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Abstract

:

The textile industry is a traditional pillar industry of the national economy in China. The strategic goal of Chinese innovation is to upgrade and transform traditional industries and make them develop in coordination with high-tech industries, so as to realize sustainable industrial development. At the core of industrial sustainable development, the innovation of the textile industry in China has become an important issue worthy of attention. Based on resource-based theory and signal transfer theory, the relationship between government funding, R&D models and the innovation performance of the Chinese textile industry is studied. The results show that government funding has a significant, direct promoting effect on the internal R&D and science-based cooperation of enterprises. Government funding indirectly promotes market-based cooperation through internal R&D. The promoting effect of internal R&D on innovation performance is greater than that of cooperative R&D. Internal R&D and cooperative R&D have more promoting effects on R&D reserve performance than those on market performance. Government funding indirectly promotes innovation performance through the mediation of internal R&D and science-based cooperation. The threshold effect of cooperative R&D indicates that only when the cooperative R&D intensity exceeds the threshold can government funding foster innovation performance more effectively. The conclusions can provide theoretical guidance for the formulation of innovation policy.
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1. Introduction


As the strategic form of enterprise’s R&D activities, R&D models can be divided into internal R&D and cooperative R&D, based on organizational boundaries and knowledge sources [1]. Internal R&D ability is the source of sustainable competitive advantage. However, market failure due to the externality of R&D products may lead to the lower level of R&D investment in the whole society. In order to encourage enterprises R&D investment, the government has launched various direct or indirect policy instruments [2,3,4]. Enterprises are the main body of innovation. The government wants to encourage enterprises to increase R&D investment through R&D subsidies, thereby improving innovation performance. Internal R&D is the main channel through which to enhance independent innovation ability. However, nowadays, the Chinese textile industry may face problems such as low initiative of independent innovation, lack of innovative resources and the inefficient allocation of resources which lead to lower innovation performance. Therefore, how to improve the initiative of independent innovation has become a concern of government and enterprises.



Innovation requires more and more cooperation between enterprises and external partners [2]. The open innovation paradigm clarified that the more diverse the channels for enterprises to obtain innovative resources, the more abundant the innovative resources available [5]. The more likely they are to carry out a variety of R&D activities, the faster the innovation capability will be improved. Many studies emphasized the importance of external knowledge sources to enterprise innovation and believed that cooperative R&D can effectively promote innovation performance [6], but it may also require lots of resources [7]. In recent years, China has viewed cooperative innovation as an important strategy in building an innovative country, and issued a series of policies to promote cooperative innovation. The Outline of the National Medium-and Long-Term Science and Technology Development Plan (2006–2020), issued by the State Council of China clearly proposed to encourage enterprises to carry out cooperative R&D.



Much of the literature has studied the effect of government funding. Firstly, they mainly focused on the complementary and crowding-out effect of government funding on enterprise internal R&D [2,8], while the exploration of the relationship between government funding and different forms of cooperative R&D being carried out by enterprises was limited. On the other hand, many studies focused on whether government funding significantly promotes innovation performance [9]. These research perspectives mainly focused on the input side and the output side, while there were few systematic studies that incorporated the diversified behavior side of enterprises into the framework. Because less attention has been paid to the complex linkage between government funding, internal R&D, cooperative R&D and innovation performance, the internal mechanism of government funding impacting innovation performance cannot be clearly revealed.



When it comes to the body of innovation, people pay more attention to the high-tech industries. Innovation of some traditional industries with low and medium technology is often neglected. In fact, the contribution of low and medium-tech industries to the economy is great. The project “policy and innovation in low tech” (PILOT)—funded by the European Commission—studied the technological innovation of traditional industries with low and medium technology in many European countries. They found that these industries have great significance for economic development. The adjustment of economic structure does not entirely depend on emerging industries, but to a large extent depends on the continuous transformation of existing industries. Different from the radical innovation of high-tech industry, the innovation of middle and low-tech industry is incremental innovation which is mainly produced by the original recombination or transformation of various available resources. There is an interdependent, symbiotic relationship between the low-tech industry and the high-tech industry. The important contribution of traditional industries to innovation cannot be ignored.



Traditional industries played an important role in the rapid development of the Chinese economy. In China, the textile industry is a typical low-tech industry, as well as a traditional pillar industry of the national economy. The improvement of innovation behavior and efficiency is still related to employment, export, industrial transfer and international competition. According to the Fourth National Economic Census of China, R&D expenditure in the textile industry in 2018 accounted for 3.70% of the national manufacturing industry. The R&D expenditure from government also increases gradually. However, for a long time, most of the technology sources of textile enterprises mainly relied on the introduction of technology and imitation manufacturing. Technological innovations were ignored, resulting in low industrial concentrations, backward production equipment technology, low technological content of products, weak technological development ability, etc. All these have seriously hindered the improvement of the innovation ability of textile industry. The goal of China’s innovation strategy is not to abolish the traditional industry, but to upgrade and transform the traditional industry so that it can develop in coordination with the high-tech industry. Therefore, in the context of the new normal of China’s economy, it is of great significance to attach importance to the scientific and technological innovation of the textile industry. How to realize the industrial upgrade and achieve the sustainable development of textile industry through technological innovation have both become important issues of concerned to all sectors of society.



Based on the above, we explored the complex relationship between government funding, R&D models and the innovation performance of the Chinese textile industry. The contribution of this study lies in that firstly, the innovation behavior of enterprise is introduced into the existing research framework of the relationship between input and output which is composed of government funding and innovation performance. Enterprise innovation behavior is represented by the innovation model which includes internal R&D and cooperative R&D. Furthermore, enterprises can acquire advanced scientific knowledge through cooperating with universities, research institutes, etc. This type of cooperation is suitable for basic science research, which can provide the conditions for enterprise’s scientific research reserve. We call this science-based cooperation (SCI). Cooperation between enterprises and organizations other than universities and research institutes can realize the complementary relationship of resources and information between organizations. All partners work hard to achieve common market goals [10,11,12]. This type of cooperation can be defined as market-based cooperation (MAR). Therefore, according to different partners, cooperative R&D is divided into science-based cooperation and market-based cooperation. From the perspective of process and result, innovation performance is divided into R&D reserve performance and market performance. Based on the expanded research framework, the mechanism of government funding affecting enterprise innovation behavior and performance has been revealed. To a certain extent, our study may be able to enrich the existing research perspectives of enterprise innovation.



