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Abstract: In this paper, we investigate the impact of government subsidies on incubation services
in incubators. Based on the use of the Generalized Propensity Score Matching (GPSM) method to
effectively overcome the endogeneity problem, we find that there is an inverted U-shaped relationship
between government subsidies and incubation services, and thus there is an optimal intensity of
government subsidies. The inflection point of the inverted U shape for basic services is much smaller
than that for value-added services and investment services. With a wider range of government
subsidies, incubators will tend to provide better value-added and investment services rather than
basic services. The inverted U-shaped relationship remains robust over time, and the range of
appropriate subsidies to promote incubation services is tightening. The conclusions of this paper
provide empirical evidence on the effectiveness of government subsidies in incubators, which is
conducive to developing more effective industrial policies for future governments.

Keywords: intensity of subsidies; incubation services; generalized propensity score matching

1. Introduction

We have tracked the development of incubators in various regions in recent years.
In the US, according to the official InBIA website (https://impactindex.inbia.org/ecdata/
(accessed on 15 July 2022)), 10% of the revenue of shared office spaces, incubators, and other
entrepreneurial service organizations comes from government subsidies. The European
Business & Innovation Centre Network (EBN) survey on BICs in 2017–2019 shows that
over 60% of BICs’ revenue comes from the EU and other public sectors–incubators are
generally called BICs in Europe. Founded in 1984, EBN is the largest business innovation
center (BICs) alliance in Europe, supporting the development and growth of innovative
entrepreneurs, start-ups, large-scale enterprises, and SMEs. The official website is: https:
//ebn.eu/ (accessed on 15 July 2022) (see Figure 1). The Israeli government established
the Public Technology Incubation Program (PTIP) in the 1990s, while giving huge financial
support to high-tech industry incubation with a government venture capital fund as a
guarantee [1–3]. In order to change the low rate of economic development in the African
region, the government proposed to establish an innovation-based economic development
program through technology business incubators in the early 21st century, most of which
were supported by relevant government departments, such as the Department of Trade &
Industry, the Department of Science & Technology, higher education institutions, and EU
donors [4,5].

China’s incubator industry was launched in 1987, and by 2019, the number had reached
5206—the highest number of incubators in the world. We have made a detailed review of
incubators’ development history, as shown in Figure 2. Prior to 1998, the incubator industry
in China developed slowly, with incubators receiving very little policy support from the
central government and almost no policy concessions from local governments. Between
1999 and 2005, the central and local governments began to give special funding, financial
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investment, and other policy support to incubators, most of which were established with
government funding and had a public interest character, and the number of incubators
steadily increased to over 500. Since 2006, the Chinese government has been supporting the
incubation industry with tax incentives, government subsidies, and other policies, and the
support has been increasing, while the number of incubators has also increased significantly;
especially after 2015, in the context of “mass entrepreneurship and innovation”, the number
of incubators exploded due to the renewed inclination of government policies in the field
of innovation and entrepreneurship. During its 30 years of development, the incubation
industry has witnessed the historical trajectory of China’s economic transformation, social
development, and technological take-off, and has become a key node and an important
driving force in promoting the integration of science and technology with the economy.
Central and local government policies have played a pivotal and appropriate role in
this process.

Sustainability 2022, 14, x FOR PEER REVIEW 2 of 23 
 

 
Figure 1. (EU|BICs) sources of income. 

China’s incubator industry was launched in 1987, and by 2019, the number had 
reached 5206–the highest number of incubators in the world. We have made a detailed 
review of incubators’ development history, as shown in Figure 2. Prior to 1998, the incu-
bator industry in China developed slowly, with incubators receiving very little policy sup-
port from the central government and almost no policy concessions from local govern-
ments. Between 1999 and 2005, the central and local governments began to give special 
funding, financial investment, and other policy support to incubators, most of which were 
established with government funding and had a public interest character, and the number 
of incubators steadily increased to over 500. Since 2006, the Chinese government has been 
supporting the incubation industry with tax incentives, government subsidies, and other 
policies, and the support has been increasing, while the number of incubators has also 
increased significantly; especially after 2015, in the context of “mass entrepreneurship and 
innovation”, the number of incubators exploded due to the renewed inclination of gov-
ernment policies in the field of innovation and entrepreneurship. During its 30 years of 
development, the incubation industry has witnessed the historical trajectory of China’s 
economic transformation, social development, and technological take-off, and has become 
a key node and an important driving force in promoting the integration of science and 
technology with the economy. Central and local government policies have played a piv-
otal and appropriate role in this process. 

Figure 1. (EU|BICs) sources of income.

In tracking the development of incubators around the world, we have found that
in both developed and developing countries, governments have assumed an important
role in the development of incubators, with government subsidies and funding becoming
one of their main sources of income. Incubators generally operate on a firm-by-firm
basis, and the effectiveness of the services provided by the incubator is the basis and
prerequisite for promoting the growth of the incubatees. Different forms, contents, and
levels of services may affect the performance of the incubates–such as survival and growth
rates [6]. Therefore, whether subsidies help to improve the level of incubation services
is an important criterion to objectively judge the effectiveness of government incubation
subsidies. Based on these facts, we focus on the following questions: Do government
subsidies actually promote the services provided by incubators, so that the development of
start-ups benefits from them? Do the subsidies continue to provide incentives to improve
the level of incubation services as their intensity increases? What is the difference in the
impact of government subsidies on the different services provided by incubators? How
has the impact of government subsidy intensity on the level of incubation services changed
over time? How should government policies for incubators be optimized in the future?
We will fill these gaps in current research based on the most authoritative microdata on
Chinese incubators from 2015–2019, with a view to providing theoretical and empirical
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evidence on the implementation of government subsidies in the incubator industry so as
to formulate and optimize government support policies in a more scientific and rational
manner.
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With regard to the research methodology, we chose generalized propensity score
matching to effectively overcome endogeneity and reverse causality problems due to selec-
tivity bias in government subsidies, and conducted a series of robustness tests. The GPSM is
an extension of the PSM; while the PSM can deal with selectivity bias, it cannot describe the
dynamics of the impact of different government subsidy intensities on incubation services.
The GPSM, on the other hand can be used to treat variables on a continuum, explore the
non-linear relationship between government subsidies and incubation services, and can
examine threshold effects [7].

