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The start-up period is the most difficult period for enterprises to survive and
innovate. How will government subsidies affect the innovation efficiency of
enterprises in the start-up period? And, is there any heterogeneity? The
academic research is still relatively preliminary and controversial. This study
adopts the cash flow method to screen a sample of start-ups from Chinese
GEM, STAR Market and SME board-listed companies from 2010 to 2020 for
empirical research. The study found that financial subsidies can generally
promote the innovation efficiency of start-ups, but there is also significant
heterogeneity by industry, region and whether the subsidies are sustainable.
Financial subsidies generally have a signaling effect that facilitates startups to
attract external capital, and this effect is most significant in the industrial sector.
Overall, fiscal decentralization negatively regulates the effect of subsidies on the
innovation efficiency of start-ups, especially in the public utilities and industrial
sectors. The government subsidies are relatively insignificant to improve the
innovation efficiency of start-up enterprises in non-first-tier cities, especially in
small and medium-sized cities, and the multiplier effect is relatively small. The
effect of non-sustainable subsidies is not significant because they cannot
produce a long-term mechanism and thus are difficult to influence future
expectations and decisions. The subsidy effect is not significant in other
industries outside the industrial sector, and the lower the level of industry
competition, the weaker the signaling effect of enterprise credit, the less
conducive to its access to external innovation resources to enhance
innovation efficiency through the signaling effect of government subsidies.
Moreover, financial decentralization does not improve the innovation efficiency
of government subsidies as expected, but weakens the innovation efficiency of
fiscal subsidies for start-up enterprises in general. The study proposed that the
government (especially the small and medium-sized city government) should
optimize the business environment and financial capital allocation, change the
supervision and management mechanism, improve the efficiency of capital
utilization and reduce the crowding out effect. The government’s subsidy policy
should be further standardized and refined.
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1 Introduction

Enterprises are the main body of scientific and technological
innovation activities, and their innovation is characterized by
long-term and high-risk, which requires continuous capital
investment. As the basis for improving the innovation ability
of enterprises, R&D investment is an essential means for
enterprises to obtain competitive advantages. Small and
medium-sized science and technology start-up enterprises are
important supports for China’s economic resilience and the
backbone of and upgrading.
However, financing difficulties are still an important problem

industrial ~transformation
plaguing their innovation and upgrading, especially for start-up
enterprises, and capital has become the key problem in their
development (Wang and Yang, 2022). Neoclassical economics
believes that R&D activities have strong positive externalities, so
governments worldwide tend to strengthen the positive external
effects by encouraging enterprises to innovate independently
through economic policies such as financial subsidies. For a
long time, the Chinese government has continuously increased
its support for enterprises science and technology innovation,
and a set of policy support systems, including government R&D
subsidies and tax incentives, have been established from the
central level to the local government level (Chen and Tian, 2020).
Taking listed companies as an example, the total government
subsidies reached 40.035 billion yuan in 2010, and the enterprises
receiving subsidies accounted for 89% of the listed companies. By
2020, subsidies will rise to 211.6 billion-yuan, accounting for
98.45% of the listed companies. Whether the huge financial
subsidies positively impact enterprise innovation, what is the
effect and how to increase effectiveness? There is still a
controversy in the academic community.

Based on the enterprise life cycle perspective, scholars have
conducted studies on different aspects of the impact of fiscal
subsidies on enterprise innovation and obtained different
conclusions. Howell (2017) empirically studied the subsidy
policies of the US government for start-up and growing
enterprises and confirmed that such subsidies -effectively
stimulated the innovation activities of relevant enterprises
Howell (2017) and Hou and Song, (2019) used the panel data
of Chinese listed high-tech enterprises to study the impact of
financial incentives on enterprise innovation and found that
fiscal incentives in different life cycles of firms maintained a
positive incentive effect, in which the fiscal subsidy effect showed
an overall upward trend with the change of enterprise life cycle
(Hou and Song, 2019). Duan and Yang, 2020) have taken private
technology-based enterprises listed on China’s small and
medium-sized boards as research samples and found that
government subsidies had a significant incentive effect on the
innovation intensity of private technology-based enterprises in
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the growth and mature periods, but had no significant impact on
the innovation intensity of private technology-based enterprises
in the start-up and recession periods (Duan and Yang, 2020).
Chen and Tian (2020) conducted an empirical study with
GEM-listed They that
government R&D subsidies have a significant promoting effect

Chinese companies. showed
on the innovation efficiency of enterprises in the growth and
mature periods, a weaker promoting effect on enterprises in the
start-up periods, and a significant inhibiting effect on the
innovation efficiency of enterprises in the recession (Chen and
Tian, 2020). Yu and Wang (2022) took China’s A-share listed
companies as samples. They found that financial subsidies have a
significant incentive effect on the innovation of enterprises in the
growing period but have no significant positive impact on the
innovation of enterprises in the mature and declining periods
(Yu and Wang, 2022). In summary, it can be seen that for
different research samples and subjects, the effect of fiscal
subsidies on innovation in different life cycle stages of firms
does not yield universal results.

