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Abstract

To cope with the fast-changing business environment, Chinese government makes every effort to
increase business R&D subsidies. The aim of this paper is to examine the efficiency of Chinese
government R&D subsidies on innovative performance and the moderating role of a firm’s R&D
capacity. Based on the data from Chinese Large and Medium Firms during 1997-2012, we analyze
whether government R&D subsidies affect a firm’s innovative performance, as well as how this ef-
fect works. The findings suggest that the firms that received increasing government R&D subsidies
will have a better innovative performance, yet up to a point. Beyond this threshold, a greater share
of government R&D subsidy will reduce a firm’s innovative performance. And such substitution
effect is larger for firms with greater R&D capacity. Also, the firm’s own R&D capacity, size, indus-
try technical levels have varying degrees of impact on the efficiency of government R&D subsidies.
The findings of this paper may have practical value and help governments to develop relative reg-
ulations and policies.
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1. Introduction

The firm becomes strong and a country will be strong. Whether we can build an upgraded version of our eco-
nomic development, from “Made in China” to “Created in China”, to achieve sustainable development, largely
depends on the creativity of firms. As a representative country, China has begun to implement the strategy of
rejuvenating a country through science and technology since mid-1990s and attached great importance to crea-
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tivity. Our governments consider financial R&D subsidies for firms as the most significant strategy to stimulate
firms’ independent innovation. From Figure 1 we know, in past 20 years, Chinese government-funded science
and technology for firms has increased from 1.342 billion in 1997 to 868.7 billion in 2012, an average annual
growth rate of 30%. The growing government subsidies have attracted much attention.

Currently, a lot of literature focused on the impact of government R&D subsidies on private R&D spending,
incentive effect or substitution effect. But few studies concern the impact of government R&D subsidies on in-
novative outputs. More rarely pay attention to the effect of government R&D subsidies on the innovative per-
formance and the moderating role of a firm’s R&D capacity. This paper will analyze it in two perspectives:
firstly, combine with firms’ R&D capacity level to examine the influence of Chinese government R&D subsi-
dies on innovative performance; secondly, there has already existed literatures, making clearly that the contribu-
tion of government R&D subsidies to innovative performance will show a significant interval effect. On this ba-
sis of the research, this paper finds the optimal point through empirical analysis.

2. Theoretical Framework

Since the “Theory of Economic Development” by Schumpeter (1912) [1] published, innovation theory has had a
profound impression on economic development. Both the Externality Theory [2] and Endogenous Growth
Theory [3] hold the view that R&D activity has the nature of public products, which makes it difficult to achieve
the optimum level of social R&D investment. So government is required to participate in R&D activities to
make up for the defect of “Market Failure”. As illustrated by Romer (1990) [4] and Grossman (1991) [5], rely-
ing only on market to spur firms’ innovation is difficult to achieve optimal allocation of social resources. Also
R&D activity has some basic specific features such as large investment and long payback period, which makes
firms do not have enough power to engage in R&D activities. So government funding-support system can help
innovator solve the “Market Failure” problem.

Most empirical studies believe that government R&D subsidies can promote private sector’s technological
innovation. For instance, Spence (1984) [6] proposed that government R&D subsidies could reduce R&D risk
and improve a firm’s R&D motivation. Benat Bilbao-Osorio (2004) [7] discovered that R&D activities would
lead to innovation, and then innovation could promote economic growth. So in some developed countries, such
as some members of OECD and America, Government R&D subsidies were paid much attention [8]. In the
mid-1990s, American government subsidies accounted for more than 50% of firms’ total R&D investment and
firms’ ability to innovation significantly improved after the support of government. Recently, in USA and
OECD member countries, the percentage of government-fund in firm’s R&D investment stabilized at 8% to 9%
(Report of International Science and Technology Development of China, 2009) [9]. Zhu Pingfang (2003) [10]
used the panel data random model to study the influence of Shanghai incentive policy to the firm’s R&D in-
vestment and patent output, the result showed that two policies, grants and tax relief had positive effect to the
firms’ R&D investment. Then, with the deepening research, some scholars found that if the government R&D
subsidies are too small, the market failure of technological innovation activities would not be significantly im-
proved, and then too much government R&D subsidies would substitute firm’s innovation expenditures. Guellec
(2003) [11] found that firm’s R&D investment increased with the increasing government R&D subsidies, yet to
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Figure 1. Government funding on science and technology in China.
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a point. Beyond this threshold, a greater share of government R&D subsidies will reduce firms’ innovative en-
thusiasm. Li and Wang (2010) [12] used Chinese 2001-2008 provincial panel data to conclude that government
R&D subsidies had a significant interval effect to firms’ innovative performance. So Gorg and Strobl (2007) [13]
proposed that government R&D subsidies should be maintained at an appropriate scale. Therefore:

Hypothesis 1. An inverted U-shaped relationship exists between the share of government R&D subsidies and
a firm’s innovative performance.

Based on the above theoretical foundation, this paper adds firm’s R&D capacity factor to analysis the effi-
ciency of government R&D subsidies. First of all, from the point of view of Resource Based Theory [14], scien-
tific knowledge is the cornerstone of innovation, also science and technology can enhance the product im-
provement and innovation efficiency, shorten the new product development time, and accelerate the pace of
listing (Karlsson & Ahlstrom, 1999) [15]. According to the dynamic capability view of resource based theory
[16], technical ability is a process of continuous, dynamic learning and accumulation, some valuable knowledge
and information are being identified, absorbed and digested, and then integrate them with firms’ own resources,
formed abilities to produce new goods and services. Lundvall and Nielsen (1999) [17] propose that R&D capac-
ity and high quality of human resource is the key to firms’ successful innovation. High R&D capacity can effec-
tively acquire, absorb and apply external knowledge to develop and produce new products and processes to bet-
ter compete and survive in the market. Through its R&D activities, a firm can build up a stock of knowledge
about specific fields of technology, which connects to its products. With the time goes, the firm becomes skilled
in its processes and accesses to government R&D subsidies for rational use (Cohen & Levinthal, 1990) [18]. So
governments tend to subsidy the firm which has a certain R&D capacity (David & Nestor) [19]. The famous
Schumpeter’s Hypotheses proposed that the size resource of a firm is the basic condition for innovation. Gal-
braith (1956) [20] has further emphasized the importance of firm’s scale in innovation. They believe that big
firm is the most effective inventor and creator for technical innovation. Cheng (2009) [21] also finds that the
bigger firm, the better incentive effect on government R&D subsidies by using Chinese data. This is due to the
advantage in large firm, they have matching capital and talent to ensure the successful implementation of the
project by obtaining the government R&D subsidies. Therefore, the government also tends to subsidy the larger
firms. Export is another firm characteristic, which can identify whether the firm engages in export activities.
Firms engage in international market are more likely to devote their efforts to innovation activities to pursue
stronger competition than those in domestic market (Basile, 2001) [22]. At the same time, industry and time
characteristics are the factors that must be considered. High-tech industry has higher technical level and devel-
opment potential, so it will have more innovative performance (Tsai & Wang, 2004) [23]. With the time goes,
social productivity is being increased and some R&D policies are formulated, that are conductive to innovative
performance. Based on the above analysis, this paper further examines the influence of these factors to the effect
of government R&D subsidies, which will provide some references to formulate R&D subsidy policies.

Hypothesis 2a. The inverted U-shaped relationship between the share of government R&D subsidies and in-
novative performance is moderated by R&D capacity in such a way that greater R&D capacity is associated with
a higher point of maximum in the inverted U-shaped curve.

Hypothesis 2b. The inverted U-shaped relationship between the share of government R&D subsidy and innova-
tive performance is moderated by R&D capacity in such a way that greater R&D capacity is associated with a higher
point of maximum efficiency in the inverted U-shaped curve for a smaller share of government R&D subsidy.

