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Abstract

:

From the perspective of agency theory, family members’ involvement is negatively correlated with technological innovation. However, from the perspective of stewardship theory, it is believed that family members’ involvement is positively correlated with technological innovation. From the phenomenon mentioned above, this paper studies the influence of family members’ involvement on R&D investment and R&D output and tests the above competitive hypotheses. Based on the 2007–2016 data of A-share listed family-owned enterprises, this empirical study found that family members involved in corporate management not only save R&D investment, but they also increase R&D output. After controlling for endogeneity, the above conclusions are still valid. This study provides empirical evidence for the objective recognition of the relationship between family members’ involvement and technological innovation.
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1. Introduction


After more than 40 years of reform and opening up, China’s private economy, especially family-owned enterprises, has emerged in the global competition and has gradually become a force that cannot be ignored in China’s economic development. After China’s economy entered the “new normal”, improving the R&D capabilities of publicly listed firms has become an important way to transform the economic development model. Family-owned enterprises also have to choose a technological innovation management model. Combined with the relevant academic research, there are two patterns at present [1,2]. The first model is that family members hold shares through trust funds and no longer participate in the operation and management of the company. Professional managers are responsible for formulating the company’s competitive strategy. For example, the Watson family gradually withdrew from IBM’s board of directors in the 1970s. The second model is that family members do not give up the control of the company and participate in the strategic planning and business decision-making. According to the current materials found by the authors, family-owned enterprises in developed countries in America and Europe generally prefer the second model [1]. However, there are significant differences between China’s institutional culture and those of developed countries in America and Europe, so it is necessary to find an appropriate management model to enhance the technological competitiveness of the company.



Generally speaking, family involvement in management affects the technological innovation of family-owned enterprises [3,4]. According to the existing literature and research, the influence of family involvement on technological innovation mainly focuses on R&D investment and R&D output [5,6]. However, there is no unified conclusion on whether family members’ involvement has a positive or negative impact on technological innovation. Most studies suggest that family members’ involvement is negatively correlated with R&D investment [7,8]. However, there is no consistent view on family members’ involvement and R&D output [9,10]. In order to enrich the research gap in this field, this paper studies the relationship between family members’ involvement and technological innovation from perspective of Chinese family-owned enterprises.



The choice of a management model is closely related to the assumption of human nature [11]. If we focus on the innovation management model selection of family-owned enterprises, we may obtain research hypotheses that are the opposite of those from agency and stewardship theory. In order to test the applicability and explanatory power of the above two theories, this article conducts research from the most obvious altruistic perspective that distinguishes family-owned enterprises from nonfamily enterprises and demonstrates that family members’ involvement influences the technological innovation of family-owned enterprises.



The research results of this paper show that family members’ involvement in management not only saves R&D investment, but it also increases R&D output, which indicates that stewardship theory is supported by empirical evidence. Compared with previous studies, this study has the following contributions. Firstly, this paper deduces competitive hypothesis from agency theory and stewardship theory by analyzing how family members’ involvement affects technological innovation of family-owned enterprises, and it empirically tests applicability and explanatory power of the two theories. Secondly, how to build a lasting family business is an important issue that concerns many Chinese private enterprises. With respect to innovation model selection, this article explores a management model suitable for the technological innovation of Chinese family-owned enterprises. Finally, the research conclusions of this paper are of practical significance and enrich academic research on innovation activities of family-owned enterprises.



The article contents are arranged as follows. The first part discusses the theoretical basis and research hypotheses. The second part describes the research methods. The third part reports the empirical test results. The fourth part is the robustness test. The final part is the research summary.




2. Theoretical Basis and Research Hypotheses


2.1. Theoretical Basis


Jensen and Meckling [12] proposed agency theory in the 1970s. The establishment of a modern company system separates the ownership and management of companies, leading to the generation of agency costs. The relationship between the principal and the agent is actually a contractual relationship. Due to the weak investor protection environment in the capital market and the lack of necessary supervision of publicly listed firms, the agent will use the wealth of the principal, namely, the company’s resources, for on-the-job consumption. According to principal–principal agency theory [13], the interests of controlling family members and minority shareholders are inconsistent [14]. The controlling family members have their eyes on family’s own interests rather than the overall development of family-owned enterprises which can damage firms’ market value [15]. Such behaviors will lead to the waste of resources, such as excessive R&D investment and less R&D output.



Stewardship theory puts forward different views on the influence of family members’ involvement on technological innovation [16]. From the reference above, we found that family members are more like stewards who manage the family business, because they desire the longevity of the family business. As stewards, family members are actively responsible for the development of family business [17] and the successful succession of the next generation [18], which is beneficial for technological innovation. By analyzing the previous literature, we find that there is no certain conclusion on the theory applicable to technological innovation in family-owned enterprises.




2.2. Research Hypotheses


A family-owned enterprise is a special economic organization. The management model of family-owned enterprises is very different from that of nonfamily enterprises. At present, there are two common models [1,2]. The first model is that family members hold shares through trust funds and no longer participate in the company’s business management. Professional managers are responsible for formulating the company’s competitive strategy [2]. The second model is that family members do not give up control of the company and participate in the strategic planning and operational decisions. An appropriate management model is conducive to the construction of the core competence of family-owned enterprises. However, the management model of Chinese family-owned enterprises has the characteristics of combining “rationality” and “sensibility”. Therefore, finding a management model suitable for the technological innovation of Chinese family-owned enterprises is a practical problem that urgently needs to be solved.



A family consists of a group of relatives, including blood relatives, in-laws, and members with adoptive relationships. Kindred relationships cover a wide range of people, and family members are the main people in charge of family affairs and the sequential heirs of the property [19]. Altruism, which is an irrational behavioral preference of family members, generally exists in family-owned enterprises [20]. Under the influence of altruism, the personal interests of family members and the interests of family-owned enterprises tend to be consistent [21], reducing the agency problem between the principals and family agents [22].