The paper is structured as follows. Section 2 is the literature review and research
hypotheses. Section 3 provides a detailed introduction to the GPSM methodology and
defines the relevant variables for this paper. Section 4 is the empirical section, describing the
details of the data, demonstrating the existence of the selectivity bias problem, and using
a fixed effects model and GPSM to obtain a non-linear relationship between government
subsidies and incubation services, measuring the inflection point values for different
services and exploring time trends. Section 5 summarizes the main findings of the paper
and presents relevant policy recommendations and limitations of the paper.

2. Literature Review and Research Hypotheses
2.1. Literature Review

We have raised the above questions based on the analysis on the current development
of the incubator industry around the world. To address these real-life issues, this paper
summarizes the previous research literature in terms of the motivation and effectiveness of
government subsidies, the classification of incubation services, and government subsidies
and incubator development.
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2.1.1. Motivation and Effectiveness of Government Subsidies

Government subsidy is an important policy tool for the government to regulate the
national economy and social life, in which the motivation of subsidies become a hot issue
studied by scholars. Summarizing the current research literature, the motives of govern-
ment subsidies are as follows: (1) Supporting industrial development. The government
usually subsidizes emerging industries or traditionally advantageous industries to promote
their development and optimize the regional industrial structure. Aydin, Zhang Y, and My-
ojo et al. found that government subsidies play an important role in improving industrial
dynamics and supporting emerging industries by studying the industrial development of
different countries [8–11]. (2) Whitewashing of local government performance. Wittman,
Cerqua, and Tang et al. found that although the direction of subsidies tilted differently in
different countries, the motivation is to promote employment and improve the economic
level to a large extent. Further, it has been shown that government subsidies have a positive
impact on the goals of increasing employment and creating economic value [12–14]. (3) Fix-
ing market failures. According to welfare economics, the “visible hand” of the government
can, to a certain extent, improve problems that cannot be solved by the market mechanism
and reduce efficiency losses. In this respect, scholars focus on the market failure caused by
government subsidies in the field of “technological innovation”. Becker found that in order
to increase enterprises’ spending on scientific and technological R&D, as well as improve
market failure, the government will support enterprises through subsidies [15]. Silva, on
the other hand, pointed out the sequential nature of firms’ R&D investments due to the risk
of market failure. In order to reduce R&D costs, firms are more inclined to invest financial
support from the government into R&D activities [16]. Hou et al. argue that a govern-
ment subsidy is a form of financial support provided by the government to encourage the
development of an industry or firm. The intention is to reduce the cost and risk of R&D
investment and to motivate firms to increase their investment in innovation [17].

The effectiveness of government subsidies is another major research hotspot in academia,
which has not reached a consensus due to different research objects, definitions of variables,
and research methods. Some scholars believe that government subsidies bring positive
signals, alleviate the pressure of external financing, stimulate enthusiasm for enterprise
technology research and development, boost the innovation output of enterprises, and
guide the direction of industrial development [18–21]; more innovation output wins market
power for enterprises, significantly improves their profitability, and thus enhances their
financial performance [22]. Some scholars have also found that government subsidies
may cause some problems, such as rent-seeking behavior caused by enterprises taking
advantage of information asymmetry or abuse of government subsidies [23]. These behav-
iors are not conducive to the improvement of enterprise production efficiency and will
not significantly improve enterprise performance, or even lead to a decline in corporate
performance [24]. There is also a small group of scholars who believe that government
subsidies can only play a positive role if certain conditions are met, otherwise they will
have negative effects [25].

2.1.2. Classification of Incubation Services

Incubators are generally operated by enterprises, and the effectiveness of the services
provided by incubators is the basis and prerequisite for promoting the growth of incubates.
Different forms, contents, and levels of services may affect the performance of incubates,
such as survival and growth rates [7]. In terms of the classification of business incubation
services, different scholars have classified them according to different criteria: (1) by func-
tion, such as basic services, management support, technical support, and intermediary
services [26]; (2) by the material form of service performance, such as tangible services (fa-
cilities, office space and equipment, etc.) and intangible services (reputation and credibility,
emotional support, etc.) [27,28]; or (3) by whether they add value, i.e., general services and
value-added services, with general services mainly referring to physical space, facilities and
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equipment, property management, etc., and value-added services referring to education
and training, management consulting, market development, etc. [29].

In recent decades, the operation model of incubators has been updated and iterated
as the entrepreneurial environment and entrepreneurial needs have changed. The first
generation of incubators provided only physical space services to tenants; the second
generation provided some intangible and valuable services, such as financial services,
business mentoring, and technical assistance; the third generation of incubators focused on
providing resource links and networking services; and in recent years, the new generation
of incubation and acceleration models that focus on direct investment in start-ups have
started to emerge in various countries [30].

2.1.3. Government Subsidies and Incubator Development

Current studies have largely concluded that government policies play a key role in pro-
moting incubator development. Adegbite (2001) suggests that the root cause of the failure
of the Nigerian incubator industry to develop as desired is the failure of the government to
provide reasonable attention and support to the industry in recent years and that the lack
of financial subsidies and untimely guidance has hindered the development of incubator
enterprises in many parts of the country [31]. Rice (2002) states that government support
and guidance are crucial in the growth of the incubator industry and can be a significant
catalyst [27]. Santos (2022) uses Coimbra, a medium-sized city in Portugal, as an example to
explore how public policies such as government tax incentives for incubators promote the
development of a regional innovation ecology and the cultivation of entrepreneurship [32].
Bruneel et al. argue that government subsidies make incubators tend to provide basic
services for short-term gains [33]. Tang et al. find that policy support has limited the
enhancement of investment and financing services but provides significant incentives for
incubators to provide basic services, such as office space, management, and administrative
services [34].