Secondly, further development of the innovative theory of the textile industry suitable for China’s national conditions may be able to provide useful reference for the formulation and implementation of China’s science and technology policy—especially the policy of promoting Chinese traditional industries innovation. At the same time, taking the textile industry as the research object can avoid the thinking stereotype that innovation is only about high-tech industry.



The rest of the paper is arranged as follows. Literature is reviewed and hypotheses are proposed in Section 2. Variables and models are introduced in Section 3. Results of empirical analysis are shown in Section 4. Conclusions are given in Section 5.




2. Literature and Hypotheses


2.1. Government Funding and R&D Model


2.1.1. Government Funding and Internal R&D


The resource endowment of an enterprise determines its innovation ability and willingness [13] which has an impact on its innovation strategy. To avoid the lower R&D enthusiasm caused by the externality of R&D activities, the government will effectively intervene in the innovation of enterprises through the mechanism of supplementing resources. As an effective supplementary resource, government subsidies can help enterprises to reduce the marginal cost and risks of innovation activities and improve profits. As a result, the externalities of R&D activities are internalized [14], and the R&D investment of enterprises can be significantly stimulated. At the same time, due to information asymmetry, it is difficult for enterprises to obtain external investment, which leads to more serious financial constraints [15]. Government funding can act as an intermediary for information transmission, and transmit a favorable signal to the market for subsidized enterprises. Enterprises acquire a recognized qualification and are more likely to attract bank loans and social funds, thus actively increasing R&D investment [16,17]. A large number of studies have concluded that government funding has both a complementary and a substitution effect on R&D investment [17,18,19], but the complementary effect was supported by most of the studies.




2.1.2. Government Funding and Cooperative R&D


For those projects involving complex technologies, a large amount of investment is required. Governments can increase the resource availability of enterprises through resource replenishment mechanisms. Enterprise innovation costs can be effectively reduced, which makes it more likely to adopt open innovation initiatives [2]. As a result, the number of partners will increase, and the quality of cooperation will be improved. Enterprises with more ideal partners tend to carry out more diversified cooperative R&D.



Because of information asymmetry, enterprises cannot get all the information of other organizations, which increases the difficulty of searching and identifying partners. The government can act as an intermediary to help enterprises eliminate redundant information, or build an efficient technology trading market to provide venues for enterprises to find suitable partners [17,20]. For some start-ups or enterprises with weak innovation ability, this approach allows them to connect with potential partners with expertise or technology.



Open innovation requires a variety of complex relationships between enterprises and other organizations to overcome information barriers and contract problems [21]. There must be an appropriate institutional environment to enable all parties to cooperate in an orderly manner, so as to reduce the supervision cost of enterprise. Government can provide a variety of financial support to promote the establishment of collaborative links among organizations from the perspective of institutional guaranteein order to increase the number of open innovation activities of enterprises and make them more open. Numerous studies have argued that government funding is conducive to active cooperation between enterprises and universities, research institutions and other organizations [22,23,24].



A large number of intelligent manufacturing lines and factories have emerged in the textile industry recently. The level of digitalization and intellectualization has been greatly improved, and some breakthroughs have been made in key technologies. The innovation prospect of China’s textile industry is the development of intelligent textile materials and products, the improvement of labor productivity and product quality, and the acceleration of the transformation and upgrading of the textile industry. However, the lack of R&D investment has seriously hindered the improvement of innovation ability. Therefore, no matter whether from the perspective of resource supplement or the perspective of risk and cost reduction, government funding will be conducive to the development of new technology innovation in the textile industry.



Thus, the following hypothesis is put forward in view of the relationship between government funding and R&D model in Chinese textile industry.



Hypothesis 1 (H1).

Government funding directly promotes internal R&D and cooperative R&D.






2.1.3. Government Funding, Internal R&D and Cooperative R&D


The ability of an enterprise to carry out cooperative R&D will also be enhanced with the enhancement of internal R&D capability. In the open innovation system, strong internal R&D capability is conducive to successful enterprises. Enterprises must have strong R&D capabilities in order to cooperate with other enterprises in core technology, so to find solutions to the problem of breakthrough innovation. Only with strong internal R&D capabilities can enterprises effectively utilize external technology and knowledge, integrate them with internal resources, allocate them effectively, and promote innovation performance [25,26,27,28]. In addition, when choosing partners, enterprises attach great importance to each other’s R&D capabilities. The stronger the internal R&D capability of enterprises, the more frequently they participate in technical cooperation [25,29,30]. As a result, these enterprises are more likely to become ideal partners of other organizations. Therefore, as an important factor to promote cooperative R&D, internal R&D creates favorable conditions for cooperative R&D.



Because of the positive impact of internal R&D on cooperative R&D, as well as the effect of government funding on internal R&D, government funding can promote cooperative R&D by promoting internal R&D. Therefore, the following assumption is put forward:



Hypothesis 2 (H2).

Government funding promotes internal R&D, and further promotes the cooperative R&D.







2.2. Government Funding and Innovation Performance


The forms of government support for enterprises are direct subsidies, tax incentives, government-funded laboratories or advanced facilities and so on. Some of them focus on the input of enterprise innovation process (i.e., supply side) and some focus on innovation output (i.e., demand side) [31]. Government subsidies, whether in monetary or non-monetary form, can add additional innovative resources to enterprises and effectively reduce the risk and cost of R&D. The financial constraints of enterprises can be mitigated so as to conduct a new round of R&D investment, which is expected to increase innovation output [2,32].



As the best way for an enterprise to acquire the necessary skills and knowledge, internal R&D is the most fundamental factor to maintain innovation ability and promote technological innovation [33]. Researchers have found that internal R&D is positively correlated with innovation performance [34,35]. Cooperative R&D is an effective model for enterprises to share knowledge and technology [36]. Innovation is not only the internal efforts of enterprises, but also the use of external resources to replenish the internal innovation efforts [37]. Cooperating with other organizations helps enterprises to achieve breakthrough innovation and improve the success rate of innovation [38,39,40].



