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A B S T R A C T   

The human capital in management teams plays an increasingly important role in firms’ gover-
nance and policies. We construct a comprehensive index of top management quality using a 
principal component analysis to empirically prove top management quality’s positive impacts on 
corporate innovation. This study finds that higher-quality management teams tend to invest more 
in research and development projects and apply for more and higher-quality of patents. These 
results are consistent after conducting a series of robustness checks. We control for potential 
endogeneity using a firm fixed-effects model, the instrumental variable approach, and the pro-
pensity score-matching method. Three main channels are tested through which higher-quality top 
management teams will lead to higher innovation: higher tolerance for failure, easing of financial 
constraints, and more hiring of high-quality inventors. Finally, further analyses reveal that the 
positive effects of top management quality on innovation are more obvious for high-tech, state- 
owned, and growing enterprises.   

1. Introduction 

Technological innovation has been widely recognized as an important driver of countries’ economic growth (Romer, 1986; 
Schumpeter, 1912; Solow, 1957) and firms’ long-term competitive advantage (Porter, 1992). Several studies have explored firm 
characteristics that affect corporate research and development (R&D) activities and innovation (Acharya & Subramanian, 2009; 
Aghion, Van Reenen, & Zingales, 2013; Becker-Blease, 2011; Chang, Fu, Low, & Zhang, 2015; Faleye, Kovacs, & Venkateswaran, 2014; 
Gao, Hsu, & Li, 2018; Hall, Jaffe, & Trajtenberg, 2005; Lerner, Sorensen, & Strömberg, 2011; Luong, Moshirian, Nguyen, Tian, & 
Zhang, 2017; Lyandres & Palazzo, 2016; Manso, 2011; O’Connor & Rafferty, 2012; Tian & Wang, 2014). This paper examines the 
management team’s role as the firm’s top policy-maker regarding innovative activities. Further, this study documents top management 
quality’s positive impact as an incentive toward corporate innovation. 

According to the upper echelon theory (Hambrick & Mason, 1984), organizational outcomes, strategic choices, and performance 
levels are partially determined by managerial background characteristics, such as career experience, education, socioeconomic roots, 
financial position, and group characteristics. Recently, some studies have examined certain managerial characteristics’ impacts on 
corporate innovation, including managerial overconfidence (Chen, Ho, & Ho, 2014; Hirshleifer, Low, & Teoh, 2012), managerial social 
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capital (Faleye et al., 2014), CEOs’ sensation-seeking behaviors (Sunder, Sunder, & Zhang, 2017), general managerial skills (Custódio, 
Ferreira, & Matos, 2017), and prior managerial experiences (Benmelech & Frydman, 2015; Bernile, Bhagwat, & Rau, 2017). 

With increasing market competition and protections of intellectual property, Chinese governments and firms are focusing more on 
innovation activities (Wang, Xie, Zhang, & Huang, 2018). Firm management teams’ quality has become increasingly important to 
technological innovation. Xu, Kong, and Kong (2017) have discovered that the pay gap between executives and employees signifi-
cantly increases corporate innovation, supporting the tournament theory and indicating that corporate management’s human capital 
or quality is critical for innovation. A top management team’s effective investing and managing of innovative projects may determine 
the firm’s long-term success. However, few studies have systematically examined whether top management quality can promote 
corporate innovation. This study fills this gap in literature by examining top management quality’s impact on corporate innovation in 
China as an emerging market. Top managers draw on skills gained throughout a career in corporate decision-making. Starting with 
Becker (1962), researchers have explored two types of managerial human capital: general and firm-specific. Although China has 
experienced rapid economic growth since its 1978 reform and opening-up, it is still lagging when it comes to innovation (Lin, Lin, 
Song, & Li, 2011). In China, top management teams face poorer intellectual property protections and weaker legal institutions; 
consequently, top management teams are more important in decision-making and management activities than their western coun-
terparts. Hence, this study aims to investigate top management quality’s effects on corporate innovation. 

The Chinese government has increased the quality of human resources since the nation’s reformation and opening-up period began 
in the late 1970s. Deng Xiaoping has proposed and promoted the knowledgeable professionalization of China’s government officials 
(“干部队伍年轻化、知识化、专业化”) since the 1980s. Further, China’s higher education system expanded its large-scale enrollment 
from the late 1990s and into the first decade of the 21st century. Millions of Chinese students have had the opportunity to enter 
national universities, which has increased the quality of the nation’s human capital while promoting China’s high-speed and long-term 
economic development. China’s university system has benefited from the nation’s university expansion policy since the late 1990s, and 
subsequently supplied millions of high-quality graduates in the labor market annually. STEM (Science, Technology, Engineering, and 
Mathematics) graduates, in particular, become firm managers and increased the quality of their management teams’ human capital. In 
2008, during the international financial crisis, the Chinese central government issued its “High-Level Overseas Talent Introduction 
Plan,” also known as “The Thousand Talents Plan (千人计划).” This plan promoted the development of strategic emerging industries; 
accelerated the transformation of economic development patterns; and enhanced independent, productive innovation (Yuan & Wen, 
2018). At the firm level, this trend may affect firms’ top management quality and performance. 

Firms with higher-quality top management teams may have more interest in investing in long-term value-creation projects 
(Chemmanur & Jiao, 2012), including innovative projects (Hirshleifer, Hsu, & Li, 2013). We predict that higher-quality top man-
agement teams will invest more in innovative projects, and thus, will gain more extensive innovative output. Such firms can 
accomplish this by not only having better foresight into innovative investment opportunities’ potential value but also in more 
effectively managing innovative resources. They may provide an environment that fosters a greater tolerance for failure (Manso, 
2011). Given this, firms with higher-quality top management teams may attract inventors with greater skills as employees. 

This study constructs a comprehensive top management quality indicator based on nine individual proxies using a principal 
component analysis. The information for these proxies was manually collected from individual top managers’ résumés for the period 
spanning from 2001 to 2015. This study finds that top management quality is positively and significantly associated with corporate 
innovation in China’s listed firms. This positive relationship is consistent after a series of robustness checks. On the one hand, we 
address any possible endogeneity by analyzing potential omitted variables in controlling for possible financial constraint, corporate 
governance, and geographic characteristic variables that may lead to omitted variable or reverse causality biases. 

We apply a firm fixed-effects model, instrumental variable approach, and propensity score-matching (PSM) procedure. Our 
empirical results indicate a robust, positive association. Additionally, this study tests three main influential mechanisms that explain 
how the top management team’s quality spurs and shapes corporate innovation activities, which entail higher tolerance for failure, 
easing of financial constraints, and hiring more high-quality inventors. Further analyses indicate that the top management quality’s 
positive effects on corporate innovation are more pronounced for high-tech firms, state-owned enterprises (SOEs), and growing firms. 

This study contributes to existing literature in two ways. First, this study uses a principal component analysis to construct a novel 
indicator that reflects top management teams’ levels of human capital. Whereas existing studies primarily explore managerial char-
acteristics’ effects by considering only one dimension. Second, this study enriches the small but growing body of literature on the 
effects of management teams’ human capital. Although management quality is important for corporate management and strategy, 
little empirical evidence exists regarding the relationship between management quality and corporate policies including innovation. 
This study attempts to explain the mechanisms by which management quality spurs corporate innovation in China. We discover that 
management quality contributes to R&D investments (innovation input) while increasing patents (innovation output) and the ratio of 
invention patents (innovation quality). 

The remainder of this paper is organized as follows. Section 2 develops our hypotheses. Section 3 outlines the research design. 
Section 4 provides the empirical results. Section 5 addresses any endogeneity issues. Section 6 provides some mechanisms and further 
heterogeneity analysis; Section 7 concludes. 

2. Theory and research hypotheses 

2.1. The upper echelon perspective 

The upper echelon theory is based on the idea that corporate outcomes, for example, strategic choices and performance levels, are 
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partially depend on managerial background characteristics, such as the manager’s career experience, education, socioeconomic roots, 
financial position, and group characteristics (Hambrick & Mason, 1984). The top management team’s effectiveness in creating 
innovation strategies, selecting innovation projects, organizing innovation resources, and determining innovation teams may deter-
mine the corporation’s long-term performance. The higher-quality top management team should have highly specialized skills, 
advanced management experience, and creative abilities, such that they can transfer their knowledge and technical skills to facilitate 
high innovation. 

In summary, this discussion leads to the following hypotheses: 

H1a. . Top management teams’ quality affects corporate innovation. 

H1b. . Top management teams’ quality does not impact corporate innovation. 

2.2. The “tolerance for failure” perspective 

Motivating innovation in the organization is a challenge for most firms. Unlike routine tasks, such as mass production and mar-
keting, innovation is a long process, characterized by uncertainty and a high probability of failure (Holmstrom, 1989). An exceptional 
tolerance for failure is necessary for effective innovation due to its future contingencies and an intrinsically risky process. 

Manso (2011) indicated that optimal innovation-motivating compensation schemes for managers should exhibit a higher tolerance 
for failures in the short-term and reward for success in the long-term. First, higher knowledge and skills, among other abilities, could 
increase employees’ understanding of complex innovation projects as well as the probability of success. Second, higher-quality top 
management teams have more job opportunities outside their firms and industries. Thus, a broader set of external options available to 
higher-quality top management teams acts as a labor market mechanism to promote a tolerance for failure, which can foster 
innovation. 

In summary, this discussion leads us to hypothesize that: 

H2. . High-quality top managers have more advantages in the job market and a higher tolerance for failure, which is important in 
promoting innovative activities. Consequently, we predict that top management quality positively impacts innovation. 

2.3. The financial constraints perspective 

Generally, R&D and innovative activities are difficult to finance in a freely competitive marketplace. The main argument on this 
topic is presented as follows: the primary output of resources devoted to invention involves the knowledge of how to create new goods 
and services, and this knowledge is non-rival; its use by one firm does not preclude its use by another. To the extent that knowledge 
cannot be kept secret, the return on investment in innovation cannot be appropriated by the firm undertaking the investment. 
Therefore, such firms will be reluctant to invest, leading to the under-provision of R&D investments in the economy (Hall & Lerner, 
2010). 

Additionally, firms may find it both difficult and costly to raise external funds to finance their investments given the informational 
asymmetries with external investors (Jensen & Meckling, 1976; Myers & Majluf, 1984). These financial difficulties may be more severe 
for innovative projects, as their specific features increase the risk and reinforce the informational problems with external investors 
(Hall, 2002). Further, higher-quality top management teams have more resources outside the firm, which could help the firm gain 
more financial resources. Thus, higher-quality top management could spur innovation by easing financial constraints. Such teams can 
also more credibly certify their firms’ value to the financial market, decreasing the extent of information asymmetry they face in the 
equity market.1 Consequently, firms with less information asymmetry in the financial market can more easily access the equity market, 
which will be more likely to issue equity given they can obtain a fairer price for the shares sold. 

