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R&D subsidies as a policy instrument are used to reduce market failure, apart from its input and output
additionality, the notion of behavioural additionality has caused increasingly interest.We focus on the signal/cer-
tification effect of behavioural additionality, which means that government grants may serve as a signal for pri-
vate investors. The signal effect is a certification enhancing a firm's access to external finance. The objective is to
examine the impact of different ownership nature to the signal/certification effect. We use data on Chinese listed
corporations from2009 to 2013. The results show that receiving R&D subsidies increases the likelihood that firms
will raise external finance, and the state-owned enterprises can receive more subsidies than private enterprises.
However, the signal effect of R&D grants is stronger in private enterprises than that in state-owned enterprises of
China, indicating that the ownership nature does matter in the R&D subsidies certification effect. This paper en-
riches current literature of government R&D subsidies by providing empirical evidences in Chinese mixed
market.
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1. Introduction

Government subsidies for R&D are intended to alleviate market fail-
ures in R&D activities, which may be caused by spillovers of ideas to
competitors or a low appropriability rate (Kleer, 2010). In recent years
Chinese government has paid more and more attention to scientific
and technological activities and the expenditures on them continue to
increase. According to “China Science and Technology Statistics
Yearbook 2013”, intramural expenditure on R&D has increased from
154.0 to 1331.2 billion yuan (RMB) from 2003 to 2014, of which the
government funds increased from 46.1 to 319.5 billion yuan. Why
does the government increase R&D subsidy significantly? Can the subsi-
dy policy affect the R&D activities of enterprises?

Generally speaking, the R&D subsidies from government have posi-
tive effects to innovative enterprises' activities, for example, alleviating
their tendency to underinvestment in R&D activities (Meuleman and
Maeseneire, 2012). However, another effect of R&D subsidies, the signal
effect or certification effect has not attracted enough attention. The sig-
nal/certification effect means that the government can certify that the
granted enterprises are valuable to investment to private financiers by
subsidies, thus government grants may serve as a signal for nice invest-
ments to private investors (Meuleman and Maeseneire, 2012). In this
ffect of Government R&D Sub
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paper, we examine this effect empirically, that is, whether government
subsidies to R&D increase external R&D investments, improving enter-
prises' access to external finance in general in Chinese context, and
whether the effect is different in different ownership structure, such
as state-owned and private enterprises.

From the perspective of additionality, most of the literatures on R&D
subsidies are primarily concerned with whether a government grant
has positive effects on input (e.g., increase in R&D efforts) and/or output
additionality (e.g., increase in growth/employment/number of patents).
Our analysis evaluates another additionality effect, i.e. behavioural
additionality, it means that obtaining a grant may induce changes in
the enterprise's behavior. From a systemic view on innovation process-
es, innovations are created within a complex web of interactions be-
tween different actors of the innovation system (Fischer, 2001). So
more general, the behavioural additionalitymay also change the behav-
ior of other actors towards the enterprises, for example, it may change
the behavior of banks towards the enterprise (Meuleman and
Maeseneire, 2012). The signal/certification effect, as a kind of behav-
ioural additionality, means that government officials may certify firms
worth investing by granting subsidies. Given the uncertainty, receiving
a subsidy might act as an observable indicator of the unobservable
applicant's quality (Hauessler et al., 2012). Consequently, R&D subsidies
weaken the information asymmetries, beneficial for external financing.

As for ownership, actually, public firms are present in several indus-
tries such as banking and insurance, gasoline distribution, radio,
sidies in China: Do ownership matter?, Technol. Forecast. Soc. Change
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television, automobile and steel, health-care and energy (Anderson et
al., 1997). And there are a great many public firms in China, because of
the special market situation of Chinese transition economy, state-
owned and private enterprises have coexisted in the market for a long
time, which is also known as themixedmarket. Chinese economic tran-
sition from centralized to open makes it a particularly interesting con-
text to examine the links between ownership and government R&D
subsidies effects. State-owned enterprises (SOEs) are directly controlled
by the government, as the controlling owner of shares, will the govern-
ment grand more R&D subsidies to SOEs than to private enterprises?
Moreover, are there some differences about the signal/certification ef-
fect of government R&D subsidies between the state-owned and private
enterprises?

