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Our study explores how CEOs’ educational attainment affects green innovation at the enterprise level and whether CEO educational attainment and green innovation can improve enterprise performance. To date, few studies have used environmental patents of listed companies to measure green innovation at the micro-level. Furthermore, existing studies have rarely considered the heterogeneity of the enterprise type or social responsibility and institutional intervention. Thus, by using a fixed-effects model, we argue that there is a positive relationship between CEO educational attainment and green innovation. Additionally, CEO education level significantly improves enterprise performance which leads to more sustainable green patent output by influencing green innovation based on data from listed companies in heavily polluting industries in Shanghai and Shenzhen from 2010 to 2018. Moreover, the result is still held after controlling for companies’ fixed effects and using the propensity score matching method (PSM) to eliminate endogenous and sample selection bias. Specifically, we demonstrate the following findings: 1) the positive influence of CEOs’ educational attainment on green innovation behavior is more significant in private enterprises and enterprises with higher social responsibility. 2) Strict environmental legislation can make a positive impact in regions with heavy environmental pollution. 3) Enterprises’ performance and sustainable environmental innovation are promoted by the positive mechanism. Our results not only enrich the literature on the relationship between education and innovation in terms of heterogeneity but also have significance in determining how to reduce pollution from the perspective of environmental governance and enterprise management.
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1 INTRODUCTION
Economists have long emphasized the impact of CEO education on enterprise performance (Hsu et al., 2013; Zhou et al., 2021), and CEO education has been regarded as a powerful governance tool to deal with sustainable growth (Lacy et al., 2012; Ghardallou, 2022). These studies suggest that CEO education may contribute to enterprises’ sustainable performance. Meanwhile, environmental protection has become a global policy issue in recent years. In particular, close attention has been paid to the impact of climate change on society, with countries actively promoting carbon emission reduction, and the role of enterprises has been underlined in ecological, social, and economic development. In order to achieve sustainable goals and economic transition, enterprises tend to link “green development” and “innovation-driven development” (Filipović et al., 2022). Therefore, green innovation has gradually evolved into an important strategy for enterprise development. Instead of directly participating in environmental governance and investment, green innovation not only reduces environmental pollution and promotes companies’ environmental performance but also enables companies to carry out green research and development (R&D) at a technological level. Based on the aforementioned factors, we ask whether a high level of CEO education can promote green innovation and, thus, affect enterprise performance.
The general “green innovation” in academia is also called “ecological innovation,” “environmental innovation,” or “sustainable innovation,” which includes innovation in green technologies and products. Following previous studies that measure green innovation using green patents (Hall and Helmers, 2013; Escobar and Arellano, 2019; Soewarno et al., 2019), this study argues that green innovation involves the development of green technologies, including environment-friendly technologies, energy-saving technologies, renewable energy technologies, and eco-innovation technologies. According to the World Intellectual Property Organization, green innovation enjoys not only the economic returns of innovation but also the environmental efficiency of green technologies, and thus, it unifies economic benefits and ecological benefits. However, green innovation within enterprises is troubled by high risks and uncertainties, reflected in the long R&D period, the large number of investments, short-term returns, and lower profits. Existing studies have revealed that green innovation within enterprises is influenced by both the external and internal environment. The external environment includes 1) national laws, regulations, and systems on environmental protection, which set the conditions for them to enter the market and how to participate in the market, as well as the costs they will bear after violating these conditions (Huang et al., 2021), 2) industry competition, which mainly shows the attraction of enterprises to production factors and production efficiency events (Guo et al., 2022), and 3) energy prices and policies, which will directly affect the market positioning and strategic planning of green innovation (Bloom et al., 2010; Melander, 2018). The internal environment is related to 1) the organizational structure and management practices, which impact green innovation through information flow, experience accumulation, flexibility, organizational efficiency, and logistics (Wang P. et al., 2022; Amore et al., 2019; Amore and Bennedsen, 2016), 2) corporate governance, which motivates green innovation of enterprises through equity structure, board governance, and operator incentives (Xue et al., 2022; Liu et al., 2021), and 3) the company’s strategy and accounting behavior, which focus on the internal systems of enterprises and industrial alliances (Rui and Lu, 2021).
