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Supported by government policies, the innovation of China’s solar photovoltaic industry has been triggered greatly. As an important part of public policy, various talent policies have been issued to increase support for innovation. Therefore, it is essential to study the relationship between talent policy and firm innovation of Chinese solar photovoltaic industry. However, there is less empirical research on this topic. In this context, this study examined whether talent policy influences firm innovation. To examine the underlying causal mechanism, this study explored the role of human capital quality structure and human capital function structure in the relationship between talent policy and firm innovation. Based on the buffering and bridging mechanism of resource dependence theory, an empirical model of talent policy, human capital structure and firm innovation were conceptualized. Using an unbalanced panel data of 101 listed firms of the solar photovoltaic industry in China from 2008 to 2021, the random effect GLS regression was employed to empirically test the impact of talent policy on firm innovation, the mediating effects of human capital quality structure and human capital function structure, and examined the heterogeneous impact of nature of property rights and R&D intensity on the above relationships. The results show that talent policy can significantly promote firm innovation. Human capital structure plays mediating effects on the relationship between talent policy and firm innovation. Moreover, the talent policy and human capital structure’s effects on firm innovation are more significant in non-state-owned firms and firms with low R&D intensity. This study provides an important reference for promoting firm innovation through human capital structure in the construction of the talent policy.
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1 INTRODUCTION
As countries around the world vigorously promote renewable energy, the solar photovoltaic industry has developed rapidly (Sun et al., 2021; Liu et al., 2023). Photovoltaic industry is a typical representative of China’s strategic emerging industry. Since the formal start of development in 2000, the development speed and industry scale of China’s photovoltaic industry have been rapidly improved. According to the data released by the National Energy Administration, in the first half of 2022, the renewable energy power generation in China reached 1.25 trillion kWh, of which the solar power generation increased by 13.5%. The new installed capacity of China’s photovoltaic power generation was 30.88 GW, with a year-on-year growth of 137.4%, still showing a high-speed development trend. The total export volume of photovoltaic products, including silicon wafers, solar cells and photovoltaic modules, was about 25.9 billion US dollars, an increase of 113% year on year. The rapid development of solar photovoltaic industry benefits from the unremitting innovation efforts of firms. China’s solar photovoltaic firms set off round after round of scientific and technological innovation, and continuously increased investment in scientific and technological innovation. This results are consistent with the results of previous theoretical and empirical studies. According to the previous studies, among many factors influencing industrial development (Zhao et al., 2013; Zhang et al., 2021; Edziah et al., 2022), innovation has always played an important role in promoting the growth and gaining competitive advantages of solar photovoltaic industry (Zou et al., 2017; Zhao and Wang, 2020; Ge and Liu, 2022) due to its cost-saving advantages (Shubbak, 2019). Therefore, to better promote innovation, to reduce costs and increase efficiency, and to enhance the competitiveness of the photovoltaic industry are not only the top priorities of China’s photovoltaic industry development at present, but also in the future. Increasing the innovation capability and performance of the solar photovoltaic industry is still the main issue.
Talents have been proved to be one of the important factors to promote innovation. As an important part of public policy, talent policy has become an important measure for governments at all levels to cultivate, attract and develop talents. Since China implemented the strategy of strengthening the country by talents, governments at all levels have placed this strategy at an unprecedented height, and have gradually established a corresponding talent policy system that includes Thousand Talents Program, Cheung Kong Scholars Programme, etc (Wang et al., 2022). The report of the 19th National Congress of the Communist Party of China pointed out that talent is a strategic resource to achieve national rejuvenation and win the initiative of international competition. It emphasized that a more active, open and effective talent policy should be implemented to gather outstanding talents from all aspects. At the Central Talent Work Conference in 2021, Xi Jinping emphasized the in-depth implementation of the strategy of strengthening the country by talents in the new era, and speeding up the construction of an important talent center and innovation highland in the world, which showed the enduring priority of talent on the policy agenda (MacLachlan and Gong, 2022). Accordingly, to achieve the vision of an innovative country, Chinese governments at all levels have issued a large number of talent policies aimed at promoting innovation. In 2010, the Central Committee of the Communist Party of China and the State Council issued the Outline of the National Medium and Long term Talent Development Plan (2010–2020) in 2010, proposing the guidelines for national talent development. According to the policy issued by Fujian Province, if high-level talents introduced by firms create additional economic benefits, the government will give a certain proportion of rewards. In 2017, Shandong Province issued the Implementation Measures for Supporting Key Enterprises to Accelerate the Introduction of High-level Industrial Talents. In 2021, the Central Leading Group for Education reviewed and approved the Action Plan for Accelerating the Training of Urgent High level Talents (2021–2025). In 2021, the Ministry of Industry and Information Technology and five other departments jointly issued the Action Plan for Innovative Development of Smart PV Industry (2021–2025), and emphasized to promote the construction of talent echelon, strengthen talent training and guiding the rational flow of talents. In 2022, the Ministry of Education issued the Work Plan for Strengthening the Construction of Higher Education Talent Training System for Carbon Peak and Carbon Neutralization, which requires further strengthening the talent training of wind power, photovoltaic, hydropower and nuclear power. In 2022, the General Office of the Ministry of Education, the General Office of the National Development and Reform Commission and the General Department of the National Energy Administration jointly issued the Notice on the Implementation of the Special Project for Training High level Talents in Urgent Need of Countries with Energy Storage Technology, which requires accelerating the training of a number of high-level talents in need to support the core technology breakthrough and industrial development in the energy storage field, and making greater contributions to improving the national independent innovation ability and strategic core technology in the energy storage field. In order to promote innovation and development in solar photovoltaic industry, the central and local governments have issued relevant talent policies to increase support for innovation. The government expects to stimulate firm innovation through talent policy, but can talent policy promote firm innovation? How to promote firm innovation? The deep understanding of these issues not only has practical significance, but also has important theoretical value.
