revealed. Therefore, this study helps to answer this question.




2. Theoretical Background and Hypothesis


2.1. ESG


The apprehensions regarding corporate ESG matters are progressively swaying stock market investors, who perceive ESG as integral to sustainable development and diminution of risks, concurrently ensuring accountability towards society and the environment [23]. In terms of environmental, the focus is mainly on carbon footprint management, resource management, and ecological conservation [24]. In terms of social, the emphasis is on employee rights, community involvement, and diversity and inclusion. Corporate governance focuses on transparency and ethics, board independence, and shareholder rights [25]. In the 1960s, the concept of socially responsible investing began to emerge. Subsequently, in 1992, the UNEP (United Nations Environment Programme) Finance Initiative advocated for financial institutions to integrate social, governance, and environmental considerations into their decision-making processes [26]. In 2004, a report titled “Who Cares Wins” was published by 20 financial institutions, introducing the ESG concept [27]. It defined ESG as the disclosure of information by corporations for regulatory bodies and stakeholders’ interests regarding societal demands in environmental, social, and governance aspects [28]. In the research on ESG, scholars have explored its definition and content from multiple perspectives. Jebe defined ESG as the disclosure of information, including environmental, social, and corporate governance factors, considering it a concept that could affect the implementation of corporate strategies and enhance corporate value [29]. Gillan posits that ESG provides enterprises and investors with a comprehensive framework for incorporating environmental, social, and corporate governance considerations [30]. ESG stems from responsible investing, incorporating ESG factors into investment decisions and active ownership strategies and practices. Therefore, investors often use ESG performance to evaluate a company’s future financial performance. In addition, a company’s social reputation and sustainable development may be gauged by its ESG performance [31].



In recent years, research on ESG has gradually attracted attention, with scholars exploring its relationship with financial performance, corporate value, financing costs, and risk management. Friede summarized and analyzed many studies related to ESG, discovering that a favorable association between ESG and financial success was found in roughly 90% of the research [28]. Regarding risk management, ESG enhances a company’s ability to withstand various risks, such as stock crashes and specific risks [32]. Meanwhile, scholars have also started to focus on the relationship between ESG and corporate green innovation, suggesting that excellent ESG performance can help promote the development of corporate green innovation [33].



In summary, research on ESG not only helps us better understand corporate social responsibility and sustainable development but also aids in enhancing corporate value and competitiveness. However, many challenges and unresolved issues in ESG research still require further in-depth study and exploration.




2.2. Digital Transformation


DT refers to businesses of all sizes using a blend of information, computing, communications, and connectivity technologies to improve the efficiency of their products, services, customer experiences, workflows, and decision-making processes [34,35]. Digitization can improve business information transparency, reduce transaction costs, and gain economic value by reducing information asymmetry [36]. In Ghasemaghaei and Calic’s study, they explore the impact of digital transformation on corporate innovation performance and find that strategic agility plays a crucial role in this context. The authors found that digital transformation improves innovation performance by enhancing the strategic agility of enterprises [37]. Enterprise digital transformation enhances green innovation by easing financing constraints, reducing agency costs, and stimulating growth potential [38]. Not only that, digital transformation improves corporate ESG performance through environmentally friendly digital technology and becomes a “technical reservoir” that supports green development [39]. Digital transformation is consistent with green development and provides the internal driving force for corporate green technology innovation [40]. In addition, some scholars found by constructing enterprise digital transformation measurement indicators that there is a significant positive correlation between the digital transformation of Chinese-listed companies and green technology innovation, and the CEO’s IT background and tax incentives play a positive regulatory role [41]. Furthermore, some scholars point out that digital transformation can increase green innovation, especially in the context of insufficient internal controls and limited institutional ownership [42].




