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The impact of innovation-driven policies on innovation
factor mismatch: empirical evidence from national
innovation-driven city pilot policies

Zhi-Chao Wanga, Ye Xua,b and Chang-Qi Taoa,b

aSchool of Statistics, Jiangxi University of Finance and Economics, Nanchang, Jiangxi, China; bKey
Laboratory of Data Science, Jiangxi University of Finance and Economics, Nanchang, Jiangxi, China

ABSTRACT
Factor mismatch has seriously restricted the high-quality develop-
ment of China’s economy. In order to solve the problem of unrea-
sonable factor allocation in the Chinese economy, this paper
takes the innovative pilot cities implemented by the Chinese gov-
ernment as a quasi-natural experiment to study its impact on
innovation factor mismatch. The results show that: (1) the imple-
mentation of innovation-driven policies significantly improves the
mismatch of innovation factors, which still holds after a series of
robustness tests and endogeneity tests; (2) For non-state-owned
enterprises, non-labor-intensive enterprises and the eastern
region, the implementation of innovation-driven policies can bet-
ter improve the mismatch of innovation factors. Furthermore, this
paper finds that the implementation of innovation-driven policies
can improve the mismatch index of high-skilled R&D personnel
and the capital mismatch index of basic research and applied
research. (3) Innovation-driven policies improve the mismatch of
innovation factors by strengthening the flow of factors and pro-
moting the upgrading of industrial structure.
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1. Introduction

Since the reform and opening up, my country’s economy has developed rapidly by
relying on the "extensive growth" model. However, this extensive growth model
ignores the rational allocation of factors required for high-quality economic develop-
ment, resulting in low efficiency of factor allocation in the process of economic devel-
opment, and increasingly serious factor mismatches between regions, industries and
departments. To this end, the 18th National Congress of the Communist Party of
China proposed to take innovation as the basis for development, optimize the alloca-
tion of factors such as land, labor, and technology, and then correct the mismatch of
factors. As the country’s top-level design reflects the innovative development concept,

CONTACT Zhi-Chao Wang 1162271371@qq.com
� 2023 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/
licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited. The terms on which this article has been published allow the posting of the Accepted Manuscript in a repository by
the author(s) or with their consent.

ECONOMIC RESEARCH-EKONOMSKA ISTRAŽIVANJA
2023, VOL. 36, NO. 3, 2177181
https://doi.org/10.1080/1331677X.2023.2177181

http://crossmark.crossref.org/dialog/?doi=10.1080/1331677X.2023.2177181&domain=pdf&date_stamp=2023-05-20
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1080/1331677X.2023.2177181
http://www.tandfonline.com


the innovative pilot city policy must be an innovation-driven model that shifts the
direction of development to high-quality development, and then optimizes the alloca-
tion of innovation resources. However, this article cannot help but wonder, with the
implementation of innovative urban policies for so long, how effective are innovative
urban policies, and whether they can improve the mismatch of innovative elements?
If the mismatch of innovation elements can be improved, what is the path to achieve
it? Answering the above questions is of great significance to improving the high-qual-
ity development of my country’s economy under the conditions of the new era.

Scholars have studied the policy effects of innovative pilot city policies from differ-
ent perspectives, mainly involving the study of innovation systems. For example, Li
et al. (2022) found that innovative city policy implementation significantly improves
urban green innovation capacity. Zhang et al. (2022) found that innovative cities can
improve urban green progress by enhancing innovation investment and factor aggre-
gation. Gao and Yuan (2022) found that innovative city construction has a long-term
positive effect on innovation performance in the surrounding area, and only a spill-
over effect exists. Zhang and Wang (2022) found that innovative cities improve the
flow of knowledge between industry, academia, and research in cities mainly through
innovation funding support and the strengthening of innovation cooperation.

The existing literature on innovation factor mismatch focuses on the following
four characteristics: The first is a distorted labor market (Micco & Repetto, 2012).
The second is a distorted financial market: Financial friction can lead to distorted
capital allocation among existing business units, and both episodic mismatch and
endogenous mismatch are impactful (Moll, 2014). The third characteristic comprises
irrational policies and institutional factors, as most studies on resource mismatch
focus on specific policies or institutions that cause resource mismatch such as tax-
ation, credit constraints, industrial policies, and so on, and in such studies, institu-
tional and policy arrangements regarding the government are the main cause of
resource mismatch (Brandt et al., 2013). The final focus is on the existence of infor-
mation asymmetries related to industry productivity levels as well as distribution and
related factors (David et al., 2016; Fuchs et al., 2016) that require potential heteroge-
neous firms to collect and prepay their fees before entering the market; the expend-
iture of such fees becomes a sunk cost that must be considered when firms need to
make business strategy adjustments at a later stage, which will affect their entry and
exit decisions, hinder the efficient flow of resources, and generate resource mismatch.

At present, the research on innovation-driven policies mainly focuses on the innov-
ation system, but does not study the impact on factor mismatch. As for the research
on innovation factor mismatch, although some scholars have studied its impact from
the perspective of relevant policies (tax policy, industrial policy, credit policy, etc.), they
have not studied the impact of innovation-driven policies on innovation factor mis-
match. Based on the lack of existing literature and from the perspective of innovation-
driven policies, this paper studies the net effect of innovation-driven policies on the
mismatch of innovation factors using the method of difference and difference.

Therefore, the marginal contributions of this study are as follows. First, this study
is the first to study the impact of innovation factor mismatch using the pilot policy
of establishing innovative pilot cities, which provides evidence for promoting the
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construction of innovative pilot cities and enriches the literature related to innovative
pilot cities and innovation factor mismatch. Second, based on a double-difference
estimation model, this study obtains the net effect of innovative pilot city establish-
ment by comparing the differences in innovation factor mismatch between firms in
cities that implemented innovative pilot policies first, firms in cities that implemented
innovative pilot policies later, and firms in non-pilot cities, with the help of differen-
ces in innovative pilot city policy across firms and different pilot times. Using this
method, the endogeneity problem arising from omitted variables can be effectively
avoided. Simultaneously, this study explores the impact mechanism of the establish-
ment of innovative pilot cities on the allocation of innovation factors from several
perspectives.