Positive governmental policy support has been proved to be an effective measures to boost the development of solar photovoltaic industry (Zhao et al., 2015; Yu et al., 2016). Currently, the most popular categorization of policy instruments in existing studies is demand-side and supply-side policies (Long et al., 2017; Wen et al., 2021), the former mainly involves government subsidy (Xiong and Yang, 2016; Luan and Lin. 2022), and the latter mainly involves FIT (Wang et al., 2016). In particular, many scholars have confirmed that in solar photovoltaic industry in China, the demand-side policy made a positive impact on the innovation activities (Gao and Rai, 2019), and the supply-side policies can also positively increase the innovation efficiency and performance of firms (Lin, B., and Luan, 2020; Jiang et al., 2021; Xu et al., 2022). Moreover, the study has shown that city-level demand-, supply-, and environment-side policies play an important role in the technology innovation of urban solar photovoltaic industry (Che et al., 2022). Furthermore, so far, only a few scholars have studied the China’s talent policy and its impact, including using content analysis to analyze the characteristics of talent policy (Zhang et al., 2019a), examining the effect of talent policy on the mobility of talents (Yue et al., 2020; Jiang, 2021), the firm investment (Dai et al., 2018) and the innovative work behavior (Zhang et al., 2021).
Although several scholars have analyzed the effectiveness of various policies, they mainly focused on the main types than specific sub-types, especially talent policy, and we are still unable to deeply understand the impact of talent policy on firm innovation in solar photovoltaic industry in China. According to the knowledge based theory, human capital reflects the quality level of workers, and is the comprehensive embodiment of workers’ knowledge, technology, health and ability. Human capital has obvious externalities, which promotes knowledge spillover through mutual communication and frequent interaction among workers, and improves the overall production efficiency of workers and the R&D efficiency of firms (Liu and Yang, 2021). Whether the government’s talent policy can change the human capital structure so as to affect firm innovation still needs to be demonstrated. Therefore, based on the buffering and bridging mechanism of resource dependence theory, this study believed that talent policy can directly affect firm innovation, and can also indirectly affect firm innovation by changing the human capital structure, and the above relationship can be affected by the nature of ownership and R&D intensity. Furthermore, based on panel data of 101 listed firms of solar photovoltaic industry in China from 2008 to 2021, this study put forward theoretical hypotheses and used regression model to empirically examine the impact mechanism of talent policy on firm innovation.
Compared with previous studies, the marginal contribution of this study mainly included the following three aspects. First, this study contributes to resource dependence theory by clarifying an internal mechanism by which government resource influence firms’ innovation activities. Based on the buffering and bridging mechanism, firms can effectively utilize government resources and other channel resources to better carry out innovation activities, which may also supplement the signal theory to better explain the impact mechanism of talent policy on firm innovation. Second, this study clarifies the mediating role of different types of human capital structure in the impact of talent policy on firm innovation, which is helpful to deeply understand the impact mechanism of talent policy on firm innovation. Meanwhile, previous studies have discussed the structure of human capital more from the perspective of academic background. This study has added the discussion of functional background, so the research on the structure of human capital has also been expanded. Third, this study enriched the research on the relationship between talent policy and firm innovation. This study verified that the impact of talent policy on human capital structure and firm innovation could vary depending on the nature of property rights and R&D intensity, which can provide theoretical support for firms with different nature of property rights and R&D intensity to adopt differentiated talent policies. The rest of this paper is organized as follows. The following section is a theoretical basis and research hypotheses. Section 3 gives a detailed description of the method, data sources, and construction of the key variables. Section 4 presents the empirical results and the results of robustness tests. Section 5 provides the main conclusions, clarifies the limitations and indicates the future of research.
2 THEORETICAL BASIS AND RESEARCH HYPOTHESES
2.1 The background of solar photovoltaic industry and talent policy
Solar photovoltaic industry is a renewable energy industry generated by the combination of semiconductor technology and new energy demand, and is also an important development direction of China’s strategic emerging industries. In order to realize the sustainable development of the solar photovoltaic industry, the Chinese government has successively issued a package of policies aimed at improving the photovoltaic market and achieving industrial upgrading. According to the different ways of policy functions, the policy tools of the solar photovoltaic industry are usually divided into two categories: demand-driven policies and technology-driven policies. Compared with demand-based policies, supply-based policies have fewer types, mainly including government research and development subsidies, project low-interest loans, tax incentives, infrastructure construction subsidies, etc. Before 2013, the domestic market of solar photovoltaic industry was not well developed, and the government policy was mainly to realize the industrialization of solar photovoltaic power generation. After 2013, the domestic market has developed rapidly and the industrial chain has been gradually improved. The government policy is mainly aimed at encouraging the development of the application end and improving the overall innovation ability of the industry.
The talent policy is one of the powerful tools for various countries to promote social and economic development and enhance comprehensive national strength. To cultivate, introduce, and maximize talent holistically while incorporating it into a vital talent center and global innovation hub, China has implemented a strategy of reinforcing the country’s talent in line with Xi Jinping’s New Era of Socialism with Chinese Characteristics (Jacob and Subba, 2022). In recent years, local governments in China have issued a number of talent policies to attract, educate and manage talents, and the news of “war for talent” and “war for talent” is not uncommon. At present, the talent policies issued by local governments mainly involve two parts, namely, service support and environment development. The former mainly focuses on the construction of talent team, reflecting the preferential policies of support, reward, service and so on directly aimed at all kinds of talents. The latter mainly focuses on optimizing the allocation of innovative resources and increasing policy support for important talent carrier platforms. Both have their own emphasis and complement each other. The implementation of talent policy support at the firm level is a reward and subsidy for the construction of firms’ talent teams.