2.3. ESG and Green Innovation


With increasing global consumer preference for eco-friendly products, some manufacturing companies manage their green supply chains to generate green innovations and produce more environmentally friendly products [43]. Green innovation has long-term advantages: firstly, it helps companies establish solid technological barriers, making them more competitive in the market. Secondly, green innovation also aids in building a positive image and reputation, enhancing long-term competitive advantages [44]. Empirical research has found that successful management of green supply chains by enterprises positively impacts green product innovation, process innovation, and management innovation [45]. Companies with high ESG performance are more favored by stakeholders and thus have easier access to resources needed for innovation. For instance, fulfilling social responsibilities enhances relationships across the supply chain, fosters collaboration, and amplifies the efficiency of green innovation [46]. When studying carbon-intensive-listed companies in China, Li et al. pointed out that the new media environment and media attention are conducive to enterprise ESG information disclosure, thus promoting green technology innovation [47]. Corporate ESG ratings significantly promote the quantity and quality of green innovations within enterprises [48]. In other words, the higher the corporate ESG rating, the more pronounced the effect on fostering green innovation within the enterprise. This contributes to the sustainable acquisition of resources necessary for green technological innovation, engaging in innovative activities, and enhancing competitive advantages [49]. Based on the connotations of ESG, the exemplary performance of enterprises in environmental responsibility implies an increased emphasis on environmental protection. This reflects the likelihood of companies integrating sustainable development into their corporate vision, strategy, and culture, thereby improving resource allocation towards promoting green innovation [50]. Some scholars have pointed out that green human resource management can motivate employees to behave green. It is a new business model that helps enterprises realize green organizational citizenship behaviors and promotes enterprises to improve their sustainable development capabilities [51].



According to agency theory, in situations involving high objective and subjective risks, agency problems hinder research and development innovation. For instance, short tenures of senior management, limited equity incentives, and agents’ risk aversion exacerbate this issue [52]. Consequently, mitigating agency dilemmas and reducing agency costs are essential in advancing corporate green innovation. Enterprises improve board governance and strengthen management incentive arrangements by increasing the board size and independent director proportion and enhancing gender and age diversity [53,54]. Based on this, the following hypotheses are proposed:



H1. 

ESG Performance cognition will have a positive (+) effect on green innovation.





H1a. 

E in ESG cognition will have a positive (+) effect on green innovation.





H1b. 

S in ESG cognition will have a positive (+) effect on green innovation.





H1c. 

G in ESG cognition will have a positive (+) effect on green innovation.






2.4. The Moderating Effect of DT


Raising digitizing levels and undertaking green innovation activities share similarities, possessing the potential for long-term benefits. Digital transformation not only helps reduce energy consumption in the economy and society, achieving green development goals for ecological and environmental protection, but also, through the efficient integration of data and information, overcomes “spatial and temporal limitations”, achieving optimal resource allocation between different regions or organizations [55,56]. Corporate digital transformation can alleviate financing constraints and enhance financing capabilities, promoting green innovation. This is because big data analysis can identify potential changes in the company reporting process to make it more effective, thus providing greater information transparency for shareholders and all stakeholders [57]. Digital transformation helps reduce supervisory costs in innovation activities. The recordability and traceability of big data and Blockchain technology can address information asymmetry issues [58] and increase public supervision of companies. Digital transformation enables companies to strengthen corporate governance and enhance shareholder information transparency, helping to alleviate shareholder concerns about agency issues and information risk [59].



Green innovation endeavors are typically intricate and protracted, necessitating robust resource integration and optimization capabilities for firms. Digital technology facilitates a more efficient and expedited exchange of information within and outside the company [58]. The application of digital technologies can effectively reduce information transmission costs, promote collaboration between companies, improve resource allocation efficiency, enhance the sustainable growth capability of companies, and inject endogenous vitality into green innovation activities [60,61]. Firstly, through digital transformation, companies apply advanced digital technologies to improve the monitoring level of supply chain integration systems, enhance the integration of specific resources in the supply chain, and respond quickly to market demand changes [62]. Improving resource allocation and coordination efficiency helps companies meet green innovation activities’ demands. Secondly, corporate digital transformation promotes information sharing and knowledge integration, thereby generating new information and knowledge [63], helping to enhance corporate intellectual capital, stimulate innovation vitality, and expand investment opportunities for companies [64]. This transformation is important in the continuous improvement and innovation of environmental technologies and methods. Based on this, the following hypotheses are proposed:



H2. 

DT will moderate the positive relationship between ESG performance cognition and green innovation. The higher the DT, the stronger this relationship.





H2a. 

DT will moderate the positive relationship between (E) cognition of ESG and green innovation. The higher the DT, the stronger this relationship.





H2b. 

DT will moderate the positive relationship between (S) cognition of ESG and green innovation. The higher the DT, the stronger this relationship.





H2c. 