3. Research Design and Models
3.1. Data

The data used for this study was based on panel data of 1997-2012 Chinese large and medium enterprises. Since
promulgated “People’s Republic of China S&T Progress Law” in 1993, the most influential policy is the imple-
mentation of “People’s Republic of China, Promoting the Transformation of Scientific and Technological
achievement” in 1996. The law identifies the principles during the transformation of S&T achievement, and it
provides safeguards, technical right and ownership to promote the transformation of S&T, so this year is a turn-
ing point. We choose year 1997 as the beginning point. Then, the advantage of panel data is that it can contain a
large amount of information, which can reduce the influence of multicollinearity among variables, increase de-
grees of freedom and the effectiveness of estimation. Panel data facilitate the dynamic adjustment and control
individual heterogeneity. Because private sector R&D strength is mainly concentrated in large and medium en-
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terprises, which are the main objects of government R&D subsidies.

e Dependent variable. To measure a firm’s innovative performance, the China Statistical Yearbook on Science
and Technology reports the turnover of new or significantly improved products. Dependent variable is used
as the logarithmic form of the innovative sales, which is often used in innovation studies (Cassiman and
Veugelers, 2006; Tsai, 2009) [24] [25], because it can directly measure the success of new or significantly
improved products in the market.

¢ Independent variable. The first independent variable is government R&D subsidies, Gov R&D for short, can
capture the extent to which firms get government subsidy. It is expressed as the percentage in firm’s R&D
expenditure. The value of Gov R&D variable goes from zero to 100%. The second independent variable,
R&D capacity, should capture the inherently cumulative process that the development of a firm’s stock of
knowledge entails. In the study R&D capacity is calculated as the number of employees working in the firm
(Cassiman and Veugelers, 2002; Veugelers, 1997) [26] [27].

e Control variable. Prior research suggests that there are specific factors that influence a firm’s innovative
performance, which need to be controlled. For example, the size is the well-known factors that affect a
firm’s innovative performance. Firm’s size is included as the logarithmic form of the assets. Export identi-
fies whether the firm engages in export activities. Firms engage in international market hungry for innova-
tion because of stronger competition [28]. Finally, wave2006 and industry dummies are present in the sam-

ple.
3.2. Models

The classical method to measure the effect of government R&D subsidies on a firm’s innovative performance is
based on the study of Luca Berchicci [29]. The Gov R&D and R&D capacity are as the control variables, then
the innovative sales as the dependent variable. To test the above-mentioned hypotheses, two models are pro-
posed. The first model investigates the effect of government R&D subsidies on innovative performance for firm
i that perform R&D activities.

Innovative sales;, = 3, + 3, R&D capacity, + 3,Gov R&D, + 3, Gov R&D,”
+/3, In(Size; )+ B, Export; + S;wave + Industry dummies + ¢;

)

The second model investigates how R&D capacity moderates the relationship between the share of govern-
ment R&D subsidies and innovative performance. The equation adds a linear by linear interaction between R&D
capacity and government R&D subsidies to Equation (1).

Innovative sales, = (3, + 8,R&D capacity, ) x Gov R&D; + 3; Gov R&D;?

2
+(ﬂ1R&Dcapacityi + /3, In(Size; ) + B,Export; + ;wave + Industry dummies+ﬁ0)+ & @

where in Equation (2) (8, + 7 R&D capacity;) indicates the overall linear trend of innovative sales on govern-
ment R&D subsidies at one or more values of R&D capacity. If (8, + 7 R&D capacity;) is positive, there has an
overall upward linear trend, otherwise it has an overall downward linear trend.

4. Empirical Results

Table 1 presents the descriptive statistics and correlation coefficient between variables. In this table we can see
all the correlation coefficient is less than 0.68, that is to say there is no collinearity between variables. Then Table 1
shows a negative and weak correlation between R&D capacity and government R&D subsidies (—0.08). It sug-
gests that as the firm is enthusiasm to engage in R&D activities, it will have high R&D investment and low
proportion of government R&D subsidy. The correlation between R&D capacity and innovative sales is positive
(0.18), then firm’s size, export, wave2006 and industry dummies all have positive correlation with the dependent
variable.

