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ABSTRACT ARTICLE HISTORY

This study uses a network data envelopment analysis (DEA) Received 17 December 2021
approach to measure phased innovation efficiency to explore Accepted 26 August 2022
how fiscal technology innovation policy drives the development
of regional innovation. A game model is constructed that includes
governments, enterprises, universities, and research institutes to
explain the influence mechanism. The innovation process is
decomposed into the transformation stage of scientific research
results and their commercial application. A Tobit model is used to JEL CLASSIFICATIONS
explain the effect of fiscal policy on innovation efficiency. These H5; 038; F810
methods led to novel conclusions: (1) the growth rate of innov-

ation efficiency in the first stage is greater with smaller regional

differences, with larger regional differences in innovation effi-

ciency in the second stage; (2) the intensity of fiscal R&D funding

in science and technology has a significant positive effect on

overall innovation efficiency and phased innovation efficiency;

and (3) the positive effect of fiscal R&D funding is greater on the

commercial application of scientific achievements. The targeting

effect of fiscal innovation policy on industry-university research

(IUR) cooperation needs to be improved through resource shar-

ing, joint participation, sharing of achievements, and risk sharing.

KEYWORDS
Fiscal policy; innovation
efficiency; network DEA;
Tobit model

1. Introduction

Against a background of changing regional innovation systems, the globalization of
science and technology, and regional integration, it is inevitable that studies should
examine regional innovation efficiency in depth. To formulate a new strategy to
strengthening independent innovation and build an innovative country, all levels of
government have vigorously supported technological innovation in high-tech indus-
tries. China’s economy has transformed from extensive development to high-quality
development, and the momentum has shifted from factor-driven and investment-
driven growth to innovation-driven growth. Plenary sessions of the Central
Committee and the National Congress of the Communist Party of China have in
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recent years demonstrated the central government’s determination to support innov-
ation-driven growth. The promotion of technological innovation in a country stems
exclusively from financial support policies. Financial subsidies encourage enterprises
to make suitable innovation and R&D investments to gain a competitive edge in the
market (Becker, 2015).

According to the theory of innovative development, innovation is the main source
of sustainable economic growth (Zizlavsky, 2016). Innovation-driven growth also
ensures high-quality economic development. Total factor productivity provides a the-
oretical basis for quantitative research in innovation theory; however, there is no con-
sensus on the impact of fiscal policy on innovation performance. This paper
addresses the following issues: What is the theoretic basis for the role of fiscal policy
in regional innovation activities? What role can government play in regional innov-
ation? How should fiscal policy be used to improve the effectiveness of innovation
activities? We construct a three-stage game model to describe regional innovation,
and analyse the role of fiscal policy in promoting regional innovation efficiency by
measuring two-stage innovation efficiency.

In this study, we examine fiscal policy’s effect on regional innovation capacity
from the perspective of staged innovation. The remainder of this paper is organized
as follows. The following section reviews the literature, the third section presents an
analysis of the underlying theoretical mechanism, the fourth section presents our
empirical results, and the final section concludes the paper.

2. Literature review
2.1. Research on regional innovation efficiency

Measuring and analyzing innovation efficiency in China’s regions provide insights
into the input and output processes of high-tech industries in the high-quality devel-
opment stage, and the overall direction of the regional innovation system’s develop-
ment. Zhou and Li (2011) considered the knowledge production function of
knowledge stock and R&D expenditure, and used a data envelopment analysis (DEA)
model to measure regional innovation efficiency and evaluate innovation ability. Bai
et al. (2010) used DEA to measure innovation efficiency in the process of R&D
innovation in different regions of China. Some scholars used the DEA model to study
innovation in high-tech industries and attributed low efficiency in enterprises to the
lack of research and development funds and investment in scientific research person-
nel (Chen et al., 2006). Yu (2009) used the DEA model based on slack variables to
conduct a two-stage evaluation of the innovation efficiency of high-tech industries in
19 provinces in China from 1995 to 2009. Han et al. (2018) used two-stage DEA to
analyse the efficiency of high-tech enterprises in the two stages of R&D and technol-
ogy transformation, and found that most of the enterprises in most regions attached
more importance to intermediate results and ignored the problem of commercial out-
put, and put forward targeted countermeasures for technological innovation. Yang
et al. (2017) used the shared investment two-stage DEA model to analyse R&D
innovation efficiency in China’s high-tech industries and found that R&D innovation
efficiency has an inverted ‘U’ shape.
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To summarize, when using DEA to analyse innovation efficiency in industries and
regions, earlier studies have focused on technological innovation efficiency on an
industry and enterprise level. Most of the research is based on a static analysis of the
model’s indicators and influencing factors, and relatively few studies have focused on
regional innovation efficiency. Many studies also focused on changes in innovation
efficiency in a specific period and regarded the two stages before and after R&D
innovation as independent sub-stages.