However, the existing studies suffer from the following shortcomings: 1) few studies discuss the impact of managers on green innovation from the perspective of educational attainment. As the main human capital within enterprises, CEOs’ decisions and ideas have a profound impact on enterprise performance. 2) The existing studies are carried out using a relatively general framework, and few studies distinguish between enterprise type, social responsibility, and institutional intervention. Environmental regulation was strengthened after the introduction of the Environmental Protection Law in the People’s Republic of China in 2015, which raises the question of whether CEOs’ educational attainment is more significant in promoting green innovation. 3) The joint impact of CEOs’ educational attainment and green innovation on enterprise performance is also rarely explored in previous studies. Therefore, to address the abovementioned deficiencies, this study aims to explore the influence of CEO educational attainment on the green innovation of enterprises and whether CEO educational attainment and green innovation improve enterprise performance.
Our study contributes to the previous literature in the following ways: 1) regarding data, we first use the number of green patents at the enterprise level to investigate the relationship between CEOs’ educational attainment, green innovation, and enterprise performance. This kind of micro-level data can improve the efficiency of enterprise resource allocation and better serve macro decision-making. 2) We focus on heterogeneity at the enterprise level, social level, and institutional level, which strengthens our conclusions. 3) The joint effect of CEOs’ educational attainment and green innovation on enterprise performance is examined. This could make a great difference to industry–university–institutional cooperation and the market value of green innovation.
The rest of the study is organized as follows. Section 2 presents a literature review on the determinants of enterprises’ green innovation and how CEOs’ education impacts enterprises’ green innovation. Section 3 describes the data, variables, and strategy for analysis. Section 4 presents the modeling results. The findings are discussed in Section 5. Finally, Section 6 outlines the conclusions and policy implications.
2 LITERATURE REVIEW
In this section, we explore two main issues. The first is the determinants of enterprises’ green innovation to understand why it is important for enterprises to carry out green innovation and which factors affect enterprise performance. Second, we assess the relationship between CEO education and green innovation in the existing literature. The review provides a solid foundation for variable selection and the discussion of results in this article.
2.1 Determinants of enterprises’ green innovation
Enterprises’ green innovation depends on both the external and internal environment. Figure 1 shows the determinants of enterprises’ green innovation in previous studies. In terms of the external environment, these impacts mainly come from environmental regulation (Gong et al., 2020), environmental uncertainty, the pressure exerted by stakeholders (Wu and Hu, 2020), the market environment (Xie et al., 2019), the technical environment (Peters and Romi, 2014), and financial development (Hu et al., 2022). The impacts are examined based on the paradigm of environmental economics. As an influence mechanism, environmental regulation generally exerts pressure on enterprises through policies that aim to change their behavior. When enterprises face the pressure of environmental regulation, they will weigh the cost of environmental penalties against the benefits of green innovation (He et al., 2022). Environmental regulation determinants can include a series of environmental punishments (Karydas and Zhang, 2019), a low-carbon city policy (Zhang W. et al., 2020), green tax (Li et al., 2021), emission rights, and carbon emission zone trading market policy (Huang et al., 2022). Innovation in cost-effective emission reduction has significant potential for enterprises’ development. For example, in commercial building operations, a stepwise approach to decarbonization and carbon neutrality is advocated (Zhang S. F. et al., 2022). Thus, developing new carbon emission measurement technologies has become an important direction of green innovation for enterprises (Yan and Xu, 2022). In addition, existing literature shows that the uncertainty of environmental policies, especially economic-related policies, leads to the reduction of green invention patent applications by enterprises (Baker et al., 2016; Zhu et al., 2021). Moreover, this uncertainty has a negative role in regulating the relationship between voluntary environmental regulation and innovation output (Gulen and Ion, 2016). This is because the uncertainty has a negative impact on the macroeconomy, as it intensifies the changes in key macroeconomic variables, that is, financial assets, stock prices, economic output, and employment (Pan et al., 2021). Moreover, uncertainty inhibits the investment of enterprises, increases financing costs for enterprises, and affects the psychological expectation of enterprises on the market (Chen et al., 2022). Therefore, policy uncertainty hinders enterprise innovation.
[image: Figure 1]FIGURE 1 | Determinants of enterprises’ green innovation.
