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This article focuses the research sample on Chinese State-Owned Enterprises (SOEs), using the Beyond-logarithmic Stochastic Frontier Production Function and the ordinary fixed effect model to examine, and evaluates the influence of mixed ownership reform on the innovation of SOEs from the perspective of incentive and constraint mechanisms. Our study investigates the impact of the corporate governance, policy burden, and environmental regulation. The main conclusions are as follows. First, mixed ownership reform can enhance the innovation capability of SOEs. Second, mixed ownership reform stimulates innovation of SOEs by optimizing corporate governance and reducing policy constraints on enterprises which regulate enterprise decision-making behavior. Third, the environmental regulation also affects SOEs’ innovation. This study can provide a reference for the government to further deepen the reform, optimize the living environment of SOEs, improve environmental regulations and promote the sustainable development of economy.
Keywords: mixed ownership reform, state-owned enterprises, enterprise innovation, corporate governace, policy burden, environmental regulation
1 INTRODUCTION
The low efficiency of production and innovation is the current problem faced by SOEs. SOEs’ productivity is a quarter lower on average than non-SOEs when controlling for the sector, according to IMF’s report (2017). The growing body of academic literature and recent trends increasingly emphasizes the importance to establish a response to improve SOEs’ innovation (Lo et al., 2022; Castelnovo, 2022; Wang and Deng, 2021). Moreover, SOEs play a particularly key role in the economy of developing countries such as China, Brazil, and Russia, where the state-owned sector controls the national economy and is dominant in strategic industries (Gershman et al., 2016). SOEs with high innovation capacity pursue abundant opportunities to push social innovation and economic growth (Wang and Deng, 2021; Li and Guan, 2022). Therefore, improvement of SOEs’ innovation is inevitable to achieve an economic sustainability agenda.
The institutional reform of SOEs is needed under Sustainable Development Goals (SDG) to deal with agency problems, and ways to deal with policy burdens and soft-budget constraints. IMF’s report (2017) points, mixed-ownership reform, in which private capital is allowed to invest in government-run enterprises, is still unclear whether the mixed-ownership model is effective to improve SOEs’ efficiency. Zhang et al. (2020) analyze that mixed ownership reform could significantly impact on innovation performance improvement of SOEs. Mixed ownership reform may facilitate the pursuit of innovation strategy of SOEs (Li et al., 2020). To date, understanding of how and when innovation of SOEs can benefit from the mixed ownership reform has been less. Thus, this study investigates whether mixed ownership reform can help SOEs to achieve innovation improvement.
Although mixed ownership reform has been implemented for over years in China, a well-developed mechanism to elaborate improvement of SOEs’ innovation remains lacking (Li and Xia, 2008; Naughton, 2017). Economists, led by Schumpeter (1934), point out that the ability of firms to innovate is the driving force for their sustainable development, and that the incentives and constraints of the economic system are important factors in determining whether firms innovate or not (Baumol, 2002). The established literature argues that SOEs’ innovative outcomes depend on excellent leadership and accommodative policy environment, meaning corporate governance and policy burden (Tang et al., 2011; Aghion et al., 2013; Wang and Chen, 2017). The study uses the incentives and constraints view to elaborate on the role of corporate governance and policy burden in relation to mixed ownership reform and SOEs’ innovation.
First, the internal incentives mechanism of SOEs are required (Wang and Deng, 2021). The problems of unclear property rights and lack of managers in SOEs are the key reasons for the low innovation capacity of SOEs. Mixed ownership reform will help enterprises improve corporate governance, reduce managers’ ethical risks, and encourage enterprises to carry out innovative activities by the higher proportion of non-state-owned shares (Tang et al., 2011). Wang and Sun (2018) suggest that establishing reasonable incentives is an important part of improving innovation efficiency of SOEs, for example, companies should be encouraged to develop reasonable compensation incentives to alleviate the risk-averse mentality of executives and increase managers’ enthusiasm for innovation. Lo et al. (2022) emphasize the novelty of highlighting the importance of organizational controls in the reform of SOEs. Second, reducing the external constraint behavior of SOEs. The behavior of SOEs will be guided by government intervention, and SOEs bearing policy burden will face budgetary and decision-making constraints, which in turn leads to low innovation motivation and innovation efficiency of enterprises. The main view indicates that non-state-owned shareholders have a positive influence on the innovation activities of enterprises by diminishing political pressure (Li and Yu, 2015; Wang and Chen, 2017). A previous study (Yuan et al., 2015) suggests that political connection affects enterprise innovation by reducing market competition and promoting overinvestment, leading to weak technological innovation, resource fragmentation and crowding-out effect. Existing research lacking empirical evidence on how corporate governance affects SOEs’ innovation and policy burden influences SOEs’ innovation (Naughton, 2017). Therefore, the study aims to explore the effect of corporate governance and policy burden on SOEs’ innovation and the both as mediators between mixed ownership reform and improvement of SOEs’ innovation.
