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Abstract. Green innovation is a crucial strategic measure for the construction of ecological civilization, promoting high-quality 

development, and achieving modernization with Chinese characteristics. Based on data from Chinese A-share listed companies 

from 2010 to 2021, this study explores the impact mechanism of CEO gender differences on green innovation from the perspective 

of CEO individual characteristics. The results show that CEO gender differences inhibit the green innovation performance of 

enterprises. A test of the mediating effect found that R&D investment plays a partial mediating role between CEO gender 

differences and green innovation performance. 
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1. Introduction 

The "Green Development in the New Era of China" white paper, issued by the State Council in 2023, emphasizes the construction 

of a green, low-carbon, and circular development production system, vigorously promoting green innovation. However, an 

increasing number of scholars realize that the lag in the construction of ecological civilization behind economic and social 

development is not only due to policies and regulations but also because enterprises still have a very weak sense of responsibility 

towards ecological civilization [1], leading to generally low output of corporate green innovation [2]. Compared with traditional 

innovation, it is not easy for enterprises, as independent market entities, to engage in green innovation activities voluntarily. 

Therefore, clarifying the driving factors of corporate green innovation is key to promoting the construction of ecological 

civilization and high-quality development of enterprises. 

Since innovation requires breaking traditions and norms, the impact of female managers, who are characterized by low-risk 

preference and pro-social characteristics, on corporate green innovation has become a focal point for scholars. Some scholars 

believe that compared to men, women are more risk-averse [3], more conservative towards high-risk innovation decisions [3,4], 

which is not conducive to enterprise innovation activities. Thus, how CEO gender differences affect corporate green innovation is 

significant for deeply understanding the impact of executive gender differences on corporate strategic decisions. 

This paper, from the perspective of executive individual characteristics, studies the impact of CEO gender differences on 

corporate green innovation, potentially contributing in two areas: (1) It expands the research on the factors affecting the 

performance of corporate green innovation. This paper, based on CEO individual characteristics, studies the impact of CEO gender 

differences on green innovation performance, addressing the gap in previous research that focused only on CEO experiences and 

psychological traits while overlooking gender, a fundamental demographic characteristic. (2) It constructs an "executive 

characteristics - innovation investment - green innovation performance" analysis framework, revealing the impact path of CEO 

gender differences on green innovation performance and clarifying the transmission mechanism of how executive characteristics 

influence organizational performance. 

2. Theoretical Analysis and Research Hypotheses 

Studies have found that compared to men, women possess a more intrinsic trait of risk aversion [5]. According to upper echelon 

theory, this gender trait directly influences the decision-making style of CEOs with gender differences, prompting them to avoid 
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high-risk and uncertain decisions. Research indicates that CEOs with gender differences become more cautious in complex 

investment environments and when facing risky investment opportunities [6,7,8], thereby diminishing the willingness for green 

innovation investment and adversely affecting the company’s green innovation activities. Furthermore, the risk-averse character 

trait of CEO gender differences indirectly influences the risk preference of the entire executive team. Studies have shown that an 

increased proportion of women in the executive team allows female perspectives to be more fully expressed [9,10], and the 

conservative decision-making style of women significantly impacts team strategic decisions [11,12]. It is not difficult to deduce 

that the gender differences of CEOs make the decision-making style of the executive team more conservative and cautious, actively 

avoiding the high risks and uncertainties that innovative decisions may bring, thus suppressing the enthusiasm for undertaking 

green innovation activities, which is not conducive to the green innovation output of the company. Therefore, under the hypothesis 

of CEO gender differences and risk-averse gender traits, this paper proposes the following hypothesis: 

H1: CEO gender differences have a negative impact on corporate green innovation performance. 

Companies need to invest corresponding funds and resources to ensure the continuous progress of green innovation, which 

helps companies gain competitive advantages and ensures their long-term success [12]. As the precursor to a company's innovation 

activities such as the development of new technologies and products, the importance of corporate innovation investment is self-

evident. The more a company invests in innovation, the more it helps to improve corporate green innovation performance. However, 

the risk-averse gender trait of CEO gender differences suppresses the enthusiasm for innovation investment in their companies. 