Stakeholder pressure consists of government supervision of formal environmental legitimacy and media supervision of informal environmental legitimacy (Serohi, 2022). By increasing the dual pressure of local government regulation and public opinion, environmental media reports have played an external binding role in the industry and promoted regional innovation (Ocicka et al., 2022). Furthermore, environmental supervision can also affect governance through human capital. High human capital helps green innovation by reducing pollution emissions, but reducing pollution emissions through human capital cannot offset the direct positive impact of environmental regulation on pollution emissions (Dong et al., 2022). Thus, institutional regulation has always been regarded as an important influencing factor. In addition, some studies also consider upstream and downstream industries as stakeholders from the perspective of supply chains (Gong et al., 2020; Akhtar et al., 2021). Compared with collaboration only with customers (downstream external collaboration) or suppliers (upstream external collaboration), these studies argue that broad collaboration in the supply chain is very important for green innovation. Meanwhile, from the perspective of the market environment, the impact of rising labor costs on green technology innovation has a threshold effect. With the increase in market monopoly, green innovation demonstrates an “inverted U” trend (Wurlod and Noailly, 2018). In addition, market orientation has a positive and significant impact on green self-efficacy and green innovation, and green self-efficacy plays a significant intermediary role between market orientation and green innovation (Lv et al., 2021). On the other hand, resource allocation also regulates the relationship between market orientation and green innovation. Within technical environments, changes in technology cannot completely affect the stock of green patents (Soewarno et al., 2019). Li and Ouyang (2020) also supported these results based on evidence from China. The authors suggest that there is a nonlinear relationship between technological change and green productivity, which depends on the specific economic situation and the natural resources of a city. Notably, local technological changes have had a negative impact on China’s green innovation. This situation is more prominent in resource-dependent cities than in non-resource-dependent cities. As the economic situation changes, technology transfer from a foreign direct investment may improve or hinder the growth of green innovation. Although the impact of technological absorptive capacity is small, it is positive. Lastly, there are differences in the impact of financial development on green technology innovation. Specifically, financial structure is conducive to the development of green innovation, while the financial scale and efficiency have a negative impact on green innovation (Ghisetti et al., 2017).
Regarding enterprises’ internal environment, previous literature focuses on the impact of enterprise development strategies (Wang, 2019), enterprise financing capacity (Ardito et al., 2019), and enterprise organizational structure (Schaltegger et al., 2017) on green innovation. The basis of these factors is the enterprises’ own resources and their ability to obtain resources. In addition, when considering the impact of enterprise behavior on green innovation, the internal environment is often regarded as an important intermediary factor, such as corporate R&D (Ding et al., 2022), comparability of accounting information (Zhang Y. et al., 2020), environmental information disclosure (Tian and Yu, 2017), and financing constraints (Huang et al., 2020).
2.2 Effect of CEOs’ education on enterprises’ green innovation
In addition to the business environment of enterprises, the characteristics of enterprise managers are also important in green innovation. Compared with general technological breakthroughs, green innovation has higher technical requirements and a higher risk of research and development (R&D) failure, and thus, the behavior of executives has a significant impact. In general, these behaviors are often closely related to managers’ experience, personality, and motivation (Li and Gao, 2022). For example, executives’ awareness of environmental protection can positively regulate the relationship between mandatory environmental policies, market pressure, innovative resources, and green innovation (Arena et al., 2018). Due to stronger moral and altruistic preferences as well as lower risk aversion, senior executives’ military experience helps them lead enterprises to carry out green technology innovation in the face of environmental policy pressure (Nam et al., 2008). In addition, executives with radical personalities are more willing to take high risks, pursue high returns, and then carry out green innovations. On the contrary, CEOs with a preventive focus are more likely to avoid risks and pursue stability (Shin, 2012). When the tenure of CEOs is short, they will be more adventurous and pioneering and will focus on environmental protection and green innovation. Accordingly, with the growth of executives’ tenure, their decision-making style tends to be risk-averse. Considering the high risk and income uncertainty of green innovation, they will reduce green innovation measures (Stegeman et al., 2020).
Furthermore, some studies pay particular attention to the relationship between CEO education and corporate environmental behavior and demonstrate a positive effect between them (Xue et al., 2022; Fearon et al., 2018). This mechanism indicates that education shapes the management style, thus improving the sustainability of enterprise behavior (Cucculelli, 2017). Figure 2 illustrates how CEOs’ education affects enterprises’ green innovation. The CEO’s personality and higher education experience play an important role. Moreover, compared with other characteristics, the variability of educational qualifications is relatively high, so exploring the effects of higher education has practical value for guiding enterprise behavior. Higher education plays a unique role in shaping personal values, notably three different values, namely, personal standards, knowledge standards, and social standards (Xia et al., 2022). As the leader of an enterprise’s senior management team, the CEO is ultimately responsible for identifying innovation opportunities, obtaining innovation resources, and selecting and implementing innovation strategies (Zhang Z. et al., 2022). The CEO’s education level comprehensively reflects their stock of knowledge, innovation awareness, cognitive ability, and social network and capital, which will inevitably have a far-reaching impact on the innovation behavior and performance of enterprises (Jiang et al., 2021). CEOs with high education levels have the following characteristics: first, their ideas are more advanced, and their strategic layout is more forward-looking. Green innovation has a longer-term investment value and may bring higher economic added value in the future (Van Rooij, 2010). Therefore, they tend to invest in green innovation. Second, they have a stronger awareness of risk management. For heavily polluting enterprises, pollution punishment is an important source of risk (Cronqvist et al., 2012). Highly educated CEOs will be very concerned about environmental issues and will reduce the punishment risk caused by enterprises’ pollution by carrying out more green innovation (Oh and Barker, 2018).