An examination of previous studies reveals that the research literature on the impact
of government subsidies on incubation services lacks strong data support and scientific
econometric methods for analysis. In this paper, based on the most authoritative microdata
on Chinese incubators, we investigate this issue and adopt the generalized propensity score
matching method–a frontier method in the field of causal inference–to effectively overcome
selectivity bias and provide scientific and reliable empirical evidence on the relationship
between government subsidies and incubation services based on the existing research.

2.2. Research Hypotheses

Incubation services are the products provided within the incubator and the main
source of income for the incubator, and the rational construction of its own service system is
the main goal of strategic management of the incubator. Existing research indicates that the
main mechanism of enterprise strategic management is the overall arrangement of resource
accumulation and allocation. With respect to the “stock” and “flow” of resources, enter-
prises not only need to maintain their resource base through internal development, external
acquisition, or resource borrowing, but also to make continuous decisions on allocation and
adjustment to maintain their competitive advantage and sustainability in market develop-
ment [35]. The incubator–the main object of this paper–acts as a network active node in the
business incubation ecosystem, which enables innovation- and entrepreneurship-related
parties in the region–which are originally scattered and function independently–to be
closely connected through an open and fluid incubation network, releasing huge clustering
and synergistic effects, and promoting a more efficient and orderly operation of the whole
ecosystem. In this way, incubators can be considered resource transfer stations occupy-
ing a central position in the entrepreneurial ecosystem. Compared with other business
organizations, the ability to gather and allocate resources is precious and more sensitive
to incubators.
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Government subsidies as an external resource inflow can have a dual effect on the
resource accumulation and allocation mechanisms of the recipient firms [36]. From the
perspective of resource accumulation: first, public subsidies directly enrich the pool of
available resources for recipients, and they will have direct access to government subsidies,
which can cover cost expenditures and help enhance the supply of incubation services [37].
In addition, government subsidies influence the accumulation of resources for recipients
through a bridging mechanism, and moderate government subsidies have a “halo effect” as
a label of recognition for recipients, sending positive signals to other external stakeholders
and enriching the recipients’ access to resources [38]. Incubators that receive government
subsidies are more likely to attract research institutions, intermediaries, and investment
institutions to join them, thus enriching their accumulated innovation and entrepreneurship
resources and improving their incubation services. However, the resource accumulation
mechanism predicts only part of the effect of government subsidies; beyond a certain level
of government subsidies, the positive impact of resource accumulation may be gradually
overshadowed by a loss of resource allocation efficiency. First, conceptually, government
subsidies refer to funds allocated to firms by the government without compensation,
which are external resources for firms. However, in contrast to other forms of external
resources, subsidies operate based on nonmarket exchange mechanisms, i.e., there is no
corresponding transfer of the value of the underlying resource, there are no residual use or
rent requirements for the original resource holders, and most of the incentives embedded in
traditional market exchanges are absent. Thus, the internal rules and efficiency of resource
allocation change [39]. For example, government departments may use less stringent
economic criteria for project selection, and excessive subsidies lead to strong dependence
and inert behaviour of recipients. Many current studies have shown that organizations that
rely heavily on public resources for survival are significantly less efficient [40,41]. Second,
the government will formulate a series of relevant distribution restrictions and incentive
mechanisms in the process of implementing subsidies to make up for the inhibitory effect
of the non-market nature of government subsidies; however, due to the non-economic
responsibilities between the holders of public resources and the recipients–such as the
pursuit of political achievements by government departments and the rent-seeking behavior
of the recipients–the efficiency of resource allocation in the implementation of government
subsidies will be reduced [42,43].

Based on the above analysis, we first infer that government subsidies have an incentive
effect on incubation services, while considering the combination of two sets of opposing
effects; at low levels of subsidy intensity, the positive effects related to resource accumula-
tion dominate and incubation services will improve with increasing subsidy intensity, but
with increasing subsidy intensity, the negative effects from the loss of resource allocation
efficiency will play a major role in offsetting the favorable impact of resource accumulation,
thus leading to a decline in the level of incubation services. Therefore, this paper proposes
the following hypothesis.

Hypothesis 1. As the intensity of government subsidies increases from low to high, the relationship
between government subsidies and incubation services shows an inverted U shape of rising first and
then falling.

Traditional incubators mainly provide space management services, but with the im-
provement of the social entrepreneurial environment, the rapid growth of startups requires
diversified services, and incubators will encounter a ceiling of development if they rely
solely on the expansion of space. To achieve their own sustainable development, improve
market competitiveness, and obtain sufficient cash flow and future medium- to long-term
income, incubators need to continuously expand and enrich the products they can provide,
including training, counselling, resource links, networking, financing intermediation, and
other value-added services, as well as the internal establishment of incubation funds to
provide direct investment services for incubatees, which requires more human and material
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costs. Government subsidies, as part of the incubator resource pool, are prioritized for
expanding the scope of incubation space to obtain low-cost space service income [33],
but to achieve their own sustainable development, decision-makers will not expand the
scope indefinitely, and redundant resources are used to enhance value-added services and
investment services to build and improve their own more complete incubation service
system [34]. Therefore, under a wider range of government subsidies, incubators tend
to provide better value-added and investment services rather than space-based services.
Therefore, the following hypothesis is proposed in this paper.

Hypothesis 2. The inverted U-shaped inflection point of value-added and investment services is
greater than that of space-based services.

As time progresses, the government’s continuous support makes the incubator indus-
try enter a period of rapid development. The data used in this paper are China’s incubator
data from 2015 to 2019–which is a period of rapid development of China’s incubators–and
the operational capacity of the incubators continues to improve, their ability to “build
blood” increases, and the market competition in the entire incubator industry increases,
at which time the market plays an enhanced role in resource allocation, and the efficiency
of the allocation of resources in the market continues to improve. Excessive government
intervention will disrupt the market rules. We infer that the moderate interval in which
government subsidies have an incentive effect on incubation services will narrow with the
advance of time [44]. Therefore, this paper proposes the following hypothesis.

Hypothesis 3. The inflection point of the inverted U shape will shift to the left-over time.