This paper divides the two stages of R&D and innovation into two inter-related
sub-stages: the realization of scientific and technological achievements and the com-
mercialization of scientific and technological achievements. Taking 30 provinces and
cities in China as the research objects, the network DEA method is used to measure
the stage of innovation efficiency. The Malmquist productivity index(M index) is
used to measure the rate of change in innovation efficiency and provides a basis for
the formulation of government-related development policies.

2.2. Research on the effects of fiscal policy on regional innovation efficiency

Generally, countries utilize financial subsidy policies to promote technological innov-
ation to boost regional innovation through R&D (Ivus et al., 2021). The fiscal policies
adopted by governments to promote regional innovation focus on three aspects: tax
incentives, direct investments in R&D projects, and financial subsidies and transfer
payments (Miao et al., 2019). Among these, investment in R&D and tax subsidies are
associated with policy sustainability (Liu & Bai, 2021), and provide better incentives
for innovation than just tax subsidies (Neicu et al, 2016). Huang and Wu (2019)
showed that a tax-based R&D incentive policy has a crowding-in effect on corporate
innovation, and that this is more significant in the eastern region than in the western
region. Li (2018) found that tax incentives increase R&D efficiency by eight to 10
percentage points. Tax reduction policies also play a significant role in promoting
technological innovation (Zhang, 2021). Czarnitzki et al. (2011) used the propensity
score matching (PSM) model to show that R&D tax relief can encourage the innov-
ation output of subsidized enterprises. However, there is no consensus on the role of
direct investment or government subsidies on technological innovation. Some schol-
ars have found that the government’s innovation subsidies for strategic emerging
industries have a significant spill-over effect on regional innovation (Lu et al., 2014);
while other scholars have shown that the government’s loan discount policy has a
crowding-out effect on corporate investment in technological innovation (Howell,
2017; Ye & Liu, 2020; Zhang & Zhen, 2018). Some scholars have shown that the posi-
tive and negative effects of government subsidies on enterprise innovation can coexist
in an inversed ‘U’-shaped relationship (Zhang & Sun, 2018).

To understand whether a government’s fiscal policy can effectively drive the devel-
opment of regional innovation or not, it is necessary to examine the periodic law of
regional innovation and development (Lopez & Pineiro, 2020). In different stages of
regional innovation, fiscal policy produces different types of innovation. According to
Ye and Liu (2018), when the government supports scientific research and techno-
logical R&D, its effect and mechanism differ significantly. There are differences in the
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impact mechanism of the different types of innovation activities on economic growth,
and there are differences in the method and intensity of government support for the
different types of innovation activities (Tang & Xiao, 2012). Although the literature
has discussed the necessity of fiscal support for scientific and technological innovation
(Hong, 2013; Stiglitz, 2015), it has not examined the different stages of innovation or
analysed the government’s support at different stages of innovation. The sustainability
and inter-provincial differences in fiscal policies on innovation efficiency have also
not been considered.

This paper makes the following contributions. First, we use game theory to exam-
ine the relationship between enterprises, universities, scientific research institutes, and
governments in the process of regional innovation to provide a better theoretical ref-
erence model for understanding the process of regional innovation. Second, this
paper analyses the total innovation efficiency and the staged innovation efficiency of
each region, and refines the research on innovation. Third, the study analyses the
role of fiscal policy in improving total innovation efficiency and two-stage innovation
efficiency, and explores the differences in their respective roles. The study not only
inserts fiscal policy into the regional innovation efficiency system, but also provides a
theoretical basis for building an innovation-driven policy system for
regional innovation.

3. Theoretical analysis
3.1. Game model for fiscal policy driving innovation

Innovation activity is a systematic endeavour that involves many stakeholders and
requires coordination from multiple links (Kleinschmidt & Cooper, 1991). Innovation
ability has two aspects: an innovative agent and an innovative environment.
Enterprises, universities, research institutes, and governments act as the direct innova-
tive agents. The fiscal policies are the main components of the innovative environ-
ment, which can be improved by a series of financial support measures and
preferential tax policies.

In this study, we focus on industry-university research (IUR) interactions that
include cooperative economic activities such as scientific research and development,
production, marketing, and consulting services carried out by various combinations
of innovative agents and methods (Fang, 2021). The economic market mechanism
can develop their complementary advantages. The support of the United States gov-
ernment allowed Silicon Valley to attract high-tech enterprises from different sectors
and on scale, establish a number of famous universities and scientific research institu-
tions, and form a large-scale, multi-level platform to exchange information, know-
ledge, and technology for IUR cooperation and innovation, which subsequently gave
birth to numerous technological innovation achievements (Wang & Chen, 2020). The
success of Silicon Valley is an illustrative example of how government, industries,
universities, and research institutes can work together.