Thus, we arrive at the following hypotheses: 

H3. . High-quality top managers can use their personal resources and social capital to raise funds for corporate R&D projects, which 
benefits corporate innovation. 

2.4. The high-quality inventor identification perspective 

Higher-quality top management teams have a greater ability to identify high-quality inventors, which are defined as those who own 
many patents and are the main forces in a firm’s innovation projects as well as the most valuable employees. Generally, high-quality 
inventors typically have strong professional knowledge, a high educational level, and abundant work experience. Our top management 
quality variable includes different proxy indexes to help firms identify and hire high-quality inventors. For example, the top man-
agement members with an inventor’s background and education have strong professional knowledge. The top management members 
with financial and government experience and management experience in other firms may also have abundant work experience. 
Moreover, those with a doctoral degree, master’s degree in business administration, or a foreign degree are highly educated and can 

1 Firm innovation activities have a high failure rate, long cycle, and high risk. Additionally, innovative firms typically have limited collateral, and 
thus, it is difficult for them to obtain funds from such sources in debt markets as banks. Consequently, their financing constraints primarily come 
from the direct financing/equity market. Therefore, this work does not discuss the issue of firms’ financing constraints in the debt market. 
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help identify high-quality inventors. Thus, one mechanism through which firms with higher-quality top management teams boost their 
innovation activity involves hiring a larger number of inventors—and especially high-quality inventors, as evidenced by the number of 
patents each inventory owns (Chemmanur, Kong, Krishnan, & Yu, 2019). 

Given this, our final hypothesis is proposed as follows: 

H4. . High-quality top managers have a specific, strong ability to compel internal inventors’ increased creativity, and can hire more 
high-quality external inventors. 

3. Research design 

3.1. Data sources 

This study considers listed firms on the Shanghai and Shenzhen Stock Exchanges during the period spanning 2001 to 2015; The 
sample period begins with 2001 as listed firms have generally disclosed their management’s background information from that year 
onward.2 Financial firms were excluded from the sample as their annual reporting structures differ from those in other companies. 
Additionally, we excluded samples with missing values to ultimately obtain 14,712 observations. 

The data on top management teams’ backgrounds are obtained from the Individual Characteristics of Capital Market Participants 
Database. The data on R&D expenditures and patents are obtained from the Chinese Innovation Research Database, while other 
financial and corporate governance data used in this study are obtained from the China Stock Market and Accounting Research and 
Wind databases and annual reports. All the data are cross-checked for consistency. 

3.2. Models 

Following studies by Galasso and Simcoe (2011), Tian and Wang (2014), Chang et al. (2015), Custódio et al. (2017), and Acharya 
and Xu (2017), this study examines top management quality’s effects on firm innovation using the baseline ordinary least-squares 
(OLS) model, as follows: 

Innovationi,t = α + βTMQ Scorei,t− 1

(
TMQ Highi,t− 1

)
+
∑

γjXi,j,t− 1 + θYeart + δIndustryi,j + μProvincei,t

+εi,t

(1)  

where Innovationi,t refers to our innovation measures of firm i in year t. The key explanatory variables are TMQ_Scorei,t-1 and TMQ_Highi, 

t-1, measured at the end of year t-1; Xi,j,t-1 represents a set of control variables to be defined in the following section. This model also 
controls for year-, industry-, and province-fixed effects. 

3.3. Variables 

3.3.1. Dependent variable: Innovation 
Most firms often use patents as a proxy variable for their innovation ability (Chang et al., 2015; Hall et al., 2005; Lerner et al., 2011; 

Tian & Wang, 2014). However, Bellstam, Bhagat, and Cookson (2019) constructed a new index for non-patenting firms and firms 
without R&D, which measures the firm’s innovation activity based on a text analysis. In addition to technical patents, Chen, Wu, and 
Yang (2019) used specific patents measuring financial technology (FinTech) innovations by applying machine learning to large-scale 
data. They found that FinTech innovations also can increase a firm’s market value. This study primarily employs three measures of 
innovation, which are both patent-based metrics. The first measure, Patentall_granti,t, denotes all of firm i’s patents, including in-
vention, utility model, and design patents. The second measure, Patentinv_granti,t, is firm i’s invention patents. The third measure, 
Patentade_granti,t, is firm i’s non-invention patents. To reduce skewness among our innovation measures, we use the log of one plus 
these variables in our regression analyses. 

We also explore top management quality’s impact on innovation input and quality. The indicator of R&D expenditures divided by 
total assets measures the innovation input, while the number of invention patents divided by the total patents was used to measure the 
innovation output’s quality. 

3.3.2. Key variable: Top management quality 
This study uses two variables to measure top management quality. First, the top management quality score (TMQ_Scorei,t) of firm i 

in year t is defined as 

2 We used sample data from 2001 to 2015 instead of to a more recent year like 2016 due to the following considerations: first, we use the number 
of patents applied in a given year and the number of patents ultimately obtained to measure a firm’s innovation performance. This implies that it a 
period of time is typically necessary for a patent to be granted. Therefore, some recently applied patents may still be in progress and have not been 
filed by the National Intellectual Property in the People’s Republic of China. If our sample included recent years, some errors would exist in the 
number of missing patents applied because it takes approximately four years for a decision on whether to grant the vast majority of patents. 
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TMQ Scorei,t = 0.284X1i,t + 0.160X2i,t + 0.191X3i,t + 0.275X4i,t
+0.080X5i,t + 0.284X6i,t + 0.163X7i,t0.071X8i,t + 0.263X9i,t

(2)  

where X1 is the top management team’s size; X2 is the number of employees in the top management team with master’s degrees in 
business administration; X3 is the number of top management team members with a financial background, or those with a certified 
public accountant certification or who have previously worked in an accounting firm; X4 is the number of top management team 
members with an academic background, which indicates that they have worked in the university or research institute; X5 is the 
number of top management team members with a political background, or those who have worked as government officers or were 
elected as deputies to the National People’s Congress or as members of the China People’s Political Consultative Conference; X6 is the 
number of top management team members with a doctoral degree; X7 is the number of top management team members with an 
overseas education; X8 is the number of top management team members that have been inventors, or with at least one filed patent; and 
X9 denotes the number of management team members who served as executive officers in other firms prior to joining their current 
firm. 

The weights used in Eq. (2) are obtained by using the principal component analysis to extract common components from the nine 

Table 1 
Variable definition and summary statistics.  

Panel A: Variable definition 

Variables Definition 

Variable of innovation 
R&D/Salesi,t Research and development expenditure divided by total sales measured at the end of year t. 
Patentall_granti,t The total number of patents filed and eventually granted in year t. 
Patentinv_granti,t The number of invention patents filed and eventually granted in year t. 
Patentade_granti,t The number of non-invention patents filed and eventually granted in year t. 
Patentinv_ratioi,t The number of invention patents divided by total number of patents in year t. 

Variable of top management quality 
TMQ_Scorei,t-1 Top management quality score at the end of year t. 
TMQ_Highi,t-1 Dummy of higher top management quality. 

Control variables 
Assetsi,t-1 (¥millions) Book value of total assets measured at the end of year t-1. 
Firm agei,t-1 (years) Firm i’s age, equals to the difference of year t-1 minus the year the firm was established. 
PPE/#employeesi,t-1(¥1000) Property, plant and equipment scaled by the number of employees. 
Sales/#employeesi,t-1(¥1000) Sales scaled by the number of employees. 
Leveragei,t-1 Leverage is (short-term debt+Long-term debt)/Assets. 
ROAi,t-1 ROA is earnings before interest, taxes, and depreciation and amortization over assets. 
M/Bi,t-1 Market-to-book ratio is (assets+market value of equity - book value of equity)/assets. 
Sales growthi,t-1 Change in sales scaled by lagged sales. 
Cash/Assetsi,t-1 Cash/Assets is cash-to-assets ratio. 
Stock volatilityi,t-1 Standard deviation of daily stock returns over the fiscal year. 
Stock returni,t-1 Stock return is buy-and-hold stock returns computed over the fiscal year. 
Herfindahl indexi,t-1 Herfindahl index is computed based on the SEC type.   

Panel B: Summary statistics 

Variables N Mean Std Median Min Max 

Variable of innovation 
R&D/Salesi,t (%) 9692 3.388 3.067 3.047 0.022 17.215 
Patentall_granti,t 14,712 12.687 34.474 2.000 0.000 252.000 
Patentinv_granti,t 14,712 2.065 6.255 0.000 0.000 45.000 
Patentade_granti,t 14,712 10.466 30.128 0.000 0.000 223.000 
Patentinv_ratioi,t 8373 0.259 0.347 0.086 0.000 1.000 

Variable of top management quality 
TMQ_Score i,t-1 14,712 0.020 2.295 − 0.253 − 4.387 7.156 
TMQ_High i,t-1 14,712 0.492 0.500 0.000 0.000 1.000 

Control variables 
Assets i,t-1 (¥millions) 14,712 5431.977 15,667.489 1966.788 14.773 511,630.691 
Firm age i,t-1 (years) 14,712 14.199 5.324 14.000 2.000 57.000 
PPE/#employees i,t-1 (¥1000) 14,707 384.284 1200.347 227.717 2.201 47,316.671 
Sales/#employees i,t-1 (¥1000) 14,711 1097.403 5817.353 606.358 0.337 360,254.589 
Leverage i,t-1 14,711 0.434 0.213 0.428 0.049 1.108 
ROA i,t-1 14,712 0.046 0.057 0.046 − 0.217 0.206 
M/B i,t-1 14,368 0.823 0.683 0.613 0.094 3.785 
Sales growth i,t-1 14,710 0.246 0.257 0.172 0.003 1.569 
Cash/Assets i,t-1 11,779 0.184 0.152 0.137 0.007 0.725 
Stock volatility i,t-1 14,656 0.473 0.151 0.437 0.229 0.944 
Stock return i,t-1 14,678 0.518 0.629 0.312 0.000 3.372 
Herfindahl index i,t-1 14,712 0.084 0.071 0.067 0.017 0.406  
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variables, which have been adjusted for firm size. Thus, a higher TMQ_Score reflects the higher-quality human capital in the firm’s 
management team. The second variable to measure top management quality is derived from constructing a dummy variable, 
TMQ_High, which equals one if the TMQ_Score is larger than the median value for a year among firms in the same industry. 