2. Theoretical mechanism and hypothesis formulation

According to the Ministry of Science and Technology issued by the "about to further
advance the innovation of the pilot cities guidelines" (hereinafter referred to as "opin-
ions"), an innovative pilot cities to speed up the construction of innovation system
and improve the innovation environment, further increase investment in science and
technology talent and technology, improve the research and development into a share
of GDP, play the capital to reduce the unreasonable allocation of factors in the pro-
duction of resource waste (Qin et al., 2022), then realize the reasonable allocation of
resources. On the one hand, according to the general requirements of the Opinions,
innovative cities should guide innovation factors to reasonably gather with enter-
prises. In this process, due to the entry of new technology or new factors, it will inev-
itably lead to the withdrawal of a number of factors that can not adapt to the
development of enterprises, and this process will inevitably lead to the reasonable
allocation of factors; On the other hand, innovative pilot cities should explore innova-
tive development modes according to their own resource endowments and location
factors, promote the interaction of innovation subjects and the flow of factors, and
strengthen the radiation effect on other regions. Due to the interrelation and inter-
dependence between the economic subjects in the urban system, industrial network
layout is formed. The industrial network layout will further strengthen the sharing,
learning and matching mechanism of the city (Duranton & Puga,2004), and further
promote the reasonable arrangement of innovation elements among different regions.
Therefore, Hypothesis 1 was proposed:

H1: The establishment of innovative pilot cities has improved the mismatch of
innovation factors

Existing studies show that improving factor mobility helps to improve factor mis-
match and optimize resource allocation (Stone,1985).On the one hand, the free flow
of factors among regions can meet the different demand of factors caused by the gap
between themselves and the external environment in different regions, which makes
the factors choose the flow path direction according to the principle of comparative
advantage, thus helping to improve the mismatch of factors in different regions. On
the other hand, profit-seeking factors make the flow of factors in space targeted, that
is, from low-efficiency areas to high-efficiency areas, so as to improve the mismatch
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state of factors and achieve reasonable allocation of factors. Then, how do innovative
pilot cities improve the mismatch of innovation factors by improving the flow of fac-
tors? First, from the perspective of policy implementation effects, the implementation
of innovative city policies is conducive to improving the effective flow of labor, cap-
ital and other factors between cities and within industries (Zhang & Wang, 2022).
Secondly, the establishment of innovative pilot cities will accelerate the replacement
of old and new technologies in the region. On the one hand, factors that cannot
adapt to the new environment and market of enterprises will flow out from enter-
prises, cities and industries. On the other hand, due to the path-dependence of factors
(Camagni et al., 2017), factors are more inclined to flow to enterprises or cities with
good infrastructure conditions and strong basic strength. In addition, according to
the Outline of the National Program for Medium - and Long-term Scientific and
Technological Development, innovative pilot cities should promote the overall coord-
ination, optimal allocation and effective interaction of various innovation factors and
resources, and eventually form a depression where all kinds of innovation factors and
resources gather. This process will inevitably promote the flow of factors. Therefore,
hypothesis 2 was put forward:

H2: Innovative pilot cities improve innovation factor mismatch by enhancing factor
mobility

Existing studies show that industrial structure upgrading can effectively reduce
regional factor and resource misallocation (Li & Yu, 2019). On the one hand, the
upgrading of industrial structure can promote various factor resources to play a role,
increase their marginal output and reduce factor mismatch. On the other hand, the
upgrading of industrial structure can strengthen the "learning by doing" experience of
labor, and reduce the regional resource mismatch with the increase of experience and
the decrease of the distortion ratio of labor factor input. So, can innovative pilot cities
improve the upgrading of industrial structure? First of all, the implementation of innova-
tive urban policies will promote the development of emerging industries, which will drive
the agglomeration of high-quality factors. The advantages of low-cost dissemination of
information technology and knowledge will be used to promote the diversified develop-
ment of emerging industries, which is conducive to the upgrading of regional industrial
structure (Su et al.,2022; Yigitcanlar & Kamruzzaman, 2018). Secondly, innovative pilot
cities have technological advantages compared with non-pilot cities. Underdeveloped
regions can obtain technological spillovers through cooperation with developed regions,
and promote the upgrading of regional industrial structure through learning and imita-
tion (Sun & Yijun, 2019). Therefore, hypothesis 3 was proposed:

H3: Innovative pilot cities are established to improve the innovation factor mismatch
through industrial structure upgrading.

3. Study design

3.1. Data sources and processing

Since the implementation of innovative pilot cities was in 2008, to ensure at least
four years before the implementation of the policy, this study selected the sample
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data of listed companies in Shanghai and Shenzhen A-shares during 2002–2017 to
study the impact of the establishment of innovative pilot cities on the allocation of
innovation factors, and the required data came from the Guotaian, Wind, and China
City Statistical Yearbooks. The data were processed through the following steps: (1)
excluding listed companies in finance and insurance and those marked as ST-listed
companies; (2) excluding listed companies with more missing data; and (3) excluding
listed companies during the period of 2002–2017. Ultimately, 18,327 observations
were obtained. In addition, all continuous variables in this study were deflated to the
1% level using the WINSORIZE method.

3.2. Variable selection

3.2.1. Explained variables
This study draws on Hsieh and Klenow (2009) study and uses the R&D capital mis-
match indexpki and R&D personnel mismatch indexpri to indicate the degree of
innovation factor mismatch, which are calculated as follows:

pki ¼ 1
1þ ski

, pLi ¼ 1
1þ sLi

(1)

In equation (1), the pki and pri are the absolute price distortion factors for R&D,
which are generally replaced by relative price distortion factors.

p̂ki ¼ Ki

K

� �
=

sibki
bk

� �
, p̂Li ¼ Li

L

� �
=

sibLi
bL

� �
(2)

In equation (2), the si is the innovation output share of region i, thebki andbLi are
the output elasticities of the R&D capital and R&D personnel of region i, respectively.
Eq. (2) reflects the ratio of the actual allocation of innovation factors in the region to
the ideal situation, that is, the degree of mismatch; if the value is greater than 1, it
indicates that the region is over-allocated with innovation factors and vice versa. To
avoid the influence of inconsistent sign direction on the regression results, the larger
the absolute value, the greater the degree of mismatch between innovation factors.
Subsequently, to estimate the output elasticity b, this study assumes that the innov-
ation production function is a C-D production function with constant returns to
scale:

Y ¼ AKbki
i L1�bki

i (3)

In equation (3), Y is the innovation output, represented by the number of patents;
Kit is the R&D capital output; and Lit is the R&D personnel input, represented by the
full-time equivalent of R&D personnel.