DT will moderate the positive relationship between (G) cognition of ESG and green innovation. The higher the DT, the stronger this relationship.





Figure 1 presents the conceptual framework of this study, summarizing the hypotheses above.





3. Methods


3.1. Sample and Data Collection


This study conducted a targeted sampling survey in different industries from 18 September to 25 October 2023. The industries surveyed include manufacturing; finance and insurance; culture; sports and entertainment; wholesale, retail, and service industries; real estate; information transmission; computer services; technical services; energy; health and social security; transportation; and education. Questionnaires were distributed in Suzhou, Qingdao, Weihai, Shenzhen, Hangzhou, Shanghai, and Beijing. The questionnaire and related content were clearly explained to participants before the survey. All responses were ensured to be collected anonymously, and confidentiality was strictly maintained to protect participant privacy and data integrity. During this period, 322 questionnaires were collected, and six invalid questionnaires were eliminated (e.g., a considerable number of questions were not answered, and the answers to the questionnaire did not change; we also selected employees from various industries who are interested in the environment, corporate social responsibility, and ESG), leaving 316 questionnaires from these industries for research and analysis. To test the hypotheses proposed in this study, SPSS21.0 and AMOS24 statistical analysis software, were used to conduct descriptive statistical analysis, correlation analysis, reliability, and validity analysis, and the hypotheses were confirmed through path analysis and regression analysis.



Based on the collected sample data of 316, the demographic data are shown in Table 1. At the gender level, there were 145 male participants, accounting for 45.9%, and 171 female participants, accounting for 54.1%. Regarding age distribution, the research samples are mainly concentrated in the 31–40 and 20–30 age groups, accounting for 40.8% and 32.3%, respectively. Regarding education level, most participants had a bachelor’s degree, accounting for 52.8%. More than half of the respondents have a bachelor’s degree or above, and their understanding of the questionnaire will have a certain degree of reliability. In terms of work experience, about 85% of the participants have more than 5 years of work experience, indicating that the research subjects have accumulated specific expertise in the workplace and have a particular understanding of corporate strategy and operations. From the perspective of industry distribution, the wholesale, retail, and service, and finance and insurance industries account for relatively high proportions, accounting for 15.5% and 17.1%, respectively. Finally, in terms of enterprise types, private enterprises accounted for the highest proportion at 44.9%, and state-owned enterprises accounted for 33.9%.




3.2. Measurement of Variables


We first operationalized the research variables to verify the research hypotheses we proposed. First, the independent variable ESG performance cognition was used. The 24 question items on ESG performance of the scale in [65] were used to meet the needs of this study. With certain modifications, the six questions E are in [65], with a reliability of 0.884 and a validity of 0.633; the reliability of the 12 questions measuring S is 0.940, and the validity is 0.603; the reliability of the six questions measuring G is 0.892 and the validity is 0.651.



For the measurement of the dependent variable DT, this study’s questionnaire used 10 questions from the [66] scale, as detailed in “Leading Digital: Transforming Technology into Business Transformation”, published by Harvard Business Press, to assert the questionnaire’s reliability and validity in capturing the essence of technology.



For the measurement of the moderating variable of green innovation, we chose to use 8 questions from the [67] study. The reliability and validity of these questions were 0.822 and 0.708, respectively. The reliability and validity of the above scales all meet the basic requirements of statistics. The survey in this article adopts a 5-point Likert scale, where 1 to 5 correspond to ‘strongly disagree’, ‘disagree’, ‘neutral’, ‘agree’, and ‘strongly agree’. Details of the specific items for each question are shown in Table 2.





4. Results


4.1. Measurement Reliability and Validity Assessment


To more precisely determine the validity and reliability of measurements and whether assumptions made based on theory or pre-specified models match the collected data, this study first conducted an exploratory factor analysis (EFA) on the data and then performed a confirmatory factor analysis (CFA). Before proceeding with hypothesis testing, we analyzed the correlation, mean, and variance between the various research variables. Finally, we used AMOS and SPSS to verify Hypothesis 1 and Hypothesis 2 through path analysis and multi-level regression analysis, respectively.