Based on upper echelon theory, women are generally considered more conservative and cautious [13,14], having a reserved attitude 

towards high-risk innovation and R&D investments, therefore the willingness for innovation investment is relatively lower among 

CEOs with gender differences. It is apparent that R&D investment may be an important channel through which the risk aversion 

of CEO gender differences operates. Hence, this paper examines the relationship between CEO gender differences, R&D 

investment, and green innovation performance. 

H2: Innovation investment mediates the relationship between CEO gender differences and green innovation performance 

Based on the above theoretical analysis, this paper constructs the following theoretical model: 

 

Figure 1. Theoretical Model 

3. Sample Selection and Research Design 

3.1 Data Description 

This study selects China's A-share listed companies from 2010 to 2021 as research samples. The data on CEO gender differences 

were sourced from the CSMAR database; data on green innovation performance come from the National Patent Statistics Bureau; 

other financial and governance data were also collected from the CSMAR database. The research samples were processed as 

follows: (1) excluding samples from the financial and insurance service industries; (2) excluding samples labeled as ST or *ST; 

(3) excluding samples with missing or abnormal data; (4) to reduce the impact of outliers, all continuous variables were winsorized 

at the 1% level. After screening, a total of 8,819 valid samples were obtained. 

3.2. Definition of Main Variables 

Independent variable: CEO gender differences. Following the research by Xue Kunkun et al. [12], the CEO's gender is coded as 1 

for females, and 0 otherwise. 

Dependent variable: Green innovation performance. Referring to the research by Li Huiyun et al. [13], this study measures 

corporate green innovation performance using the natural logarithm of the total number of green patent applications plus one. 

Mediating variable: Innovation input. Based on the research by Zhang Yuming et al. (2023) [14], this paper measures 

innovation input as R&D intensity, i.e., R&D expenditure divided by total assets. 

Control variables: Following the research by Lu Chao and Zhu Tianqi [15], the following control variables were selected. At 

the corporate level: company size, board size, proportion of independent directors, ownership nature, debt ratio, years listed, and 

concentration of equity; at the individual level: CEO duality, CEO age, and CEO tenure. In addition to the above control variables, 

industry and year variables were also controlled. The definitions and calculations of the variables are shown in Table 1. 
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Table 1. List of Variables 

 
Code of 

variables 
Variable definition 

Independent 

Variable 
Female If the gender of the CEO is female, the value is 1; otherwise, it is 0 

Dependent 

Variable 
GI Natural logarithm of total green patent applications plus one 

Control Variable 

Size Natural logarithm of the firm's total assets 

Bsize Natural logarithm of the number of directors 

Indep Proportion of the number of independent directors to the total number of directors 

Soe The value is 1 for soes and 0 otherwise 

Lev Total liabilities/total assets 

Listage Natural logarithm of the number of years a firm has been listed 

Top1 share proportion of the largest shareholder 

Dual 
If the chairman and general manager are held by the same person, the value is 1; 

otherwise, the value is 0 

Age Natural logarithm of CEO age 

Tenure The CEO's tenure 

Ind Industry dummy variable 

Year Year dummy variable 

3.3 Model Design 

Based on the research hypotheses and variable design, the following model was constructed: 

 GI=α0+α1Female+α2controls+ε  (1) 

 RD=b0+b1Female+b2controls+ε  (2) 

 𝐺𝑟𝑒𝑒𝑛_𝑃𝑇=c0+c1Female+c2RD+c2controls+ε  (3) 

Where controls represent the control variables and ε represents the random error term. 

Model (1) is used to test the relationship between CEO gender differences and Green innovation performance.;Model (2) and 

Model (3) are used to verify the mediating effect. 

4. Empirical Analysis 

4.1 Descriptive Statistics 

Table 2 presents the results of the descriptive statistics. It is noted from Table 2 that within the sample period, the average value 

for CEO gender difference is 0.060, with a minimum of 0 and a maximum of 1, indicating that the proportion of female CEOs in 

the sample is 5.9%, which is relatively low. The average value for green innovation performance is 0.985, with a maximum of 

3.736 and a minimum of 0, and a variance of 0.893, suggesting that the overall level of corporate green innovation is low, with 

significant differences between companies. 