Technological innovation is a long-term investment activity that requires rigorous strategic planning. In the absence of external supervision, management is prone to laziness and shirking [23] while altruism alleviates such opportunistic behaviors. Thus, family members serving as executives help to reduce agency costs [24]. In addition, Bauweraerts et al. [25] believe that a certain number of family members serving on the board of directors is conducive to the entrepreneurial development of family-owned enterprises. Therefore, the personal interests of family members and the interests of the family business are naturally consistent. Thus, family members are not willing to invest the family capital in high-risk R&D projects and tend to save R&D investment. The embeddedness of altruism reduces the supervision costs between the principals and the family agents [26] and results in higher R&D performance. Based on the above analysis, this paper proposes the following hypotheses:



Hypothesis 1a (H1a).

The involvement of family members is negatively correlated with R&D investment. The specific performances are as follows: (1) When the actual controller is related to the directors, supervisors and executives, family-owned enterprises tend to save R&D investment. (2) Compared with nonfamily members serving as CEOs, family-owned enterprises tend to save R&D investment when family members serve as CEOs. (3) As the number of family members on the board of directors increases, family-owned enterprises tend to save R&D investment.





Hypothesis 2a (H2a).

The involvement of family members is positively correlated with R&D performance. The specific performances are as follows: (1) The R&D output of family-owned enterprises is higher when the actual controller is related to the directors, supervisors, and executives. (2) Compared with nonfamily members serving as CEOs, the R&D output of family-owned enterprises is higher when family members serve as CEOs. (3) As the number of family members on the board of directors increases, the R&D output of family-owned enterprises increases.





Altruistic behavior is a double-edged sword that not only benefits the development of family-owned enterprises, but it also negatively influences the governance of family-owned enterprises. Firstly, the existence of altruistic behavior has led to a lack of supervision of family members. The assessment of the family members does not follow the prescribed salary assessment mechanism [27], which will cause the family members to lose restraint, resulting in excessive resource waste in family-owned enterprises. Secondly, there is a diversity-orderly structure in the kindred relationship of family-owned enterprises [28], which makes altruistic behavior show certain differences among different family members. Altruism is more obvious in core family members and close relatives than in distant relatives [29]. These differences caused by altruism will increase the sense of internal imbalance among family members and aggravate the internal contradictions of family-owned enterprises [30], which will have a negative impact on innovation activities. Lastly, the existence of altruistic behavior in family-owned enterprises facilitates “free-riding” behavior. Even if the family members are not competent enough, the possibility of family members being dismissed is very small. The phenomenon of cronyism further aggravates the internal contradictions of family-owned enterprises. The loose supervision mechanism of family members, the conflicts among family members and the negative behavior of cronyism will lead to excessive resource waste in family-owned enterprises. However, innovation is an enterprise activity that needs sufficient resources, and family-owned enterprises must make excessive R&D investments to compensate for the wasted resources.



When family members participate in the governance of family business, the family-owned enterprises show poor performance [31]. Furthermore, it is found that core family members are conducive to improving business performance, close relatives have a certain negative effect on business performance, and distant relatives have an uncertain impact on business performance [32]. Therefore, the founders of family enterprises tend to choose professional managers rather than the descendants of family enterprises when selecting successors. For example, Zhang Zhongmou, chairman of Taiwan Semiconductor Manufacturing Company Limited, announced his retirement in June 2018 with professional manager Liu Deyin taking over as the chairman of the company. Through the above analysis, we find that the involvement of family members in business activities is not conducive to improving the performance of publicly listed firms. However, technological innovation is an investment activity with high investment, high risk and long-term investment. Poor corporate performance is not conducive to providing capital for R&D activities, which will further lead to poor R&D performance. Based on the above analysis, this paper proposes the following hypotheses:



Hypothesis 1b (H1b).

The involvement of family members is positively correlated with R&D investment. The specific performances are as follows: (1) The R&D investment is higher when the actual controller is related to the directors, supervisors, and executives. (2) Compared with nonfamily members serving as CEOs, the R&D investment is higher when family members serve as CEOs. (3) As the number of family members on the board of directors increases, R&D investment increases.





Hypothesis 2b (H2b).

The involvement of family members is negatively correlated with R&D performance. The specific performance is as follows: (1) The R&D output of family-owned enterprises is lower when the actual controller is related to the directors, supervisors, and executives. (2) Compared with nonfamily members serving as CEOs, the R&D output of family-owned enterprises is lower when family-owned enterprise members serve as CEOs. (3) As the number of family members on the board of directors increases, the R&D output of family-owned enterprises decreases.







3. Sample Selection and Research Methods


3.1. Sample Selection


This paper uses the family-owned enterprises listed in the A-share market from 2007 to 2016 as the research object. The starting point of the sample study is 2007, which is when publicly listed firms in China began to disclose their R&D investment. This study follows the definition of family-owned enterprises by Xu et al. [33] and Jiang et al. [34], including the following aspects: (1) The control power of publicly listed firms can be attributed to a natural person or a family. (2) Natural persons or families directly or indirectly hold 20% or more of the equity of the listed company. (3) The ultimate controller is directly or indirectly the largest shareholder of the listed company. After satisfying the above conditions, we excluded the publicly listed firms that were delisted. Furthermore, we excluded the missing observation data due to lack of disclosure by publicly listed firms. The final number of sample observations was 7541. Except for the independent variables collected manually, the rest of the data came from the China Stock Market & Accounting Research database.