3.3.3. Control variables 
We then isolate top management quality’s effects on innovation by controlling for the following firm characteristics that previous 

studies have considered as important determinants of corporate innovation: Ln (Assets), defined as the natural log of total assets to 
control for firm size; Ln (Firm age), defined as the logarithm of the number of years elapsed since a firm was established, and is used to 
control for a firm life cycle’s effects on its innovation ability; Leverage, measured as the leverage ratio added to consider the capital 
structure’s effects on corporate innovation; Ln(PPE / #employees), defined as the logarithm of the net property, plant, and equipment 
scaled by the number of employees to account for capital intensity; Ln(Sales / #employees), defined as the logarithm of sales scaled by 
the number of employees to proxy for labor productivity and quality; ROA, or the return on assets, which is included to capture 
operating profitability; Sales growth (sales growth) and M/B (the market-to-book ratio), which were selected as a proxy for growth 
opportunities; Cash/Assets, or the cash-to-assets ratio, which has been added to account for cash holdings’ effects on innovation; and 
Stock return, or the buy-and-hold stock return computed over the fiscal year, which is included to capture stock performance. We also 
include the standard deviation of daily stock returns over the fiscal year (Stock volatility) and the Herfindahl index (Herfindahl) and its 
squared term (Herfindahl2) as additional covariates. 

All variables are winsorized at the 1% level at both tails of their distributions, and all control variables are measured at (t – 1) in the 
regressions. 

4. Empirical analyses 

4.1. Descriptive statistics 

Table 1 presents the variable definitions and descriptive statistics. Regarding our innovation measures, the mean values of R&D/ 
Sales, Patentall_grant, Patentinv_grant, and Patentade_grant are 3.4%, 12.687, 2.065, and 10.466, respectively. The mean ratio of in-
vention patents to all patents is 25.9%. The mean and standard deviation of TMQ_Score (TMQ_High) are 0.020 and 2.295 (0.492 and 
0.500), respectively, implying that substantial differences exist in top management quality among the sample firms. 

In terms of control variables, the sample firms have an average Total Assets of 5431.977, Firm age of 14.199, PPE/#employees of 
384.284, Sales/#employees of 1097.403, Leverage of 0.434, ROA of 0.046, M/B of 0.823, Sales growth of 24.6%, Cash/Assets of 0.184, 
Stock volatility of 0.473, and Stock return of 0.518. 

4.2. Univariate analysis 

Table 2 displays the results of univariate tests on this study’s main variables. Regarding innovation input, the mean value of R&D/ 
Sales is 3.5% and 3.3% for the firms with higher and lower top management quality, respectively. As for innovation output, the mean 
values of Patentall_grant (Patentinv_grant, Patentade_grant) are 14.374 (2.543, 11.594) for the firms with higher top management quality 

Table 2 
Univariate analysis  

Variables TMQ_High = 1 TMQ_High = 0 Differences 

Obs Mean Obs Mean T value 

R&D/Sales 4845 3.520 4847 3.256 0.264*** 
Patentall_grant 7240 14.374 7472 11.053 3.321*** 
Patentinv_grant 7240 2.543 7472 1.602 0.941*** 
Patentade_grant 7240 11.594 7472 9.374 2.220*** 
Patentinv_ratio 4209 0.291 4164 0.226 0.066*** 
Assets 7240 5920.276 7472 4958.839 961.437*** 
Firm age 7240 14.389 7472 14.014 0.375*** 
PPE/#employees 7236 342.875 7471 424.391 − 81.516*** 
Sales/#employees 7239 999.865 7472 1191.899 − 192.034** 
Leverage 7239 0.445 7472 0.424 0.022*** 
ROA 7240 0.044 7472 0.047 − 0.003*** 
M/B 7059 0.799 7309 0.846 − 0.046*** 
Sales growth 7238 0.246 7472 0.245 0.001 
Cash/Assets 5808 0.180 5971 0.189 − 0.009*** 
Stock volatility 7207 0.472 7449 0.474 − 0.002 
Stock return 7211 0.520 7467 0.515 0.005 
Herfindahl index 7240 0.083 7472 0.085 − 0.002* 

This table presents the univariate analysis results regarding the mean difference of the dependent and independent variables for firms with high and 
low top management quality. The t-values for the mean differences are based on t-tests. *, **, and *** indicate significance at the 0.10, 0.05, and 0.01 
levels (two-tailed), respectively. All variables are as defined in Table 1. 
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and 11.053 (1.602, 9.374) for the firms with lower top management quality. 
Regarding innovation quality, the mean values of Patentinv_ratio are 29.1% and 22.6% for the firms with higher and lower top 

management quality, respectively. As the differences are both positive and statistically significant at the 1% level, firms with higher- 
quality top management teams exhibit higher innovation input, output, and quality than firms with lower-quality top management 
teams. 

4.3. Multivariate results 

Tables 3 to 5 report the OLS base model’s results. Table 3 indicates the top management quality’s effect on R&D input (R&D/Sales). 
Specifically, the coefficients of TMQ_Score in columns (1) to (3) are 0.104, 0.106, and 0.106, respectively. All values are statistically 
significant at the 1% level, indicating that a unit increase in TMQ_Score is associated with 0.104, 0.106, and 0.106 increases in R&D/ 
Sales, respectively. Columns (4) to (6) reveal that the firms with higher top management quality have higher R&D/Sales—with values 
of 0.387, 0.383, and 0.379, respectively—compared to those firms with lower-quality management teams. 

Table 4 reports the top management quality’s impact on innovation output, measured as Ln(1 + Patentall_grant), Ln(1 + Patent-
inv_grant), and Ln(1 + Patentade_grant), respectively. The coefficients for TMQ_Score in columns (1), (3), and (5) are 0.063, 0.054, and 
0.040, respectively, and are all significant at the 1% level. Therefore, a unit increase in the top management quality score is associated 
with 6.3%, 5.4%, and 4.0% increases in all patents, invention patents, and non-invention patents. Further, the coefficients for 
TMQ_High in columns (2), (4), and (6) are 0.214, 0.182, and 0.131, respectively, and all are significant at the 1% level. Hence, firms 
with higher-quality top management teams have higher innovation output—by 21.4%, 18.2%, and 13.1% in all patents, invention 
patents, and non-invention patents, respectively—compared with lower-quality top management firms. All findings suggest that 
higher top management quality spurs corporate innovation. 

The control variables’ coefficients are generally consistent with prior studies. Specifically, Ln(Assets) and ROA positively and 
significantly relate to innovation output, suggesting that larger firms and those with a higher ROA exhibit better innovation perfor-
mance. In contrast, Ln(Firm age), Leverage, M/B, and Stock volatility negatively and significantly relate to innovation output; the older 
the firm and the higher its leverage and market-to-book ratios and stock volatility, the worse its innovation performance. The other 
control variables have no significant impacts on firm innovation. 

Table 5 reports the top management quality’s impact on innovation quality. The patents can be divided into three types: invention, 
utility, and design. As the invention patent is more difficult and valuable than the other two types of patents, this study regards the 
ratio of invention patents as a measurement of innovation quality. According to Table 5, all the coefficients of top management quality 
are positive and statistically significant at the 1% level, indicating that a higher-quality top management leads to a higher ratio of 

Table 3 
Top management quality and innovation input.  

Variables R&D/Salesi,t 

(1) (2) (3) (4) (5) (6) 

TMQ_Scorei,t-1 0.104*** (8.146) 0.106*** (8.222) 0.106*** (8.209)    
TMQ_Highi,t-1    0.387*** (7.071) 0.383*** (6.957) 0.379*** (6.883) 
Ln(Assetsi,t-1) − 0.143*** 

(− 4.137) 
− 0.073* (− 1.870) − 0.075* (− 1.889) − 0.138*** 

(− 3.972) 
− 0.064 (− 1.628) − 0.066* (− 1.653) 

Ln(Firm agei,t-1) − 0.910*** 
(− 8.810) 

− 0.727*** 
(− 6.956) 

− 0.742*** 
(− 7.102) 

− 0.911*** 
(− 8.812) 

− 0.730*** 
(− 6.973) 

− 0.745*** 
(− 7.115) 

Leveragei,t-1 − 3.548*** 
(− 19.348) 

− 1.965*** 
(− 7.752) 

− 1.979*** 
(− 7.625) 

− 3.531*** 
(− 19.291) 

− 1.949*** 
(− 7.717) 

− 1.960*** 
(− 7.581) 

Ln(PPE/#employeesi, 

t-1) 
0.218*** (4.508) 0.423*** (8.334) 0.422*** (8.267) 0.210*** (4.330) 0.413*** (8.115) 0.412*** (8.052) 

Ln(Sales/#employeesi, 

t-1) 
− 0.571*** 
(− 11.071) 

− 0.753*** 
(− 13.953) 

− 0.746*** 
(− 13.754) 

− 0.568*** 
(− 11.016) 

− 0.749*** 
(− 13.847) 

− 0.742*** 
(− 13.649) 

ROAi,t-1  0.854 (1.063) 0.875 (1.090)  0.765 (0.950) 0.784 (0.973) 
M/Bi,t-1  − 0.375*** 

(− 6.274) 
− 0.355*** 
(− 5.752)  

− 0.387*** 
(− 6.499) 

− 0.369*** 
(− 6.002) 

Sales growthi,t-1  0.055 (0.451) 0.041 (0.338)  0.040 (0.331) 0.028 (0.227) 
Cash/Assetsi,t-1  2.997*** (10.809) 3.037*** (10.731)  2.974*** (10.709) 3.014*** (10.633) 
Stock volatilityi,t-1   0.247 (0.655)   0.217 (0.575) 
Stock returni,t-1   0.051 (0.751)   0.047 (0.689) 
Herfindahli,t-1   − 5.703* (− 1.925)   − 5.486* (− 1.844) 
Herfindahl2i,t-1   23.091*** (3.321)   22.412*** (3.206) 
Year fixed effect YES YES YES YES YES YES 
Industry fixed effect YES YES YES YES YES YES 
Province fixed effect YES YES YES YES YES YES 
Observations 8726 8383 8367 8726 8383 8367 
R-squared 0.380 0.395 0.396 0.378 0.393 0.394 

This table reports management quality’s effects on corporate innovation input. The dependent variable is R&D/Sales. The t-statistics in brackets are 
based on robust standard errors. *, **, and *** indicate significance at the 0.10, 0.05, and 0.01 levels (two-tailed), respectively. All variables are as 
defined in Appendix A and in Table 1. 
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Table 4 
Top management quality and innovation output.  