Table 2. Descriptive Statistics 

 
Number of 

observations 
Average number  

Standard 

deviation 

Median 

number  
Minimum value 

Maximum 

value 

Female 8819 0.059 0.207 0 0 1.000 

GI 8819 0.958 0.893 0.099 0 3.736 

RD 8819 2.423 2.083 2.030 0.009 11.542 

Size 8819 
7.924 1.092 7.044 3.357 10.280 

Bsize 8819 2.039 0.188 2.003 1.089 2.763 

Indep 8819 0.296 0.064 0.457 0.338 0.601 

Soe 8819 0.189 0.451 0 0 1.000 

Lev 8819 0.381 0.211 0.389 0.050 0.877 
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Table 2. Continued 

 
Number of 

observations 
Average number  

Standard 

deviation 

Median 

number  
Minimum value 

Maximum 

value 

Listage 8819 1.983 0.683 2.279 0 3.532 

Dual 8819 0.350 0.468 0 0 1.000 

Age 8819 3.795 0.235 3.812 3.597 4.000 

Tenure 8819 3.818 2.943 3.633 0.089 13.480 

4.2 Correlation Analysis 

This study employs the Pearson correlation coefficient to test the correlation between variables. According to the results of the 

correlation test, there is a significant negative correlation between CEO gender differences and green innovation performance, 

which is consistent with the expected hypothesis, laying the foundation for subsequent empirical analysis. The correlation 

coefficient between the main variables of this study is less than 0.7, and the VIF (Variance Inflation Factor) test for 

multicollinearity shows that all variables in the model have a VIF value of less than 3. This indicates that there are no severe 

multicollinearity issues between the variables, and the model is suitable for regression analysis. 

4.3 Baseline Regression 

To test the relationship between CEO gender differences and green innovation performance, a mixed OLS regression analysis was 

conducted based on the established model (1). The regression results, as shown in column (1) of Table 3, indicate that the estimated 

coefficient for CEO gender differences is -0.154, significant at the 1% level and negative. This suggests that CEO gender 

differences, when making green innovation decisions, are more likely to be influenced by a risk-averse gender trait, thereby having 

a negative impact on corporate green innovation, confirming H1. 

4.4. Mediating Effect Test 

The results are shown in Table 3, which shows that the impact of CEO gender difference on green innovation performance is 

negative, and Column (2) of Table 3 shows that the estimated coefficient for CEO gender difference is -0.137, significant at the 

1% level, confirming that CEO gender difference has a significant negative impact on innovation input. In Column (3), after 

introducing the mediating variable of innovation input, the estimated coefficient of CEO gender difference remains negatively 

significant, with the impact coefficient decreasing from -0.154 to -0.145. Additionally, the estimated coefficient for innovation 

input is positively significant, suggesting that the willingness to invest in innovation partially mediates the relationship between 

CEO gender difference and green innovation performance. The study also conducted a Sobel test to further validate the mediating 

role of internal control, with a Sobel Z statistic of -2.897 significant at the 1% level, confirming the mediating effect of innovation 

input. These results imply that CEO gender differences, due to their risk-averse characteristics, are reluctant to engage in activities 

such as R&D investment, which are high-risk and have uncertain returns, thereby negatively affecting the firm’s green innovation 

performance. 

Table 3. Benchmark Regression and Mediating Effect 

Variables 
(1) 

GI 

(2) 

RD 

(3) 

GI 

Female -0.154*** -0.137*** -0.145*** 

 (-3.590) (-3.300) (-2.910) 

RD   0.208*** 

   (20.270) 

Size 0.198*** 0.051*** 0.197*** 

 (22.960) (3.430) (20.530) 

Bsize 0.020 -0.214*** 0.078 

 (0.240) (-3.850) (1.090) 

Indep -0.391* -0.710*** -0.333 

 (-1.590) (-3.750) (-0.880) 