According to the characteristics of panel data model, this paper can’t use fixed effects model to analyze be-
cause the existence of dummy variables, so we take random model. First of all, the heteroscedasticity and auto-
correlation test is needed. Table 2 shows that heteroscedasticity and autocorrelation existed in the model, so we

need to modify the random effects results.
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Table 1. Descriptive statistics.

Variables Mean S.D. 1 2 3 4 5 6
1 Innovative sales 6.2294 1.142 1
2 R&D capacity 0.0360 0.024 0.18 1
3 Gov R&D 0.044 0.053 0.21 -0.08 1
4 Size 4712 0.570 0.13 0.31 0.05 1
5 Export 3.332 2.132 0.12 0.03 0.15 0.4
6 Wave2006 0.430 0.252 0.25 -0.13 -0.14 -0.34 1
7 Industry dummies 0.219 0.143 0.27 0.68 0.08 0.58 -0.4 1

Table 2. Heteroscedasticity and autocorrelation test.

Indicator Model 1 Model 2 Model 3 Model 4
chi2 4332.85 2250.72 2414.52 2556.89
Prob > chi2 0.0000 0.0000 0.0000 0.0000
F 17.772 17.835 17.849 17.268
Prob > F 0.0000 0.0000 0.0001 0.0000

Table 3 presents the modified regression results. Model 1 shows the relationship between the control va-
riables and innovative performance. Firm’s size and export positively affect innovative performance, while the
industry dummies variable is not significant. Then is R&D capacity, its coefficient is positive and significant.
This finding suggests that building a stock of knowledge strongly influences a firm’s innovative performance.

Model 2 adds the Gov R&D variable, which shows a negative yet not significant effect on innovative perfor-
mance. Model 3 investigates whether the relationship between Gov R&D and innovative performance has a
non-linear effect. The Gov R&D squared variable is included. The Gov R&D variable has a positive and signif-
icant coefficient while Gov R&D squared coefficient is negative and significant. Model 3 also shows a larger
chi-square value than Model 2. This reveals that the addition of the main effect of Gov R&D and its squared
term increases the explanatory power of the model. Taken together, these two effects reveal that Gov R&D has a
curvilinear effect on innovative performance. To ease the interpretation, these effects are shown graphically.
Figure 2 illustrates an inverted U-shaped line that captures the relationship between Gov R&D and innovative
sales. It implies that firms that received government R&D subsidies have greater benefits in term of innovative
performance yet up to a point of 13.2%. Beyond this threshold, greater government R&D subsidies reduce a
firm’s innovative performance.

Turning to Hypotheses 2a and 2b, Model 4 indicates the conditional effect of R&D capacity on the relation-
ship between Gov R&D and innovative performance by applying Equation (2). The interaction variable (R&D
capacity x Gov R&D) is positive and significant. This result shows that R&D capacity not only influences a
firm’s innovation performance directly but also the relationship between government R&D subsidies and firms’
innovative performance. However, it is not immediately apparent from the model 4 how its conditional effect
works on the given relationship. Aiken (1991) [30] suggested that one approach is to graph the main effects
given the conditional effect under study.

Based on Equation (2), Figure 3 shows three linear trends of innovative performance on government R&D
subsidies at three values of R&D capacity variable. “Average R&D capacity” captures the R&D capacity varia-
ble at its mean value (line with a dot mark), “low R&D capacity” at half standard deviation below its mean (cru-
ciform line) and “high R&D capacity” at half standard deviation above the mean (fork mark). When the R&D
capacity is at its mean value, the curve in Figure 2 and Figure 3 show a similar trend. Relevant findings are
found when R&D capacity moves away from the mean. As shown in Figure 3, higher R&D capacity is asso-
ciated with greater innovative performance at a lower level of Gov R & D. For the firms with high R&D capac-
ity, the maximum efficiency-the optimal value of Gov R&D where the maximum performance value is
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Table 3. Gov R&D and innovative performance and the moderating effect of R&D capacity.