3.2.2. Explanatory variables
The explanatory variables include the time dummy variable (post), grouping dummy
variable (treat), and interaction term (post�treat). The time dummy variable (post)
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indicates the policy implementation period around 2008; the grouping dummy vari-
able (treat) indicates whether the prefecture-level cities where the A-share listed
enterprises in Shanghai and Shenzhen are located are the policy pilot areas; and the
interaction term (post�treat) is the core explanatory variable of this study, which
indicates the policy impact of the establishment of innovative pilot cities on innov-
ation factor allocation.

3.2.3. Control variables
To avoid bias caused by omitted variables, other variables are also controlled for in
this study: firm age (Age), expressed as the number of years since the firm went pub-
lic; firm size (Size), expressed as the natural logarithm of total assets at the end of the
current year; gearing ratio (Asro), expressed as the ratio of total liabilities to total
assets; Tobin’s Q (Tb_Q), expressed as the ratio of firm market value to total assets
(Tb_Q), expressed as the ratio of market capitalization to total assets; asset structure
(Ajg), expressed as the ratio of net fixed assets to total assets; and growth capacity
(Grow), expressed as the growth rate of the company’s operating income in the cur-
rent year over the previous year.

3.3. Measurement model setting

CXYSCPit ¼ b0 þ b1treatit þ b2postit þ b3treatit�postit þ b4Xit þ li þ ht þ eit (4)

where i denotes industry, t denotes time, CXYSCPit denotes the allocation of innov-
ation factors, and treatit is the innovation pilot city dummy variable. When the listed
company belongs to the 2008 innovation pilot city, treatit takes 1, and when it does
not, it takes 0. Postit is the time dummy variable, which takes 0 before 2008 and 1
otherwise; and the interaction term treatit�postit. The coefficient of b3 reflects changes
in the allocation of innovation factors of the enterprises before and after the imple-
mentation of the innovation pilot city policy in the pilot enterprises relative to the
non-pilot enterprises. Xit denotes a series of control variables such as firm age, firm
size, gearing ratio, Tobin’s Q, asset structure, and growth capacity. By adding individ-
ual firm-fixed effects to the double-difference model li, the impact of firm-level
unobservable factors that do not change over time in innovation pilot cities, and
innovation factor allocation is controlled for by adding firm-level fixed effects to the
double-difference model. By controlling for time-fixed effects, ht controls for the dif-
ferences in innovation factor allocation due to time trends before and after the imple-
mentation of the 2008 innovation pilot city policy. eit is a random error term.

4. Analysis of the empirical results

4.1. Baseline regression results

Columns (1) and (2) of Table 1 show the estimated results without adding control
variables, and columns (3) and (4) show the treatment effects of policy implementa-
tion on the R&D capital mismatch index and R&D personnel mismatch index after
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adding control variables. From the coefficients and significance levels of the treatment
variable Treat�post, it is clear that the establishment of innovative pilot cities signifi-
cantly improves the R&D capital mismatch index and R&D personnel mismatch
index, indicating that the establishment of innovative pilot cities significantly
improves the innovation factor mismatch phenomenon. From columns (3) and (4),
where both control variables are included and fixed effects are considered, it can be
seen that the coefficients of Treat�post are 0.154 and 0.1657, respectively, and signifi-
cant at the 1% level, indicating that after the implementation of innovative pilot cit-
ies, pilot companies’ R&D capital mismatch improved by 15.4% and R&D personnel
mismatch improved by 16.57%. The above results verify hypothesis 1, that the estab-
lishment of innovative pilot cities improves the mismatch of innovation factors in
enterprises.

4.2. Robustness test

In order to ensure the stability of the regression results, the following tests were also
done in this paper.

4.2.1. Parallel trend test
The results in Table 2 show that establishing innovative pilot cities improves the level
of innovation factor mismatch. However, the prerequisite for using the double-differ-
ence model is that the experimental and control groups must have the same trend of
change in innovation factor allocation before the implementation of the innovative
pilot city policy; that is, the double-difference model is tested for parallel trends. To

Table 1. Policy treatment effect of innovation pilot city establishment on innovation factor
mismatch.
Variables (1) (2) (3) (4)

R&D Capital
Mismatch Index

R&D Staff Mismatch
Index

R&D Capital
Mismatch Index

R&D Staff Mismatch
Index

Treat�post 0.1609���
(0.0360)

0.1077���
(0.0420)

0.1540���
(0.0340)

0.1657���
(0.0360)

Size 0.1770���
(0.0130)

0.1239���
(0.0150)

Asro �0.0323
(0.0350)

0.0050
(0.0360)

Grow �0.0370���
(0.0090)

�0.0301���
(0.0090)

Tb_Q 0.0227���
(0.0090)

0.0077
(0.0100)

Ajg 0.1902���
(0.0630)

0.2487���
(0.0660)

Age 0.0409���
(0.0030)

0.0526
(0.0410)

Cons 0.2886���
(0.0210)

0.1248���
(0.0150)

�3.6944���
(0.2790)

�2.6656���
(0.3830)

Year Yes Yes Yes Yes
Firm Yes Yes Yes Yes
N 10780 10775 10776 10776
R2 0.1069 0.1242 0.1125 0.1158

Note:���, ��, � denote significance at the 1%, 5%, and 10% levels, respectively, as in the tables below.
Source: Authors.
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this end, drawing on the approach of Xuesong et al. (2018), this study constructs the
regression model of equation (5).

Lnpatentit ¼ a0 þ a1treated�post þ a2treated�post2005 þ a3treated�post2004
þ a4treated�post2003 þ Xit þ li þ ht þ eit (5)

Among them, treated�post2005, treated�post2004, and treated�post2003 denote the inter-
action terms in the three years before the implementation of the policy. Post2005 indi-
cates that the value is 1 in 2005 and 0 in the other years; where post2004 indicates a value
of 1 in 2004 and 0 in the other years. Post2003. If the coefficients a2,a3, and a4 are not sig-
nificant, it means that they pass the parallel trend hypothesis test. The results in Table 2
show that the treated�post2005, treated�post2004, and treated�post2003 coefficients are not
significant, so it can be concluded that the mismatch of innovation factors in the experi-
mental and control groups have the same change trends before the implementation of
the innovative pilot city policy, thus satisfying the parallel trend hypothesis test.