The EFA results are detailed in Table 3, and four factors were identified. The Cronbach’s α value of each scale significantly exceeded the critical value of 0.70 specified by Fornell and Larcker (1981), thus affirming the high reliability of the questionnaire and confirming its appropriateness for our investigation [68]. The analysis confirmed the necessary internal consistency for hypothesis testing, with all variables having values above 0.50, exceeding the generally accepted significance threshold of 0.40. To assess the reliability of the scale, we calculated Cronbach’s alpha coefficients and obtained the following results: Green Innovation (GI) = 0.938, ESG (Environment) = 0.906, ESG (Social) = 0.948, ESG (Governance) = 0.911, and Digital Transformation (DT) = 0.944.



The confirmatory factor analysis (CFA) results are shown in Table 4. It shows that the model shows satisfactory consistency with the data (CMIN/DF = 1.100 < 2, p < 0.001; CFI = 0.992 > 0.9; TLI = 0.992 > 0.9; IFI = 0.992 > 0.9; NFI = 0.920 >0.9; RMSEA = 0.018 < 0.08), as expected. Furthermore, all factor loadings were highly significant (p < 0.001), and the composite reliabilities (CR) of E = 0.911, S = 0.920, G = 0.951, DT = 0.951, and Green Innovation (GI) = 0.946 all exceeded the 0.70 threshold for constructing reliable measures. Furthermore, the average variance extracted (AVE) of these constructs (E = 0.631, S = 0.616, G = 0.656, DT = 0.662, and Green Innovation = 0.688) all exceeded the 0.50 mark, emphasizing the adequate convergent validity and reliability of these measures [68].



The analysis results are shown in Table 5. Employees’ cognition of environment, social, and governance (ESG) performance all show a significant positive correlation with digital transformation (r = 0.402, 0.482, 0.495, p < 0.01). Similarly, E, S, and G showed a significant positive correlation with green innovation (r = 0.490, 0.471, 0.511, p < 0.01). Furthermore, a significant positive correlation exists between DT and green innovation (r = 0.492, p < 0.01). Together, these findings indicate a significant positive correlation between the variables investigated, thus laying the foundation for further model and hypothesis testing in this study.




4.2. Hypothesis Testing


The results of hypothesis testing are presented in Table 6.and Figure 2. The structural model demonstrated good-fit indices: CMIN/DF = 1.571 (<2), p < 0.001; CFI = 0.965 (>0.9); TLI = 0.963 (>0.9); IFI = 0.965 (>0.9); GFI = 0.878; NFI = 0.910 (>0.9); root mean square error of approximation (RMSEA) = 0.042 (<0.08). These findings suggest a well-fitting model.



Results of hypotheses testing:



H1. ESG performance cognition has a positive (+) effect on green innovation. Hypothesis 1a: E in ESG performance cognition has a positive (+) effect on green innovation. (β = 0.342, t = 5.550, p < 0.001), thereby supporting Hypothesis 1a. Hypothesis 1b: S in ESG performance cognition has a positive (+) effect on green innovation. (β = 0.257, t = 4.556, p < 0.001), thereby supporting Hypothesis 1b. Hypothesis 1c: G in ESG performance cognition has a positive (+) effect on green innovation. (β = 0.413, t = 6.790, p < 0.001), thereby supporting Hypothesis 1c. This result shows that from an economic perspective, companies that improve employees’ awareness of ESG performance not only help improve environmental and social values but also enhance green innovation and bring sustainable development value and future economic benefits to the company.



This study employs hierarchical regression models to test Hypotheses 2 (H2a, H2b, H2c). DT will moderate the positive relationship between ESG performance cognition and green innovation. The higher the DT, the stronger this relationship. The investigation primarily involves the construction of three hierarchical regression models to examine the moderating effects of Hypothesis 2. In Model 1, the independent variables E, S, and G are inputted to assess their impact on green innovation. Model 2 builds upon Model 1 by introducing the moderating variable digital transformation (DT) to explore the combined influence of E, S, G, and DT on green innovation. In Model 3, based on Model 2, the interaction terms of E, S, G, and the moderating variable DT are introduced to examine the moderating effect of DT. Mean centering was applied to the independent variables to mitigate the issue of multicollinearity. The results are presented in Table 7 and Figure 3.