We address those questions based on the case of Chinese listed cor-
porations. Xu and Xu (2013) consider that the government R&D subsidy
is evenmore important for firms in emerging economies, such as China.
And the study of R&D activities in mixed markets is becoming increas-
ingly popular from a theoretical perspective (e.g. Poyago-Theotoky,
1998; Ishibashi and Matsumura, 2006; Cato, 2011). However, most of
the literatures about the roles of R&D subsidies in mixed markets are
based on game model, for example, Gil-Moltó et al. (2011) propose a
model to examine the use of subsidies to R&D in a mixed and a private
duopoly market, and they take social welfare maximization as the goal
of SOEs,which is not accordwith the reality of Chinese SOEs. In fact, Chi-
nese SOEs are not to maximize the welfare of society as the goal, but
pursuit more objects. It is well known that the chairmen of the SOEs
are appointed by Chinese government so they also may seek the politi-
cians' personal goals, such as solving the problemof employment towin
the election etc. Above all, SOEs are researched in the context of China as a
peculiarity of the state-managed economy (e.g., Yusuf et al., 2006; Guan et
al., 2009; Chan and Daim, 2011). In addition, the differences between SOEs
and private enterprises is not only reflected in different objective functions,
these two kinds of enterprises are different in investment behaviors, R&D
efficiency, communication mode and frequency with the government,
these differences can also influence R&D subsidy effect to themselves.
Thus it is valuable to test the R&D subsidies effects in Chinese mixed mar-
ket, which can extend the R&D subsidy research scope.

Even thoughmuch attention has been given to the input and output
additionality, the effect of R&D grants on firms' ability to raise external
financing has attracted virtually no scrutiny, especially to different own-
ership nature. In this paper, we examine whether obtaining an R&D
grant facilitates state-owned and private enterprises' subsequent access
to external financing as a consequence of the signal/certification effect.
Our work also adds to the subsidy policy literature since we examine
the impact of receiving an R&D grant on external investment of both
state-owned and private enterprises.

Especially, to the best of our knowledge, no previous study has in-
vestigated the effect of obtaining R&D subsidies on the enterprises' ac-
cess to debt financing. Esty and Megginson (2003) argue that debt
markets have supplied a much larger proportion of external finance
than equity markets. Similarly, Qian and Strahan (2007) also point out
that banks are the main external funding providers in most countries.
China also has a bank-centered capital market with many state-owned
and private enterprises in transition economy, so exploring whether
the subsidies can induce more investments from banks or not, compar-
ing the induced investment amount to state-owned and private enter-
prises in Chinese context, can deliver important insights into impacts
of public R&D support in Chinese SOEs and private firms, also enlighten-
ing other transition economies.

The remainder of the paper is structured as follows. In the next sec-
tion, a brief literature review is provided and the research hypotheses
are developed. A description of the method and sample used are then
presented. Next, the empirical results are described and the impact of
the R&D subsidy is analyzed. Last, the findings and limitations are
discussed and some interesting topics for further research are pointed
out.
Please cite this article as: Wu, A., The signal effect of Government R&D Sub
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2. Literature review and hypotheses development

After a long time attention to the relationship between government
R&D subsidies and enterprise R&D activities, gradually in recent years
scholars have focused on another role of R&D subsidies, which serve
as a signal for good investments to outside investors, and it is proved
that the government R&D subsidy can provide the choice standards
for R&D projects to external investors, promoting enterprises with sub-
sidies to attract more external investments. Narayanan et al. (2000)
argue that actions related to governmental agencies, like approving
new products, granting patents or awarding subsidies, may serve as
an information signal to other investors. Takalo and Tanayama (2010)
provide a theoretical model in which public R&D subsidies may yield a
positive signal to market-based financiers. Empirically, based on 1435
small business innovation research (SBIR) awardees from 1983 to
1985, Lerner (1999) finds that R&D grants provide a positive signal
about enterprise quality and technological merits of the firms' projects,
thereby alleviating capital market imperfections that facilitates
attracting venture capital. He attributes capital market imperfections,
specifically the difficulty to raise capital for uncertain R&D projects
due to information asymmetries as a source of difference in
performance.

The asymmetric information between firms and investors is usually
considered as an important reason for preventing enterprise to attract
external investment, and R&D intensive companies are particularly vul-
nerable to distress because the R&D activities involve many technical
details and secrets. The activities need participants not only have pro-
fessional knowledge, but full participation in the process of research,
at this circumstances the R&D information is mainly predominated by
the enterprises. Instead, due to the limited professional knowledge, out-
side investors are difficult to evaluate the advantages and disadvantages
as well as the expected return of R&D projects, so it is difficult for them
to support the R&Dprojectsfinancially. Hall (2002) reviews the possible
underinvestment in R&D caused by capital market imperfections. From
theperspective of accounting, shefinds that there is no capitalized value
for R&D in afirm's balance sheet. Asymmetric information betweenbor-
rowers and lenders may then cause potential lenders to be reluctant to
fund R&D due to its inherent risk, even if the borrower promised high
expected returns.