4.2.2. Counterfactual test
In order to exclude other events before the implementation of the policy that led to
the implementation of the innovative pilot city policy causing the mismatch of innov-
ation factors to be improved. In this study, the implementation time of the innov-
ation pilot cities was advanced by three years. If the coefficient of the interaction
term treat�post is still significant, the improvement in innovation mismatch was not
caused by the implementation of the innovation pilot city policy but by other events.

Table 2. Parallel trend test.
Variables (1) (2)

Treat�post 0.1629���
(0.0610)

0.1451��
(0.0460)

Treat�post2005 �0.0156
(0.0810)

�0.0227
(0.0800)

Treat�post2004 �0.0490
(0.0810)

�0.0516
(0.0800)

Treat�post2003 �0.0076
(0.0810)

�0.0078
(0.0800)

Size 0.0862
(0.0660)

0.1240���
(0.0150)

Asro 0.1128���
(0.0411)

0.0054
(0.0360)

Grow 1.2281���
(0.2851)

�0.0300���
(0.0090)

Tb_Q 0.1145���
(0.0411)

0.0077
(0.0100)

Ajg 0.0076
(0.3931)

0.2491���
(0.0660)

Age 0.0896
(0.6831)

0.0523
(0.0410)

Cons 0.2886���
(0.0210)

�2.6659���
(0.3830)

Year Yes Yes
Firm Yes Yes
N 10780 10776
R2 0.1069 0.1158

Source: Authors.
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Columns (1) and (2) of the results in Table 3 show that the coefficient of the inter-
action term treat�post is 0.0924 and insignificant when the implementation of the
policy is advanced to 2003, indicating that the improvement of the innovation factor
mismatch was not influenced by other policies or events before the base year 2005,
and the implementation of the innovation pilot city policy has no significant effect
on the innovation factor mismatch in the experimental and control groups. There is
no significant effect of the implementation of the innovation pilot city policy on the
innovation factor mismatch in the experimental or control groups, which means that
the improvement in the innovation factor mismatch is caused by the actual policy
pilot year, and the previous empirical results are strongly robust.

4.2.3. Improving sample selection bias
In order to make the selective errors in the trends of pilot and non-pilot cities con-
sistent and reduce the estimation bias of the double-difference method, this study fur-
ther tests the data with the PSM-DID method. The specific steps are as follows: the
dummy variable of whether it is a policy pilot city is logit regressed on the innovation
factor mismatch indicator to obtain the PSM value, and the city with the closest PSM
value can be used as the control group. In this paper, we adopt the “k-nearest neigh-
bor matching (k¼ 4) method” based on Abadie et al. (2004), and choose firm age
(Age), firm size (Size), gearing (Asro), Tobin’s Q (Tb_Q), asset structure (Ajg), and
growth capacity (Grow) as matched characteristic variables, resulting in a sample size
of 10,656, including 1,747 in the experimental group and 8,909 in the control group.
Table 4 presents the regression results obtained using the double-difference method
after the sample matching. The results show that the coefficient of the interaction
term treated�post is significantly positive at the 1% level, which verifies that the
implementation of the innovation pilot city policy has significantly improved the level
of innovation factor mismatch in the pilot urban area; thus, the conclusions of this
study are still robust.

Table 3. Counterfactual test.
Variables (1) (2)

Treat�post 0.0862
(0.0600)

0.0924
(0.0600)

Size 0.1289���
(0.0411)

0.1255���
(0.0150)

Asro 0.0698
(0.0666)

0.0087
(0.0360)

Grow 0.1096
(0.6811)

�0.0299���
(0.0090)

Tb_Q 0.0896
(0.6830)

0.0083
(0.0100)

Ajg 0.4501
(0.6781)

0.2666���
(0.0660)

Age 0.5756
(0.6781)

0.0550
(0.0410)

Cons 0.2886���
(0.0210)

�2.7194���
(0.3840)

Year Yes Yes
Firm Yes Yes
N 10780 10776
R2 0.1049 0.1140

Source: Authors.
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4.2.4. Panel interaction fixed effects and urban fixed effects
Considering that the mismatch of innovation factors may be influenced by the char-
acteristics of the city where a firm is located, to better reflect the improvement effect
of innovation pilot city policy on the mismatch of innovation factors, this study
introduces city characteristics factors for further robustness testing. This study intro-
duces city-fixed effects based on model (1) for testing. The results are presented in
Table 5. Column (1) of Table 5 shows the R&D capital mismatch index, which con-
trols for time and city-fixed effects, while column (2) of Table 5 further controls for
industry fixed effects. Both the interaction term Treat� post coefficient estimates in
columns (1) and (2) of Table 5 are significantly positive, indicating that the introduc-
tion of city-specific factors does not affect the regression results. Because some city
characteristic factors may change with time trends, cross-fixed effects of time-fixed
effects and city-fixed effects are introduced to control for city characteristic factors
that change with time trends, and individual firm-fixed effects are introduced to con-
trol for the characteristic factors of the firm’s city. The results are shown in column
(3) of Table 5, indicating that the interaction term Treat�post coefficient is positive
but insignificant after controlling for time-varying city characteristic factors, verifying
that the regression results of this study are robust.