3.2. Definition of Variables


The measurement of family members’ involvement. We use the securities codes of the family-owned enterprises listed on the Shanghai and Shenzhen stock exchanges from 2007 to 2016. The data on the independent variables are manually obtained from the information that senior management disclosed in their prospectuses and annual reports. We use the resumes of senior executives in the Sina Finance and China Stock Market & Accounting Research databases. Following the research of Gu et al. [35] and Yan et al. [36], the independent variables in this paper are defined as follows: (1) Kindred relationship between the actual controller and directors, supervisors, or executives. (2) Whether the CEO is a family member. (3) Total number of relatives.



The measurement of technological innovation. This study follows Tian et al. [37], Zhou et al. [38] and Kong et al. [39] by using R&D investment and R&D output as proxy variables for technological innovation. R&D investment is expressed by dividing R&D expenditures by total assets. R&D output is expressed as the logarithm of the number of patent applications. The number of patent applications is the sum of the applied invention patents, utility model patents and design patents. The measurement of the control variables is shown in Table 1.




3.3. Model Design


This paper uses the data of A-share listed family-owned enterprises, and the total number of sample observations was 7541. Only 1379 samples, accounting for only 18% of the total sample, disclosed R&D investment, and 6162 samples did not disclose R&D investment. Regarding R&D output, 5393 samples, accounting for 72% of the total sample, disclosed R&D output, and 2148 samples did not disclose R&D output. There are a large number of 0 samples in the dependent variables, which do not conform to a normal distribution. A biased estimation will be generated when the least square method is used. Therefore, the tobit model was adopted in this study to conduct the regression.



The empirical test of this paper is divided into two parts: (1) The impact of family members’ involvement on R&D investment. (2) The impact of family members’ involvement on R&D output. In order to carry out the above tests, the following regression models were constructed:



innovation = α + β1*relation + Σγi * controlsi + ε1,



innovation = α + β1*fceo + Σγi * controlsi + ε2, and



innovation = α + β1*relatives + Σγi * controlsi + ε3.



Among the variables, the innovation variable is represented by R&D investment and R&D output, and the symbols are rd_ratio and patent_app, respectively. Relation indicates whether there is a kindred relationship between the actual controller and director. Fceo indicates whether the CEO comes from the actual controller’s family. Relatives indicates the total number of relatives. Among the control variables, fam_share represents the ratio of family shareholding, found_share represents the ratio of fund shareholding, size represents the firm size, age represents the firm age, roa represents the return on assets, lev represents the asset–liability ratio, tobinq represents market value, board represents board size, board_ind represents board independence, patent_expire represents the number of expired patents, index represents the urban innovation index [40], industry represents the industry dummy variable, year represents the year dummy variable, and ε represents a random disturbance term.





4. Empirical Research


4.1. Descriptive Statistics and Correlation Analysis


Table 2 shows the results of descriptive statistics for the full sample. In the dependent variable, the mean value of rd_ratio was 0.2038, indicating that the mean R&D investment per 100 yuan of assets in the sample company was 0.2038 yuan. The mean value of patent_app was 1.7767, indicating that the mean number of patent applications in sample companies was 4.91. The maximum value of patent_app was 7.2584, indicating that the maximum number of patent applications among the sample companies was 1419, which corresponded to the total number of patent applications of Joyoung (stock code 002242) in 2016. It was found that the number of patent applications of each listed company in the full sample fluctuated greatly. Among the independent variables, the mean value of the dummy variable relation was 0.3860, indicating that the samples with kindred relationships accounted for 38.6% of the total sample. The mean value of the dummy variable fceo was 0.2705, indicating that the sample of publicly listed firms with family members as CEOs accounted for 27.05% of the total sample. The mean of the variable relatives was 0.4647, indicating that the mean number of family members on the board of directors of the sample companies was 0.60. The maximum value of relatives was 1.9459, indicating that the maximum number of family members on the board of directors of a sample company was 6. According to information disclosed by the publicly listed firms, both SF Diamond (stock code 300179) and XingMin ITS (stock code 002355) have six family members serving on their respective board of directors.



Table 3 reports the correlation coefficients between independent variables and control variables. From the results in Table 3, it can be concluded that there is a certain correlation among the independent variables, which may cause the problem of multicollinearity. However, the three independent variables in this study are in different regression models; thus, multicollinearity has no effect on this study.




4.2. Regression Results


Table 4 reports the regression results. The results of column 1 to column 3 show the impact of family members’ involvement on rd_ratio. In column 1, the regression coefficient is −0.4011 and significant at the 1% level, indicating that the R&D investment is lower when there is a kindred relationship between the actual controller and director, supervisor or senior executives. In column 2, the regression coefficient is negative and significant at the 1% level (coefficient = −0.4448, p < 0.01), which shows that compared with non-family members serving as CEO, the R&D investment is lower when family members serve as CEO. In column 3, the regression coefficient is −0.3654 and significant at the 1% level. The result suggests that with the increase in the number of family members on the board of directors, the R&D investment decreases. In total, the three independent variables are all negatively related to rd_ratio, indicating that the involvement of family members will save R&D investment.



The results of column 4 to column 6 show the impact of family members’ involvement on patent_app. In column 4, the regression coefficient is 0.2858 and significant at the 1% level, indicating that the amount of patent_app is higher when there is a kindred relationship between the actual controller and director, supervisor, or senior executives. In column 5, the regression coefficient is positive and significant at the 1% level (coefficient = 0.1499, p < 0.01), which shows that compared with non-family members serving as CEO, the amount of patent_app is higher when family members serve as CEO. In column 6, the regression coefficient is 0.2210 and significant at the 1% level. The result suggests that with the increase in the number of family members on board of directors, the amount of patent_app increases. In total, the three independent variables are all positively related to patent_app, indicating that the involvement of family members will improve the amount of patent_app. The above research results indicate that family members’ involvement not only saves R&D investment, but it also increases R&D output.



