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Abstract

:

Promoting technological innovation is an essential issue for enterprises to maintain sustainable development in a highly competitive environment. Previous studies have focused on exploring the linear relationship between intellectual capital and technological innovation, ignoring the possibility of a non-linear relationship between them. This study draws on a dualistic view of intellectual capital and divides it into two elements: human capital and structural capital. Based on the factor endowment theory, we explored the non-linear relationship between intellectual capital and technological innovation, using the data of Chinese A-share listed companies from 2014 to 2019 as the sample, and then analyzed the moderating effect of corporate social responsibility (CSR) on their relationship. The results of the OLS regressions indicated a significant U-shaped relationship between intellectual capital and its elements on technological innovation. This means a “regressive” effect of low levels of intellectual capital on technological innovation and an “incremental” effect of high levels of intellectual capital on technological innovation. Improving CSR could positively enhance the U-shaped effect of intellectual capital on technological innovation. A further study found that the U-shaped effects of intellectual capital and human capital on technological innovation were still supported in state-owned and private enterprises. The U-shaped effect of structural capital on technological innovation was still supported in private enterprises but not in state-owned enterprises. This study explored the relationship between intellectual capital and technological innovation from a unique perspective. It provides a theoretical basis for enterprises to appropriately fulfill their social responsibility and actively promote technological innovation.
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1. Introduction


In the era of the knowledge-based economy, intellectual capital based on knowledge has gradually become a vital strategic resource for enterprises to gain competitive advantages and realize value appreciation [1], which has a profound impact on their financial performance and technological innovation. Technological innovation is the core element for the long-term development of enterprises. In order to survive and progress in the highly competitive and unpredictable market environment, enterprises must obtain sustainable competitive advantages through technological innovation [2]. Promoting technological innovation has become the key for enterprises to achieve the goal of becoming bigger and stronger. However, for most enterprises, technological innovation based on R&D activities means facing the uncertainty of results and the instability of cycles in the innovation process. They need to invest many R&D resources and take the high intensity of innovation risks [3]. Therefore, if enterprises want to improve their innovation performance, it is even more necessary to carry out technological innovation activities by strengthening their talent pool and building innovative organizations. Intellectual capital is an important strategic resource for enterprises, which helps alleviate the insufficient investment in R&D resources and enhances the motivation of technological innovation [4]. Based on the division of intellectual capital structure by Pulic [5], there are differences in the degree of influence of different types of intellectual capital on technological innovation. Among them, human capital can promote technological innovation by providing core resources such as employees’ knowledge and skills [6], while structural capital can promote technological innovation by building an organizational structure that drives innovation, developing a standardized innovation system, and creating a positive innovation culture [7]. Therefore, it is essential to explore the impact of intellectual capital and its components on enterprise technological innovation.



The mechanism of the effect of intellectual capital on enterprise technological innovation has increasingly become a hot topic of academic research. While scholars have contributed very many research results, they have also developed very many debates. Some scholars argue that intellectual capital and its elements can motivate enterprises to carry out technological innovation and positively affect technological innovation. For example, Harrison and Sullivan [8] pointed out that intellectual capital can enhance the returns of strategically important businesses across the board while enhancing enterprises’ innovation capabilities. Furthermore, Hayton’s [9] empirical study of 237 high-tech companies in the United States showed that intellectual capital is a source of technological development that can significantly increase innovation performance by reducing risk. Meanwhile, Chahal and Bakshi [10], through an empirical study of the banking industry, confirmed that intellectual capital could positively affect technological innovation and improve the competitive advantage of enterprises.



Of course, other scholars argue that intellectual capital and its elements can negatively affect technological innovation. For example, Subramaniam and Youndt [4] studied the impact of intellectual capital and its elements on enterprises’ innovation capability with 93 organizations. They found a significant negative relationship between human capital and innovation capability. Cao et al. [11] explored the differences in the effects of intellectual capital and its elements on innovation performance in different life cycles. They found that enterprises’ human capital in the growth stage showed a significant negative effect on innovation performance. Zha et al. [12] verified that organizational capital would negatively affect low-cost innovation based on structural equation modeling. Some scholars’ studies found that the impact of intellectual capital on technological innovation is not a simple linear relationship. For example, Bejinaru and Bratianu [13,14] criticized the linearization of the study of intellectual capital in academia. They pointed out that the assumption of a direct and linear causal relationship between intellectual capital and firm performance is false. Many researchers ignore the intangible nature of intellectual capital and even make it tangible, while all intangible resources are non-linear in nature. Using the usual linear logic not only fails to reflect the value of intellectual capital, but may lead to misinterpretation of the results. Zhan and Li [15] examined empirical data from 39 developing countries using a threshold test model. They found that the effect of intellectual capital on technological innovation showed a significant U-shaped relationship after controlling for variables such as economic level and R&D investment.



With the increasingly significant effect of stakeholders on business conditions, companies increasingly need to consider their responsibilities to customers, employees, investors, and even society when making technological innovation decisions. In the current political and economic environment, it is important and urgent for enterprises to actively fulfill their social responsibility, helping them maintain long-term sustainable development and increase their business performance [16]. For example, Luo and Du [17] confirmed the positive relationship between CSR and technological innovation through an empirical study, i.e., the more CSR activities a company performs, the more innovative the company is. Intellectual capital is the sum of the knowledge and experience of the employees embedded in the firm and the firm’s relationships with external stakeholders [18]. One of the ways a company fulfills its social responsibility is by using its employees’ internal knowledge and experience to create multilevel value for external stakeholders [19]. It can be seen that the connotation of intellectual capital and the goal of CSR coincide in some respects and have a high degree of intrinsic relevance. The two have a certain synergistic effect on technological innovation. However, scholars currently ignore the role of CSR when studying the impact of intellectual capital on technological innovation. We argue that it is necessary to explore what role CSR plays in the relationship between the effect of intellectual capital on enterprise technological innovation.



Although existing studies have explored the relationship between intellectual capital and technological innovation, there is still a lack of in-depth research on the specific mechanisms of intellectual capital and its components on technological innovation, mainly in the following aspects. First, as the status of intellectual capital as a strategic resource is increasingly consolidated, scholars have paid sufficient attention to the effect of intellectual capital on technological innovation. However, most previous studies have defaulted to a linear relationship between the two, ignoring the possibility that intellectual capital as a whole and its constituents have a non-linear impact on technological innovation. Second, as companies pay more and more attention to considering stakeholders when making decisions, it is more important for companies to consider the fulfillment of social responsibility when making technological innovation decisions through intellectual capital. This helps reduce inefficient R&D investments and reasonably protect the interests of all parties. However, few scholars have studied and answered the practical question of “how CSR affects intellectual capital and technological innovation.” Third, in China’s market environment, state-owned and private enterprises face very different constraints in technological innovation. The existing literature has not done enough to compare how enterprises with different ownership characteristics use intellectual capital to influence technological innovation. Therefore, we argue that there is a need to further explore in detail the mechanisms of the role of intellectual capital on technological innovation.