Despite the rapid development of the solar photovoltaic industry, there are still many problems in terms of talents, such as the irrational talent supply structure, the irrational talent regional structure, the insufficient number of high-end talents, the imperfect talent training system, the disconnection of industry and education, the chaos of talent recruitment market, the serious loss of talent teams, and the obvious influence of the talents’ siphon effect (Wang et al., 2022). At present, the solar photovoltaic industry is speeding up its development in the direction of “specialization, refinement, specialty and innovation”. It is in urgent need of innovative talents, management talents and a large number of high-quality technical and skilled talents with high education background and high level. Thus, solar photovoltaic firms should attract talents through a good scientific research atmosphere and excellent material and spiritual conditions, improve scientific and reasonable talent incentive and assessment mechanism, and let talents enter and stay.
2.2 The impact of talent policy on firm innovation
Innovation has been widely regarded as an important driving force for firms’ success and development. However, innovation activities may be under-invested owing to the asymmetric information and limited external finance. According to the resource dependence theory, firms will seek to obtain resources from different channels to reduce dependence on each resource (Wei and Clegg, 2017). The value of the government’s talent policy is to reduce the effect of information asymmetry, alleviate the impact of resource scarcity, and to build beneficial external relationships. Thus, we argue that two mechanisms can be used to explain how talent policy can influence firm innovation: buffering and bridging. The former allows the firms to develop internal resources, minimizing resourcedependencies. The latter helps firms to acquire social capital and legitimacy from financial institutions, obtaining competitive advantage (Zhang and Guan, 2022).
According to the buffering mechanism of resource dependence theory, talent policy can directly promote firm innovation by generating compensation effects that help firms to increase innovation investments. The government’s talent policy can undoubtedly bring financial resources support via talent subsidies, which can effectively buffer the resource depletion by creating resource-munificent environments (Amezcua et al., 2013), and ease the financial pressure and increase the innovation initiatives. Thus, talent policy could help firms to increase investment, reduce the investment risk and cost in innovation activities (Cin et al., 2017), enabling firms greater flexibility in leveraging financial resources to grasp opportunities and carry out innovation activities (Gao et al., 2021). Thus, talent policy can alleviates the uncertainty of innovation, which will increase firms’ ex-ante tolerance for innovation risks (Stiglitz, 2015), and is sufficient to offset or even exceed the cost generated by innovation investments.
Furthermore, as the institutional guarantee of talent development, talent policy can include the training, selection, use, evaluation, incentive and other links of talents in firms to be standardized. For each link of talent development, the government has issued corresponding talent policies. On the one hand, these policies can provide services for firms and help them manage talents more instructively. On the other hand, these policies can be implemented to all aspects of talent management to improve the firms’ human resource management system. Under the government supervision and system guarantee, a good human resource management system can convey information, mobilize the innovation enthusiasm of talents, and thus promote firm innovation (Piening et al., 2013). To summarize, our analysis of literature leads to the hypothesis.
H1. Talent policy can significantly promote firm innovation.
2.3 Talent policy and human capital structure
According to the bridging mechanism of resource dependence theory, in addition to directly increasing investment to produce compensation effect in innovation activities, talent policy also promotes innovation through allocation effect, which will affect the allocation of human capital among firms. Generally, talent policy can be regarded as signal of legitimacy and quality, which can help firms to attract resources (Soderblom et al., 2015). Specifically, the government decides to subsidize a firm after evaluating its talent management practices, which could send a positive signal to the market that the firm has excellent management abilities and talents. Therefore, talent policy can create signaling effects (Wu, 2017), reducing the information asymmetry problem, helping the firm to gain access to external resources that are vital for the innovation activities (Wang et al., 2020), and to attract collaborations from external stakeholders (Bianchi et al., 2019; Ahn et al., 2020).
Regarded as the important resources to significantly influence the firms’ operation processes, researchers have began incorporating the management of human capital and its impact on innovation (Afcha and Lucena, 2022; Salimi and Della Torre, 2022). However, the previous studies on firm innovation mainly discussed the importance of the stock of human capital, and less discussed how the structure of human capital affects firm innovation (Guo et al., 2022). Generally, human capital structure refers the difference level (Jabbour et al., 2017). The existing research on human capital structure is more measured according to employees’ educational background, while other alternatives are less considered (Mohammadi et al., 2017; Bogers et al., 2018). Thus, in this study, we examined human capital structure from two perspectives: one is the quality and the other is the function. The quality structure of human capital, as indicated by employees’ educational background and level, is supposed to be positively associated with cognitive skills and information processing abilities. The function structure of human capital represents the position in the value chain and the degree of embedding in the firms (Menéndez Blanco and Montes-Botella. 2017). According to the previous study (Fryges, 2009), firms can be classified into production-oriented and technology-oriented firms. The former is a firm which focused on reducing cost through mass production, and the latter is a firm which focused on development led by advanced technologies. Thus, the human capital function structure can be represented by the ratio of production staff and the ratio of technology staff. Overall, the improvement of the human capital structure is the common requirement to achieve a high degree of fit between the government’s talent policy and the firm’s talent demand. From the perspective of government talent policy, the agglomeration of human capital can be regarded as an important driving force for economic growth (Saether, 2019), and the policy of talent introduction has higher requirements for its subsidized subjects in education background, technical level, and research achievements, which increase human capital stock and optimize human capital structure (Wang et al., 2020). To achieve better results in the talent war, governments’ talent policy removes the institutional barriers that restrict the rational flow and optimal allocation of talents, provides institutional guarantees and public services to encourage the flow of high-level talents among firms by issuing relevant talent policies (Blom et al., 2021). According to information about the talents’ preference for public services, the discretionary power can be used to improve the efficiency of public service allocation, which further promotes the accumulation and optimization of human capital (Wen and Lee, 2020).