Variables Ln(1 + Patentall_granti,t) Ln(1 + Patentinv_granti,t) Ln(1 + Patentade_granti,t) 

(1) (2) (3) (4) (5) (6) 

TMQ_Scorei,t-1 0.063*** (10.431)  0.054*** (13.618)  0.040*** (6.814)  
TMQ_Highi,t-1  0.214*** (8.323)  0.182*** (11.281)  0.131*** (5.243) 
Ln(Assetsi,t-1) 0.468*** (24.746) 0.472*** (24.838) 0.258*** (20.847) 0.261*** (20.976) 0.429*** (23.097) 0.431*** (23.153) 
Ln(Firm agei,t-1) − 0.387*** 

(− 7.601) 
− 0.391*** 
(− 7.664) 

− 0.174*** 
(− 5.521) 

− 0.178*** 
(− 5.601) 

− 0.303*** 
(− 6.195) 

− 0.306*** 
(− 6.241) 

Leveragei,t-1 − 0.528*** 
(− 6.394) 

− 0.515*** 
(− 6.226) 

− 0.273*** 
(− 5.546) 

− 0.261*** 
(− 5.302) 

− 0.388*** 
(− 4.843) 

− 0.379*** 
(− 4.722) 

Ln(PPE/#employeesi,t- 

1) 
− 0.161*** 
(− 7.867) 

− 0.165*** 
(− 8.088) 

− 0.062*** 
(− 4.884) 

− 0.066*** 
(− 5.184) 

− 0.156*** 
(− 7.810) 

− 0.159*** 
(− 7.964) 

Ln(Sales/#employeesi, 

t-1) 
− 0.048** 
(− 2.105) 

− 0.044* (− 1.933) 0.014 (1.050) 0.018 (1.285) − 0.060*** 
(− 2.701) 

− 0.058*** 
(− 2.588) 

ROAi,t-1 1.545*** (6.230) 1.507*** (6.098) 0.468*** (3.083) 0.435*** (2.866) 1.297*** (5.416) 1.273*** (5.326) 
M/Bi,t-1 − 0.062* (− 1.881) − 0.071** 

(− 2.144) 
− 0.093*** 
(− 4.477) 

− 0.100*** 
(− 4.820) 

− 0.027 (− 0.827) − 0.033 (− 1.004) 

Sales growthi,t-1 0.074 (1.359) 0.068 (1.242) 0.035 (1.028) 0.030 (0.868) 0.084 (1.582) 0.080 (1.502) 
Cash/Assetsi,t-1 0.295*** (2.822) 0.285*** (2.711) − 0.019 (− 0.281) − 0.028 (− 0.417) 0.370*** (3.635) 0.363*** (3.565) 
Stock volatilityi,t-1 − 0.709*** 

(− 4.819) 
− 0.722*** 
(− 4.912) 

− 0.442*** 
(− 5.059) 

− 0.454*** 
(− 5.186) 

− 0.650*** 
(− 4.506) 

− 0.659*** 
(− 4.570) 

Stock returni,t-1 0.006 (0.227) 0.004 (0.162) − 0.017 (− 0.943) − 0.018 (− 1.025) 0.024 (0.926) 0.023 (0.882) 
Herfindahli,t-1 3.919** (2.363) 3.959** (2.360) 4.616*** (4.720) 4.649*** (4.677) 3.331** (2.061) 3.355** (2.061) 
Herfindahl2i,t-1 − 9.868** 

(− 2.533) 
− 10.041** 
(− 2.556) 

− 9.472*** 
(− 4.071) 

− 9.619*** 
(− 4.083) 

− 9.518** 
(− 2.531) 

− 9.625** 
(− 2.548) 

Year fixed effect YES YES YES YES YES YES 
Industry fixed effect YES YES YES YES YES YES 
Province fixed effect YES YES YES YES YES YES 
Observations 9827 9827 9827 9827 9827 9827 
R-squared 0.318 0.314 0.291 0.284 0.324 0.323 

This table reports management quality’s effects on corporate innovation output. The dependent variables include Ln(1 + Patentall_grant), Ln(1 +
Patentinv_grant) and Ln(1 + Patentade_grant). The t-statistics in brackets are based on robust standard errors. *, **, and *** indicate significance at the 
0.10, 0.05, and 0.01 levels (two-tailed), respectively. All variables are as defined in Table 1. 

Table 5 
Top management quality and innovation quality.  

Variables Patentinv_ratioi,t 

(1) (2) (3) (4) (5) (6) 

TMQ_Scorei,t-1 0.015*** (10.106) 0.015*** (9.333) 0.015*** (9.312)    
TMQ_Highi,t-1    0.050*** (7.362) 0.051*** (7.176) 0.051*** (7.128) 
Ln(Assetsi,t-1) − 0.002 (− 0.522) − 0.001 (− 0.215) 0.000 (0.069) − 0.001 (− 0.304) 0.000 (0.076) 0.002 (0.356) 
Ln(Firm agei,t-1) − 0.015 (− 1.260) − 0.014 (− 1.097) − 0.015 (− 1.131) − 0.019 (− 1.544) − 0.017 (− 1.281) − 0.017 (− 1.309) 
Leveragei,t-1 − 0.044** 

(− 2.063) 
− 0.053* (− 1.875) − 0.055* (− 1.906) − 0.040* 

(− 1.885) 
− 0.049* (− 1.737) − 0.051* (− 1.750) 

Ln(PPE/#employeesi,t- 

1) 
0.020*** (3.883) 0.010 (1.625) 0.009 (1.528) 0.019*** (3.644) 0.008 (1.428) 0.008 (1.336) 

Ln(Sales/#employeesi,t- 

1) 
− 0.006 (− 0.948) 0.007 (0.983) 0.008 (1.115) − 0.005 (− 0.770) 0.008 (1.117) 0.009 (1.246) 

ROAi,t-1  − 0.053 (− 0.580) − 0.038 (− 0.416)  − 0.068 (− 0.745) − 0.054 (− 0.589) 
M/Bi,t-1  − 0.018** (− 2.238) − 0.017** (− 2.024)  − 0.020** (− 2.463) − 0.019** (− 2.289) 
Sales growthi,t-1  − 0.012 (− 0.709) − 0.012 (− 0.736)  − 0.015 (− 0.893) − 0.015 (− 0.901) 
Cash/Assetsi,t-1  − 0.086*** 

(− 2.904) 
− 0.093*** 
(− 3.103)  

− 0.088*** 
(− 2.978) 

− 0.096*** 
(− 3.184) 

Stock volatilityi,t-1   0.087* (1.927)   0.083* (1.829) 
Stock returni,t-1   − 0.010 (− 1.233)   − 0.011 (− 1.348) 
Herfindahli,t-1   − 0.185 (− 0.371)   − 0.128 (− 0.256) 
Herfindahl2i,t-1   1.827 (1.236)   1.694 (1.144) 
Year fixed effect YES YES YES YES YES YES 
Industry fixed effect YES YES YES YES YES YES 
Province fixed effect YES YES YES YES YES YES 
Observations 7410 6207 6192 7410 6207 6192 
R-squared 0.346 0.362 0.364 0.342 0.358 0.360 

This table reports management quality’s effects on corporate innovation quality. The dependent variable is Patentinv_ratio. The t-statistics in brackets 
are based on robust standard errors. *, **, and *** indicate significance at the 0.10, 0.05, and 0.01 levels (two-tailed), respectively. All variables are as 
defined in Table 1. 
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Table 6 
Robustness checks on alternative model specifications and variable definitions.  

(a): Applying entropy method constructing new top management quality variables. (N = 9827).  

Ln(1 + Patentall_granti,t) Ln(1 + Patentinv_granti,t) Ln(1 + Patentade_granti,t) 

TMQ_ScoreEntropyi,t-1 0.437*** (16.032)  0.251*** (15.246)  0.348*** (12.343)  
TMQ_HighEntropyi,t-1  0.654*** (14.276)  0.363*** (13.549)  0.523*** (11.589)   

(b): Replacing the number of grant patents by the number of applied patents (N = 9827).  

Ln(1 + Patentall_applyi,t) Ln(1 + Patentinv_applyi,t) Ln(1 + Patentade_applyi,t) 

TMQ_Scorei,t-1 0.082*** (12.704)  0.092*** (16.759)  0.042*** (7.043)  
TMQ_Highi,t-1  0.286*** (10.437)  0.317*** (14.053)  0.139*** (5.517)   

(c): Replacing TMQ_Scorei,t-1; TMQ_Highi,t-1 by TMQ_Scorei,t-2; TMQ_Highi,t-2 (N = 8954).  

Ln(1 + Patentall_granti,t) Ln(1 + Patentinv_granti,t) Ln(1 + Patentade_granti,t) 

TMQ_Scorei,t-2 0.063*** (9.987)  0.058*** (13.965)  0.040*** (6.463)  
TMQ_Highi,t-2  0.201*** (7.416)  0.193*** (11.524)  0.123*** (4.662)   

(d): Replacing TMQ_Scorei,t-1; TMQ_Highi,t-1 by TMQ_Scorei,t-3; TMQ_Highi,t-3 (N = 8149).  

Ln(1 + Patentall_granti,t) Ln(1 + Patentinv_granti,t) Ln(1 + Patentade_granti,t) 

TMQ_Scorei,t-3 0.064*** (9.383)  0.065*** (14.348)  0.039*** (5.914)  
TMQ_Highi,t-3  0.213*** (7.469)  0.204*** (11.704)  0.133*** (4.801)   

(e): Poisson regressions without log-transforming dependent variables (N = 9827).  

Patentall_granti,t Patentinv_granti,t Patentade_granti,t 

TMQ_Scorei,t-1 0.042*** (5.354)  0.097*** (9.387)  0.031*** (3.762)  
TMQ_Highi,t-1  0.190*** (4.782)  0.439*** (9.204)  0.140*** (3.301)   

(f): Negative binomial regressions without log-transforming dependent variables (N = 9827).  

Patentall_granti,t Patentinv_granti,t Patentade_granti,t 

TMQ_Scorei,t-1 0.054*** (6.215)  0.145*** (14.276)  0.023** (2.292)  
TMQ_Highi,t-1  0.153*** (3.819)  0.487*** (10.682)  0.041 (0.913)   

(g): Excluding firm-year with zero patents (N = 6192).  

Ln(1 + Patentall_granti,t) Ln(1 + Patentinv_granti,t) Ln(1 + Patentade_granti,t) 

TMQ_Scorei,t-1 0.043*** (7.096)  0.059*** (11.371)  0.015** (2.177)  
TMQ_Highi,t-1  0.123*** (4.720)  0.186*** (8.778)  0.022 (0.774)   

(h): Excluding firms engaging in mergers and acquisitions in the previous two years (N = 7676).  

Ln(1 + Patentall_granti,t) Ln(1 + Patentinv_granti,t) Ln(1 + Patentade_granti,t) 

TMQ_Scorei,t-1 0.065*** (9.239)  0.058*** (12.356)  0.039*** (5.755)  
TMQ_Highi,t-1  0.222*** (7.540)  0.189*** (10.061)  0.133*** (4.649)   

(h): Excluding the period after financial crisis (2008) (N = 2219).  

Ln(1 + Patentall_granti,t) Ln(1 + Patentinv_granti,t) Ln(1 + Patentade_granti,t) 

TMQ_Scorei,t-1 0.062*** (4.419)  0.081*** (7.886)  0.024* (1.738)  
TMQ_Highi,t-1  0.177*** (3.270)  0.234*** (6.219)  0.073 (1.406) 

All regressions include the same control variables as those used in Table 3, but their coefficients are not tabulated. 
Detailed variable definitions are presented in Table 3. The t- or z-statistics in parentheses are calculated from the. 
Huber-White-Sandwich heteroskedastic-consistent errors. 
***, **, and * denote significance at the 1%, 5%, and 10% levels, respectively. All variables are as defined in Table 1. 
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invention patents. Consequently, higher-quality top management teams can increase innovation output as well as the quality of firms’ 
innovation. 