Based on the preceding analysis, this study analyzes the impact of intellectual capital on technological innovation from the standpoint of factor endowment theory, using data from Chinese A-share listed companies between 2014 and 2019. The study introduces CSR as a moderating variable to investigate the moderating effect of CSR on the relationship between intellectual capital and technological innovation. The differences in the effects of intellectual capital on technological innovation under various ownership properties are then investigated further. It is hoped that this will provide empirical references for enterprises to pay attention to the accumulation of intellectual capital and technological innovation practices.



The rest of the article is organized as follows: Section 2 reviews the previous literature on intellectual capital, corporate social responsibility and technological innovation and presents the research hypotheses. Section 3 describes the sample data and research design. Section 4 discusses the empirical results and analysis. Section 5 concludes the paper and provides recommendations.




2. Theoretical Basis and Research Hypothesis


2.1. The Effect of Intellectual Capital on Technological Innovation


Regarding the connotation of intellectual capital, Stewart [20] believed it is distinguished from physical capital and is the sum of a set of intangible knowledge, skills, and experience in an organization. Intellectual capital is closely related to value creation and is a strategic resource that accelerates value creation and increases competitive advantage [21,22]. This view, based on a resource-based theory, is usually less about specific products and services and more about the firm’s resources and capabilities, such as how to develop and deploy those intangible assets that can lead to competitive advantage [23]. Gallego et al. (2020) stated that intellectual capital should include strategic design capability, which could influence process and innovation management. The application of strategic design increases the value of intangible assets, promotes enterprise innovation, generates systems that integrate tangible products and intangible services, and triggers changes in organizational structures. AlQershi et al. (2021) [7] argued that by improving structural capital, firms can develop new structures that will contribute to value creation and sustain superior performance. These inferences were supported in the study by Ali and Anwar (2021) [24], who found a significant positive correlation between the elements of intellectual capital and value creation.



Regarding the components of intellectual capital, academics have formed dualistic, triadic, and pluralistic theories. Among them, the dualism proposed by Pulic [5] is widely used by academics. He believes that intellectual capital can be divided into human capital and structural capital. Human capital refers to the individual employee’s knowledge reserve, innovation ability, cognitive judgment, experience skills, and work attitude, while structural capital refers to the knowledge management, organizational culture, information system, and institutional norms embedded within the organization. The later emerged triadic and pluralistic viewpoints are not essentially different from the above dualism. They are basically obtained by expanding and extending the concept of structural capital on the basis of dualism. However, the subdivision of the concept does not affect the correctness of various theories of intellectual capital structure classification. Therefore, this study draws on Pulic’s [5] dualistic framework, which states that intellectual capital consists of human capital and structural capital, to investigate the impact of intellectual capital and its elements on enterprise technological innovation.



Factor endowment theory suggests that the abundance of production factors can increase firms’ incentives to produce. As long as the advantages of factor endowment are greater than the corresponding production costs and high returns can be obtained from factor input, enterprises will accept the corresponding production decisions [25]. Similarly, technological innovation cannot be achieved without the support of intellectual capital and its constituents. Enterprises’ motivation to make technological innovation decisions will vary according to the size of the intellectual capital. That is, the intellectual capital of different sizes will exert different effects on enterprise technological innovation. When the increased cost of enhancing intellectual capital is lower than the endowment benefit generated by enhancing intellectual capital, enhancing intellectual capital can stimulate enterprises’ enthusiasm for technological innovation and positively impact technological innovation. On the contrary, if the increased cost of enhancing intellectual capital is higher, and even its endowment benefit cannot compensate for the increased cost, the enterprise will lose the incentive of technological innovation. Then, intellectual capital will have a negative impact on technological innovation.



As a special kind of decision, the enterprise technology innovation decision is characterized by high technical requirements, long periods and unstable processes, and the long-term benefits it produces are often greater than the short-term benefits [26]. Enterprise technology innovation is not only difficult to bring direct economic inflow to enterprises in the short term but also requires enterprises to invest much intellectual capital in carrying out technology research, which, to a certain extent, crowds out or constrains enterprises’ investment in other operational projects [27]. Because of the high opportunity cost of technological innovation, many enterprises do not have the subjective willingness to implement technological innovation. A study by Niu et al. [28] found that under a supervisory corporate governance mechanism, executives are likely to undermine a firm’s motivation to engage in technological innovation in order to achieve their short-term performance and compensation covenants. Cao et al. [11] explored the differences in the impact of intellectual capital on innovation performance under different enterprises’ life cycles. They found that the positive effect of intellectual capital on innovation performance is higher in the maturity period than in the growth period. Apparently, companies usually do not initiate technological innovation without sufficient intellectual capital and incentives for innovation effectiveness.



Combining the factor endowment theory and the essential characteristics of enterprise technology innovation, we believe that the relationship between intellectual capital and enterprise technology innovation is not a simple linear relationship but a U-shaped relationship. Intellectual capital has a “double impact” on technological innovation. When intellectual capital is at a low level, weak intellectual capital is usually accompanied by a low willingness and investment in technological innovation. This is because technological innovation involves R&D expenditures, technological upgrading, product renewal, and organizational management. In terms of human capital, companies need not only to increase the number of R&D personnel, and salary expenditures, and increase training; in terms of structural capital, they need to establish information management systems, improve process norms, and create an innovation culture. Increased investment in intellectual capital often leads to higher operating costs for companies [29]. Moreover, a lower level of intellectual capital usually indicates a weaker physical base when the enterprise is mostly in the start-up or growth stage. The risks associated with implementing technological innovation are often higher than those associated with investing in other operational projects [30]. Thus, even if intellectual capital grows within a certain range, firms are still not very motivated to carry out technological innovation for the sake of controlling costs and risks. It can be seen that there is a “regressive” effect of a low level of intellectual capital on enterprise technological innovation. However, when the intellectual capital continues to grow beyond a certain threshold, the human capital (e.g., the number of R&D personnel, training) reaches a high level, and employees expect that they can obtain higher benefits by exchanging their knowledge, experience, and expertise. As a result, the willingness and quality of knowledge-sharing becomes higher, and the flow and updating of knowledge within the enterprise are improved [6]. In terms of structural capital, enterprises also have richer information management systems, complete process specifications, and sufficient intellectual capital to support technological innovation. Moreover, at this time, the increased cost of implementing technological innovation may be much lower than the comprehensive benefits brought by technological innovation, and the company has sufficient capital accumulation and the ability to cope with the risks that may be caused by technological innovation. The company should pursue technological innovation at this time actively [31]. Thus, it can be seen that there is an “incremental” effect of the high level of intellectual capital on enterprise technological innovation. In summary, we propose the following research hypotheses.