In the content of the allocation mechanism, governments’ talent policy can help the firms rewarded by talent policy gain more awareness from job seekers and enhance the legitimacy, which are believed to be conducive to improving the structure of human capital. At the same time, from the perspective of firms’ talent demand, firms also have their own demand for talent introduction to promote better development. The firms’ quality requirements for human capital is mainly reflected in the following aspects. On the one hand, high-quality human capital has stronger learning ability and higher labor productivity, and can understand relevant professional knowledge, which could play a prominent role in firms’ growth and development (Bayo-Moriones and Lera-Lopez, 2007). On the other hand, employees with low comprehensive quality are often engaged in simple and repetitive work in firms. In the process of development and transformation, some repetitive jobs will be gradually replaced by automated machines and equipment, which will reduce the demand of firms for low skilled employees and is reflected in the improvement of employee quality structure (Che and Zhang, 2018). Therefore, high-quality human capital will significantly promote the firms’ development, which is reflected in the improvement of quality structure of human capital. Moreover, firms also have some requirements for the functional areas of human capital structure. The progress of technology will replace the production and more repetitive work with low technology content, will require more professional technicians and R&D personnel (Haini, 2019). Furthermore, according to the smile curve theory, high added value can be generated in the field of technology and sales, while the lowest added value can be generated in the field of production and manufacturing (Park and Park, 2021). Therefore, the concentration of firms’ employees with high added value is the performance of the advanced human capital, which is reflected in the improvement of the function structure of human capital. To summarize, our analysis of literature leads to the hypothesis.
H2a. Talent policy can significantly improve human capital quality structure.
H2b. Talent policy can significantly improve human capital function structure.
2.4 The mediating role of human capital structure
Previous research has largely pointed out that a unique set of knowledge, skills and experience is very important for firm innovation (Ren and Song, 2021). Therefore, human capital, in terms of knowledge embodied in an firm’s employees, is regarded as being a crucial driver for innovation (Sun et al., 2020).
The impact of different levels of human capital on firm innovation is heterogeneous, and high-level human capital can enhance the technological content and novelty of products, and the contribution of high-level human capital to the improvement of total factor productivity is unmatched by low-level human capital (Chang and Lin, 2017). The upgrading of the human capital structure affects innovation including the saving of the innovation input and the growth of the innovation output (Zhang et al., 2019). It is reasonable that higher-level human capital may have a higher ability to innovate (Crespo Cuaresma et al., 2014), because human capital can improve labor productivity and enhance absorptive capacity (Teixeira and Queirós, 2016).
Meanwhile, formal education is highly instrumental and necessary to increase the productivity and efficiency of workers by increasing the cognitive level of workers’ production capacity (Liu et al., 2017). The skills and knowledge of individual employees can also be leveraged to improve the ability to efficiently and effectively enhance productivity and performance (Kim and Lee, 2022). Moreover, highly educated and skilled employees are more inclined to innovate and reported to be significantly more likely to develop new and innovative ideas (McGuirk et al., 2015), and can adapt rapidly and efficiently to new tasks and environments, and have the necessary knowledge and skills to identify problems and develop innovative solutions (De Spiegelaere et al., 2018), which directly promote firm innovation. Furthermore, talent agglomeration can also impact firm innovation by producing knowledge spillover effect and developing the innovation environment. The generation of new knowledge is a process of long-term accumulation and qualitative change, and new knowledge could be learned, imitated and surpassed by other workers, resulting in a knowledge spillover effect (Burcharth et al., 2014). The agglomeration of heterogeneous talents with multidisciplinary knowledge in a gathering workplace also supply the opportunities for communication and creates a good learning atmosphere, which further inspires the innovative consciousness (Shi et al., 2022).
However, due to the lack of elasticity in the supply of high-level human capital such as scientists and engineers, there will not be a large supply in a short time (Afcha and García-Quevedo, 2016). In addition, the innovative performance of talents is largely influenced by their environment, and talents are more willing to actively explore external knowledge in a favorable environment (Ilinitch et al., 1996). Only when highly motivated can employees transform their knowledge and skills into creativity, and providing an effective reward system is a necessary condition to positively promote highly valuable workers to create innovative behaviors (Sanders et al., 2018). Meanwhile, the government’s talent policies are different for talents at different levels. There are incentive policies for high-level talents such as academicians, professors and doctors, as well as settlement policies for undergraduate and postgraduate talents. Local governments can improve workers’ flexibility through talent policies such as cultivating talents, introducing talents, and encouraging innovative work of talents, which could improve firm innovation level. The talent policy also reduces the cost of human capital flow, attracts talents to quickly gather within the domain, and promotes innovation effects. Furthermore, highly educated and skilled employees are also expected to better interpret the talent policy (Rauch et al., 2005). Highly educated and skilled employees have more confidence in their work and are more likely to react positively talent policy, which could promote them to engage in risking-taking innovation activities (De Winne and Sels, 2010; Bornay-Barrachina et al., 2012).
Consistent with these views, we argue that higher-level human capital may reinforce the positive relationship between talent policy and firm innovation. Specifically, talent policy creates a more concise and convenient environment for firms to attract high-quality talents for innovation, which provides technical support for the improvement of innovation activities. To summarize, our analysis of literature leads to the hypothesis.