R&D innovation is also a systematic and dynamic process. Donaldson (1977)
pointed out that R&D innovation transforms R&D investment to scientific and
technological achievements to reap substantial economic benefits. A typical
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technological R&D innovation process can be divided into an upstream knowledge
innovation stage and a downstream scientific and technological achievements com-
mercialization stage (Guan & He, 2009). An et al. (2017) used the Stackerberg game
method to study an interactive system and measure the efficiency of parallel inter-
active systems by finding the optimal solution in the interval. Zha and Liang (2010)
used the Stackerberg framework to discuss optimal changes in efficiency at various
stages in a non-cooperative form.

This paper divides R&D innovation into two interrelated sub-stages: the first stage
is the realization of R&D efforts, and the second stage is the commercialization of
R&D achievements. The research institutions is to realize the first stage of scientific
and technological achievements, while the enterprises is to realize the second stage,
namely the transformation of scientific and technological achievements into new
products and services. The government plays a catalytic role in these innovation
activities Therefore, we construct a three-stage dynamic game model with three sub-
jects participating and analyse the driving mechanism of fiscal policies for different
innovation agents at various stages of innovation.

3.2. The model

3.2.1. The model’s assumptions

1. We assumed that there are two innovative modes for IUR cooperation: the tech-
nology transaction mode and the contractual cooperation mode. The technology
transaction model refers to that the companies entrust scientific research institu-
tions to carry out technological developments. The scientific research institution
transfers the ownership of the patented technology to the enterprise for a fee.
Contractual cooperation mode refers to a cooperative innovation mode in which
IUR institutions jointly provide the funds, R&D equipment, and R&D personnel
in the form of agreements or contracts. All the partners share the risks and
the benefits.

2. There are three parties involved in the game model are: the enterprise, the aca-
demic research institute, and the government. The enterprise, which is abbrevi-
ated as ‘F,’ is the most critical innovation subject. The academic research institute
(universities and other scientific research institutions), which is abbreviated as
‘U, is the preferred cooperative innovation mode. The government is the third
participant in the game. Its main role is to promote the transformation of scien-
tific and technological achievements.

3. Suppose the reverse demand function of an enterprise is p = a — bq, where, a >
0 is a constant, b is the reciprocal of the market demand sensitivity to price, p is
the price of the enterprise products, and q is the output of the enter-
prise products.

The game process can be divided into three stages. In the first stage, the govern-
ment subsidizes the innovation behaviour of enterprises while considering the maxi-
mization of social welfare. To encourage enterprises to increase their R&D
investment, the government adopts a method of providing financial subsidies or tax
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incentives based on a certain percentage, A (0 <A <1) of R&D costs. The social
welfare function is equal to the consumer surplus plus the profits of the enterprises
and the institutions minus the total amount of government financial subsidies or tax
incentives. The consumer surplus can be expressed as:

q
J pdq = aq—0.5bq>.
0

to obtain the following equation:
W = aq — 0.5bq* + nz + my — 0.5rx

The second stage is the R&D stage. Assuming that the R&D activity is cost-saving,
then the total R&D investment scale of the enterprise and the research institute is
x(x > 0), where the investment proportion of the enterprise is k(0 < k < 1), and the
research institute’s investment proportion is (1 — k). Next, we assume the knowledge
spillover or sharing coefficient between enterprises and research institutes in the pro-
cess of cooperative innovation is 6(0 < 6 < 1). The stronger the desire for knowledge
sharing, the more successful the marketability of the scientific and technological
achievements. Suppose that under the technology trading model, the value of the sci-
entific and technological achievements is V, and under the contractual cooperation
mode, the enterprises and the research institutes share the final product profits after
marketing according to the proportion of investment. After deducting the govern-
ment’s R&D subsidy, the R&D cost of the enterprise is

1
—r(1 — N)kx?,
> r( )kx
and the R&D cost of the research institute is
1 2
Er(l -1 =k)x

where r(r > 0) is the coefficient for innovation difficulty.

The third stage is the production stage. The initial cost of R&D activities at the
current technology level can be presented as A(0 < A < a). As the enterprise plans
to carry out a technological innovation, the final R&D cost is ¢, which is jointly cre-
ated by the enterprise and the academic research institute and can be presented as

c=A—kx—0(1-Kk)x.