Hypothesis 1 (H1).

Intellectual capital has a U-shaped effect on technology innovation.





Hypothesis 2 (H2).

Human capital has a U-shaped effect on technology innovation.





Hypothesis 3 (H3).

Structural capital has a U-shaped effect on technology innovation.






2.2. Intellectual Capital, Corporate Social Responsibility, and Technological Innovation


According to the stakeholder theory, firms need to consider stakeholders’ expectations and support when making technological innovation decisions. As a typical stakeholder-driven behavior, fulfilling CSR can deepen the intimate relationship between a firm and its stakeholders, thus helping the firm to obtain valuable stakeholder support for technological innovation [32]. This may complement the internal resources that intellectual capital provides for technological innovation, which in turn affects the effectiveness of firms’ use of intellectual capital for technological innovation [33]. For example, Gangi et al. (2019) [34] showed that CSR engagement positively affects intellectual capital. CSR could create trusting relationships, stimulate tacit knowledge sharing, and make it explicit, thus benefiting the entire firm. They also argued that companies actively fulfilling their social responsibility help improve managers’ reputations and recruit more talented employees. A similar opinion appears in the study of Cegarra-Navarro et al. (2021) [35]. They argued that fulfilling the responsibility for the ecological environment contributes to corporate reputation. It also promotes the understanding and sharing of environmental information, which drives companies to improve their technology to meet or improve environmental standards continuously. However, at the stage where an enterprise’s intellectual capital accumulation is relatively weak, excessive fulfillment of CSR can consume the available resources of firms, seriously distract them from technological innovation, and ultimately reduce the efficiency of technological innovation [36]. Therefore, the impact of CSR on technological innovation can be summarized as the incentive effect and crowding-out effect.



The incentive effect of CSR can help alleviate the knowledge dilemma of technological innovation, improve the cooperative relationship between companies and stakeholders, acquire external knowledge and skills to carry out innovation, and improve the efficiency of enterprise technological innovation [37]. The crowding-out effect of CSR can make enterprises bias their resource focus toward stakeholders and seriously crowd out the resource input for technological innovation activities, thus weakening their incentive for technological innovation [38]. As a result, while CSR plays an important role in promoting technological innovation, an impractical CSR performance may have a negative impact on technological innovation by crowding out resources.



When intellectual capital is at a low level, the crowding-out effect of CSR is stronger than the incentive effect, which will enhance the negative influence of intellectual capital on technological innovation. Enterprises with a low level of intellectual capital usually have weak profitability and innovation levels. Most of them are in the start-up or growth stage, facing serious resource scarcity and business risks, with limited human capital to invest in technological innovation. Structural capital such as the organizational process, knowledge management system, and innovation culture are not yet sound, so improving CSR is more likely to crowd out enterprises’ originally insufficient technological innovation resources. Although the incentive effect of social responsibility is conducive to the acquisition of external knowledge and skills from stakeholders, the fulfillment of social responsibility in the start-up or growth stage of such companies requires the enterprises to invest many resources to maintain the relationship with stakeholders. The investment of these resources will easily make the companies sink into existing customer relationships and distract the enterprises’ focus on technological innovation, thus crowding out the enterprises’ technological innovation resources. This will have a negative impact on the use of intellectual capital for technological innovation. It follows that CSR enhances the negative effect of intellectual capital on technological innovation when intellectual capital is at a low level.



When intellectual capital exceeds a certain threshold, the incentive effect of CSR is stronger than the crowding-out effect, which can enhance the positive influence of intellectual capital on technological innovation. Enterprises with a high level of intellectual capital have strong human capital, and their structural capital has been improved to a certain extent. The comprehensive benefits of using intellectual capital to carry out technological innovation are greater than the costs, and enterprises are more eager to carry out relevant technological innovation activities in order to enhance their competitive advantages and sustainable development capabilities. CSR as an external mechanism can quickly help enterprises obtain knowledge, skills, and relationships from stakeholders that are beneficial to technological innovation, and improving CSR will have a strong incentive effect on technological innovation. At the same time, the higher intellectual capital means that the internal resources of enterprises are sufficient, and enterprises are no longer limited to the contradiction of resource allocation between fulfilling social responsibility and carrying out technological innovation. Thus, they are less likely to be constrained by the problem of resource scarcity when the crowding-out effect of CSR is greatly reduced. In other words, CSR will enhance the positive effect of intellectual capital on technological innovation after a certain threshold is exceeded. Based on the above analysis, the following hypotheses are proposed:



Hypothesis 4 (H4).

CSR can positively moderate the relationship between intellectual capital and technological innovation.





Hypothesis 5 (H5).

CSR can positively moderate the relationship between human capital and technological innovation.





Hypothesis 6 (H6).

CSR can positively moderate the relationship between structural capital and technological innovation.





The analysis framework of the research is shown in Figure 1 below.





3. Research Design


3.1. Selection of Samples and Acquisition of Data


This study used Chinese A-share listed companies from 2014 to 2019 as the research sample. To ensure the reliability of the research results, we continued the practice of previous studies and adhered to the following principles in processing the sample: (1) ST and *ST listed companies were excluded from the sample, mainly because the operating conditions of such companies are poor. Their financial data may seriously deviate from the data when operating normally, thus affecting the objectivity of the results. (2) The sample of listed companies in the financial industry was excluded mainly because the business nature and financial indicators of such companies are significantly different from those of companies in other industries, and their analysis may be biased when put together. (3) The sample of listed companies with abnormal data and missing data were excluded. Finally, we obtained a total of 15,757 valid observation samples. The technological innovation data used in this study come from the CNRDS database, the social responsibility data come from Hexun’s CSR report, and other financial data come from the CSMAR database.




3.2. Variable Definitions


3.2.1. Dependent Variable


Previous scholars have two main approaches to measure technological innovation (INO): one is from the perspective of technological innovation output, measured by indicators such as the number of patent applications, the number of patents granted, and the percentage of new product sales, and the other is from the perspective of technological innovation input, measured by indicators such as the number of R&D personnel and R&D expenses. Unlike the indicators focusing on measuring technological innovation inputs, output indicators emphasize the need for enterprises to achieve substantial results in technological innovation, thus having better screening effects. Since patent applications involve product upgrades, technology, or method improvements that require a certain degree of technicality and innovation to pass, enterprises’ efforts on patent applications reflect the degree of their efforts for technological innovation. In order to measure enterprise technological innovation, we selected the number of patent applications and then added 1 to the value to take the logarithm.




3.2.2. Independent Variables


In this study, we used intellectual capital efficiency (ICE), human capital efficiency (HCE), and structural capital efficiency (SCE) to measure intellectual capital, human capital, and structural capital, respectively, with definitions derived from the value-added intellectual coefficient (VAIC) method. VAIC was developed by Pulic [5]. This method does not directly calculate the intellectual capital. It considers that the types of resources in the development process of a company can be divided into physical capital and intellectual capital. Both of which jointly contribute to the performance of a company through value appreciation.