Data from Table 6 indicate that in Model 3 when the interaction term of ESG (E) and the product of the moderating variable DT is inputted, the interaction term (β = 0.108, t = 2.100, p < 0.05) significantly positively impacts green innovation. This supports Hypothesis 2a, which states that DT moderates the positive relationship between environmental (E) cognition of ESG and green innovation. The higher the DT, the stronger this relationship. Similarly, when the interaction term of ESG (S) and the product of DT is introduced, the interaction term (β = 0.177, t = 3.343, p < 0.05) significantly positively impacts green innovation, supporting Hypothesis 2b that DT moderates the positive relationship between social (S) cognition of ESG and green innovation. The higher the DT, the stronger this relationship. However, when the interaction term of ESG (G) and the product of DT is introduced, the interaction term does not yield significant results. Hence, Hypothesis 2c, DT moderates the positive relationship between governance (G) cognition of ESG and green innovation, is not supported. This result shows that from an economic perspective, companies that improve employees’ awareness of ESG performance not only help improve environmental and social values, but also enhance green innovation and bring sustainable development value and future economic benefits to the company. In addition, the moderating effect of digital transformation reveals how technological progress further strengthens the relationship between ESG awareness and green innovation by optimizing resource allocation and enhancing information transparency. These findings provide economic evidence for the importance of companies considering increasing the degree of digital transformation in the ESG management process when formulating strategies and suggest that companies should also pay attention to their social and environmental responsibilities while pursuing economic benefits.





5. Discussion


5.1. Theoretical and Practical Implications


Climate change is already one of the most important topics discussed globally by world leaders. Countries meet regularly to seek solutions and advocate for policy actions to mitigate its impacts [69]. This study explores the implications of organizational employees’ cognitions of corporate ESG performance on green innovation outcomes and examines the moderating role of digital transformation in this dynamic. Different from previous ESG research that focuses on its impact on corporate financial performance and uses it as an investment criterion, when we study employees’ cognition of corporate ESG performance and the practical significance of corporate greening, we pay more attention to employees’ understanding and practice of the connotation of ESG. We believe that the penetration of ESG in an enterprise should be through every employee’s actual knowledge and understanding of ESG.



Firstly, by validating the positive relationship between employees’ cognition of corporate ESG performance and green innovation, we further emphasize the critical role of ESG standards in corporate sustainable development. This not only provides empirical support for the ESG theoretical framework but also deepens the understanding of the intrinsic mechanisms of ESG within corporate operations [70]. The results of this study offer more specific and actionable theoretical foundations for how ESG performance affects corporate green innovation.



Secondly, by introducing the concept of digital transformation, we have injected new theoretical elements into the field of ESG research. Digital transformation is not just a technological change but an all-encompassing transformation affecting organizational culture, decision-making, and employee interaction [71]. From this theoretical perspective, we focus on the correlation between ESG performance cognition and green innovation and turn our attention to how digital transformation influences this relationship. Therefore, this study provides a broader space for future theoretical construction in the ESG domain, inspiring researchers to contemplate corporate sustainable development in the digital age deeply.



Corporate governance (G) performance did not show a meaningful moderating effect in the moderating role of digital transformation. Some scholars pointed out that the digital transformation process presents regional imbalance and industry differences, and enterprises should thoroughly combine their own realities in pursuing digital transformation because risks, opportunities, and challenges coexist [72]. Some scholars have found that digitizing is a double-edged sword, and digital transformation only sometimes benefits corporate innovation performance [73]. For example, Ghasemaghaei and Calic argue that although digital transformation reduces information asymmetry, it also intensifies the exposure of negative information [37]. This exposure not only exacerbates the financial vulnerability of businesses, but also reduces the availability and diversity of capital, adversely affecting corporate innovation performance.



Additionally, Pang Ruizhi and Liu Dongge note that digital transformation requires substantial capital support, which may lead to a “crowding out” effect on the main business and worsen the balance sheet, inhibiting innovative development [74]. Digital transformation affects the risk of corporate stock price collapse by increasing agency costs and encouraging management overconfidence. Further research has found that small and non-high-tech companies have higher financial risks during digital transformation, thus hindering the innovative development of enterprises [75].