Based on the enterprise life cycle theory, this study elects the
start-up enterprises listed on GEM, STAR Market, and SME
board as the research objects and purposefully studies the
heterogeneous characteristics of financial subsidies on start-up
enterprises and their effects on innovation efficiency in different
regions, industries, and whether they are continuous or not,
which is important for the structural optimization of government
financial subsidies. As the existing relevant studies are mainly
carried out for A-share listed companies, there are fewer
comprehensive studies on SME Board, STAR Market and
GEM listed companies, and the findings of the studies only
for the situation of A-share listed companies may not be directly
applicable due to their special characteristics. Therefore, it is
necessary to study the impact and heterogeneity of financial
subsidies on the innovation efficiency of start-up companies
listed on the SME Board, STAR Market and GEM.

2 Theoretical analysis and research
assumptions

2.1 Financial subsidies and innovation
efficiency of start-up enterprises

The improvement of the innovation ability and efficiency of
enterprises in the start-up period is of great significance to the
high-quality development of enterprises in the future (Liu and
Wu, 2021), especially for small and medium-sized scientific and
technological enterprises. As start-ups are committed to
transforming laboratory technology into applied results, they
have problems of high risk, long profitability cycle and
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information asymmetry, and face the real dilemma of difficult
and expensive financing, so they usually need more preferential
government policies and financial support in the early stage of life
cycle, among which financial subsidies are an important choice
for governments at all levels due to their flexibility and targeting.
However, there are two different theoretical perspectives on the
impact of financial subsidies on the innovation efficiency of start-
up firms.

The first view is that financial subsidies cannot substantially
impact the improvement of innovation efficiency of start-up
enterprises. Because of the low product awareness and market
credibility, as well as the lack of R&D experience and weak
technological innovation system, startups have significant
business risks, and R&D innovation is a long-term process, so
in the startup period, the funds received by firms will be more
inclined to sustain their survival and other project expenditures.
In addition, some scholars pointed out that the government’s
improvement of innovation performance of small and medium-
sized enterprises may come from indirect influence, and a direct
relationship with enterprises may not be the optimal way
(Huang, et al,, 2016). Xie (2010) also argues that there is no
correlation between the “business-government” collaborative
innovation network and the innovation performance of small
and medium-sized enterprises, which cannot directly affect
enterprise innovation (Xie, 2010). Therefore, the financial
subsidies in this period may not significantly promote
enterprises’ innovation efficiency.

The second view is that financial subsidies significantly
impact the innovation efficiency of start-up enterprises.

Both the resource dependence theory and the signaling
theory argue that financial subsidies alleviate firms’ resource
constraints of enterprises through direct financial support and
indirect signaling. At the same time, the financial subsidy is more
like a booster that increases the firms’ risk acceptance and
affordability, thus Although
startups are short of funds, they have the advantage of a

managing their innovation.

strong innovation spirit and innovative vitality, are more
sensitive to the market and are easy to win with innovation.
Therefore, the infusion of financial resources can become their
innovation support, generating help in funding, management,
and strategy, thus promoting the improvement of the innovation
level. (Liu and Wu, 2021) study on the innovation efficiency of
Chinese entrepreneurial enterprises during the start-up period
also showed that the government should provide more
preferential policies for startups and develop personalized
policies for different industries to promote the innovation
efficiency of startups (Liu and Wu 2021). Therefore, financial
subsidies can promote the innovation efficiency of startups.
Based on the above analysis, the following two opposing
hypotheses are proposed.

HI1: Financial subsidies can significantly improve the innovation
efficiency of start-up enterprises;
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H2: Financial subsidies cannot significantly improve the
innovation efficiency of start-up enterprises;

2.2 Heterogeneous impact of financial
subsidies on innovation efficiency of start-
up enterprises

Cities are naturally heterogeneous, and the impact of
financial subsidies on the innovation of enterprises at the
start-up stage in different cities is bound to differ. In general,
large cities such as first-tier cities have higher levels of economic
development, better financial systems, and complete hardware
and software facilities such as talents to support enterprise
innovation. They tend to rely on science and technology for
development. Under this environment, the government’s
financial subsidies can effectively reduce the financing
constraints of start-up enterprises, provide more funds for
enterprise innovation, and more easily release the multiplier
effect of fiscal policy, thus promoting the innovation efficiency
of enterprises.

For small and medium-sized cities, the external economic
environment faced by small and medium-sized scientific and
technological enterprises has yet to be improved, and the “signal
effect” released by financial subsidies is not apparent. Therefore,
enterprises will be more cautious about carrying out such high-
investment, high-risk, and slow-reward activities during the
start-up period, so small and medium-sized scientific and
technological enterprises located in small and medium-sized
cities may not respond positively to the government’s fiscal
policy (Li and Shi, 2021). Based on this, hypothesis 3 is
proposed in this study.

H3: The impacts of financial subsidies on the innovation
efficiency of start-up enterprises will show certain urban
heterogeneity due to the different cities to which the
enterprises belong.

Financial subsidies play an important role in alleviating
the risks and unknowns of enterprise R&D as well as reducing
financing constraints and compensating for market failures.
Aschhoff (2009) pointed out that if the sustainability of
government funding for R&D projects is stronger, the
stronger the government funding is, the enterprises will be
willing to increase their R&D investment and thus improve
their innovation capacity (Aschhoff, 2009). However, the
government’s financial subsidies are not completely
inclusive policies. Only enterprises with good development
prospects and certain competitiveness can obtain them, and
they must go through the procedures such as enterprise
application and government assessment. If enterprises can
continuously receive government subsidies, innovation-

conscious enterprises will also take the initiative to increase
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their R&D investment, improve their innovation capacity and
efficiency, and increase the possibility of receiving financial
subsidies again. For the government to reduce the cost of
errors, compared with the first application for financial
subsidies and other enterprises that have successfully
applied for subsidies many times, the government is
more inclined to choose the former, which is easy to
form a vicious circle and Matthew effect. Therefore, when
the subsidy policy lacks continuity, especially for small and
medium-sized science and technology innovation enterprises,
they still reduce their innovation activities to avoid risks.
Based on the above analysis, hypothesis 4 is proposed in
this study.