The core idea of VAIC is first to calculate the value-added component and then divide the value-added component of the company by physical capital and intellectual capital, respectively, to obtain the degree of contribution of physical capital and intellectual capital to the value-added component of the company. The VAIC consists of three components: capital employed efficiency (CEE), human capital efficiency (HCE), and structural capital efficiency (SCE), where the sum of HCE and SCE is called intellectual capital efficiency (ICE), i.e., ICE = HCE + SCE. Since ICE can be used to measure intellectual capital, it can be calculated by the VAIC method to measure intellectual capital indirectly. The specific relationship and calculation ideas are as follows:



(1) ICE = HCE + SCE.



(2) HCE = VA/HC = Value Added/Human Capital, where VA = Wage Costs + Interest Costs + Profit Before Taxes, and human capital is measured using wage costs, which are measured using cash paid to and for employees in the cash flow statement.



(3) SCE = SC/VA = Structural Capital/Value Added, where SC = VA − HC.



It should be noted that there is no consensus or mainstream opinion among academics on the measurement model of VAIC. In particular, scholars disagree widely on how VA should be calculated. To resolve some of the controversies, scholars have modified their calculations of VA from time to time [39]. According to Singla (2020) [40] alone, there are currently four main ways of calculating VA. What these formulas have in common is that all of them include profit after tax, wage costs, and most of them include taxes, interest, and depreciation, and sometimes amortization [5,21,41,42,43]. In addition, some scholars believe that VA should be calculated directly using Sales minus Costs in the financial statements [44]. In this study, we adopted a common method used by academics in recent years when studying Chinese samples, which is very similar to the calculation method of Riahi-Belkaoui (2003) and Chen et al. (2005). Considering the actual situation of the information disclosure of listed companies in China, this formula directly uses the concept of profit before tax and does not include depreciation and amortization [45].




3.2.3. Moderating Variable


The corporate social responsibility (CSR) data used in this study comes from the Hexun CSR score, a comprehensive assessment of CSR in five dimensions, including shareholders, employees, and environmental responsibility. Each dimension not only examines the numerical indicators of social responsibility but also takes into account logical indicators to ensure the professionalism, rigor, and reliability of the evaluation results. Therefore, this study chose this score to measure corporate social responsibility.




3.2.4. Control Variables


In this study, we referred to Yuan et al. [36] and the study of Li and Zhang [45]. We finally selected company size (Size), financial leverage (Lev), and growth capacity (Growth), etc., as control variables, in addition to controlling for year and industry. The definition and metrics of the relevant variables are shown in Table 1.





3.3. Model Construction


In order to test the relationship between intellectual capital and technological innovation, the following research model was developed in this study.


  I N  O  i , t   =  α 0  +  α 1  I C  E  i , t   +  α 2  I C  E 2     i , t   +   ∑  k   α k  C o n t r o l  s  i , t , k   + Y e a  r  i , t   + I n  d  i , t   +  ε  i , t    



(1)






  I N  O  i , t   =  α 0  +  α 1  H C  E  i , t   +  α 2  H C  E 2     i , t   +  α 3  S C  E  i , t   +  α 4  S C  E 2     i , t   +   ∑  k   α k  C o n t r o l  s  i , t , k   + Y e a  r  i , t   + I n  d  i , t   +  ε  i , t    



(2)






   I N  O  i , t   =  α 0  +  α 1  I C  E  i , t   +  α 2  I C  E 2     i , t   +  α 3  C S  R  i , t   +  α 4  I C  E  i , t   × C S  R  i , t   +  α 5  I C  E 2     i , t   × C S  R  i , t      +   ∑  k   α k  C o n t r o l  s  i , t , k   + Y e a  r  i , t   + I n  d  i , t   +  ε  i , t     



(3)






   I N  O  i , t   =  α 0  +  α 1  H C  E  i , t   +  α 2  H C  E 2     i , t   +  α 3  S C  E  i , t   +  α 4  S C  E 2     i , t   +  α 5  C S  R  i , t   +  α 6  H C  E  i , t   × C S  R  i , t   +  α 7  H C  E 2     i , t   × C S  R  i , t      +  α 8  S C  E  i , t   × C S  R  i , t   +  α 9  S C  E 2     i , t   × C S  R  i , t   +   ∑  k   α k  C o n t r o l  s  i , t , k   + Y e a  r  i , t   + I n  d  i , t   +  ε  i , t     



(4)







Model 1 tests the relationship between intellectual capital and technological innovation; Model 2 further tests the relationship between human capital, structural capital, and technological innovation. Model 3 is based on Model 1 with the cross-product term of intellectual capital and CSR. Model 4 is based on Model 2 with the cross-product terms of human capital, structural capital, and CSR, respectively, to test the moderating effect of CSR on the influence of intellectual capital on technological innovation.





4. Data Analysis


4.1. Descriptive Statistics


The results of the descriptive statistics are presented in Table 2. The mean value of technological innovation (INO) is 2.639, and the standard deviation is 1.811, indicating that Chinese listed companies’ overall level of technological innovation is still low. There are some differences in the level of technological innovation among different listed companies. The mean value of intellectual capital efficiency (ICE) is 3.124, and the median value is 2.457, which indicate that the intellectual capital of most companies is far below the average level, reflecting the phenomenon of the insufficient accumulation of intellectual capital value among Chinese listed companies in general. The mean values of human capital efficiency (HCE) and structural capital efficiency (SCE) are 2.472 and 0.652. The median values are 1.947 and 0.509, indicating that most listed companies’ human capital and structural capital are below average. The contribution of human capital to the value-added of intellectual capital is higher than that of structural capital. However, it can be seen from the standard deviation of the two that the degree of variation of the structural capital of listed companies is smaller than that of the human capital. The mean value of CSR is 22.693, the median value is 21.740, and the standard deviation is 12.566, which indicate that the level of social responsibility performance of listed companies is normally distributed. The difference in social responsibility performance among different companies is obvious. The mean value of ownership nature (State) is 0.315, indicating that 31.5% of the sample companies are state-owned enterprises.



Prior research concluded that a firm’s resources are dynamically evolving and flowing. A firm’s resource stock must reach a specific size to affect its effectiveness. The flow of resources means that a firm’s resource stock may be different at any point in time, which also means that there is an impact on firm effectiveness [46]. Moreover, changes in human capital, especially the loss of key talent, could affect organizational operations and hurt structural capital, which could negatively impact firm performance [47,48]. For this reason, we explore the impact of year-to-year changes in intellectual capital and its elements on technological innovation. A set of descriptive statistics is given in Table 3. It can be seen that the mean values of ICE and HCE for each year are greater than the mean values of SCE, which implies that the human capital of the sample as a whole is at a higher level of development compared to the structural capital. Combining the trends presented in Figure 2, we can see that the year-to-year trends of intellectual capital and its elements remain consistent with the trends of technological innovation in some years, while showing inconsistencies in other years. As an example, the year-to-year trends of the mean values of ICE and INO are inconsistent from 2015 to 2017, while from 2017 to 2019, the trends of the mean values of ICE and INO reach a clear consistency. This indicates that the flow of intellectual capital could make a difference in the impact of intellectual capital on technological innovation, and this difference in impact may also be related to the size of the stock of the intellectual capital.