To achieve the SDG in China, environmental regulation is also gaining attention. Such environmental regulations can fruitfully meet the country’s commitments regarding cleaner production and overall sustainable development (Shahzad et al., 2022). A prior study (Hojnik and Ruzzier, 2016) observes that environmental regulation guides firms to increase their use of clean energy and technology development, which is conducive to enhancing enterprise innovation. The article of Cui et al. (2022) addresses the “weak” version of the Porter hypothesis, which states that environmental regulation induces innovation. Although many scholars (Shahzad et al., 2022; Xu et al., 2022) have begun to study the impact of environmental regulation on green innovation as well as green finance, there are still few studies that integrating environmental regulation into the research system on the impact of mixed ownership reforms on SOEs’ innovation. Specifically, SOEs that use fossil energy tend to be more sensitive to environmental regulations. It thus becomes possible for SOEs to earn higher technological innovation level (Zhong and Zhao, 2012).
In terms of measuring technological innovation, on the one hand, existing literature mostly uses technological innovation inputs such as R&D expenses, R&D personnel and R&D input density (Zachariadis and Rand, 2003; Zhi and Wang, 2007; Yang et al., 2015) or technological innovation outputs such as the number of patent applications (Tong et al., 2014; Liu and Qiu, 2016; Wu and Tang, 2016; Zhang J. et al., 2016; Sun et al., 2021), new product output value or new product sales revenue (Li and Song, 2010; Wu and Li, 2017) to measure the level of technological innovation, but these two types of measures can only represent a certain aspect of innovation, and cannot deeply measure the quality and benefits of technological innovation of enterprises (Cao et al., 2020). On the other hand, data on R&D investment, number of patents, and new product output value are missing in a wide range of existing databases at the micro enterprise level, such as The Database of Chinese Industrial Enterprise and the China Listed Companies Database (CSMAR). In addition, as Lederman (2010) points out, innovation differs significantly between developing and developed countries: in developing countries, where innovation capabilities are in the process of imitation and learning, firm innovation is more likely to be a further exploitation of existing technologies. In view of this, this paper uses the time-varying form of the beyond-log stochastic frontier production function (SFA) proposed by Christensen et al. (1973) to measure and decompose the firm’s technological progress (technological change) which measures the level of technological innovation in micro firms (Deng and Ding, 2010). This method can not only reflect the quality and efficiency of technological innovation, but also better overcome the problem of insufficient availability of R&D or patent data at the firm level.
This study explores the role of corporate governance and policy burden to enhance the greater coordination of innovation improvement in SOEs. Although research on corporate governance and policy burdens is evolving, few studies have explicitly investigated the impact of corporate governance and policy burden on mixed ownership reform mechanisms. The roles of corporate governance and policy burden have not been studied together at the level of reform mechanisms, which is an important gap. Moreover, little is known about how environmental regulation plays a role between mixed ownership reforms and improved SOEs’ innovation performance. This paper seeks to extend the research by answering the following questions: 1) What is the relationship between mixed-ownership reform and innovation efficiency improvement in SOEs? 2) Do corporate governance and policy burden play a mediating role between mixed ownership reforms to enhance innovation efficiency improvement of SOEs? 3) Does environmental regulation play a moderating role between mixed ownership reforms to enhance innovation efficiency improvement of SOEs?
This study has important contributions in both theory and practice. For one, this paper uses the level of technological progress to measure the innovation capability of enterprises, which enriches the empirical research on the influence of China’s state-sector reform on SOEs. Since one-way indicators such as R&D input or patent output are difficult to accurately measure the quality and efficiency of enterprise innovation, this paper constructs a time-varying transcendental logarithmic stochastic frontier production function model to measure the innovation level of micro enterprises. Second, this paper can provide a new explanatory perspective for promoting SOE reform. The previous literatures (Tang et al., 2011; Wang and Chen, 2017; Guan et al., 2021) focused on corporate governance and divestment of policy burden, respectively, and lacked the integration analysis of the two. This paper argues that corporate governance and policy burden are two parallel dimensions of the institutional reform process of SOEs and affect the internal incentive system and external constraint system of SOEs’ innovation, respectively. Third, our study extends beyond the question of enterprise innovation to environmental regulation. Few studies have been conducted to incorporate environmental regulation into the research system on the impact of mixed ownership reform on SOE innovation. Thus, our study explores how environmental regulation may affect the relationship between mixed ownership and SOEs’ innovation. In doing so, we build a moderating effect model where environmental regulation may moderate the impact of mixed ownership reform on innovation in SOEs.
2 THEORETICAL MECHANISM AND RESEARCH HYPOTHESIS
Clarifying the incentive and constraint mechanism of mixed ownership reform on innovation of state-owned enterprises is the basic premise of deepening the reform of state-owned enterprises and promoting innovation of state-owned enterprises.