4.2.5. Instrumental variables
In the above analysis, although we control the city fixed effect and time fixed effect
to reduce the bias of the benchmark regression results, the problem of missing varia-
bles still exists, which causes the endogeneity problem of innovative pilot cities. For
this reason, this paper draws on the practice of Zeng Jingjing and Zhou Danping
(2019), and uses the historical capital as an instrumental variable for regression. The
construction of an innovative city emphasizes that urban development and cultural
construction must be compatible with each other. The strong cultural heritage of the

Table 4. Changes to the sample selection bias.
Variables (1) (2)

Treat�post 0.1737���
(0.0360)

0.1594���
(0.0360)

Size 0.1077���
(0.0420)

0.1251���
(0.0150)

Asro 0.0891��
(0.0421)

0.0046
(0.0360)

Grow 0.0281
(0.0700)

�0.0319���
(0.0090)

Tb_Q 0.1258���
(0.0411)

0.0058
(0.0100)

Ajg 1.2281���
(0.2851)

0.2385���
(0.0670)

Age 0.5756
(0.6780)

0.0127
(0.0450)

Cons 0.2928���
(0.0210)

�2.4821���
(0.3990)

Year Yes Yes
Firm Yes Yes
N 10660 10656
R2 0.1097 0.1185

Source: Authors.
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historical capital has an important impact on the cultural development of an innova-
tive city, so the correlation hypothesis of the instrumental variable is satisfied. In add-
ition, historical antiquity is determined by historical conditions, thus satisfying the
exogenous assumption of instrumental variables. Therefore, the product of the histor-
ical ancient capital data and the time dummy variable is used as the instrumental
variable of the innovative pilot city, and the least squares method is used for re-
regression. The specific regression results are shown in Table 6. The results in Table 6
show that the impact of innovative pilot cities on innovation factors is still statistically
significant and positive, indicating that the regression results in this paper are robust.

4.2.6. Robustness test considering multi-time-point DID heterogeneity treatment
effects

Baker et al. (2022) found that when using a multi-time-point DID model for empir-
ical analysis, there may be significant estimation bias due to the existence of "hetero-
geneous treatment effects". To this end, this paper draws on the practice of De

Table 6. Instrumental variables.
R&D Capital

Mismatch Index
R&D Capital

Mismatch Index
R&D Staff Mismatch

Index
R&D Staff Mismatch

Index
variables The first stage The second stage The first stage The second stage

Treat�post 0.1421���
(0.0280)

0.0141��
(0.0070)

0.0240��
(0.0101)

0.3301��
(0.1580)

control variable Yes Yes Yes Yes
Year Yes Yes Yes Yes
Firm Yes Yes Yes Yes
N 10780 10776 10780 10780
R2 0.1069 0.1158 0.2342 0.3436

Source: Authors.

Table 5. Robustness tests considering panel interaction-fixed effects and city-fixed effects.
Variables (1) (2) (3)

Treat�post 0.1672���
(0.0360)

0.1666���
(0.0360)

0.5197
(0.3440)

Size 0.1556���
(0.0140)

0.1248���
(0.0150)

0.1147���
(0.0150)

Asro �0.0187
(0.0350)

0.0055
(0.0360)

�0.0070
(0.0360)

Grow �0.0346���
(0.0090)

�0.0301���
(0.0090)

�0.0251���
(0.0090)

Tb_Q 0.0212��
(0.0100)

0.0077
(0.0100)

0.0084
(0.0100)

Ajg 0.2008���
(0.0630)

0.2492���
(0.0660)

0.2590���
(0.0670)

Age �0.0441���
(0.0120)

0.0523
(0.0410)

0.0276
(0.0420)

Cons �2.7675���
(0.3330)

�3.4147���
(0.4650)

�2.1557���
(0.6340)

Year Yes Yes No
City Yes Yes No
Industry No Yes No
Year�City No No Yes
Firm No No Yes
N 10776 10776 10776
R2 0.1148 0.1165 0.1519

Source: Authors.
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Chaisemartin et al. (2020) and uses the twowayfeweights command in the STATA
software to test the possible "heterogeneity" of the model. If the result is closer to 1,
it indicates that the heterogeneity test result is more robust, otherwise it is less robust.
The results show that the result of the heterogeneity treatment effect is 1.32, which is
relatively close to 1, thus indicating that the underlying regression results in this
paper are robust.

4.2.7. Replace the explained variable
In the previous analysis, this paper uses the number of patent applications to repre-
sent innovation output. Since the number of invention patent applications can better
reflect the innovation output, the number of invention patent applications is used to
represent the innovation output. On the other hand, since the innovation output time
requires a certain period of time, this paper adopts a one-period lag treatment for
R&D personnel and R&D capital investment. The specific regression results are
shown in Table 7, which further shows that the results are robust.

4.3. Analysis of impact mechanism

4.3.1. Analysis of factor flow mechanism
Drawing on Anderson and Van Wincoop (2003), a gravity model is used to measure
regional innovation factor flows, where the expression for R&D capital flows is:

cflij ¼ lnKilnKjR
�2
ij (6)

In the above equation, cflij denotes the amount of R&D capital flow from region i
to region j. Ki and Kj are the R&D capital stock in regions i and j, respectively, and
Rij is the geographical distance between regions i and j, which is obtained based on
the latitude and longitude measurements of the two regional centers. Thus, the
expression for the total amount of R&D capital in region i is

cfli ¼
Xn
j¼1

cflij (7)

Unlike capital mobility, R&D personnel mobility is more likely to be influenced by
economic, employment, and other social environment factors. Therefore, this study
selected GDP per capita, average wage of employed urban workers per unit, average

Table 7. Replace the explained variable.

variables
R&D Capital

Mismatch Index
R&D Capital

Mismatch Index
R&D Capital

Mismatch Index
R&D Capital

Mismatch Index

Treat�post 0.0391���
(0.0121)

0.0271��
(0.0090)

0.1341�
(0.0701)

0.0200��
(0.0071)

control variable Yes Yes Yes Yes
Year Yes Yes Yes Yes
Firm Yes Yes Yes Yes
N 10780 10776 10780 10780
R2 0.1327 0.2634 0.2434 0.5432

Source: Authors.
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sales price of commodity houses, and number of R&D institutions to represent the
above factors to reflect regional attractiveness based on the gravity model. Therefore,
the representation of R&D personnel mobility is.

pflij ¼ lnNilnGjlnSjlnIj=lnPjR
�2
ij (8)

In the above equation, pflij denotes the flow of R&D personnel from region i to
region j, Ni is the R&D personnel in region i, Gj is the GDP per capita of region j, Sj
is the average wage in region j, Pj is the average house price in region j, and Ij is the
number of R&D institutions in region j. Rij is the geographic distance between
regions i and j, which is also measured based on the latitude and longitude of the
two regional centers. Thus, the total R&D personnel flow in region I is expressed as

pfli ¼
Xn
j¼1

pflij (9)