Based on the discussion of the theory in this paper, we find that family members’ involvement in the management of a company not only strengthens the effective supervision of the company, but it also improves the operating efficiency of the company. Regarding technological innovation, under the influence of altruism, the agency costs within the family business are reduced, and the involvement of family members saves R&D investment and improves R&D performance [6]. The research results of this paper are consistent with stewardship theory. Therefore, the R&D activities of family-owned enterprises are more supportive of stewardship theory.



Finally, the regression results of the control variables show that the ratio of family shareholding is negatively correlated with R&D investment and positively correlated with R&D output, indicating that family shareholding not only has a supervisory role for technological innovation, but it also has an incentive effect. The ratio of fund shareholding is not only positively correlated with R&D investment, but it is also positively correlated with R&D output, indicating that institutional investors only play an incentive role in technological innovation. This is consistent with the conclusion of Aghion [41]. Firm age has a negative relationship with R&D investment and R&D output, indicating that R&D capability declines with the age of enterprises. Board size is negatively correlated with R&D investment and positively correlated with R&D output, which is consistent with the prediction of stewardship theory. However, the relationship between board independence and technological innovation is not significant, which shows that independent directors in Chinese family-owned enterprises do not play a supervisory role in technological innovation. In the study of United States publicly listed firms, board independence has a positive impact on technological innovation [42]. The results show that expired patents have no impact on technological innovation, but the accumulated R&D experience of expired patents has a favorable impact on R&D output. The urban innovation index is positively correlated with technological innovation, indicating that the external environment will affect R&D activities, and subsequent research should focus on this finding.



In conclusion, it can be seen that the involvement of family members significantly saves R&D investment and improves R&D output. Therefore, it can be concluded from the above empirical results that hypotheses H1a and H2a are verified, and the corresponding hypotheses H1b and H2b are rejected. This indicates that the research results of this paper support stewardship theory in the technological innovation activities of family-owned enterprises.





5. Robustness Test


In this paper, the following three aspects were tested for robustness. Firstly, considering the possible measurement error of the independent variable and dependent variable, the variable substitution method was selected for the robustness test. Secondly, the number of patent applications is an integer. In order to ensure the unbiasedness of the research results, the Poisson model was used to conduct a further regression. Finally, we tested the endogeneity and sample selectivity biases.



5.1. Tests for Measurement Error


Firstly, the number of relatives is represented by the number of family directors divided by the total number of board members, which is denoted as relatives_ratio. Secondly, R&D investment is represented by development expenditures divided by operating income, which is denoted as rd_ratio_income. R&D output is represented by the number of patents authorized, which is denoted as patent_aut. The number of patents authorized is the sum of the numbers of authorized invention patents, authorized utility model patents and authorized design patents. Finally, the descriptive statistics show that the minimum number of patent applications is 0 and the maximum number is 1419, which indicates that the number of patent applications in sample companies is relatively discrete. Besides the tobit model, this paper also uses the Poisson model to conduct a regression.



Table 5 reports the results of the robustness tests of the independent variables, Table 6 reports the results of the robustness test of the dependent variables, and Table 7 reports the results of the Poisson regression robustness test. The results of the above robustness tests are consistent with the previous research results, indicating that the research conclusions of this paper are reliable.




5.2. Endogeneity Test


In order to exclude the influence of sample self-selection bias on the empirical results, this paper adopts the propensity score matching method to conduct an endogeneity test. Family-owned enterprises without kindred relationships are screened out, but they are similar to those with kindred relationships. Propensity score matching is divided into two steps: (1) Use a logit model to determine whether the kindred relationship has an impact on R&D investment. (2) Apply the nearest neighbor matching method to conduct one-to-one sample matching within the range of 0.05. (3) The above operation is repeated to verify whether the kindred relationship has an impact on R&D output. After using the self-service method to complete the above operations, the test results in Table 8 show that the average treatment effect of the treatment group in R&D investment is statistically significant at the 5% level, and the average treatment effect of the treatment group on R&D output is statistically significant at the 1% level. This indicates that the research conclusions of this paper are still valid after considering the endogeneity.



In order to further exclude the possible endogeneity in this paper, the two-stage least squares method is used for further testing. The instrumental variables are the number of relatives with one lag and two lags, respectively. It can be seen from the regression coefficient in Table 9 that family members’ involvement in family-owned enterprises not only saves R&D investment, but it also increases R&D output. Therefore, the regression results of the two-stage least squares method are still robust, which can basically exclude the influence of endogeneity on the conclusions of this paper.





6. Research Conclusions


This paper focused on how family members’ involvement in family-owned enterprises affects technological innovation. Based on a review of the relevant literature, the author found that agency theory and stewardship theory make opposite inferences when explaining the relationship between family members’ involvement and technological innovation. Therefore, this paper tested the explanatory abilities of the above two theories by constructing competitive hypotheses and provided valuable suggestions for enhancing the technological innovation ability of Chinese family-owned enterprises. The empirical research results show that the involvement of family members not only saves R&D investment, but it also increases R&D output, which is consistent with the results predicted by stewardship theory. Therefore, this study believes that the stewardship theory can better explain the R&D activities of family-owned enterprises, which is of great significance for promoting the theoretical research gap of technological innovation. In order to ensure that the regression results were robust, this paper eliminated the influence of measurement errors by substituting independent variables and dependent variables and used propensity score matching to eliminate self-selection problems. The two-stage least squares method was used to conduct another regression, and similar empirical results were obtained. Therefore, this article believes that the involvement of family members has a positive impact on technological innovation.



The enlightenment of the above research conclusions on the technological innovation of family-owned enterprises is mainly reflected in the following aspects. Firstly, this paper gives a preliminary answer to the technological innovation model selection problem in family-owned enterprises. As is well known, family-owned enterprises are faced with financing constraints and resource bottlenecks. It is necessary to choose an appropriate management model to enhance one’s technological innovation ability. Secondly, the empirical results of this paper show that professional managers may have problems such as wasting resources and neglecting responsibilities. Therefore, family members’ involvement is conducive to improving R&D performance and reducing unnecessary resource waste.