H4: The continuity of financial subsidies positively impacts the
innovation efficiency of startups. Continuous financial
subsidies will significantly impact expectations more
than one-off subsidies to guide investment decisions
and form a long-term impact mechanism, which can
strengthen the effect of R&D subsidies, alleviate the
financing pressure of startups, and improve innovation

efficiency.

3 Study design
3.1 Data source and description

This study selects listed enterprises listed on China GEM,
STAR Market, and SME Board from 2010 to 2020, and excludes
ST, *ST category, financial companies and companies with
missing severe key data as the research objects, and excludes
st, St, financial companies, and enterprises with a severe lack of
key data, and all data are subject to a 2.5% upper and lower tailing
process. The fiscal decentralization data used in this paper is from
the China Statistical Yearbook (2011-2021), and all other data are
from Wind and CSMAR databases. The data samples are
unbalanced panel data due to the discontinuity of fiscal
subsidies received by enterprises and the partial absence of
other data.

3.2 Definitions of variables and
measurements

3.2.1 Explained variable

Enterprise innovation efficiency. Most of the existing
literature measures the innovation efficiency of enterprises
from the perspective of the patent application and R&D
Still, this
accurately analyze the innovation capability of enterprises,
and the data of the DEA model based on data envelopment

investment. measurement standard cannot
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analysis from the perspective of input and output to measure
the efficiency of decision-making units is difficult to obtain.
Therefore, this paper uses the practice of Shi and Li, (2021) to
measure enterprises’ innovation efficiency by the ratio of the
number of patent applications and the R&D capital

investment.

3.2.2 Explanatory variable

Financial subsidy. This study takes reference from the
practices of Yang et al. (2015), Zheng et al. (2019), and Yu
and Wang (2022), Howell (2017), and takes the logarithm of the
raw subsidy value.

3.2.3 Control variables

Referring to the existing studies of Wang and Yang (2022),
Lin et al. (2015), Tong and Wei (2016), and Shi and Xie (2015),
this study selects equity concentration, property right nature,
executive compensation, financing constraint index and

profitability as control variables.

3.2.4 Enterprise life cycle

This paper uses the classification and combination of cash
flow to find enterprises in the start-up period. The cash flow
composition method was first proposed by Dickinson (2011).
The enterprise development is divided by observing the
enterprise’s operating cash flow, investment cash flow, and
financing cash flow.

The whole financial information set of the enterprise is
reflected by the cash flow agency model, which can fully
reflect the enterprise’s profitability, resource allocation ability,
and cash status, avoiding the determination of the enterprise’s life
cycle by a single metric. The specific division of the enterprise’s
life cycle is shown in Table 1.
the the
enterprises were divided, and a total of 1763 valid data of

According to above conditions, start-up
Listed Companies in the start-up period. The data are mainly
from Wind and CSMAR databases, with some missing data
supplemented accordingly through the annual reports of some
enterprises. Table 2 shows the definition and measurement
summary of main variables. Table 2 shows the definition and

measurement summary of main variables.

3.3 Model setting

To test the impact of financial subsidies on the innovation
efficiency of start-up enterprises, this paper constructs a panel
fixed effect model for regression analysis Eq. 1.

Innovation;, = f, + f, In Subsid y; + z Bicontrolsy + A + v+, (1)

where i represents the enterprise, ¢ represents the year, A,
represents the individual fixed effect at the enterprise level,
and v, represents the time fixed effect at the year level. u is
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TABLE 1 Division method of enterprise life cycle.

Start-up period

10.3389/fenvs.2022.1060334

Growth period Maturity period Recession period

Net operating cash flow - + + + _ _
Net cash flow from investment - - - + + +
Net cash flow from financing + + - + + _
Note: “+” indicates that the net cash flow is positive. “~” indicates that the net cash flow is negative.

TABLE 2 Summary of definitions and measures of main variables.

Variable definition

Ln (1 + number of invention patent applications in that year) \/In (1 + R&D investment in that

The natural logarithm of the amount of Government R&D subsidies received by enterprises;

The sum of the shareholding percentages of the top ten shareholders;
1 for state-owned holding and 0 for private/private enterprises;
Top executive compensation/total executive compensation;

WW index is used to measure the financing constraint level of enterprises. The larger the value, the

higher the financing constraint level of enterprises;

Variable type  Variable name Variable
symbols

Dependent Enterprise innovation Innovation

variable efficiency year);

Independent Financial subsidies Subsidy

variable

Control variable Equity concentration Centra
Property right nature Soe
Executive compensation Salary
Financing constraints WWwW
Profitability Roa

TABLE 3 Descriptive statistics of variables.