H3a. Human capital quality structure plays a mediating role in the relationship between talent policy and firm innovation.
H3b. Human capital function structure plays a mediating role in the relationship between talent policy and firm innovation.
3 METHOLOGY
3.1 Sample selection and data sources
Following the previous study (Liu et al., 2021), the A-share listed firms from China’s Shanghai and Shenzhen Stock Exchanges were selected as the samples. To ensure that the selection of these firms truly reflects the PV sector, we searched the data using the keywords such as “photovoltaic” and “solar”. Moreover, we checked the annual reports to exclude the firms that have only the partially relevant business description. Furthermore, we also excluded ST or *ST firms. Finally, 101 listed solar PV firms were included in our study. Considering the fact that the R&D expenses data disclosure of Chinese listed firms has been relatively complete since 2008, we chose 2008–2021 as the research interval. As a result, we obtained an unbalanced panel data containing 788 effective observations. The financial data were manually sorted according to the firms’ annual report from CNINFO (http://www.cninfo.com.cn/new/index). Patent data obtained was from CNIPA (China National Intellectual Property Administration) (http://epub.cnipa.gov.cn/Index).
3.2 Variable descriptions
3.2.1 Dependent variable
The dependent variable of our study is firm innovation. Measuring firm innovation is complex and difficult. Recent studies have measured firm innovation on the basis of R&D expenditures (Audretsch and Belitski, 2022; Krammer, 2022) and patent counts (Ko et al., 2021; Peng et al., 2022). While R&D expenditures only capture observable innovation inputs, patenting activity reflects the successful outputs after it has invested all observable and unobservable innovation inputs. Additionally, patenting activity may be regarded as a measure of innovation efficiency (Atallah et al., 2021), and patents were closely related to development of new products that show a commercial value and were also externally validate innovation outcomes (Chen et al., 2016). Moreover, the application of patents can produce short-term profitability and can be expected to bring more persistent future benefits (Fitzgerald et al., 2021). Following previous studies (Sierra-Morán et al., 2022), we used the natural logarithm of total patent applications to measure firm innovation. In particular, the annual number of patents applied to the China National Intellectual Property Administration in three separate categories (invention patents, utility model patents and design patents) was used. We summed all patent applications for each firm. At the same time, we defined FIN as the substitution variable to conduct robustness test, describing the total patent applications in the current year.
3.2.2 Independent variable
In order to analyze the impact of talent policy on firm innovation, this study used the government talent project funding received by firms to measure the talent subsidy. In previous studies, many scholars have measured R&D subsidies using the subsidies for non-operating income (Chen et al., 2018; Wu et al., 2020; Xu et al., 2022). Similar to the data collection method used for the above R&D subsidies, the method of “keyword search” can be employed to collect talent subsidies from notes disclosed in the “Details of Government Subsidies” under the “Non-operating Income” account in the financial statement of the annual report. If the title or goal of a subsidy included any of the following keywords (talents, postdoctoral fellows, academicians, experts, leading talents, talents plan, thousand talents plan, and ten thousand talents plan), the subsidy was identified as the talent subsidy (Shao and Chen, 2022). For the results of keyword search, we also conducted a manual comparison to confirm that the selected information belonged to a talent project, and then aggregated the talent subsidy to the firm every year, finally generating two independent variables: STS and DTS. STS indicated the logarithm of one plus the amount of subsidies obtained by the talent policy. If the firms were not supported by the talent policy, this variable is 0. We defined DTS as the dummy variable, describing whether the government subsidies aim to promote talent management. If it does, DTS equals 1, otherwise 0.
3.2.3 Mediating variables
The mediating variable in this study is human capital structure. We examined the structure of human capital from two aspects: the quality structure and the function structure. The quality structure represented the education level of the employees, and the function structure represented the position type of the employees. In accordance with recent research (Chu and Fang, 2020; Yang et al., 2022), we used the proportion of employees with master’s degree or higher compared to the overall amount of employees to measure the human capital quality structure. At the same time, according to the previous studies (Zhang et al., 2018; Song et al., 2019), we selected the proportion of technical and R&D employees in total employees to measure the human capital function structure.
3.2.4 Control variables
To alleviate the possible confounding effects, some relevant control variables were used in this study. First, according to the previous study (Tang et al., 2021), we selected four variables to represent firms’ financial level, including leverage ratio, return on assets, sales growth ratio and operating cash flow. Second, we controlled for R&D intensity, which is often viewed as an important innovation capacity (Yang et al., 2010). Third, we included two essential firm characteristics that are pertinent to innovation outcomes (Klingebiel and Rammer, 2014): firm age and firm size. Finally, we also controlled for firms’ board size (Zona et al., 2013) and nature of property rights (Yi et al., 2021).
All variable definitions are shown in Table 1.
TABLE 1 | Variable descriptions.
[image: Table 1]4 RESULTS AND DISCUSSION
4.1 Descriptive statistics and correlation analysis
Table 2 shows the results of descriptive statistics for the variables used in the empirical study. According to the results of Table 2, the mean of FI is 2.153, demonstrating that the innovation output level of listed firms from solar energy industry is generally low. Meanwhile, the mean and SD of STS are 4.689 and 6.147, respectively. These results suggest that different listed firms have great differences in receiving talent subsidies. As for human capital, the mean of HCQS and HCFS are 0.031 and 0.188, respectively, indicating that the education level and the proportion of technicians of listed firms from solar energy industry are still at a relatively low level, and also shows that there is much room for improving the structure of employees.
TABLE 2 | Descriptive statistics.