Because different R&D models have positive promoting effects on innovation performance, government funding can play a full role in promoting innovation performance through R&D models. Firstly, government funding provides a supplementary resource for enterprises [3] and enables enterprises to allocate sufficient resources to engage in internal R&D or cooperative R&D. The R&D investment of enterprises not only improves their own innovation performance, but also improves the innovation level of the whole society due to the technology spillover effect, so that the expectation of government funding can be realized. When the purposes of enterprises are in line with those of the government, enterprises can further attract more government funding. So, there is a virtuous circle: Government funding—R&D investment—innovation performance—government funding—etc. Government funding reduces R&D costs and R&D risks by supporting R&D activities [32], and guides enterprises to increase innovation investment. Enterprises turn government funding into R&D funds, thus promoting the overall innovation level.



Government funding is secondly conducive to the effective allocation of R&D resources. Government funding is a supplement to the original R&D resources of enterprises while R&D investment of enterprises brings breakthroughs in the structure of R&D resources. Knowledge spillover caused by market information feedback will guide enterprises to allocate innovation resources more effectively. The cooperative R&D of enterprises especially can fully reduce the duplicate investment and improve the efficiency of utilization. In many developed countries, the government encourages enterprises to participate in cooperation in the R&D stage and competition in the goods production and marketing stages. Therefore, government funding policies are gradually inclined to encourage enterprises to cooperate in R&D activities. Government funding helps enterprises to seek for long-term and ideal partners in the process of cooperation. Information spillovers in the process of cooperation make enterprises have the ability to carry out cooperative R&D which is conducive to the improvement of innovation performance. Many studies showed that government support directly or indirectly promotes innovation performance through stimulating innovation activities such as internal R&D and cooperative R&D [41,42].



We therefore argue that government funding directly promotes enterprise innovation performance as a supplement to R&D investment. Government funding meanwhile also indirectly promotes innovation performance through internal R&D and cooperative R&D of enterprises. The following hypotheses are proposed for that:



Hypothesis 3 (H3).

Government funding directly promotes innovation performance of enterprises.





Hypothesis 4 (H4).

Government funding promotes internal R&D, and then internal R&D promotes innovation performance of enterprises.





Hypothesis 5 (H5).

Government funding promotes cooperative R&D, and then cooperative R&D promotes innovation performance of enterprises.





Based on the resource-based theory, as an effective resource supplement, government funding can help enterprises reduce the marginal cost of innovation activities, share the risk of innovation activities, improve the enterprise income, and internalize the R&D externality [14]. From the perspective of signal transmission, as an intermediary of information transmission, government funding has delivered a good signal to the market that the funded enterprises are recognized [16,17]. All of these are conducive to stimulating internal R&D. Internal R&D capability is the key to improving enterprise resource integration capability [43], and also the decisive factor in seeking ideal partners and participating in effective cooperative innovation. The role of the open innovation model in promoting innovation performance has been recognized by many scholars. Enterprises with different resources cooperate and conduct R&D activities based on common innovation goals. The synergetic effect of innovation resources can be brought into full play so that technological breakthroughs will be achieved [29].



Based on this, considering the relationship between internal R&D and cooperative R&D mentioned in H2, we assume that government funding promotes innovation performance through internal R&D and then the cooperative R&D of enterprises. The following hypothesis is proposed:



Hypothesis 6 (H6).

Government funding promotes internal R&D, internal R&D promotes cooperative R&D, and then cooperative R&D promotes innovation performance of enterprises.





Figure 1 is the theoretical model of the relationship between government funding, R&D model and innovation performance.





3. Variables and Models


3.1. Data and Variables


The research object of this study is Chinese textile industry. The industry level data analyzed are from the Statistical Yearbook of Scientific and Technological Activities of Chinese Industrial Enterprise from 2010 to 2016. Four sub-industries related to textile materials are selected, namely the textile industry, textile and apparel industry, fur, feather and its products manufacturing industry, and the chemical fiber manufacturing industry. Each sub-industry is divided into three sub-industries according to the size of the enterprise; namely, the sub-industry composed of large, medium and small industrial enterprises. The data units in the yearbook are based on large, medium, and small sub-industries. Accordingly, 84 observations based on industry level are obtained. Variables are set as follows:



(1) Dependent variables



Innovation performance is the efficiency of enterprise innovation process, the results of output and its contribution to business results. New products and patents are used more frequently to measure innovation performance in existing research [7,44]. New products sales revenue reflects the value created in the process of manufacturing. The number of patents reflects the inventive or innovative performance of enterprises in new technologies, processes and products. Learning from the existing literature, we argue that innovation performance should reflect both output and process performance [45,46,47]. So, market performance (NEW) and R&D reserve performance (PAT) expressed by new products sales revenue and the number of patent applications are used in our study.



(2) Mediate variables



Based on organizational boundaries and knowledge sources, the R&D model is divided into internal R&D and cooperative R&D. Internal R&D (RD) is innovative activity within organizational boundaries or vertical integration of technological innovation departments [48]. The sources of the R&D funds of enterprises’ internal expenditure include government funds, enterprise funds and other funds. Among them, enterprise funds reflect the extent of enterprises’ efforts in internal R&D. Internal R&D of this paper is expressed by the funds from enterprises in the R&D funds of enterprises’ internal expenditure.



Cooperative R&D is an innovative model for enterprises to cooperate with other organizations. The form and benefit of cooperation will be different due to the characteristics of partners. Enterprises can acquire advanced scientific knowledge through cooperation between enterprises and universities, research institutes, etc. This type of cooperation is suitable for basic science research, which can provide conditions for the scientific research reserves of enterprises. We call this science-based cooperation (SCI). Cooperation between enterprises and organizations other than universities and research institutes can realize the complementary relationship of resources and information between organizations. All partners work hard to achieve common market goals [10,11,12]. This type of cooperation can be defined as market-based cooperation (MAR). Science-based cooperation is expressed by the funds given to universities and research institutes in the R&D funds of enterprise external expenditure. Market-based cooperation is expressed by the funds given to other organizations in the R&D funds of enterprise external expenditure, respectively.