Net profit/total assets

Variable name Sample size Average value Standard deviation Minimum Maximum
Innovation 1439.00 0.02 0.06 0.00 028
InSubsidy 1548.00 15.86 1.37 8.52 20.77

Centra 1558.00 32.52 12.95 2.87 76.89

Soe 1537.00 0.11 0.32 0.00 1.00

Salary 1558.00 024 0.84 0.00 29.83

ww 1759.00 -0.90 028 -1.40 0.00

Roa 1496.00 1.65 3.55 -1835 18.72

error term, assumed to be normally distributed at zero mean
value (Razzaq et al., 2019; Razzaq et al., 2021; Zhang et al., 2022)
and constant variance (Elahi et al., 2021a; Elahi et al., 2022b;
Elahi and Khalid, 2022).

4 Results
4.1 Descriptive statistics

To understand the numerical characteristics of specific variables,
this study conducts a descriptive statistical analysis of the samples, as

shown in Table 3. In this paper, the variables are also tested for
multicollinearity, with a mean of 1.05 and a maximum of 1.15
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(consistent with a mean of less than five and a maximum of less than
10), excluding interference from multicollinearity.

4.2 Benchmark regression results

To test the hypothetical relationship between financial
subsidies and innovation efficiency of start-up enterprises in
the theoretical analysis, the paper first selects four estimation
methods, namely mixed OLS, fixed effect model, random effect
model, and PCSE model, to estimate all enterprise samples.
Among them, the PCSE model is the estimation method of
Panel Corrected Standard Errors (PCSE) proposed by Beck
and Katz (1995), which can effectively deal with complex
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TABLE 4 Benchmark regression results.

Model 1 2 3 4
InSubsidy 0.0039*** 0.0037*** 0.0056** 0.0039***
(0.0012) (0.0013) (0.0026) (0.0013)
Centra 0.0001 0.0001 0.0007 0.0001
(0.0001) (0.0001) (0.0004) (0.0001)
Soe 0.0041 0.0026 0.0002 0.0041
(0.0055) (0.0060) (0.0193) (0.0062)
Salary 0.0038* 0.0036** 0.0177 0.0038
(0.0018) (0.0018) (0.0157) (0.0033)
wWw 0.0121* 0.0142** 0.0190* 0.0121
(0.0067) (0.0066) (0.0098) (0.0073)
Roa -0.0001 -0.0002 -0.0007 -0.0001
(0.0004) (0.0004) (0.0007) (0.0004)
Constant term —-0.0264 —-0.0212 —-0.0728 —0.0264
(0.0209) (0.0216) (0.0492) (0.0222)
Method Mixed OLS Random effect Fixed effect PCSE
R? 0.0113 0.0096 0.0189 0.0159
N 1269 1269 1269 1269

Note:*** means passing the test at the level of 1% significance,** means passing the test
at the level of 5% significance,* means passing the test at the level of 10% significance.
The values in brackets are standard errors, the same below.

panel error structures, such as synchronous heteroscedasticity
and sequence correlation. It is especially effective when the
sample size is not large enough, allowing heteroscedasticity in
different sections and weighting by cross-section weights. The
benchmark regression results are shown in Table 4, which shows
that the direction and significance level of the regression
coefficients for each variable does not change substantially
when different estimation methods are applied. The BP and
Hausman test results revealed that the fixed effect model is the
optimal choice. Therefore, the benchmark regression result

TABLE 5 Robustness test and treatment of reverse causality.

Model 5 6

Dependent variable Innovation Innovation

LnSubsidy 0.0775% 0.4759%*
(0.0403) (0.0155)

LnSubsidy-1V

Control variable control control

Method Fixed effect Zero-inflated Poisson Regression

F statistic / /

R? 0.0157 /

Prob > chi2 / 0.0000

N 1379 1379
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analysis here is mainly based on the regression result of the
fixed effect model.

Models 1-4 in Table 4 show the detailed results of the four
estimation methods. It can be found that no matter which
estimation method is used, financial subsidies significantly
positively impact the innovation efficiency of start-up
enterprises. According to model 3, each unit increase in
financial subsidies is associated with 0.0056 units increase in
the innovation efficiency of enterprises in the start-up period,
thus, hypothesis 1 is verified.

4.3 Test of robustness

To test the robustness of the above results, this study focuses
on the robustness test in the following ways, and all results are
shown in Table 5, Model 5-Model 8.

4.3.1 Replace the core variable

The innovation efficiency of enterprises is measured by the
proportion of the number of patent applications and the R&D
capital investment. In this part, the natural logarithm of the
number of invention patents is used as the replacement variable,
and the fixed effect model is used for estimation. The empirical
results are shown in Model 5, and the test results are generally
consistent with this paper’s conclusions, regardless of the
measurement method used.

4.3.2 Transform estimation method

When the number of invention patent applications measures
the innovation efficiency of enterprises, it is a count variable. To
prevent errors caused by the selection of measurement models,
this section uses the zero-inflated Poisson count model for re-
examination. The test results are shown in Model 6, which has
not changed substantially.

7 8
Phase I Phase II Innovation  LnSubsidy
(InSubsidy) (Innovation)
0.0061* 0.0076*** 4.0806***
(0.0035) (0.0012) (0.6468)
0.6914***
(0.0496)
control control control control
2sls 3sls
221.9790 / / /
0.4484 0.0700 0.0082 0.0006
/ / / /
347 347 1267 1267
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4.3.3 Instrumental variable method

In terms of the selection of instrumental variables, this study
refers to the methods commonly used in academia, uses the
independent variable lagged by one period as the instrumental
variable, and uses the two-stage least square method to estimate.
The results are shown in Model 7. The two-stage regression
results are consistent with the estimation results of the
benchmark model. Financial subsidies significantly affect the
innovation efficiency of startups, which further confirms the
robustness of the benchmark regression results of this study.