2.1 Impact of mixed ownership reform on innovation of state-owned enterprises
Due to the lack of effective incentive and supervision mechanisms for operators, SOEs usually suffer from serious agency problems (D’Souza and Nash, 2017). Mixed ownership reform can strengthen incentives and constraints for managers: after the mixed ownership reform of SOEs, state-owned shareholders are transformed into private shareholders, and the private shareholders will actively intervene and supervise managers based on their own interest concerns, reducing the manager’s principal-agent cost and improving the efficiency of corporate governance. Therefore, mixed ownership reform helps enterprises improve corporate governance, reduce moral hazard of operators, and encourage innovative activities by increasing the proportion of non-state shares, employee stock ownership plan, and improving the system of state capital operation (Aghinon et al., 2013).
At the same time, SOEs’ production decision-making behavior will be greatly influenced by the policy burden and soft budget constraints (Megginson et al., 2014). Moreover, the government will intervene strongly in business operations to achieve certain political goals, causing SOEs to make short-term investment decisions under these political goals, abandon innovative investment projects with higher risks and profits, and reduce new technological innovations (Gao et al., 2018). After the mixed ownership reform, the proportion of state-owned equity decreases and the policy burden borne by SOEs is relieved, which is conducive to the improvement of corporate governance efficiency and technological innovation. In view of this, this paper proposes the following hypothesis.
Hypothesis 1. Mixed ownership reform can promote the innovation capability of SOEs.
Hypothesis 2a. Mixed ownership reform promotes innovation in SOEs by optimizing corporate governance.
Hypothesis 2b. Mixed ownership reforms promote innovation in SOEs by reducing the policy burden.
2.2 Environmental regulation and enterprise innovation
Environmental regulations are relevant environmental laws and policies formulated by the government for the purpose of protecting the environment, aiming to guide enterprises to make decisions to improve the environment. The goal of environmental sustainability is achieved by reducing pollutant emissions while improving overall economic efficiency (Jiang et al., 2021). In the existing studies, many scholars have argued that environmental regulations can promote firms’ technological innovation. For example, Hojnik and Ruzzier (2016), Liu and He (2021), and Hu et al. (2022) mainly based on the “Porter’s hypothesis” theory, argue that enterprises will enhance technological research and development with the guidance of policies to achieve the goals of improving resource utilization, enhancing product performance, and meeting production and emission standards. In this process, the revenue from innovation is greater than the cost of innovation, resulting in the “innovation compensation” effect and achieving the “win-win” goal of environmental protection and economy. In view of this, this paper proposes the following hypothesis.
Hypothesis 3. The impact of mixed ownership reform on SOEs’ innovation is moderated by the environmental regulation.This pattern of moderated mediation between the variables is depicted in Figure 1.
[image: Figure 1]FIGURE 1 | Proposed research model.
3 RESEARCH DESIGN
Firstly, we selected micro data from the database of Chinese industrial enterprises, and then processed our data: mainly to remove abnormal samples and deflate the nominal indicators. Then we define the independent and dependent variables. We define the mixed ownership reform using the dummy variable and delineate the different measurement ranges of mixed ownership reform. Next, we show how to construct a transcendental log stochastic frontier production function and decompose the final explanatory variable --the level of technological progress, and use it to measure the innovation capacity of SOEs. Then, after comparing the results of Wald test, B-P test and Hausman test, we choose to use a fixed effects model for regression analysis and define other control variables.
3.1 Data source and processing
3.1.1 Data source
The micro data used in this paper are from The Database of Chinese Industrial Enterprise, spanning the period of 1998–2007 and involving different industries. The database of Chinese Industrial Enterprises is the annual industrial statistics results of the National Bureau of Statistics and its subordinate agencies, and is a summary of the original reports submitted to the statistics department by all industrial enterprises above the scale. While this article was being written, data from The Database of Chinese Industrial Enterprises was only published through 2013. In the selection of the sample period, the data from 2008–2013 are not taken because: 1) the data from 2008 to 2009 have serious problems of missing indicators, and the data from 2010–2013 are not of high quality1. 2) After 2011, the statistical caliber of the database has changed, and “above-scale” has been adjusted from five million yuan to 20 million yuan (Liu and Wu, 2019). In addition, both the retail price index and the fixed asset investment price index are from the China Statistical Yearbook 1999–2008.
3.1.2 Data processing
The above are considerations for data selection, and the specific process of data processing is briefly described below. In view of the many shortcomings of the industrial enterprise database (Nie et al., 2012) , this paper makes the following adjustments by referring to relevant research literature and combining the main research object -- state-owned enterprises: 1) To avoid deleting too many observation samples, observations with missing or zero values for key variables such as: start-up time, gross industrial output value (current value), all employees, etc. are before and after one period of filling, and then delete the missing values and observations that are less than zero. 2) Delete the sample with the number of all employees less than 8 (Brandt et al., 2012). 3) Delete the sample of observations that do not comply with the general accounting standards and remove the enterprises that start in unreasonable years (less than 1,000 or more than 2007) (Cai and Liu, 2009). 4) Refer to Nie et al. (2012), use the ratio of state-owned capital to paid-in capital to measure the ownership characteristics of enterprises, and draw on the views of most scholars, such as Chen and Tang (2014) who define enterprises with 100% state-owned capital as state-owned enterprises. In deflating the nominal indicators, the paper sets 1998 as the base period and deflates net fixed assets by the fixed asset investment price index and sales revenue by the retail price index for each year.