This study then draws on Wang et al. (2023) to test, in the first step, whether the
implementation of strategic policies in innovative pilot cities promotes the generation
of matching opportunities; in the second step, it tests whether innovative pilot cities
can promote the allocation of innovation factors in firms; and in the third step,
matching opportunities are put into control variables and the interaction term trea-
ted�post is regressed for analysis. Therefore, the following model is constructed:

pliðcfli, pfliÞ ¼ a0 þ a1�treati�postt þ Xit þ li þ ct þ eit (10)

CSSCPi ¼ b0 þ b1treati�postt þ Xit þ li þ ct þ eit (11)

CXYSCPi ¼ c0 þ c1treati�postt þ c2pliðcfli, pfliÞ þ Xit þ li þ ct þ eit (12)

If the coefficient of equation (10) is significant, it indicates that the innovative pilot
city policy has an impact on matching opportunities. If the coefficient of equation
(11) is significant, it indicates that the innovative pilot city strategy has an impact on
the allocation of innovation factors of enterprises. If the interaction term in Eq. (12)
is not significant, but the coefficient decreases, it indicates that the innovative pilot
city strategy promotes enterprise innovation through the innovation environment.
The regression results are presented in Table 8.

Columns (1) to (3) and (4) to (6) of Table 8 show the analysis of the mediating
effects of the R&D capital mismatch index and R&D personnel mismatch index with
factor mobility, respectively. The coefficient value of Treat�post in column (1) of
Table 8 is 0.5884, and both are significant, indicating that the strategic policy of
innovative pilot cities promotes factor mobility. The regression results in column (2)
show that the coefficient values of Treat�post are both 0.6207, indicating that the
innovative pilot city strategy significantly improves the R&D capital mismatch phe-
nomenon. The regression results in column (3) show that by placing factor mobility
into the control variables, the core explanatory variable is significantly lower and the
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absolute value of the coefficient becomes smaller. This surface innovation pilot city
improves the level of R&D capital mismatch among enterprises by enhancing factor
mobility. For the same reason, Table 8 columns (4) to (6) show that innovative pilot
cities improve the level of R&D mismatch through factor mobility. This is mainly
because the implementation of the policy will have a siphon effect, which will lead to
the accumulation of innovative elements in the pilot cities, thus strengthening the
flow of elements, and the flow of elements can enhance the exchange of information,
and enterprises can learn from each other, strengthen communication, reduce the
cost of enterprise search, and improve capital. mismatch level.

4.3.2. Analysis of industrial structure upgrading mechanism
Most of the current quantification of industrial structure upgrading has been con-
ducted in terms of industrial structure rationalization and industrial structure
advancement. To this end, this study draws on the study of Zhang et al. (2020) to
measure industrial structure rationalization using the Thiel index with the following
formula:

hlhit ¼
Xn

ðj¼1Þ Yimt=Yit
� �

1n
Yimt=Yit

Limt=Lit

� �
(13)

where Yimt/Yit denotes the share of industry m in region i in the local GDP and
Limt/Lit denotes the proportion of employed persons in industry m in region i to the
total number of employed persons. The larger the value, the more irrational the
industrial structure. The advanced industrial structure is expressed as the ratio of the
output value of the tertiary industry to that of the secondary industry. The larger the
ratio, the more advanced the industrial structure. The calculation results are listed in
Table 9.

The coefficient values of Treat�post in column (1) of Table 9 are 4.1eþ 03 and sig-
nificant, indicating that the strategic policy of innovative trial cities plays a facilitating
role in the rationalization of industrial structure. The regression results in column (2)
show that the coefficient values of Treat�post are both 0.1657, indicating that the
innovative pilot city strategy significantly improves R&D capital mismatch. The
regression results in column (3) surface show that the core explanatory variable was
significantly lower, and the absolute value of the coefficient became smaller when
industrial organization rationalization was included in the control variables. This sur-
face innovation pilot city improves the current situation of R&D capital mismatch

Table 8. Analysis of the mediating effects of factor flows.
R&D Capital Mismatch Index R&D Staff Mismatch Index

Variables (1) (2) (3) (4) (5) (6)

Treat�post�rc 0.5884���
(0.0760)

0.6207���
(0.0740)

0.0686���
(0.0760)

0.1931���
(0.0050)

0.0276��
(2.0010)

0.0782���
(13.9300)

Control variables No Yes Yes Yes Yes Yes
Year Yes No Yes Yes Yes Yes
Firm Yes No Yes Yes Yes Yes
N 10780 10776 10776 10774 10776 10772
R2 0.1100 0.1157 0.1189 0.2123 0.2642 0.2463

Source: Authors.
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among enterprises by strengthening the rationalization of industrial structure. The
results in columns (4), (5), and (6) of Table 9 also indicate that the innovative pilot
cities are improving the current situation of innovation R&D mismatch through an
advanced industrial structure. Therefore, the results in Table 9 suggest that innovative
pilot cities improve the level of R&D capital mismatch through industrial structure
upgrades. For the same reason, the regression results in Table 10 show that innova-
tive pilot cities improve the level of R&D staff mismatch by upgrading their industrial
structure. Combining the results of Tables 9 and 10, we can see that innovative pilot
cities improve the level of innovation factor mismatch by upgrading the industrial
structure. So hypothesis 3 is proved.

4.4. Heterogeneity analysis

Based on this, to further investigate the mechanism of the operation of innovation pilot
cities on innovation factor mismatch, this study further investigates whether there are
differences in the implementation of innovation pilot cities on innovation factor mis-
match in terms of firm ownership and industry factor intensity using a group regression
method, starting from the perspective of firm ownership and industry factor intensity.

4.4.1. Heterogeneity analysis of business ownership
The results for the heterogeneity of the enterprise ownership regressions are pre-
sented in Table 11. The results in Table 11 show that for SOEs, the coefficients of

Table 10. Analysis of the mediating effects of the R&D staff mismatch index.
Rationalization of Industrial Structure Advanced Industrial Structure

(1) (2) (3) (4) (5) (6)

Treat�post 0.1248���
(0.0150)

0.0251���
(0.0090)

0.0660���
(0.0230)

0.1117���
(0.0410)

0.2369��
(0.1160)

0.0229�
(0.0120)

Cons 4.0292���
(0.6900)

8.3971���
(1.2120)

3.0278���
(0.9190)

8.3914���
(1.2120)

4.0831���
(0.3101)

4.1087���
(0.6400)

Control variables Yes Yes Yes Yes Yes Yes
Year Yes Yes Yes Yes Yes Yes
Firm Yes Yes Yes Yes Yes Yes
N 10776 10776 10776 10775 10776 10774
R2 0.1377 0.2432 0.2345 0.3241 0.3323 0.1432

Source: Authors.