[image: Table 2]Moreover, Table 3 also shows the difference test results of main variables between firms with and without talent subsidies. In terms of sample size, there are 492 samples without talent subsidies, accounting for 62% of the total sample, while there are 296 samples with talent subsidies, accounting for 38% of the total sample. This shows that more than half of the firms are still not funded by the government’s talent policy, which also shows that many firms have not done enough in talent management. Firm innovation of firms not receiving talent subsidy is lower than of firms receiving talent subsidy, which are 2.019 and 2.376 respectively. Meanwhile, human capital quality structure of firms not receiving talent subsidy is lower than of firms receiving talent subsidy, which are 0.028 and 0.035 respectively. Moreover, human capital function structure of firms not receiving talent subsidy is also lower than of firms receiving talent subsidy, which are 0.183 and 0.197 respectively. Furthermore, we also conducted the mean and median difference test of the two groups of samples, and the two results were basically consistent.
TABLE 3 | Difference test of main variables.
[image: Table 3]Table 4 shows the results of correlation analysis for main variables. According to the results of Table 4, the correlation coefficients between variables are small, except the correlation coefficients between FS and LEV, which is slightly greater than 0.5. Moreover, the research results of Table 2 show that STS has a significant positive correlation with HCQS and HCFS, which indicates that STS can optimize the human capital structure of firms. At the same time, there is also a significant positive correlation between STS and FI, as well as between HCQS/HCFS and FI, which suggests that STS and HCS can effectively promote firm innovation.
TABLE 4 | Correlation analysis.
[image: Table 4]4.2 Regression analysis
Unlike the fixed effect model, the random effect model can allow for the estimation of the relationship between variables when independent variables are both longitudinal and time invariant. Thus, based on the characteristics of our sample, we employed the random effect GLS regression to test the hypotheses.
Table 5 and Table 6 show the result of regression analysis. Model 1 tested the effect of talent subsidy on firm innovation. Model 2-5 examined the mediator effect of human capital on the relationship between talent subsidy and firm innovation. We also used the stepwise regression test proposed by previous study (Agnoli and Outreville, 2021) and sobel test to test mediating effect, which are shown in Table 5 and Table 6, respectively.
TABLE 5 | Regression analysis.
[image: Table 5]TABLE 6 | Results of mediation effect of Sobel test.
[image: Table 6]The results of Model 1 in Table 5 shows that the talent subsidy positively significantly impacts firm innovation at the 5% level (β = 0.013). This suggests that the implementation of the talent policy can promote firms’ innovation activity, thus Hypothesis 1 is supported. Model 2 and 4 were mainly used to test whether talent subsidy could pass through human capital quality structure to affect firm innovation. The results of Model 2 show that talent subsidy positively significantly impacts human capital quality structure at the 1% level (β = 0.000). Thus, Hypothesis 2a is supported. Meanwhile, although the influence of human capital quality structure on firm innovation was positive and significant at the 0.1% (β = 11.492) in Model 4, the influence of talent subsidy on firm innovation is not positive and significant at the 5% (β = 0.009) in Model 4. These results suggest that human capital quality structure is an essential mediation to link talent subsidy and firm innovation. Moreover, the results of sobel test of Table 6 show that the ratio of the mediation effect of total effect of human capital quality structure is 0.395, suggesting that human capital quality structure can explain 39.5% effect of talent subsidy on firm innovation. This also means that there is a significant mediation role of human capital quality structure. Thus, Hypothesis 3a is supported. Model 3 and 5 were mainly used to test whether talent subsidy could pass through human capital function structure to affect firm innovation. The results of Model 3 show that talent subsidy positively has not significant effect on human capital function structure at the 5% level (β = 0.000). Thus, Hypothesis 2b is not supported. Given the coefficient is not significant, the Sobel test must be further conducted to confirm whether human capital function structure can mediate the relationship between talent subsidy and firm innovation. Meanwhile, the influence of human capital function structure on firm innovation was positive and significant at the 0.1% (β = 2.355) in Model 5, and the influence of talent subsidy on firm innovation was also positive and significant at the 1% (β = 0.012) in Model 5. These results suggest that human capital function structure partially mediates the relationship between talent subsidy and firm innovation. Furthermore, the results of Sobel test of Table 6 show that the ration of the mediation effect of total effect of human capital function structure is 0.175, suggesting that human capital function structure can explain 17.5% effect of talent subsidy on firm innovation. This also means that there is a significant mediation role of human capital quality structure. Thus, Hypothesis 3b is supported.
4.3 Robustness test
4.3.1 Benchmark regression robustness test
We conducted the three robustness checks to assess how regression coefficients respond to changes in the regression specification.
First, we employed the ML regression method to replace the GLS regression method, and the results are shown in Table 7. According to the regression results in Table 7, STS has a positive and significant effect on FI. Meanwhile, the results of stepwise regression and Sobel test show that both HCQS and HCFS mediate the relationship between STS and FI. The results are basically consistent with those before replacement. Thus, the research results are stable.
TABLE 7 | Robust analysis-regression method.
[image: Table 7]Second, we used DTS to replace the independent variable (STS), and the results are shown in Table 8. According to the regression results in Table 8, DTS has also a positive and significant effect on FI. Meanwhile, the results of stepwise regression and Sobel test show that both HCQS and HCFS also mediate the relationship between DTS and FI. The results are basically consistent with those before replacement. Thus, the research results are stable.
TABLE 8 | Robust analysis-independent variable.
[image: Table 8]Third, FIN was used to replace the dependent variable (FI). At the same time, considering the distribution characteristics of the number of patents, the regression method was also changed to negative binomial regression. These results are shown in Table 9. According to the regression results in Table 9, STS has also a positive and significant effect on FI. Meanwhile, the results of stepwise regression and Sobel test show that both HCQS and HCFS also partially mediate the relationship between DTS and FI. The results are basically consistent with those before replacement. Thus, the research results are stable.