After the above processing, this paper finally forms a panel dataset of unbalanced firms spanning the period 1998–2007, with a total of 136,073 valid observations, and the following data are reported based on the results of this data.
3.2 Dependent variable and independent variable
In order to measure the effect of mixed ownership reform of SOEs on enterprise innovation, this paper first addresses two difficulties.
3.2.1 Definition of mixed ownership reform
How to define whether SOEs have carried out mixed ownership reform. To facilitate the econometric analysis, the mixed ownership reform variable in this paper [image: image] are defined in the following form.
[image: image]
where [image: image] denotes whether enterprise i has carried out mixed ownership reform in the whole sample period, and is taken as 1 if the enterprise has carried out reform, and 0 otherwise. [image: image] denotes the time when the enterprise underwent the mixed ownership reform, and is taken as 0 before the reform and 1 after the reform (including the year of the reform). Since the difference in the number of enterprises is only determined by a single cross-sectional comparison ([image: image]) or the difference between before and after reform ([image: image]) to examine the impact of mixed ownership reform on firm innovation across samples, it may result in biased estimation. Therefore, this paper combines the two and uses [image: image] denotes whether firm i carries out mixed ownership reform in year t.
At the same time, For the determination of the scope of mixed ownership reform, this paper sets three types of: 1) a broader definition: the mixed ownership reform is defined as an enterprise in which the proportion of state-owned capital to paid-in capital is greater than 0 and less than 100%, and for simplicity, the proportion of state-owned capital after such mixed ownership reform is denoted as (0,1) in this paper. 2) Stricter definition: Drawing on Laeven and Levine’s (2008) study, 10% is chosen as the cut-off point, and if the proportion of state-owned capital exceeds 10% of paid-in capital, it is defined as having carried out mixed ownership reform, which is also drawn on by Hao and Gong (2017). Therefore, this paper defines mixed ownership as an enterprise with greater than or equal to 10% and less than or equal to 90%, i.e., the proportion of state-owned capital is [0.1,0.9] after the reform. 3) In order to avoid deleting too many reformed enterprise samples, the mixed ownership reformed enterprises are defined as those with the proportion of state-owned capital greater than or equal to 5% and less than or equal to 95%, i.e., the proportion of state-owned capital after the mixed ownership reform is [0.05,0.95].
Next, we show how the stochastic frontier method can be used to measure firms’ technological progress rates, and then construct a benchmark model to lay the groundwork for quantitatively examining the impact of mixed ownership reform on SOEs’ innovation.
3.2.2 Measurement index of enterprise innovation
Much literature such as Jian et al. (2014), Lu and Lian (2007) have talked about using industrial value added to represent output. However, for empirical purposes, traditional models tend to remove many samples with negative and zero industrial value added. In reality, it is normal to have losses in some years, and as long as there are no consecutive losses for many years, the enterprises that turn into profit are still consistent with the economic assumption of continuous operation. Therefore, we draw on Xia and Cheng (2010) use of sales revenue [image: image] as an indicator of output, so the technical efficiency measured by the model may include the enterprise’s sales ability, market forecasting ability and other post-production management level of the enterprise.
Second, for the firm’s capital input ([image: image] ), based on previous studies use the annual average balance of net fixed assets as capital input (Xia and Cheng, 2010); for the labor input of enterprises ([image: image] ), the full number of employees from the database of industrial enterprises is used. In addition, intermediate inputs are not included in the production function in this paper, and thus the calculated rate of technological progress also includes the ability of firms to obtain intermediate inputs.
Drawing on the transcendental logarithmic stochastic frontier production function (SFA) form used by Han (2009), the specific type of stochastic frontier production function is set in this paper as follows
[image: image]
where [image: image] denotes the level of output of firm i in year t, the [image: image] and [image: image] denote the logarithmic forms of input factors l and k in year t of firm i, respectively, and this paper mainly includes two factor inputs, capital and labor (i.e., l, k = L, K). [image: image] is the estimated parameter of each variable ; the error term in Eq. [image: image] is a compound error term, which consists of two independent components: where [image: image], denotes the production technology inefficiency term of firm i in year t, is classical white noise and obeys a non-negative truncated normal distribution, independent of the pure random error term. [image: image] It mainly includes measurement errors, economic fluctuations and various other uncontrollable factors such as climate, natural disasters, etc. The measured results for Eq. 1 are shown in Table 1.
TABLE 1 | Estimation results of stochastic frontier model.