Based on the above assumptions, the respective profit functions of the enterprise
and the academic research institute can be obtained as follows:

g = [a—bq—A—i—kx—I—e(l—k)x]qk—%r(l—%)kx2 (1)
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Ty = [a —bg—A+kx+6(1 — k)x]q(l — k) —%r(l — N1 —k)x? 2)

3.2.2. Solution

By using the backward induction method, the output of an enterprise is calculated
when the correlation coefficient in Eq. (1) is known. Finding the first derivative of
the company’s output and equating it to zero, we get the equation:

a—A 4+ Fx
=17 3
q b (3)
For the convenience of representation, the parameter F can be written as:
F=k+6(1—k).
Combined with Eq. (1), enterprise profit can be presented as:
—A+F —A+F 1
M= a— AT AR AT L (ke
2 2b 2
(a—A 4+ Fx)* 1 5
=" ——r(1-Mkx 4
LR Y @

The value of x is obtained by equating its derivative to zero, and the optimal scale
of R&D investment is given by:

F(a—A)

T 2br(1 - Mk — B2 )

When the government offers financial subsidies or tax preferences to enterprises to
encourage innovation and maximize social welfare, the first-order condition of the
social welfare function can be presented as %—V{ = 0 and the optimal subsidy rate as

FPa+2(a—A)br

M=ls brk(3a — A)

(6)

Therefore, the equilibrium solutions for enterprises receiving government subsidies
or tax incentives can be obtained as follows:
F(3a—A)

P @)

_ 2(a—A)br + aF?
~ b(4br — F2)

*

(8)
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1
= q*zbk — Er(l — M )kx*? 9)

W* = aq* + 0.5bq"* — 0.5rx** (10)

3.2.3. Analysis of the equilibrium solution
Under the previous assumptions, the following inferences can be made:

Corollary 1: Implementing the fiscal subsidies for innovation or the preferential poli-
cies will help enterprises to expand the scale of R&D investment. With the increase
in subsidies, the output of enterprises and social welfare increase significantly.

Proof: From Eq. (5), we get the partial derivative:

Ox _ 2brkF(a—A)
oL [2br(1 — M)k —F2)?

According to the hypothesis, the scale of R&D investment is non-negative and a >
A > 0. Therefore, we can infer from Eq. (5) that 2br(1 — A)k > F2. Meanwhile, due
to fiscal subsidies for innovation or preferential tax rates, when 0 < A" < 1, it can be
inferred that:

F*a+2(a— A)br < brk(3a — A)
Similarly,

dq  rkF*(a—A)
oA [2br(1 — L)k — F?

;>0

ow kP (a—A) [br(1 — M)k(3a — A) — (F2a+ 2(a — A)br)]

- — >0
or 2br(1 — M)k — F2)°

Thus, from the above formulae, it is clear that the financial subsidies for innov-
ation exert a positive impact on corporate R&D innovation input, output, and
social welfare.

Corollary 2: Increasing the degree of knowledge sharing encourages companies to
increase product/service output and expand their scale R&D investment. The impact
of knowledge sharing on social welfare is affected by the proportion of profit distribu-
tion. At the same time, the policy subsidy rate is inversely proportional to the degree
of knowledge sharing.
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Proof: According to the aforesaid assumptions, we get following derivations:

0q" _ 4Fr(3a—A)(1-k)

= >0
o0 (4br—F2)?

Ox*  (F*+ 4br)(3a—A)(1—k)
= = - >0
oo (4br—F?2)

dW*  Fr(3a—A)’[4br(1 — 2k) — F?]
00 (4br—F?)°

With the promotion of the cooperative relationship, the spillover and sharing effect
of knowledge becomes more significant and encourages enterprises to increase R&D
investment and product output. At the same time, when % < 0, enterprises and
research institutes cooperate closely with lower R&D costs, and the government can
maximize social welfare without increasing subsidies. When k > 0.5 and 4br > F?,
social welfare will decrease with an increase in the knowledge spillovers or sharing.
When government subsidies are reduced and R&D costs increase, social welfare activ-
ities will decrease.

Corollary 3: The impact of the proportion of enterprises’ investment in IUR cooper-
ation innovation on the government’s innovation subsidy rate will depend on the
level of knowledge sharing between enterprises and academic research institutes.

Proof: By a partial differentiation of Eq. (6) we get

e abrF<3a—A)[k —0(1+ k)]
ok b2k (3a—A)?

In the above formula, whenﬁkk <0 <1, we know aa—f <0; when 0 <0< l%k, we
know % > 0. This indicates that when the degree of knowledge sharing between
enterprises and research institutes is relatively high, a company’s investment in
cooperative innovation is proportional to its dominance and inversely proportional to
the government’s subsidy for innovation. Enterprises can therefore share the scientific
and technological achievements of research institutes without relying on fiscal invest-
ment. When the degree of knowledge sharing between the enterprise and the aca-
demic research institute is low, the enterprise cannot fully absorb the scientific and
technological achievements of the academic research institute for commercial applica-
tion. As a result, fiscal policy for innovation plays a role in regulating enterprises and
academic institutess R&D investment, ensuring that enterprises can successfully
achieve the transformation of scientific and technological achievements.