[image: Figure 2]FIGURE 2 | How CEOs’ education affects enterprises’ green innovation.
As a result, CEO education affects enterprises’ green innovation in the following three ways. First, CEOs have an important influence on corporate decision-making because they tend to follow their own personal values (Kong et al., 2021). Furthermore, CEOs with science-related degrees encourage enterprises to invest more in R&D (Su et al., 2020). Thus, CEOs with a high level of education tend to consider the environmental protection of enterprises and support R&D and the output of green patents. Second, from the perspective of management efficiency, high CEO education can reduce investment in green patents and improve their utilization because highly educated managers may be more able to identify and pursue energy-saving approaches. By reducing the energy density of enterprises, CEO management practices can improve productivity and promote green output (Wang P. et al., 2022). Third, CEOs may significantly affect the green innovation of other enterprises in the value chain through stakeholder participation, imitation, and knowledge transfer (Chen and Puttitanun, 2005). Environmental leadership and environmental knowledge learning not only have a positive impact on enterprise performance but also play an intermediary role in green innovation (Bottazzi and Peri, 2007).
3 METHODOLOGY
3.1 Data and variables
Based on the official classification standards issued by the China Securities Regulatory Commission, we have selected the heavily polluting enterprises listed in China from 2010 to 2018 as the sample. Among them, the judgment standard of heavy-polluting enterprises is based on the Guidelines for Environmental Information Disclosure of Listed Companies published by the Ministry of Environmental Protection in China in 2010. This study utilizes the following process for sample screening: first, excluding listed companies that have been removed from the list of financed funds and bonds due to the delisting risk or other risk warnings in the exchange. Second, excluding listed companies with a trading status of ST and PT in the current year. Third, eliminating samples with missing data. Finally, we obtain a total of 8,876 company annual observations. At the same time, in order to avoid the influence of outliers, all continuous variables are windorized at the upper and lower 1% quantiles.
One of our dependent variables is green innovation (GREENPAT), and we use the patent count as its proxy. The number of patents granted is the measure of innovation output (Mancusi, 2008). Previous research has used patent count data as a proxy for aggregate innovation (Diana and Usha, 2009; Gao et al., 2020). However, the effectiveness of patent count data to measure innovation is also questioned by some studies. First, though the patent count can demonstrate innovation output, it cannot exhibit all innovation processes (Alamsyah et al., 2020). For example, although strong IPR protection improves the patent count, it does not necessarily increase innovation propensity because it is only a static measure of innovation at particular time points in the innovation process (Eppinger, 2021). Fortunately, our study focuses on the effects of CEO education on green innovation output, and thus, this kind of measure is sufficient. The benefits of patent protection must be greater than the costs of patent applications and grants to happen. At the same time, patent protection cannot include all innovation output as some inventions can be protected by trade secrets and copyright. Therefore, there may be a downwardly biased measure of innovation (Eppinger, 2021). Similarly, Cohen et al. (2003) have indicated that considerable heterogeneity exists in patenting behavior in different industries. On the other hand, this cannot work at an aggregated level because patenting is closely linked to inventive activities overall and can reflect innovation ability at an aggregated level, such as regional or nationwide (Eppinger, 2021). Thus, in terms of our aim and questions, the patent count is a good proxy of green innovation output. In our study, the quantification of green innovation is the logarithm of the number of green patent applications in the current year plus 1. In exploring how CEOs’ educational attainment and green innovation affect enterprise performance, our dependent variable is enterprise performance. We use the return on equity (ROE) of an enterprise to measure enterprise performance. ROE provides a measurement of an enterprise’s ability to use its equity to obtain a return. It is a popular index in accounting to refer to enterprise performance.