Finally, several limitations should be mentioned. Firstly, we only used R&D investment and R&D output to measure technological innovation, and could not capture the citation rate of patents. Thus, future researchers might take the patent citation rate as one of dependent variables. Secondly, the research results indicated that family members’ involvement saves R&D investment and increases R&D output. However, this manuscript did not control R&D investment before the regression of R&D output. We encourage future researchers to study whether family members’ involvement increase conversion rate of technological innovation under the premise of controlling R&D investment. Thirdly, this paper only studied the influence of family member involvement on technological innovation, and did not study the influence mechanism between them. Future studies should focus on how family members’ involvement affects technological innovation.
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Table 1. Variables.






Table 1. Variables.










	Symbol
	Variable
	Definition





	Dependent variables
	
	



	rd_ratio
	R&D investment
	R&D expenditures divided by total assets * 100



	patent_app
	R&D output
	The logarithm of the sum of the applied invention patents, utility model patents and design patents



	Independent variables
	
	



	relation
	Kindred relationship between actual controller and directors, supervisors, or executives
	If there is a kindred relationship between the actual controller and director, supervisor, or senior executives, then we mark it as 1, otherwise we mark it as 0



	fceo
	Whether the CEO is a family member
	If the CEO comes from the actual controller’s family, then we mark it as 1, otherwise we mark it as 0



	relatives
	Total number of relatives
	Add 1 to the number of board members related to the actual controller, and then take a logarithm of it



	Control variables
	
	



	fam_share
	Ratio of family shareholding
	Number of family shareholding divided by the total share capital



	found_share
	Ratio of fund shareholding
	Number of fund holdings divided by total share capital



	size
	Firm size
	The logarithm of total assets at the end of the year



	age
	Firm age
	Add 1 to the difference between the observation year and the establishment year of the enterprises, and then take a logarithm of it



	roa
	Return on assets
	Earnings before interest and tax divided by total assets



	lev
	Asset–liability ratio
	Total liabilities divided by total assets



	tobinq
	Tobin’s Q ratio
	Market value divided by replacement cost



	board
	Board size
	The logarithm of the total number of board members



	board_ind
	Board independence
	The number of independent directors divided by the total number of board members



	patent_expire
	Expired patent
	The logarithm of the difference between the number of patent applications terminated and the number of patents that have been authorized to terminate by the current year



	index
	Urban innovation index
	The matching between registered address of publicly listed firms and urban innovation index



	industry
	Industry variables
	Industry dummy variables



	year
	Year variables
	Year dummy variables
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Table 2. Descriptive statistics.






Table 2. Descriptive statistics.





	Variables
	Observations
	Mean
	SD
	Min
	Max





	rd_ratio
	7541
	0.2038
	0.8474
	0.0000
	23.2558



	patent_app
	7541
	1.7767
	1.4757
	0.0000
	7.2584



	success_ratio
	7541
	0.6181
	0.3862
	0.0000
	1.0000



	relation
	7541
	0.3860
	0.4869
	0.0000
	1.0000



	fceo
	7541
	0.2705
	0.4443
	0.0000
	1.0000



	relatives
	7541
	0.4647
	0.6068
	0.0000
	1.9459



	fam_share
	7541
	0.3957
	0.1298
	0.2000
	0.8649



	fund_share
	7541
	0.0400
	0.0585
	0.0000
	0.5129



	tobinq
	7541
	3.3819
	2.4078
	0.6831
	31.5647



	roa
	7541
	0.0526
	0.0507
	−0.6464
	0.4819



	lev
	7541
	0.3467
	0.1970
	0.0075
	1.5672



	size
	7541
	21.4641
	0.9824
	18.2194
	26.2443



	age
	7541
	2.4780
	0.4731
	0.0000
	3.6109



	board
	7541
	2.1015
	0.1856
	1.3863
	2.8904



	board_ind
	7541
	0.3755
	0.0541
	0.2000
	0.6667



	patent_expire
	7541
	0.6076
	1.0585
	0.0000
	5.8999



	index
	7541
	130.4392
	218.0992
	0.0100
	1061.3700
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Table 3. Pearson correlations.






Table 3. Pearson correlations.






















	
	Relation
	Fceo
	Relatives
	Fam_Share
	Fund_Share
	Tobinq
	Roa
	Lev
	Size
	Age
	Board
	Board_Ind
	Patent_Expire
	Index





	relation
	1
	
	
	
	
	
	
	
	
	
	
	
	
	



	fceo
	0.740 ***
	1
	
	
	
	
	
	
	
	
	
	
	
	



	relatives
	0.955 ***
	0.727 ***
	1
	
	
	
	
	
	
	
	
	
	
	



	fam_share
	0.159 ***
	0.142 ***
	0.172 ***
	1
	
	
	
	
	
	
	
	
	
	



	fund_share
	−0.045 ***
	−0.033 ***
	−0.048 ***
	−0.101 ***
	1
	
	
	
	
	
	
	
	
	



	tobinq
	−0.025 **
	−0.007
	−0.030 ***
	0.032 ***
	0.161 ***
	1
	
	
	
	
	
	
	
	



	roa
	0.012
	0.016
	0.002
	0.131 ***
	0.242 ***
	0.313 ***
	1
	
	
	
	
	
	
	



	lev
	−0.116 ***
	−0.109 ***
	−0.116 ***
	−0.050 ***
	0.01
	−0.295 ***
	−0.338 ***
	1
	
	
	
	
	
	



	size
	−0.062 ***
	−0.054 ***
	−0.054 ***
	0.025 **
	0.116 ***
	−0.346 ***
	−0.033 ***
	0.532 ***
	1
	
	
	