4.4 Treatment of reverse causality

In theory, the improvement of innovation efficiency of
enterprises at the start-up stage helps enterprises to obtain
financial subsidies. It is difficult to describe the relationship
between financial subsidies and the innovation efficiency of start-
up enterprises through a single equation, which does not capture the
interaction between various variables, and endogeneity is
challenging to overcome. For this reason, this study uses the
simultaneous equations model to explain the interaction between
the two by combining another group of variables jointly determined
by one group of variables to be measured to characterize the
interaction (Pei, 2018). The specific model is as follows:

Innovation; = f + 3, InSubsidy; + ZﬁkZ,-t +Ai+ve+u, (2)
{InSubsidym =, + B, In Inovate; + ZﬁkE,-, +Ai+ve+u,  (3)
where all definitions in Eqs 2 and 3 are consistent with Eq. 1; Z;,
represents the control variables in Eq 2, which are also consistent
with the control variables in Eq. 1; E;; represents the control variables
of Eq 3, including local economic development degree (GDP), local
government fiscal revenue (fisc), etc., The natural logarithm of GDP
measures the degree of local economic development at the provincial
level; Local government fiscal revenue is the natural logarithm of

fiscal revenue at the provincial level.

In the simultaneous equation model of financial subsidies and
innovation efficiency of start-up enterprises, since financial subsidies
and innovation efficiency of enterprises are endogenous variables, the
perturbation terms of the two equations are likely to be correlated
theoretically (Chen, 2014). Therefore, this study adopts the three-stage
least squares (3SLS) in system estimation to estimate the parameters in
the simultaneous equation. It incorporates all available information
into its estimation value to obtain a better asymptotically valid
estimator. For a multi-equation system where the equations contain
endogenous explanatory variables, 2SLS estimation for each equation is
consistent but not the most efficient because a single equation ignores
the possible correlation between the perturbation terms of differential
equations. At this time, it is efficient to use SUR (Seemly Unrelated
Regression Estimation) to estimate the entire equation system
simultaneously. For this reason, SUR estimation is carried out in
this study, and the regression results are shown in Table 6.
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TABLE 6 Heterogeneity test results.

Model 9 10 11 12

LnSubsidy 0.0073* 0.0045 0.0035** 0.0032
(0.0040) (0.0037) (0.0017) (0.0024)

Control variable control control control control

Method Fixed effect Fixed effect OLS OLS

R? 0.0281 0.0209 0.0092 0.0303

N 665 553 707 284

The results of model 8 show a significant interaction between
financial subsidies and innovation efficiency of start-up enterprises,
with a significance level of 1%. All other things being equal, for every
unit increase in financial subsidies, the innovation efficiency of start-
up enterprises increases by 0.0076 units. In contrast, financial
subsidies increase by 4.0806 units for every unit of innovation
efficiency of start-up enterprises. It shows that there is indeed a
reverse causal relationship between the two, and it also suggests that
hypothesis 1 of this paper is still valid even after considering the
reverse contribution of start-up enterprises’ innovation efficiency to
financial subsidies.

5 Heterogeneity analysis
5.1 Heterogeneity test at the city level

This study discusses the impact of financial subsidies of different
levels of cities on the innovation efficiency of start-up enterprises by
samples. The first-tier cities include Beijing, Shanghai, Guangzhou,
and Shenzhen. Shanghai’s First Business Weekly selects the new first-
tier cities. As there are floating changes in the annual evaluation, the
new first-tier cities are identified based on the floating changes. If an
enterprise is registered in a first-tier city or a new first-tier City, it is
classified as a first-tier city group. At the same time, an enterprise
registered in other cities is classified as a non-first-tier city group. The
regression results are shown in Table 6, Models 9-10. Model 9 shows
the regression results of the first-tier (including the new first-tier) city
group, with a significantly positive coefficient. In contrast, Model
10 shows the regression results of the non-new first-tier city group
with a positive but insignificant coefficient. This result shows that
financial subsidies have a prominent role in promoting the innovation
efficiency of start-up enterprises in large cities and also shows that the
multiplier effect of financial funds can be better released in large cities.

5.2 Continuity and non-continuity test of
subsidies

Firstly, this study deals with the original sample for the
persistence of financial subsidies. The sample interval is 2010-
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TABLE 7 Industry heterogeneity test.

10.3389/fenvs.2022.1060334

Model 13(Public utility) 14(Real estate) 15(Comprehensive) 16(Industry)
LnSubsidy 0.0029 0.0056 —-0.0039 0.0089***

(0.0061) (0.0109) (0.0078) (0.0034)
Control variable control control control control

Method Fixed effect Fixed effect
R? 0.0382 0.2315
N 256 40

2020. If an enterprise has received financial subsidies for 2 years
or more in the sample interval, it is classified as the continuous
group; if it has received financial subsidies in a particular year in
the sample interval, it is classified as the non-sustainable
group. Then, a grouping test is carried out. Since the
discontinuous group’s data is cross-sectional, OLS regression
is adopted. To maintain the consistency of the measurement
methods of the two groups, the OLS estimation method is also
adopted for the continuous group. The regression results are
shown in Table 6, Model 11-Model 2. Model 11 shows the
regression results for the persistent group, and the coefficient is
significantly positive. In contrast, Model 12 shows the regression
results for the non-persistent group and the coefficient is positive
but not significant. This indicates that persistent financial
subsidies are more conducive to improving the innovation
efficiency of start-up enterprises, thus verifying Hypothesis
4 of this paper.