Soe 0.229*** 0.039 0.345*** 

 (10.590) (0.680) (10.670) 

Lev 0.374*** -0.750*** 0.370*** 

 (13.710) (-11.190) (14.240) 

Listage -0.025 -0.248*** 0.044* 
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Table 3. Continued 

Variables 
(1) 

GI 

(2) 

RD 

(3) 

GI 

 (-0.720) (-13.860) (1.810) 

Top1 -0.004*** -0.006*** -0.003*** 

 (-5.440) (-8.290) (-4.600) 

Dual 0.094*** 0.087*** 0.076*** 

 (3.290) (3.590) (2.500) 

Age 0.141 -0.187** 0.182** 

 (1.410) (-2.360) (2.120) 

Tenure 0.002 0.015*** -0.002 

 (0.480) (4.930) (-0.460) 

Ind YES YES YES 

Year YES YES YES 

_cons -3.431*** -4.109*** -2.675*** 

 (-8.330) (-10.600) (-6.470) 

N 8819 8819 8819 

F 110.776 200.684 123.636 

R2 0.2830 0.406 0.309 

Sobel Z Value -2.897*** 

Note: *, **, *** indicate the significance level of 10%, 5%, and 1% 

Table 4. Robustness Test 

Variables 
PSM 

GI 

Female -0.196*** 

 (-3.220) 

Size 0.179*** 

 (5.650) 

Bsize -0.163 

 (-1.160) 

Indep -0.901 

 (-1.420) 

Soe 0.049 

 (1.350) 

Lev 0.319*** 

 (5.670) 

Listage -0.049 

 (-1.060) 

Top1 -0.003 

 (-1.580) 

Dual 0.063 

 (1.060) 

Age 0.390* 

 (1.740) 

Tenure -0.001 

 (-0.149) 

Ind YES 

Year YES 

_cons -2.732** 

 (-2.300) 

N 1434 

F 10.542 

R2 0.230 

Note: *, **, *** indicate the significance level of 10%, 5%, and 1% 
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4.5 Endogeneity and Robustness Test 

To address the potential endogeneity problem caused by sample selection bias, this study follows the methodology of Zhang 

Shaozhe and Shi Haoyue [16] by employing a propensity score matching (PSM) method. Companies with female CEOs were 

selected as the treatment group, and those with male CEOs as the control group, to isolate the difference in green innovation 

performance. Subsequent regression analysis using the matched samples is presented in Table 4, where the estimated coefficient 

for CEO gender difference is significantly negative, indicating that H1 still holds. 

5. Conclusions and Policy Recommendations 

This paper, based on green innovation data from listed companies in Shanghai and Shenzhen A-shares from 2010 to 2021, 

examines the relationship between CEO gender differences and green innovation performance, as well as the moderating roles of 

the external institutional environment, internal executive team, and individual CEO level. The findings indicate that compared to 

pro-social gender traits, CEO gender differences are more likely to be influenced by risk-averse gender traits when making green 

innovation decisions, thereby negatively affecting the firm’s green innovation performance. Mediation effect tests reveal that 

innovation input plays a partial mediating role, meaning CEO gender differences primarily inhibit green innovation performance 

by suppressing the firm's innovation investment. 

Based on these findings, the following suggestions are offered: Recognize scientifically the role of female executives in 

corporate decision-making and actively guard against the adverse impact of female executives' risk-averse gender traits on 

corporate innovation strategies. Companies can mitigate the adverse effects brought by the risk-averse gender traits of female 

executives and thus promote green development through measures such as establishing diverse decision-making teams, cultivating 

executives’ awareness and ability for risk management, encouraging an open and inclusive cultural atmosphere, and setting up 

incentive mechanisms. 

This study has some limitations that warrant further investigation in the future. First, it only explores the impact of CEO gender 

differences on green development from the perspective of green innovation performance. Future research could explore other more 

specific variables of green innovation performance, such as green process innovation and green product innovation, for a deeper 

understanding. Second, while this paper tests the transmission path of innovation investment between CEO gender differences and 

green innovation, future steps could involve exploring and testing additional transmission paths. 
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