4.4. Robustness checks 

We next confirm whether our primary findings are robust to different model specifications; first, we use the number of patent 
applications as an alternative measure of corporate innovation. We then re-run model (1) by applying a top management quality score 
variable developed by the entropy method, and lag the independent variables by two and three periods, respectively. We further 
regress the baseline model using a Poisson regression and negative binomial regression approaches. Further, we exclude firm-years 
with zero patents, as well as firms that were engaged in mergers and acquisitions in the previous two years, and samples after the 
2008 international financial crisis. Table 6 presents the empirical regression results. Overall, these different model specifications 
support the primary finding that higher top management quality promotes corporate innovation. 

5. Endogeneity 

Although we find a strongly positive association between top management quality and corporate innovation, the results potentially 
suffer from two types of endogeneity. The first type is omitted variable bias. While we have controlled for a series of variables that 
previous studies demonstrate could possibly impact innovation, the relationship may be spurious if our model omits any variables that 
affect both corporate innovation and top management quality. The second type of potential endogeneity issue is the reverse causality 

Table 7 
Tests for omitted variables and reverse causality.  

Variables Ln(1 + Patentall_granti,t) Ln(1 + Patentinv_granti,t) Ln(1 + Patentade_granti,t) 

(1) (2) (3) (4) (5) (6) 

Panel A: Controlling for financial constraints (N = 9827). 
TMQ_Scorei,t-1 0.058*** (9.699)  0.052*** 

(13.068)  
0.035*** (6.022)  

TMQ_Highi,t-1  0.201*** 
(7.820)  

0.175*** 
(10.871)  

0.117*** 
(4.711) 

Hadlock and Pierce’s (2010) 
index 

1.441*** (7.633) 1.524*** 
(8.061) 

0.665*** 
(5.334) 

0.740*** 
(5.934) 

1.499*** (8.110) 1.550*** 
(8.377)  

Panel B: Controlling for corporate governance measures (9593). 
TMQ_Scorei,t-1 0.069*** (10.429)  0.054*** 

(12.962)  
0.046*** (7.167)  

TMQ_Highi,t-1  0.216*** 
(7.907)  

0.168*** 
(9.901)  

0.140*** 
(5.242) 

Board sizei,t-1 − 0.027*** 
(− 2.894) 

− 0.010 
(− 1.051) 

− 0.009 
(− 1.496) 

0.005 (0.918) − 0.027*** 
(− 2.969) 

− 0.015* 
(− 1.680) 

Institutional holdingsi,t-1 0.003*** (3.965) 0.003*** 
(4.349) 

0.002*** 
(5.328) 

0.002*** 
(5.814) 

0.002*** (3.125) 0.002*** 
(3.405)  

Panel C: Excluding firms in Beijing, Shanghai, Guangzhou, and Shenzhen (N = 7905). 
TMQ_Scorei,t-1 0.054*** (8.069)  0.048*** 

(11.248)  
0.031*** (4.761)  

TMQ_Highi,t-1  0.185*** 
(6.560)  

0.163*** 
(9.423)  

0.102*** 
(3.728)  

Panel D: Controlling the city fixed effects (9827). 
TMQ_Scorei,t-1 0.060*** (9.407)  0.048*** 

(11.555)  
0.038*** (6.209)  

TMQ_Highi,t-1  0.193*** 
(7.262)  

0.146*** 
(8.740)  

0.123*** 
(4.736)  

Panel E: Controlling for factors related to reverse causality (N = 7284). 
TMQ_Scorei,t-1 0.015*** (3.068)  0.021*** 

(5.352)  
0.014*** (3.026)  

TMQ_Highi,t-1  0.071*** 
(3.159)  

0.068*** 
(4.142)  

0.071*** 
(3.312) 

% of population with college 
education 

0.126 (1.464) 0.129 (1.503) 0.207*** 
(3.114) 

0.211*** 
(3.156) 

0.035 (0.421) 0.038 (0.462) 

Local marketization score − 0.006 (− 0.469) − 0.005 
(− 0.409) 

0.007 (0.717) 0.008 (0.810) − 0.017 (− 1.312) − 0.016 
(− 1.253) 

Past innovation success 0.777*** (77.802) 0.778*** 
(78.175) 

0.490*** 
(33.481) 

0.495*** 
(34.059) 

0.799*** (74.731) 0.800*** 
(74.864) 

All regressions include the same control variables as those used in Table 3, but their coefficients are not tabulated. Detailed variable definitions are 
presented in Table 3. The t- or z-statistics in parentheses are calculated from the Huber-White-Sandwich heteroskedastic-consistent errors. ***, **, and 
* denote significance at the 1%, 5%, and 10% levels, respectively. All variables are as defined in Table 1. 
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running from innovation to management quality; for instance, innovative firms tend to hire managers with higher human capital. We 
address these endogeneity issues by first discovering any potential omitted variables and including them in our baseline model. Our 
second strategy uses a firm fixed-effects model, the instrumental variable method, and a propensity score-matching approach to 
mitigate any endogeneity issues. 

5.1. Potential omitted variables 

This subsection makes several attempts to address the concern of potential omitted variables. First, we consider that financial 
constraints may dampen our findings, and augment our baseline model with additional control variables: the Hadlock and Pierce 
(2010) index of financial constraints. The regression results (Panel A in Table 7) indicate that financial constraints have a significantly 
positive effect on corporate innovation. The higher the Hadlock and Pierce (2010) index, the smaller the financial constraints. 
Consequently, the smaller the firm’s financial constraints, the better its innovation performance. More importantly, our primary results 
hold, as the coefficients for top management quality are both positive and significant. 

Second, corporate governance can impact both top management quality and corporate innovation; thus, we add a set of governance 
measures to the baseline model, including the board size and institutional holdings. Panel B in Table 7 reveals that corporate 
governance does not impact the top management quality’s positive effect on corporate innovation. 

Third, geographic clustering may also negatively impact the effects of top management quality. We address this by removing firms 
with their headquarters located in four mega-cities—Beijing, Shanghai, Guangzhou, and Shenzhen—where high-technology firms are 
more likely to hire higher-quality top management teams. The updated relationship between top management quality and corporate 
innovation is essentially unaffected by this removal. Moreover, we control for city fixed-effects in the baseline model and re-run the 
regressions to obtain consistent results. 

Our final concern relates to the reverse causality between top management quality and corporate innovation, as innovative firms 
are more likely to choose top management teams with higher human capital or quality. The two directions of causality are not mutually 
exclusive, and may function simultaneously. In an attempt to avoid the possible distraction given the causality from innovation to top 
management quality, we incorporate a set of additional variables into model (1) that capture the firm’s motivation toward top 
management quality and corporate innovation. Specifically, we include the percentage of the population in the local province with a 
college education as a proxy for the average education and add a local marketization score as a proxy for institution quality; we then 
control for past innovation success, measured using the pre-sample three-year averaged number of granted patents.3 Panel D in Table 7 
presents the regression results, which reveal that the coefficients for TMQ_Score and TMQ_High remain positive and statistically 

Table 8 
Firm fixed-effects model.  

Variables Ln(1 + Patentall_granti,t) 

(1) (2) (3) (4) (5) (6) 

TMQ_Scorei,t-1 0.012** (2.044) 0.011* (1.704) 0.012* (1.776)    
TMQ_Highi,t-1    0.042** (2.050) 0.046* (1.951) 0.048** (2.012) 
Ln(Assetsi,t-1) 0.221*** (11.210) 0.089*** (3.069) 0.088*** (3.042) 0.220*** (11.255) 0.088*** (3.065) 0.087*** (3.034) 
Ln(Firm agei,t-1) 0.629*** (5.724) − 0.336 (− 1.567) − 0.327 (− 1.515) 0.634*** (5.775) − 0.339 (− 1.579) − 0.329 (− 1.524) 
Leveragei,t-1 − 0.041 (− 0.646) − 0.150 (− 1.504) − 0.136 (− 1.359) − 0.044 (− 0.695) − 0.154 (− 1.550) − 0.141 (− 1.405) 
Ln(PPE/#employeesi,t-1) − 0.024 (− 1.358) − 0.029 (− 1.250) − 0.028 (− 1.205) − 0.025 (− 1.403) − 0.030 (− 1.278) − 0.029 (− 1.234) 
Ln(Sales/#employeesi,t- 

1) 
− 0.049** (− 2.501) − 0.016 (− 0.581) − 0.020 (− 0.695) − 0.049** (− 2.492) − 0.016 (− 0.572) − 0.019 (− 0.687) 

ROAi,t-1  0.642*** (3.167) 0.629*** (3.072)  0.641*** (3.165) 0.627*** (3.071) 
M/Bi,t-1  0.082*** (3.133) 0.082*** (3.063)  0.082*** (3.143) 0.083*** (3.070) 
Sales growthi,t-1  0.080** (2.026) 0.081** (2.033)  0.080** (2.020) 0.080** (2.029) 
Cash/Assetsi,t-1  0.001 (0.008) 0.012 (0.114)  0.003 (0.026) 0.013 (0.126) 
Stock volatilityi,t-1   − 0.014 (− 0.108)   − 0.012 (− 0.094) 
Stock returni,t-1   0.012 (0.592)   0.011 (0.565) 
Herfindahli,t-1   3.249*** (2.704)   3.253*** (2.701) 
Herfindahl2i,t-1   − 6.569** (− 2.208)   − 6.567** (− 2.203) 
Firm fixed effect YES YES YES YES YES YES 
Year fixed effect YES YES YES YES YES YES 
Industry fixed effect YES YES YES YES YES YES 
Province fixed effect YES YES YES YES YES YES 
Observations 13,002 9847 9827 13,002 9847 9827 
R-squared 0.728 0.770 0.771 0.728 0.770 0.771 

This table presents the firm fixed-effects model’s results; the dependent variable is Ln(1 + Patentall_grant) and the test variables are TMQ_Score and 
TMQ_High. The t-statistics in brackets are based on robust standard errors. *, **, and *** indicate significance at the 0.10, 0.05, and 0.01 levels (two- 
tailed), respectively. All variables are as defined in Table 1. 

3 A dynamic model accounting for yit-1 on the RHS (system- or difference-generalized method of moments-type model) can be an alternative to 
addressing potential endogeneity issue. Hence, this study did not proceed further with a dynamic model. 
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significant. This implies that reverse causality is less of a problem in this study. 

5.2. Firm fixed-effects model 

Problems may also arise from omitted variables due to time-invariant, firm-specific characteristics. Thus, we re-estimate the 
regression in model (1) using the firm fixed-effects model, with Ln(1 + Patentall_grant) as the dependent variable. The results suggest 
that the estimated coefficients of the TMQ_Score and TMQ_High variables are significantly positive at the 10% level (Table 8). Thus, the 
top management quality’s positive impact on corporate innovation does not appear to be driven by time-invariant, firm-specific 
characteristics. 