(3) Independent variable



Government funding (GOV) is the main explanatory variable. Government funding mainly includes direct subsidies and tax incentives (including direct and indirect tax incentives). This paper mainly focuses on direct subsidies. Direct subsidies mean that government directly provides research funds, government loans, government discounts and government guarantees to enterprises, etc. In this paper, the funds from government in the R&D funds of enterprises internal expenditure are used as a proxy indicator for the government funding.



(4) Control variables



Enterprise scale (SCAL) is an important indicator that affects the innovation performance. Enterprises with different sizes will have different R&D innovation strategies and ways of combining and utilizing innovative resources [49]. In this paper, the enterprise scale is measured by the ratio of the main business income of an industry to the number of enterprises in the industry. Year dummy (YEAR) is needed in this study. 2011 is the boundary point of the 11th and 12th Five-Year Plan of China’s textile industry. During different Five-Year planning periods, the national innovation policy and the development environment faced by enterprises will be different. Thus, we set the YEAR as 1 after 2011 and 0 otherwise.



The main variables and measurements are shown in Table 1.




3.2. Models


In order to test the relationship between government funding, the R&D model and the innovation performance of textile industry, the following models ((1)–(9)) are established by introducing independent variables step by step.


  ln R  D  i t   =  α 0  +  α 1  ln G O  V  i t   +  β 1  ln S C A  L  i t   +  β 2  Y E A  R  i t   +  ε  i t    



(1)






  ln C O _ R  D  i t   =  α 0  +  α 1  ln G O  V  i t   +  β 1  ln S C A  L  i t   +  β 2  Y E A  R  i t   +  ε  i t    



(2)






  ln C O _ R  D  i t   =  α 0  +  α 1  ln G O  V  i t   +  α 2  ln R  D  i t   +  β 1  ln S C A  L  i t   +  β 2  Y E A  R  i t   +  ε  i t    



(3)






  ln I N N O  V  i t   =  α 0  +  α 1  ln G O  V  i t   +  β 1  ln S C A  L  i t   +  β 2  Y E A  R  i t   +  ε  i t    



(4)






  ln I N N O  V  i t   =  α 0  +  α 1  ln G O  V  i t   +  α 2  ln R  D  i t   +  β 1  ln S C A  L  i t   +  β 2  Y E A  R  i t   +  ε  i t    



(5)






  ln I N N O  V  i t   =  α 0  +  α 1  ln G O  V  i t   +  α 2  ln S C  I  i t   +  β 1  ln S C A  L  i t   +  β 2  Y E A  R  i t   +  ε  i t    



(6)






  ln I N N O  V  i t   =  α 0  +  α 1  ln G O  V  i t   +  α 2  ln M A  R  i t   +  β 1  ln S C A  L  i t   +  β 2  Y E A  R  i t   +  ε  i t    



(7)






  ln I N N O  V  i t   =  α 0  +  α 1  ln G O  V  i t   +  α 2  ln R  D  i t   +  α 3  ln S C  I  i t   +  β 1  ln S C A  L  i t   +  β 2  Y E A  R  i t   +  ε  i t    



(8)






  ln I N N O  V  i t   =  α 0  +  α 1  ln G O  V  i t   +  α 2  ln R  D  i t   +  α 3  ln M A  R  i t   +  β 1  ln S C A  L  i t   +  β 2  Y E A  R  i t   +  ε  i t    



(9)







In models (1)–(9), CO_RD represents SCI and MAR. INNOV represents NEW and PAT.    α 0    is constant,    α 1   ,    α 2   ,    α 3   ,    α 4   ,    β 1    and    β 2    are the regression coefficients,  i  is industry,  t  is time,    ε  i t     is random errors.



The models will be used to test the effect of government shown in Figure 2, which has the same concept as Figure 1. The letters on the line represent the direct effect of the latter variables on the former variables. The effect of GOV is as follows [50,51]:




	(I)

	
GOV-RD-SCI/MAR. Models (1), (2) and (3) are used to test the mediation effect of RD in the process of GOV promoting SCI/MAR. The mediation effect is the product of a and b (i.e., ab).




	(II)

	
GOV-RD-PAT/MAR. Models (1), (4) and (5) are to test the mediation effect of RD in the process of GOV promoting PAT/NEW. The mediation effect is the product of a and f (i.e., af).




	(III)

	
GOV-SCI/MAR-PAT/NEW. Models (2), (4), (6) and (7) are used to test the mediation effect of SCI/MAR in the process of GOV promoting NEW/PAT. The mediation effect is the product of e and c (i.e., ec).




	(IV)

	
GOV-RD-SCI/MAR-PAT/NEW. Models (1), (3), (4), (8) and (9) are used to test the multiple mediation effect of RD and SCI/MAR in the process of GOV promoting PAT/NEW. The total mediation effect can be obtained by multiplying the coefficients on the same chain and then summing the products (i.e., abc + af + ec)









Considering that the effect of government funding on innovation performance varies with the intensity of cooperative R&D, the interaction items of government funding and cooperative R&D are introduced to verify the threshold effect of cooperative R&D. Let’s consider an equation with interaction term:   y = a + b  x 1  + c  x 1   x 2   . The derivative of  y  on    x 1    is     d y   d  x 1    = b + c  x 2   , which is the variable rate of  y  caused by the change of    x 1   . Let     d y   d  x 1    = b + c  x 2   = 0, then    x 2  = −  b c    is the point where the derivative equals zero. There are two situations. Firstly, when    x 2  < −  b c   ,     d y   d  x 1    < 0  ,  y  decreases with the increasing of    x 1   ; Secondly, when    x 2  > −  b c   ,     d y   d  x 1    > 0  ,  y  increases with the increasing of    x 1   . Accordingly, we build models (10) and (11) to analyze the threshold effect of cooperative R&D.


    ln N E  W  i t     =  α 0  +  α 1  ln G O  V  i t   +  α 2  ln R  D  i t   +  α 3  ln G O  V  i t   ⋅ ln S C  I  i t        +  β 1  ln S C A  L  i t   +  β 2  Y E A  R  i t   +  ε  i t      



(10)






    ln P A  T  i t     =  α 0  +  α 1  ln G O  V  i t   +  α 2  ln R  D  i t   +  α 3  ln G O  V  i t   ⋅ ln M A  R  i t        +  β 1  ln S C A  L  i t   +  β 2  Y E A  R  i t   +  ε  i t      



(11)




where,    α 0    is constant,    α 1   ,    α 2   ,    α 3   ,    β 1    and    β 2    are the regression coefficients,  i  is industry,  t  is time,    ε  i t     is random errors.