On the other side, as the R&D activities have positive externalities,
even if enterprises want to attract external investment, but for the pur-
pose of self-protection, enterprises will not disclose a large number of
R&D information publicly, which further aggravates the information
asymmetry between themselves and investors. In addition, the R&D pro-
jects often have high risks, so investors keep cautious on R&D investment.
The government can use the “visible hand” to intervenewhen facingmar-
ket failure, playing an important role of macroeconomic regulation.
Among them, government R&D subsidies can play an important role in
certifying firms' quality and technological merits of the R&D projects,
thus the effect of R&D subsidy is not only limited to directly reduce the
cost of R&D, but as a positive signal for good prospects of the enterprises
gained subsidies to outside investors. The National Governors Association
(NGA) also claims that “an SBIR award provides a signal to angel investors
that these technologies hold promise and an opportunity to leverage their
investments with another source of early-stage funding” (NGA, 2008,
p.7). Specially, the signal effect works through the following two ways.

Firstly, in order to make the subsidies have positive effects to the
projects, governments will be rigorous in the process of evaluating
R&D projects. With a perfect R&D project identification standard sys-
tem, the evaluation results from the governments can be transferred
to outside investors through the form of R&D subsidies. Governments
might be better motivated to screen projects than market-based finan-
ciers because of different objective functions and potential free rider
problems among private financiers (Meuleman and Maeseneire,
2012). The governments often set up special organizations and invite
lots of experts to choose right R&D projects, and a large number of
sidies in China: Do ownership matter?, Technol. Forecast. Soc. Change
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experts in the samefield also can overcome the information asymmetry.
In addition, the governments have an information advantage over pri-
vatefinanciers because they receivemany subsidy applications fromen-
terprises, making an accurate overview of various fields possible. Lerner
(2002) argues that it is reasonable that government can overcome in-
formation problemswhereas private investors cannot. For example, ex-
perts may have considerable insight in which companies and
technologies are most promising, while the traditional financial state-
ment analysis undertaken by bankers would be of limited value. Thus,
again, when projects are difficult to evaluate, as in high technology in-
dustries or newmarkets, the R&D grant is more important to secure pri-
vate funding (Kleer, 2010).

Secondly, as government does not compete directly with enter-
prises, enterprises are more willing to provide relevant R&D informa-
tion to government than to outside investors. As argued by
Bhattacharya and Ritter (1983) andUeda (2004), the threat of expropri-
ation may limit screening activities. If enterprises have to reveal valu-
able private information about the R&D projects to external investors
in order to get funds, they are in dangerous situations that the external
financiers may steal the ideas and information of the project. However,
the government is not directly compete with enterprises, which does
not involve the information security problems. On the other side, enter-
prisesmust provide a large number offirst-hand information about R&D
projects to apply R&D subsidy funds. R&D information from enterprises
not only can help themget the subsidy from government, can also avoid
R&D project information leakage in the process of social financing to get
private capital, thus reducing the information asymmetry.

In sum, the selection results of R&D projects from government are
believed to bemore accurate and unprejudiced,which can provide valu-
able investment signals for outside investors. What's more, it is also be-
lieved that the enterprises with government R&D subsidies have
advantage and potential in R&D prospects and management ability,
therefore in the external investors' views, R&D subsidy can play a role
of wind vane, providing the signal quality of R&D projects. Government
subsidies have the role of signaling the market that certain types of
products are currently encouraged to develop (Xu et al., 2014). Some
empirical studies have confirmed the signal effect of R&D subsidies.
For example, in an interview study of firms, Feldman and Kelley
(2006) find that receipt of a government R&D subsidy increased the
company's funding from other sources. They argue that when the
agency's assessment is linked to the commercialization potential, pri-
vate investors may consider the award winning project as more valu-
able than other high risk research projects. A more recent empirical
analysis of Meuleman andMaeseneire (2012) also confirms the conclu-
sion, they find a positive certification effect of obtaining an R&D grant.
Thus, we propose the following hypothesis:

Hypothesis 1. The government R&D subsidies have a role of signal/cer-
tification effect, namely the government R&D subsidies can induce ex-
ternal investments.

A large proportion of national industrial output is still produced by
state-run companies in many developed and developing economies
(OECD, 2005). As Tõnurist (2015) argues that SOEs' role in science and
technology (S&T) policies is still significant – in combinationwith inter-
nal R&D expenditures, collaboration with research institutes, procure-
ment for innovation, etc. – even though it has mostly remained
unobserved. However, most of the current SOEs research is focused on
the topics of privatization and efficiency (e.g., World Bank, 1995;
Netter and Megginson, 2001; Omran, 2004). Those literatures usually
present a negative argument with regard to the role of SOEs in policy
making (Tõnurist, 2015). Thus the literatures of traditional governance
and management tend to ignore innovation as a goal or to minimize its
role in SOEs. Christiansen (2013) argues that SOEs have had many dif-
ferent goals and also varied reasons for being created in developed
and developing economics.
Please cite this article as: Wu, A., The signal effect of Government R&D Sub
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In the US, SOEs are seen as an extension of the government and its
agencies rather than businesses that serve national objectives
(Tõnurist, 2015). Sometimes they play a role similar to venture capital
funds (Weiss, 2014). However in China, the aim of SOEs is to maintain
control over strategic industries, build them up andmake direct invest-
ment (Chan and Rosenbloom, 2009; Kroll and Liefner, 2008). In addi-
tion, MacAvoy et al. (1989) provide a list of SOEs functions including
resource preservation (maintenance of vital industry), simply rent col-
lection from resource-based industry, value promotion (interest in
non-commercial values) and hording (problemswith allocatingproper-
ty rights to national resources). Thus, SOEs undertake some aims of gov-
ernment, which forms the policy burden to the enterprises (Lin et al.,
1998).