5.3. The instrumental variable approach 

This subsection applies an instrumental variable approach to further address possible endogeneity issues. We attempt to identify 
two instrumental variables that correlate with top management quality but are unrelated to innovation output. One instrumental 
variable is defined as the logarithm of one plus the number of mergers and acquisitions in the firm’s industry in the last two years, or Ln 
(1 + M&A_Num), as the firm’s mergers and acquisitions typically imply that turnover occurs among the firm’s top management teams. 
High-quality top management teams are more likely to be hired, and thus, the firm can be not acquired. Alternatively, the number of 
mergers and acquisitions does not relate to the firm’s innovation if the firm is not involved in such activities. Another instrumental 
variable is defined as the average TMQ_Score across all other firms in the same industry. Generally, the firm’s hiring activity as it 
pertains to top management teams will be affected by other firms’ activities in the same industry; other firms’ top management hiring 
will have little effect on the firm’s innovation activity and performance. In summary, the two instrumental variables could be theo-
retically suitable for this research. 

Table 9 presents the instrumental variable regression results, with column 1 reporting the first-stage regression results. The co-
efficients for Ln(1 + M&A_Num) and TMQ_ScoreOther are both positively and significantly associated with TMQ_Score. The instru-
mental variables also pass the relevance test, as the F-statistic from the joint test of excluded instruments is 114.19 and statistically 
significant at both the 10% and 1% levels. Columns 2 to 4 of Table 9 show the second-stage regression results. The TMQ_Score reveals 
significant positive effects on the firm’s patents obtained (measured as either total patents, invention patents, or non-invention pat-
ents) with the coefficients being 0.304, 0.070, 0.303, respectively. 

We also re-run the two-stage least-squares model using the limited information maximum likelihood (LIML) method and the 
generalized method of moments. We found that both the corresponding coefficient magnitude and its statistical significance are 
similar. To conserve space, regression results are not reported. Generally, our results per se are unaffected by these two alternative 

Table 9 
Instrumental variable approach.  

Variables 1st Stage 2nd Stage 

TMQ_Scorei,t-1 Ln (1 + Patentall_granti,t) Ln (1 + Patentinv_granti,t) Ln (1 + Patentade_granti,t) 

(1) (2) (3) (4) 

TMQ_Scorei,t-1 N/A 0.304*** (7.406) 0.070** (2.368) 0.303*** (7.693) 
Ln(1 + M&A_Numi,t-1) 0.097* (1.66) N/A N/A N/A 
TMQ_ScoreOtheri,t-1 0.861*** (15.04) N/A N/A N/A 
Ln(Assetsi,t-1) − 0.416*** (− 7.43) 0.149*** (3.814) − 0.023 (− 0.835) 0.191*** (5.062) 
Ln(Firm agei,t-1) 1.606*** (7.89) − 0.741*** (− 5.375) − 1.334*** (− 13.497) − 0.261** (− 1.969) 
Leveragei,t-1 − 0.000 (− 0.00) 0.052 (0.408) − 0.022 (− 0.237) 0.130 (1.063) 
Ln(PPE/#employeesi,t-1) 0.009 (0.17) − 0.059* (− 1.812) − 0.052** (− 2.246) − 0.036 (− 1.141) 
Ln(Sales/#employeesi,t-1) − 0.046 (− 0.81) 0.023 (0.661) 0.064** (2.565) − 0.000 (− 0.013) 
ROAi,t-1 − 1.648*** (− 3.82) 1.259*** (4.596) 0.433** (2.203) 1.193*** (4.533) 
M/Bi,t-1 − 0.094** (− 2.09) 0.070** (2.529) − 0.055*** (− 2.779) 0.083*** (3.151) 
Sales growthi,t-1 0.014 (0.17) 0.056 (1.103) 0.071** (1.962) 0.029 (0.604) 
Cash/Assetsi,t-1 − 0.385 (− 1.50) 0.538*** (3.383) 0.536*** (4.700) 0.465*** (3.042) 
Stock volatilityi,t-1 − 0.173 (− 0.90) 0.065 (0.544) − 0.054 (− 0.631) 0.061 (0.530) 
Stock returni,t-1 − 0.052 (− 1.55) − 0.044** (− 2.128) − 0.092*** (− 6.167) − 0.016 (− 0.798) 
Herfindahli,t-1 0.100 (0.05) 5.715*** (4.238) 5.105*** (5.281) 4.685*** (3.616) 
Herfindahl2i,t-1 4.263 (0.83) − 14.129*** (− 4.456) − 12.544*** (− 5.520) − 12.046*** (− 3.954) 
Year fixed effect YES YES YES YES 
Industry fixed effect YES YES YES YES 
Province fixed effect YES YES YES YES 
Joint test of excluded instruments F (2,6686) = 114.19 N/A N/A N/A 
Sargan over-identification test (P value)  2.812 (0.094) 2.011 (0.129) 1.070 (0.301) 
Observations 8029 8029 8029 8029 

Column 1 reports the estimates of the first-stage regression and columns 2 to 4 report the estimates of the second-stage regressions using the two-stage 
least-squares model. Other variable definitions are as presented in Table 1. The t-statistics in parentheses are calculated from the Huber-White- 
Sandwich heteroskedastic-consistent errors, which are also corrected for their correlation across observations for a given firm. ***, **, and * 
denote significance at the 1%, 5%, and 10% levels, respectively. 
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methods. 

5.4. The PSM procedure 

Our final strategy addresses the potential endogeneity that may arise from our sample selection. Specifically, we compare firms 
with higher top management quality (treatment firms) to a sample with lower top management quality (control firms), matched based 
on propensity scores. This procedure allows us to more clearly attribute any observed effects to the appointment of managers with 
invention experience. 

We identify the propensity-score matched control sample by first estimating a probit model using the full sample, then calculating a 
propensity score for each firm. For each treatment firm, we select one control firm with the closest propensity score, and these firms 
constitute the propensity-score matched control sample. To ensure that the matching is satisfactory, we evaluate the covariate balance 
by testing whether the covariates’ means and medians differ between the treatment and matched control firms. Panel A in Table 10 
displays the results, with no significant differences in the means of any covariates; thus, the propensity-score matched control sample 
resembles the treatment firms along virtually all dimensions. Panel B in Table 10 indicates that the coefficients for TMQ_High are both 

Table 10 
The PSM procedure.  

Panel A: The results of covariate balance checks. 

Variable Unmatched Mean % bias % reduct t-test V(Tre)/ V(Con) 

Matched Treated Control |bias| t p > |t| 

Ln(Assetsi,t-1) U 7.7927 7.8049 − 1.1  − 0.54 0.589 1.23* 
M 7.7948 7.7466 4.3 − 297.4 2.16 0.031 1.25* 

Ln(Firm agei,t-1) U 2.7333 2.7109 7.3  3.64 0.000 1.04 
M 2.7331 2.7222 3.6 51.2 1.75 0.080 0.97 

Leveragei,t-1 U 0.4411 0.4154 11.8  5.85 0.000 1.06* 
M 0.4403 0.4285 5.5 53.7 2.69 0.007 0.99 

Ln(PPE/#employeesi,t-1) U 5.4553 5.4907 − 4.1  − 2.01 0.044 0.94* 
M 5.4561 5.4544 0.2 95.1 0.10 0.923 0.89* 

Ln(Sales/#employeesi,t-1) U 6.5539 6.5403 1.7  0.86 0.391 1.03 
M 6.5542 6.5456 1.1 37.3 0.54 0.592 1.00 

ROAi,t-1 U 0.0480 0.0520 − 7.3  − 3.61 0.000 1.27* 
M 0.0483 0.048 0.5 93.2 0.24 0.814 1.04 

M/Bi,t-1 U 0.8064 0.8409 − 5.0  − 2.49 0.013 0.96 
M 0.8070 0.7758 4.5 9.5 2.40 0.016 1.25* 

Sales growthi,t-1 U 0.2324 0.2395 − 2.9  − 1.45 0.148 0.93* 
M 0.2324 0.2347 − 0.9 68.2 − 0.47 0.641 0.97 

Cash/Assetsi,t-1 U 0.1875 0.1914 − 2.5  − 1.25 0.213 0.87* 
M 0.1876 0.1961 − 5.4 − 116.7 − 2.66 0.008 0.81* 

Stock volatilityi,t-1 U 0.4661 0.4703 − 3.2  − 1.60 0.109 0.96 
M 0.4662 0.4682 − 1.6 51.9 − 0.78 0.434 1.02 

Stock returni,t-1 U 0.5572 0.5693 − 1.8  − 0.89 0.373 0.89* 
M 0.5571 0.5534 0.5 69.7 0.28 0.781 0.97 

Herfindahli,t-1 U 0.0817 0.0838 − 3.1  − 1.55 0.122 0.94* 
M 0.0817 0.0793 3.5 − 10.8 1.74 0.082 0.98 

Herfindahl2i,t-1 U 0.0110 0.0116 − 3.0  − 1.49 0.136 0.90* 
M 0.0110 0.0107 1.4 53.4 0.70 0.481 0.93*   

Panel B: The regression results using PSM procedure. 

Dependent variable: Ln(1 + Patentall_grant).  

One to One Neighbors Caliper Radius Kernel Local Linear Spline Mahalanobis 

Unmatched 0.153*** 
(5.07) 

0.153*** 
(5.07) 

0.153*** 
(5.07) 

0.153*** 
(5.07) 

0.153*** 
(5.07) 

0.153*** 
(5.07) 

0.153*** 
(5.07) 

0.153*** 
(5.07) 

ATT 0.243*** 
(5.70) 

0.222*** 
(6.41) 

0.222*** 
(6.03) 

0.209*** 
(7.43) 

0.202*** 
(6.55) 

0.235*** 
(9.51) 

0.211*** 
(7.39) 

0.161*** 
(6.21) 

ATU 0.097** 
(2.10) 

0.157*** 
(4.35) 

0.157*** 
(4.53) 

0.174*** 
(6.59) 

0.181*** 
(6.29) 

0.145*** 
(5.63) 

0.171*** 
(5.64) 

0.156*** 
(5.74) 

ATE 0.171*** 
(4.87) 

0.190*** 
(6.30) 

0.190*** 
(6.36) 

0.192*** 
(7.46) 

0.192*** 
(6.71) 

0.190*** 
(8.22) 

0.191*** 
(6.73) 

0.158*** 
(6.53) 

Observations 9827 9827 9827 9827 9827 9827 9827 9827 

This table reports the PSM procedure’s regression results. Panel A reports the results of the covariate balance checks on the mean difference in the 
covariates used in the probit model between the treatment and control firms, matched with the PSM approach. Panel B reports the results from the 
one-to-one, neighbors, caliper, radius, kernel, local linear, spline, and Mahalanobis matching methods. The dependent variable is Ln(1 + Patent-
all_grant). The t-statistics in brackets are based on robust standard errors. *, **, and *** indicate significance at the 0.10, 0.05, and 0.01 levels (two- 
tailed), respectively. All variables are as defined in Table 1. 
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Table 11 
Tolerance for failure perspective.  