4. Empirical Results


The results of the descriptive statistical analysis of the main variables are shown in Table 2. The results of OLS regression are shown in Table 3, Table 4 and Table 5. The results also show the diagnostic parameters of each model.



(1) Model 1 is the regression of GOV on firm characteristics. The coefficient of RD is significantly positive. The coefficient of SCI, MAR, SCAL and YEAR are insignificant. It can be inferred that the government has a preference to provide funding for enterprises with strong R&D strength. As far as the sample data in this paper are concerned, it is not clear whether large enterprises are more attractive to government funding. Similarly, there is no evidence that the government has a preference for providing financial support to enterprises with different intensity of external cooperation R&D or in different years.



Model 2 to Model 4 show that government funding promotes internal R&D and cooperative RD significantly. The coefficients of GOV on RD, SCI and MAR are 0.722, 0.709 and 0.923, respectively. All of them are significant at 0.01. In the process of stimulating innovation activities, a 1% increase in GOV will result in a 0.722%, 0.709% and 0.923% increase in RD, SCI and MAR, respectively.



(2) Model 5 and Model 6 show the significant mediating effect of internal R&D in the process of government funding promoting cooperative R&D. In Model 5, the coefficients of GOV and RD are 0.021and 0.953, respectively. They are significant at 0.05 and 0.01. Given that 0.021 is less than 0.709 and Sobel test is significant at 0.01, internal R&D plays a significant partial mediating role in the process of government funding promoting science-based cooperation. The mediation effect of RD is 0.688 (i.e., 0.722 × 0.953).



The coefficient of GOV is not significant in Model 6. The coefficient of RD is 1.089 and significant. Sobel test is significant at 0.01. Internal R&D plays a significant completely mediating role in the process of government funding promoting market-based cooperation. The role of government funding in promoting market-based cooperation is realized entirely through internal R&D. The mediation effect of RD is 0.786 (i.e., 0.722 × 1.089).



Therefore, Hypothesis 1 is partially supported. Hypothesis 2 is supported.



(3) Model 7–Model 12 examine the direct and indirect effect of government funding and R&D model on market performance. In Model 7, the coefficient of GOV is 0.626 and significant at 0.01. The coefficient of GOV in Model 8 is not significant, while the coefficient of RD (0.915) is significant and positive. Sobel test is significant at 0.01 in Model 8. Internal R&D plays a significant completely mediating role in the process of government funding promoting market performance. The promoting effect of government funding on market performance is realized entirely through internal R&D. The mediation effect of RD is 0.661 (i.e., 0.722 × 0.915).



In Model 9 and Model 10, the coefficients of GOV (0.419 and 0.498) are significant but less than 0.626. The coefficients of SCI and MAR (0.292 and 0.138) are all significant and positive. Without thinking about RD, cooperative R&D plays partial mediating role in the process of government funding promoting market performance. The mediating effect of SCI is 0.207 (i.e., 0.709 × 0.292) and the mediating effect of MAR is 0.128 (i.e., 0.923 × 0.138). The mediation effect of science-based cooperation is greater than that of market-based cooperation.



Model 11 and Model 12 show the direct effect of government funding and R&D model on market performance. The coefficient of GOV is not significant, which is consistent with the previous analysis. The promoting effect of government funding on market performance needs to be achieved through internal R&D and cooperative R&D. That is, GOV promotes RD, RD promotes SCI/MAR and then SCI/MAR promote NEW. The total mediation effect can be obtained by multiplying the coefficients on the same chain and then summing the products. The total mediation effect in Model 11 is 0.663, which is the sum of 0.593 (i.e., 0.722 × 0.821), 0.068 (i.e., 0.722 × 0.953 × 0.099) and 0.002 (i.e., 0.021 × 0.099). Similarly, the total mediation effect in Model 12 is 0.669, which is the sum of 0.611 (i.e., 0.722 × 0.847), 0.049 (i.e., 0.722 × 1.089 × 0.063) and 0.009 (i.e., 0.137 × 0.063). Although the mediation effect of some chains is not significant, but the total mediation effect is significant.



Comparing the coefficients of R&D models, we can see that internal R&D has the greatest promoting effect on market performance (0.821 in Model 11 and 0.847 in Model 12), followed by market-based cooperation (0.063). The promoting effect of science-based cooperation is not significant.



(4) Model 13–Model 18 show the direct and indirect effects of government funding and R&D models on R&D reserve performance. In Model 13, the coefficient of GOV is 0.623 and significant at 0.01. The coefficient of GOV in Model 14 is negative, while the coefficient of RD is significant and positive (1.258). By comparing the coefficients of Models 13 and 14, we can see that internal R&D plays significant mediating role in the process of government funding promoting R&D reserve performances. The mediation effect of RD is 0.908 (i.e., 0.722 × 1.258). Similarly, the results of Model 15 and Model 16 indicate that cooperative R&D plays a partial mediating role in the process of government funding promoting R&D reserve performance. The mediation effect of SCI is 0.333 (i.e., 0.709 × 0.470) and the mediation effect of MAR is 0.212 (i.e., 0.923 × 0.230).