To help SOEs to realize the aims, government has themotive to sup-
port them. What's more, SOEs possess the information advantage for
government subsidies by the politics communication. SOEs may exag-
gerate the R&D input to obtain government subsidies by using the infor-
mation advantage, which may induce more R&D subsidies. As the
allocation of power concerned, Chinese government has experienced a
process from centralization to decentralization, at this context, local
governments have gainedmorefinancial autonomy and economicman-
agement authority, to develop local economy, local governments also
have a motivation of gaining more resources from central government
(Cao et al., 1999; Poncet, 2005). As the SOEs have more advantages
than the private enterprises in promoting regional economic develop-
ment, increasing employment and promoting technological progress,
they attract more R&D subsidies from local governments.

In addition, as a kind of scarce resources, government R&D subsidies
are pursued by many enterprises, easily causing corruption. There are
some social network relationships more or less between enterprises
and government, so in the application of R&D subsidies, enterprises
often try to use their own social network relationships toprovide conve-
nience for their access to R&D subsidy resources since business in China
is heavily rooted in social relationships and personal connections (i.e.,
guanxi) (Su et al., 2007; Shu et al., 2012). Although SOEs have their
own boards of directors, their relationshipswith government regulators
are closer than private enterprises, so they have stronger government
connections than private enterprises. SOEs can also acquire and main-
tain government connections through personnel arrangements and re-
lationships. Especially, chief executive officers (CEOs) of SOEs are
appointed by governments, showing the close relationships between
SOEs and governments (Cull et al., 2014). Therefore the relationships
between SOEs and Chinese government are closer than that between
private enterprises and government.

There are more interactions and contact between SOEs and the gov-
ernment, especially in some of the major industries important to liveli-
hood, such as water and electricity industries, SOEs are still used as a
tool to carry out the government's macro-control policy, so the interac-
tions between government and SOEs are very frequent. From the per-
spective of principal-agent theory, there are many different levels of
principals in SOEs, and the final principals of SOEs are dispersed widely,
which induces that government officials begin to conspire with the
managers of enterprises in order to complete the reciprocal exchange
between them. All of those lead to the unfair market competition. Pri-
vate enterprises can also try to establish a good relationship with the
government, but compared with SOEs, they must expense higher cost
tomaintain the government relationship, therefore, we propose the fol-
lowing hypothesis:

Hypothesis 2. The SOEs can get more government R&D subsidies than
private enterprises.

The discussions in Hypothesis 1 simply assume enterprises as homo-
geneous, without considering the differences in the nature of the enter-
prise ownership. In fact, state-owned and private enterprises have co-
existed for a long time in Chinese market, as mentioned above, there
sidies in China: Do ownership matter?, Technol. Forecast. Soc. Change
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are many differences between the two kinds of enterprises, such as the
resources, objectives and financial constraints, leading to difference ef-
fects of R&D subsidies.

The signal/certification effect builds on the assumption that the
government's assessments are independent and technically sophisticat-
ed, which has received support in the previous literature (e.g., Lerner,
1999, 2002; Feldman and Kelley, 2006). However, this certification ef-
fect is reduced in Chinese SOEs because the government's unfair assess-
ments. To obtain R&D subsidy, SOEs may provide some false R&D
information. Due to the close relationships between SOEs and govern-
ment, the government officials not only pay no heed to the false infor-
mation, but even help SOEs to conceal the facts in some cases. In the
R&D project assessment, the government can choose and construct
standards advantageous to SOEs, making their projects seem to have a
better anticipation than that of private enterprises. Finally, even if the
R&D projects are still unable to obtain a high evaluation score, some-
times the government officials can even tilt the R&D subsidy policy to
the SOEs in the name of beneficial to livelihood.