Based on the research results, we summarize the following practical implications:



Firstly, every company needs innovation, especially regarding global warming, where many companies have already started focusing on green innovation, practicing zero carbon emission innovations, and reforms. Green innovation will become a core competitiveness of a company. When leading companies begin to practice green innovation and emphasize environmental protection, it will encourage other companies to emulate and learn, prompting more companies worldwide to emphasize green innovation and develop and implement green innovation strategies. Of course, enhancing ESG performance can improve green innovation, so employees’ cognition of corporate ESG performance is critical in this regard. Managers can inspire employees’ enthusiasm for participating in sustainable development by strengthening internal communication, training, and education, enhancing employees’ understanding and identification with the company’s ESG efforts. Since ESG practices require the collaboration of company employees, when employees correctly identify ESG performance, we believe it will enhance the company’s green innovation, encourage employees to choose greener production methods and tools, provide more environmentally friendly services, or produce more environmentally friendly products—enhancing corporate competitiveness and achieving sustainable development. Moreover, as companies better fulfill their social responsibilities, we believe more stakeholders will identify with the ESG concept, fostering more consumers to choose green products and collectively promoting effective global warming control within this century.



Secondly, this study also highlighted the critical role of digital transformation in moderating the relationship between employees’ cognition of ESG and corporate green innovation. Therefore, companies can increase investment in digital technologies and improve data collection and analysis capabilities to better track and showcase ESG performance. Through digital means, companies can achieve more comprehensive and real-time monitoring of ESG efforts, enhancing employees’ visibility of corporate sustainability efforts and thereby strengthening employees’ positive cognition. This helps improve ESG performance and enables companies to better adapt to changing market demands. Additionally, the moderating effect of digital transformation has differentiated impacts across the three dimensions of ESG, and companies facing governance risks and challenges during digital transformation must fully consider their conditions and actual development. If the conditions are not met or the timing of transformation is inappropriate, it will not only exacerbate the risks of digital transformation, but also hurt the orderly operation and healthy development of the company.




5.2. Limitations


While our study provides valuable insights, it also faces limitations worth considering. First, our quantitative research approach may not capture the nuanced effects of employees’ ESG perceptions fully. Additionally, our sampling methods and the limited availability of resources may need to be revised to generalize the theory. There is also the issue of standard method bias due to the reliance on self-reported surveys, which might affect the validity of measuring employees’ perceptions of ESG performance through a single analysis method. However, we recognize this limitation and plan to address it by incorporating mixed research methods in future studies, such as the interview method, etc. We will also consider more detailed scales to refine what involves stakeholders (e.g., add customers, employees, suppliers, shareholders, competitors, and communities). Secondly, the diversity of various industries is covered in our study, but our sample size has undeniable limitations in the explanatory validity of multiple industries. In future research, we will be committed to improving our survey methods, surveying target companies, and surveying a number of samples to make substantial contributions to companies in penetrating the concept of ESG management.
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Figure 1. Research model. 
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Figure 2. The results of H1 (H1a, H1b, H1c). *** p < 0.001. 
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Figure 3. The moderating effects of DT. ** p ≤ 0.01. 
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Table 1. Descriptive analysis of participants.
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Categories

	
N

	
%






	
Gender

	
Male

	
145

	
45.9




	
Female

	
171

	
54.1




	
Age

	
20~30 years

	
102

	
32.3




	
30~40 years

	
129

	
40.8




	
40~50 years

	
49

	
15.5




	
50 years~

	
36

	
11.4




	
Education

	
High school

	
16

	
5.1




	
College

	
103

	
32.6




	
Bachelor

	
167

	
52.8




	
Master & Doctor

	
30

	
9.5




	
Career

	
~5 years

	
80

	
25.3




	
5~10 years

	
126

	
39.9




	
11~20 years

	
67

	
21.2




	
20 years~

	
43

	
13.6




	
Industry

	
Manufacturing

	
27

	
8.5




	
Finance and insurance

	
54

	
17.2




	
Entertainment, culture and sports

	
25

	
7.9




	
Retail, wholesale and service

	
49

	
15.5




	
Real estate

	
33

	
10.4




	
IT and computer services

	
35

	
11.1




	
Energy

	
16

	
5.1




	
Health and social security

	
27

	
8.5




	
Transportation

	
27

	
8.5




	
Education

	
23

	
7.3




	
Firm ownership

	
State-owned enterprise

	
107

	
33.9




	
Private enterprise

	
142

	
44.9




	
Foreign enterprise

	
62

	
19.6




	
Others

	
5

	
1.6











 





Table 2. Measurement of variables.
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Variable

	
Items

	
Source






	
ESG

(E)

	
For example, questions such as…

My firm is proactive in utilizing energy-efficient, low-carbon equipment and goods.