3. Research Methodology
3.1. GPSM

Since the receipt of government subsidies by incubators is not a random event, the use
of traditional ordinary least squares regressions cannot scientifically assess the effectiveness
of government subsidies for incubators. For this reason, Rosenbaum and Rubin proposed
the generalized propensity score matching model (GPSM) in 1983 to overcome the selec-
tivity bias in policy implementation and to correctly assess the policy implementation
effects. The GPSM is a supplement and extension of propensity score matching (PSM),
and its greatest advantage lies in breaking the PSM constraint that the treatment variables
must be binary selection variables while retaining the PSM property of eliminating the
measurement error caused by the heterogeneity of the treatment and control groups before
receiving the policy treatment–that is, the self-selection effect [45].

The basic principle of GPSM is as follows: assume that the continuous-type treatment
variable T takes values in the interval T ∈ [t0, t1] and the outcome variable is Y. In this
paper, the treatment variable is the intensity of government subsidies, i.e., the share of
government subsidies in the total revenue of the incubator, and the outcome variable Y is
the service provided by the incubator. Following Imbens (2000) and Hirano and Imbens
(2004), the conditional independence in the case of binary treatment variables is extended
to the case of continuous-type treatment variables [46,47] as follows.

Y(t)⊥T
∣∣ X , ∀t ∈ T (1)

where Y(t) is the resultant value when the treatment variable T takes the value t. In this
paper, this is the corresponding incubator service level when the government subsidy
intensity is t. Equation (1) indicates that the selective bias of treatment intensity and the
resulting endogeneity problem can be effectively avoided after controlling for the covariate
X. The choice of covariate X requires the consideration of factors that affect both treatment
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intensity T and output level Y. The generalized propensity score (GPS) of the treatment
variable is estimated from the covariate X.

R = r(T, X), r(t, x) = fT|X(t|x) (2)

where r(t, x) is the conditional probability density of the treatment variable and the general-
ized propensity score GPS denotes the probability when the treatment variable T takes the
value t ∈ T after controlling for the covariate X.

The matching effect of the GPSM also depends on whether the balancing property is
satisfied, i.e., the event {T = t} is independent of the covariate X when the control r(T, X) is
consistent, i.e.,

fT(t|r(t, X), Y(t)) = fT(t|r(t, x)) (3)

On the basis of the above, the GPSM evaluation is performed in three steps in this
paper with reference to Hirano and Imbens [47].

In the first step, the conditional probability density of the treatment variable T is
estimated based on the covariate X.

The treatment variable in this paper is the government subsidy intensity, which is
highly biased in the actual sample; in the data we used, more than one-third of the incuba-
tors had zero subsidy intensity and the distribution of subsidy intensity was nonnormal.
Based on this particular distributional characteristic of the subsidy intensity data in this
paper, we use the fractional logit model proposed by Papke and Wooldridge (1993) to esti-
mate the conditional probability density of subsidy intensity [48]. Papke and Wooldridge
assume that for all observed samples i, given the covariate Xi, the conditional probability
density of the treatment and the expected value of the variable Ti is

E(Ti|Xi) = F(Xiβ) (4)

and for all Xiβ ∈ R, there is 0 ≤ F(Xiβ) ≤ 1. Assume that the function F(·) is a cumulative
distribution function of the logistic distribution, expressed as follows.

F(Xiβ) ≡ ∧(Xiβ) ≡
exp(Xiβ)

1 + exp(Xiβ)
(5)

Clearly, this is a nonlinear model, and we plan to use the quasi-maximum likelihood
estimator (QMLE) to estimate β. Following McCullagh and Nelder (1989) [49], the Bernoulli
log-likelihood equation is maximized in the framework of a generalized linear model with
the following equation.

L(β) ≡ Ti ×∧(Xiβ) + (1− Ti)× (1−∧(Xiβ)) (6)

After estimating β from the above equation, the probability density of the ith observed
sample can be calculated, i.e., GPS.

R̂i =
[
F
(
Xi β̂

)]Ti ·
[
1− F

(
Xi β̂

)]1−Ti (7)

In the second step, the conditional expectation model for the output variable Yi is
constructed based on the treatment intensity Ti and the generalized propensity score R̂i
obtained in the previous step. Again, drawing on Hirano and Imbens (2004) [47], they
point out that the specific functional form can be flexible and generally does not exceed a
third-order polynomial. In this paper, we choose the third-order polynomial to fit the results
more robustly, which can cover the results of first-order or second-order polynomials. In
addition, other forms of fitting functions are also tried in this paper, which do not change
the conclusions of this study.

E
(
Yi
∣∣Ti, R̂i

)
= α0 + α1Ti + α2T2

i + α3T3
i + α4R̂i + α5R̂2

i + α6R̂3
i + α7TiR̂i (8)
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In the third step, the expected value of the outcome variable with the treatment
variable t is estimated by substituting the regression results obtained in the previous step
into the following equation:

µ(t) =
1
N

N

∑
i=1

{
α̂0 + α̂1t + α̂2t2 + α̂3t3 + α̂4r̂(t, Xi) + α̂5r̂(t, Xi)

2 + α̂6r̂(t, Xi)
3 + α̂7t·r̂(t, Xi)

}
(9)

where N is the number of sample firms when the treatment variable T takes the value
t ∈ Ts = [t0s, t1s] ⊂ [t0, t1]. The range of values of the treatment variable T = [t0, t1] is
divided into s subintervals Ts(s = 1, 2, . . . , s), and then the causal effect of government
subsidy intensity on the change in incubator service level is estimated in each subinterval.
The causal effects for different ranges of values are connected by lines to obtain a picture of
the dose-response function for the whole T = [t0, t1] interval. The treatment effect (since
µ(0) is a constant, TE(t) is a translation up and down of the image of the µ(t) function) is
given by

TE(t) = µ(t)− µ(0), t ∈ [0, 1] (10)

3.2. Accounting and Definition of Variables

1. Treatment of variables.

The extent of incubators’ utilization of government subsidies is closely related to the
incubators’ own strength, and the same number of subsidies occupies different importance
in different samples of incubators. Therefore, the treatment variable in this paper is
the strength of government subsidies, which is measured by the amount of government
subsidies received at each level divided by the total revenue of the incubator.