4.2. Regression Analysis


Table 4 reports the regression results of the models. The regression coefficient of ICE2 in Model 1 is significantly positive (β = 0.110, p < 0.01), indicating a U-shaped relationship between intellectual capital and enterprise technological innovation. To verify this U-shaped effect more precisely, we use the utest command to test it. The results show that the slope of the relationship between intellectual capital efficiency and technological innovation is characterized by a negative change (−0.0842, p < 0.01) and then a positive change (0.0579, p < 0.01). The Fieller interval of intellectual capital efficiency at a 95% confidence level is [118.3167, 147.6273], and the extreme point is 131.1483, which is right within the Fieller interval. It indicates a threshold effect on the influence of intellectual capital on technological innovation, and the threshold point is at the value of 131.1483 of intellectual capital efficiency. When the value-added rate of intellectual capital is less than 131.1483, intellectual capital has a negative effect on technological innovation. The lower the value-added rate of intellectual capital, the higher the level of technological innovation. When the value-added rate of intellectual capital is greater than 131.1483, intellectual capital positively affects technological innovation. The higher the value-added rate of intellectual capital, the higher the level of technological innovation. The above results support the U-shaped relationship between intellectual capital and enterprise technological innovation, and H1 is verified. Model 2 further verifies the relationship between human capital, structural capital, and enterprise technological innovation. The regression coefficients of HCE2 and SCE2 are 0.081 (p < 0.01) and 0.039 (p < 0.01), respectively, indicating that both human capital and structural capital have a U-shaped effect on enterprise technological innovation, and H2 and H3 are supported.



In order to test the moderating effect of CSR on the relationship between intellectual capital and technological innovation, the interaction term of intellectual capital and CSR is added to Model 3. The results show that the regression coefficient of ICE2 × CSR is significantly positive (β = 0.124, p < 0.01), indicating that CSR can positively regulate the U-shaped relationship between intellectual capital and technological innovation. The enhancement of CSR can make the U-shaped relationship between intellectual capital and technological innovation more concave. The negative relationship between intellectual capital and technological innovation is more obvious before the extreme value point. The positive relationship between intellectual capital and technological innovation is more obvious after the extreme value point is exceeded, so H4 is supported. To visualize the moderating effect of CSR, we plot the moderating effect of CSR on the relationship between intellectual capital and technological innovation. As shown in Figure 3, the enhancement of CSR strengthens the negative effect of intellectual capital on technological innovation at lower levels, but when intellectual capital exceeds a certain threshold, the enhancement of CSR strengthens the promotion of intellectual capital on technological innovation. Model 4 further tests the moderating effect of CSR on human capital–technology innovation and structural capital–technology innovation. The regression coefficients of HCE2 × CSR and SCE2 × CSR are 0.159 (p < 0.01) and 0.125 (p < 0.01), respectively, implying that CSR positively moderates the relationship between human capital–technology innovation and structural capital–technology innovation, respectively the U-shaped relationship. H5 and H6 are verified. Accordingly, Figure 4 and Figure 5 demonstrate the moderating effects of CSR on the relationship between human capital and technological innovation, and CSR on the relationship between structural capital and technological innovation, respectively.




4.3. Further Analysis


The previous regression results show that intellectual capital and the components of intellectual capital (human capital and structural capital) have a significant U-shaped relationship with technological innovation. Moreover, CSR can positively moderate the above U-shaped relationship. Since the different ownership nature of the listed companies may also affect the implementation of technological innovation, we further explore whether the constraint of ownership nature impacts the above U-shaped relationship.



Table 5 presents further regression results for enterprises with different ownership properties. The results in columns 1 and 5 show that intellectual capital has a significant U-shaped effect on technological innovation for both state-owned and private enterprises. The regression coefficient of state-owned enterprises is higher than that of private enterprises, indicating that state-owned enterprises are more susceptible to the effect of intellectual capital and focus more on the value creation of intellectual capital. The results in columns 2 and 6 show that human capital has a significant U-shaped relationship with technological innovation in both state-owned and private enterprises, and structural capital has a significant U-shaped relationship with technological innovation in private enterprises. In contrast, this relationship is not significant in state-owned enterprises. Possible reasons are: (1) the sample size is limited and cannot fully reflect the U-shaped relationship between structural capital and technological innovation in state-owned enterprises. (2) Compared with private enterprises, state-owned enterprises are more likely to be subject to government control and intervention. Both the approval of innovation projects and the approval of R&D funds are often influenced by government decisions, making the role of structural capital in technological innovation smaller. The results in columns 3 and 7 show that the positive moderating effect of corporate social responsibility on the U-shaped relationship between intellectual capital and technological innovation holds in both state-owned enterprises and private enterprises. The positive moderating effect is higher in private enterprises than in state-owned enterprises, indicating that private enterprises can better play the U-shaped role of intellectual capital in technological innovation by actively fulfilling their social responsibility. The results in columns 4 and 8 indicate that CSR positively moderates the U-shaped effects of human capital and structural capital on technological innovation in state-owned and private enterprises.




4.4. Robustness Tests


In the robustness test, we use the number of invention patent applications (INO’) instead of the number of patent applications (INO) to measure technological innovation. The test results are shown in Table 6. The regression coefficient of ICE2 in Model 1 is 0.099 (p < 0.01), indicating a U-shaped relationship between intellectual capital and technological innovation. H1 is still supported. The regression coefficients of HCE2 and SCE2 in Model 2 are 0.075 (p < 0.01) and 0.029 (p < 0.10), respectively, indicating a U-shaped relationship between human capital, structural capital, and technological innovation. H2 and H3 are still supported. The regression coefficient of ICE2 × CSR in Model 3 is 0.111 (p < 0.01), indicating that CSR positively moderates the U-shaped relationship between intellectual capital and technological innovation. H4 is still supported. The regression coefficients of HCE2 × CSR and SCE2 × CSR in Model 4 are 0.137 (p < 0.01) and 0.115 (p < 0.01), respectively, indicating that CSR has a positive moderating effect in the U-shaped relationship between human capital, structural capital, and technological innovation. H5 and H6 are still supported.





5. Conclusions


This study empirically investigates the relationship between intellectual capital and technological innovation based on 15,757 sample data of Chinese A-share listed companies from 2014 to 2019 and then examines the moderating effect of CSR in the above-mentioned relationship. The study results are as follows.