My firm uses fuels and renewable energy.

My firm has successfully implemented a comprehensive energy-saving system and measures for energy conservation, complete resource recycling, green offices, etc.

My firm has created an excellent environmental management system and organization management system for environmental protection.

…

	
[65]




	
ESG

(S)

	
For example, questions such as…

My firm is proactive in utilizing energy-efficient, low-carbon equipment and goods.

My firm uses fuels and renewable energy.

My firm has successfully implemented a comprehensive energy-saving system and measures for energy conservation, complete resource recycling, green offices, etc.

My firm has created an excellent environmental and organization management system for environmental protection.




	
ESG

(G)

	
The method for disclosing information at my firm is effective.

My firm fully considers the interests of stakeholders.

My firm has an effective anti-risk response system.

My firm operates with moral integrity.

My firm has an effective anti-bribery system in place to get rid of corruption.

…




	
DT

	
My firm uses social media and analytics technology to understand our customers better.

My firm markets our items using digital platforms like social media and the internet.

My firm uses data analytics to make better operational decisions.

My firm uses digital technology to improve product performance and service quality.

My firm has introduced fresh, digitally-based business models.

…

	
[66]




	
GI

	
My firm selects materials that result in the least pollution when undertaking product development or design.

When undertaking product development or design, my firm selects materials for its goods that use the least amount of energy and resources.

The production procedure used by my firm efficiently lowers the release of waste or harmful materials.

Waste and emissions generated during the firm’s manufacturing processes are recycled or reused.

My firm’s production method efficiently reduces the amount of water, energy, coal, and oil used.

…

	
[67]











 





Table 3. Results of exploratory factor analysis.
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Items