Corollary 4: The proportion of enterprises’ R&D capital investment in cooperative
innovation depends on the balance between the profits obtained from the technology
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transaction mode and the technology contract mode, as well as the degree of know-
ledge sharing between the enterprises and the academic research institutes.

Proof: Since

Ox*  (F* 4 4br)(3a—A)(1-6)

—_— = > 0,
Ok (4171’—F2)2

enterprises will continue to increase their share of R&D funds in cooperative innov-

ation to receive more incentives to expand R&D investment. However, there is a
principal-agent relationship between the enterprise and the academic research insti-
tute. To ensure the participation of the academic research institute in this endeavour,
the profits distributed to the academic research institute should be greater than the
value V. The constraint for the participation of the academic research institute is
iy > V. The formula can be written as follows:

2bV (4br—F?)
(a — A)[aF? +2(a — A)br] .

1-k>

In other words, the minimum proportion of the enterprises’ input in R&D is
related to the degree of knowledge sharing between the enterprises and the
research institutes.

4, Methodology
4.1. Innovation stage

Regional innovation activity is a typical multi-input and -output activity (Buesa et al.,
2010). The input of innovation can be measured from two perspectives: the input of
scientific and technological personnel and the input of scientific and technological
funds (Carayannis et al., 2016). This paper uses full-time R&D personnel and internal
expenditure on R&D to express the input index of the three major innovation sub-
jects, namely, enterprises, universities, and scientific research institutions. Regional
innovation output mainly refers to the transformation of knowledge into new prod-
ucts, new processes, or new services. The number of patent applications reflects the
value of knowledge creation and innovation. In the first innovation-driven stage, aca-
demic institutions are mainly engaged in basic research and are responsible for the
formulation of patents and publishing scientific papers.

In the second innovation-driven stage, enterprises are the main innovation subjects
and convert knowledge innovation into technological innovation to produce new
products, processes or services to create economic value. At the same time, the turn-
over of technology reflects the degree of activity in technology exchanges and is an
indicator of the collaborative innovation achievements of IUR. Under the premise of
limited innovation resources, the innovation efficiency analysis reflects the collabora-
tive relationships of multiple innovation subjects in different innovation links.
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Figure 1. A flow chart of the two-stage innovation efficiency process.
Source: The authors.

Innovation efficiency can be understood as the inversion rate of regional innovation
input-output. Since innovation is divided into different links, this paper mainly the
transformation efficiency of scientific and technological achievements in the first stage
and the innovation ability of enterprises to use their R&D resources in the second
stage. .The two-stage innovation efficiency process advocated by Liu et al. (2012) and
Zhang and Wu (2017) is depicted in Figure 1.

4.2. Network DEA

4.2.1. Measurement of the two-stage innovation efficiency

A DEA evaluates the relative effectiveness of input and output (Charnes et al., 1978).
In this study, the innovation efficiency and growth rate of IUR institutions in 30
inland provinces and cities (the Tibet Autonomous Region was excluded due to a
lack of data) are measured. They are furtherly decomposed into technology efficiency
change and technology progress change.

Each province and city is regarded as a decision-making unit (DMU). Suppose
there are N kinds of inputs in the first stage of innovation Xy = (x1,%, ...xy) € RY
to obtain M kinds of intermediate outputs Yy = (y1,%2, ...,¥um) € Rﬂ‘f. The inter-
mediate output of the first stage is the input variable of the second stage and there
are L kinds of intermediate inputs in  the  second  stage,
where X = (x1,%,, ...,x,) €RL , to give O final output represented as Y, =
(V12> --->)0) €RS. The two stages of innovation correspond to two nodes.
Intermediate output Yy, and intermediate input Xjare the input variables of the
second node Z = (Yy,Xy). That is Xy, Z, Y,are the input variables, intermediate
variables and output variables of the decision-making unit, respectively, and a,b, ¢ are
the weight vectors in the corresponding production process. In the first stage, the effi-

ciency evaluation expression of the DMU is Z:?’j , while the constraint condition is
Z;}?‘; < 1. In the second stage, the efficiency evaluation expression of DMU is

S )
aTXL+hTYM
be presented as follows:

. et . Ty, .
and the constraint condition is zrz—7ry— < 1. The two fractional plans can



778 (&) C.LIAND Y. QI

T
ma bTYO s.t bT)ZO =1 (11)
X L
aTXO a' %o
a>0,b>0
T
Y
CTYO TC—OT S 1
s.t.4 bIX +blYy (12)

oI +b'Y
L M c>0,b>0

From Egs. (11) and (12), the transformation efficiency of scientific and techno-
logical achievements in the first stage of innovation and the application efficiency of
scientific and technological achievements in the second stage of innovation are
obtained, respectively.