TABLE 9 | Robust analysis-dependent variable.
[image: Table 9]4.3.2 Robustness test of the mediation effect
Next bootstrapping analysis was carried out proposed by previous study (Liu et al., 2022) to examine talent subsidy indirect influence on firm innovation caused through human capital structure. Table 10 shows the repeated sampling with replacement for 1,000 repetitions of the regression of the mediation effect. The Z values of the indirect effect of HCQS and HCFS are 3.18 and 2.18, which have passed the test at the significance level of 0.1% and 5%, respectively. Thus, there is a mediation effect.
TABLE 10 | Indirect effects of mediated relationships.
[image: Table 10]Furthermore, Table 7 also shows the results of the robustness analysis of the mediation effect of substituting the independent variable as DTS, and substituting the dependent variable as FIN. The Z values of the indirect effect were all significant and passed the test, suggesting that there was a mediation effect, which also proved the robustness of the results of the mediation effect.
4.4 Heterogeneity analysis
The above results have shown that talent policy can significantly promote firm innovation, but it is not yet clear whether this role is affected by the firms’ conditions. To explore the impact of talent policy on firm innovation, two variables were selected for further analysis: the R&D intensity and the nature of property rights.
Table 11 reports the R&D intensity heterogeneity analysis of the benchmark regression. In our study, firms whose R&D intensity is lower than the mean level were classified as low groups, and those whose intensity is not lower than the mean level are classified as high groups. According to the regression results in Table 11, STS has a positive and significant effect only on FI in low groups. Meanwhile, the results of stepwise regression and Sobel test also show that both HCQS and HCFS only mediate the relationship between STS and FI in low groups. These results suggest that talent policy can significantly promote the innovation of firms with low R&D intensity, while it does not significantly promote the innovation of firms with high R&D intensity.
TABLE 11 | Regression analysis of higher and lower R&D intensity groups.
[image: Table 11]Table 12 reports the nature of property rights heterogeneity analysis of the benchmark regression. In our study, listed firms were classified as state-owned and non-state-owned groups. According to the regression results in Table 12, STS has a positive and significant effect only on FI in non-state-owned groups. Meanwhile, the results of stepwise regression and Sobel test also show that both HCQS and HCFS only mediate the relationship between STS and FI in non-state-owned groups. These results suggest that talent policy can significantly promote the innovation of non-state-owned firms, while it does not significantly promote the innovation of state-owned firms.
TABLE 12 | Regression analysis of state-owned and non-state-owned groups.
[image: Table 12]4.5 Endogeneity test
To accurately estimate the effect of talent policy on firm innovation, this study further discuss the endogenous problems that may exist in the above analysis model. The endogenous problem mainly comes from omitted variables and reverse causality. First, although this study has already controlled for important variables that affect firm innovation, there may be some variables missing, which can lead to biased results. Second, before subsidizing firms’ talents, the government looks into their outstanding innovation performance, indicating that innovative firms are more likely to obtain subsidies. Given the above sources of the endogenous problems, we dealt with the endogenous problems by adopting two techniques as follows.
Firstly, to solve the endogenous problems caused by omitted variables, the total assets (TA) and marketization index (MI) were introduced into the basic regression model as control variables, which are often viewed as important factors affecting the innovation. The former was represented by the natural logarithm of total assets (Ain et al., 2022), and the latter was represented by Fangang’s regional marketization index (Wang et al., 2021). The results of regression analysis are presented in Table 13.
TABLE 13 | Endogeneity test of based on the adding control variables.
[image: Table 13]Secondly, to solve the endogenous problems caused by reverse causality, we employed the instrumental variable method. Following Zhang (2020), we used the government’s ability to intervene in the economy (GAIE) as instrumental variables, which is represented by the proportion of fiscal expenditure and fiscal revenue of each province in the current year and may satisfy correlation and exogeneity. First of all, the financial expenditure in the same region is limited. With the increase of the total amount of government subsidies, the amount of talent subsidies in all industries will be affected, so this variable meets the relevant requirements. Secondly, the government subsidy expenditure is more a reflection of the macro policy, and it is difficult to directly affect the innovation behavior of a single enterprise, so it conforms to the exogenous regulations. The two-stage least square method was applied to estimate the above models, and the estimated results are shown in Table 14.
TABLE 14 | Endogeneity test based on the instrumental variable.
[image: Table 14]According to the results of Table 13, the results of regression analysis show that the roles of the additional control variables are significant, which are basically consistent with the results of benchmark models. It indicates that empirical results are robust. The results of regression analysis in Table 14 show that the coefficients of GAIE are positive and significant at 10% and 1% level respectively in first stage regression analysis, indicating the validity of the instrument variable. As can be also seen from Table 14, the coefficients of STS, HCQS and HCFS are significantly positive at 10% and 1% level respectively in second stage regression analysis. These results suggest that talent policy can indirectly facilitate firm innovation through human capital structure.
Furthermore, this study regrouped all samples according to the R&D intensity and property nature, and then performed regression analysis including additional control variables. These results are shown in Table 15 and Table 16. The results in Table 15 and Table 16 show that the coefficients of STS, HCQS and HCFS are significantly positive in non-state-owned groups and in low R&D intensity groups, which are basically consistent with the results of benchmark models and suggest that talent policy can indirectly facilitate firm innovation through human capital structure.
TABLE 15 | Regression analysis of higher and lower R&D intensity groups based on the additional control variables.
[image: Table 15]TABLE 16 | Regression analysis of state-owned and non-state-owned groups based on the additional control variables.