2. Outcome variables.

Combining previous studies and the development characteristics of incubators in
different generations, this paper divides incubator services into three categories: first,
basic services, which mainly refer to space and property management; second, value-
added services, which mainly include training, entrepreneurial counselling, resource links,
financing intermediary services, network services, etc.; and third, investment services,
which mainly refer to the services of incubators that set up incubation funds internally and
invest directly in the incubated enterprises.

3. Covariates.

The selection of covariates needs to consider both the factors affecting the incubator’s
access to government subsidies and the factors affecting the services provided by the
incubator. In this paper, after referring to the declaration documents issued by the Chinese
government and consulting with relevant operators of incubators, the covariates selected
are as follows: (i) administrative level of the incubator: the Chinese government annu-
ally selects national-level incubators based on their operations in the previous year, and
national-level incubators have stronger operational strength and are more likely to receive
government subsidies; (ii) nature of the incubator: generally, state-owned incubators have
better resource endowment than nonstate-owned incubators; (iii) whether the investor of
the incubator has government participation: incubators with a government investment
background are more likely to receive government subsidies; (iv) total operating income
of the incubator in the previous year: incubators need to declare the operating data of the
previous year when declaring government subsidies; and (v) age of the incubator: in order
to promote the development of the incubation industry, the government tends to subsidize
younger incubators. The selection of variables is shown in Table 1.
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Table 1. Accounting and definition of variables.

Category Variable Name Symbol Unit Specific Explanation

Treatment variable Subsidy intensity Sub /
The amount of government
subsidy divided by the total

revenue of the incubator

Result variables

Space infrastructure services space Thousand
yuan

Log of space and property
management revenue

Value-added
services

Training
services Train /

Log of the number of incubatees
trained (For numbers of 0, +1

takes the logarithm, the
same below.)

Business
coaching
Services

mentor / Log of the number of business
mentors to companies

Resource link
service resource / Log of the number of innovative

and entrepreneurial activities

Network
service internet Thousand

yuan

Log of the investment amount of
public technology
service platform

Financing
intermediary

services
finance Thousand

yuan

Log of the amount of financing
received by the incubatees in the

current year

Investment services invest / Log of the number of companies
invested by the incubation fund

Covariates

The administrative level level / If it is national level, the value is 1
otherwise it is 0

Nature national /
If it is a state-owned incubator,
take the value of 1; otherwise,

it is 0

Whether it receives financial
investment gov_invest /

If there is financial investment,
take the value of 1; otherwise,

it is 0

Total revenue revenue Thousand
yuan

Log of the total revenue of the
incubator

Year of establishment Age Year Log of the incubator’s
establishment

4. Empirical Results and Analysis
4.1. Sources of Data and Descriptive Statistical Analysis

This paper uses Chinese incubators from 2015 to 2019 as the sample for analysis, and
the research data come from the Torch High Technology Industry Development Centre
of the Ministry of Science and Technology of China, which is responsible for the detailed
management of business incubators, startup spaces, university science and technology
parks, and other entrepreneurial service organizations, and also responsible for the con-
struction and operation of the China Innovation and Entrepreneurship Data Resource
Centre, which contains the most comprehensive and authoritative microdata on Chinese
incubators to date.

The government measures whether to grant subsidies to incubators based on the
previous year’s operating data, so the covariates in this paper are matched with the previous
year’s data from the base period. During the data processing, we first eliminated data on
key variables such as total revenue, the amount of government subsidies, and the year
of establishment of the incubator that were missing and not factually correct, and then
matched the data. The final matching was successful for 1517 incubators from 2015–2016,
2399 from 2016–2017, 3372 from 2017–2018, and 3778 from 2018–2019, for a total of 11,066
incubator data.
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The number of incubators receiving government subsidies in the sample of 11,066
incubators was 7162, accounting for 64.7%. From the descriptive statistics of the variables
in Table 2, some preliminary conclusions can be analysed: (1) The mean value of subsidy
intensity, i.e., the amount of government subsidies as a proportion of the total revenue of
the incubators, was 16.7% in the full sample. (2) In the sample with Sub > 0, the intensity
of subsidies was divided into four intervals, namely, (0,0.026], (0.026,0.236], (0.236,0.507],
and(0.507,1], to examine the “self-selection effect” of government subsidies [37,50] and to
obtain preliminary evidence of differences in the impact of different subsidy intensities on
incubation services. The mean results of the covariates in each interval show that state-
owned incubators, incubators with government investment, and incubators with lower
revenues in the previous year are more likely to receive government subsidies, suggesting
that there is significant sample selectivity in the implementation of government subsidies.
Furthermore, from the mean value of the result variable in each interval, we can observe
that with the increase of subsidy, the change trend of basic services, value-added services,
and investment provided by the incubator is an inverted U-shape.

Table 2. Descriptive statistics of variables.

Variable Full Samples Mean of Sub > 0 Samples

Mean Std. Dev Min Max (0,0.026] (0.026,0.236] (0.236,0.507] (0.507,1]

Sub 0.167 0.253 0 1 0.002 0.112 0.371 0.793
Base 0.500 0.374 0 1 0.522 0.546 0.430 0.389
Train 5.993 1.561 0 10 5.632 6.437 6.320 5.985

Mentor 3.071 1.240 0 7.124 2.754 3.479 3.346 3.038
Resource 2.600 1.047 0 6.458 2.344 2.917 2.841 2.575
Internet 3.167 3.167 0 12.015 2.466 4.147 3.551 3.210
Finance 3.868 4.374 0 13.908 2.857 5.381 4.525 3.498
Invest 0.602 0.875 0 5.283 0.440 0.843 0.733 0.514
Level 0.247 0.431 0 1 0.156 0.377 0.314 0.214

National 0.187 0.390 0 1 0.156 0.231 0.194 0.206
Gov_invest 0.356 0.479 0 1 0.273 0.341 0.500 0.577

Revenue 7.509 2.420 0 14.068 7.593 8.445 7.214 4.969
Age 1.775 0.723 0 4.248 1.720 1.918 1.791 1.628

4.2. Baseline Regressions

The paper begins with a benchmark regression analysis using an unbalanced short
panel dataset from 2015–2019. We conducted a Hausman test on whether to use a fixed
effects model or a random effects model, and the results showed the presence of unobserved
effects associated with the explanatory variables (p < 0.001), suggesting that using a random
effects model would produce inconsistent estimates. Given that omitted effects change
with individuals and over time, we ultimately chose a two-way fixed effects model for the
baseline regression [36].