Independent variables

Innovative sales as dependent variable

Model 1 Model 2 Model 3 Model 4
19.53*** 19.85*** 19.76*** 12.26***
R&D capacity
14.41 14.03 14.04 7.08
0.317*** 0.324*** 0.334*** 0.326***
Size
6.05 5.94 6.06 6.21
1.608*** 1.607%** 1.608*** 1.622%**
Export
11.27 11.23 11.19 11.34
0.0861*** 0.0837*** 0.0834*** 0.0835***
Wave2006
14.62 14.3 14.36 14.74
—-0.166 —-0.203 —-0.248 —-0.198
Industry dummies
(—0.56) (-0.67) (-0.82) (-0.71)
2.571 1.078* -5.117**
Gov R&D
(0.77) -2.17 (-3.25)
—4.083*** —8.589
Gov R&D squared
(-3.35) (-1.69)
146.4%**
R&D capacity x Gov R&D
5.7
3.487*** 3.488*** 3.426*** 3.552%**
constant
14.41 14.23 13.64 15.02
obs 593 593 593 593
Log likelihood —539.2825 —779.6141 —779.2744 —763.2764
Wald chi2 616.82 600.13 606.42 718.15
Prob > chi2 0.0000 0.0000 0.0000 0.0000
*p < 0.1, **p < 0.05, ***p < 0.01.
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Figure 3. The moderating effect of R&D capacity on the relationship between Gov R&D and
innovative performance.

achieved is at 10.96% of Gov R&D, while for firms with low R&D capacity the equilibrium point is at 24.3% of
Gov R&D. These findings imply that firms with greater R&D capacity will use government subsidies efficiently.
These firms enthusiasm to innovation and consciously increase their R&D investment, so the proportion of gov-
ernment subsidies relatively less. As the Gov R&D variable increases, the three curves tend to converge. This
confluence may reconfirm that greater government R&D subsidies is detrimental for innovative performance
regardless of the R&D capacity of firms. Taken together, these findings indicate that both Hypotheses 2a and 2b
are supposed. So our government R&D policy should pay more attention to the optimal allocation of resources
and consider whether the target firm has the ability to reach certain level of innovation. So government should
identify a “degree” according to different firms.

In china, statistical patent is one of important means to analysis the technological progress because of its eas-
ily available and innovated related. It can become stable and objective evaluation criteria. Since not all patent
applications will be authorized, the authorized indicator may reduce the true level of innovation [31]. So the
number of patent application can more objectively reflect the current innovation output. So the patent applica-
tions will be used as dependent variable to verify the above hypothesis. Table 4 replicates the estimations in
Table 3. Model 3 confirms that the curvilinear relationship between the government R&D subsidies and innova-
tive performance, and Model 4 corroborates the conditional effect of R&D capacity on the relationship between
government R&D subsidies and innovative performance. These results confirm and strengthen the explanatory
power of the model.

The above-mentioned empirical tests assume that the main variables are exogenous - they are not correlated
with the error term. However, this may not be the case since the Gov R&D variable and the interaction term may
not be strictly exogenous. Thus, this final test assumes that our main independent variables are endogenous and
thus requires an estimation method that includes instrumental variables. We must find some valid instruments
that are uncorrelated with the errors, but correlated with the endogenous variables and dependent variables. With
weak instrument variables the results are likely to be biased in the same way of OLS estimation. To cope with
this problem, we use Arellano-Bond difference GMM estimator [32]. The AB estimator combines instrument
variables (the dependent variable lagged on period) and it is suitable for panel data with few time periods and a
great number of observations of individuals (Roodman, 2006) [33]. Table 5 shows the AB estimations. Overall,
the results confirm the suggested hypotheses.

5. Discussion

This paper comes to the conclusions and discussions that government R&D subsidies have a vital significance
for promoting firm’s innovative performance. How to formulate R&D policy effectively and how to improve
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Table 4. Gov R&D and innovative performance.