[image: Table 1]And then we refer to the decomposition idea of Kumbhakar and Lovell, 2000.to decompose the final explanatory variable to be studied, technological progress (tec). It reflects the movement of the production possibility frontier of the firm as time continues to advance under the condition that the capital and labor input factors are determined. It is generally calculated as follows.
[image: image]
where ([image: image] represents common technological progress, which indicates the technological progress common to individual firms over time, and [image: image] ) denotes non-neutral technological progress, i.e., heterogeneous technological progress of individual firms. In this paper, we use technological progress to measure firms’ innovation capacity.
An important feature of using stochastic frontier analysis is the possibility of quantitatively analyzing the innovation capacity of each firm per year. The frequency distribution of technological progress (tec) decomposed according to Eq. 2 is given in Figure 2. Figure 1 basically shows the characteristics of a normal distribution, and from the overall distribution, the technological progress rate of enterprises is mainly distributed between 0.12 and 0.18.
[image: Figure 2]FIGURE 2 | Frequency of Tec distribution chart.
3.3 Model construction and control variables
For empirical testing of panel data, this paper selects the optimal estimation method according to the specific situation. Before determining which model to use for the empirical analysis, this paper compares the mixed least squares, fixed effects estimation, and random effects estimation methods. Through Wald test, B-P test and Hausman test, the fixed-effects model was finally chosen for the regression analysis. The specific regression model is as follows.
[image: image]
where the explanatory variable [image: image] is the rate of technological progress of enterprise i in year t, which represents the innovation capability of the enterprise; the explanatory variable [image: image] , is a dummy variable measuring whether the state-owned enterprises carry out mixed ownership reform. [image: image] is the parameter of most interest to the study, measuring the effect of enterprises undertaking mixed ownership reforms on enterprise innovation. According to Hypothesis 1, we expect its regression coefficient [image: image] to be significantly positive.
Drawing on the existing literature (Jian and Duan, 2012; Liu and Qiu, 2016; Wu and Tang, 2016), we control for other factors affecting firm innovation in our model, with the specific control variables ([image: image] ) are as follows: 1) firm size ([image: image] ) is taken as logarithm using total assets; 2) the number of years the firm has been in business ([image: image] ) , using the statistical year minus the start-up time plus one and taking the logarithm; 3) gearing ratio ([image: image] ), using total enterprise liabilities divided by total assets plus 1 and taking the logarithm; 4) enterprise performance ([image: image] ), using profit divided by total assets plus one and taking the logarithm; 5) export value ([image: image] ) using the total value of export deliveries for each firm plus one and taking the logarithm. [image: image] for individual fixed effects to control for all firm characteristics that do not change over time (e.g., industry and region). [image: image] are time fixed effects to control for firm characteristics that vary over time using year dummy variables, etc., and [image: image] is the error term.
3.4 Descriptive statistics
Table 2 reports the descriptive statistics of the main variables. From the results of the full sample description, the mean value of the technological level of the enterprises is 0.149, and the maximum and minimum values are 0.203 and 0.105, respectively, indicating that there are large differences between the rates of technological progress of the enterprises. The other variables are within the normal interval and there are no extreme values.
TABLE 2 | Description of main variables and descriptive statistics (full sample).
[image: Table 2]Further, we compare the density of tec distribution between the reformed group, which has carried out mixed ownership reform, and the non-reformed group, which has not carried out mixed ownership reform, as shown in Figure 3. From it, we can intuitively feel that the level of tec in the reform group is higher than that in the non-reform group, which proves from the side that conducting mixed ownership reform has a stimulating effect on the innovation of SOEs.
[image: Figure 3]FIGURE 3 | Density of tec in reformed and non-reformed groups.
4 EMPIRICAL ANALYSIS
4.1 Estimation results of the benchmark model
Table 3 presents the test results of the effect of mixed ownership reform on the innovation effect of SOEs from 1998–2007. In this paper, (0,1), [0.05,0.95] and [0.1,0.9] denote the share of state-owned capital in paid-in capital after carrying out mixed ownership reforms, respectively, while [0,1) denotes the change in the share of state-owned capital from 1 to any less than 1. From the first three columns of Table 3, it is found that [image: image] the regression coefficients of are significantly positive at the 1% significance level, indicating that SOEs that underwent mixed ownership reform have higher innovation capacity compared to those that did not, and this result also supports Hypothesis 1. Column 4 of Table 3 includes enterprises that were fully privatized after the reform and performs Eq. 3 regressions, and finds that the results remain significant.
TABLE 3 | Mixed ownership reform and technological innovation (benchmark regression).