Variables Ln(1 + Patentall_granti,t) 

(1) (2) (3) (4) 

Ln(Otherfirm_Numi,t-1) − 0.004 (− 0.144) − 0.006 (− 0.208) − 0.009 (− 0.293) − 0.023 (− 0.711) 
TMQ_Scorei,t-1 0.040*** (6.811) 0.019 (1.345)   
Ln(Otherfirm_Numi,t-1) × TMQ_Scorei,t-1  0.011* (1.678)   
TMQ_Highi,t-1   0.131*** (5.237) 0.077 (1.314) 
Ln(Otherfirm_Numi,t-1) × TMQ_Highi,t-1    0.030 (1.030) 
Ln(Assetsi,t-1) 0.429*** (23.083) 0.428*** (23.059) 0.431*** (23.143) 0.430*** (23.105) 
Ln(Firm agei,t-1) − 0.304*** (− 6.156) − 0.306*** (− 6.188) − 0.307*** (− 6.215) − 0.308*** (− 6.228) 
Leveragei,t-1 − 0.388*** (− 4.842) − 0.389*** (− 4.857) − 0.379*** (− 4.727) − 0.379*** (− 4.723) 
Ln(PPE/#employeesi,t-1) − 0.156*** (− 7.807) − 0.156*** (− 7.793) − 0.159*** (− 7.964) − 0.159*** (− 7.968) 
Ln(Sales/#employeesi,t-1) − 0.060*** (− 2.703) − 0.061*** (− 2.740) − 0.058*** (− 2.591) − 0.058*** (− 2.604) 
ROAi,t-1 1.297*** (5.416) 1.303*** (5.443) 1.273*** (5.327) 1.273*** (5.327) 
M/Bi,t-1 − 0.027 (− 0.823) − 0.028 (− 0.843) − 0.033 (− 0.995) − 0.033 (− 1.007) 
Sales growthi,t-1 0.084 (1.586) 0.085 (1.605) 0.080 (1.510) 0.080 (1.512) 
Cash/Assetsi,t-1 0.370*** (3.633) 0.364*** (3.577) 0.363*** (3.562) 0.358*** (3.521) 
Stock volatilityi,t-1 − 0.649*** (− 4.493) − 0.640*** (− 4.432) − 0.657*** (− 4.550) − 0.653*** (− 4.522) 
Stock returni,t-1 0.025 (0.931) 0.024 (0.893) 0.024 (0.894) 0.023 (0.856) 
Herfindahli,t-1 3.316** (2.047) 3.346** (2.062) 3.325** (2.038) 3.320** (2.035) 
Herfindahl2i,t-1 − 9.478** (− 2.513) − 9.578** (− 2.535) − 9.543** (− 2.519) − 9.539** (− 2.517) 
Year fixed effect YES YES YES YES 
Industry fixed effect YES YES YES YES 
Province fixed effect YES YES YES YES 
Observations 9827 9827 9827 9827 
R-squared 0.324 0.325 0.323 0.323 

The dependent variable is Ln(1 + Patentall_grant). The t-statistics in brackets are based on robust standard errors. *, **, and *** indicate significance at 
the 0.10, 0.05, and 0.01 levels (two-tailed), respectively. All variables are as defined in Table 1. 

Table 12 
The easing of financial constraints.  

Variables Ln(1 + Patentall_granti,t) 

(1) (2) (3) (4) 

Financial Constraintsi,t-1 0.665*** (5.334) 0.619*** (4.909) 0.740*** (5.934) 0.664*** (5.031) 
TMQ_Scorei,t-1 0.052*** (13.068) 0.330*** (4.741)   
Financial Constraintsi,t-1 × TMQ_Scorei,t-1  0.075*** (4.070)   
TMQ_Highi,t-1   0.175*** (10.871) 0.690** (2.392) 
Financial Constraintsi,t-1 × TMQ_Highi,t-1    0.140* (1.805) 
Ln(Assetsi,t-1) 0.283*** (19.604) 0.283*** (19.594) 0.289*** (19.961) 0.290*** (19.992) 
Ln(Firm agei,t-1) 0.216*** (2.655) 0.195** (2.383) 0.256*** (3.151) 0.252*** (3.096) 
Leveragei,t-1 − 0.280*** (− 5.703) − 0.278*** (− 5.646) − 0.271*** (− 5.492) − 0.270*** (− 5.463) 
Ln(PPE/#employeesi,t-1) − 0.066*** (− 5.240) − 0.067*** (− 5.290) − 0.071*** (− 5.565) − 0.071*** (− 5.582) 
Ln(Sales/#employeesi,t-1) 0.018 (1.330) 0.017 (1.229) 0.022 (1.583) 0.021 (1.574) 
ROAi,t-1 0.513*** (3.390) 0.510*** (3.359) 0.487*** (3.218) 0.484*** (3.195) 
M/Bi,t-1 − 0.100*** (− 4.832) − 0.101*** (− 4.874) − 0.108*** (− 5.196) − 0.108*** (− 5.216) 
Sales growthi,t-1 0.030 (0.889) 0.030 (0.873) 0.024 (0.722) 0.024 (0.717) 
Cash/Assetsi,t-1 − 0.050 (− 0.745) − 0.035 (− 0.523) − 0.062 (− 0.925) − 0.058 (− 0.857) 
Stock volatilityi,t-1 − 0.419*** (− 4.826) − 0.407*** (− 4.675) − 0.427*** (− 4.918) − 0.421*** (− 4.841) 
Stock returni,t-1 − 0.019 (− 1.064) − 0.018 (− 1.049) − 0.020 (− 1.155) − 0.020 (− 1.160) 
Herfindahli,t-1 4.659*** (4.802) 4.596*** (4.748) 4.696*** (4.774) 4.702*** (4.776) 
Herfindahl2i,t-1 − 9.714*** (− 4.207) − 9.460*** (− 4.103) − 9.882*** (− 4.234) − 9.892*** (− 4.233) 
Year fixed effect YES YES YES YES 
Industry fixed effect YES YES YES YES 
Province fixed effect YES YES YES YES 
Observations 9827 9827 9827 9827 
R-squared 0.294 0.296 0.288 0.288 

The dependent variable is Ln(1 + Patentall_grant). The t-statistics in brackets are based on robust standard errors. *, **, and *** indicate significance at 
the 0.10, 0.05, and 0.01 levels (two-tailed), respectively. All variables are as defined in Table 1. 
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significantly positive at the 1% level, implying that top management quality positively affects corporate innovation. 

6. Possible mechanisms and further analysis 

This section first examines mechanisms from various theoretical perspectives, as previously mentioned in Section 2: namely, the 
tolerance for failure, financial constraints, and the high-quality inventor identification perspectives.4 We then conduct further analyses 
given these perspectives. 

6.1. Mechanism 

6.1.1. Tolerance for failure 
According to Kedia and Rajgopal (2009), managers’ external options depend on the tightness in the local labor market. As demand 

for workers increases, managers—and especially those with higher human capital—will have more opportunities to gain outside job 
opportunities from other firms than their lower-quality management peers if a few firms operate in the same region and industry. We 
use the number of other firms in the firm’s industry and in the same locale to measure the level of outside job opportunities. We add 
other variables, or the number of other firms and the interaction term, to the baseline model. After re-running the model, we find 
consistency with our hypotheses, in that the coefficient for the interaction term is positive and significant. This indicates a stronger 
relationship between innovation and the firm’s top management quality in the sample of firms that operate within a location and 
industry with multiple firms (Table 11). 

6.1.2. The easing of financial constraints 
Innovation projects are typically associated with higher failure and risks, and require significant investments. Financial constraints 

are the main obstacles that hinder corporate innovation. A firm’s top managers can build reputational capital over the course of their 
careers; this is important, as it is likely to affect their prospects of joining other firms in the future as well as their future compensation. 
Thus, more reputable top managers are more likely to convey credible information about their firms to the financial markets. The firms 
they manage are likely to face less extensive information asymmetry in the financial markets, and therefore, can more easily access the 
equity market. Compared with lower-quality top management teams, higher-quality managers possess more resources outside their 
firms. Table 12 supports the previously mentioned hypothesis, in that higher top management quality spurs innovation by reducing 
corporate financial constraints. 

6.1.3. Hiring more higher-quality inventors 
As inventors are the primary players in innovation activities, providing incentives for higher-quality inventors is both necessary 

Table 13 
Hiring more higher-quality inventors.  

Variables Ln(1 + Inventor_Numi,t) Ln(1 + PatMean_Peri,t) 

(1) (2) (3) (4) 

TMQ_Scorei,t-1 0.135*** (18.991)  0.023*** (10.660)  
TMQ_Highi,t-1  0.479*** (15.684)  0.081*** (9.133) 
Ln(Assetsi,t-1) 0.725*** (34.214) 0.733*** (34.262) 0.143*** (21.177) 0.145*** (21.157) 
Ln(Firm agei,t-1) − 0.025 (− 0.436) − 0.036 (− 0.615) − 0.016 (− 0.925) − 0.018 (− 1.026) 
Leveragei,t-1 − 0.480*** (− 4.968) − 0.458*** (− 4.717) − 0.148*** (− 5.408) − 0.145*** (− 5.280) 
Ln(PPE/#employeesi,t-1) − 0.210*** (− 8.917) − 0.221*** (− 9.259) − 0.046*** (− 6.215) − 0.048*** (− 6.421) 
Ln(Sales/#employeesi,t-1) − 0.009 (− 0.351) − 0.001 (− 0.042) − 0.029*** (− 3.913) − 0.028*** (− 3.741) 
ROAi,t-1 1.445*** (4.929) 1.367*** (4.684) 0.446*** (5.624) 0.433*** (5.480) 
M/Bi,t-1 − 0.222*** (− 5.695) − 0.239*** (− 6.114) − 0.040*** (− 3.854) − 0.043*** (− 4.106) 
Sales growthi,t-1 − 0.055 (− 0.893) − 0.067 (− 1.094) 0.024 (1.309) 0.022 (1.197) 
Cash/Assetsi,t-1 − 0.039 (− 0.315) − 0.063 (− 0.501) 0.104** (2.527) 0.100** (2.428) 
Stock volatilityi,t-1 − 0.752*** (− 4.299) − 0.776*** (− 4.441) − 0.124** (− 2.459) − 0.127** (− 2.532) 
Stock returni,t-1 − 0.019 (− 0.626) − 0.023 (− 0.742) − 0.005 (− 0.637) − 0.006 (− 0.707) 
Herfindahli,t-1 1.707 (0.977) 1.798 (1.003) 0.597 (1.222) 0.612 (1.239) 
Herfindahl2i,t-1 − 3.487 (− 0.924) − 3.869 (− 0.999) − 1.057 (− 0.831) − 1.122 (− 0.875) 
Year fixed effect YES YES YES YES 
Industry fixed effect YES YES YES YES 
Province fixed effect YES YES YES YES 
Observations 9827 9827 9827 9827 
R-squared 0.310 0.300 0.191 0.187 

The dependent variables include Ln(1 + Inventor_Num) and Ln(1 + PatMean_Per). The t-statistics in brackets are based on robust standard errors. *, **, 
and *** indicate significance at the 0.10, 0.05, and 0.01 levels (two-tailed), respectively. All variables are as defined in Table 1. 