5.3 Industry heterogeneity test

Firstly, enterprises are divided into different industries
the standard of CSMAR
database. At the same time, considering the sample size of

according to classification
this study and excluding the data from financial enterprises,
the sample is finally divided into the public utility industry,
the real estate industry, the comprehensive industry, and the
industrial industry. Then, the sample is regressed, and the
results are shown in Table 7. Financial subsidies have a
significant positive impact on the innovation efficiency of
start-up enterprises, while all other industries fail the
significance test.

6 Discussion

The above empirical analysis results support the research
hypothesis proposed in this paper, but some constraints have also
been identified. Subsequently, the reasons for their formation are
further explored based on the problems and constraints
identified by the empirical study.
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Fixed effect Fixed effect
0.0404

32 917

0.0367

6.1 Constraints of an imperfect market
system in small and medium-sized cities

Financial subsidies do not significantly improve the

innovation efficiency of enterprises in small and

medium-sized cities (non-first-tier cities) during the
start-up period. Kang, (2018) believed that in regions
with a low level of intellectual property protection, the
role of financial subsidies in promoting enterprise
innovation was not prominent enough (Kang, 2018).
Small and medium-sized cities are not usually political,
economic, and cultural centers of the region, and the
construction of the market system environment lags
behind, so the role of government subsidies in improving
the innovation efficiency of start-up enterprises is not
significant enough; in many small and medium-sized
cities in China, because the level of intellectual property
protection, business environment, and other institutional

the of
marketization is not high. It is difficult for enterprises’

environments are not perfect and degree

innovation achievements to be protected by law, thus
the
enterprises’ innovation efficiency.

weakening impact of financial subsidies on

6.2 Unsustainable subsidies are difficult to
affect enterprise innovation decisions

Unsustainable financial subsidies cannot significantly
affect the innovation efficiency of start-up enterprises,
Wen (2017) and Shi and Wang (2022).
financial subsidies significantly

similar to
Unsustainable cannot
improve the innovation efficiency of start-ups because the
innovation activities of start-ups face high adjustment costs,
and intermittent and fluctuating subsidies cause a shortage of
enterprise funds and thus affect the development of enterprise
addition, the government’s
subsidy also the “distrust” of

enterprises. This “distrust” will have a chain reaction to

innovation activities. In

discontinuous shows

enterprise financing, which will also reduce the R&D
confidence of enterprises in the start-up period.
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6.3 Industry characteristics limit the
incentive effect of financial subsidies

It is difficult for financial subsidies to significantly improve
the innovation efficiency in the public utilities, real estate
these
monopoly

industries and comprehensive industries because

industries have  more  obvious  natural
characteristics. It is difficult for industries with significant
investment scales and a long period of scale change to achieve
short-term results and return to scale to reduce costs. In addition,
innovation efficiency is the integration of innovation capability
and resource allocation effect. Enterprises in the public utilities,
real estate, and comprehensive industries usually have low pure
technical efficiency, leading to low innovation efficiency. In other
words, since the sample enterprises in this study are small and
medium-sized science and technology innovation enterprises in
the start-up stage, there are generally problems such as low
management level, low technology level, and poor resource
allocation, which reduces the overall innovation efficiency of

the enterprise.

6.4 The degree of competition in the
industry affects the signal strength of
subsidies

Signal theory points out that the magnitude of signal action
depends on the degree of information asymmetry between both
parties, signal quality, and other factors, and the content of signal
transmission includes quality signal and intention signal, with a
quality signal indicating the capacity characteristics within the
organization that are not easy to observe and intention signal
indicating organizational behavior or behavior intention (Stiglitz,
2000). The behavioral theories have also been applied in many
studies (Elahi et al., 2021b; Elahi et al., 2022a). Based on the signal
theory, the government’s financial subsidies can transmit positive
signals about the actual quality of enterprises to the outside
the

institutional investors, and have important significance in

world, reduce information asymmetry of external
alleviating financing constraints, obtaining external innovation
resources, and improving innovation efficiency (Xia and He,
2020).

The main sources of external financing of enterprises
include cash received from absorbing equity investment,
cash received from issuing bonds, and cash received from
obtaining loans (Huang et al., 2016). This study uses the
practices of Yu and Wang, (2022) for reference. It uses the
natural logarithm of the annual net amount of the three to
measure the scale of external financing of enterprises (Inout ).
The signal transmission mechanism is constructed for testing
by industry, and the results are shown in Table 8, which is
consistent with the results in Table 7 in significance. Model

17 is the total sample estimation result, and Model 18-Model
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21 is the sub-sample estimation result. The results show that
financial subsidies can help start-ups expand the scale of
external financing, but this effect is more significant for
industrial enterprises.