	
	



	age
	−0.112 ***
	−0.082 ***
	−0.108 ***
	−0.083 ***
	−0.020 *
	0.038 ***
	−0.050 ***
	0.175 ***
	0.219 ***
	1
	
	
	
	



	board
	0.004
	−0.022 *
	0.025 **
	−0.073 ***
	0.011
	−0.143 ***
	0.019
	0.110 ***
	0.155 ***
	−0.004
	1
	
	
	



	board_ind
	0.013
	0.044 ***
	−0.003
	0.064 ***
	0.028 **
	0.088 ***
	0.003
	−0.049 ***
	−0.038 ***
	0.002
	−0.603 ***
	1
	
	



	patent_expire
	0.029 **
	−0.003
	0.028 **
	−0.028 **
	0.072 ***
	−0.141 ***
	−0.028 **
	0.126 ***
	0.145 ***
	−0.025 **
	0.047 ***
	−0.033 ***
	1
	



	index
	−0.057 ***
	−0.034 ***
	−0.058 ***
	−0.027 **
	0.089 ***
	0.176 ***
	0.023 **
	−0.036 ***
	0.063 ***
	0.091 ***
	−0.108 ***
	0.092 ***
	−0.056 ***
	1







Note: ***, **, and * are significant at the 1%, 5%, and 10% levels, respectively.
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Table 4. Regression results of family members’ involvement and technological innovation.






Table 4. Regression results of family members’ involvement and technological innovation.





	

	
(1)

	
(2)

	
(3)

	
(4)

	
(5)

	
(6)




	

	
Rd_Ratio

	
Rd_Ratio

	
Rd_Ratio

	
Patent_App

	
Patent_App

	
Patent_App






	
relation

	
−0.4011 ***

	

	

	
0.2858 ***

	

	




	

	
(−4.68)

	

	

	
(7.08)

	

	




	
fceo

	

	
−0.4448 ***

	

	

	
0.1499 ***

	




	

	

	
(−4.68)

	

	

	
(3.44)

	




	
relatives

	

	

	
−0.3654 ***

	

	

	
0.2210 ***




	

	

	

	
(−5.23)

	

	

	
(6.83)




	
fam_share

	
−1.4351 ***

	
−1.4624 ***

	
−1.3808 ***

	
0.4586 ***

	
0.5593 ***

	
0.4451 ***




	

	
(−4.46)

	
(−4.54)

	
(−4.28)

	
(2.91)

	
(3.55)

	
(2.82)




	
fund_share

	
4.5026 ***

	
4.5065 ***

	
4.4947 ***

	
1.4778 ***

	
1.4852 ***

	
1.4794 ***




	

	
(6.75)

	
(6.74)

	
(6.74)

	
(4.16)

	
(4.17)

	
(4.17)




	
tobinq

	
0.1529 ***

	
0.1535 ***

	
0.1532 ***

	
−0.0592 ***

	
−0.0619 ***

	
−0.0597 ***




	

	
(7.17)

	
(7.19)

	
(7.19)

	
(−4.99)

	
(−5.22)

	
(−5.04)




	
roa

	
−5.7379 ***

	
−5.7144 ***

	
−5.8147 ***

	
2.9706 ***

	
2.9520 ***

	
3.0267 ***




	

	
(−6.46)

	
(−6.43)

	
(−6.55)

	
(6.39)

	
(6.33)

	
(6.50)




	
lev

	
−1.8925 ***

	
−1.9089 ***

	
−1.9099 ***

	
−0.4665 ***

	
−0.4886 ***

	
−0.4577 ***




	

	
(−6.76)

	
(−6.80)

	
(−6.81)

	
(−3.34)

	
(−3.49)

	
(−3.28)




	
size

	
0.4988 ***

	
0.5042 ***

	
0.5044 ***

	
0.0476

	
0.0410

	
0.0445




	

	
(8.38)

	
(8.46)

	
(8.48)

	
(1.56)

	
(1.34)

	
(1.46)




	
age

	
−0.2683 ***

	
−0.2530 ***

	
−0.2746 ***

	
−0.3758 ***

	
−0.3938 ***

	
−0.3789 ***




	

	
(−2.83)

	
(−2.68)

	
(−2.90)

	
(−8.12)

	
(−8.51)

	
(−8.19)




	
board

	
−0.5258 **

	
−0.5691 **

	
−0.5083 *

	
0.4982 ***

	
0.5236 ***

	
0.4848 ***




	

	
(−1.97)

	
(−2.14)

	
(−1.91)

	
(3.67)

	
(3.85)

	
(3.57)




	
board_ind

	
0.5162

	
0.5354

	
0.5018

	
0.8014 *

	
0.8230 *

	
0.8211 *




	

	
(0.58)

	
(0.60)

	
(0.56)

	
(1.79)

	
(1.83)

	
(1.83)




	
patent_expire

	
−0.0339

	
−0.0392

	
−0.0321

	
0.5970 ***

	
0.6000 ***

	
0.5974 ***




	

	
(−0.86)

	
(−1.00)

	
(−0.82)

	
(32.17)

	
(32.24)

	
(32.18)




	
index

	
0.0017 ***

	
0.0017 ***

	
0.0017 ***

	
0.0004 ***

	
0.0003 ***

	
0.0004 ***




	

	
(9.19)

	
(9.28)

	
(9.20)

	
(3.76)

	
(3.57)

	
(3.74)




	
industry

	
control




	
year

	
control




	
_cons

	
−11.0534 ***

	
−11.1167 ***

	
−11.1903 ***

	
−2.4703 ***

	
−2.3252 ***

	
−2.3713 ***




	

	
(−7.70)

	
(−7.74)

	
(−7.80)

	
(−3.37)

	
(−3.17)

	
(−3.24)




	
pseudo R2

	
0.072

	
0.072

	
0.072

	
0.126

	
0.125

	
0.126




	
chi2

	
787.2786 ***

	
787.5989 ***

	
792.9970 ***

	
3380.1502 ***

	
3341.9518 ***

	
3376.6842 ***




	
N

	
7541

	
7541

	
7541

	
7541

	
7541

	
7541








Note: ***, **, and * are significant at the 1%, 5%, and 10% levels, respectively.
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Table 5. Robustness test of independent variables.