While simultaneously considering the efficiency of the first and second stage, the
above two fractions jointly construct the multi-objective fractional programming as
follows:

b'Y,
TX Sl
a
bTY, Ty, ’
max | ——, 7 T s.t. cly, (13)
a XO b XL—l-b YM TTo  1Tv S
b Xy +b Yy
c>0,b>0,a>0

Suppose the two stages of innovation are equally important, a two-stage network
DEA model can be obtained to calculate overall innovation efficiency.

by,
=1
a Ao
by Ty
max horl 4 (1 = ) % st Ty, (14)
aX() bXL+b YM ﬁgl
b'Xy +b Yy
c>0,b>0,a>00<i<1

4.2.2. Calculation and decomposition of innovation efficiency
Based on Chung et al. (1997), this paper uses the M index to measure the change in
the rate of innovation efficiency by using the following formula:

st

D i(xta)’t)

M(t) = —t
Di(xtJrl’ytJrl)

(15)

The M index measures the rate of change rate in innovation efficiency from t to
t+1 periods under the technical condition of ¢ period. Among them,
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s

D (x!T1 y L Bt L ptl) s the mixed distance function representing the produc-
tion status of phase ¢t + 1 with reference to technology in phase t. Similarly, under
the technical condition of phase t + 1, the M index is expressed as follows:

—_—
D; " (x',y")

Df“ (xt+1,yr+1)

t+1 __
M," =

To reduce the differences in measurement results caused by random period selec-
tion, the geometric mean values of (15) and (16) are usually used to measure the rate
of change in total factor energy efficiency from period ¢ to period t + 1 :

1

e DGy DLy | [ Dy
M= (M x M = { T x {2l
Dl? (xt’yt) Dﬁ (xt+1’yt+1> DfH(xt“,ytH)

= MTC/*!' x MEC/™!
(17)

From Eq. (17), we conclude that the rate of change in innovation efficiency calcu-
lated by the M index can be divided into two parts: the technological progress rate
MTC!*! and the change in technological efficiency MEC!™'. Among these, the tech-
nology progress rate MTC:'! index measures the movement of the production possi-
bility boundary between stage t and stage t + 1. When MTC!™ > 1, the production
frontier moves outward, that is, phase t+ 1 has a higher innovation output than
phase t. Whereas, the rate of technological efficiency change MEC!™ index measures
the actual change of innovation efficiency in each province from period ¢ to period
t + 1, the change in the degree of catching up to the best possible output is indicated
by the production possibility boundary. When MEC!™! > 1 then innovation efficiency
is improved. The input distance function D! (x',y') in the M index can be solved by
the following linear programming, while other distance functions can be solved by
similar linear programming.

—
Dt (Xt,yt) = max [

K
tt t .
s.t. Zkkxkn <Px,n=1,...,N;
k=1

K

t .
k: :)\'kY{(m ZY;*m, m = ]., ...,1\/[7
=1

M >0, k=1,...,K
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Table 1. Measurement results of innovation efficiency.