Model 17 and Model 18 show the direct effect of government funding and R&D models on R&D reserve performance. The coefficient of GOV is not significant. Government funding has no significant direct effect on R&D reserve performance. The negative regression coefficients of GOV in these models also indicate a significant mediating effect of R&D models. The promoting effect of government funding on R&D reserve performance needs to be achieved through internal R&D and cooperative R&D. That is, GOV promotes RD, RD promotes SCI/MAR and then SCI/MAR promotes PAT. The total mediation effect can be obtained by multiplying the coefficients on the same chain and then summing the products. The total mediation effect in Model 17 is 0.913 which is the sum of 0.754 (i.e., 0.722 × 1.045), 0.154 (i.e., 0.722 × 0.953 × 0.224) and 0.005 (i.e., 0.021 × 0.224). Similarly, the total mediation effect in Model 18 is 0.926 which is the sum of 0.805 (i.e., 0.722 × 1.116), 0.103 (i.e., 0.722 × 1.089 × 0.131) and 0.018 (i.e., 0.137 × 0.131). Although the mediation effect of some chains is not significant, but the total mediation effect is significant.



Therefore, Hypothesis 3 is unsupported. Hypotheses 4–6 are supported.



It can be seen that the coefficients of internal R&D and cooperative R&D in Model 11 and Model 12 are all smaller than those in Model 17 and Model 18. The effects of R&D investment on R&D reserve performance are greater than that on market performance.



In conclusion, neither market performance nor R&D reserve performance can be directly promoted by government funding. Government funding promotes innovation performance through internal R&D and cooperative R&D. Government funding also has no direct effect on market-based cooperation, but indirectly promotes it through internal R&D. Internal R&D is an important promotion factor for innovation performance. The promoting effect of science-based cooperation on innovation performance is greater than that of market-based cooperation. The effects of cooperative R&D on R&D reserve performance are greater than that on market performance.



Based on above, a revised path graph of the relationship between government funding, R&D model and innovation performance is shown in Figure 3 (Panel (a) and (b)). Insignificant coefficients and the control variables do not appear in the graph for brevity.



The path graph shows that the indirect effects of government funding on innovation performance are mainly as follows: Firstly, government funding promotes internal R&D, which in turn promotes innovation performance; Secondly, government funding promotes internal R&D, internal R&D promotes cooperative R&D, and then cooperative R&D promotes innovation performance; Thirdly, government funding promotes science-based cooperation, and science-based cooperation promotes innovation performance.



Comparing the coefficients in each path, we can find that some of the coefficients of the latter links are smaller than those of the former’s. For example, in the path of GOV-SCI-PAT, there is 0.021 < 0.224. On the contrary, some of the coefficients of the latter links are greater than those of the former. For example, in the path of GOV-RD-MAR-PAT, there is 1.089 > 0.063. It can be seen that the leverage effect of government funding through different R&D models is different. So, in the process of government funding promoting innovation performance through cooperative R&D, what does the degree of cooperative R&D need to be so that the leverage effect of government funding can be brought into play? We analyze whether cooperative R&D has a critical value which makes the effect of government funding on innovation performance vary from low to high. The results are shown in Model 19–Model 22.



The coefficient of GOV in regression equation of Model 19 is −0.217 + 0.331*SCI. Let −0.217 + 0.331*SCI = 0, we get SCI = 0.656. When SCI is lower than 0.656, government funding has a negative impact on market performance. Only when SCI exceeds 0.656 will government funding have a positive impact on market performance. Similarly, the threshold value of MAR (0.654) can be calculated from Model 20. Only when MAR exceeds 0.654, can government funding have a positive impact on market performance. The threshold value of SCI (1.144) and MAR (1.418) in Models 21 and 22 also indicate that there are threshold effects of cooperative R&D. The threshold values in Models 21 and 22 are larger than those in Models 19 and 20, which indicate that in the process of government funding promoting market performance through the intermediary role of cooperative R&D, the needed intensity of cooperative R&D is lower than that in the process of government funding promoting R&D reserve performance.



In addition, we compare the standardized values of the original data with the threshold values in Model 19–22 and draw the scatter diagram of the sample in Figure 4 (panel a and b). It can be seen that in the existing sample, the SCI and MAR of most cases are lower than the threshold values. These results seem to infer that the cooperation R&D of China’s textile industry is still in the stage of low-intensity cooperation. The lower interaction and cooperation mean that the leverage effect of government funding to promote innovation performance through cooperative research R&D cannot be fully exerted.



The results of the models also show that SCAL has a positive effect on internal R&D, cooperative R&D and market performance, while it has a negative effect on R&D reserve performance. Enterprise scale measures enterprise resource endowment, which can reflect the uncertainty of enterprise management and the ability to support R&D activities [52]. Previous studies have shown that there was a positive correlation between firm size and R&D performance because of the R&D scale economy of large companies [53]. In reality, although China’s textile industry has benefited from scale economy in recent years, enterprises have carried out many activities focusing on application research at the same time. Scale economy has brought about a significant increase in market performance. The large-scale enterprises in China’s textile industry still have the problems of insufficient R&D investment and low innovation ability, which greatly limit the increase of patent output in the industry. On the other hand, in the context of economic transformation, small-scale enterprises actively carry out R&D activities to improve their competitiveness. They are committed to the accumulation of R&D capacity under the role of government funding. The improvement of research reserve performance has been brought about. Therefore, there is a negative effect of enterprise scale on research reserve performance.



It is difficult to summarize the law of regression coefficients of YEAR. Perhaps the absolute amount of government funding and R&D investment may be different during the two periods. However, there is no obvious trend in their effect on innovation performance over time.




5. Conclusions and Discussion


5.1. Conclusions


This paper integrated government funding, internal R&D, science-based cooperation, market-based cooperation and innovation performance into one framework, systematically exploring the direct and indirect effects of government funding on innovation performance of the Chinese textile industry. The main conclusions are:



(1) Government funding has a significant direct promoting effect on the internal R&D and science-based cooperation of enterprises, but has no significant direct promoting effect on market-based cooperation. Government funding indirectly promotes market-based cooperation through internal R&D.



The positive correlation between government funding and internal R&D confirms the previous research results that government support can stimulate internal R&D [43,54]. Beck et al. (2016) also studied the impact and effectiveness of government funding policies. He believed that R&D investment guided by government funded policies was significant for the radical innovation of enterprises [9].