We added a quadratic term, sub squared, to test for curve effects, and we included
province dummy variables to control for regional effects, considering the different economic
development bases of each province. The results of the baseline regression are shown in
Table 3. As shown, we obtained that the coefficients of Sub squared are all significantly
negative at the 1% level, and the coefficients of Sub are all significant at the 5% level. The
results support Hypothesis 1: the relationship between subsidy intensity and incubation
services shows an inverted U-shaped relationship as the intensity of subsidies increases
from low to high. It is interesting to note that the coefficient of the variable age is positive
in the first column and negative in the other columns, which is in line with the rule of
intergenerational development of incubators. Traditionally, older incubators have focused
more on space-based services, while with the changing needs of the entrepreneurial market,
newer and younger incubators are more inclined to establish a service system with emphasis
on value-added services and investment services.
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Table 3. Baseline regression results.

Variable Space Train Mentor Resource Internet Finance Invest

Sub
−0.664 ** 1.947 *** 1.792 *** 1.674 *** 3.311 *** 4.015 *** 0.910 ***

(0.404) (0.199) (0.153) (0.137) (0.448) (0.518) (0.122)

Sub squared −1.695 *** −1.624 *** −1.682 *** −1.557 *** −2.980 *** −3.311 *** −0.904 ***
(0.459) (0.240) (0.182) (0.166) (0.522) (0.606) (0.143)

Level
0.717 *** 1.186 *** 1.275 *** 0.672 *** 2.298 *** 4.134 *** 0.597 ***
(0.092) (0.045) (0.037) (0.032) (0.105) (0.122) (0.028)

National
0.254 *** −0.011 −0.014 −0.004 −0.022 0.395 *** −0.161 ***
(0.083) (0.041) (0.033) (0.029) (0.094) (0.105) (0.025)

Gov_invest
−0.380 *** 0.046 −0.130 *** −0.077 *** 0.203 *** −0.061 0.116 ***

(0.081) (0.040) (0.031) (0.028) (0.087) (0.010) (0.025)

Revenue
0.456 *** 0.087 *** 0.055 *** 0.052 *** 0.199 *** 0.202 *** 0.040 ***
(0.018) (0.009) (0.007) (0.006) (0.018) (0.022) (0.005)

Age 0.177 *** −0.139 *** −0.158 *** −0.168 *** −0.002 −0.119 *** −0.053 ***
(0.055) (0.030) (0.022) (0.020) (0.062) (0.070) (0.016)

Number of incubators 11066 11066 11066 11066 11066 11066 11066
R−squared (within) 0.302 0.200 0.266 0.185 0.188 0.309 0.199

Province dummy
variables Yes Yes Yes Yes Yes Yes Yes

Individual fixed effects Yes Yes Yes Yes Yes Yes Yes
Time fixed effects Yes Yes Yes Yes Yes Yes Yes

Note: (i) *** and ** denote 1% and 5% levels of significance, respectively. (ii) Robust standard errors are in brackets.

4.3. Selective Bias Problem–GPSM

In the previous baseline regressions, we obtained preliminary evidence of an inverted
U-shaped relationship between subsidy intensity and incubation services. However, since
government subsidies to incubators are not a random event, the endogenous problem
of the ‘self-selection effect’ makes the baseline regression results above subject to some
error. Therefore, we use the Generalized Propensity Score Matching (GPSM) method, a
cutting-edge method in the field of causal inference, to effectively overcome the selectivity
bias and scientifically evaluate the impact of government subsidy levels on incubation
services. In addition, the GPSM approach can also obtain the optimal government subsidy
intensity from the results compared to the traditional PSM method.

4.3.1. Fractional Logit Regression of Subsidy Intensity

We examined the kernel density distribution for the total sample and the subsample
of sub > 0, as shown in Figure 3; it is intuitive to see that the government subsidy intensity
shows a clear skewed distribution and is mainly concentrated on the left-hand side, which
does not conform to a normal distribution, so this paper uses the fractional logit estimation
(6) equation mentioned earlier. We first conducted the analysis using the total sample of
11,066 data from 2015–2019, after controlling for time and region effects, and explored the
results for each sub-year to ensure robustness. The regression results are shown in Table 4.

We can observe that the positive or negative regression coefficients of each variable
in the different columns are the same, except for the coefficient of the national variable in
the regression results for 2016–2017, which does not pass the significance test. All other
regression coefficients are significant at the 5% level, which shows that the estimation
results of the fractional logit model are stable.

From the results, the coefficients of the variables level, national, and Gov_invest are
positive, indicating that national incubators, state-owned incubators, and incubators with a
background of government investment received more government subsidies than other
incubators, while the negative coefficients on the variables revenue and age suggest that
the lower the income of the incubator and the younger it is, the greater the intensity of
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government subsidies it received. This is consistent with some of the initial conclusions
drawn from the statistical description of the variables, which suggest that the decision
of government subsidies is somewhat “protective of the weak”. This is partly because
incubators have a significant impact on the transformation of technological achievements
and the development of SMEs in the region. The government, in pursuit of political goals,
supports incubators that are less well developed; on the other hand, incubators tend to
ex ante adverse selection when applying for subsidies, and false signals from incubators
may be used to deceive policymakers. Therefore, the existence of sample selection bias is
further confirmed.
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Table 4. Fractional logit regression results.