(1) There is a significant U-shaped relationship between intellectual capital and its elements and technological innovation, indicating that the effect of intellectual capital and its elements on enterprise technology innovation has a threshold effect. The findings break through the previous linear research framework of ‘the higher the intellectual capital, the stronger the technological innovation’ and explore the specificity of intellectual capital’s impact on technological innovation in more depth. When the level of intellectual capital is low, innovation costs and risks coexist. The lack of advantage of intellectual capital endowment makes enterprises less motivated to innovate. When intellectual capital exceeds a certain threshold, the comprehensive benefits obtained from technological innovation driven by high intellectual capital far outweigh the costs, and enterprises’ motivation for technological innovation increases.



(2) CSR positively moderates the U-shaped relationship between intellectual capital, its elements, and technological innovation. CSR can make the U-shaped effect of intellectual capital and its elements on technological innovation more concave. When intellectual capital is at a low level, the crowding-out effect of CSR is stronger than the incentive effect, and increasing CSR is more likely to crowd out the technological innovation resources of enterprises, thus enhancing the negative effect of intellectual capital on technological innovation. When intellectual capital exceeds a certain threshold, the incentive effect of CSR is stronger than the crowding-out effect. In order to enhance the competitive advantage, enterprises urgently need to carry out technological innovation activities. Actively fulfilling social responsibility can help enterprises obtain the knowledge, skills, and relationships needed for technological innovation from external stakeholders, thus enhancing the positive effect of intellectual capital on technological innovation.



(3) The U-shaped relationship between intellectual capital and technological innovation still holds for both state-owned and private enterprises. The U-shaped relationship between structural capital and technological innovation exists only in private enterprises and not in state-owned enterprises, indicating that the effect of structural capital on technological innovation in state-owned enterprises is not significant. CSR plays a positive moderating role in the U-shaped effect of intellectual capital and its elements on technological innovation. This finding is verified in both state-owned and private enterprises.



Some implications can be drawn from the findings of this study. On the one hand, there is a threshold effect on the positive effect of intellectual capital on technological innovation. Enterprises should strive to complete the accumulation of intellectual capital, pay attention to the introduction of talents, increase technical training, establish a sound knowledge management system, improve organizational processes, and create an innovation culture according to their own resources and technological innovation needs, so as to provide strong intellectual capital to promote technological innovation. On the other hand, because CSR can strengthen the effect of intellectual capital on technological innovation, managers of enterprises with low intellectual capital should keep CSR fulfillment within a reasonable range to avoid the negative impact of excessive CSR fulfillment on technological innovation. For enterprises with larger intellectual capital, they should actively undertake social responsibility and enhance good relationships with stakeholders to improve the efficiency and output of technological innovation.



There are still some limitations in this study, which could be further explored in the future. First of all, the data used in this study are all from China’s A-share listed companies, so the research results may not, to some extent, have international universality. Moreover, this study tests the differences between state-owned enterprises and private enterprises. China’s unique enterprise ownership system also makes it difficult to find similar research samples in other countries. As the implementation of CSR and the decision-making of technological innovation strategies may be affected by the institutional environment and economic environment, we could try to distinguish between developed and developing countries in the future to test whether the above conclusions are still supported. Secondly, in this study, we do not distinguish between industries. We may not draw the same conclusion by using data from some industries alone, so it is still necessary to explore further. Finally, there are disputes about the definition of intellectual capital and VAIC in academia. In particular, some scholars have identified significant differences in the calculation method of VA. We suggest conducting a comparative study between countries in the future to explore which VAIC measurement model is better for a particular country. As the mainstream of academia holds a triadic view of intellectual capital, it is also necessary to integrate into relational capital when the data conditions permit in the future.
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Figure 1. Analysis framework. 
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Figure 2. Trends in the mean value of intellectual capital and technological innovation by year. 
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Figure 3. The moderating effect of CSR on the relationship between intellectual capital and technological innovation. 
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Figure 4. The moderating effect of CSR on the relationship between human capital and technological innovation. 
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Figure 5. The moderating effect of CSR on the relationship between structural capital and technological innovation. 
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Table 1. Definition of Variables.






Table 1. Definition of Variables.





	
Types

	
Names

	
Symbols

	
Definition






	
Dependent Variable

	
Technological Innovation

	
INO

	
The number of patent applications for listed companies is added by 1 and taken as a logarithm




	
Independent Variables

	
Intellectual Capital

	
ICE

	
ICE = HCE + SCE




	
Human Capital

	
HCE

	
HCE = VA/HC;

VA = Salary Expense + Interest Expense + Pre-Tax Profit;

HC = Salary Expense




	
Structural Capital

	
SCE

	
SCE = SC/VA; SC = VA − HC




	
Moderator Variable

	
Corporate Social Responsibility

	
CSR

	
Hexun CSR score




	
Control Variables

	
Company Size

	
Size

	
Take the total assets of the listed company to the logarithm




	
Financial Leverage

	
Lev

	
Total liabilities/Total assets




	
Growth Ability

	
Growth

	
Changes in operating income for the period

/Operating income in the previous period




	
Profitability

	
Roa

	
Net profit/Total assets




	
Nature of Ownership

	
State

	
State = 0 or 1, private take 0, state-owned take 1




	
Percentage of Independent Directors

	
Indir

	
Number of independent directors

/Total number of directors




	
Cash Flow Sufficiency

	
Cfo

	
Net operating cash flow/Total assets




	
Top 10 Shareholders’ Shareholding

	
Top10

	
The sum of the shareholding ratio of the top 10 shareholders




	
Proportion of Fixed Assets

	
Ppe

	
Fixed assets/Total assets




	
Company Age

	
Age

	
Year of observation minus year of company establishment
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Table 2. Descriptive Statistics (n = 15,757).
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	Variables
	Max
	Min
	Mean
	Median
	SD





	INO
	9.909
	0.000
	2.639
	2.773
	1.811



	ICE
	279.535
	−62.712
	3.124
	2.457
	5.531



	HCE
	278.538
	−63.727
	2.472
	1.947
	4.428



	SCE
	277.612
	−0.100
	0.652
	0.509
	3.356



	CSR
	90.010
	−9.990
	22.693
	21.740
	12.566



	Size
	28.636
	17.813
	22.298
	22.124
	1.324



	Lev
	0.987
	0.008
	0.421
	0.410
	0.227



	Growth
	429.036
	−0.982
	0.344
	0.111
	4.234



	Roa
	0.964
	−1.859
	0.044
	0.040
	0.074



	State
	1.000
	0.000
	0.315
	0.000
	0.464



	Indir
	0.800
	0.200
	0.377
	0.364
	0.056



	Cfo
	0.876
	−0.742
	0.049
	0.048
	0.073



	Top10
	98.588
	1.310
	58.804
	59.741
	14.816



	Ppe
	0.954
	0.000
	0.210
	0.174
	0.163



	Age
	61.000
	4.000
	18.161
	18.000
	5.510
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Table 3. The Average Value of Intellectual Capital and Technological Innovation for Each Year.