Different from SOEs, government subsidies to private enterprises
will be more dependent on the information collection and the R&D pro-
jects themselves rather than political relations. At the same time, private
enterprises pay more attention to the results of R&D activities, once the
R&D activities fail, it is possible to lose the trust of the public and the op-
portunities of receiving subsidies in the future. The close relationships
between SOEs and government are well-known in China, of course the
outside investors also know that SOEs can obtain government subsidies
more easily than private enterprises. Therefore, rational external inves-
tors inevitably take these factors into account to invest in R&D projects,
whichwill weaken the signal/certification effect of R&D subsidy in SOEs.
Based on the above discussion, we propose the following hypothesis:

Hypothesis 3. The signal/certification effect of government R&D subsi-
dies in SOEs is weaker than that in private enterprises. Namely, the
same R&D subsidies promote more external investment in private en-
terprises than that in SOEs.
Table 1
Variable definition.

Variable name Variable
index

Definition

Government R&D
subsidy intensity

rdsub Government subsidies as a percentage of total
assets

External R&D
investment

exrd The ratio of the amount of loans for S&T activities
of financial institutions to operating income

Scale lnasset The logarithm of total assets
Market competition sellra The ratio of sale expenditure to operating income
Own nature own This variable is coded 1 if the firm is actual

controlled by private, otherwise this variable is
coded 0.

Age age Years since the setup of enterprises
Human capital bkra The employee proportion with bachelor degree or

above
Operating profit
ratio

opera The ratio of operating profit to operating income

Long-term debt
ratio

debt Long-term debt as a percentage of total assets
3. Research design

3.1. Sample

Taking Chinese listed companies as sample, this paper selects the
companies at least 5 years continuous disclosure of R&D intensity data
and the data of government R&D subsidies from 2009 to 2013. Because
the influence of R&D subsidies on R&D investment lags behind, all gov-
ernment R&D subsidies lagged one period of enterprises' R&D invest-
ment. In the process of data selection, eliminating the enterprises
without R&D investment, government subsidies, special treatment or
particular transfer enterprises, the final selection of sample size is 485.

3.2. Variables

The measure for government R&D subsidies intensity is standard-
ized by government's R&D subsidies divided by total assets, i.e. the sub-
sidy amount related technological innovation from the item of non-
operating income in the consolidated income statement divided by
total assets. Compared with the stock market, the external debt market
can give enterprises a greater proportion of financing, having become a
major source of external financing, so the choice of financial loans as ex-
ternal investment index is reasonable. Two indexes are usually used to
measure the innovation performance, including new product sales and
the number of invention patents. New product sales indicate the effect
of public R&D subsidies on firm's innovation output evaluated by the
market, and the number of invention patents measures the inventive
output of a firm at an intermediate stage of the R&D process, i.e.,
when the invention is not yet commercialized.
Please cite this article as: Wu, A., The signal effect of Government R&D Sub
(2016), http://dx.doi.org/10.1016/j.techfore.2016.08.033
Further, a number of control variables are used in this study. Empir-
ical evidence shows a positive relationship between firm size and the
likelihood of engaging in R&D activities. Hence, we expect a positive re-
lationship between firm size and the probability of R&D activities. Firm
size ismeasured by the value of assets. On the one hand, the activities of
R&D and innovation are dynamic processeswhere temporal persistence
is relevant, so older firms have more probability and opportunities to
engage in R&D activities. On the other hand, younger firms are more
likely to suffer from financial constraints, so their desire for R&D subsi-
dies is higher than older firms. In addition, competition can promote the
enterprises to carry out innovation activities by constructing model to
discover the enterprise innovation behavior under different market
structure (Arrow, 1962). Thus, there is a big difference between differ-
ent ownerships. It is nodoubt that human capital is a key factor affecting
R&Dactivities. R&D investments are subject tofinancial barriers, and the
profit getting from operation is one of the important sources of funding
for sustainable innovation. This variable is measured as the ratio of op-
erating profit to operating income. Firms with long-term debt contracts
may diminish financial constraints. These firms with long-term debt
ratio are more likely to engage in R&D and they may be more prone to
apply for public R&D subsidies. In summary, those variables affecting
R&D activities are dealt as control variables, showed in Table 1.

R&D data come from the report of the director board. Government
R&D subsidies include the incentives for new product development,
loan interest and so on, which have a direct relationship with the enter-
prises' technological innovation. The human capital data, such as the
proportion of undergraduate of enterprises are also manually from list-
ing corporation annual report and other data from GTA data, which is
developed specifically for China's financial and economic research by
Tai'an company according to the international standard database
(CRSP and COMPUSTAT).

3.3. Model

For Hypothesis 1, we constructedmodel (1), taking external R&D in-
vestment as the dependent variable and multiple regression analyses
were performed to test it; Themean differences on the strength of gov-
ernment R&D subsidies under different ownership properties were an-
alyzed by t-test to verify Hypothesis 2; For Hypothesis 3, we added the
interaction of the ownership nature and government R&D subsidies
based on thefirstmodel for themultivariate regression analysis, namely
model (2).

exrdt ¼ α0 þ α1rdsubt−1 þ α2controlþ εt ð1Þ

exrdt ¼ α0 þ α1rdsubt−1 þ α2rdsubt−1 � ownt þ α3controlþ εt ð2Þ
sidies in China: Do ownership matter?, Technol. Forecast. Soc. Change
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Table 2
Descriptive statistics of the variables.