Variable 2015–2019 2015–2016 2016–2017 2017–2018 2018–2019

Level 0.528 *** 0.403 *** 0.411 *** 0.632 *** 0.585 ***
National 0.144 *** 0.258 *** 0.058 0.121 ** 0.146 **

Gov_invest 0.663 *** 0.583 *** 0.739 *** 0.657 *** 0.655 ***
Revenue −0.233 *** −0.171 *** −0.231 *** −0.258 *** −0.251 ***

Age −0.138 *** −0.210 *** −0.118 *** −0.139 *** −0.127 ***
AIC 0.732 0.713 0.723 0.742 0.679

Number of samples 11,066 1517 2399 3372 3778
Province dummy variables Yes Yes Yes Yes Yes

Time dummy variables Yes No No No No

Note: (i) *** and ** denote 1% and 5% levels of significance, respectively. (ii) Bilateral t tests were conducted to
determine whether all covariates met the assumption of equilibrium, and the results showed that all passed the
test at the 10% level of significance.

4.3.2. Results of the “Dose-Response” Function

Figures 4–6 show the “dose-response” function between government subsidy inten-
sity and basic, value-added, and investment services, respectively, with the dotted lines
representing the upper and lower 95% confidence lines for this function. The results show
that traditional basic service, as the intensity of the incubation subsidy increases, shows
an inverted U-shaped relationship that rises and then falls. Among the value-added and
investment services, there are obvious “N”-shaped relationships between the intensity of
government subsidies and the services, i.e., the level of services “rises, then falls, then
rises” as the intensity of subsidies increases from nonexistent to low to high. However, it
is worth noting that at policy intensities above 0.80, the upper and lower 95% confidence
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intervals of the ‘dose-response’ function are inflated, and the statistical significance of the
effect of subsidy intensity on service levels is not guaranteed. This is due to the small
sample of incubators at higher ‘subsidy’ intensities, accounting for only 5% of the total
sample, resulting in statistically insignificant results. Therefore, on a consolidated basis, the
relationship between the level of subsidy and the services provided by the incubator can
be seen as ‘inverted U’-shaped, verifying H1. This means that when the subsidy is small,
the marginal impact of the government subsidy on the incubation service is positive, there
is an incentive effect. However, when the subsidy intensity is large, the incentive effect
will disappear, and the marginal impact of the subsidy intensity on the incubation service
become negative.

Sustainability 2022, 14, x FOR PEER REVIEW 14 of 23 
 

4.3.2. Results of the “Dose-Response” Function 
Figures 4–6 show the “dose-response” function between government subsidy inten-

sity and basic, value-added, and investment services, respectively, with the dotted lines 
representing the upper and lower 95% confidence lines for this function. The results show 
that traditional basic service, as the intensity of the incubation subsidy increases, shows 
an inverted U-shaped relationship that rises and then falls. Among the value-added and 
investment services, there are obvious “N”-shaped relationships between the intensity of 
government subsidies and the services, i.e., the level of services “rises, then falls, then 
rises” as the intensity of subsidies increases from nonexistent to low to high. However, it 
is worth noting that at policy intensities above 0.80, the upper and lower 95% confidence 
intervals of the ‘dose-response’ function are inflated, and the statistical significance of the 
effect of subsidy intensity on service levels is not guaranteed. This is due to the small 
sample of incubators at higher ‘subsidy’ intensities, accounting for only 5% of the total 
sample, resulting in statistically insignificant results. Therefore, on a consolidated basis, 
the relationship between the level of subsidy and the services provided by the incubator 
can be seen as ‘inverted U’-shaped, verifying H1. This means that when the subsidy is 
small, the marginal impact of the government subsidy on the incubation service is posi-
tive, there is an incentive effect. However, when the subsidy intensity is large, the incen-
tive effect will disappear, and the marginal impact of the subsidy intensity on the incuba-
tion service become negative. 

 
Figure 4. The “dose-response” function for basic services. Figure 4. The “dose-response” function for basic services.

The inflection points for each service in the dose-response function are shown in
Table 5, which shows that the inflection point for basic spatial services is 0.18, for value-
added services lies between [0.26, 0.29], and for investment services is 0.28. In comparison,
the optimal subsidy intensity for basic services is much smaller than for value-added
and investment services, which validates Hypothesis 2. It can be noted that as subsidies
increase, there is a negative marginal impact on space services when the intensity exceeds a
certain limit, but at this point, government subsidies still provide incentives for incubators
to provide higher levels of value-added and investment services.

4.4. Robustness and Time Trend

To test whether the conclusions of this paper remain robust across the various sub-
samples or whether new findings emerge, this paper also distinguishes incubators into
state-owned and private incubators according to their properties, into comprehensive incu-
bators and professional incubators (professional incubators focus on serving start-ups in a
specific field) according to their types, and into eastern and non-eastern regions according
to the location of the incubators. We conduct GPSM tests on the subsamples divided by the
above three dimensions, and the above conclusions remain robust across all subsamples
tested. The detailed results are shown in Appendix A.
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Table 5. Inflection points for each service in the inverted U-shaped relationship.

Variables Space Train Mentor Resource Internet Finance Invest

Inflection points 0.18 0.29 0.28 0.28 0.28 0.26 0.28

To test the stability of the inverted U-shaped relationship between subsidy intensity
and incubation services over time, the paper estimates a “dose-response” function for each
year, the results of which are presented in Appendix B. The results show that the shape of
the “dose-response” function is similar for each year, which indicates that this particular
inverted U-shaped relationship is stable and that the results of Hypothesis 1 are robust.

However, the points of inflection vary from year to year. As shown in Table 6, the
range of subsidy intensity with a positive marginal impact on incubation services, whether
basic services, value-added services, or investment services, narrows over time, and H3
is verified. Such a finding seems to give us a signal that as the government continues to
pay attention, more socioeconomic resources are concentrated in the incubation industry,
which promotes the positive development of the incubators, enhances the overall market
competition, and increases the efficiency of the market in regulating the allocation of
resources, while excessive government support is not conducive to the development of the
industry. Therefore, in subsequent development, the government may need to consider
changing its role from that of a “supporter” to that of a “coordinator”, and adjust its
industrial support policies for incubators.