In this study, the explanatory variable is the education level of the CEO, including four points for a doctoral degree, three points for a master’s degree, two points for an undergraduate degree, one point for a junior college education, and zero points for a below junior college level. In addition, we selected a series of control variables, including return on assets (ROA), the ratio of total liabilities to total assets (LEV), company growth (GROWTH), company size (SIZE), the net book value of property, plant, and equipment (PPE), the nature of property rights (SOE), the firm listing age (FIRMAGE), the shareholding concentration (SHARE), the pollution of the enterprise location (AQI), corporate social responsibility (CSR), the CEO’s gender (GENDER), the CEO’s age (CEOAGE), board education level (BOARDEDUC), and operating cash flow (OCF). Table 1 shows the variables in our study.
TABLE 1 | Definition of variables.
[image: Table 1]3.2 Analysis strategy
Figure 3 demonstrates the strategy for analysis in our study. At a general level, we first use the fixed-effects model to explore the effects of CEOs’ educational attainment on green innovation with respect to heavy-polluting enterprises. This provides us with a basic relationship between CEOs’ educational attainment and green innovation. Meanwhile, considering heterogeneity issues, the study conducts a further analysis of these mechanisms. We analyze heterogeneity in terms of enterprise type and social and institutional perspectives. In terms of enterprise type, state-owned enterprises and private enterprises are considered. Regarding the social perspective, we categorize organizations according to their social responsibility score, distinguishing between high responsibility and low responsibility. Finally, this study focuses on the institutional differences before and after the implementation of new regulations. We look at the implementation of the Environmental Protection Law in the People’s Republic of China in 2015. After the promulgation of the law, enterprises will face political costs and environmental pressures. Enterprises have to weigh the costs of pollution control with the benefits of green innovation and consider whether the potential benefits of green innovation will encourage managers to innovate. In addition, official environmental pollution monitoring is also included at the institutional level. Based on the mean of the air quality index of the city where the enterprises are located, we divide the organizations into high-pollution enterprises and low-pollution enterprises. Enterprises whose mean is higher than the mean of all companies belong to the high-pollution group. The rest belong to the low-pollution group. Second, after considering the mediating effects of green innovation, we discuss the joint impact of CEOs’ educational attainment and green innovation on enterprise performance. Third, in order to avoid endogeneity, the study conducts robust testing by replacing the dependent variable and methods.
[image: Figure 3]FIGURE 3 | Outline of the analysis framework.
We assess how CEOs’ educational attainment affects green innovation and how CEOs’ educational attainment and green innovation affect enterprise performance. The study constructs two basic regression models.
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where [image: image] is the green innovation in i year. [image: image] means the CEOs’ educational attainment. X provides a set of k control variables. [image: image] indicates the enterprise performance in i year. ε is a random error. The study uses a fixed-effects model in the analysis.
4 RESULTS
Table 2 illustrates the descriptive statistics. The results indicate that green innovation output is significantly different among companies. In terms of CEOEDUC, the results show that the mean CEO educational attainment is a bachelor’s degree, but there are still differences in our sample.
TABLE 2 | Descriptive statistics.
[image: Table 2]In order to describe our sample distribution in closer detail, the CEO sample is divided into two groups according to educational attainment. Those with master’s degrees or above are classified as the high-degree group, and others are classified as the low-degree group. A single-sample mean test is carried out on green innovation and CEO educational level. The results are indicated in Table 3. The mean of the green innovation of enterprises with higher CEO degrees is 0.071, while that of enterprises with lower CEO degrees is 0.029. In addition, the green innovation ability of the former is significantly higher than that of the latter. The difference between them is significant at 1%. These results indicate that educational attainment does have an important effect on green innovation.
TABLE 3 | Single variable test.
[image: Table 3]4.1 The effect of CEOs’ educational attainment on green innovation
4.1.1 The results at a general level
The results of the OLS regression in this study are shown in Table 4. Column (1) contains the OLS results for single variables. Columns (2), (3), and (4) show the regression results for annual fixed effects, industry fixed effects, and the combined effect, respectively. As shown in Table 4, the regression coefficients of CEO educational attainment are above 0.03 and are positive at 1% in all models, indicating that CEO educational attainment has significant positive effects on the green innovation performance of enterprises. Regarding control variables, the coefficient of board educational attainment is insignificant. A possible explanation is that CEOs’ participation and influence on the enterprises’ innovation and related decisions are more direct. There is a positive relationship between CEO age and green innovation, revealing that experienced CEOs can help green innovation. The empirical results also show that green innovation is negatively correlated with the nature of property rights, which means that private enterprises are more competitive in the field of green innovation. There is a significant negative correlation between company age and green innovation, which indicates that with the increase in company age, the company may lack green innovation motivation.