	
1

	
2

	
3

	
4

	
5

	
Cronbach α






	
ESG15

	
0.787

	
0.183

	
0.125

	
0.099

	
0.069

	
0.948




	
ESG11

	
0.775

	
0.196

	
0.107

	
0.102

	
0.153




	
ESG12

	
0.769

	
0.127

	
0.208

	
0.078

	
0.055




	
ESG9

	
0.762

	
0.125

	
0.176

	
0.210

	
0.119




	
ESG10

	
0.752

	
0.171

	
0.127

	
0.133

	
0.122




	
ESG17

	
0.749

	
0.154

	
0.108

	
0.094

	
0.160




	
ESG16

	
0.747

	
0.159

	
0.142

	
0.110

	
0.102




	
ESG8

	
0.738

	
0.141

	
0.156

	
0.158

	
0.092




	
ESG14

	
0.737

	
0.207

	
0.043

	
0.061

	
0.121




	
ESG13

	
0.734

	
0.168

	
0.215

	
0.084

	
0.134




	
ESG18

	
0.730

	
0.155

	
0.129

	
0.104

	
0.158




	
ESG7

	
0.723

	
0.182

	
0.159

	
0.164

	
0.134




	
DT6

	
0.146

	
0.774

	
0.139

	
0.144

	
0.135

	
0.944




	
DT8

	
0.169

	
0.765

	
0.177

	
0.066

	
0.198




	
DT9

	
0.176

	
0.765

	
0.140

	
0.129

	
0.147




	
DT3

	
0.162

	
0.765

	
0.215

	
0.146

	
0.115




	
DT1

	
0.219

	
0.762

	
0.140

	
0.134

	
0.063




	
DT2

	
0.185

	
0.758

	
0.144

	
0.091

	
0.174




	
DT7

	
0.175

	
0.756

	
0.126

	
0.141

	
0.170




	
DT10

	
0.191

	
0.755

	
0.117

	
0.139

	
0.165




	
DT5

	
0.200

	
0.740

	
0.157

	
0.078

	
0.105




	
DT4

	
0.211

	
0.733

	
0.207

	
0.062

	
0.156




	
GI8

	
0.117

	
0.227

	
0.800

	
0.155

	
0.137

	
0.938




	
GI5

	
0.205

	
0.090

	
0.777

	
0.169

	
0.156




	
GI6

	
0.189

	
0.174

	
0.776

	
0.219

	
0.152




	
GI2

	
0.128

	
0.193

	
0.771

	
0.170

	
0.129




	
GI7

	
0.230

	
0.140

	
0.761

	
0.129

	
0.172




	
GI4

	
0.182

	
0.214

	
0.740

	
0.194

	
0.159




	
GI1

	
0.220

	
0.209

	
0.729

	
0.135

	
0.229




	
GI3

	
0.209

	
0.248

	
0.716

	
0.140

	
0.142




	
ESG4

	
0.202

	
0.132

	
0.101

	
0.790

	
0.100

	
0.906




	
ESG3

	
0.201

	
0.130

	
0.159

	
0.777

	
0.090




	
ESG5

	
0.145

	
0.100

	
0.184

	
0.773

	
0.196




	
ESG6

	
0.163

	
0.143

	
0.223

	
0.757

	
0.113




	
ESG1

	
0.125

	
0.198

	
0.232

	
0.743

	
0.092




	
ESG2

	
0.137

	
0.162

	
0.187

	
0.743

	
0.136




	
ESG23

	
0.204

	
0.200

	
0.146

	
0.154

	
0.785

	
0.911




	
ESG21

	
0.206

	
0.227

	
0.220

	
0.095

	
0.756




	
ESG22

	
0.116

	
0.222

	
0.268

	
0.078

	
0.752




	
ESG24

	
0.182

	
0.146

	
0.099

	
0.182

	
0.748




	
ESG20

	
0.196

	
0.203

	
0.218

	
0.088

	
0.743




	
ESG19

	
0.169

	
0.202

	
0.185

	
0.177

	
0.730




	
KMO = 0.960, p = 0.000











 





Table 4. Results of confirmatory factor analysis.
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Items

	
Estimate

	
S.E.

	
C.R.

	
AVE

	
CR






	
ESG18

	
0.764

	
1.000

	

	

	
0.616

	
0.951




	
ESG17

	
0.775

	
0.983

	
0.066

	
14.825




	
ESG16

	
0.773

	
1.034

	
0.070

	
14.778




	
ESG15

	
0.807

	
1.052

	
0.068

	
15.562




	
ESG14

	
0.754

	
0.973

	
0.068

	
14.349




	
ESG13

	
0.783

	
1.000

	
0.067

	
15.007




	
ESG12

	
0.792

	
1.010

	
0.066

	
15.212




	
ESG11

	
0.809

	
1.079

	
0.069

	
15.621




	
ESG10

	
0.790

	
1.015

	
0.067

	
15.185




	
ESG9

	
0.812

	
1.058

	
0.067

	
15.687




	
ESG8

	
0.779

	
0.980

	
0.066

	
14.915




	
ESG7

	
0.777

	
1.019

	
0.068

	
14.878




	
ESG1

	
0.771

	
1.000

	

	

	
0.631

	
0.911




	
ESG2

	
0.778

	
1.037

	
0.071

	
14.599




	
ESG3

	
0.805

	
1.116

	
0.073

	
15.210




	
ESG4

	
0.801

	
1.112

	
0.073

	
15.127




	
ESG5

	
0.804

	
1.124

	
0.074

	
15.194




	
ESG6

	
0.805

	
1.114

	
0.073

	
15.209




	
ESG24

	
0.764

	
1.000

	

	

	
0.656

	
0.920




	
ESG23

	
0.836

	
1.132

	
0.071

	
15.912




	
ESG22

	
0.812

	
1.082

	
0.070

	
15.367




	
ESG21

	
0.839

	
1.136

	
0.071

	
15.980




	
ESG20

	
0.815

	
1.047

	
0.068

	
15.434




	
ESG19

	
0.793

	
1.029

	
0.069

	
14.926




	
DT1

	
0.812

	
1.000

	

	

	
0.662

	
0.951




	
DT2

	
0.816

	
1.009

	
0.058

	
17.253




	
DT3

	
0.829

	
1.039

	
0.059

	
17.663




	
DT4

	
0.806

	
1.020

	
0.060

	
16.955




	
DT5

	
0.788

	
0.974

	
0.059

	
16.407




	
DT6

	
0.812

	
1.025

	
0.060

	
17.142




	
DT7

	
0.815

	
1.015

	
0.059

	
17.209




	
DT8

	
0.826

	
1.037

	
0.059

	
17.570




	
DT9

	
0.819

	
1.049

	
0.060

	
17.342




	
DT10

	
0.815

	
1.049

	
0.061

	
17.214




	
GI1

	
0.831

	
1.000

	

	

	
0.688

	
0.946




	
GI2