4 The upper echelon perspective indicates that the top management members’ background and prior experience can impact the firm’s innovation 
performance, which can be revealed in the baseline regression results. Thus, the first aspect is mentioned in Section 6. 
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and important to innovation. Managers with specific knowledge and abilities can identify and hire higher-quality inventors with 
potentially extensive abilities. These higher-quality top management teams are better at identifying high-quality inventors or in-
novators than low-quality management. Empirically, we discover a positive and significant association between top management 
quality and the number of inventors and patents granted per inventor (Table 13), which is less than anticipated. 

6.2. Alternative explanations 

6.2.1. Controlling for managerial overconfidence 
As previously discussed, higher-quality top management teams positively affect corporate innovation through such mechanisms as 

a higher tolerance for failure, an easing of financial constraints, and hiring of higher-quality inventors. However, such a positive effect 
may also be impaired by managerial overconfidence. We address this issue by first defining an index of management overconfidence 
following Galasso and Simcoe’s (2011) procedures. We construct a dummy variable as a proxy variable for top management over-
confidence. If managers still increase their firm shares after their stock share allow to sell, the top management overconfidence dummy 
variable equals one; if they sell their stock, the dummy variable equals zero. This indicates managers’ confidence that the firm’s stock 
price will increase in the future. We then perform a new regression based on model (1) with the index included. Panel A in Table 14 
displays the results. We find that the coefficients for management’s overconfidence are statistically insignificant, while the two test 
variables’ (TMQ_Score and TMQ_High) positive effects hold, suggesting that management overconfidence is unlikely to drive our 
findings. 

6.2.2. Controlling for managerial optimism 
Management’s optimism may be a confounding factor; we address this issue by constructing an indicator using the ratio of positive 

words in all text from our management discussion and analyses. We then add an indicator variable for managerial optimism to model 
(1). Panel B in Table 14 illustrates the regression results, which demonstrate that although management optimism has a positive, 
significant effect on corporate innovation output, the coefficients for our two tested variables remain statistically positive. Thus, 
managerial optimism is not a major concern in this study. 

6.2.3. Controlling for founder-managers 
Founder-managers tend to have a long-term perspective, an attribute that is important in spurring innovation. We exclude their 

influence by adding a dummy variable, Dummy_Founder, which equals one if top management teams have at least one founder- 
manager, and zero otherwise. This study controls the founder-manager variable to reveal that founder-managers significantly and 
positively impact corporate innovation, while top management quality’s impacts remain unchanged. Our results indicate that founder- 
managers cannot drive our main results (Panel C in Table 14). 

6.2.4. Controlling for family firms 
Family firm managers might have a longer time horizon in mind when making strategic decisions than managers of other firms, 

which could favor innovation. We further introduce a family firm dummy variable to the primary empirical model, then re-run the new 
model to obtain the detailed regression results. The results from Panel D in Table 14 indicate that family firms exhibit significantly 

Table 14 
Alternative explanations.  

Variables Ln(1 + Patentall_granti,t) Ln(1 + Patentinv_granti,t) Ln(1 + Patentade_granti,t) 

(1) (2) (3) (4) (5) (6) 

Panel A: Controlling for top management overconfidence. 
TM_ShareInci,t-1 0.031 (0.805) 0.043 (1.116) − 0.002 (− 0.083) 0.009 (0.358) 0.048 (1.256) 0.056 (1.460) 
TMQ_Scorei,t-1 0.063*** (10.359)  0.054*** (13.603)  0.039*** (6.717)  
TMQ_Highi,t-1  0.213*** (8.260)  0.181*** (11.255)  0.130*** (5.168)  

Panel B: Controlling for top management optimism. 
MD&A_Positivei,t-1 0.740*** (6.063) 0.745*** (6.090) 0.207*** (3.018) 0.211*** (3.066) 0.682*** (5.705) 0.685*** (5.723) 
TMQ_Scorei,t-1 0.067*** (10.810)  0.055*** (13.502)  0.043*** (7.190)  
TMQ_Highi,t-1  0.229*** (8.750)  0.185*** (11.211)  0.144*** (5.652)  

Panel C: Controlling for founder managers. 
Dummy_Founderi,t-1 0.429*** (12.918) 0.427*** (12.827) 0.222*** (11.052) 0.220*** (10.925) 0.348*** (10.858) 0.347*** (10.796) 
TMQ_Scorei,t-1 0.065*** (10.903)  0.055*** (13.977)  0.041*** (7.165)  
TMQ_Highi,t-1  0.222*** (8.738)  0.186*** (11.610)  0.138*** (5.559)  

Panel D: Controlling for family firms 
Family_Firmi,t-1 0.156*** (5.565) 0.139*** (4.941) 0.025 (1.455) 0.011 (0.628) 0.160*** (5.823) 0.148*** (5.395) 
TMQ_Scorei,t-1 0.067*** (11.013)  0.054*** (13.617)  0.044*** (7.473)  
TMQ_Highi,t-1  0.228*** (8.803)  0.183*** (11.247)  0.146*** (5.790) 

The dependent variables include Ln(1 + Patentall_grant), Ln(1 + Patentinv_grant), and Ln(1 + Patentade_grant). The t-statistics in brackets are based on 
robust standard errors. *, **, and *** indicate significance at the 0.10, 0.05, and 0.01 levels (two-tailed), respectively. All variables are as defined in 
Table 1. 
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better innovation performance. While the top management team’s quality still significantly and positively influences innovation, it 
cannot change this research’s primary results and conclusions. 

6.3. Further analysis 

6.3.1. High-technology firms versus other firms 
We divide this study’s sample firms into high-technology and other firms according to their industry’s R&D intensity. High- 

technology firms exhibit a higher R&D intensity and rely more on innovation than other firms. We then compare top management 
quality’s impacts on innovation in high-technology and other firms. Panel A in Table 15 demonstrates that the top management 
quality’s positive effect on innovation performance is more obvious for high-technology firms. Hence, such firms could promote 
innovation by hiring higher-quality top management teams. 

6.3.2. SOEs versus non-SOEs 
On the one hand, some studies revealed that state-owned enterprises (SOEs) may lack the incentive to implement innovation 

strategies due to their dominant market power and government and bank support, and inefficiency. On the other hand, SOEs also have 
more resources and advantages to support innovation projects than non-SOEs. Panel B in Table 15 reports the differences in top 
management quality’s effects on corporate innovation for SOEs and non-SOEs; top management quality has a larger positive impact on 
the former. The results indicate that although SOEs exhibit lower innovation performance than non-SOEs, higher-quality top man-
agement teams could reduce this disadvantage in corporate innovation performance.5 

6.3.3. Mature firms versus growing firms 
The firm’s life cycle is an important influencing factor for innovation, as firms may adjust their behaviors and patterns as time 

progresses. Growth-oriented firms face larger challenges and disadvantages, and they rely more on innovation to survive longer and 
gain long-term competitive advantage. We test for such a hypothesis by dividing our sample firms into mature and growing firms. If the 
firm has been in operation for more than 10 years, these firms are regarded as mature; otherwise, they are considered as growing firms. 
We compare the different impacts of top management quality on mature and growing firms to find that innovation performance in the 
latter relies more on top management quality than in the former (Panel C in Table 15). 

Table 15 
Further analysis.  

Panel A: High-tech firms vs. other firms. 

Variables Ln(1 + Patentall_granti,t) Ln(1 + Patentinv_granti,t) Ln(1 + Patentade_granti,t) 

(1) (2) (3) (4) (5) (6) 

Low-tech High-tech Low-tech High-tech Low-tech High-tech 

TMQ_Scorei,t-1 0.040*** (4.587) 0.061*** (6.058) 0.033*** (6.089) 0.052*** (7.347) 0.026*** (3.079) 0.034*** (3.419)   

Panel B: SOEs vs. Non-SOEs. 

Variables Ln(1 + Patentall_granti,t) Ln(1 + Patentinv_granti,t) Ln(1 + Patentade_granti,t) 

(1) (2) (3) (4) (5) (6) 

Non-SOEs SOEs Non-SOEs SOEs Non-SOEs SOEs 

TMQ_Scorei,t-1 0.048*** (5.514) 0.069*** (6.330) 0.038*** (6.926) 0.041*** (5.580) 0.032*** (3.729) 0.049*** (4.669)   

Panel C: Mature firms vs. Growth firms. 

Variables Ln(1 + Patentall_granti,t) Ln(1 + Patentinv_granti,t) Ln(1 + Patentade_granti,t) 

(1) (2) (3) (4) (5) (6) 

Growth Mature Growth Mature Growth Mature 

TMQ_Scorei,t-1 0.083*** (3.885) 0.047*** (6.813) 0.106*** (6.600) 0.036*** (7.958) 0.039* (1.835) 0.031*** (4.547) 

The dependent variables include Ln(1 + Patentall_grant), Ln(1 + Patentinv_grant), and Ln(1 + Patentade_grant). The t-statistics in brackets are based on 
robust standard errors. *, **, and *** indicate significance at the 0.10, 0.05, and 0.01 levels (two-tailed), respectively. All variables are as defined in 
Table 1. 

5 We implemented Chow’s test to check whether differences between groups of firms are statistically significant. The test statistics indicate that it 
is reasonable to divide the entire sample into two groups, although the core variable (TMQ_Score) displays the same sign. 
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7. Conclusions 

This study examined the effects of top management quality on corporate innovation using a sample of Chinese-listed firms with 
data spanning from 2001 to 2015. We discovered that higher top management quality is an important determinant of corporate 
innovation. This finding is quite robust when accounting for endogeneity and heterogeneity issues through a series of mechanism 
analyses. This study contributes to existing literature from at least two perspectives: First, it contrasts prior studies that focus only on 
top managers’ limited characteristics, such as their education or experience, in that we investigate management teams’ human capital 
and its impacts on corporate innovation. Second, we provide new evidence that managerial team characteristics are significant in 
corporate innovation. 

This study can benefit firms and governments that intend to encourage technological innovation. When firms hire higher-quality 
top management teams, their innovation performance tends to increase. One important issue in corporate governance that spurs 
innovation involves attracting such high-quality management teams. 
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