Variables
Mean
value

Standard
variation

Minimum
value

Maximum
value Median

exrd 0.007 0.007 0 0.0598 0.0061
rdsub 0.005 0.006 0.0001 0.0463 0.0034
lnasset 25.80 0.839 19.10 29.56 25.63
sellra 0.064 0.062 0 0.339 0.0450
age 10.625 4.793 3 26 9
bkra 0.241 0.216 0.0092 0.947 0.171
debt 0.385 0.189 0.0171 0.898 0.382
opera 0.121 0.140 −0.490 0.679 0.0962
own 0.684 0.478 0 1 1
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4. Empirical analysis

4.1. Descriptive statistics

Table 2 provides descriptive statistics. It shows that the mean value
of external R&D investment is 0.72%, indicating that the amount loans of
financial institutions for S&T activities is in a relatively low level com-
pared with enterprises current operating income. The mean intensity
of R&D subsidies is 0.51%, showing that the government has carried on
some R&D subsidies to enterprises. Table 3 shows the results of the cor-
relation between independent variables and external R&D investment.
The result shows that external R&D investment has a positive relation-
ship with government subsidies for R&D at the 1% level of significant,
the correlation coefficient between the variables are below 0.4, indicat-
ing that themodel does not exist serious multicollinearity problem, can
be used to do further analysis.

4.2. Multiple regression analysis

Model 1 in Table 4 is the results of ordinary least squares regression
analysis, all of the estimated results of the parameters are corrected
through heteroscedasticity-robust standard errors. The results show
that the external R&D investment has a significant positive association
with government R&D subsidies at the 1% level, suggesting to support
Hypothesis 1. The regression results of control variables show that the
market competition is advantageous for the enterprise to attract exter-
nal investment in R&D, the control variables of enterprise scale, profit-
ability and human capital all have significantly positive impact to
external R&D investment, however, the variables of both asset liability
ratio and enterprise age have significantly negative association with ex-
ternal R&D investment, in short, all of the results are consistentwith the
existing research conclusions.

4.3. Hypothesis testing of the difference between two R&D subsidies means

The means of two government R&D subsidies strength under differ-
ent nature of ownership is tested, the results show that the rate of gov-
ernment R&D subsidies of SOEs to enterprises total assets is 0.0057, and
Table 3
Pearson correlation coefficient of the variables.

Variables exrd rdsub lnasset sellra

exrd 1
rdsub .342⁎⁎ 1
Inasset 0.054⁎ 0.037⁎ 1
sellra 0.014 −0.108 −0.048 1
age 0.131⁎⁎ .330⁎⁎ .190⁎⁎ −0.012
bkra 0.092⁎ .254⁎⁎ 0.026 −0.082
debt −0.094 −.315 0.128⁎ 0.044
opera .054⁎⁎ .396⁎⁎ .031⁎ 0.032
own −0.157⁎ −0.301⁎⁎ −0.103 −0.093

⁎⁎ Significant correlation at 0.01 level (bilateral).
⁎ Significant correlation at 0.05 level (bilateral).
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that of private enterprises is 0.0046, which indicates that there are sig-
nificant difference between SOEs and private enterprises under 1% of
the significance levels (T value = 2.442***). The government put the
limited government subsidy resources to support SOEs with R&D activ-
ities, SOEs can gain more R&D subsidies than private firms, supporting
the Hypothesis 2.

4.4. Impact of ownership nature

The interaction of ownership nature and government R&D subsidies
is added tomodel 2 (Table 4) based onmodel 1, the result of regression
shows that the coefficient was significantly positive (0.342, in the 5%
level), suggesting that compared with SOEs, government R&D subsidies
to private enterprise can promote more external R&D investment,
which supports Hypothesis 3.

4.5. Robustness test

Themeasure of dependent and independent variablesmay influence
the conclusion, so different measures of themwere taken to test robust-
ness. The intense of government R&D subsidies is measured with gov-
ernment subsidies as a percentage of total assets previously, to test
robustness, it is measured as a percentage of operating income. Similar-
ly, the external R&D investment by funding for S&T activities of financial
institutions is the ratio of the amount of loans to operating income,
which is replaced by the ratio to total assets in the process of robustness
test. As in the enterprise performance measurement, the managers of
enterprises may carry on the earnings management to operating in-
come when they are under pressure. According to the basic model in
this paper, the regression results are showed in Table 5.