Table 6. Time trends in the impact of government subsidies on incubation services.

Service Type Variable 2016 2017 2018 2019

Basic services Space [0, 0.24] [0, 0.20] [0, 0.18] [0, 0.16]

Value-added
services

Train [0, 0.33] [0, 0.32] [0, 0.31] [0, 0.27]
mentor [0, 0.33] [0, 0.31] [0, 0.28] [0, 0.27]

resource [0, 0.33] [0, 0.30] [0, 0.28] [0, 0.27]
internet [0, 0.29] [0, 0.29] [0, 0.29] [0, 0.28]
finance [0, 0.29] [0, 0.28] [0, 0.27] [0, 0.26]

Investment
services invest [0, 0.36] [0, 0.30] [0, 0.27] [0, 0.25]
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5. Conclusions and Insights

In the new era, the vigorous development of science and technology is an impor-
tant initiative for countries to break through the bottleneck of economic development,
and incubators have received key attention from governments as a hotbed for nurturing
technology-based SMEs. The focus of this paper is to discuss the impact of government
industrial policy on the development of the incubation sector–government subsidies–on the
services provided by incubators to SMEs. We explore causality using a frontier approach
in the field of causal inference, Generalized Propensity Score Matching, which has the
advantage of addressing selectivity bias in the implementation of government subsidies,
weakening the endogeneity and reverse causal effects of the model, and enabling more
stable and reliable conclusions to be drawn.

5.1. Conclusions

Using the most authoritative microdata on incubators in China from 2015–2019, this
paper investigates the impact of subsidy intensity on incubation services using a Gener-
alized Propensity Score Matching method. It is concluded that government subsidies do
significantly stimulate the improvement of incubation services; however, this relationship
holds only within a certain range of government subsidy intensity. More specifically, there
is an inverted U-shaped relationship between subsidy intensity and incubation services,
with an optimal level of government subsidies. This means that as the intensity of subsidies
increases, the marginal effect of government subsidies on incubation services changes from
positive to negative. In terms of the type of service, the optimal level of subsidies for basic
services is much smaller than that for value-added services and investment services. In
the time dimension, the inflection point of the inverted U-shaped relationship for each
service–the optimal level of government subsidies–trended to the left as time went on, i.e.,
the moderate range where subsidies had a marginal positive effect on all services narrowed.
The shape of the “dose-response” function did not change for each year from 2015 to 2019,
and the results of group tests by property, type, and location of incubators all proved the
robustness of the paper’s findings.

5.2. Policy Insights

Industrial policy is rich in connotations, and in the real economy, government subsidies
are preferred because they have the advantage of “short treatment and quick results” and
can bring the government dazzling achievements in a short period of time. However, in
the process of subsidies, there is also rent-seeking behaviour, resulting in a reduction in the
efficiency of government subsidies, and excessive government subsidies can cause some
enterprises to get “cartilage disease”, grabbing government subsidies as a life-saving straw
to keep transfusing blood, thus constantly losing the ability to develop themselves. As
the incubator industry is still in its early stages of development in many countries and is
important for science and technology, it is necessary for the government to support the
industry. However, more government subsidies are not necessarily better. The findings of
this paper have the following policy implications.

(1) Capturing the right amount of subsidy policy intensity. This paper, after overcoming
selectivity bias, arrives at an inverted U-shaped relationship between the intensity
of government subsidies and incubation services. The government should not be
blind in its subsidies; it is not always the case that more generous input will result
in higher performance. The key is to grasp the intensity of the policy to achieve the
‘win–win’ goal of improving performance and optimizing incubation services. From
the findings of the full sample in this paper, it is generally appropriate for government
subsidies to account for less than 30% of incubator revenues.

(2) Improving the regulatory mechanism after government subsidies. From the results
of this paper, it appears that the range of subsidies that have a marginal positive
impact on the basic services of the space is much smaller than that of value-added
services and investment services. However, in reality, most incubators tend to pursue
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short-term benefits after receiving government subsidies and thus blindly expand the
scope of their space. The government should assess the amount of subsidies given
to incubators on a regular basis to avoid incubators being reduced to “second home
owners” in the market, resulting in a waste of government resources.

(3) Enriching incubator industry support policies. From a time-dimensional point of
view, the moderate range of marginal positive impacts of government subsidies on
incubation services is gradually shrinking, which may also be a signal to remind
the government of the need to adjust its industrial support policies for the incubator
industry. In addition to short, fast, and direct government subsidies, there are various
forms of industrial support. Compared to government subsidies–which have many
communication costs, running costs, supervision costs, and even the challenge of
corruption and other problems in the process, from planning, implementation, evalu-
ation to supervision–a universal tax incentive policy can reduce these unnecessary
losses. The government should flexibly combine different industrial policies based on
different policy features to achieve 1 + 1 > 2 policy effects. In the future, it would be
a better option for the government to set up incubation funds to support incubators
and start-ups.

5.3. Limitations

As this paper creatively explores the relationship between the strength of government
subsidies and different incubation services, it demonstrates the existence of the problem
of selective bias in the implementation of government subsidies, and robustness tests are
conducted on the non-linear relationship between government subsidies and incubation
services using fixed effects models and GPSM. However, it has not been feasible to explore
the cross-sectional determination of the boundary of the U-shaped relation. In other words,
under which circumstances the U-shaped relation would be strong or weak, or even become
monotonic? This will help the government to introduce more precise and differentiated
policies, and is a direction in which future research can be deepened.
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Appendix A

“Dose-response” functions for various subsamples (As before, we focus only on cases
where the subsidy intensity is less than 0.8. This is because when the subsidy intensity is
greater than 0.8, statistical significance is not met due to the small study sample.).
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Appendix B

Time trends in dose-response functions (As before, we focus only on cases where the
subsidy intensity is less than 0.8. This is because when the subsidy intensity is greater than
0.8, statistical significance is not met due to the small study sample.).
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