Number of patent application as dependent variable

Independent variables

Model 1 Model 2 Model 3 Model 4
15.03*** 14.89*** 14.74%** 12.42%**
R&D capacity
-17.08 15.54 15.27 9.88
—0.137*** —0.124*** —0.116** —0.126***
Size
(-3.96) (-3.36) (-3.11) (-3.49)
0.001*** 0.001*** 0.001*** 0.001***
Export
14.13 14.08 14.04 13.95
0.146*** 0.146*** 0.146*** 0.146***
Wave2006
35.62 34.06 34.1 34.96
0.671*** 0.638** 0.599** 0.648**
Industry dummies
351 3.14 2.92 3.27
0.0382 1.462* -0.78
Gov R&D
(0.09) (2.15) (-0.66)
—5.048** -3.13
Gov R&D squared
(-3.95) (-1.12)
42.28*
R&D capacity x Gov R&D
2.39
3.373*** 3.342%** 3.290*** 3.406***
constant
8.42 7.69 721 8.1
obs 590 590 590 590
Log likelihood —510.7471 —525.2515 —512.2151 —505.3267
Wald chi2 1749.03 1753.96 18215.12 1824.61
Prob > chi2 0.000 0.000 0.000 0.000

*p < 0.1, **p < 0.05, ***p < 0.01.

the R&D subsidy efficiency is important for the sustainable development of China’s economy. First, Chinese
government needs to improve the R&D subsidies. From Figure 2 and Figure 3 we know that the share of gov-
ernment R&D subsidies mostly concentrate in the range of 0 - 0.1, which is far smaller than that of the devel-
oped countries. Second, this study reaffirms the central role of firm’s internal R&D capacity in moderating the
relationship between government R&D subsidies and innovative performance. The results demonstrate that a
firm’s own stock of knowledge can greatly contribute to a greater innovative performance. Firms with greater
R&D capacity perform systematically better than those with a lower level of R&D capacity, and they reach the
optimum of innovative performance with less government R&D subsidies, as Figure 3 illustrates. Thus, how a
firm manages its R&D capacity influences its innovative performance.
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Table 5. Arellano-Bond GMM estimator.

Independent variables

Innovi4

R&D capacity

Size

Export

Wave2006

Industry dummies

Gov R&D

Gov R&D squared

R&D capacity x Gov R&D

constant

N
Wald chi2

Prob > chi2

Model 1
0.441%**
9.69
4.502%**
3.63
0.0727*
2.34
1.213%**
8.61
0.0759***
10.34
—0.358

(-1.67)

3.401%*
2.76
543

3487.27

0.000

Dependent variable lagged on period as instrumental variable

Model 2
0.451%**
9.89
4.909***
3.96
0.0634*
2.05
1.436***
8.65
0.0763***
10.46
—-0.357
(-1.67)
0.752*

2.53

3.401**
2.76
543

3545.59

0.000

Model 3
0.450%**
9.92
5.123***
413
0.0655*
2.12
1.165***
9.01
0.0767***
10.59
—-0.367
(-1.73)
2.198**
2.72
—4.785

(-1.95)

3.344*
231
543

3580.36

0.000

Model 4
0.480***
9.87
6.498***
4.63
0.0679*
2.17
1.209***
8.57
0.0725***
9.43
—-0.367
(-1.70)
3.238***
3.33
—4.733
(-1.90)
—36.38*
(-2.11)
3.26
1.66
543
3492.20

0.000

*p < 0.1, **p < 0.05, ***p < 0.01.

In summary, this paper contributes to our understanding of the effect of government R&D subsidies on firm’s
innovative performance. Firms with high level of R&D capacity can absorb the government R&D subsidies ef-
fectively and the finding provides some managerial implication as well. The managers of firms need to take into
account their own technological knowledge base and R&D capabilities. This study thoroughly examines the role
of government R&D subsidies and R&D capacity on a firm’s innovative performance, yet it is faced with some
important limitations. There still exist restrictions on the choice of indicators to measure variables. Then larger
longitudinal set firms can have a greater exploratory power. Future research could focus on the factors affecting
the innovative performance and provide an even more thorough examination of the role of R&D capacity on a

)

firm’s performance.
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