In model 3, the regression coefficient of government R&D subsidies
is 0.411, having a significant positive correlation with enterprise exter-
nal R&D investment, which confirms that the government subsidies
provides a positive signal of R&D quality and induces easy access to ex-
ternal R&D investment, supporting for H1. Model 4 shows that the re-
gression coefficient of the interaction of ownership nature and
government R&D subsidies is 0.334, significantly positive to external
R&D investment, suggesting that government R&D subsidies to private
enterprises can induce more external R&D investment than that to
SOEs, whichprovides further evidence forH3. To sumup, the conclusion
of this paper is robust.

5. Discussion, conclusion and limitation

This paper studies the signal/certification effect of government R&D
subsidies and explores whether SOEs can gain more subsidies than pri-
vate enterprises and whether the ownership nature impacts the signal
effect of R&D subsidies taking the evidence from Chinese listed corpora-
tions. Chinese transition economy provides a favorable context to em-
pirically test whether the government program meets its objectives.
Our results show that receiving R&D subsidies increases the possibility
of enterprises' external finance. What's more, SOEs can receive more
age bkra debt opera own

1
.390⁎⁎ 1
.381⁎ .392 1
.329⁎⁎ .334⁎⁎ .379⁎⁎ 1
−.097⁎ .369⁎⁎ −.385⁎ .230⁎⁎ 1
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Table 4
Regression analysis.

Variables Model 1 Model 2

Coefficient T value Coefficient T value

constants 0.182⁎⁎⁎ 5.06 0.123⁎⁎⁎ 3.32
rdsub 0.402⁎⁎⁎ 2.65 0.641⁎ 1.93
lnasset 0.007⁎⁎⁎ 4.01 0.007⁎⁎⁎ 3.78
sellra 0.072⁎⁎ 2.37 0.072⁎⁎ 2.37
age −0.001⁎⁎⁎ −2.63 −0.001⁎⁎ −2.42
bkra 0.062⁎⁎⁎ 6.97 0.063⁎⁎⁎ 7.04
debt −0.032⁎⁎⁎ −3.52 −0.034⁎⁎⁎ −3.71
opera 0.046⁎⁎⁎ 2.73 0.044⁎⁎⁎ 2.62
own −0.004 −1.41 −0.002 −1.04
own × rdsub 0.342⁎⁎ 1.99
sample 485
F value 18.21⁎⁎⁎ 16.57⁎⁎⁎

R2 0.413 0.415

⁎⁎⁎ Significant correlation at 0 .01 level (bilateral).
⁎⁎ Significant correlation at 0.05 level (bilateral).
⁎
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subsidies than private enterprises, which indicates that there are some
preferences and unfairness in R&D subsides. However, the signal effect
of R&D grants is stronger in private enterprises than that in SOEs. Sum-
mary, government R&D subsidies thus generate a significant signal/cer-
tification effect to external financiers and the ownership nature does
matter to the effect. Our results are robust to a series of alternative ex-
planations. This study contributes to the literature in the following
aspects.

Firstly, it provides new insights for the signal/certification effect of
R&D subsidies, our empirical evidence shows that obtaining an R&D
grant provides a positive influence,which is advantageous for the enter-
prises' access to the follow-up financing. That is to say, the research in-
dicates that the government R&D subsidies can serve as a signal for
attracting external investment in R&D, certifying the high-quality and
bright prospects of the projects, namely the signal/certification effect.
Both of the development of enterprises and economic growth depend
on getting adequate external financing for enterprises' innovative in-
vestments, and the result indicate that receiving subsidy increases the
likelihood of obtaining external investment, so the government should
consider this effect when building the R&D funding policies.

Secondly, the results indicate that SOEs can generally receive more
R&D subsidies than private enterprises in China, and the causes are an-
alyzed. As Shu et al. (2016) argues, government support and social legit-
imacy are probably the two most important institutional benefits in
China. This evidence helps us understand institutional constraints on
market efficiency, providing empirical evidence to the theory of the
government R&D subsidies to correct market failure.

Significant correlation at 0.10 level (bilateral).
Table 5
Robustness test results.

Variables Model 3 Model 4

Coefficient T value Coefficient T value

constants 0.173⁎⁎⁎ 4.92 0.131⁎⁎⁎ 3.37
rdsub 0.411⁎⁎ 2.40 0.632⁎ 1.94
lnasset 0.006⁎⁎ 2.41 0.006⁎⁎ 2.43
sellra 0.069⁎⁎ 2.36 0.069⁎⁎⁎ 2.38
age −0.001⁎⁎ −2.43 −0.001⁎⁎ −2.32
bkra 0.060⁎⁎⁎ 6.67 0.060⁎⁎⁎ 6.84
debt −0.030⁎⁎⁎ −3.50 −0.030⁎⁎⁎ −3.63
opera 0.042⁎⁎ 2.33 0.040⁎⁎ 2.32
own −0.005 −1.46 −0.004 −1.09
own × rdsub 0.334⁎⁎ 1.97
Sample 485
F value 17.98⁎⁎⁎ 16.02⁎⁎⁎