Table 5. Robustness test of independent variables.





	

	
(1)

	
(2)




	

	
Rd_Ratio

	
Patent_App






	
relatives_ratio

	
−1.5675 ***

	
0.7771 ***




	

	
(−5.80)

	
(6.29)




	
fam_share

	
−1.3493 ***

	
0.4577 ***




	

	
(−4.18)

	
(2.90)




	
fund_share

	
4.4739 ***

	
1.4935 ***




	

	
(6.71)

	
(4.20)




	
tobinq

	
0.1532 ***

	
−0.0599 ***




	

	
(7.18)

	
(−5.05)




	
roa

	
−5.8472 ***

	
3.0280 ***




	

	
(−6.59)

	
(6.50)




	
lev

	
−1.9163 ***

	
−0.4591 ***




	

	
(−6.84)

	
(−3.29)




	
size

	
0.5075 ***

	
0.0425




	

	
(8.53)

	
(1.40)




	
age

	
−0.2773 ***

	
−0.3828 ***




	

	
(−2.93)

	
(−8.28)




	
board

	
−0.6417 **

	
0.5715 ***




	

	
(−2.41)

	
(4.20)




	
board_ind

	
0.4973

	
0.8328 *




	

	
(0.56)

	
(1.86)




	
patent_expire

	
−0.0306

	
0.5976 ***




	

	
(−0.78)

	
(32.17)




	
index

	
0.0017 ***

	
0.0004 ***




	
industry

	
control




	
year

	
control




	

	
(9.20)

	
(3.73)




	
_cons

	
−10.9749 ***

	
−2.4961 ***




	

	
(−7.65)

	
(−3.40)




	
pseudo R2

	
0.073

	
0.126




	
chi2

	
799.8393

	
3369.5974




	
N

	
7541

	
7541








Note: ***, **, and * are significant at the 1%, 5%, and 10% levels, respectively.
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Table 6. Robustness test of dependent variables.






Table 6. Robustness test of dependent variables.





	

	
(1)

	
(2)

	
(3)

	
(4)

	
(5)

	
(6)




	

	
Rd_Ratio_Income

	
Rd_Ratio_Income

	
Rd_Ratio_Income

	
Patent_Aut

	
Patent_Aut

	
Patent_Aut






	
relation

	
−1.0503 ***

	

	

	
0.2727 ***

	

	




	

	
(−3.49)

	

	

	
(7.55)

	

	




	
fceo

	

	
−1.2038 ***

	

	

	
0.1535 ***

	




	

	

	
(−3.62)

	

	

	
(3.94)

	




	
relatives

	

	

	
−1.0320 ***

	

	

	
0.2059 ***




	

	

	

	
(−4.21)

	

	

	
(7.11)




	
fam_share

	
−4.8167 ***

	
−4.8703 ***

	
−4.6174 ***

	
0.4983 ***

	
0.5872 ***

	
0.4892 ***




	

	
(−4.25)

	
(−4.31)

	
(−4.07)

	
(3.53)

	
(4.16)

	
(3.46)




	
fund_share

	
14.0184 ***

	
14.0228 ***

	
13.9997 ***

	
0.9408 ***

	
0.9453 ***

	
0.9435 ***




	

	
(5.94)

	
(5.93)

	
(5.93)

	
(2.95)

	
(2.96)

	
(2.96)




	
tobinq

	
0.4819 ***

	
0.4833 ***

	
0.4821 ***

	
−0.0473 ***

	
−0.0498 ***

	
−0.0478 ***




	

	
(6.39)

	
(6.40)

	
(6.39)

	
(−4.50)

	
(−4.73)

	
(−4.55)




	
roa

	
−24.4657 ***

	
−24.4072 ***

	
−24.7023 ***

	
2.4909 ***

	
2.4746 ***

	
2.5407 ***




	

	
(−7.86)

	
(−7.83)

	
(−7.93)

	
(6.01)

	
(5.96)

	
(6.13)




	
lev

	
−8.6547 ***

	
−8.7057 ***

	
−8.7156 ***

	
−0.2415 *

	
−0.2627 **

	
−0.2348 *




	

	
(−8.74)

	
(−8.78)

	
(−8.80)

	
(−1.94)

	
(−2.10)

	
(−1.88)




	
size

	
1.9146 ***

	
1.9285 ***

	
1.9288 ***

	
−0.0083

	
−0.0143

	
−0.0114




	

	
(9.13)

	
(9.19)

	
(9.20)

	
(−0.31)

	
(−0.52)

	
(−0.42)




	
age

	
−0.9005 ***

	
−0.8631 ***

	
−0.9281 ***

	
−0.3479 ***

	
−0.3645 ***

	
−0.3514 ***




	

	
(−2.71)

	
(−2.60)

	
(−2.79)

	
(−8.36)

	
(−8.75)

	
(−8.45)




	
board

	
−1.8924 **

	
−2.0045 **

	
−1.8286 *

	
0.3957 ***

	
0.4185 ***

	
0.3837 ***




	

	
(−2.02)

	
(−2.14)

	
(−1.95)

	
(3.25)

	
(3.43)

	
(3.14)




	
board_ind

	
2.0282

	
2.0935

	
2.0137

	
0.2764

	
0.2904

	
0.2969




	

	
(0.65)

	
(0.67)

	
(0.64)

	
(0.69)

	
(0.72)