The signal transmission mechanism of financial subsidies
differs in different industries due to the obvious natural
monopoly characteristics of public utilities, real estate and
comprehensive industries compared with industrial industries,
making it easy to obtain commercial financing by virtue of their
own market position. Van Horen (2005) believed that investors
were more willing to cooperate with enterprises that occupied a
dominant market position because of their lower level of
information asymmetry, which made it easier to achieve
commercial financing. Yu (2017) pointed out that the industry
competition level is one of the decisive factors affecting the signal
effect’s strength. The lower the industry competition level, the
weaker the signal effect of enterprise credit. Therefore, the signal
effect of financial subsidies is more evident in the industrial
sector (Yu, 2017).

6.5 Crowding-out effect of fiscal
decentralization

Based on the perspective of fiscal decentralization, this
study examines the impact of fiscal freedom on fiscal subsidies
and the innovation efficiency of start-up enterprises. The fiscal
decentralization system endows local governments with the
independent discretion of fiscal revenue and expenditure,
enabling local governments to determine the expenditure
intensity of fiscal subsidies independently, thus affecting
enterprises’ innovation activities. According to finance and
the the degree of fiscal
decentralization, the stronger the financial strength of local

taxation theory, greater
governments and the greater the degree of fiscal freedom. On
the one hand, the improvement of financial freedom can
reduce costs through taxation to encourage enterprises to
increase R&D investment. On the other hand, it can also
support enterprise innovation activities through direct
2022).

pointed out that since it is difficult for enterprise innovation

subsidies (Mao et al., However, some scholars
activities to promote GDP growth in a relatively short period
greatly, if local governments are eager to pursue GDP, tax, and
other performance growth, financial funds will be more
inclined to other fields and financial science and technology
subsidies will be reduced (Zou, 2018).

The measurement method of fiscal decentralization refers to
the research of Chen and Gao, (2012), and Zhang et al. (2022).
The ratio of provincial fiscal revenue to provincial fiscal
expenditure is used to construct an indicator of fiscal
autonomy to measure fiscal decentralization (Decent). The
larger the value, the greater the fiscal revenue of local

governments and the greater the fiscal freedom of local
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TABLE 8 Mechanism test.

Model 17 (Total) 18(Public utility)
LnSubsidy 0.1024** 0.0737
(0.0409) (0.0921)
Control variable control control
Method Fixed effect Fixed effect
R’ 0.1623 0.2315
N 1347 285

TABLE 9 Results of the regulation effect.

Model 22 (Total) 23(Public utility)
InSubsidy 0.0332%%% 0.0503**
(0.0098) (0.0243)
InSubsidyxDecent —0.0405%** —0.0658**
(0.0135) (0.0317)
Decent 0.5496** 0.8844*
(0.2195) (0.5046)
Control variable control control
Method Fixed effect Fixed effect
R? 0.0377 0.0794
N 1267 256

10.3389/fenvs.2022.1060334

19(Real estate) 20(Comprehensive) 21(Industry)
0.2069 0.2271 0.1226**
(0.1380) (0.1959) (0.0519)

control control control

Fixed effect

Fixed effect

Fixed effect

0.409 0.3684 0.1642

54 39 920
24(Real estate) 25(Comprehensive) 26(Industry)
0.0881 0.0230 0.0276**
(0.0546) (0.0315) (0.0119)
—-0.1256 —0.0446 —0.0282*
(0.0819) (0.0420) (0.0163)
1.9952 0.4392 0.3701
(1.2956) (0.7034) (0.2692)
control control control
Fixed effect Fixed effect Fixed effect
0.3258 0.2122 0.047

40 32 915

governments. At the same time, the cross-term of financial
subsidies and fiscal decentralization (InSubsidyxDecent) are
added to the model and the results are shown in Table 9,
Model 22, Model 26. It can be found that fiscal
decentralization generally weakens the impact of fiscal
subsidies on the innovation efficiency of start-up enterprises,
and this effect is more significant in public utilities and industrial
industries.

Fiscal decentralization weakens financial subsidies’ impact
on startups’ innovation efficiency, and the impact is more
pronounced in the public utilities and industrial sectors. One
possible reason is that the public utilities and industrial industry
usually need to invest a lot of funds in the start-up period, which
are not fully utilized, resulting in the “crowding out effect” of
innovation, thus increasing the burden on enterprises and
reducing innovation efficiency. Another possible reason is that
the R&D system of small and medium-sized enterprises in the
start-up stage is usually not sound, especially the lack of scientific
research personnel. Therefore, there are serious problems, such
as unreasonable allocation structure of scientific research funds
and scientific research personnel. The element input cannot
achieve the optimal allocation. It cannot be effectively
converted into achievements, which to some extent echoes the
research conclusions of Liu and Wu (2021).