Overall innovation Innovation efficiency Innovation efficiency
efficiency in the first stage in the second stage
Provinces M MTC MEC M MTC MEC M MTC MEC
Beijing 1.155 1.113 1.044 1.292 1.181 1.123 1.077 1.077 1.000
Tianjin 1.016 0.929 1.143 1.072 1.060 1.086 0.979 0.859 1.223
Hebei 1.055 0.885 1.328 1.072 1.012 1.248 1.040 0.817 1.424
Shanxi 1.077 0.885 1.306 1.092 0.988 1.198 1.085 0.840 1.416
Inner Mongolia 1.151 0.937 1.281 1.153 1.032 1.147 1.149 0.898 1.453
Liaoning 1.037 0.920 1.182 1.084 1.022 1.107 1.016 0.869 1.289
Jilin 1.043 0.825 1.272 1.331 0.825 1.648 1.001 0.841 1.197
Heilongjiang 1.041 0.936 1.159 1.059 0.963 1.190 1.035 0.935 1.163
Shanghai 1.013 0.937 1.124 1.016 0.959 1.071 1.027 0.927 1.182
Jiangsu 1.114 0.946 1.280 1.096 1.004 1.134 1.118 0.889 1.620
Zhejiang 1.046 0.906 1.287 1.042 0.935 1.177 1.063 0.867 1.550
Anhui 1.080 0.886 1.331 1.128 0.978 1.342 1.058 0.840 1.401
Fujian 0.973 0.894 1.244 0.897 0.898 1.061 1.034 0.895 1.630
Jiangxi 1.212 0.900 1.476 1.305 1.025 1.409 1.160 0.833 1.578
Shandong 1.032 0.908 1.244 1.009 0.946 1.104 1.051 0.888 1.609
Henan 1.083 0.894 1.328 1121 1.002 1.252 1.059 0.823 1.437
Hubei 1.119 0911 1.301 1.163 0.977 1.278 1.090 0.866 1.335
Hunan 0.889 0.843 1.020 0.943 0.882 1.028 0.856 0.823 1.025
Guangdong 1.078 0.951 1.191 1.118 1.042 1.084 1.027 0.863 1.715
Guangxi 1.105 0.877 1434 1.279 0.997 1.683 1.021 0.817 1.365
Hainan 1.344 0.891 1.635 1.380 1.005 1.696 1.352 0.884 1.721
Chongging 1.042 0.887 1.257 1.130 0.933 1.261 0.998 0.855 1311
Sichuan 0.965 0.877 1.163 1.087 1.001 1.265 0.925 0.874 1.154
Guizhou 1.142 0.869 1.502 1.363 1.048 1.552 1.033 0.797 1.498
Yunnan 0.995 0.875 1.200 1.116 0.940 1.394 0.946 0.878 1.138
Shanxi 1.135 0.967 1.210 1.285 1.025 1.281 1.044 0.938 1.158
Gansu 1.003 0.942 1.122 1.076 1.001 1.141 0.969 0.924 1.116
Qinghai 1.192 1.038 1.154 1.137 1.034 1.135 1.355 1.096 1.386
Ningxia 1.060 0.891 1.337 0.997 0.991 1.197 1.126 0.850 1.478
Xinjiang 1.154 0.871 1.495 1.160 0.934 1.438 1.144 0.851 1.546
Average 1.078 0.913 1.268 1.134 0.988 1.258 1.061 0.880 1.371
Ave. of the Eastern 1.088 0.935 1.246 1.098 1.006 1.172 1.071 0.894 1.451
Ave. of the Central 1.128 0.885 1.274 1.143 0.955 1.293 1.043 0.850 1.319
Ave. of the western 1.146 0.912 1.287 1.162 0.994 1.318 1.065 0.889 1.328
Standard deviation 0.087 0.055 0.139 0.040 0.065 0.050 0.094 0.086 0.173

Coefficient of variation 0.081 0.061 0.109 0.039 0.062 0.049 0.085 0.087 0.143

Note: As described in section 4.2.2, M measures the change rate of innovation efficiency. MTC measures the techno-
logical progress rate. MEC measures the change in technological efficiency.
Source: The authors.

5. Empirical analysis
5.1. The measurement results of innovation efficiency

According to the above analysis, the input variables selected in this paper are the full-
time equivalent of R&D personnel and internal expenditure of R&D funds of the uni-
versity research party, the intermediate output variables of the second stage are the
number of scientific papers published and patents filed by academia, the intermediate
input variables of the second stage are the full-time equivalent of R&D personnel and
internal expenditure of R&D funds of industrial enterprises above scale, and the final
output variables are the sales revenues of new products/services and turnover in the
technology market. In this paper, the network DEA model and the M index based on
constant investment orientation and return on scale are used to measure and decom-
pose the rate of change in overall and staged innovation efficiency. The average
growth rate of innovation efficiency 2009-2017 is shown in Table 1.
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From Table 1, it is evident that overall innovation efficiency shows a growing
trend. The first stage has the highest growth rate for innovation efficiency and the
smallest regional difference. The regional difference in innovation efficiency growth
in the second stage is the largest, and the slow growth in overall innovation efficiency
is due to technological regression in the innovation process.

The growth rate in overall innovation efficiency and the first stage innovation effi-
ciency in the eastern region is the smallest, but in the western region it is the highest.
The second stage innovation efficiency in the eastern region is the fastest, which
shows that although the innovation ability in the eastern region is the greatest,
resources are still wasted in the process of realizing scientific and technological
achievements, and many innovation resources are not fully utilized. In contrast, the
perfect innovation environment and developed market in the eastern region promote
the application of scientific and technological achievements with the highest degree
of efficiency.

5.2. The role of fiscal policy in staged innovation

As an integral part of the innovation system, the regional innovation environment is
the main factor affecting regional innovation ability and innovation efficiency in IUR
cooperation. Since the range of innovation efficiency as an explained variable is [0,
1], the Tobit model is used to deal with limited dependent variables to analyse the
impact of fiscal policy on innovation efficiency.

Innovation is a high-input and high-risk activity. Faced with the uncertainty of
innovation performance, the enterprise may have insufficient investment funds. So, it
needs the guidance and financial support of government investment to leverage R&D
funds. In this paper, the intensity of the local government’s financial investment in
science and technology and education is selected to measure the effects of the govern-
ment’s financial policy.The financial investment intensity of science and technology is
measured by science and technology expenditure’s proportion of the local govern-
ment’s general budget. The financial investment intensity of education is expressed by
regional financial education expenditure’s proportion of the general budget. The
enterprise tax burden is measured by net production tax’s proportion of GDP. Since
market-oriented reform introduces a competition mechanism in the process of eco-
nomic growth. The exertion of a competition mechanism contribute to an improve-
ment in innovation efficiency. The degree of marketization (MAR) is measured in
terms of the marketization index as calculated by Fan et al. (2003).