Table 9. Analysis of the mediating effect of the R&D capital mismatch index.
Rationalization of Industrial Structure Advanced Industrial Structure

(1) (2) (3) (4) (5) (6)

Treat�post 4.1eþ 03���
(179.9550)

0.1657���
(0.0360)

0.1485���
(0.0370)

0.0743�
(0.0420)

0.2190��
(0.1100)

0.1047���
(0.0710)

Cons �1.6eþ 04���
(1932.0400)

�2.6656���
(0.3830)

�2.6765���
(0.3850)

6.9854���
(0.6711)

3.4911���
(0.7110)

5.0777���
(0.8810)

Control variables Yes Yes Yes Yes Yes Yes
Year Yes Yes Yes Yes Yes Yes
Firm Yes Yes Yes Yes Yes Yes
N 10776 10776 10776 10775 10776 10774
R2 0.0739 0.1158 0.1158 0.6141 0.1523 0.2432

Source: Authors.
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Treat�post for the R&D capital mismatch index and R&D personnel mismatch index
are less than 0. This indicates that the implementation of the innovative pilot city
policy does not improve the R&D capital mismatch index or the R&D personnel mis-
match index of SOEs; in contrast, for non-SOEs, the coefficients of the R&D capital
mismatch index and R&D personnel mismatch index are 0.2046 and 0.1491, respect-
ively, and the coefficient values and significance levels are higher than those of SOEs,
indicating that the implementation of the innovation pilot city policy has a greater
impact on non-SOEs.

Specifically, for SOEs, because the actual controller is the government, the govern-
ment can directly intervene in enterprise innovation factor allocation activities and
decisions, and such behavior may lead to the mismatch phenomenon of the SOE
innovation factors that cannot be improved but may intensify its mismatch phenom-
enon; for non-SOEs, the government can only indirectly regulate their allocation
behavior through economic policies or the market; regulating factor allocation
through market behavior is conducive to the reasonable allocation of innovation
resources.

4.4.2. Heterogeneity analysis of industry factor intensity
Enterprises with different factor intensities have different R&D investment efforts,
and the improvement in innovation factor mismatch is bound to differ. To this end,
the sample of listed companies studied in this paper is divided into three categories

Table 11. Analysis of heterogeneity of enterprise ownership.

Variables

State-Owned Enterprises Non-State-Owned Enterprises

R&D Capital
Mismatch Index

R&D Staff Mismatch
Index

R&D Capital
Mismatch Index

R&D Staff Mismatch
Index

Treat�post �0.0517
(0.0820)

�0.0572
(0.0410)

0.2046���
(0.0470)

0.1491���
(0.0600)

Cons �4.1082���
(0.6400)

3.4911���
(0.7111)

�1.3341��
(0.5830)

4.0834���
(0.3101)

Year Yes Yes Yes Yes
Firm Yes Yes Yes Yes
N 6805 6805 2944 2944
R2 0.1336 0.057 0.0619 0.0211

Source: Authors.

Table 12. Heterogeneity analysis of industry factor intensity.

Variables

Labor-intensive Capital-intensive Technology-intensive

R&D Capital
Mismatch
Index

R&D Staff
Mismatch
Index

R&D Capital
Mismatch
Index

R&D Staff
Mismatch
Index

R&D Capital
Mismatch
Index

R&D Staff
Mismatch
Index

Treat�post �0.1154���
(0.0430)

�0.1446���
(0.0471)

0.1729���
(0.0640)

0.2001���
(0.0721)

0.1598��
(0.0780)

0.2711��
(0.109)

Cons �2.1412���
(0.4550)

4.0292���
(0.6900)

�1.2095�
(0.7020)

8.3971���
(1.2120)

�6.2408���
(0.9720)

3.0278���
(0.919)

Year Yes Yes Yes Yes Yes Yes
Firm Yes Yes Yes Yes Yes Yes
N 4070 3523 3553 3892 3153 3992
R2 0.0495 0.0518 0.0980 0.0497 0.2378 0.0502

Source: Authors.
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according to the relative intensity of production factors: labor-, capital-, and technol-
ogy-intensive firms.

As can be seen from Table 12, it can be seen that the regression coefficients of
Treat�post for capital-intensive enterprises and technology-intensive enterprises are
greater than 0, and both are significant at the 1% level, but the coefficients for labor-
intensive enterprises are less than 0. This indicates that the establishment of innova-
tive pilot cities does not improve the innovation resource mismatch phenomenon for
labor-intensive enterprises, while the mismatch of resources between capital- and
technology-intensive firms is significantly improved. This may be due to the fact that
labor-intensive enterprises do not need innovation factors such as R&D capital and
R&D personnel much, so such policy dividends do not flow to labor-intensive enter-
prises or have little impact on them after the national policy of innovative pilot cities
is implemented, which is why the innovation factor mismatch phenomenon of labor-
intensive enterprises is not improved.

4.4.3. Regional heterogeneity analysis
As most innovation resources are concentrated in the eastern coastal region, it is
necessary to consider whether the implementation of the innovative pilot city policy
plays an ameliorating role in the regional innovation factor mismatch. To this end,
251 sample cities were divided into three major zones, namely, eastern, central, and
western, according to the regional division criteria of the National Planning
Commission, and regressions were conducted. The results in Table 13 show that the
establishment of innovative pilot cities has significantly improved the mismatch of
innovation factors in the eastern region, while the mismatch of innovation factors in
the central and western regions has not improved. This may be because in the eastern
regions with a high degree of marketization, the market mechanism plays an absolute
role in the process of resource allocation, mobilizes the enthusiasm of market transac-
tion participants, promotes the flow of a variety of innovative resources, and prevents
low-productivity enterprises from occupying more factors of production, thus contri-
buting to the improvement of factor mismatch. In contrast, the central and western
regions with a lower degree of marketization are unable to produce at the optimal
factor scale, thus exacerbating the inhibiting effect of factor market distortion on

Table 13. Regional heterogeneity analysis.