[image: Table 16]5 CONCLUSION AND IMPLICATOINS
5.1 Main Conclusion
Based on the unbalanced panel data of 101 listed firms of solar photovoltaic industry in China from 2008 to 2021, this study employed the random effect GLS regression to empirically explore the impact mechanism of talent policy on firm innovation. The main conclusions are as follows. Firstly, talent policy exerts a significant and positive influence on firm innovation. Innovation has a strong negative externality. Simply relying on market regulation could inevitably lead to insufficient input of factors, loss of efficiency, etc. According to the buffering mechanism of resource dependence theory, on the one hand, talent policy can directly promote firm innovation by generating compensation effects that help firms to increase innovation investments, and on the other hand, talent policy can mobilize the innovation enthusiasm of talents and thus promote firm innovation. This conclusion confirms the effectiveness of talent policy, which is of great significance to the promotion of innovation in solar photovoltaic industry. Secondly, talent policy promoted firm innovation by the structure of human capital, including two intermediary paths: quality and function. According to the bridging mechanism of resource dependence theory, talent policy can be regarded as a signal of legitimacy and quality, which can help firms attract talents to change the structure of human capital though allocation effect, and thus help firms promote innovation activities. Thus, the government’s talent policy has played a huge role in changing the stock and structure of human capital. Finally, the talent policy and human capital structure’s effects on firm innovation can vary depending on the nature of property rights and R&D intensity, and these relationships are more significant in non-state-owned firms and firms with low R&D intensity. This suggests that the government should consider the nature of property rights and R&D and allocate resources reasonably when talent subsidies to solar photovoltaic firms.
5.2 Practical implications
Based on the above conclusions, this study draws the following practical implications for managers as well as policymakers.
For governments at all levels, they should play an important role in guiding policies to promote the development of the solar photovoltaic industry. First, the government should put the talent policy in a more important position when promoting the development of solar photovoltaic industry. At present, the government’s support in solar photovoltaic firms’ talent management is far less than the support for R&D subsidies. However, the talent policy can effectively supply resources and significantly promote solar photovoltaic firms’ innovation. Therefore, the talent policy has relatively lower implementation cost and more effective innovation promotion effect, which should be fully valued in solar photovoltaic industry. Second, the government should further play the role of talent policy in creating signaling effects and reducing the information asymmetry problem in solar photovoltaic industry. The government can not only help solar photovoltaic firms attract more talents to engage in innovation activities through the release of talent policies, but also, more importantly, optimize the talent structure of solar photovoltaic firms, so as to play a greater role in promoting innovation. On the whole, human capital quality structure plays a more important role in promoting solar photovoltaic firms’ innovation than human capital function structure. In the short term, the governments will focus on increasing quality structure of human capital in solar photovoltaic industry. However, in the long run, the governments’ talent policy should give consideration to both the improvement of quality and function structure of human capital in solar photovoltaic industry. Third, the government’s talent policy should consider the difference of nature of solar photovoltaic firms’ own conditions. Specially, the government should continue to optimize the talent policy evaluation mechanism, comprehensively consider the nature of property rights and R&D, and implement differentiated subsidy policies. Compared to non-state-owned firms in solar photovoltaic industry, state-owned firms can undertake innovation risks with stable internally generated funds and average the innovation investments through a large volume of sales. Therefore, state-owned firms are less enthusiastic about spending talent subsidies to accelerate innovation in solar photovoltaic industry. Similarly, solar photovoltaic firms with higher R&D intensity also have sufficient funds to engage in innovation activities, so they are less enthusiastic about obtaining talent subsidy.
For solar photovoltaic firms, they should actively respond to the requirements of talent policies and optimize their management activities. First, the implementation of the talent policy can not only help solar photovoltaic firms reduce the operational burden and improve the risk aversion ability, but also help solar photovoltaic firms greatly improve the human capital structure to promote innovation. Therefore, solar photovoltaic firms should break the constraints of their own conditions and make full use of the positive effects of different talent policies. Second, solar photovoltaic firms should avoid heavy reliance on government resources to promote innovation activities. Maintaining diverse access to resources and optimizing the allocation of internal resources will help solar photovoltaic firms pay attention to the innovation activities themselves, so as to obtain sustainable output.
5.3 Limitations and future research
This study had some limitations. First, due to the lack of relevant data, non-listed firms were not included in the scope of analysis, resulting in insufficient sample size. Therefore, in the future research, the research object can be extended and the universality of the conclusion can be further verified. Second, this study only analyzes the mediating role of human capital structure. In the future, we should further explore the mechanisms by which talent policy influence firm innovation, and the signal effect of talent policy on attracting other external stakeholders.
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Variable name Symbol Definitions
Firm innovation B FI: Natural logarithm of total patent applications
FIN: Total patent applications in the current year
Talent policy s STS: Natural logarithm of the talent subsidy amount received in the current year
DTS: Whether the firm receives talent subsidies, 1 = yes, 0 = no
Human capital quality structure HCQS (Number of employees with master's degree or above)/(Number of employees)
Human capital function structure HCFS (Number of Technical employees on R&D)/(Number of employees)
Firm size I Natural logarithm of the number of employees
Firm age FA Value of operating years since the firm’s establishment
R&D intensity RDI (R&D expenditure)/(Operating income)
Total assets TA Natural logarithm of total assets
Return on assets ROA (Net profit)/(Total assets)
Leverage ratio LEV (Total liabilities)/(Total assets)
Operating Cash Flow CF (Net cash flow from operating activities)/(Total assets)
Sales growth ratio G (Current operating income)/(Previous year’s operating income) ~1
Board size BS (Total number of board members)/100
Nature of property rights NPR A dummy variable: 1 represents state-owned firms, 0 represents non-state-owned firms
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