Government funding has a direct promoting effect on science-based cooperation, but has no direct effect on market-based cooperation. Government funding has an indirect effect on market-based cooperation through internal R&D. This is similar to the research of Cano-Kollmann (2016) [2] and Kang and Park (2012) [42]. Using data from more than 5000 companies in European countries, Cano-Kollmann (2016) found that innovation support policies can increase the openness of enterprises. Kang and Park (2012) found that the impact of government support on upstream linkages (cooperation between enterprises and university scientific research institutions) was more than four times that on downstream linkages (cooperation between enterprises and other institutions). His view was also that the government aims to strengthen the cooperation mechanism between universities and industry through R&D project funding. The results showed the effectiveness of the funding policy on SCI.



Under the special background of the new normal of China’s economy, government funding tends to choose social welfare projects and has more decision-making power on these projects in order to correct market failure. These innovative projects have the characteristics of complexity and spillover, so that the enterprises carrying out such projects get less revenue than they expected. In addition, due to the limitation of R&D capability, enterprises will not actively carry out R&D activities related to these projects. This is because universities and scientific research institutions have a large number of frontier knowledge and technology which can be absorbed, utilized and transformed by enterprises. Government supplements scarce resources for enterprises and encourages enterprises to cooperate with universities and scientific research institutions, so as to achieve the consistency of enterprise purpose and government purpose. Therefore, government funding has a significant promotion effect on science-based cooperative projects.



Market-based cooperation is the result of enterprises participation in market competition. Enterprises rely on their own capabilities to search for partners and cooperation projects. Enterprises have more decision-making power on such R&D projects. In order to maximize profits, enterprises will choose projects with short development cycles and high rates of return. Enterprises can quickly acquire complementary resources from partners by purchasing or introducing them. Market-based cooperation can’t effectively correct market failures, so its purpose is inconsistent with that of the government. Therefore, the direct promoting effect of government funding on market-based cooperation is not significant. Internal R&D plays an intermediary role between government funding and cooperative R&D. De Jong and Freel (2010) believe that internal R&D helps enterprises find partners with high professional knowledge [55].Internal R&D efforts have a positive impact on external cooperation [42].



(2) Both internal R&D and market-based cooperation have significant promoting effects on innovation performance. Science-based cooperation has significant promoting effects only on research reserve performance. Among them, internal R&D has the greatest promoting effect, followed by science-based cooperation. Market-based cooperation has the least promoting effect. The promoting effects of internal R&D and cooperative R&D on R&D reserve performance are greater than those on market performance.



The government has probably made some achievement in supporting textile enterprises to carry out scientific cooperation and thus improve innovation performance. Presently, government funds may not be limited to providing funds, but try to optimize the university–enterprise cooperation environment, strengthen the exchange and cooperation between enterprises, and then promote the spillover effect of innovation resources. To a certain extent, these changes may have reversed the situation where enterprises were blindly pursuing the maximization of short-term market interests in low-level cooperation. Jugend et al. (2018) took enterprises in Brazil as objects and got similar conclusions. They found that when considering the government’s support, the external cooperation of enterprises has a positive impact on innovation performance [56].



Science-based cooperation has significant promoting effects on research reserve performance. Research showed that the cooperation between enterprises and universities or scientific research institutions involves the transfer of tacit and complex knowledge which can be used in the general business processes of enterprises and help to improve research reserve performance [42]. Sz ü CS et al. evaluated the impact of the EC’s Seventh Framework Project and found that the number of participants, especially the number of university participants, had a positive impact on performance [57].



The impact of cooperative R&D on research reserve performance is greater than that on market performance. Based on the influence of government funding, the cooperative R&D of enterprises has greatly promoted R&D reserve performance, but failed to bring a greater promoting effect on market performance. Firstly, government funding has a direct promoting effect on science-based cooperation. In the case of limited R&D resources, enterprises will make full use of the advantages of government policies and focus on scientific cooperation and basic research. The impact of cooperative R&D on market performance is not obvious in short term. Technological innovation will inevitably lead to the change of production function. Generally, the motivation of technological innovation is profit. Although there may be “innovation does not make money” in the short term, the market performance of enterprises is expected to be improved in the long term. The conclusions of this paper are based on a limited period of time, reflecting the short-term effect of government funding and cooperative R&D. Secondly, the existing R&D achievements are research-oriented—focusing on basic research and aiming at knowledge output rather than market share. The lack of market orientation in innovation activities leads to a disconnection between scientific research achievements and the market. So, the performance of R&D innovation mostly stays at the stage of scientific research achievements and has not been translated into real productivity effectively.



(3) Government funding has no direct effect on innovation performance, but has indirect effects on it. The indirect effects are mainly as follows: firstly, government funding promotes internal R&D, and then internal R&D promotes innovation performance; secondly, government funding promotes internal R&D, internal R&D promotes cooperative R&D, and then cooperative R&D promotes innovation performance; thirdly, government funding promotes science-based cooperation, and then science-based cooperation promotes innovation performance. The results are slightly different from previous studies. Kang et al. (2012) believed that the government had a direct and indirect impact on the innovation output by stimulating the internal R&D activities of enterprises and domestic cooperation [43]. Beck et al. (2016) believed that the internal R&D guided by government funded policies was significant for radical innovation, while cooperative R&D did not enhance the policy effect [9].



As the main body of innovation, the textile enterprise has many external knowledge sources to choose from. For the sake of low cost and low risk, enterprises choose to purchase or acquire technology from outside. Moreover, due to the weak absorptive capacity of enterprises, the knowledge provided by partners has not been truly absorbed and digested by enterprises. Therefore, as shown in the path graph in Figure 2, it is difficult for government funding to give full play to its effectiveness in promoting enterprise innovation performance.



(4) Cooperative R&D has a threshold effect in the process of government funding affecting innovation performance. The threshold value of cooperative R&D in the progress of government funding affecting market performance is lower than those in the progress of government funding affecting R&D reserve performance. When the cooperative R&D intensity of enterprises can’t break through the threshold value, the positive promotion effect of government funding will not be brought into play.