Frontiers in Environmental Science

7 Conclusion and policy implications

Based on the listed start-ups on the GEM, STAR Market and
the SME Board from 2010 to 2020 in China, this study
empirically tested the impact of financial subsidies on the
innovation efficiency of start-ups. It also examines the
signaling role of financial subsidies in enterprise financing and
the regulatory role of fiscal decentralization on innovation
efficiency. The following research conclusions are drawn. First,
financial subsidies have a positive impact on the innovation
efficiency of start-up enterprises in general, and there is also
an interactive relationship between them, but there are industry
differences in the impact of financial subsidies on the innovation
efficiency of start-up enterprises; Second, there are regional
differences in the impact of financial subsidies on the
innovation efficiency of start-up enterprises, and the financial
multiplier effect is more evident in big cities such as the first tier
(new first tier); Third, financial subsidies with strong continuity
can more stimulate the innovation efficiency of start-up
enterprises; Fourth, on the whole, the signaling mechanism of
financial subsidies has played a role in the financing process of
start-up enterprises, but this mechanism has only been
significantly reflected in industrial enterprises; Fifth, fiscal
decentralization negatively regulates the impact of fiscal
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subsidies on innovation efficiency in the start-up period, which is
more significant in the public utility industry and industrial
Based this, the policy

recommendations are targeted.

enterprises. on following

First, governments (especially those of small and medium-
sized cities) should improve the market system and optimize the
business environment. The imperfection of the innovation
protection system and the implementation mechanism are
essential weaknesses in the governance of small and medium-
sized cities. Institutional defects increase enterprises’ innovation
costs and make innovation more vulnerable to imitation and
copying, reducing the incentive effect of financial subsidies on
enterprise innovation. Therefore, the government should further
promote market-oriented reforms in small and medium-sized
cities, optimize the business environment, and improve the
intellectual property protection system and financial support
system, so as to create a favorable external environment for
small and medium-sized science and technology innovation
enterprises to enhance their innovation efficiency.

Second, strengthen the institutionalization, relative stability,
and sustainability of subsidies. As an important source of funds for
start-ups, the Chinese government’s financial subsidy mechanism
must be institutionalized to form an innovation incentive effect for
small and medium-sized science and technology start-up
enterprises and a signaling effect for other investment
institutions. Currently, there are many irregularities in the
application of financial subsidies in China, which makes it
difficult for financial subsidy policymakers to grasp the actual
market rules, reducing the sustainability of the financial subsidy
policies. Institutionalizing financial subsidy policies not only solves
the problem of capital abuse but also reduces the information
asymmetry between the government and the market. Specific
of
administrative approval and institutionalization of R&D funds.

institutional measures can include standardization

Third, enhance the industrial pertinence and accuracy of
policies. The government should continue to deepen the reform
and provide more preferential policies for small and medium-
sized science and technology innovation enterprises in the start-
up stage. However, the “one-size-fits-all” subsidies cannot
achieve the optimal allocation of resources. The government
needs to provide personalized and precise subsidies for different
industries, optimize the subsidy structure and the direction and
field of capital investment, and play a better leverage role (Wang
et al., 2020). For example, the government should gradually
change the supervision and management mechanism to
improve the efficiency of capital utilization for some public
utilities that occupy huge government subsidies but have
limited innovation efficiency improvement. Government
subsidies are issued concerning market competition and
supplemented by subsidy policies.

On the other hand, with the global economic downturn and
epidemic, governments at all levels can actively establish

government guidance funds to support small and medium-
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sized technology-based start-ups to reduce financial pressure.
In addition to providing funds, the government guidance funds
also have the advantages of improving enterprise management,
strategic planning and strong sustainability. At the same time,
small and medium-sized science and technology innovation
enterprises in the start-up period, less constrained by
organizational inertia and bureaucratic system, should actively
find potential innovation opportunities in the market to attract
government support.

Fourth, enhance market competitiveness and give full play to
the signaling role of subsidies. The industry competition level is
an essential basis for the strength of the subsidy signaling effect.
Government subsidies should be more market-oriented.
Through subsidies, the government should transmit to
external investors the list of enterprises that the government is
concerned about and open up information channels between
investors and enterprises to help potential start-up enterprises
broaden external financing channels and reduce financing
constraints. On the one hand, enterprises use financial
subsidies to signal “self-publicity” to attract the attention of
external institutional investors and gather other innovative
elements, thereby enhancing innovation efficiency. On the
other hand, they should take the initiative to pay attention to
the government’s subsidy policies and respond positively to
them, reducing the selection cost of external investors by
obtaining financial subsidies to obtain external resources
better to support innovation.

Fifth, promote the efficient and balanced allocation of
financial resources. To avoid the redundancy and inefficient
use of financial resources, the government should pay more
attention to the subsidy targets so that the limited resources
can play the most positive role. The government should subsidize
not only enterprises but also talents, thus promoting the balanced
allocation of financial funds. Small and medium-sized science
and technology innovation enterprises in the start-up stage
should emphasize internal management and strategic planning
and improve the enterprise management system. The allocation
of R&D funds should pay attention to the structural ratios and
balance, reasonably match innovation input elements, and focus
on innovation output to improve the efficiency of using funds.
Start-up attach
introduction, give full play to talent efficiency, appropriately

enterprises must importance to talent
reduce the funding input and improve the talent input to

improve the innovation performance of enterprises.

8 Limitations and future
recommendations

This study still has some limitations and shortcomings in the
research process. Firstly, the classification of industries in this
paper is rather general, and whether the empirical results can be
extended to start-ups in other types of industries is subject to
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further research. Secondly, the single indicator used in this paper
is insufficient to measure enterprises’ innovation efficiency. In
the future, a combination of input and output indicators can be
used to portray the innovation efficiency of enterprises based on
the availability of data.

Finally, in theory, the government should try to avoid long-
term equity investment. Although the empirical results of this
paper show that continuous financial subsidies have generally
improved the innovation efficiency of start-ups, future research
should clarify the timing and mechanism of the introduction of
financial subsidies and attach importance to the leading role of
the market in the process of enterprise innovation.
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