[image: Table 3]One of the more meaningful findings among the control variables is that the estimated coefficient of firm size ([image: image] ) has a significantly negative estimated coefficient, indicating that smaller SOEs are more innovative, which may be related to the fact that the research sample of this paper is SOEs from 1998–2007. First, compared with the stifling administrative hierarchy and bureaucracy of large SOEs, the management environment of small SOEs is more relaxed and conducive to innovative activities; second, in order to maintain vested interests, firm decision makers may choose to favor conservative market-oriented operations and less substantive innovation. The estimated coefficient of firm’s operating years ([image: image] ) has a significantly positive estimated coefficient, indicating that the longer the number of years of enterprise operation, the higher the level of enterprise technological innovation. The possibility that there is a positive relationship between enterprise age and innovation lies in the fact that the accumulation of knowledge and experience makes enterprises more precise in this field of experience and grasp of the market, and have a greater ability to lead innovation. Firm performance ([image: image] ) has a significant promotion effect on firm innovation, which is consistent with established theoretical expectations, indicating that good firm performance plays an important role in promoting firm technological innovation. The export value ([image: image] ) also has a significant positive promoting effect on firm innovation, and firm debt ratio ([image: image] ) did not have a significant effect on firm innovation, so it is not described in detail.
4.2 Further analysis: refinement of the degree of reform
In further analysis, this paper gradually relaxes the definition of carrying out mixed ownership reform, using 5% as the key node gradually relaxing to [0.4,0.6] of state-owned capital after the reform.
Table 4 details the results for further breakdown of the degree of reform. [image: image] The regression coefficients are positive and are consistent with the test results shown in Table 3, which not only indicates that the way in which SOEs are portrayed as undergoing mixed ownership reforms does not have an impact on the conclusions of this paper, but also further confirms Hypothesis 1.
TABLE 4 | Breakdown of the impact of mixed ownership reform on SOEs’ innovation.
[image: Table 4]4.3 Robustness test
4.3.1 PSM test
The main objective of this paper is to investigate the effect of mixed ownership reform on SOEs’ innovation, i.e., to reveal whether there is an actual causal relationship between “mixed reform” and firm innovation. However, whether SOEs undertake mixed ownership reforms may be non-random (Guo and Yao, 2005) and the government may target mixed reforms based on improving SOE efficiency or fiscal pressure (stopping subsidies for loss-making enterprises). Therefore, using a fixed effects model for the analysis may create the problem of selectivity bias in the sample. Therefore, in order to obtain more reliable estimation results, a propensity score matching method (PSM) is used (Rosenbaum and Rubin, 1983), with those firms that did not reform as the “control group” and those that did reform as the “treatment group”. The treatment effect is the difference between the treatment group and the control group, which have relatively similar characteristics.
The specific PSM tests in this paper are as follows: 1) variables based on firm characteristics such as firm size, years of operation, debt ratio, firm performance, and export status, drawing on Rosenbaum and Rubin’s (1983) use of a flexible form of logit model, the main matching variables are screened by logit model stepwise regression (variables with significance levels less than 5% are retained) and obtained estimated propensity scores. 2) The sample was matched using 1:1 nearest neighbor matching (NNM) and compared before and after matching; it was concluded that the propensity score was estimated accurately and met the standardized bias of no more than 10%.
Density function plots for the two groups before and after matching were drawn based on the proximity matching method. It is clear that (Figure 4): there is a significant difference between the reform group and the non-reform group before matching, which also proves that the results of comparing the two groups directly may have some sample selection bias. Therefore, we used the propensity matching score to match the reform group with the non-reform group. After matching (Figure 5), the gap between the two groups narrowed. To further validate this finding, the samples were matched using the post-reform state capital share of [0.05,0.95] and [0.1,0.9], and the findings were consistent.
[image: Figure 4]FIGURE 4 | Density plot before matching for the share of state capital (0,1).
[image: Figure 5]FIGURE 5 | Density plot after matching for the share of state capital (0,1).
Based on the matched data, this paper also tests that the effect of mixed ownership reform on SOEs’ innovation is significant.
4.3.2 Replacement measurement index of enterprise innovation
To check the robustness of the empirical analysis and to test the hypothesis of this paper in more depth, we replace different innovation indicators to measure corporate innovation and examine again the impact of SOEs’ mixed ownership reform on corporate innovation in the following. In this paper, we use new product output value as a proxy variable for SOEs’ innovation from the perspective of enterprise innovation inputs. The basic treatment idea is as follows.
The new product output value is treated as new product output value as a percentage of total assets plus one and then expressed as a logarithm. The advantage of using this treatment is that it does not only consider the market value of the product, but also incorporates the efficiency of capital use within the firm and therefore uses this indicator to measure firm innovation.
Finally, the paper sets up an econometric model of the following form using the above dependent variables with reference to Eq. 3.
[image: image]
where the dependent variable [image: image] denotes the new product output value of firm i in year t. [image: image] The control variables denoted are consistent with the previously selected control variables. Table 5 reports the test results of the effect of mixed ownership reform of SOEs on firm innovation from 1998–2007.
TABLE 5 | Use of new product output value instead of technical progress rate.
[image: Table 5]The results show that after replacing the dependent variable with new product output value as a percentage of total assets plus 1 and taking the log [image: image] the regression coefficient is still significantly positive at the 1% significance level.