	
(0.74)




	
patent_expire

	
−0.1606

	
−0.1747

	
−0.1543

	
0.6494 ***

	
0.6524 ***

	
0.6498 ***




	

	
(−1.16)

	
(−1.26)

	
(−1.11)

	
(39.06)

	
(39.12)

	
(39.07)




	
index

	
0.0056 ***

	
0.0056 ***

	
0.0056 ***

	
0.0003 ***

	
0.0003 ***

	
0.0003 ***




	

	
(8.84)

	
(8.90)

	
(8.83)

	
(3.53)

	
(3.33)

	
(3.51)




	
industry

	
control




	
year

	
control




	
_cons

	
−41.1789 ***

	
−41.3396 ***

	
−41.5507 ***

	
−1.0444

	
−0.9087

	
−0.9483




	

	
(−8.16)

	
(−8.18)

	
(−8.23)

	
(−1.59)

	
(−1.38)

	
(−1.45)




	
pseudo R2

	
0.054

	
0.054

	
0.055

	
0.151

	
0.149

	
0.151




	
chi2

	
781.5052

	
782.5844

	
787.2385

	
3931.6558

	
3890.2559

	
3925.2150




	
N

	
7541

	
7541

	
7541

	
7541

	
7541

	
7541








Note: ***, **, and * are significant at the 1%, 5%, and 10% levels, respectively.
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Table 7. Robustness test of Poisson regression.
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(1)

	
(2)

	
(3)




	

	
Patent_App

	
Patent_App

	
Patent_App






	
relation

	
0.2843 ***

	

	




	

	
(4.65)

	

	




	
fceo

	

	
0.2140 ***

	




	

	

	
(3.42)

	




	
relatives

	

	

	
0.2436 ***




	

	

	

	
(5.38)




	
fam_share

	
0.1734

	
0.2116

	
0.1258




	

	
(0.77)

	
(0.92)

	
(0.55)




	
fund_share

	
−0.4143

	
−0.3804

	
−0.4088




	

	
(−1.01)

	
(−0.91)

	
(−0.99)




	
tobinq

	
0.0136

	
0.0138

	
0.0115




	

	
(0.77)

	
(0.78)

	
(0.64)




	
roa

	
3.7037 ***

	
3.5759 ***

	
3.8552 ***




	

	
(4.50)

	
(4.26)

	
(4.68)




	
lev

	
0.2498

	
0.2589

	
0.2337




	

	
(1.47)

	
(1.53)

	
(1.36)




	
size

	
0.5117 ***

	
0.5020 ***

	
0.5089 ***




	

	
(8.27)

	
(8.11)

	
(8.16)




	
age

	
−0.3984 ***

	
−0.4124 ***

	
−0.3897 ***




	

	
(−5.79)

	
(−6.10)

	
(−5.70)




	
board

	
0.1745

	
0.2278

	
0.1847




	

	
(0.88)

	
(1.10)

	
(0.97)




	
board_ind

	
2.2008 ***

	
2.2808 ***

	
2.2698 ***




	

	
(4.02)

	
(4.03)

	
(4.17)




	
patent_expire

	
0.4366 ***

	
0.4398 ***

	
0.4332 ***




	

	
(16.66)

	
(16.54)

	
(16.72)




	
index

	
0.0001

	
0.0001

	
0.0001




	

	
(0.67)

	
(0.57)

	
(0.59)




	
industry

	
control




	
year

	
control




	
_cons

	
−10.6461 ***

	
−10.5325 ***

	
−10.6206 ***




	

	
(−7.90)

	
(−7.73)

	
(−7.85)




	
pseudo R2

	
0.443

	
0.439

	
0.444




	
chi2

	
3289.1889

	
3190.5895

	
3238.3258




	
N

	
7541

	
7541

	
7541








Note: *** is significant at the 1% levels, respectively.
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Table 8. Propensity Score Matching test.






Table 8. Propensity Score Matching test.










	
	Rd_Ratio
	Patent_App





	ATT
	−0.0711 **

(−2.47)
	0.1596 ***

(3.05)



	ATU
	−0.0136

(−0.26)
	0.2765 ***

(4.63)



	ATE
	−0.0360

(−0.99)
	0.2308 ***

(5.22)







Note: ***, ** are significant at the 1%, 5% levels, respectively.
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Table 9. Regression results of Two-stage Least Squares.
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First-Stage Regression

	
Second-Stage Regression

	
First-Stage Regression

	
Second-Stage Regression




	

	
Relatives

	
Rd_Ratio

	
Patent_App

	
Relatives

	
Rd_Ratio

	
Patent_App






	
relatives_lag1

	
0.9531 ***

	

	

	

	

	




	

	
(273.97)

	

	

	

	

	




	
relatives_lag2

	

	

	

	
0.9025 ***

	

	




	

	

	

	

	
(162.21)

	

	




	
relatives

	

	
−0.0445 **

	
0.1778 ***

	

	
−0.0611 **

	
0.1906 ***




	

	

	
(−2.22)

	
(6.36)

	

	
(−2.47)

	
(5.65)




	
control variables

	
Yes

	
Yes




	
_cons

	
−0.0739

	
−0.4116

	
−1.2619 **

	
−0.1588

	
−0.4193

	
−1.1821 *




	

	
(−1.01)

	
(−1.02)

	
(−2.25)

	
(−1.34)

	
(−0.89)

	
(−1.83)




	
Adj R2

	
0.933

	
0.076

	
0.354

	
0.865

	
0.074

	
0.354




	
F value

	
2328.75 ***

	
490.0859 ***

	
3288.1448 ***

	
849.50 ***

	
375.2532 ***

	
2534.2790 ***




	
N

	
5986

	
5986

	
5986

	
4640

	
4640

	
4640








Note: ***, **, and * are significant at the 1%, 5%, and 10% levels, respectively.
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