In the stage of low-intensity cooperative R&D, the interaction between enterprises and partners is insufficient. With a lack of close innovation behavior cooperation, enterprises will tend to use external resources directly for simple market innovation; such as through signing a short-term technology sales contract to obtain more mature technology and services, and then improve market performance. Although low-level cooperation can improve market performance rapidly, it cannot promote research reserve performance due to the lag of research reserve performance. Therefore, government funds generally indirectly promote market performance. In the stage of high-intensity cooperative R&D, partners achieve the integration of R&D models through joint research or joint development. After digesting and absorbing the external resources, enterprises have more capital for R&D reserve innovation. Government funding can promote deep interactions between participants, encourage universities and scientific research institutions to spread breakthrough technology to enterprises, and promote the deep cooperation between RD personnel of enterprises and public scientific research institutions. The internal technological capability structure of enterprises can be upgraded and optimized [58].Therefore, the results of high-intensity cooperation funded by the government are different from those of low-intensity cooperation, which greatly increases the opportunities for enterprises to achieve independent innovation, thus improving the performance of the research reserve. Therefore, the threshold value of cooperative R&D is high in the process of government funding promoting R&D reserve performance.




5.2. Managerial Implications


(1) In the process of building a national innovation system, the role of government funding is crucial. Presently, the leverage effect of government financing on the innovation performance of the textile industry does not seem to be brought into full play. Therefore, it is necessary to build a clear transmission mechanism of government funding purpose. Due to the unclear transmission mechanism, the purpose of government funding deviates from the result of funding behavior. The internal R&D of enterprises plays an important role in the whole innovation system. The promoting effect of government funding on internal R&D is the key to the whole innovation chain. The government should clarify the target of subsidization more clearly and motivate enterprises to actively carry out internal R&D. Enterprises should be encouraged to cooperate with other institutions in the R&D stage and compete in the downstream output stage. Regarding the object, government should focus on funding enterprises which have similar innovative purposes and corresponding resources and capabilities. Therefore, the positive effect of government funding on innovation performance can be promoted through purpose synergy.



(2) The effect of market-based cooperation on innovation performance is less than that of science-based cooperation. Market-based cooperation may have not fully played its role in promoting innovation performance which is contrary to the original intention of government. It may be necessary to establish an open innovation platform driven by the government. The goal of the innovation platform should be consistent with that of enterprise independent innovation. At the same time, the cooperative R&D dynamic assessment and supervision mechanism of innovation platform also needs to be established. With the help of this platform, the purpose of government funding can be transmitted through a high-intensity R&D cooperation mechanism, so as to truly promote the sharing of front-edge technology and collaborative innovation among partners in the platform.



(3) There may be a lack of market-oriented innovation in China’s textile industry. It leads to the disconnection between R&D achievements and the market demand, and eventually leads to the obstruction of the channel for achievements transformation. The government should formulate targeted measures to improve the conversion rate of R&D achievements. In the process of participating in cooperation, enterprises should be guided to overcome market inefficiency related to technological innovation as far as possible. Enterprises should be encouraged to adhere to the market orientation of R&D achievements, so as to improve the speed of the commercialization of new products.




5.3. Limitations and Future Research


The small sample size is a major limitation of this study. Therefore, the universality of the conclusions still needs to be tested. Future researches can start from the micro level—obtaining a large quantity of first-hand data through the survey of enterprises, in order to improve the robustness and universality of conclusions. In addition, we have added the R&D model between the input side and the output side of the innovation process in this study. Future studies on the effect of government funding can also consider the moderating effect of funding forms, partners, macro-environment and other factors which would help explain the relationship between government funding and innovation performance more comprehensively.
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Figure 1. Theoretical model of the relationship between government funding, R&D model and innovation performance. 
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Figure 2. Path graph of the relationship between government funding (GOV), R&D model (Internal R&D (RD), Science-based cooperation (SCI) and Market-based cooperation (MAR)) and innovation performance (Market performance (NEW) and R&D reserve performance (PAT)). 






Figure 2. Path graph of the relationship between government funding (GOV), R&D model (Internal R&D (RD), Science-based cooperation (SCI) and Market-based cooperation (MAR)) and innovation performance (Market performance (NEW) and R&D reserve performance (PAT)).



[image: Sustainability 12 00644 g002]







[image: Sustainability 12 00644 g003a 550][image: Sustainability 12 00644 g003b 550] 





Figure 3. Revised path graph of the relationship between government funding, R&D model and innovation performance. Panel (a) is the path of GOV-RD-SCI-PAT/NEW. Panel (b) is the path of GOV-RD-MAR-PAT/NEW. 
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Figure 4. Scatter diagram of standardized values of original data and threshold values. Panel a is the threshold values of science-based cooperation (SCI) and Panel b is threshold values of market-based cooperation (MAR).. 
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Table 1. Main variables and measurements.
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Variables

	
Symbol

	
Measure






	
Innovation performance

	
Market performance

	
NEW

	
New products sales revenue




	
R&D reserve performance

	
PAT

	
Number of patent applications




	
R&D model

	
Internal R&D

	
RD

	
Funds from enterprises in the R&D funds of enterprises internal expenditure




	
Science-based cooperation

	
SCI

	
Funds given to universities and research institutes in the R&D funds of enterprise external expenditure




	
Market-based cooperation

	
MAR

	
Funds given to other organizations in the R&D funds of enterprise external expenditure




	
Government funding

	
GOV

	
Funds from government in the R&D funds of enterprises internal expenditure




	
Enterprise scale

	
SCAL

	
Ratio of the main business income of an industry to the number of enterprises in the industry




	
Year

	
YEAR

	
1 if Year >2011, 0 otherwise
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Table 2. Descriptive statistical analysis of main variables.
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	Min
	Max
	Mean
	Std.





	NEW
	12.724
	17.096
	15.054
	0.915



	PAT
	5.628
	9.044
	7.261
	0.875



	RD
	9.766
	13.680
	11.976
	0.900



	SCI
	5.235
	9.726
	7.827
	1.041



	MAR
	2.848
	8.833
	6.296
	1.493