R2 0.401 0.397

⁎⁎⁎ Significant correlation at .01 level (bilateral).
⁎⁎ Significant correlation at .05 level (bilateral).
⁎ Significant correlation at 0.10 level (bilateral).
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Thirdly, it adds to the literature on the link of ownership nature and
R&D subsidies research by focusing on the R&D subsidies signal/certifi-
cation effect on different ownership nature in China. Broadly, the eco-
nomic consequences of government relationships in a transitional
economy is examined in this paper. An increasing number of studies
focus onhowpolitical and economic systems affect the behavior ofmar-
ket participants (e.g., Shleifer, 1998; Faccio, 2006; Chen et al., 2014).
And we develop new evidence by showing that the signal/certification
effect of R&D grants is stronger in private enterprises than that in
SOEs. Similarly, Zhang et al. (2014) examine the relationships among
political connections, government subsidies and firm financial perfor-
mance, finding that a government background of firm executives
weakens subsidy effects. In addition, there are several policy implica-
tions as follows.

Compared with some of the developed countries, both the R&D in-
vestment and government's input to S&T in China are insufficient, so
the government should continue to strengthen the government R&D
subsidies, and special attention should be paid to the private enter-
prises, at the same time improving the management mechanism of
SOEs. The results show that the positive R&D subsidies effect is more
significant in private enterprises than that in SOEs, thus the government
should pay more attention to R&D activities of private enterprises, and
the subsidy policy can be partial to the high-quality private enterprise
projects. In addition, the government should improve the R&D subsidy
project evaluation and selection mechanism, ensuring that R&D project
selection is open and fair. Both of improving the transparency in subsidy
selection process and strengthening public supervision of R&D subsidy
projects are necessary for governments, which can not only reduce
the principal-agent problem in the process of R&D project selection,
but provide confidence for the external investors identifying high-qual-
ity R&D projects and investing in R&D activities.

For the signal/certification effect of R&D subsidies, we can think
about the causality furtherly, that is to say, obtaining an R&D grant in-
creases the enterprises' external financing, or it is just on the contrary:
external investors require R&D subsidies as a prerequisite for financing?
From the interviews with external investors, the results indicate that
while the external investors stimulate firms to apply for subsidies,
obtaining the subsidies is definitely not a prerequisite for attracting fi-
nancing. Actually, the enterprises received government funding are
mostly based on their R&D projects, which enable them to attract
more private capital. The government often grants project specific
funding and private investors are usually a typically operate at the
firm level (Takalo and Tanayama, 2010). Our study is subject to some
limitations.

First, due to lack of data, we just examine the impact of getting gov-
ernment grants on the firm's ability to attract external financing with-
out considering the enterprises failed to get R&D subsidies, which is
also an interesting topic to be explored in the future. Second,
endogeneity problems may potentially bias our results. Does granting
subsidy increase the likelihood of attracting external financing, or it is
just the contrary, does the enterprises' financing need result in applying
for subsidies? To eliminate this problem, we used lagged control vari-
ables in our analysis and we incorporated several variables in our anal-
ysis that explicitly control for the firm's external financing need.

Although SOEs play an important role in economic development, a
large number of scholars are interested in the interaction between gov-
ernment subsidies and enterprises, however, few quantitative evalua-
tions of the effectiveness of public R&D subsidy policies to different
ownership have been touched in science, technology and innovation
policy literatures. Obviously, there are a lot of research works in the fu-
ture. More work is needed on the key factors on enterprises' applying
for and obtaining funding, it is important for the accurate evaluation
of the effects of public subsidies. From thematurity of thedebt provided,
the debt financing includes short term and long term debt financing. Is
the positive impact of the signal/certification effect generated by receiv-
ing an R&D subsidy same for them in different ownerships? This
sidies in China: Do ownership matter?, Technol. Forecast. Soc. Change
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research needs large and complete datasets, containing information for
applicants and subsidies for specific types.

A broader investigation of behavioural additionality includes
obtaining subsidies and their impact on a firm's ability to raise money.
For example, a detailed analysis for different types of financing is useful,
equity financing can be distinguished from the old shareholders or new
investors, venture capital, various types of bank debt, etc. A further ex-
plore of what kind of companies, financiers or market characteristics af-
fect the signal effect of subsidies will also be of value. In this paper, we
just distinguish the subsidies effect between state-owned and private
enterprises, in the future we may utilize a comprehensive treatment
of ownership characteristics or a wide range of ownership structures
(Choi et al., 2011, 2012), overcoming weakness in previous studies
that have used a more narrow focus of one or two types of ownership.
In addition, the effect of R&D subsidies to green innovation
(Schiederig et al., 2012) and sustainable innovation (Ketata et al.,
2015) are also valuable topics for future study.
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