TABLE 4 | OLS results.
[image: Table 4]4.1.2 The results with respect to enterprise and social heterogeneity
In order to consider the role of an enterprise and social heterogeneity, the study performs a cross-section test to analyze the influence of CEOs’ educational attainment on the green innovation of enterprises. The empirical results regarding enterprise heterogeneity are illustrated in Table 5, in which columns (1) and (2) are the regression results for state-owned and private enterprises, respectively. As shown in Table 5, although the regression coefficients of CEOs’ educational attainment are significantly positive in sub-samples, the coefficient difference test indicates that CEOs’ educational attainment promotes green innovation more significantly in private enterprises. Thus, compared with state-owned enterprises, private enterprises are more motivated to carry out green innovation in order to build a better corporate image and gain more social recognition. This may be due to financing or other constraints.
TABLE 5 | Results for enterprise and social heterogeneity.
[image: Table 5]Columns (3) and (4) show the empirical results of groups with higher and lower social responsibility scores, which focus on social heterogeneity. As indicated in Table 5, although the regression coefficients of CEOs’ educational attainment are significantly positive in various sub-samples, the coefficient difference test shows that the positive impact of CEOs’ educational attainment on green innovation is more significant in enterprises with higher social responsibility scores. When fulfilling its social responsibility, an enterprise takes the interests of stakeholders into account and tries to balance its relationships with the environment, society, and economy. It will be more motivated if stakeholders, such as consumers, have a strong demand for green products and companies with environment-friendly images or if the government limits enterprises with environmental regulations (Li and Patiño-Echeverri, 2017).
4.1.3 The results with respect to institutional heterogeneity
Based on the environmental regulatory policies and the pollution of enterprises, the difference test of the sub-samples is carried out. The empirical results are displayed in Table 6, in which columns (1) and (2) show the results of the sub-sample test before and after 2015, respectively. It is found that the relationship between CEO educational attainment and the green innovation of enterprises is more significant in the sample before 2015. Since the promulgation of the Environmental Protection Law in the People’s Republic of China in 2015, enterprises have been confronted with more political costs and environmental pressures. Through the compensation and economic returns brought by green innovation, enterprises can make up for the pollution control costs and the investment costs of green product development. After weighing up the costs and benefits, the potential benefits of green innovation will motivate companies to innovate.
TABLE 6 | Results for institutional heterogeneity.
[image: Table 6]In terms of official pollution monitoring, columns (3) and (4) show the results of samples with lower pollution levels and higher pollution levels, respectively. Based on the results, the positive impact of CEO educational attainment on green innovation is more significant in areas with higher pollution levels. In these regions, the stricter environmental regulations of local governments will force companies to meet the environmental protection requirements through green innovation.
4.2 The effects of CEOs’ educational attainment and green innovation on enterprise performance
This study examines how CEOs’ educational attainment and green innovation jointly influence enterprise performance. The empirical results are shown in Table 7. Column (1) excludes green innovation, and CEO educational attainment is positively correlated with the company’s ROE, and the regression coefficient is significantly positive at 1%. Column (2) includes green innovation, and the variables of green innovation are further engaged. It is found that both CEO educational attainment and green innovation of enterprises are positively correlated with ROE. For consideration, we also test the lag period of the innovation effect. The study explores the influence of CEO educational attainment on the long-term green innovation of enterprises, as shown in columns (3) and (4) in Table 7. There is a positive relationship between CEO education level and green patents of enterprises over one and two years, which indicates that CEO educational attainment has a long-term influence on enterprise innovation.
TABLE 7 | Results of the mediating effect and the lag period of the innovation effect.
[image: Table 7]4.3 Robust test
The study uses two methods to deal with the endogenous issues caused by variable measurement errors, missing data, and self-selection bias in regression. First, columns (1) and (2) use another core variable. The number of green invention patents is used as an alternative index of the explained variables. Second, the enterprise fixed-effects model in column (3) and the propensity score matching method (PSM) in column (4) are carried out to avoid potential missing variables and self-selection bias. As shown in Table 8, there remains a positive relationship between CEO educational attainment and the green innovation of enterprises, and the regression coefficients are significantly positive at 1%.