4.3.3 Replacement measurement index of mixed ownership reform
Further, this paper uses the continuous variable ([image: image]) of the share of non-state capital in paid-in capital to measure the depth of firm reform, replacing the use of the [image: image] dummy variable, to measure the impact of mixed ownership reform of SOEs on firm innovation, changing the baseline Eq. 3 to
[image: image]
where [image: image] denotes the share of non-state capital in paid-in capital, and [image: image] denotes the control variables consistent with the previously selected control variables. The regression results in Table 6 show that the coefficient of the share of non-state capital is significantly positive at the 1% significance level, indicating that the share of non-state capital has a positive effect on enterprise innovation, i.e., the higher the share of non-state capital, the higher the rate of technological progress of enterprises. The finding also provides further evidence that mixed ownership reform, which reduces state-owned capital holdings, is conducive to improving the innovation level of state-owned enterprises. The result supports Hypothesis 1 from another perspective.
TABLE 6 | Measuring mixed ownership reform using the share of non-state capital.
[image: Table 6]5 MECHANISM ANALYSIS
5.1 Corporate governance
This article draws on Li’s (2007) approach to examine whether mixed ownership reform is conducive to improving corporate governance efficiency using the overhead rate as a proxy variable for corporate governance efficiency. Where the overhead rate is the share of overhead expenses to product sales revenue plus one and taken as a logarithm. The overhead ratio reveals the efficiency of controlling operating expenses including on-the-job spending, and the use of overhead as a share of product sales revenue eliminates the effect of firm size (Wei et al., 2012). To test the effect of mixed ownership reform on corporate governance efficiency, the following mediating effect model is constructed in this paper.
[image: image]
[image: image]
Equations 6, 7 treat the rate of technological progress [image: image] as the dependent variable, the overhead rate ([image: image] ) as the mediating variable, the use of mixed ownership reform ([image: image] ) as the independent variable, and the set of control variables ([image: image] ) contains firm size ([image: image] ), firm’s operating life ([image: image] ), enterprise debt ratio ([image: image] ) and firm performance ([image: image] ), and fixed effects are controlled for by introducing dummy variables (region).
Table 7 reports the results of Bootstrap test for Eqs. 6, 7. The results show that corporate governance plays a significant mediating role in the path of the impact of mixed ownership on corporate innovation, with the direct effect of mixed ownership reform on corporate innovation being 0.0012704 and the indirect effect through corporate governance being 0.0003320, with the mediating effect accounting for about 0.21, which means that mixed ownership reform can improve SOEs’ innovation through optimizing corporate governance, which means that Hypothesis 2a is confirmed.
TABLE 7 | Intermediation effects Bootstrap test results.
[image: Table 7]5.2 Policy burden
Drawing on Liao and Shen (2014), Zhang H. et al. (2016), this paper defines the policy burden of enterprises [image: image] defined as. [image: image] . Where [image: image] is the number of all employees, and [image: image] is the total number of workers in each industry, and [image: image] is the revenue from product sales of the firm, and [image: image] is the sales revenue of each industry, and [image: image] is the total assets of the enterprise at the end of the year, and [image: image] is the total assets of each industry at the end of the year. Using the policy burden ([image: image] ) as the moderating variable, the following model is constructed to test for moderating mediating effects.
[image: image]
In addition, in this model, the set of control variables ([image: image] ) of specific control variables contains 1) debt structure ([image: image] ): measured using the proportion of current liabilities to total assets; 2) enterprise asset size ([image: image] ): using the total number of assets at the end of the year; 3) the share of centrally-owned industrial enterprises in industry ([image: image] ): using the share of industrial value added of centrally-owned enterprises in total industrial output; the introduction of dummy variables controls for fixed effects.
Table 8 reports the results of Bootstrap test for Eq. 8. The results show that policy burden plays a significant mediating role in the path of the impact of mixed ownership on corporate innovation, with the direct effect of mixed ownership reform on corporate innovation being 0.0011694 and the indirect effect through corporate governance being −0.0005433, with the mediating effect accounting for about −0.87, which means that mixed ownership reform can improve SOEs’ innovation through reducing policy burden, which means that Hypothesis 2b is confirmed. Policy burdens can inhibit the innovation improvement of SOEs, and mixed ownership reform positively affects the innovation improvement of SOEs by reducing policy burdens.
TABLE 8 | Intermediation effects Bootstrap test results.
[image: Table 8]5.3 Environmental regulation
Referring to Liu and He (2021), we measure the intensity of environmental regulation using the share of completed industrial pollution control investments in the secondary sector. Using the degree of [image: image] as the moderating variable, the model is established as follows.