Table 3. The Average Value of Intellectual Capital and Technological Innovation for Each Year.














	
	2014
	2015
	2016
	2017
	2018
	2019





	INO
	2.442
	2.581
	2.743
	2.75
	2.663
	2.611



	ICE
	3.374
	3.39
	3.275
	3.256
	2.829
	2.816



	HCE
	2.748
	2.562
	2.604
	2.691
	2.178
	2.208



	SCE
	0.626
	0.828
	0.671
	0.565
	0.65
	0.608
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Table 4. Regression Analysis Results.






Table 4. Regression Analysis Results.





	
Variables

	
(1)

	
(2)

	
(3)

	
(4)




	
INO

	
INO

	
INO

	
INO






	
ICE

	
−0.156 ***

(−14.14)

	

	
−0.044 ***

(−3.13)

	




	
ICE2

	
0.110 ***

(10.60)

	

	
0.024 *

(1.81)

	




	
HCE

	

	
−0.152 ***

(−14.88)

	

	
−0.060 ***

(−4.43)




	
HCE2

	

	
0.081 ***

(9.04)

	

	
−0.039

(−1.59)




	
SCE

	

	
−0.035 **

(−2.44)

	

	
−0.002

(−0.14)




	
SCE2

	

	
0.039 ***

(2.70)

	

	
0.008

(0.51)




	
CSR

	

	

	
0.073 ***

(8.36)

	
0.076 ***

(8.41)




	
ICE × CSR

	

	

	
−0.187 ***

(−13.16)

	




	
ICE2 × CSR

	

	

	
0.124 ***

(9.64)

	




	
HCE × CSR

	

	

	

	
−0.152 ***

(−11.16)




	
HCE2 × CSR

	

	

	

	
0.159 ***

(6.22)




	
SCE × CSR

	

	

	

	
−0.128 ***

(−4.46)




	
SCE2 × CSR

	

	

	

	
0.125 ***

(4.55)




	
Size

	
0.496 ***

(64.37)

	
0.498 ***

(64.61)

	
0.500 ***

(63.97)

	
0.501 ***

(64.21)




	
Lev

	
0.021 ***

(2.68)

	
0.023 ***

(2.94)

	
0.018 **

(2.30)

	
0.019 **

(2.50)




	
Growth

	
−0.028 ***

(−4.55)

	
−0.028 ***

(−4.54)

	
−0.028 ***

(−4.58)

	
−0.028 ***

(−4.57)




	
Roa

	
0.049 ***

(6.17)

	
0.066 ***

(7.69)

	
0.022 **

(2.56)

	
0.033 ***

(3.53)




	
State

	
−0.012 *

(−1.71)

	
−0.012 *

(−1.75)

	
−0.018 **

(−2.57)

	
−0.019 ***

(−2.75)




	
Indir

	
−0.003

(−0.50)

	
−0.003

(−0.55)

	
−0.001

(−0.21)

	
−0.002

(−0.26)




	
Cfo

	
0.018 ***

(2.71)

	
0.015 **

(2.23)

	
0.026 ***

(3.77)

	
0.024 ***

(3.52)




	
Top10

	
−0.039 ***

(−5.96)

	
−0.040 ***

(−6.16)

	
−0.037 ***

(−5.73)

	
−0.038 ***

(−5.86)




	
Ppe

	
−0.137 ***

(−18.20)

	
−0.137 ***

(−18.26)

	
−0.143 ***

(−18.98)

	
−0.144 ***

(−19.17)




	
Age

	
−0.069 ***

(−10.21)

	
−0.068 ***

(−10.11)

	
−0.067 ***

(−9.98)

	
−0.066 ***

(−9.87)




	
Year

	
YES

	
YES

	
YES

	
YES




	
Ind

	
YES

	
YES

	
YES

	
YES




	
n

	
15,757

	
15,757

	
15,757

	
15,757




	
R2

	
0.4191

	
0.4205

	
0.4255

	
0.4275




	
F

	
333.66

	
316.91

	
314.67

	
286.18








Note: Values in parentheses are t-values; *, **, and *** indicate significance at the 10%, 5%, and 1% levels, respectively.
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Table 5. Further Regression Analysis Results.
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Variables

	
State-Owned Enterprises

	
Private Enterprises




	
1

	
2

	
3

	
4

	
5

	
6

	
7

	
8






	
ICE

	
−0.175 ***

(−7.59)

	

	
−0.136 ***

(−3.51)

	

	
−0.144 ***

(−11.49)

	

	
−0.02

(−1.33)

	




	
ICE2

	
0.150 ***

(6.66)

	

	
0.101 ***

(3.08)

	

	
0.085 ***

(7.39)

	

	
0.051 **

(2.00)

	




	
HCE

	

	
−0.148 ***

(−7.76)

	

	
−0.062 *

(−1.87)

	

	
−0.153 ***

(−12.03)

	

	
−0.094 ***

(−3.91)




	
HCE2

	

	
0.092 ***

(5.26)

	

	
−0.636 ***

(−5.14)

	

	
0.079 ***

(7.18)

	

	
−0.195 ***

(−2.92)




	
SCE

	

	
−0.038

(−1.16)

	

	
−0.022

(−0.45)

	

	
−0.075 ***

(−3.75)

	

	
−0.022

(−1.00)




	
SCE2

	

	
0.045

(1.35)

	

	
0.024

(0.53)

	

	
0.076 ***

(3.81)

	

	
−0.044

(−1.56)




	
CSR

	

	

	
0.034 **

(2.36)

	
0.082 ***

(4.74)

	

	

	
0.098 ***

(8.78)

	
0.096 ***

(7.74)




	
ICE × CSR

	

	

	
−0.081 ***

(−2.67)

	

	

	

	
−0.246 ***

(−14.50)

	




	
ICE2 × CSR

	

	

	
0.082 ***

(4.06)

	

	

	

	
0.117 ***

(4.61)

	




	
HCE × CSR

	

	

	

	
−0.193 ***

(−5.13)

	

	

	

	
−0.170 ***

(−7.69)




	
HCE2 × CSR

	

	

	

	
0.749 ***

(5.76)

	

	

	

	
0.362 ***

(5.19)




	
SCE × CSR

	

	

	

	
−0.242 *

(−1.83)

	

	

	

	
−0.111 ***

(−5.34)




	
SCE2 × CSR

	

	

	

	
0.248 *

(1.93)

	

	

	

	
0.142 ***

(4.83)




	
Size

	
0.560 ***

(44.48)

	
0.561 ***

(44.56)

	
0.560 ***

(43.46)

	
0.566 ***

(43.92)