TABLE 8 | Robust test (alternative dependent variable, fixed-effects model, and PSM method).
[image: Table 8]5 DISCUSSION
In terms of enterprise heterogeneity, our results show that CEO education is more capable of promoting green innovation in private enterprises than in state-owned enterprises because the coefficient of state-owned enterprises (0.0208) is less than that of private enterprises (0.0407). First, from the perspective of innovation motivation, the existing studies argue that due to the government’s public financial support and the fact that they have less competitive pressures (Zhan and Zhu, 2021), state-owned enterprises lack the internal incentive and motivation for innovation and have low innovation efficiency (TÕNURIST and Karo, 2016). In order to achieve rapid economic growth, local governments support the investment and financing platforms of state-owned enterprises in their jurisdictions to attract fixed-asset investment projects with high labor absorption and quick performance (Goodell et al., 2021), which can avoid the uncertainty and long period of technology asset investment. Meanwhile, because local governments have the power to appoint and remove managers of state-owned enterprises, they cater to short-term economic growth for political promotion, but they ignore R&D investment related to green innovation. Furthermore, state-owned enterprises have an intrinsic connection with politics (Zhang, 2017). They can use political resources to interfere, obstruct, or delay the enforcement process of environmental protection regulators. As a result, state-owned enterprises have less pressure in terms of environmental regulation, which leads to their lack of motivation for green innovation. Even if there are environmental accidents, they also have a strong ability to bear fines.
Second, although private enterprises are more innovative, their ability to bear fines is weaker than that of state-owned enterprises. Moreover, compared with the identity advantages of state-owned enterprises, private enterprises are faced with stricter environmental supervision and competitive pressure (Yan and Xu, 2022). Therefore, they expect to reduce environmental pressure and gain a competitive advantage through green innovation, which means they have greater enthusiasm for green innovation.
Regarding social heterogeneity, enterprises with high social responsibility (0.0412) have greater enthusiasm for green innovation. According to stakeholder theory, responsible enterprises tend to disclose their environmental protection measures and social performance to society to establish an image as a green enterprise (Heikkurinen and Ketola, 2012). The social responsibility report can also strengthen the communication between enterprises and investors, thus promoting green innovation output. In addition, a positive enterprise image can lead to more high-quality investment and trust, which will enable enterprises to have more funds for green technology innovation.
Institutional heterogeneity has significantly positive effects on green innovation, which is in line with the previous literature (Lubacha and Wendler, 2021; Wang F. et al., 2022). When enterprises face the pressure of environmental regulation, they will weigh up the cost of environmental punishment and the benefits of green innovation. Appropriate environmental regulation can eliminate some less-efficient technologies and ensure the market value of green innovation (Bai et al., 2021). Most of the previous studies focus on how environmental regulation affects the innovation behavior of enterprises but do not include the education level of the CEO as a decision maker in the situation. In our study, the coefficient of CEOEDUC (0.0444) in Table 6 is greater than that of Model 2 (0.0231), indicating that CEOs with high educational attainment can better understand and take advantage of environmental regulation, thus promoting green innovation in enterprises. Furthermore, with the strengthening of environmental regulations, severe punishment makes enterprises require CEOs with higher educational attainment. Therefore, CEOs with higher education will have more knowledge about social values and political systems with respect to environmental issues, which will lead them to be more forward-looking when making green innovation decisions.
In addition, due to the varying degrees of environmental pollution in different regions, the impact of CEO education on green innovation also differs. In Table 6, the coefficient (0.0513) in Model 4 is greater than that in Model 3 (0.0124). Specifically, in regions with high environmental pollution, environmental issues are of greater concern to the government, the public, and the media. Therefore, being under pressure, these regions are more inclined to introduce green innovations. Also, green innovation plays an important role in reducing the intensity of environmental pollution. Green innovation is a key element in China’s regional environmental pollution governance because it can accelerate the upgrading of industrial structures and eliminate backward industries (Du et al., 2021). In Table 7, Models 3 and 4 use the lagged phase I and phase II variables of patent applications to test the lagged impact of CEO education on green innovation. Our results show that the impact of CEO education on green innovation growth is relatively stable, and the lag is not long. All in all, CEOs with high educational attainment tend to promote green innovation continuously and steadily, and green innovation will be further transformed into actual economic output.