In addition to domestic market-oriented reform, China has also actively imple-
mented a policy of opening-up to the outside world. The international division of
labour has improved the efficiency of regional innovation. In this paper, the ratio of
total imports and total exports to GDP is used to measure the degree of openness.
The corresponding data are converted into RMB based on the average annual RMB
benchmark exchange rate. At the same time, the level of urbanization is expressed by
the proportion of urban population in the total population; market demand is
expressed by the level of economic development, that is, the value of per capita GDP.
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Table 2.

Empirical results of factors affecting the innovation efficiency.

Overall innovation

Innovation efficiency

Innovation efficiency

efficiency in the first stage in the second stage
C 0.39%%* —4.20%*%* 0.34%%* —2.6T%** 0.46%** —6.171%F*
(11.90) (—7.80) (9.08) (—4.69) (9.84) (—7.21)
Tech 0.26%** 0.01 0.19%** 0.01 0.39%** 0.007
(0.21) (4.85) (0.14) (6.50) (0.10)
(6.51)
Edu 0.15 —0.01 0.26*
(1.53) (—0.08) (1.64)
Mar 0.08 0.03 0.24*
(0.95) (0.35) (1.78)
GDP 0.72%%* 0.54%** 1.04%**
(11.07) (7.84) (9.82)
Open 0.04** 0.04** 0.06*
(2.27) (1.96) (1.70)
City 0.93%** 0.70%** 1.40%**
(4.35) (3.15) (4.11)

Note: ***, ** and * indicate significance level of 1%, 5%, and 10% respectively. The values in brackets refer to the
statistical value of t.
Source: The authors.

The relevant data are collected from the China Statistical Yearbook (2010-2018) and
the China Statistical Yearbook on Science and Technology (2010-2018).

Table 2 shows that the intensity of financial investment plays a significant role in
promoting the overall innovation efficiency and phased innovation efficiency.The sci-
entific and technological expenditure by the local government can make up for enter-
prises’ lack of R&D funds. The intensity of financial investment in education
significantly promotes innovation efficiency in the second stage, while it has no defin-
ite effect on the first stage. Because of the collinearity between the intensity of finan-
cial investment both in education and in science and technology, the two variables
are observably reduced when they are introduced into the model at the same time.

The market-oriented process promotes the commercialized application efficiency of
scientific and technological achievements in the second stage. Enterprises are the
main body of the market. The acceleration of the marketization promotes innovation
efficiency in the second stage.

The degree of dependence on foreign trade has a significant positive impact on over-
all innovation efficiency in all stages. Exchanges and cooperation between domestic and
foreign universities, scientific research institutions, enterprises, and other innovative
subjects will improve transformation efficiency and commercial application efficiency.
The level of economic development plays a significant role in promoting the overall
innovation efficiency, especially by promoting the commercialization of scientific and
technological achievements. The level of urbanization also plays a significant role in
improving overall and phased innovation efficiency. Urbanization concentrates innov-
ation factors, provides sufficient capital and personnel for innovation.

6. Conclusions and suggestions

The above analysis reveals that China’s fiscal policy has a positive effect on the
regional innovation, which is similar with the conclusions of Lu et al. (2014) and
Guo and Yuan (2020), however there are some differences.
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First, the results of the network DEA calculations show a growing trend in overall
innovation efficiency with regional heterogeneity. The superior innovation environ-
ment in the eastern region promote the application of scientific and technological
achievements with the highest level of efficiency. However, the first stage innovation
efficiency in the eastern region is the smallest. Innovative financial support for enter-
prises is exempted from income tax and pre-tax deduction of R&D expenses, whereas
for research institutions and universities, it is a tax-free import of R&D equipment
for scientific research projects. This kind of fiscal innovation funding policy may
induce an over-investment by some innovation agents, resulting in low innov-
ation efficiency.

Second, the empirical results of staged innovation show that the intensity of finan-
cial investment in science and technology plays a significant role in promoting overall
innovation efficiency. The preferential tax policy in the innovation preparation phase
is comprehensive, but it lacks pertinence and is biased towards large enterprises.

Third, the empirical results of the driving effect show that the fiscal innovation
policy failed to consider the process of innovation. Innovation is a systematic process
that involves multiple innovation subjects and links. Innovation by university research
institutes appears mainly in the first stage, while innovation related to enterprises’
commercialized application appears in the second stage. Enterprises should use these
achievements to speed up the commercialization and industrialization of the know-
ledge created by universities and R&D institutions.
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