Variables

Eastern Region Central Region Western Region

R&D Capital
Mismatch
Index

R&D Staff
Mismatch
Index

R&D Capital
Mismatch
Index

R&D Staff
Mismatch
Index

R&D Capital
Mismatch
Index

R&D Staff
Mismatch
Index

Treat�post 0.1746���
(0.0230)

0.2001���
(0.0720)

�0.0787
(0.0810)

�0.0058
(0.057)

�0.0301
(0.077)

�0.2710��
(0.1090)

Cons �4.1082���
(0.6400)

8.397���
(1.2120)

3.4911���
(0.7111)

3.0278���
(0.9190)

4.0834���
(0.3101)

2.1361
(1.8970)

Control variables Yes Yes Yes Yes Yes Yes
Year Yes Yes Yes Yes Yes Yes
Firm Yes Yes Yes Yes Yes Yes
N 1248 1248 1248 1248 516 516
R2 0.1336 0.1021 0.0570 0.0715 0.0619 0.1228

Source: Authors.
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resource allocation, which does not improve the innovation factor mismatch phenom-
enon and eventually leads to the above results.

4.4.4. Analysis of mismatch types of innovation elements
In order to further examine the impact of innovative urban policies on the mis-
match of different types of innovation factors, this paper divides the investment of
R&D personnel into low-skilled (below undergraduate), medium-skilled (under-
graduate and master) and high-skilled (doctoral) according to the educational level.
R&D capital is divided into basic research, applied research and experimental devel-
opment capital according to the type of input activities. The results in Table 14
show that, on the one hand, the implementation of innovative city policies can sig-
nificantly improve the mismatch index of high-skilled R&D personnel, mainly
because high-skilled R&D personnel have strong innovation ability and high innov-
ation success rate, and provide more benefits to high-skilled R&D personnel, will
increase its enthusiasm, and high-skilled R&D personnel can better return the R&D
investment. On the other hand, it can be found that the implementation of innova-
tive urban policies can significantly improve the capital mismatch index of basic
research and applied research.

5. Conclusion and policy implications

This paper takes the innovation-oriented city policy implemented in China in 2008 as
the natural experiment to test the influence of the establishment of innovation-ori-
ented city on the mismatch of innovation factors. The results are as follows: the
implementation of the innovation pilot city policy significantly improved the innov-
ation factor resource mismatch phenomenon, and these results still hold after a series
of robustness tests. The mechanism test indicates that innovative pilot cities improve
the innovation factor mismatch phenomenon mainly through factor mobility and
industrial structure upgrading. The heterogeneity results show that the establishment
of innovative pilot cities significantly improves the mismatch of innovation factors
for non-SOEs, but not for SOEs; the establishment of innovative pilot cities signifi-
cantly improves the mismatch of innovation factors for capital-intensive and technol-
ogy-intensive enterprises, but not for labor-intensive enterprises; the establishment of
innovative pilot cities significantly improves the mismatch of innovation factors for

Table 14. Analysis of mismatch types of innovation elements.

Variables

R&D Staff
Mismatch
Index

(low skill)

R&D Staff
Mismatch
Index

(medium skills)

R&D Staff
Mismatch
Index

(high skill)

R&D Capital
Mismatch
Index

(basic research)

R&D Capital
Mismatch
Index

(applied research)

R&D Capital
Mismatch
Index (test
development

capital)

Treat�post 0.0950
(0.1861)

0.2240
(0.1890)

0.2861���
(0.0480)

0.3281���
(0.0620)

0.3340���
(0.0550)

�0.2341
(0.2250)

Control variables Yes Yes Yes Yes Yes Yes
Year Yes Yes Yes Yes Yes Yes
Firm Yes Yes Yes Yes Yes Yes
N 253 452 600 234 356 698
R2 0.2461 0.3832 0.3342 0.1194 0.4213 0.3745

Source: Authors.
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in the eastern region, but not in the central and western regions;Innovative pilot cities
are better able to improve the mismatch level of high-skilled R&D personnel and the
level of innovation in basic and applied research capital.

The findings of this study provide the following policy insights for effectively promot-
ing innovative pilot city policies and improving the mismatch between innovation factors.

First, innovative pilot city policies can significantly improve the innovation factor
mismatch phenomenon, and this proves the appropriateness of the country in
improving the innovation factor mismatch phenomenon with the help of the innova-
tive pilot city policy. The implementation of this policy can achieve a win-win situ-
ation of high-quality economic development and high-end matching of factors.
Therefore, the government should implement an innovative pilot city policy in a sys-
tematic manner and provide certain financial subsidies and tax benefits to regions
with better implementation results, which can be used to motivate other regions to
better realize the demonstrated effect of the policy.

Second, more emphasis should be placed on supporting non-state, capital and
technology-intensive enterprises. Non-state enterprises are at a disadvantage com-
pared to SOEs in terms of national “invisible” policies, which puts them under
greater pressure of innovation costs and may divert too many of the resources ori-
ginally used to improve the mismatch of innovation factors to other activities,
which will inevitably affect the normal business activities of enterprises due to the
excessive dispersion of resources. Therefore, the state can set up a special financial
department that is mainly responsible for the approval of non-state enterprises to
improve the mismatch of innovation factors resources. In addition, local govern-
ments should clarify the vein and structure of the central government’s innovation
city policy implementation in detail, they should provide multiple support policies
such as financial assistance and financial subsidies to capital and technology-
intensive enterprises with a willingness to improve the mismatch of innovation
factors.

Third, considering that factor flow and industrial structure upgrading are import-
ant ways for innovative pilot cities to improve the innovation factor mismatch, the
path of innovative pilot cities should be optimized from the perspective of accelerat-
ing factor flow and promoting industrial structure upgrades to mobilize enterprises to
improve innovation factor allocation. Enterprises should speed up the formation of
innovation teams, introduce high-end innovation talents and increase innovation fac-
tor investment, and always adhere to the innovation-driven development strategy; in
addition, they should also strengthen inter-regional exchanges and cooperation to
promote the coordinated development of innovation factors.
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