6 CONCLUSION
Green innovation is a crucial way for enterprises to improve environmental resource utilization rates and reduce energy consumption. It uses innovative technologies to realize economic and environmental goals. Our study not only explores the effects of CEO educational attainment on green innovation but also examines how CEO educational attainment jointly influences green innovation and enterprises. Generally, CEOs with a high level of education will rationally consider the sustainable development of enterprises by focusing on green innovation. However, we also consider the heterogeneity of the enterprise type, social responsibility, and institutional intervention. In addition, we explore green innovation as an explanatory variable to assess the role of CEO education in enterprise performance. Therefore, based on micro-level patent data, we contribute to the existing literature by discussing heterogeneity at the enterprise, social, and institutional levels, as well as indicating the impact on enterprise performance.
Overall, our study argues that CEO educational attainment is positively correlated with green innovation, though various heterogeneities exist. Specifically, we draw the following conclusions: 1) The green innovation ability of an enterprise increases with the improvement of its CEO’s education level, and CEO educational attainment is usually higher in enterprises with stronger social responsibility, which are more likely to carry out green innovation. Managers with higher degrees have received more positive education on social values. Public welfare concepts of environmental protection have already been rooted in their management practice, which will encourage them to make green innovation decisions. 2) Compared with state-owned enterprises, the positive impact of CEO educational attainment on green innovation is more significant in private enterprises. 3) We find that the positive influence of CEO educational attainment on green innovation is more prevalent after the introduction of the strict Environmental Protection Law in 2015. 4) In regions with severe pollution, a CEO’s educational attainment promotes green innovation more effectively.
In exploring whether CEO educational attainment and green innovation can improve enterprise performance, the study concludes that the CEO education level significantly improves enterprise performance and more sustainable green patent output by influencing green innovation. Patented technology formed by technological innovation can enhance the competitive advantages of enterprises and lay a foundation for their rapid development. Furthermore, with growing public awareness of environmental protection, enterprises contribute to environmental protection through green technology innovation, which improves the social image of enterprises and gives a positive signal to the market, thereby reducing financing costs for enterprises.
Our study also offers some policy implications. As decision makers and executors, CEOs are fundamental to enterprises’ behavior. With broader society advocating environmental issues, enterprises play a crucial role in building a low-carbon society and achieving carbon neutrality. Cao et al. (2019) Green innovation has both economic and social benefits for enterprises. This study suggests that improving the human resource plan and education levels of CEOs can effectively promote green innovation behavior in enterprises. In conclusion, the study not only enriches research on the influencing factors behind green innovation in enterprises at the theoretical level but also guides the human resource plan for CEOs at the practical level (Cao et al., 2019).
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Listed company’s annual number of green patent applications is increased by 1 to take the logarithm, in which the patents include
inventions, utility models, and designs

Ratio of net income to average stockholder equity in an enterprise

CEO's educational attainment, in which a doctoral degree, master's degree, undergraduate degree, junior college education, and
below are counted as 4, 3, 2, 1, and 0, respectively

Board's educational attainment, in which a doctoral degree, master's degree, undergraduate degree, junior college education, and
below are counted as 4, 3, 2, 1, and 0, respectively

CEO's age is increased by 1 to take the logarithm
CEO's gender, whereby a male is counted as 1 and a female as 0
Nature of property rights, in which a state-owned enterprise is counted as 1; otherwise, 0

Score for corporate social responsibility, which is based on the corporate social responsibility score data on vwwiv.hexun.com from
2010 to 2018, as data records have only been available since 2010

Return on assets, which is calculated by dividing net profit by total assets
Ratio of operating cash flow to total assets

Company’s growth is measured by the growth rate of annual operating income

Ratio of fixed assets 1o total assets

Ratio of total liabilities to total assets

Firm listing age is increased by 1 to take the logarithm

Sum of the shareholding ratios of the top ten shareholders, which indicates the shareholding concentration

Logarithm of the annual average air quality of the city where the company is located
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(6.96) (3.21) (2.67) (6.12)
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*p < 0.05, **p < 0.01, ***p < 0.001.
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*p < 0.05, **p < 0.01 and ***p < 0.001.
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(0:20) (3:67) (3.67) (1.66)
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0.62) (0.84) (0.56) (1.03)
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(-4.50) (-353)
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(1.23) (~0.06) (-0.56) (1.28)
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(-029) (-0.46) (0.83) (-152)
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(-0.60) (1.10) (129) (0.10)
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*p < 0.05, **p < 0.01, ***p < 0.001.
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