[image: image]
According to the test results reported in Table 9, we can see that environmental regulation ([image: image]) affects SOEs’ innovation, but does not significantly moderate the impact of mixed ownership reform on SOEs’ innovation. This may be related to the selection of data spanning a relatively short period of time, as the data indicators related to environmental regulation are counted from 2004. Although this result does not confirm Hypothesis 3, environmental regulation can significantly enhance the level of innovation of SOEs, which is the focus of the subsequent continued research.
TABLE 9 | Results of the test for moderating effect.
[image: Table 9]6 CONCLUSION AND POLICY IMPLICATIONS
6.1 Conclusion
This study analyzes the impact of mixed ownership reform on innovation of SOEs and examines whether this impact is mediated by corporate governance and policy burdens and moderated by environmental regulation.
Firstly, obtain a sample of 136,073 valid observations from the database of industrial enterprises from 1998 to 2007. The transcendental log stochastic frontier production function is then used to analyze the level of technological progress. Subsequently, use a fixed effect model to analyze the impact of mixed ownership reform on innovation of SOEs. Afterward, use a mediation model to illustrate that the impact of corporate governance and policy burden, and use a moderation model to illustrate that the influence of environmental regulations.
Based on fixed effect model, the result shows the extent to which mixed-ownership reforms have contributed to the improvement of firm innovation. It is worth noting that the innovation level of SOEs grows with the duration of survival of the enterprise, but the innovation level of larger SOEs is smaller, which is consistent with the results of previous studies (Zhou and Luo, 2005). They argue that the positive relationship between enterprise size and innovation is mainly found in non-SOEs, while there is no significant association between enterprise size and innovation in SOEs. The results of our study prove this point well, complementing the empirical evidence.
The mediation model and moderation model are used to analyze the impact of corporate governance, policy burden and environmental regulation. The results show that corporate governance and policy burdens mediate the impact of mixed ownership reforms on innovation performance improvement. The mediating effects of corporate governance and policy burden account for 0.21 and 0.87 (in absolute terms), respectively, suggesting that both together almost completely explain the impact of mixed ownership reforms on SOEs’ innovation. When the level of governance becomes higher, SOEs increase efficiency of resource allocation and employees are more productive, thus improving innovation efficiency. Sustainable innovation requires lighter policy burden on SOEs, relieving constraints on firms to pursue innovation invest, and increasing employee productivity motivation, thereby significantly increasing the generation of ideas to implement new processes and products. The coming period is likely to be a period of rapidly expanding green production practices in industrial firms, which will require more specific and normative environmental regulation. The empirical results suggest that environmental regulation can significantly increase SOEs’ innovation. This responds to this study (Hu et al., 2020) that the intention and capacity of green innovation of state-owned companies may generally differ from those of private or foreign-owned companies. Environmental regulation drives enterprises to undertake green technology updates, reduce emissions, and improve efficiency, and SOEs are more likely to undertake these efforts (Wang et al., 2022).
6.2 Implications and future directions
The managerial implications of our study for the government sector in China and other developing economies that have undergone similar institutional reforms include the following. First, the government needs to move forward with mixed ownership reform to sustain the efficiency improvement of SOEs’ innovation. Consistent with previous research (Tan et al., 2020), we believe that strong government support for reform leads to positive outcomes. Second, SOEs should broaden the participation levels of non-state-owned shareholders especially for the executives with a professional R&D background and give full play to their governance roles. Han et al. (2014) highlight that executives with professional R&D backgrounds are more likely to exert an innovative spirit and accurately grasp the market demand. Executives with professional R&D backgrounds in SOEs can use their own professional experience to effectively judge internal scientific innovation decisions, improve the probability of success of R&D activities, and reduce the uncertainty of exploratory innovation. Third, the government needs to ease policy pressure on SOEs, reduce budget constraints on SOEs, and encourage SOEs to implement innovative activities. The government’s liberalization of investment constraints will enable SOEs to take innovative investment projects with higher risks and profits, and to generate new technological innovations (Gao et al., 2018). Fourth, the government could appropriately increase environmental regulations on SOEs and provide clear targets for emission reductions in various ways to facilitate their demand for technological innovation. With the deepening of environmental regulation, it forces the industry to reduce the cost of pollution control by improving technological innovation capacity, thus creating a “compensation effect” (Ouyang et al., 2020). The findings of Awan et al. (2021) also highlight the importance of investment in environmental management for overcoming the challenges in the green innovation.
Our findings contribute to our understanding of the role of mixed ownership reforms while shaping the improved innovation performance of SOEs in developing economies. As the newly developing country with the most SOEs in the world, the study of the reform of SOEs in China presents abundant materials for study. The results provided are applicable to other countries in the context of other emerging economies.
Some limitations of this study presented here are expected to open multiple avenues for future research. First, due to the data accessibility restrictions and data is bit old. Future research may update the data or use the public company data to do comparative analysis. Second, our analyzes should be generalize for other emergent countries, which might face the same Chinese development challenges, such as Brazil, India, and South Africa. Third, more research is needed as to how and under what conditions the relationship between environmental regulations and innovation of SOEs could be strengthened.
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