	
0.407 ***

(43.96)

	
0.409 ***

(44.20)

	
0.414 ***

(44.33)

	
0.417 ***

(44.66)




	
Lev

	
−0.029 **

(−2.30)

	
−0.027 **

(−2.13)

	
−0.029 **

(−2.31)

	
−0.025 **

(−1.98)

	
0.040 ***

(4.14)

	
0.042 **

(4.30)

	
0.037 ***

(3.80)

	
0.038 **

(3.96)




	
Growth

	
−0.035 ***

(−3.71)

	
−0.034 ***

(−3.68)

	
−0.035 ***

(−3.71)

	
−0.034 ***

(−3.70)

	
−0.024 ***

(−3.04)

	
−0.024 ***

(−3.05)

	
−0.024 ***

(−3.00)

	
−0.023 ***

(−3.00)




	
Roa

	
0.020 *

(1.73)

	
0.034 ***

(2.72)

	
0.021 *

(1.68)

	
0.031 **

(2.33)

	
0.062 ***

(5.83)

	
0.077 ***

(6.73)

	
0.025 **

(2.17)

	
0.044 ***

(3.42)




	
Indir

	
0.003

(0.29)

	
0.003

(0.30)

	
0.005

(0.47)

	
0.003

(0.33)

	
−0.014 *

(−1.82)

	
−0.015 *

(−1.84)

	
−0.013 *

(−1.69)

	
−0.013 *

(−1.71)




	
Cfo

	
−0.008

(−0.77)

	
−0.01

(−0.97)

	
−0.009

(−0.83)

	
−0.007

(−0.66)

	
0.032 ***

(3.70)

	
0.029 ***

(3.25)

	
0.044 ***

(5.02)

	
0.040 ***

(4.48)




	
Top10

	
−0.041 ***

(−3.78)

	
−0.042 ***

(−3.87)

	
−0.043 ***

(−3.88)

	
−0.044 ***

(−4.04)

	
−0.056 ***

(−6.84)

	
−0.057 ***

(−6.94)

	
−0.053 ***

(−6.52)

	
−0.053 ***

(−6.53)




	
Ppe

	
−0.202 ***

(−16.36)

	
−0.203 ***

(−16.42)

	
−0.203 ***

(−16.36)

	
−0.204 ***

(−16.50)

	
−0.088 ***

(−9.71)

	
−0.089 ***

(−9.80)

	
−0.099 ***

(−10.92)

	
−0.099 ***

(−10.97)




	
Age

	
−0.037 ***

(−3.55)

	
−0.036 ***

(−3.49)

	
−0.036 ***

(−3.48)

	
−0.036 ***

(−3.46)

	
−0.079 ***

(−9.32)

	
−0.079 ***

(−9.26)

	
−0.077 ***

(−9.14)

	
−0.076 ***

(−9.07)




	
Year

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES




	
Ind

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES




	
n

	
4959

	
4959

	
4959

	
4959

	
10,798

	
10,798

	
10,798

	
10,798




	
R2

	
0.574

	
0.575

	
0.5756

	
0.5792

	
0.3372

	
0.3393

	
0.3501

	
0.3525




	
F

	
207.46

	
195.95

	
190.79

	
173.63

	
165.93

	
157.91

	
161.04

	
146.39








Note: Values in parentheses are t-values; *, **, and *** indicate significance at the 10%, 5%, and 1% levels, respectively.
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Table 6. Robustness Tests.






Table 6. Robustness Tests.





	
Variables

	
1

	
2

	
3

	
4




	
INO’

	
INO’

	
INO’

	
INO’






	
ICE

	
−0.137 ***

(−12.00)

	

	
−0.037 ***

(−2.60)

	




	
ICE2

	
0.099 ***

(9.22)

	

	
0.022

(1.59)

	




	
HCE

	

	
−0.136 ***

(−12.95)

	

	
−0.056 ***

(−4.00)




	
HCE2

	

	
0.075 ***

(8.07)

	

	
−0.029

(−1.15)




	
SCE

	

	
−0.023

(−1.50)

	

	
0.007

(0.45)




	
SCE2

	

	
0.029 *

(1.90)

	

	
−0.001

(−0.02)




	
CSR

	

	

	
0.077 ***

(8.56)

	
0.080 ***

(8.57)




	
ICE × CSR

	

	

	
−0.164 ***

(−11.21)

	




	
ICE2 × CSR

	

	

	
0.111 ***

(8.32)

	




	
HCE × CSR

	

	

	

	
−0.132 ***

(−9.40)




	
HCE2 × CSR

	

	

	

	
0.137 ***

(5.20)




	
SCE × CSR

	

	

	

	
−0.117 ***

(−3.96)




	
SCE2 × CSR

	

	

	

	
0.115 ***

(4.06)




	
Size

	
0.514 ***

(64.72)

	
0.516 ***

(64.94)

	
0.515 ***

(63.83)

	
0.516 ***

(64.04)




	
Lev

	
0.003

(0.34)

	
0.005

(0.60)

	
0.001

(0.06)

	
0.002

(0.27)




	
Growth

	
−0.027 ***

(−4.36)

	
−0.027 ***

(−4.35)

	
−0.027 ***

(−4.34)

	
−0.027 ***

(−4.34)




	
Roa

	
0.041 ***

(4.97)

	
0.058 ***

(6.51)

	
0.012

(1.37)

	
0.024 **

(2.52)




	
State

	
0.007

(0.92)

	
0.006

(0.89)

	
0.001

(0.13)

	
−0.001

(−0.02)




	
Indir

	
0.002

(0.33)

	
0.002

(0.29)

	
0.004

(0.60)

	
0.003

(0.56)




	
Cfo

	
0.015 **

(2.09)

	
0.011

(1.63)

	
0.020 ***

(2.83)

	
0.018 **

(2.55)




	
Top10

	
−0.062 ***

(−9.28)

	
−0.063 ***

(−9.47)

	
−0.061 ***

(−9.20)

	
−0.062 ***

(−9.34)




	
Ppe

	
−0.142 ***

(−18.27)

	
−0.142 ***

(−18.32)

	
−0.146 ***

(−18.77)

	
−0.147 ***

(−18.92)




	
Age

	
−0.063 ***

(−9.02)

	
−0.062 ***

(−8.92)

	
−0.061 ***

(−8.83)

	
−0.061 ***

(−8.73)




	
Year

	
YES

	
YES

	
YES

	
YES




	
Ind

	
YES

	
YES

	
YES

	
YES




	
n

	
15,757

	
15,757

	
15,757

	
15,757




	
R2

	
0.3829

	
0.3842

	
0.3881

	
0.3898




	
F

	
286.94

	
272.48

	
269.47

	
244.88








Note: Values in parentheses are t-values; *, **, and *** indicate significance at the 10%, 5%, and 1% levels, respectively.
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